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Highlights of the 2016 edition of the Review of Particle Physics

HIGHLIGHTS OF THE 2016 EDITION OF THE REVIEW OF PARTICLE PHYSICS

721 new papers with 3062 new measurements

117 reviews (most are revised)

e Over 332 new papers from LHC experiments
(ATLAS, CMS, and LHCD).

e Extensive up-to-date Higgs boson coverage

from 79 new papers with 172 measurements.

e Supersymmetry: 82 new papers with major

exclusions.
e Top quark: 55 new papers.

e Latest from B-meson physics: 133 papers

with 542 measurements.

e New 7 branching fractions fit in collabora-
tion with the HFAG-Tau group.

e New limits on neutrinoless double-( decays.

e Updated and new results in neutrino mixing

on Am? and mixing angle measurements.

e Experimental Tests of Gravitational Theory
review includes LIGO observation of gravita-

tional waves.

e Cosmology reviews updated to include 2015

Planck results.

e Periodic Table 7th row completed; signif-
icantly revised Atomic-Nuclear Properties

website.

e New reviews on:

- Inflation
- Pentaquarks
- Pole Structure of the A(1405) Region

e Significant update/revision to reviews on:

- Higgs Boson Physics

- Grand Unified Theories

- Dark Energy, Dark Matter and CMB

- Cosmological Parameters, Astrophysi-
cal Constants and Parameters

- Neutrino Mass, Mixing, and Flavor
Change

- Neutrino Cross Section Measurements

- W' and Z' bosons searches

- Searches for Quark and Lepton Com-
positeness

- Leptonic Decays of Charged Pseu-
doscalar Mesons

- Particle Detectors for accelerator and
non-accelerator physics, including new
section on Accelerator Neutrino Detec-
tors

- High-Energy Collider Parameters

See pdgLive.lbl.gov for online access to PDG database.

See pdg.lbl.gov/AtomicNuclearProperties for Atomic Properties of Materials.
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Bottom (B, Vi /Viw, B*, BY) 1137
Bottom, strange (B, B, B} ;) 1333 Quarks
Bottom, charmed (B,) 1353 Quark masses (rev.) 793
@ (e, J/H(1S), Yo, e, ©) 1364 The top quark (rev.) 807
bb (15, T, Xp, hp) 1460 Mesons
Non-¢g candidates 1494 Form factors for rad. pion & kaon decays (rev.) 850
Baryons Note on scalar mesons below 2 GeV (rev.) 861
N 1503 The pseudoscalar and pseudovector mesons
A 1554 in the 1400 MeV region (rev.) 915
A 1574 The p(1450) and the p(1700) (rev.) 945
z 1594 Rare kaon decays (rev.) 981
= 1620 CPT Invariance tests in neutral kaon decay 999
Q 1632 C'P-Violation in Kg — 37 1004
Charmed (A¢, X¢, E¢, Q) 1635 Viuds Vus, Cabibbo angle, and CKM unitarity (rev.)1011
Doubly charmed (Z.) 1655 C P-Violation in Ky, decays 1019
Bottom (Ay, Xy, Xf, Zp, 2, b-baryon admixture) 1656 Review of multibody charm analyses (rev.) 1048
Exotic baryons (P, pentaquargs) 1667 DO’ Mixing (rev.) 1061
Miscellaneous searches D7 branching fractions (rev.) 1106
Monopoles 1675 Leptonic dec. of charged pseudoscalar mesons (rev.)1109
Supersymmetry 1682 Production and decay of b-flavored hadrons (rev.) 1137
Technicqlor 17§3 Polarization in B decays (rev.) 1252
gompOb}teneb?, 1756 B B’ mixing (rev.) 1259
xtra Dimensions 1765 . .
Searches for WIMPs and Other Particles 1778 Semileptonic B, decays, Vep and Vyp (xev.) 1313
Heavy quarkonium spectroscopy (rev.) 1355
Branching ratios of ¢(25) and x.0,1,2 (rev.) 1390
Non-¢q candidates (rev.) 1494
INDEX 1793 Baryons
Baryon decay parameters 1515
N and A resonances (rev.) 1518
A and ¥ resonances 1577
Pole structure of the A(1405) region (new) 1578
Radiative hyperon decays 1621
Charmed baryons 1635
Pentaquarks (new) 1667
Miscellaneous searches
Magnetic monopoles (rev.) 1675
Supersymmetry (rev.) 1682

Dynamical electroweak symmetry breaking (rev.) 1743
Searches for quark & lepton compositeness (rev.) 1756
Extra dimensions (rev.) 1765

*The divider sheets give more detailed indices for each main section of the Particle Listings.
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INTRODUCTION

1. Overview

The Review of Particle Physics is a review of the field
of Particle Physics and of related areas in Cosmology. It
consists of “Summary Tables”, “Particle Listings”, and
“Reviews, Tables, and Plots”. The latter covers a wide
variety of theoretical and experimental topics and provides a
quick reference for the practicing particle physicist.

The Summary Tables give our best values and limits
for particle properties such as masses, widths or lifetimes,
and branching fractions, as well as an extensive summary
of searches for hypothetical particles and a summary of
experimental tests of conservation laws.

The Particle Listings are a compilation/evaluation of
data on particle properties. They contain all the data used
to get the values given in the Summary Tables. The Particle
Listings also give information on unconfirmed particles
and on particle searches, as well as reviews on subjects
of particular interest or controversy. In this edition, the
Particle Listings include 3,062 new measurements from 721
papers, in addition to the 35,436 measurements from 9,843
papers that first appeared in previous editions [1]. Because
of the large quantity of data, the Particle Listings are not an
archive of all published data on particle properties. We refer
interested readers to earlier editions for data now considered
to be obsolete.

The book version of the Review is published in even-
numbered years. This edition is an updating through
January 2016 (and, in some areas, well into 2016). The
content of this Review is available on the web and is updated
between printed editions.

We organize the particles into six categories:

Gauge and Higgs bosons

Leptons

Quarks

Mesons

Baryons

Searches for monopoles, supersymmetry,

compositeness, extra dimensions, etc.

The last category only includes searches for particles that
do not belong to the previous groups; searches for heavy
charged leptons and massive neutrinos, by contrast, are with
the leptons.

In Sec. 2 of this Introduction, we list the main areas of
responsibility of the authors of the Particle Listings. Our
many consultants, without whom we would not have been
able to produce this Review, are acknowledged in Sec. 3. In
Sec. 4, we mention briefly the naming scheme for hadrons.
In Sec. 5, we discuss our procedures for choosing among
measurements of particle properties and for obtaining best
values of the properties from the measurements.

The accuracy and usefulness of this Review depend in
large part on interaction between its users and the authors.
We appreciate comments, criticisms, and suggestions
for improvements of any kind. Please send them to the
appropriate author, according to the list of responsibilities
in Sec. 2 below, or to pdg@lbl.gov.

The complete Review is published online in a journal and
on the PDG website (http://pdg.1bl.gov). In addition to
the online publication, the Review is available in different
formats:

e The printed PDG Book contains the Summary Tables
and all review articles. In contrast to previous editions,
the detailed tables from the Particle Listings are no
longer printed.

e The Particle Physics Booklet includes the Summary
Tables and abbreviated versions of some of the review
articles in a pocket format.

e pdgLive (http://pdglive.1bl.gov) is a web application
for online access to the PDG database.

e Files that can be downloaded from the PDG website
include a table of masses, widths, and PDG Monte Carlo
particle ID numbers; PDF files of the entire PDG Book
and Booklet; individual review articles; all figures; and
an archive file containing the complete PDG website
(except for pdgLive).

Copies of the PDG Book or the Particle Physics
Booklet can be ordered from our website or directly at
http://pdg.1bl.gov/order. For special requests only,
please email pdg@lbl.gov in North and South America,
Australia, and the Far East, and pdg-products@cern.ch in
all other areas.

2. Particle Listings responsibilities

* Asterisk indicates the people to contact with questions or
comments about Particle Listings sections.
Gauge and Higgs bosons

¥ C. Grab, D.E. Groom*
Gluons R.M. Barnett,” A.V. Manohar
Graviton D.E. Groom*

W, Z A. Gurtu,* M. Griinewald*

K. Hikasa, G. Weiglein*
S. Pagan Griso,” M. Tanabashi

Higgs bosons
Heavy bosons

Axions K.A. Olive, F. Takahashi, G. Raffelt*
Leptons
Neutrinos M. Goodman, C.-J. Lin,* K. Nakamura,
K.A. Olive, A. Piepke, P. Vogel
e, C. Grab, C.-J. Lin*
T K.G. Hayes, K. Monig*
Quarks
Quarks R.M. Barnett,* A.V. Manohar
Top quark R.M. Barnett,* Y. Sumino
ot R.M. Barnett,* Y. Sumino
Free quark S. Pagan Griso*
Mesons
m™n D.A. Dwyer,* C. Grab

C. Amsler, M. Doser,* S. Eidelman,*
T. Gutsche, C. Hanhart, B. Heltsley,
J.J. Herndndez-Rey, A. Masoni,
R.E. Mitchell, S. Navas, C. Patrignani,
S. Spanier, N.A. Térnqvist,
G. Venanzoni

K (stable) G. D’Ambrosio, C.-J. Lin*

D (stable, no mix.) J. Rademacker, C.G. Wohl*

DY mixing D.M. Asner, W.-M. Yao*

Unstable mesons



12  Introduction

Baryons
B (stable) A. Cerri,* P. Eerola, M. Kreps,
Y. Kwon, W.-M. Yao*
Stable baryons C. Grab, C.G. Wohl*
Unstable baryons V. Burkert, E. Klempt, M. Pennington,
L. Tiator, R.L. Workman*
Charmed baryons J. Rademacker, C.G. Wohl*
Bottom baryons A. Cerri,* P. Eerola, M. Kreps,
Y. Kwon, W.-M. Yao*

Miscellaneous searches

Monopole D. Milstead*

Supersymmetry H.K. Dreiner,* A. de Gouvéa,
M. D’Onofrio, F. Moortgat,
K.A. Olive

Technicolor K. Agashe,* M. Tanabashi

Compositeness M. Tanabashi, J. Terning*

Extra Dimensions D.A. Dwyer,* T. Gherghetta
WIMPs and Other K. Hikasa*

3. Consultants

The Particle Data Group benefits greatly from the
assistance of some 700 physicists who are asked to verify
every piece of data entered into this Review. Of special
value is the advice of the PDG Advisory Committee which
meets biennially and thoroughly reviews all aspects of our
operation. The members of the 2016 committee are:

A. Seiden (UCSC)

T. Carli (CERN)

L. Hall (UC Berkeley/LBNL)
J. Olson (Princeton)

A. Slosar (BNL)

J. Tanaka (Tokyo)

We have especially relied on the expertise of the following

people for advice on particular topics:

e E. Accomando (Southampton University)
e D. Akerib (SLAC)

e J. Alcaraz (Madrid)

o A. Ali (DESY)

e B. Allanach (University of Cambridge)

o L. Althaus (La Plata University)

e V. Anisovich (Petersburg Nuclear Physics Institute)
e F. Anulli (INFN, Rome)

e S. Aoki (Kyoto University)

e S. Arceo Diaz (Colima University)

e M. Artuso (Syracuse University)

e S. Arzumanov (Moscow)

e H. Bachacou (IRFU, Saclay)

e H. Band (Yale)

e A. Barabash (ITEP Moscow)

e W. Barletta (MIT)

e R. Battye (Manchester University)

e J. Beatty (Ohio State University)

e C. Beck (Queen Mary University of London)
e R. Beck (University of Bonn)

o Y. Bedfer (CEA, Saclay)

e M. Beneke (Aachen)

e J. Bernauer (MIT)

e M. Bertolami (MPI, Garching)

e V. Bezerra (Paraiba University)

e E. Bloom (SLAC)

e J. Bliimlein (DESY)

e D. Boscherini (INFN, Bologna)

o T. Bose (Boston University)

o C. Bozzi(INFN, Ferrara)

e A. Bressan (Triese University)

e R. Briere (Hawaii University)

e P. Brun (DAPNIA, Saclay)

¢ O. Bruning (CERN)

e D. Bryman (TRIUMF)

e M. Buckley (Rutgers University)
e A. Cabrera (APC, Paris)

e J. Cao (THEP, Beijing)

e J. Carlstrom (Chicago University)
e M. Casolino (INFN, Tor Vergata)
e D. Cassel (Cornell University)

o F. Cerutti (LBNL)

e J. Chou (Rutgers University, Piscataway)
e W. Chou (Fermilab)

o M. Chrzaszcz (H. Niewodniczanski Inst.; U. Zurich)

e D. Cinabro (Wayne State University)
e G. Colangelo (University of Bern)

e J. Collar (Chicago University)

e J. Conrad (Stockholm University)

e J. Conway (UC Davis)

e N. Craig (UCSB)

e K. Cranmer (NYU)

e O. Cremonesi (INFN, Milan Bicocca)
e M. Crisler (FNAL)

e C. Csaki (Cornell University)

e P. Cushman (Minnesota University)

e G. Cvetic (Santa Maria U., Valparaiso)
o M. Czakon (RWTH Aachen)

o T. Dafni (Zaratoga University)

e S. Davidson (IPN, Lyon)

e C. Davies (University of Glasgow)

e D. Denisov (FNAL)

e A.V. Derbin (INP St. Petersburg)

e S. Derenzo (LBNL)

e G. De Rijk (CERN)

e P. De Simone (Frascati)

e A. Di Canto (CERN)

e S. Dobbs (Northwester University)

e A. Dolgov (INFN, Ferrara)

e J. Donini (Clermont-Ferrand University)
o T. Dorigo (INFN, Padova)

e V.P. Druzhinin (BINP SB RAS, Novosibirsk)
e V.A. Duk (INR RAS, Moscow)

o G. Edda (University of Geneva)

o G. Efstathiou (Cambridge University)
¢ G. Eigen (University of Bergen)

e D. Ejlli (Gran Sasso)

e C. Enss (University of Heidelberg)

e R. Essig (SUNY)

e W. Fischer (BNL)

¢ K. Fissum (Lund University)

e B. Franke (MPQ, Munich)

e K. Freese (U. of Michigan; Nordita, Stockholm)
e B. Fujikawa (LBNL)

o G. Gabrielse (Harvard University)
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e P. Gambino (INFN, Torino)

e A. Gando (Tohoku University)

o I. Garcia Irastorza (University of Zaragoza)
e R. Garisto (PRL)

e A. Giammanco (Louvain)

o S. Giovanella (INFN, Frascati)

e T. Girard (Lisbon University)

e T. Golling (Yale University)

o G. Gonzdlez (Louisiana State University)
o M. Gonzalez-Garcia (SUNY)

o E. Goudzovski (Birmingham University)
e P. Grannis (SUNY)

e G. Gratta (Stanford University)

e M. Grazzini (University of Zurich)

o M. Gumberidze (GSI)

o F'. Halzen (Wisconsin University)

e D. Harris (FNAL)

o F'. Harris (Hawaii University)

e P. Harris (Sussex Univerisity)

e M. Harrison (BNL)

e K. Hayasaka (Niigata University)

e H. Hayashii (Nara Women’s University)
o J. Heitger (Munster University)

e D. Hertzog (University of Washington)
e K. Hicks (Ohia State University)

e J. Hietala (Minnesota University)

o R. Hill (Chicago University)

o A. Hinzmann (University of Zurich)

e A. Hoang (University of Vienna)

e K. Homma (Hiroshima University)

e A. Tanni (Gran Sasso)

e P. Janot (CERN)

o X. Ji (University of Maryland)

e C. Joram (CERN)

e J. Jowett (CERN)

e A. Jung (Purdue)

e J. Kaminski (Universit of Bonn)

e S. Kanemura (Toyama University)

o L. Kardapoltsev (Novosibirsk State University)
e D. Karlen (University of Victoria)

¢ S.G. Karshenboim (MPQ, Munich; Pulkovo Obs.)
o V. Kekelidze (JINR, Dubna)

o Y. Kharlov (IHEP, Serpukhov)

e J. Kim (Seoul National University)

e Y. Kim (Sejong University)

e E. Klempt (University of Bonn)

o T. Kobayashi (KEK)

e P. Koppenburg (NIKHEF)

e A. Korytov (University of Florida)

o T. Koseki (KEK)

e A. Kronfeld (FNAL)

e A. Kupsc (Uppsala University)

o G. Lambard (CPPM, Marseille)

e G. Landsberg (Brown University)

e R. Lang (Purdue University)

o L.B. Leinson (IZMIRAN, Troitsk)

o O. Leroy (CPPM, Marseille)

o B. Li (IHEP, Beijing)

e J. Libby (Indian Inst. Tech., Madras)
e E. Linder (LBNL)

e C.-Y. Liu (Indiana University)

e J. Liu (Shanghai Jiaotong University)
e P. Lukens (FNAL)

e X.-R. Lyu (UCAS, Beijing)

e L. Malgeri (CERN)

e G. Mandaglio (Messina University)

e G. Marshall (TRIUMF)

e S. Martin (Northern Illinois University)
e R. Martinez (Colombia University)

e P. Massarotti (University of Napoli)

o A. Melchiorri (Rome University)

o H. Merkel (Mainz, University)

e P.D. Meyers (Princeton University)

e C. Milardi (LNF-INFN, Frascati)

e M. Minowa (Tokyo University)

e A. Mirizzi (INFN, Bari)

o K. Miuchi (Kobe University)

o K. Miyabayashi (Nara Univ., Nara)

¢ S.-O. Moch (DESY)

e R. Mohanta (Hyderabad University)
e P. Mohr (NIST)

e S. Monteil (LPC Clermont)

e D. Morrison (BNL)

e V.M. Mostepanenko (Pulkovo Obs., St.Petersburg)
e B. Murray (University of Warwick)

e T. Nakadaira (KEK)

e M. Nakahata (Kamioka Obs.)

e T. Nakaya (Kyoto University)

e A. Nucciotti (INFN, Milano-Bicocca)
o T. Numao (TRIUMF)

e D. Nygren (UT Arlington)

e V. Obraztsov (IHEP, Serpukhov)

e H. O’Connell (FNAL)

¢ K. Oide (KEK)

e J. Olsen (Princeton)

e S. Olsen (Seoul National University)
e R. Ong (UCLA)

o Y. Onishi (KEK)

e M. Owen (Glasgow)

e P. Owen (Imperial Coll.)

e G. Pakhlova (Lebedev Inst. RAS, Moscow)
e N. Palanque-Delabrouille (Paris University)
e A. Palladino (Boston University)

e D. Parkinson (Sussex University)

e J. Paul Chou (Rutgers University)

e G. Paz (Wayne State University)

e M. Peloso (University of Minnesota)

e A A. Penin (Alberta University)

e W. Percival (Portsmouth University)
e A. Pich (IFIC, University of Valencia)
e L. Piilonen (Virginia Tech.)

e M. Pinamonti (INFN, Udine)

e A. Pocar (UMass Ambherst)

e A. Poon (LBNL)

e J. Portoles (IFIC, University of Valencia)
e M. Pospelov (Perimeter Inst. Theo. Phys.)
e J. Pradler (OAW, Vienna)

e S. Prakhov (UCLA)

e R. Prieels (Louvain University)

e N. Priel (Weizmann Inst.)

e F. Proebst (MPI, Munich)

o G. Pugliese (INFN, Bari)
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e P. Pugnat (LNCMP, Toulouse)

e M. Raggi (University of Rome)

o A. Read (Universiy of Oslo)

o M. Redi (Stony Brook University)

e R. Reesman (Ohio State University)

e G. Rico (ICREA, Barcelona)

e T. Rizzo (SLAC)

e K. Rolbiecki (IFT Madrid)

e M. Roney (Victoria University)

o G. Rossi (Rome University Tor Vergata)
o L. Roszkowski (Sheffield University)

e D. Rousseau (LAL, Orsay)

e B. Sadoulet (LBNL, University of Berkeley)
o B. Safdi (MIT)

e V.D. Samoylenko (IHEP, Protvino)

o V. Sanz (University of Sussex)

o X. Sarazin (LAL, Orsay)

e M. Schmitt (Northwestern University)

e A. Schukraft (Fermilab)

e D. Schulte (CERN)

e C. Schwanda (HEPHY, Vienna)

o A. Serebrov (INP St. Petersburg)

o K. Seth (Northwestern University)

e Q. Shafi (University of Delaware)

e B. Shwartz (Budker Institute of Nuclear Physics)
o P. Sikivie (University of Florida)

e E. Solodov (BINP, Novosibirsk)

o Y. Stadnik (New South Wales University)
e S. Stapnes (Oslo University)

o I. Strakowsky (George Washington University)
e A. Studenikin (Moscow State University)
e O. Suvorova (INR, Moscow)

o A. Suzuki (Tohoku University)

o A. Svarc (Boskovic Inst., Zagreb)

e A. Takeda (Tokyo University)

e A. Tapper (Imperial College London)

e R. Tenchini (INFN, Pisa)

o R. Tesarek (FNAL)

e J. Thomas (LBNL)

o W. Tornow (TUNL, Durham)

e D. Toussaint (Arizona University)

o K. Trabelsi (KEK)

e T. Trippe (LBNL)

o S. Troitsky (INR Moscow)

e K. Tullney (Mainz University)

e V. Vagnoni (INFN, Bologna)

e J. Valle (IFIC, Valencia)

e C. van Eldik (Erlangen University)

e R. Van Kooten (Indiana University)

e J. van Tilburg (NIKHEF, Amsterdam)
o G. Velev (FNAL)

o K. Vellidis (FNAL)

e L. Verde (ICREA, Barcelona)

e N. Vinyoles Vergés (CSIC, Spain)

o M. Whalley (Durham University)

o G. Wilkinson (Oxford University)

o S. Willocq (University of Massachusetts, Amherst)
e M. Wing (University College London)

e H. T.-K. Wong (Taiwan Inst. Phys.)

e T.T. Yanagida (IPMU)

e Q. Yue (Tsinghua University)

e G. Zavattini (INFN, Ferrara)

o G. Zeller (FNAL)

o D. Zerwas (LAL, Orsay)

e C. Zhang (Inst. High Energy Phys., Beijing)
o Y. Zhang (Caltech)

e K. Zioutas (CERN)

o R. Zwaska (FNAL)

4. Naming scheme for hadrons

We introduced in the 1986 edition [2] a new naming
scheme for the hadrons. Changes from older terminology
affected mainly the heavier mesons made of u, d, and s
quarks. Otherwise, the only important change to known
hadrons was that the F'* became the DE. None of the
lightest pseudoscalar or vector mesons changed names, nor
did the ¢€ or bb mesons (we do, however, now use x. for the
cc x states), nor did any of the established baryons. The
Summary Tables give both the new and old names whenever
a change has occurred.

The scheme is described in “Naming Scheme for
Hadrons” (p. 130) of this Review.

We give here our conventions on type-setting style.
Particle symbols are italic (or slanted) characters: e~, p,
A, 7, Kz, D, b. Charge is indicated by a superscript:
B~, A**. Charge is not normally indicated for p, n, or
the quarks, and is optional for neutral isosinglets: 1 or n°.
Antiparticles and particles are distinguished by charge for
charged leptons and mesons: 7, K. Otherwise, distinct

. . o . - _ =0
antiparticles are indicated by a bar (overline): 7, ¢, D, K,

and T° (the antiparticle of the ¥7).

5. Procedures

5.1. Selection and treatment of data : The Particle
Listings contain all relevant data known to us that are
published in journals. With very few exceptions, we do not
include results from preprints or conference reports. Nor do
we include data that are of historical importance only (the
Listings are not an archival record). We search every volume
of 20 journals through our cutoff date for relevant data. We
also include later published papers that are sent to us by the
authors (or others).

In the Particle Listings, we clearly separate measure-
ments that are used to calculate or estimate values given
in the Summary Tables from measurements that are not
used. We give explanatory comments in many such cases.
Among the reasons a measurement might be excluded are
the following;:

e [t is superseded by or included in later results.

e No error is given.

e [t involves assumptions we question.

e [t has a poor signal-to-noise ratio, low statistical
significance, or is otherwise of poorer quality than other
data available.

e [t is clearly inconsistent with other results that appear
to be more reliable. Usually we then state the criterion,
which sometimes is quite subjective, for selecting “more
reliable” data for averaging. See Sec. 5.4.

e [t is not independent of other results.

e It is not the best limit (see below).

e [t is quoted from a preprint or a conference report.
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In some cases, none of the measurements is entirely
reliable and no average is calculated. For example, the
masses of many of the baryon resonances, obtained from
partial-wave analyses, are quoted as estimated ranges
thought to probably include the true values, rather than as
averages with errors. This is discussed in the Baryon Particle
Listings.

For upper limits, we normally quote in the Summary
Tables the strongest limit. We do not average or combine
upper limits except in a very few cases where they may be
re-expressed as measured numbers with Gaussian errors.

As is customary, we assume that particle and antiparticle
share the same spin, mass, and mean life. The Tests of
Conservation Laws table, following the Summary Tables,
lists tests of C PT as well as other conservation laws.

We use the following indicators in the Particle Listings
to tell how we get values from the tabulated measurements:

e OUR AVERAGE—From a weighted average of selected
data.

e OUR FIT—From a constrained or overdetermined multi-
parameter fit of selected data.

e OUR EVALUATION—Not from a direct measurement, but
evaluated from measurements of related quantities.

e OUR ESTIMATE—Based on the observed range of the
data. Not from a formal statistical procedure.

e OUR LIMIT—For special cases where the limit is evaluated
by us from measured ratios or other data. Not from a
direct measurement.

An experimentalist who sees indications of a particle will
of course want to know what has been seen in that region
in the past. Hence we include in the Particle Listings all
reported states that, in our opinion, have sufficient statistical
merit and that have not been disproved by more reliable
data. However, we promote to the Summary Tables only
those states that we feel are well established. This judgment
is, of course, somewhat subjective and no precise criteria can
be given. For more detailed discussions, see the minireviews
in the Particle Listings.

5.2. Awerages and fits: We divide this discussion
on obtaining averages and errors into three sections:
(1) treatment of errors; (2) unconstrained averaging;
(3) constrained fits.

5.2.1. Treatment of errors: In what follows, the “error”
dx means that the range x & dx is intended to be a 68.3%
confidence interval about the central value z. We treat
this error as if it were Gaussian. Thus when the error is
Gaussian, dx is the usual one standard deviation (1o). Many
experimenters now give statistical and systematic errors
separately, in which case we usually quote both errors, with
the statistical error first. For averages and fits, we then add
the the two errors in quadrature and use this combined error
for dz.

When experimenters quote asymmetric errors (dz)"
and (0x)” for a measurement xz, the error that we use
for that measurement in making an average or a fit with
other measurements is a continuous function of these three
quantities. When the resultant average or fit T is less than
x—(6x)~, we use (6x); when it is greater than x+ (6z)", we
use (0z)". In between, the error we use is a linear function
of x. Since the errors we use are functions of the result, we
iterate to get the final result. Asymmetric output errors are

determined from the input errors assuming a linear relation
between the input and output quantities.

In fitting or averaging, we usually do not include
correlations between different measurements, but we try
to select data in such a way as to reduce correlations.
Correlated errors are, however, treated explicitly when there
are a number of results of the form A; + o; £ A that have
identical systematic errors A. In this case, one can first
average the A; + o; and then combine the resulting statistical
error with A. One obtains, however, the same result by
averaging A; + (07 + A?)Y/2 where A; = UZ-A[Z(l/UJQ-)}l/Q.
This procedure has the advantage that, with the modified
systematic errors A;, each measurement may be treated
as independent and averaged in the usual way with other
data. Therefore, when appropriate, we adopt this procedure.
We tabulate A and invoke an automated procedure that
computes A; before averaging and we include a note saying
that there are common systematic errors.

Another common case of correlated errors occurs when
experimenters measure two quantities and then quote the
two and their difference, e.g., my, ma, and A = mo — my.
We cannot enter all of mq, mo and A into a constrained fit
because they are not independent. In some cases, it is a good
approximation to ignore the quantity with the largest error
and put the other two into the fit. However, in some cases
correlations are such that the errors on my, mo and A are
comparable and none of the three values can be ignored. In
this case, we put all three values into the fit and invoke an
automated procedure to increase the errors prior to fitting
such that the three quantities can be treated as independent
measurements in the constrained fit. We include a note
saying that this has been done.

5.2.2. Unconstrained averaging: To average data, we use
a standard weighted least-squares procedure and in some
cases, discussed below, increase the errors with a “scale
factor.” We begin by assuming that measurements of a given
quantity are uncorrelated, and calculate a weighted average
and error as

T4 o7 = 2uiWi T 172
T +07 = ZZ- w; + (quz) ) (1)

where

w; = 1/(62;)° .

Here x; and dx; are the value and error reported by the
ith experiment, and the sums run over the N experiments.
We then calculate x? = > w;(F — z;)% and compare it
with N — 1, which is the expectation value of x2 if the
measurements are from a Gaussian distribution.

If x2/(N — 1) is less than or equal to 1, and there are no
known problems with the data, we accept the results.

If X2 /(N — 1) is very large, we may choose not to use the
average at all. Alternatively, we may quote the calculated
average, but then make an educated guess of the error, a
conservative estimate designed to take into account known
problems with the data.

Finally, if x2/(N — 1) is greater than 1, but not greatly
so, we still average the data, but then also do the following:

(a) We increase our quoted error, 6% in Eq. (1), by a
scale factor S defined as

1/2

S=[x*/(N-1)] (2)
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Our reasoning is as follows. The large value of the y? is
likely to be due to underestimation of errors in at least one
of the experiments. Not knowing which of the errors are
underestimated, we assume they are all underestimated by
the same factor S. If we scale up all the input errors by this
factor, the x2 becomes N — 1, and of course the output error
0T scales up by the same factor. See Ref. 3.

When combining data with widely varying errors, we
modify this procedure slightly. We evaluate S using only the
experiments with smaller errors. Our cutoff or ceiling on dx;
is arbitrarily chosen to be

5o = 3N'? sz,

where 0T is the unscaled error of the mean of all the
experiments. Our reasoning is that although the low-
precision experiments have little influence on the values T
and 6Z, they can make significant contributions to the 2,
and the contribution of the high-precision experiments thus
tends to be obscured. Note that if each experiment has the
same error dx;, then 0% is 5wi/N1/2, so each dx; is well
below the cutoff. (More often, however, we simply exclude
measurements with relatively large errors from averages and
fits: new, precise data chase out old, imprecise data.)

Our scaling procedure has the property that if there
are two values with comparable errors separated by much
more than their stated errors (with or without a number of
other values of lower accuracy), the scaled-up error 0 T is
approximately half the interval between the two discrepant
values.

We emphasize that our scaling procedure for errors in
no way affects central values. And if you wish to recover the
unscaled error §, simply divide the quoted error by S.

(b) If the number M of experiments with an error smaller
than &g is at least three, and if x2/(M — 1) is greater than
1.25, we show in the Particle Listings an ideogram of the
data. Figure 1 is an example. Sometimes one or two data
points lie apart from the main body; other times the data
split into two or more groups. We extract no numbers from
these ideograms; they are simply visual aids, which the
reader may use as he or she sees fit.

Each measurement in an ideogram is represented by
a Gaussian with a central value x;, error dx;, and area
proportional to 1/§z;. The choice of 1/dx; for the area is
somewhat arbitrary. With this choice, the center of gravity
of the ideogram corresponds to an average that uses weights
1/6z; rather than the (1/d2;)? actually used in the averages.
This may be appropriate when some of the experiments
have seriously underestimated systematic errors. However,
since for this choice of area the height of the Gaussian for
each measurement is proportional to (1/5x;)?, the peak
position of the ideogram will often favor the high-precision
measurements at least as much as does the least-squares
average. See our 1986 edition [2] for a detailed discussion of
the use of ideograms.

5.2.3. Constrained fits: In some cases, such as branching
ratios or masses and mass differences, a constrained fit may
be needed to obtain the best values of a set of parameters.
For example, most branching ratios and rate measurements
are analyzed by making a simultaneous least-squares fit to
all the data and extracting the partial decay fractions P;,
the partial widths T';, the full width T’ (or mean life), and the
associated error matrix.

Assume, for example, that a state has m partial decay
fractions P;, where > P; = 1. These have been measured
in N, different ratios R,, where, e.g., R = Pi/P2, Ra
= P1/Ps, etc. [We can handle any ratio R of the form
S ai P/ > Bi Py, where o; and (3; are constants, usually 1 or
0. The forms R = P;Pj and R = (P;P;)'/? are also allowed.]
Further assume that each ratio R has been measured by Nj
experiments (we designate each experiment with a subscript
k, e.g., R1j). We then find the best values of the fractions P;
by minimizing the x? as a function of the m — 1 independent
parameters:

Ny Nk 2
Ry, —R
=33 (B @
; ; (SRrk
where the R, are the measured values and R, are the fitted
values of the branching ratios.

In addition to the fitted values P;, we calculate an error
matrix (§P; 0P;). We tabulate the diagonal elements of
6 P; = (6 P; 6 P;)'/? (except that some errors are scaled
as discussed below). In the Particle Listings, we give the
complete correlation matrix; we also calculate the fitted
value of each ratio, for comparison with the input data,
and list it above the relevant input, along with a simple
unconstrained average of the same input.

WEIGHTED AVERAGE
0.006 + 0.018 (Error scaled by 1.3)

X2
- - SMITH 75B WIRE 0.3
- - NIEBERGALL 74 ASPK 1.3
- FACKLER 73 OSPK 0.1
HART 73 OSPK 0.3
MALLARY 73 OSPK 4.4
BURGUN 72 HBC 0.2
GRAHAM 72 OSPK 04
MANN 72 HBC 3.3
WEBBER 71 HBC 7.4
CHO 70 DBC 1.6
- - BENNETT 69 CNTR 1.1
- LITTENBERG 69 OSPK 0.3
JAMES 68 HBC 0.9
- FELDMAN 67B OSPK 0.3
AUBERT 65 HLBC 0.1

- - BALDO-... 65 HLBC
- FRANZINI 65 HBC 0.2
22.0

(Confidence Level = 0.107)
J

-0.2 0 0.2 0.4 0.6

Figure 1: A typical ideogram. The arrow at the top
shows the position of the weighted average, while the
width of the shaded pattern shows the error in the
average after scaling by the factor S. The column
on the right gives the x? contribution of each of the
experiments. Note that the next-to-last experiment,
denoted by the incomplete error flag (L), is not used
in the calculation of S (see the text).
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Three comments on the example above:

(1) There was no connection assumed between mea-
surements of the full width and the branching ratios. But
often we also have information on partial widths I'; as well
as the total width I'. In this case we must introduce I"
as a parameter in the fit, along with the P;, and we give
correlation matrices for the widths in the Particle Listings.

(2) We try to pick those ratios and widths that are as
independent and as close to the original data as possible.
When one experiment measures all the branching fractions
and constrains their sum to be one, we leave one of them
(usually the least well-determined one) out of the fit to make
the set of input data more nearly independent. We now do
allow for correlations between input data.

(3) We calculate scale factors for both the R, and
P; when the measurements for any R give a larger-than-
expected contribution to the x2. According to Eq. (3), the
double sum for x? is first summed over experiments k = 1
to Ny, leaving a single sum over ratios x? = >_ x2. One
is tempted to define a scale factor for the ratio r as S? =
x2/{x?). However, since (x?2) is not a fixed quantity (it is
somewhere between Ny and Ny_1), we do not know how to
evaluate this expression. Instead we define

Np, = \2
2 1~ (B —R)
TN ; (R — Ry)%) W

With this definition the expected value of S? is one. We can
show that

<(Rrk - R7‘)2> = <((5Rrk)2> - (5Er)2 ) (5)

where 0 R, is the fitted error for ratio r.

The fit is redone using errors for the branching ratios
that are scaled by the larger of .S, and unity, from which new
and often larger errors 5?; are obtained. The scale factors
we finally list in such cases are defined by S; = 5?2-/ /6P;.
However, in line with our policy of not letting S affect the
central values, we give the values of P; obtained from the
original (unscaled) fit.

There is one special case in which the errors that are
obtained by the preceding procedure may be changed. When
a fitted branching ratio (or rate) P; turns out to be less than
three standard deviations ((5?1-/ ) from zero, a new smaller
error (5?1»”)’ is calculated on the low side by requiring
the area under the Gaussian between P; — (& ﬁiﬂ)’ and P;
to be 68.3% of the area between zero and P;. A similar
correction is made for branching fractions that are within
three standard deviations of one. This keeps the quoted
errors from overlapping the boundary of the physical region.

5.3. Rounding: While the results shown in the Particle
Listings are usually exactly those published by the exper-
iments, the numbers that appear in the Summary Tables
(means, averages and limits) are subject to a set of rounding
rules.

The basic rule states that if the three highest order
digits of the error lie between 100 and 354, we round to
two significant digits. If they lie between 355 and 949, we
round to one significant digit. Finally, if they lie between
950 and 999, we round up to 1000 and keep two significant
digits. In all cases, the central value is given with a precision

that matches that of the error. So, for example, the result
(coming from an average) 0.827 & 0.119 would appear as
0.83 + 0.12, while 0.827 £ 0.367 would turn into 0.8 £ 0.4.

Rounding is not performed if a result in a Summary Table
comes from a single measurement, without any averaging.
In that case, the number of digits published in the original
paper is kept, unless we feel it inappropriate. Note that,
even for a single measurement, when we combine statistical
and systematic errors in quadrature, rounding rules apply
to the result of the combination. It should be noted also
that most of the limits in the Summary Tables come from a
single source (the best limit) and, therefore, are not subject
to rounding.

Finally, we should point out that in several instances,
when a group of results come from a single fit to a set of
data, we have chosen to keep two significant digits for all the
results. This happens, for instance, for several properties of
the W and Z bosons and the 7 lepton.

5.4. Discussion: The problem of averaging data
containing discrepant values is nicely discussed by Taylor in
Ref. 4. He considers a number of algorithms that attempt
to incorporate inconsistent data into a meaningful average.
However, it is difficult to develop a procedure that handles
simultaneously in a reasonable way two basic types of
situations: (a) data that lie apart from the main body of the
data are incorrect (contain unreported errors); and (b) the
opposite—it is the main body of data that is incorrect.
Unfortunately, as Taylor shows, case (b) is not infrequent.
He concludes that the choice of procedure is less significant
than the initial choice of data to include or exclude.

We place much emphasis on this choice of data. Often we
solicit the help of outside experts (consultants). Sometimes,
however, it is simply impossible to determine which of
a set of discrepant measurements are correct. Our scale-
factor technique is an attempt to address this ignorance by
increasing the error. In effect, we are saying that present
experiments do not allow a precise determination of this
quantity because of unresolvable discrepancies, and one
must await further measurements. The reader is warned of
this situation by the size of the scale factor, and if he or
she desires can go back to the literature (via the Particle
Listings) and redo the average with a different choice of data.

Our situation is less severe than most of the cases Taylor
considers, such as estimates of the fundamental constants
like h, etc. Most of the errors in his case are dominated by
systematic effects. For our data, statistical errors are often
at least as large as systematic errors, and statistical errors
are usually easier to estimate. A notable exception occurs in
partial-wave analyses, where different techniques applied to
the same data yield different results. In this case, as stated
earlier, we often do not make an average but just quote a
range of values.

A brief history of early Particle Data Group averages
is given in Ref. 3. Figure 2 shows some histories of our
values of a few particle properties. Sometimes large changes
occur. These usually reflect the introduction of significant
new data or the discarding of older data. Older data are
discarded in favor of newer data when it is felt that the newer
data have smaller systematic errors, or have more checks
on systematic errors, or have made corrections unknown
at the time of the older experiments, or simply have much
smaller errors. Sometimes, the scale factor becomes large
near the time at which a large jump takes place, reflecting
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the uncertainty introduced by the new and inconsistent data.
By and large, however, a full scan of our history plots shows
a dull progression toward greater precision at central values
quite consistent with the first data points shown.

We conclude that the reliability of the combination of
experimental data and our averaging procedures is usually
good, but it is important to be aware that fluctuations
outside of the quoted errors can and do occur.
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Figure 2: A historical perspective of values of a few particle properties tabulated in this Review as a function of date of
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ONLINE PARTICLE PHYSICS INFORMATION
Updated Nov. 2015 by T. Basaglia (CERN), A. Holtkamp

abbreviated set of reviews and the summary tables from the most

(CERN).T recent edition of the Review of Particle Physics.
The PDF file of the booklet can be downloaded:
1. Introduction . . . . . . . . . . .. ... 20 http://pdg.1bl.gov/current/booklet.pdf
. The printed booklet can be ordered:
2. Particle Data Group (PDG) resources . . . . . . . . 20 )
http://pdg.1bl.gov/2015/html/receive_our_products.html
3. Particle Physics Information Platforms . . . . . .. 20 e PDGLive: A web application for browsing the contents of the PDG
4. Literature Databases . . . . . . . . . . . . . 20 database that contains the information published in the Review of

Particle Physics. It allows one to navigate to a particle of interest,

5. Particle Physics Journals and Conference see a summary of the information available, and then proceed to the

Proceedings Series . . . . . . . . . . . . .. 21 detailed information published in the Review of Particle Physics.
Data entries are directly linked to the corresponding bibliographic
6. Conference Databases . . . . . . . . . . . . . .. 21 information in INSPIRE.
http: live.1bl.
7. Research Institutions . . . . . . . . . . . . . .. 21 ttp://pdglive.1bl.gov
e Computer-readable files: Data files that can be downloaded
8 People . . . ... 21 from PDG include tables of particle masses and widths, PDG
9. Experiments 21 Monte Carlo particle numbers, and cross-section data. The files are
- BXP o updated with each new edition of the Review of Particle Physics.
10. Jobs . . . ..o 21 http://pdg.1bl.gov/current/html/computer read.html
11. Software Repositories . . . . . ... ... ... 22 3 Particle Physics Information Platforms
12. Data repositories . . . . . . . . . . . . . L. 23 e INSPIRE: The time-honored SPIRES database suite has in
November 2011 been replaced by INSPIRE, which combines the
13. Data preservation activities . . . . . . . . . . .. 23 most successful aspects of SPIRES - like comprehensive content and

14. Particle Physics Education and Outreach

Sites . . . .. Lo 24

1. Introduction

The collection of online information resources in particle physics and
related areas presented in this chapter is of necessity incomplete. An
expanded and regularly updated online version can be found at:

http://library.web.cern.ch/particle physics
_information

Suggestions for additions and updates are very welcome.
2. Particle Data Group (PDG) resources

e Review of Particle Physics (RPP) A comprehensive report
on the fields of particle physics and related areas of cosmology
and astrophysics, including both review articles and a compila-
tion/evaluation of data on particle properties. The review section
includes articles, tables and plots on a wide variety of theoretical
and experimental topics of interest to particle physicists and
astrophysicists. The particle properties section provides tables of
published measurements as well as the Particle Data Groups best
values and limits for particle properties such as masses, widths,
lifetimes, and branching fractions, and an extensive summary of

searches for hypothetical particles. RPP is published as a 1500-page
book every two years, with partial updates made available once each

year on the web.

All the contents of the book version of RPP are available online:
http://pdg.1bl.gov

The printed book can be ordered:
http://pdg.1lbl.gov/2015/html/receive_our_products.html

Of historical interest is the complete RPP collection which can be
found online:

http://library.web.cern.ch/PDG publications/

review particle physics

Particle Physics booklet: An abridged version of the Review
of Particle Physics available as a pocket-sized 300-page booklet.
Although produced in print and available online only as a PDF
file, the booklet is included in this guide because it is one of the
most useful summaries of physics data. The booklet contains an

T Please send comments and corrections to
Annette.Holtkamp@cern.ch.

high-quality metadata - with the modern technology of Invenio,
the CERN open-source digital-library software, offering major
improvements like increased speed and Google-like free-text search
syntax. INSPIRE serves as one-stop information platform for the
particle physics community, comprising 8 interlinked databases
on literature, conferences, institutions, journals, researchers,
experiments, jobs and data. INSPIRE is jointly developed and
maintained by CERN, DESY, Fermilab, IHEP and SLAC. Close
interaction with the user community and with arXiv, ADS,
HepData, PDG and publishers is the backbone of INSPIRE’s
evolution.

http://inspirehep.net/
INSPIRE is integrated with ORCID (Open Researcher and
Contributor ID), a persistent identifier that enables researchers to
connect services and get credit for their works.

http://orcid.org/

INSPIRE is currently developing a new version of the portal,
maintaining its quality standards and introducing new functionality.
The INSPIRE Labs site is available at:

http://labs.inspirehep.net
blog: http://blog.inspirehep.net/
twitter: Q@inspirehep

4. Literature Databases
e ADS: The SAO/NASA Astrophysics Data System is a Digital

Library portal offering access to 11 million bibliographic records
in Astronomy and Physics. The ADS’s search engine also indexes
the full-text for approximately four million publications in this
collection and tracks citations, which now amount to over 80 million
links. The system also provides access and links to a wealth of
external resources, including electronic articles hosted by publishers
and arXiv, data catalogs and a variety of data products hosted by
the astronomy archives worldwide. The ADS can be accessed at

http://ads.harvard.edu/

arXiv.org: A repository of full text papers in physics, mathematics,
computer science, statistics, nonlinear sciences, quantitative finance
and quantitative biology interlinked with ADS and INSPIRE.
Papers are usually submitted by their authors to arXiv in advance
of submission to a journal for publication. Primarily covers 1991
to the present but authors are encouraged to post older papers
retroactively. Permits searching by author, title, and words in
abstract and experimentally also in the fulltext. Allows limiting
by subfield archive or by date. Daily update alerts by subfield are
available by email and RSS.
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http://arXiv.org

e CDS: The CERN Document Server contains records of more
than 1,000,000 CERN and non-CERN articles, preprints, theses.
It includes records for internal and technical notes, official CERN
committee documents, and multimedia objects. CDS is going to
focus on its role as institutional repository covering all CERN
material from the early 50s and reflecting the holdings of the CERN
library. Non-CERN particle and accelerator physics content is in
the process of being exported to INSPIRE.

http://cds.cern.ch

INSPIRE HEP: The HEP collection, the flagship of the INSPIRE
suite, serves more than 1.1 million bibliographic records with a
growing number of fulltexts attached and metadata including author
affiliations, abstracts, references, experiments, keywords as well as
links to arXiv, ADS, PDG, HepData and publisher platforms. It
provides fast metadata and fulltext searches, plots extracted from
fulltext, author disambiguation, author profile pages and citation
analysis and is expanding its content to, e.g., experimental notes.
http://inspirehep.net

e JACoW: The Joint Accelerator Conference Website publishes the
proceedings of APAC, EPAC, PAC, IPAC, ABDW, BIW, COOL,
CYCLOTRONS, DIPAC, ECRIS, FEL, HIAT, ICALEPCS, IBIC,
ICAP, LINAC, North American PAC, PCaPAC, RuPAC, SRF. A
custom interface allows searching on keywords, titles, authors, and
in the fulltext.

http://wuw.jacow.org/

KISS (KEK Information Service System) for preprints:
The KEK Library preprint and technical report database contains
bibliographic records of preprints and technical reports held in
the KEK library with links to the full text images of more than
100,000 papers scanned from their worldwide collection of preprints.
Particularly useful for older scanned preprints. KISS links are
included in INSPIRE HEP.

http://wwuw-1lib.kek.jp/KISS/kiss prepri.html

e MathSciNet: This database of almost 3 million items provides
reviews, abstracts and bibliographic information for much of the
mathematical sciences literature. Over 100,000 new items are added
each year, most of them classified according to the Mathematics
Subject Classification. Authors are uniquely identified, enabling a
search for publications by individual author. Over 80,000 reviews on
the current published literature are added each year. Citation data
allows to track the history and influence of research publications.

http://www.ams.org/mathscinet

e OSTI SciTech Connect: A portal to free, publicly available DOE-
sponsored R&D results including technical reports, bibliographic
citations, journal articles, conference papers, books, multimedia
and data information. SciTech Connect is a consolidation of two
core DOE search engines, the Information Bridge and the Energy
Citations Database. SciTech Connect incorporates all of the R&D
information from these two products into one search interface. It
includes over 2.7 million citations, including citations to 1.5 million
journal articles. SciTech Connect also has over 400,000 full-text
DOE sponsored STI reports; most of these are post-1991, but over
140,000 of the reports were published prior to 1990.

http://wuw.osti.gov/scitech/

5. Particle Physics Journals and Conference
Proceedings Series
e CERN Journals List: This list of journals and conference series

publishing particle physics content provides information on Open
Access, copyright policies and terms of use.

http://library.web.cern.ch/oa/where publish
o INSPIRE Journals: The database covers more than 3,400
journals publishing HEP-related articles.
http://inspirehep.net/collection/journals

6. Conference Databases

¢ INSPIRE Conferences: The database of more than 20,600 past,
present and future conferences, schools, and meetings of interest
to high-energy physics and related fields is searchable by title,
acronym, series, date, location. Included are information about
published proceedings, links to conference contributions in the
INSPIRE HEP database, and links to the conference Web site when
available. New conferences can be submitted from the entry page.

http://inspirehep.net/conferences

7. Research Institutions

e INSPIRE Institutions: The database of more than 10,800
institutes, laboratories, and university departments in which
research on particle physics and astrophysics is performed covers
six continents and over a hundred countries. Included are address
and Web links where available as well as links to the papers
from each institution in the HEP database, to scientists listed
in HEPNames affiliated to this institution in the past or present
and to experiments performed at this institution. Searches can
be performed by name, acronym, location, etc. The site offers an
alphabetical list by country as well as a list of the top 500 HEP and
astrophysics institutions sorted by country.

http://inspirehep.net/institutions

8. People

e INSPIRE HEPNames: Searchable worldwide database of over
112,000 people associated with particle physics and related fields.
The affiliation history of these researchers, their e-mail addresses,
web pages, experiments they participated in, PhD advisor,
information on their graduate students and links to their papers in
the INSPIRE HEP, arXiv and ADS databases are provided as well
as a user interface to update these informations.

http://inspirehep.net/hepnames

9. Experiments

e INSPIRE Experiments: Contains more than 2,700 past, present,
and future experiments in particle physics. Lists both accelerator
and non-accelerator experiments. Includes official experiment name
and number, location, and collaboration lists. Simple searches by
participant, title, experiment number, institution, date approved,
accelerator, or detector, return a description of the experiment,
including a complete list of authors, title, overview of the
experiment’s goals and methods, and a link to the experiment’s web
page if available. Publication lists distinguish articles in refereed
journals, theses, technical or instrumentation papers and those
which rank among Topcite at 50 or more citations.

http://inspirehep.net/Experiments

Cosmic ray/Gamma ray/Neutrino and similar experiments:
This extensive collection of experimental web sites is organized by
focus of study and also by location. Additional sections link to
educational materials, organizations, related Web sites, etc. The
site is maintained at the Max Planck Institute for Nuclear Physics,
Heidelberg.

http://www.mpi-hd.mpg.de/hfm/CosmicRay/
CosmicRaySites.html

10. Jobs

e AAS Job Register: The American Astronomical Society publishes
once a month graduate, postgraduate, faculty and other positions
mainly in astronomy and astrophysics.

http://jobregister.aas.org/

e APS Careers: A gateway for physicists, students, and physics
enthusiasts to information about physics jobs and careers. Physics
job listings, career advice, upcoming workshops and meetings, and
career and job related resources provided by the American Physical
Society.

http://www.aps.org/careers/employment
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11.

brightrecruits.com: A recruitment service run by IOP Publishing
that connects employers from different industry sectors with
jobseekers who have a background in physics and engineering.

http://brightrecruits.com/
p g

IOP Careers: Careers information and resources primarily aimed
at university students are provided by the UK Institute of Physics.

http://wuw.iop.org/careers/

INSPIRE HEPJobs: Lists academic and research jobs in high
energy physics, nuclear physics, accelerator physics and astrophysics
with the option to post a job or to receive email notices of new job
listings. About 500 jobs are currently listed.

http://inspirehep.net/jobs

Physics Today Jobs: Online recruitment advertising website for
Physics Today magazine, published by the American Institute of
Physics. Physics Today Jobs is the managing partner of the AIP
Career Network, an online job board network for the physical

science, engineering, and computing disciplines. 8,000 resumes are
currently available, and more than 2,500 jobs were posted in 2012.

http://wuw.physicstoday.org/jobs

Software Repositories

Particle Physics

FastJet: FastJet is a software package for jet finding in pp and
e+e- collisions. It includes fast native implementations of many
sequential recombination clustering algorithms, plugins for access to
a range of cone jet finders and tools for advanced jet manipulation.

http://fastjet.fr/

FermiTools: Fermilab’s software tools program provides a
repository of Fermilab - developed software packages of value
to the HEP community. Permits searching for packages by title or
subject category.

http://www.fnal.gov/fermitools/

FreeHEP: A collection of software and information about software
useful in high-energy physics and adjacent disciplines, focusing on

open-source software for data analysis and visualization. Searching
can be done by title, subject, date acquired, date updated, or by

browsing an alphabetical list of all packages.

http://www.freehep.org/

Geant4: Geant4d is a toolkit for the simulation of the passage
of particles through matter. Its areas of application include high
energy, nuclear and accelerator physics, as well as studies in medical
and space science.

http://geant4.web.cern.ch/geantd/

GenSer: The Generator Services project collaborates with Monte
Carlo (MC) generators authors and with LHC experiments in
order to prepare validated LCG compliant code for both the
theoretical and experimental communities at the LHC, sharing the
user support duties, providing assistance for the development of the
new object-oriented generators and guaranteeing the maintenance
of the older packages on the LCG supported platforms. The project
consists of the generators repository, validation, HepMC record and
MCDB event databases.

http://ph-dep-sft.web.cern.ch/project/
generator-service-project-genser

Hepforge: A development environment for high-energy physics
software development projects, in particular housing many event-
generator related projects, that offers a ready-made, easy-to-use
set of Web based tools, including shell account with up to date
development tools, web page hosting, subversion and CVS code
management systems, mailing lists, bug tracker and wiki system.

http://wuw.hepforge.org/

QUDA: Library for performing calculations in lattice QCD
on GPUs using NVIDIA’s "C for CUDA” API. The current

release includes optimized solvers for Wilson, Clover-improved
Wilson, Twisted mass, Improved staggered (asqtad or HISQ),
Domain wall and Mobius fermion actions.

http://lattice.github.com/quda/

ROOT: This framework for data processing in high-energy physics,
born at CERN, offers applications to store, access, process, analyze
and represent data or perform simulations.

http://root.cern.ch

tmLQCD: This freely available software suite provides a set
of tools to be used in lattice QCD simulations, mainly a HMC
implementation for Wilson and Wilson twisted mass fermions and
inverter for different versions of the Dirac operator.

https://github.com/etmc/tmLQCD

USQCD: The software suite enables lattice QCD computations
to be performed with high performance across a variety of
architectures. The page contains links to the project web pages of
the individual software modules, as well as to complete lattice QCD
application packages which use them.

http://usqcd-software.github.io

Astrophysics

ASCL: The Astrophysics Source Code Library (ASCL) is a free
online registry for source codes of interest to astronomers and

astrophysicists and lists codes that have been used in research that
has appeared in, or been submitted to, peer-reviewed publications.

http://ascl.net

Astropy: The Astropy Project is a community effort to develop
a single core package for Astronomy in Python and foster
interoperability between Python astronomy packages

http://wuw.astropy.org

IRAF: The Image Reduction and Analysis Facility is a general
purpose software system for the reduction and analysis of
astronomical data. IRAF is written and supported by the National
Optical Astronomy Observatories (NOAO) in Tucson, Arizona.

http://iraf.noao.edu/

Starlink: Starlink was a UK Project supporting astronomical
data processing. It was shut down in 2005 but its open-source
software continued to be developed at the Joint Astronomy Centre
until March 2015. It is currently maintained by the East Asian
Observatory. The open-source software products are a collection of
applications and libraries, usually focused on a specific aspect of
data reduction or analysis.

http://starlink.eao.hawaii.edu/starlink

Links to a large number of astronomy software archives are listed
at:

http://heasarc.nasa.gov/docs/heasarc/astro-update/

Apps

arXiv mobile: Android app for browsing and searching arXiv.org,
and for reading, saving and sharing articles.

play.google.com/store/apps/
details?id=com.commonsware.android.arXiv

arXiv scanner: Scans downloads folder for pdf files from arXiv.
Adds title, authors and summary and makes all this information
easily searchable from inside the application.

https://play.google.com/store/apps/
details?id=com.agio.arxiv.scaner
aNarXiv: arXiv viewer.

http://github.com/nephoapp/anarxiv

Collider: This mobile app allows to see data from the ATLAS
experiment at the LHC.

http://collider.physics.ox.ac.uk/
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e LHSee: This smartphone app allows to see collisions from the
Large Hadron Collider.

http://www2.physics.ox.ac.uk/about-us/outreach/
public/lhsee

e The Particles: App for Apple iPad, Windows 8 and Microsoft
Surface. Allows to browse a wealth of real event images and videos,
read popular biographies of each of the particles and explore the A-Z
of particle physics with its details and definitions of key concepts,
laboratories and physicists. Developed by Science Photo Library in
partnership with Prof. Frank Close.

http://www.sciencephoto.com/apps/particles.html

12. Data repositories

Particle Physics

e HepData: The HepData Project, funded by the STFC (UK) and
based at Durham University, has been built up over the past four
decades as a unique repository for scattering data from experimental
particle physics. It currently comprises the data points from plots
and tables related to several thousand publications including those
from the LHC.

http://hepdata.cedar.ac.uk/

The data from HEPData can also be accessed through INSPIRE. A
new enhanced service, rebranded as HEPData, is under development
and will be available at:

http://hepdata.net

¢ CERN Open Data: The CERN Open Data portal provides data
from real collision events, produced by the experiments at the
LHC; virtual machines to reproduce the analysis environment; and
software to process them. It serves almost 30 TB of data and
encourages use both for educational and research purposes.

http://opendata.cern.ch

o ILDG: The International Lattice Data Grid is an international
organization which provides standards, services, methods and tools
that facilitate the sharing and interchange of lattice QCD gauge
configurations among scientific collaborations, by uniting their
regional data grids. It offers semantic access with local tools to
worldwide distributed data.

http://wuw.usqcd.org/ildg/

¢ MCDB - Monte Carlo Database: This central database of
MC events aims to facilitate communication between Monte-Carlo
experts and users of event samples in LHC collaborations. Having
these events stored in a public place along with the corresponding
documentation allows for direct cross checks of the performances on
reference samples.

http://mcdb.cern.ch/

e MCPLOTS: mcplots is a repository of Monte Carlo plots
comparing High Energy Physics event generators to a wide variety
of available experimental data. The site is supported by the LHC
Physics Centre at CERN.

http://mcplots.cern.ch/

Astrophysics
e CfA Dataverse: This astronomy data repository at Harvard is
open to all scientific data from astronomical institutions worldwide.

https://dataverse.harvard.edu/dataverse/cfa

¢ NASA’s HEASARC: The High Energy Astrophysics Science
Archive Research Center (HEASARC) is the primary archive
for NASA’s (and other space agencies’) missions dealing with
electromagnetic radiation from extremely energetic phenomena
ranging from black holes to the Big Bang.

http://heasarc.gsfc.nasa.gov/

¢ LAMBDA @ HEASARC: This data center for Cosmic Microwave
Background research, a merger of the High Energy Astrophysics
Science Archive Research Center (HEASARC) and the Legacy
Archive for Microwave Background Data Analysis (LAMBDA),

provides archive data from NASA missions, software tools, and links
to other sites of interest.

http://lambda.gsfc.nasa.gov/

The NASA archives provide access to raw and processed datasets
from numerous NASA missions.

Mikulski Archive for Space Telescopes (MAST): Hubble telescope,
other missions (UV, optical):
http://archive.stsci.edu/

NASA/IPAC Infrared Science Archive: Spitzer, Herschel, Planck
telescope, other missions:

http://irsa.ipac.caltech.edu/

NASA /IPAC Extragalactic Database (NED): An astronom-
ical database that collates and cross-correlates information on
extragalactic objects. It contains their positions, basic data, and
names as well as bibliographic references to published papers, and
notes from catalogs and other publications. NED supports searches
for objects and references, and offers browsing capabilities for
abstracts of articles of extragalactic interest.
http://ned.ipac.caltech.edu/

e SIMBAD: The SIMBAD astronomical database provides basic
data, cross-identifications, bibliography and measurements for
astronomical objects outside the solar system. It can be queried by
object name, coordinates and various criteria. Lists of objects and
scripts can be submitted.

http://simbad.u-strasbg.fr/simbad/

e Virtual Observatory: The Virtual Observatory (VO) provides a
suite of resources to query for original data from a large number
of archives. Two main tools are provided. One runs queries across
multiple databases (such as the SDSS database) and combines the
results. The other queries hundreds of archives for all datasets that
fall on a particular piece of sky.

http://www.us-vo.org/

General Physics

e NIST Physical Measurement Laboratory: The National
Institute of Standards and Technology provides access to physical
reference data (physical constants, atomic spectroscopy data, x-ray
and gamma-ray data, radiation dosimetry data, nuclear physics data
and more) and measurements and calibrations data (dimensional
and electromagnetic measurements). The site points to a general
interest page, linking to exhibits of the Physical Measurement
Laboratory in the NIST Virtual Museum.

http://physics.nist.gov/

e Springer Materials - The Landolt-Bérnstein Database:
Landolt-Bornstein is a data collection in all areas of physical sciences
and engineering, among others particle physics, electronic structure
and transport, magnetism, superconductivity. International experts
scan the primary literature in more than 8,000 peer-reviewed
journals and evaluate and select the most valid information to be
included in the database. It includes more than 100,000 online
documents, 1,2 million references, and covers 250,000 chemical
substances. The search functionality is freely accessible and the
search results are displayed in their context, whereas the full text is
secured to subscribers.

http://materials.springer.com/

13. Data preservation activities

Particle Physics

e DASPOS: A collective effort to explore the realisation of a viable
data, software and computation preservation architecture in High
Energy Physics

https://daspos.crc.nd.edu
e DPHEP: The efforts to define and coordinate Data Preservation

and Long Term Analysis in HEP are coordinated by a study group
formed to investigate the issues associated with these activities.
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The group, DPHEP, was initiated during 2008-2009 and includes all
HEP major experiments and labs.

Details of the organizational structure, the objectives, workshops
and publications can be found on the website.

The group is endorsed by the International Committee for Future
Accelerators (ICFA).

In July 2014 the DPHEP collaboration was formed as a result
of the signature of the Collaboration Agreement by seven large
funding agencies (others have since joined or are in the process
of acquisition) and in June 2015 the first DPHEP Collaboration
Workshop and Collaboration Board meeting took place.

http://dphep.org
Astrophysics

More formal and advanced data preservation activity is ongoing in the
field of Experimental Astrophysics, including;:

e SDSS (Sloan Digital Sky Survey)
http://sdss.org

e Fermi Data
http://fermi.gsfc.nasa.gov/ssc/data

e IVOA (International Virtual Observatory Alliance)
http://www.ivoa.net/

14. Particle Physics Education and Outreach Sites

Science Educators’ Networks:

e IPPOG: The International Particle Physics Outreach Group is a
network of particle physicists, researchers, informal science educators
and science explainers aiming to raise awareness, understanding and
standards of global outreach efforts in particle physics and general
science by providing discussion forums and regular information
exchange for science institutions, proposing and implementing
strategies to share lessons learned and best practices and promoting
current outreach efforts of network members.

http://ippog.web.cern.ch

e Interactions.org: Designed to serve as a central resource for
communicators of particle physics. The daily updated site provides
links to current particle physics news from the world’s press,
high-resolution photos and graphics from the particle physics
laboratories of the world; links to education and outreach programs;
information about science policy and funding; a glossary; and links
to many educational sites.

http://www.interactions.org

e I12U2 (Interactions in Understanding the Universe): The
12U2 e-Labs use the Internet and distributed computing in high-
school classes and provide an opportunity for students to organise
and conduct authentic research; experience the environment of
scientific collaborations; make real scientific contributions. It is
supported by QuarkNet, NSF and DOE.

http://www.i2u2.org

Master Classes

e CMS physics masterclass: Lectures from active scientists give
insight into methods of basic research, enabling the students to
perform measurements on real data from the CMS experiment
at the LHC. Like in an international research collaboration,
the participants then discuss their results and compare with
expectations.

http://cms.web.cern.ch/content/cms-physics-

masterclass

e International Masterclasses: Each year about 10000 high school
students in 42 countries come to one of about 200 nearby universities
or research centres for one day in order to unravel the mysteries of
particle physics. Lectures from active scientists give insight in topics
and methods of basic research at the fundaments of matter and

forces, enabling the students to perform measurements on real data
from particle physics experiments themselves. At the end of each
day, like in an international research collaboration, the participants
join in a video conference for discussion and combination of their
results.

http://physicsmasterclasses.org/

¢ MINERVA: MINERVA (Masterclass INvolving Event recognition
visualised with Atlantis) is a masterclass tool for students to learn
more about the ATLAS experiment at CERN, based on a simplified
setup of the ATLAS event display, Atlantis.

http://atlas-minerva.web.cern.ch/atlas-minerva/

General Sites

e Contemporary Physics Education Project (CPEP): Provides
charts, brochures, Web links, and classroom activities. Online
interactive courses include: Fundamental Particles and Interactions;
Plasma Physics and Fusion; History and Fate of the Universe; and
Nuclear Science.

http://www.cpepweb.org/

Particle Physics Lessons & Activities

e Angels and Demons: With the aim of looking at the myth versus
the reality of antimatter and science at CERN this site offers teacher
resources, slide shows and videos of talks given to teachers visiting
CERN.

http://angelsanddemons.web.cern.ch/

e ATLAS @ Home A research project that uses volunteer computing
to run simulations of the ATLAS experiment at CERN.

http://atlasathome.cern.ch

e Big Bang Science: Exploring the origins of matter: This Web
site, produced by the Particle Physics and Astronomy Research
Council of the UK (PPARC), explains what physicists are looking
for with their giant instruments. It focuses on CERN particle
detectors and on United Kingdom scientists’ contribution to the
search for the fundamental building blocks of matter.

http://hepwww.rl.ac.uk/pub/bigbang/partl.html

Cambridge Relativity and Cosmology:
http://www.damtp.cam.ac.uk/research/gr/public/
index.html

¢ CAMELIA: CAMELIA (Cross-platform Atlas Multimedia Edu-
cational Lab for Interactive Analysis) is a discovery tool for the
general public, based on computer gaming technology.

http://www.atlas.ch/camelia.html

¢ CERNIland: With a range of games, multimedia applications and
films CERNland is a virtual theme park developed to bring the
excitement of CERN’s research to a young audience aged between 7
and 12. CERNland is designed to show children what is being done
at CERN and inspire them with some physics at the same time.

http://www.cernland.net/

CollidingParticles: A series of films following a team of physicists
involved in research at the LHC.

http://www.collidingparticles.com/

e Hands-On Universe: This educational program enables students
to investigate the Universe while applying tools and cocncepts from
science, math and technology.

http://handsonuniverse.org/

e Higgs Hunters: A web-based citizen science project to help search
for unknown exotic particles in the LHC data.

http://HiggsHunters.org

HYPATTA: HYPATIA (Hybrid Pupil’s Analysis Tool for Inter-

actions in Atlas) is a tool for high school students to inspect the

graphic visualizaton of products of particle collisions in the ATLAS
detector at CERN.

http://hypatia.phys.uoa.gr/
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e Imagine the Universe: This NASA site is intended for students
age 14 and up and for anyone interested in learning about the
universe.

http://imagine.gsfc.nasa.gov/home.html

e In particular: Podcast about physics and the process of discovering
physics at the ATLAS experiment.

https://itunes.apple.com/us/podcast/in-particular/
1d10011316557mt=2

e Lancaster Particle Physics: This site, suitable for 16+ students,
offers a number of simulations and explanations of particle physics,
including a section on the LHC.

http://www.lppp.lancs.ac.uk/

e LHC @ home: Volunteer computing platform to help physicists
compare theory with experiment, in the search for new fundamental
particles and answers to questions about the Universe.

http://lhcathome.web.cern.ch

The TestdTheory allows allows volunteers to run simulations of
high-energy particle physics on their home computers. The results
are submitted to a database which is used as a common resource by
both experimental and theoretical scientists working on the Large
Hadron Collider at CERN.

ttp: cathome.web.cern.c rojects/testé4theor
http://1h h b h/proj / 4th y

The SIXTRACK project allows users with Internet-connected
computers to participate in advancing Accelerator Physics.

http://lhcathome.web.cern.ch/projects/sixtrack

e Particle Adventure: One of the most popular Web sites for
learning the fundamentals of matter and force. An award-winning
interactive tour of quarks, neutrinos, antimatter, extra dimensions,
dark matter, accelerators and particle detectors from the Particle
Data Group of Lawrence Berkeley National Laboratory. Simple
clegant graphics and translations into 16 languages.

http://particleadventure.org/

e Quarked! - Adventures in the Subatomic Universe: This
project, targeted to kids aged 7-12 (and their families), brings
subatomic physics to life through a multimedia project including an
interactive website, a facilitated program for museums and schools,
and an educational outreach program.

http://www.quarked.org/

e QuarkNet: Brings the excitement of particle physics research to
high school teachers and their students. Teachers join research
groups at about 50 universities and labs across the country. These
research groups are part of particle physics experiments at CERN
or Fermilab. About 100,000 students from 500+ US high schools
learn fundamental physics as they participate in inquiry-oriented
investigations and analyze real data online. QuarkNet is supported
in part by the National Science Foundation and the U.S. Department
of Energy.

https://quarknet.i2u2.org/

o Rewarding Learning videos about CERN: The three videos
based on interviews with scientists and engineers at CERN introduce
pupils to CERN and the type of research and work undertaken
there and are accompanied by teachers’ notes.

http://www.nicurriculum.org.uk/STEMWorks/resources/

cern/index.asp

Lab Education Offices
e Argonne National Laboratory (ANL) Educational Pro-
grams:
http://www.anl.gov/education/
e Brookhaven National Laboratory (BNL) Educational
Programs: The Office of Educational Programs mission is to
design, develop, implement, and facilitate workforce development

and education initiatives that support the scientific mission at
Brookhaven National Laboratory and the Department of Energy.

http://www.bnl.gov/education/

¢ CERN: The CERN education website offers informations about
teacher programmes and educational resources for schools.

http://education.web.cern.ch/education/

e DESY: Offers courses for pupils and teachers as well as information
for the general public, mostly in German.

http://www.desy.de/information_services/education/

FermiLab Education Office: Provides education resources and
information about activities for educators, physicists, students and
visitors to the Lab. In addition to information on 25 programs,
the site provides online data-based investigations for high school
students, online versions of exhibits in the Lederman Science Center,
links to particle physics discovery resources, web-based instructional
resources, what works for education and outreach, and links to the
Lederman Science Center and the Teacher Resource Center.

http://ed.fnal.gov/

Science Education at Jefferson Lab:

http://education. jlab.org/

e LBL Workforce Development and Education: This group
carries out Berkeley Labs mission to inspire and prepare the next
generation of scientists, engineers, and technicians.

http://csee.lbl.gov/

Educational Programs of Experiments

e ATLAS Discovery Quest: One of several access points to
ATLAS education and outreach pages. This page gives access to
explanations of physical concepts, blogs, ATLAS facts, news, and
information for students and teachers.

http://www.atlas.ch/physics.html

o ATLAS eTours: Give a description of the Large Hadron Collider,
explain how the ATLAS detector at the LHC works and give an
overview over the experiments and their physics goals.

http://www.atlas.ch/etours.html

e Education and Outreach @ IceCube:
http://icecube.wisc.edu/outreach
e LIGO Science Education Center: The LIGO (Laser Interfer-
ometer Gravitational-wave Observatory) Science Education Center
has over 40 interactive, hands-on exhibits that relate to the science
of LIGO. The site hosts field trips for students, teacher training
programs, and tours for the general public. Visitors can explore
science concepts such as light, gravity, waves, and interference; learn
about LIGO’s search for gravitational waves; and interact with
scientists and engineers.
https://ligo.caltech.edu/page/educational-resources
e Pierre Auger Observatory’s Educational Pages: The site

offers information about cosmic rays and their detection, and
provides material for students and teachers.

https://www.auger.org/index.php/edu-outreach

News

e Asimmetrie: Bimonthly magazine about particle physics published
by INFN, the Istituto Nazionale di Fisica Nucleare

http://www.asimmetrie.it/

¢ CERN Courier:

http://cerncourier.com/cws/latest/cern

¢ DESY inForm:
http://www.desy.de/aktuelles/desy_inform

e Fermilab Today:
http://www.fnal.gov/pub/today/

e LC Newsline: The newsletter of the Linear Collider community
http://newsline.linearcollider.org/

twitter: QILCnewsline
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e IOP News: ¢ Experiments with twitter accounts:
http://www.iop.org/news/ http://tinyurl.com/q86kma8

o JINR News: o Institutions xjv1th twitter accounts:
http://wwwl.jinr.ru/News/Jinrnews_index.html http://tinyurl.con/nzen3nw

e News at Interactions.org: The InterActions site provides news List of physicists on Twitter at TrueSciPhi:

and press releases on particle physics.
http://www.interactions.org/cms/7pid=1000680

twitter: Oparticlenews

Symmetry: This magazine about particle physics and its connec-
tions to other aspects of life and science, from interdisciplinary
collaborations to policy to culture is published 6 times per year by
Fermilab and SLAC.

http://www.symmetrymagazine.org/

twitter: @symmetrymag

Art in Physics

Arts@QCERN: The Collide@QCERN residency programme brings
together world-class artists and scientists in a free exchange of ideas.

http://arts.web.cern.ch/collide/ AccelerateQCERN is a
country specific one-month research award for artists who have
never spent tine in a science lab before.

http://arts.web.cern.ch/acceleratecern

Art of Physics Competition: The Canadian Association of
Physicists organizes this competition, the first was launched in 1992,
with the aim of stimulating interest, especially among non-scientists,
in some of the captivating imagery associated with physics. The
challenge is to capture photographically a beautiful or unusual
physics phenomenon and explain it in less than 200 words in terms
that everyone can understand.

http://www.cap.ca/aop/art.html

Blogs and Twitter

Lists of active blogs and tweets can be found on INSPIRE:

Scientist blogs:
http://tinyurl.com/nmku27s

Scientists with twitter accounts:
http://tinyurl.com/nrgbk63

http://truesciphi.org/phy.html

Some selected particle physics related blogs:

ATLAS blog:
http://www.atlas.ch/blog

Physics arXiv blog: MIT Technology Review blog on new ideas
at arXiv.org.

http://www.technologyreview.com/blog/arxiv/

Life and Physics: Jon Butterworth’s blog in the Guardian.

http://www.guardian.co.uk/science/life-and-physics
Not Even Wrong: Peter Woit’s blog on topics in physics and
mathematics.

http://www.math.columbia.edu/ woit/wordpress/

Preposterous Universe: Theoretical physicist Sean Carroll’s
blog.

http://wuw.preposterousuniverse.com/

Quantum diaries: Thoughts on work and life from particle
physicists from around the world.

http://www.quantumdiaries.org/

The US LHC blog gives a vivid account of the daily activity of US
LHC researchers.

http://www.quantumdiaries.org/lab-81/

Science blogs: Launched in January 2006, ScienceBlogs features
bloggers from a wide array of scientific disciplines, including physics.

http://scienceblogs.com/channel/physical-science/

AstroBetter: Blog with tips and tricks for professional astronomers
http://wuw.astrobetter.com/
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GAUGE AND HIGGS BOSONS

7 (photon) 10PCy =011 ™)

Mass m < 1 x 10718 ev
Charge g < 1x 10735 ¢
Mean life 7 = Stable

g

Py _ nq—
or gluon 1U7) =007)

Mass m = 0 [
SU(3) color octet

Mass m < 6 x 10732 eV

[w] J=1

Charge = +1e

Mass m = 80.385 + 0.015 GeV

W /Z mass ratio = 0.88153 = 0.00017
mz — my, = 10.803 % 0.015 GeV
Myy+ — My, = —0.2 £ 0.6 GeV
Full width ' = 2.085 + 0.042 GeV
(N_+) =15.70 £ 0.35

(Nj+) =220 £ 0.19

(Np) =092+ 0.14

(Necharged) = 19.39 + 0.08

W™ modes are charge conjugates of the modes below.

p
wt DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

oty [b] (10.86+ 0.09) % -
ety (10.71+ 0.16) % 40192
utv (10.63+ 0.15) % 40192
Tty (11.38+ 0.21) % 40173
hadrons (67.41+ 0.27) % -
aty < 7 x 1076 95% 40192
Di~y < 13 x 1073 95% 40168
cX (333 + 26 )% -

cs e B % -
invisible [c] (14 £29)% -
J - 1

Charge = 0

Mass m = 91.1876 £ 0.0021 GeV [l

Full width I = 2.4952 £ 0.0023 GeV

[(¢+¢-) = 83.984 + 0.086 MeV [0]

I (invisible) = 499.0 £ 1.5 MeV €]

I (hadrons) = 1744.4 &+ 2.0 MeV

M(utp)/T (et e) = 1.0009 £ 0.0028

F(r+t77)/T (et e™) = 1.0019 + 0.0032 ]
Average charged multiplicity

(Neharged) = 20.76 £ 0.16 (S = 2.1)

Couplings to quarks and leptons
g}, = —0.03783 £ 0.00041

gy = 025" 50
g‘\j/ = _0~33f0102

gfq = —0.50123 + 0.00026
g4 — 0.50708¢

g4 = 05237093

g¥¢ = 0.5008 + 0.0008
g¥e = 0.53 £ 0.09

g’ = 0.502 + 0.017
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Asymmetry parameters 8]

Ae = 0.1515 + 0.0019
A, = 0.142 £ 0.015
A; = 0.143 £ 0.004

J=0

Mass m = 125.09 + 0.24 GeV
Full width I < 1.7 GeV, CL = 95%

HO Signal Strengths in Different Channels

As = 0.90 + 0.09
Ac = 0.670 £+ 0.027
Ap = 0.923 £ 0.020
Charge asymmetry (%) at Z pole
ALD — 171+ 0.10
A00) _ 7 vy =116 4+ 0.18
FB. = s
A9 gy 1a bb=082+030 (S=1.1)
E)BC) - ’ utu= < 7.0, CL=95%
Apg’ =T7.07£0.35 HrT =112+ 023
AL — 9,92 + 0.16 Zy < 95, CL = 95%
tTHO Production = 2.37 37

See Listings for the latest unpublished results.
Combined Final States = 1.10 + 0.11
W w* =1.08+018
77" =129%038

Scale factor/ p
Z DECAY MODES Fraction (I';/T) Confidence level (MeV/c) p
ete— (3363 +0.004 )% 45594 HO DECAY MODES Fraction (;/T) Confidence level (MeV/c)
whu (3.366 +0.007 ) % 45594 ete— <19 x10-3 05% 62545
T (3.370 +0.008 ) % 45559 JJoy <15 x10-3 05% 62507
e [b] ( 3.3658+0.0023) % - T(1S)~ <13 x10-3 95% 62187
{*{fﬁ[* [ (330 £031 )x1076 s=11 45594 T(25)7 <19 x10-3 05% 62143
invisible (2000 +0.06 )% - T(35)y <13 x10-3 95% 62116
hadrons (69.91  £0.06 )% - ur < 151% 95% 62532
(um+cc)/2 (116 £06 )% - invisible <58 % 95% -
(dd+ss5+bb)/3 (156  +04 )% -
cc (1203 +021 )% -
bb (1512 +£0.05 )% - Neutral Higgs Bosons, Searches for
bbbb (36 +13 )x1074 -
SE8 < 11 % 5 CL=95% - Searches for a Higgs Boson with Standard Model Couplings
A - —o59
Z“ v : 2 oy EE*Z; o Mass m > 122 and none 128-1000 GeV, CL = 95%
Y . =957
wry < 65 x 104 CL=95% 45590 The limits for H(1) and A9 in supersymmetric models refer to the mpax
7(958)y < 42 x 1075 CL=95% 45589 benchmark scenario for the supersymmetric parameters.
vy < 1.46 x 1075 CL=95% 45594 0: .
200 - oie ©10-5 Cl_os% 45504 HY in Supersymmetric Models (mHg <mH2)
YYY < 1.0 x 1075 CL=95% 45594 Mass m > 92.8 GeV, CL = 95%
+ p _
= WF i< 7 x 107> CL=95% 10162 0 . . . [n]
Pt WF i< 83 «10-5 CL_95% 10136 A I:/Teudoscalar nggGs Sosco: in Su;ersymmetrlc Models
J/0(18)X ( 351 t8;§2 yx10-3  s-11 B ass m > 93.4 GeV, =95% tan >0.4
J/¥(1S)y < 26 x1076 CL=95% 45541
P(25)X (160 +029 )x1073 - Ch : + ++
arged Higgs Bosons (H* and H Searches for
Xc1(1P)X (29 +07 )x1073 - g Eg ( ).
Xe2(1P)X < 32 X107 CL=90% - H* Mass m > 80 GeV, CL = 95%
T(18) X +7(25) X (10 +05 )x10% -
+7T(35) X
TS)X < 34 x 1076 CL=95% - New Heavy Bosons
T(25)X < 65 x1076 cL—95% - (W', Z', leptoquarks, etc.),
T(35)X < 54 x 1076 cL=95% - Searches for
(D°/ D% X (07 420 )% -
DEX (122 +17 )% - .
D*(2010)iix [l (114 £13 )% , - Add';'/‘j"af :V B°:°": .
Ds1(2536)=X (36 +£08 )x10~ - with standard couplings
D, ;(2573)X (58 =+22 )x103 - Mass m > 3.710 x 103 GeV, CL = 95%  (pp direct search)
D*(2629)% X searched for - Wg (Right-handed W Boson)
Bt X U1 (608 £013 )% - Mass m > 715 GeV, CL = 90% (electroweak fit)
BSX Ul (159 +013 )% ) Additional Z Bosons
Ber searched for - ) : )
AT X (154 033 )% _ Zg\y with standard couplings
:Cox seen B Mass m > 2.900 x 103 GeV, CL = 95% (pp direct search)
:;X seen B Mass m > 1.500 x 103 GeV, CL = 95% (electroweak fit)
b-baryon X 0 (138 +022 )% _ Zig of SU(2).xSU(2)rxU(1) (with g = gr)
anomalous + hadrons K] < 32 x 1073 CL=095% - Mass m > 630 GeV, CL =95%  (pp direct search)
ete— v k] < 5.2 x10~4 CL=95% 45594 Mass m > 1162 GeV, CL = 95%  (electroweak fit)
whpu=y k] < 56 x10~% CL=95% 45594 Z, of SO(10) — SU(5)xU(1), (with g,=e/cosfyy)
Tty [k] < 7.3 x 1074 CL=95% 45559 Mass m > 2.620 x 103 GeV, CL = 95%  (pp direct search)
e yy N< 68 x107° CL=95% - Mass m > 1.141 x 103 GeV, CL = 95% (electroweak fit)
q977 N< 55 x 1076 CL-95% - Z,, of Eg — SO(10)xU(1),, (with gy=e/cosbyy)
vey < 31 x 10:3 CL=95% 45594 Mass m > 2.570 x 103 GeV, CL = 95% (pp direct search)
il S U X107 CL:QS:A’ 45594 Mass m > 476 GeV, CL = 95% (electroweak fit)
€T LF Il < 08 X107 CL=95% 45576 Z, of Eg — SU(3)xSU(2)xU(1)xU(1), (with g,=e/cosf)
wET LF [i]< 12 x107% CL=95% 45576 3 R .
6 i are Mass m > 1.870 x 10° GeV, CL = 95%  (pp direct search)
pe LB < 18 x 1070 CL=95% 45589 M 619 GeV. CL — 95% | i
pu LB < 18 x106 CL=95% 45589 assm > eV, CL=95%  (electroweak fit)
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Scalar Leptoquarks

Mass m > 1050 GeV, CL = 95% (1st generation, pair prod.)

Mass m > 304 GeV, CL = 95% (1st generation, single prod.)

Mass m > 1000 GeV, CL = 95% (2nd generation, pair prod.)

Mass m > 73 GeV, CL = 95% (2nd generation, single prod.)

Mass m > 740 GeV, CL = 95% (3rd generation, pair prod.)
(See the Particle Listings for assumptions on leptoquark quan-

tum numbers and branching fractions.)

Diquarks
Mass m > 4700 GeV, CL = 95%  (Eg diquark)

Axigluon
Mass m > 3600 GeV, CL = 95%

Axions (A%) and Other
Very Light Bosons, Searches for

The standard Peccei-Quinn axion is ruled out. Variants with reduced
couplings or much smaller masses are constrained by various data.
The Particle Listings in the full Review contain a Note discussing
axion searches.

The best limit for the half-life of neutrinoless double beta decay with
Majoron emission is > 7.2 x 10%* years (CL = 90%).

NOTES

In this Summary Table:

When a quantity has “(S = ...)” to its right, the error on the quantity has
been enlarged by the “scale factor” S, defined as S = /x2/(N — 1), where
N is the number of measurements used in calculating the quantity. We do
this when S > 1, which often indicates that the measurements are inconsis-
tent. When S > 1.25, we also show in the Particle Listings an ideogram of
the measurements. For more about S, see the Introduction.

A decay momentum p is given for each decay mode. For a 2-body decay, p
is the momentum of each decay product in the rest frame of the decaying
particle. For a 3-or-more-body decay, p is the largest momentum any of the
products can have in this frame.

[a] Theoretical value. A mass as large as a few MeV may not be precluded.

[b] ¢ indicates each type of lepton (e, p, and 7), not sum over them.

[c] This represents the width for the decay of the W boson into a charged
particle with momentum below detectability, p< 200 MeV.

[d] The Z-boson mass listed here corresponds to a Breit-Wigner resonance
parameter. It lies approximately 34 MeV above the real part of the posi-
tion of the pole (in the energy-squared plane) in the Z-boson propagator.

[e] This partial width takes into account Z decays into v% and any other
possible undetected modes.

[f] This ratio has not been corrected for the 7 mass.

[g]Here A = 2gyga/(83+83)-

[h] Here ¢ indicates e or .

[i] The value is for the sum of the charge states or particle/antiparticle
states indicated.

[j] This value is updated using the product of (i) the Z — bb
fraction from this listing and (ii) the b-hadron fraction in an
unbiased sample of weakly decaying b-hadrons produced in Z-
decays provided by the Heavy Flavor Averaging Group (HFAG,
http://www slac.stanford.edu/xorg/hfag/osc/PDG2009/#FRACZ).

[k] See the Z Particle Listings for the  energy range used in this measure-
ment.

[/] For m,, = (60 £ 5) GeV.

[n] The limits assume no invisible decays.
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LEPTONS

[e]

)=}
Mass m = (548.579909070 + 0.000000016) x 10~
Mass m = 0.5109989461 + 0.0000000031 MeV
|mey — mg_|/m< 8x1079 CL =90%
|Ges + q.-|/e < 4x1078
Magnetic moment anomaly

(g—2)/2 = (1159.65218091 = 0.00000026) x 10~
(8e+ — 8¢-) / Baverage = (—0.5 +2.1) x 10712
Electric dipole moment d < 0.87 x 10728 ecm, CL = 90%
Mean life 7 > 6.6 x 1028 yr, CL = 90% [l

J=3

Mass m = 0.1134289257 4+ 0.0000000025 u
Mass m = 105.6583745 £+ 0.0000024 MeV
Mean life 7 = (2.1969811 + 0.0000022) x 10765
7 /7, = 1.00002 % 0.00008
¢ = 658.6384 m
Magnetic moment anomaly (g—2)/2 = (11659209 + 6) x 1010
(glﬁ - gu—) / Baverage = (—0.11 £ 0.12) x 1078
Electric dipole moment d = (—0.1 4 0.9) x 1071% ecm

Decay parameters (]
p = 0.74979 + 0.00026
n = 0.057 + 0.034
6 = 0.75047 + 0.00034
&P, = 1.0009F 90508 [
€P,8/p = 10018739538 []
€ =1.00+ 0.04
€ =0.98 £ 0.04
a/A=(0+4)x103
o /A = (=10 + 20) x 1073
B/A = (4 +6) x 1073
B/A=(2+7)x1073
7 =0.02 £ 0.08

;ﬁ' modes are charge conjugates of the modes below.

7~ DECAY MODES

Decay parameters

See the 7 Particle Listings for a note concerning 7-decay parameters.

p(e or u) = 0.745 £ 0.008
p(e) = 0.747 £ 0.010

p(p) = 0.763 + 0.020

&(e or )70985i0030

£(e) = 0.994 + 0.040

&(p) = 1 030 + 0.059

n(e or 1) = 0.013 =+ 0.020

n(y) = 0.094 + 0.073

(6¢)(e or p) = 0.746 £ 0.021

(8€)(€) = 0.734 + 0.028
€)(11) = 0.778 £ 0.037

(0

&(m) = 0.993 £ 0.022

&(p) = 0.994 £+ 0.008

&(ay) = 1.001 & 0.027

&(all hadronic modes) = 0.995 + 0.007

7+ modes are charge conjugates of the modes below. “hE" stands for
or K. “¢” stands for e or . “Neutrals” stands for 4's and/or ©"’s.

Scale factor/ p

Fraction (I';/T) Confidence level (MeV/c)

p
p~ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
e ey, ~ 100% 53
e Ve [d] (1.4+0.4) % 53
e vev ete le] (3.4+0.4) x 1075 53
Lepton Family number (LF) violating modes
e VT, LF [l <12 % 90% 53
ey LF <57 x 10713 90% 53
e ete” LF <10 x 10712 90% 53
e 2y LF <72 x 1011 90% 53
_1
=}

Mass m = 1776.86 + 0.12 MeV
(m_+ — m__)/Maverage < 2.8 x 1074, CL = 90%
Mean life 7 = (290.3 + 0.5) x 10715 s
cr = 87.03 um
Magnetic moment anomaly > —0.052 and < 0.013, CL = 95%
Re(d,) = —0.220 to 0.45 x 10716 ecm, CL = 95%
Im(d,) = —0.250 to 0.0080 x 1016 ecm, CL = 95%

Weak dipole moment
Re(d¥) < 0.50 x 10717 ecm, CL = 95%
Im(d?) < 1.1x 107 ecm, CL = 95%

Weak anomalous magnetic dipole moment
Re(a¥) < 1.1x 1073, CL = 95%
|m(a$) < 27 x 10—3, CL = 95%
7+ — 7FK%v, (RATE DIFFERENCE) / (RATE SUM) =
(—0.36 & 0.25)%

Modes with one charged particle

particle™ > 0 neutrals > 0K%1. (85.24 + 0.06 )% -
("1-prong”)

particle™ > 0 neutrals > 0K, (84.58 % 0.06 ) % -

pTTL Y, lg] (1739 + 0.04 )% 885

W Tuvry le] (368 + 0.10 )x 1073 885

e Tev, lg] (17.82 + 0.04 )% 888

e Tev,y le] (1.84 + 0.05)% 888

h= > 0K v, (12.03 % 0.05 )% 883

h~ v, (1151 + 0.05 ) % 883

T, lg] (1082 + 0.05 )% 883

K- v, gl (696 + 0.10 ) x 1073 820

h™ > 1 neutralsv, (37.00 £ 0.09 )% -

h= > 170, (ex.K9) (36.51 + 0.09 )% -

h= a0, (25.93 + 0.09 )% 878

a nlu, le] (25.49 + 0.09 ) % 878

7~ 70 non-p(770) v, (30 +32 )x1073 878

Km0, le] (433 + 015)x1073 814
h= > 2%, (10.81 % 0.09 )% -

h=27%. (948 + 010 )% 862

h=2n00_(ex.KO) (932 + 010 )% 862
7 2n0u, (ex.KO)  [g] (926 £ 0.10 )% 862
7210, (ex.K?), <9 x 1073CL=95% 862
scalar
7210, (ex.K?), <7 x 1073CL=95% 862
vector
K=27%, (ex.K%)  [g] (65 + 22 )x1074 79
h= > 370, (134 + 007 )% -
h= > 370, (ex. KO) (125 + 0.07 )% -
h=3n%, (118 % 007 )% 836
7 3n0y, (ex.KO)  [g] (1.04 £ 007 )% 836
K=3m%, (ex.K%,  [g] (48 + 21 )x107%4 765
n)
h=47%, (ex.KO) (16 + 04 )x1073 800
h=47%, (ex.KOn) le] (11 + 04 )x1073 800
a1(1260)v, — 7~ yv, (38 + 15 )x1074 -
K= >0x0 >0KO >0y v, (1.552+ 0.029) % 820
K= >1(x%or KO or 7) v, (859 + 0.28 ) x 10~3 -
Modes with K0's
K& (particles) ™ v, (944 + 0.28 ) x 1073 -
h~KOu, (9.87 + 014 )x 103 812
7 Kou, le] (840 + 0.14 )x10~3 812
7~ K9 (54 +21 )x1074 812
(non-K*(892) ™) v,

K= KO, lge] (148 + 0.05)x10~3 737
K=K > 0x0u, (298 + 008 )x10-3 737
h~KOn0u, (532 + 013 ) x 103 794

“KorOy le] (382 + 013 )x1073 794

Kp~ v, (22 +05 )x10-3 612

K= KO0y, le] (150 + 0.07 )x 1073 685
7" K > 170, (408 + 025 )x1073 -
7 KOn0 70y (ex.KO) le] (26 + 23 )x104 763
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K= KOr070p, < 16 x 10~4CL=95% 619 7~ Ktr~ >0 neut. v, < 25 % 10~3CL=95% 794
7 KOKOy_ (155 + 024 ) x 103 682 e~ e etmeu, (28 + 15 )x10°5 888
™ KYIK%v, l[e] (233 + 007 )x1074 682 pe et T, < 36 x 1075 CL=90% 885
— 0 )0 -3
T ZOSZOL VT el ( ;08 * 024 x 1074 682 Modes with five charged particles
oiky BT (1233 & 0.07 ) x10 68 3h~2ht > 0 neutrals v, (99 + 04 )x1074 794
7 KOKO70y_ (36 + 12 )x1074 614 (ex. K& — a—at)
7~ KY K057r vy lg] (1.82 £ 021 )x10~5 614 (“5—pro$1g")
K*7 K0760” - (1.08 + 021 )x1075 - 3h~2ht v, (ex.KO) (822 + 032 )x1074 794
KGKgmOv, 3r 2nt v (ex. KO, w) (821 + 031 )x1074 794
fi (1285)g vr = (68 + 15 )x107° - 3727t v (ex. KO, w, le] (769 + 030 )x 104 -
T K Ksrr v, f,(1285))
fi (1420)g vy — (24 +08 )x107° - K= 2n~ 21t v (ex.KO) gl (6 +12 )x1077 716
K K57r v, Kt3n~ntu, < 50 x 1076CL=90% 716
7 K2 KUT vy [g] (32 +£12 )x1074 614 KTK=2n~ 7t v, < 45 x 10~7 CL=90% 528
w K0 OKkQ7m0u, (182 + 021 )x 103 614 3h=2ht 700 (ex.KO) (164 + 011 ) x10~4 746
K= KY KO VT < 63 % 10~7CL=90% 466 37~ 277*772 v, (ex.Kg) (162 + 011 ) x 1074 746
K~ K0 K57r vy < 40 x1077CL=90% 337 3n2nt v (ex KO, (111 £ 010 ) x107* -
KOnth— h > 0 neutrals v, < 17 x 10~3CL=95% 760 fl(li%o)) 0 s
KOh+ b= h— v, el (25 4+ 20 )x10~4 760 3 2t v, (ex.KY, m, lg] (38 +£09 )x10 -
w, f(1285))
Modes with three charged particles K= 2r 27t 700 (ex.K®) [g] (11 =+ 06 )x10-6 657
h=h~h* >0 neutrals > 0K%v, (15.21 + 0.06 ) % 861 Kt3n~at 70, < 8 x 1077 CL=90% 657
h=h=h* >0 neutrals v, (1455 + 0.06 )% 861 3h=2ht 270, < 34 x 10~6CL=90% 687
ex. K9 T .
E"3- rosn _3 ) Miscellaneous other allowed modes
b he ha & . (57)" vy (78 + 05 )x1073 800
e +”T 0 (1980 £ 0.05)% g6l 4h=3hT > 0 neutrals v, < 3.0 x 1077 CL=90% 682
h™h™ ht v, (ex.K?) (19.46 £ 0.05 )% 861 (“7-prong”)
— p— pt 0, o, -
h7h+h "rr(exKow) ( Z:i’ i ggz );“ 221 4h~3hT v, < 43 x 10~7 CL=90% 682
T 0 (o 05) % 4h=3ht 70, < 25 x 10~7CL=90% 612
o atw u(exK) (19.02 + 0.05)% 861 X~ (S=—1)v (292 + 004 )% -
— + 0 _ - T . . °
momt v (K, < 24 %o CL=98% 861 K*(892)~ > 0 neutrals > (142 + 018 )% S=14 665
non-axial vector 0KO
v, (ex.KOw) [g] (899 + 0.05)% 861 . LT
h=h~h+ > 1 neutrals v, (529 + 0.05 )% _ K*(892)7VT - (120 + 0.07 )% , S=1.8 665
h=h=ht > 17% (ex. KO) (5.09 £ 0.05 )% - *K (8902) v — Koy (783 + 0.26 ) x - -
h=h= b+ 0, (476 + 0.05 )% 834 K (292) !g 20 neutrals v (32 £ 14 )x 10:3 542
h=h= hta0u_ (ex.KO) (457 £ 0.05)% 834 7*K (8902) K (21 £04 )x10 ; 542
B~ h~ h+ O (ex. KO, w) (279 + 0.07 )% 834 KL8*92) ™ _z 0 neutrals v, (38 + 1.7 )x 10*3 655
rata v, (462 + 0.05 )% 834 !f (892)° 7~ v, (22 +£05 )x 10*3 655
=t a” 70 (ex.KO) (449 + 0.05 )% 834 (K (892)7r) vy — (10 =+ 04 )x10~ -
aatr m0u (ex. KOw)  [g] (274 £ 007 )% 834 m Kon® VT L
h=h=ht > 270, (ex. (517 £ 031 )x 1073 - Ky (1270) " (47 £11 )x10 433
K0) K1(1400)_V7. (17 +26 )x1073 s=17 335
h=h=ht2x%u, (505 + 031 )x1073 797 K*(1410)" v, (15 13 )x10-3 326
— b= h+ 9,0 0 -3 :
Z* Z’ Z+§”0 vr (ex'ﬁo) (495 £ 031 ) 1077 o1 K3(1430)~ v, <5 x10-4cL=95% 317
o 7r01/7(ex. win) [g] (10 4 )x10 ) 97 K3(1430)~ v, < 3 x 10~3CL=95% 317
h=h= h™3n°v, (212 + 030 )x10~ 749 S, < 99 « 10-5CL—95% 797
21~ 7t 370, (ex. KO) (1.94 + 030 ) x 1074 749 m_re : I
420 0 4 - nmwom Vs [g] (139 £ 0.07 )x 10 778
2~ 7wt 3n v, (ex.KY, 1, (1.7 £ 04 )x10 00 4
£(1285)) nNmwoTT Uy gl (19 £ 04 )x10 746
RS ey 0 5 nK vy lg] (155 + 008 )x10—4 719
27w 3n v (ex. K®, m, [g] (14 +27 )x10 - nK*(892)_V (138 + 015 ) x 104 11
- . .
. s fi(1285)) 3 nK~ 71' vy g] (48 =+ 12 )x107° 665
K~ hT™h™ >0 neutrals v, (629 + 0.14 ) x 10 794 " _5 o
. 0 3 nK 70 (non-K*(892)) v, < 35 x 107°CL=90% -
K= htn~ v (ex.K?) (437 £ 0.07 )x 10 794 KOr— v el (94 +15 )x10-5 661
K= ht 7= 700, (ex.K9) (86 + 12 )x1074 763 e & ’ : 5 .
K~ 7t 7~ >0 neutrals v. (477 + 0.14 )x 1073 794 nKom T < 50 X 1072 CL=90% >%
PR T 473 1 013 ) x 10-3 704 K~ KO, < 90 x 1076 CL=90% 430
5;02 (ex.K®) s X nrtaT x>0 neutrals v, < 3 x 1073 CL=90% 744
S 3 nr—ata v, (ex.KO) le] (219 + 013 )x 104 744
K™mmn vy 0 (1345 & 007 ) x10 94 - wt T vy (ex. KO, £ (1285)) (99 £ 16 )x1075 -
K= 7t 77 vy (ex.K?) (293 + 007 )x103 794 Z ) _a )
I 0 _3 na;(1260)~" v, — nr p v, < 39 x 1074CL=90% -
K ntr v (ex.K%w) [g] (293 £ 0.07)x10 794 b <74 106 CL_90% 637
K= pov, — (14 + 05 )x1073 - K ’ Cagy oo
K—mtmu T T Uy < 20 x 107*CL=95% 559
i 0.7 3 K~ v, < 30 x 10-6CcL=90% 382
K~ 77 L g 78 (1.31 + 0.12 ) x 10 763 , _ 6 o
20, 0 _a 7'(958) 7~ v, < 4.0 x 107°CL=90% 620
K- nt - (ex.K?) (79 £ 12 )x10 763 , _ _5
BRI 0 0 4 7'(958) 7~ 7 v, < 12 x 1072CL=90% 591
K- ntn~ 7, (ex.K" ) (76 + 1.2 )x10 763 ; _ 6
200 0 _a 7' (958) K~ vy < 24 x107°CL=90% 495
K ntrm - (ex. K% w) (37 £09 )x10 763 = _5
- 0 0 4 o a7 (34 +£06 )x10 585
K ntn—n uT(ex.K wnlgl (39 + 14 )x10 763 K- el (44 + 16 )x10-5 a5
K= 7t K~ >0 neut. v, < 9 x 10~4CL=95% 685 T g ’ ’ 4
e - _3 f(1285) 7~ v, (39 +05 )x10 S=1.9 408
K~ K*t7~ >0 neut. v, (1.496+ 0.033) x 10 685 f(1285) 7~ v, — (118 + 007 ) x10-4 =13 -
K Ktr v, lg] ( 1.435+ 0.027) x 103 685 1 i 7T+7TIV ’ ' o
K= Ktr=a0u, le] (61 +18 )x107° 618 T
(1285 52 + 04 1073 -
K=KT* K~ v, (22 +08 )x1075 S—54 472 i( 3ﬂ7)27;+y; - (el )x
K=KTK v, (ex. ¢) < 25 x 1076CL=90% - - T -
1300 1.0 1074 CL=90% -
K=KTK=n0u, < 48 x 10~6CL=90% 345 m(1300) 7wy = (pm) "y — < x °

3m) " vy
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7(1300)" v, — < 19 x 1074CL=90%
(7 m)s—wave ™)~ vy —
(3m)" v,y

h™w > 0 neutrals v, (240 + 0.08 )%
h~wy, (1.99 £ 0.06 )%

T Wy, [g] (195 + 0.06 )%

K~ wy, [g] (41 + 09 )x1074
h~wnlu, le] (41 + 04 )x1073
h~w2rlu_ (14 + 05 )x10~4

w2, le] (71 + 16 )x10°3
h=2wv, < 5.4 x 1077 CL=90%

2h~ htwy, (120 + 022 )x10~4
2~ ntwr, (ex.K9) le] (84 +06 )x1075

Lepton Family number (LF), Lepton number (L),
or Baryon number (B) violating modes

L means lepton number violation (e.g. 7~ — et~ x ). Following
common usage, LF means lepton family violation and not lepton number
violation (e.g. 7~ — e~ 7w ). B means baryon number violation.

ey LF < 33 x 1078CL=90%
woy LF < 44 x 10~8CL=90%
e 0 LF < 80 x 10~8CL=90%
u~ 0 LF < 11 x 10~7CL=90%
e” K LF < 26 x 1078CL=90%
= KY LF < 23 x 1078CL=90%
e n LF < 92 x 1078CL=90%
u n LF < 65 x 1078CL=90%
e p° LF < 18 x 10~8CL=90%
wop LF < 12 x 1078CL=90%
e w LF < 48 x 108CL=90%
pw LF < 47 x 1078CL=90%
e~ K*(892)° LF < 32 x 1078CL=90%
= K*(892)0 LF < 59 x 10-8CL=90%
e~ K*(892)° LF < 34 x 10-8CL=90%
u~ K*(892)0 LF < 10 x 10-8CL=90%
e~ 1/(958) LF < 16 x 1077 CL=90%
w1’ (958) LF < 13 x10~7CL=90%
e f(980) — e ntw LF < 32 x 1078CL=90%
u7(980) — pmwtAT LF < 34 x 10~8CL=90%
e ¢ LF < 31 x 10-8CL=90%
u ¢ LF < 84 x 1078CL=90%
e"ete” LF < 27 x 1078CL=90%
e utpu~ LF < 27 x 10~8CL=90%
etu—p LF < 17 x 1078CL=90%
u—ete LF < 18 x 1078CL=90%
ute e LF < 15 x 10~8CL=90%
wpt o LF < 21 x 1078CL=90%
e ntm™ LF < 23 x 1078CL=90%
etr—n™ L < 20 x 10~8CL=90%
pw—rtaT LF < 21 x 10-8CL=90%
pta—zn= L < 39 x 1078CL=90%
et K~ LF < 37 x 1078CL=90%
e KT LF < 31 x 1078CL=90%
etr K~ L < 32 x 10~8CL=90%
e”KYKY LF < 71 x 10-8CL=90%
e~KTK~ LF < 34 x 1078CL=90%
etK— K~ L < 33 x 1078CL=90%
p K= LF < 86 x 1078CL=90%
Kt LF < 45 x 1078CL=90%
ptr= K~ L < 48 x 10~8CL=90%
p KYKY LF < 80 x 1078CL=90%
KT K- LF < 44 x 1078CL=90%
ut K=K~ L < 47 x 1078CL=90%
e~ n0n0 LF < 65 x 10-6CL=90%
no 7070 LF < 14 x 10~5CL=90%
e nn LF < 35 x 1073 CL=90%
wonm LF < 6.0 x 1072CL=90%
e~y LF < 24 x 1075CL=90%
w707 LF < 22 x 10~5CL=90%
P pu LB < 4.4 x 1077 CL=90%
putu~ LB < 33 x 1077 CL=90%
Py LB < 35 x 1076CL=90%
prl LB < 15 x 10~5CL=90%
p2mrl LB < 33 % 1075CL=90%
N LB < 89 x 10~6CL=90%
prln LB < 27 x 1075CL=90%
A~ LB < 72 x 10~8CL=90%

708
708
708
610
684
644
644
250
641
641

888
885
883
880
819
815
804
800
719
715
716
711
665
659
665
659
630
625

596
590
888
882
882
885
885
873
877
877
866
866
813
813
813
736
738
738
800
800
800
696
699
699
878
867
699
653
798
784
618
618
641
632
604
475
360
525

An~ LB < 14 x 1077 CL=90% 525
e~ light boson LF < 27 x 1073CL=95% -
1~ light boson LF <5 X 1073CL=95% -

Heavy Charged Lepton Searches

LE - charged lepton

Mass m > 100.8 GeV, CL = 95% !l Decay to v W.
LE — stable charged heavy lepton

Mass m > 102.6 GeV, CL = 95%

Neutrino Properties

See the note on “Neutrino properties listings” in the Particle Listings.
Mass m < 2 eV (tritium decay)
Mean life/mass, 7/m > 300 s/eV, CL = 90% (reactor)
Mean life/mass, 7/m > 7 x 10° s/eV  (solar)
Mean life/mass, 7/m > 15.4 s/eV, CL = 90% (accelerator)
Magnetic moment i < 0.29 x 10710 ug, CL = 90% (reactor)

Number of Neutrino Types

Number N = 2.984 + 0.008 (Standard Model fits to LEP-SLC
data)

Number N =2.92 + 0.05 (S =1.2) (Direct measurement of
invisible Z width)

The following values are obtained through data analyses based on
the 3-neutrino mixing scheme described in the review “Neutrino
Mass, Mixing, and Oscillations” by K. Nakamura and S.T. Petcov
in this Review.
sin?(f12) = 0.304 + 0.014
Am3, = (7.53 £ 0.18) x 107° eV
sin%(f3) = 0.51 £ 0.05  (normal mass hierarchy)
sin%(#3) = 0.50 + 0.05  (inverted mass hierarchy)
Am3, = (2.44 £+ 0.06) x 1073 ev2 [ (normal mass hierarchy)
Am3, = (2.51+0.06) x 1072 V2 [ (inverted mass hierarchy)
sin?(613) = (2.19 + 0.12) x 1072
Stable Neutral Heavy Lepton Mass Limits
Mass m > 45.0 GeV, CL = 95% (Dirac)
Mass m > 39.5 GeV, CL = 95% (Majorana)
Neutral Heavy Lepton Mass Limits
Mass m > 90.3 GeV, CL = 95%
(Dirac v, coupling to e, u, 7; conservative case(7))
Mass m > 80.5 GeV, CL = 95%
(Majorana vy coupling to e, u, T; conservative case(7))

NOTES

In this Summary Table:

When a quantity has “(S = ...)" to its right, the error on the quantity has
been enlarged by the “scale factor” S, defined as S = /x2/(N — 1), where
N is the number of measurements used in calculating the quantity. We do
this when S > 1, which often indicates that the measurements are inconsis-
tent. When S > 1.25, we also show in the Particle Listings an ideogram of
the measurements. For more about S, see the Introduction.

A decay momentum p is given for each decay mode. For a 2-body decay, p
is the momentum of each decay product in the rest frame of the decaying
particle. For a 3-or-more-body decay, p is the largest momentum any of the
products can have in this frame.
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[a] This is the best limit for the mode e~ — v+y. The best limit for “electron
disappearance” is 6.4 x 1024 yr.

[b] See the “Note on Muon Decay Parameters” in the n Particle Listings for
definitions and details.

[c] P, is the longitudinal polarization of the muon from pion decay. In
standard V—A theory, P, =1 and p = ¢ = 3/4.

[d] This only includes events with the v energy > 10 MeV. Since the e~ Te v,
and e~ e v,y modes cannot be clearly separated, we regard the latter
mode as a subset of the former.

[e] See the relevant Particle Listings for the energy limits used in this mea-
surement.

[f] A test of additive vs. multiplicative lepton family number conservation.

[g] Basis mode for the 7.

[ L% mass limit depends on decay assumptions; see the Full Listings.

[i] The sign of Am%2 is not known at this time. The range quoted is for
the absolute value.
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QUARKS

The u-, d-, and s-quark masses are estimates of so-called “current-
quark masses,” in a mass-independent subtraction scheme such as
MS at a scale 1 ~ 2 GeV. The c- and b-quark masses are the
“running” masses in the MS scheme. For the b-quark we also
quote the 1S mass. These can be different from the heavy quark
masses obtained in potential models.

[¥] 10P) = 33
my =22+3% Mev Charge=3e I, =+3
my/mg = 0.38-0.58

[4] IUP) = 33
mg = 47133 Mev Charge=-1e 1, =-1
mg/mg = 17-22
m = (my+mg)/2 = 35137 Mev

[5] 1UP) = 03 *)

ms = 9618 MeV  Charge = —} e Strangeness = —1
ms [ ((my + mq)/2) =273 £ 0.7

1UP) = 03 %)

me = 1.27 £+ 0.03 GeV
me/ms = 11.72 £ 0.25
mp/m¢ = 4.53 + 0.05
mp—m¢ = 3.45 + 0.05 GeV

Charge = % e Charm = +1

[6] 0Py = 03

Charge = —% e Bottom = —1
mp(MS) = 4.187 592 Gev
mp(1S) = 4.66733% Gev
[t] 1UP) = o)
Charge = % e Top = +1

Mass (direct measurements) m = 173.21 = 0.51 + 0.71 GeV [2]

Mass (MS from cross-section measurements) m = 160f3 Gev [

Mass (Pole from cross-section measurements) m = 174.2 + 1.4

GeV

my —mg=—-02=+05GeV (S=11)

Full width T = 1.41701% Gev (S = 1.4)

F(Wb)/T(Wq(q = b, s, d)) =00957 £0.034 (S =1.5)
t-quark EW Couplings

Fo = 0.690 + 0.030

F_ =0.314 £+ 0.025

F+ =0.008 £+ 0.016

Fyia < 0.29, CL = 95%

p
t DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

t— Wq(g=0>b,s,d) -

t— Wb -

t — (yyanything [cd] (9.4+2.4)% -
t— evegb (13.3£0.6) % -
t— uy,b (13.4+0.6) % -
t— qqgb (66.5+1.4) % -
t— vq(g=u.c) le] < 5.9 x 1073 95% -

AT = 1 weak neutral current (T1) modes
t— Zq(g=u.c) TI [fl< 5 x 1074 95% -
t — (199 (g=d,s,b; ¢'=u,c) < 16 x 1073 95% -

b/ (4t Generation) Quark, Searches for

Mass m > 190 GeV, CL = 95% (pp, quasi-stable b')
Mass m > 755 GeV, CL = 95%  (pp. neutral-current decays)
Mass m > 675 GeV, CL = 95%  (pp, charged-current decays)
Mass m > 46.0 GeV, CL = 95% (et e, all decays)

t' (4*" Generation) Quark, Searches for

m(t'(2/3)) > 782 GeV, CL = 95%  (neutral-current decays)
m(t'(2/3)) > 700 GeV, CL = 95%  (charged-current decays)
m(t'(5/3)) > 800 GeV, CL = 95%

Free Quark Searches

All searches since 1977 have had negative results.

NOTES

[a] A discussion of the definition of the top quark mass in these measure-
ments can be found in the review “The Top Quark.”

[b] Based on published top mass measurements using data from Tevatron
Run-1and Run-Il and LHC at /s = 7 TeV. Including the most recent un-
published results from Tevatron Run-Il, the Tevatron Electroweak Work-
ing Group reports a top mass of 173.2 £ 0.9 GeV. See the note “The
Top Quark’ in the Quark Particle Listings of this Review.

[c] £ means e or u decay mode, not the sum over them.

[d] Assumes lepton universality and W-decay acceptance.

[e] This limit is for I'(t — ~q)/T(t — Wb).

[f] This limit is for ['(t — Zq)/T(t — Wb).
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LIGHT UNFLAVORED M ESONS C-nonconserving decay parameters
(S =C=B= 0) nta~ a0 left-right asymmetry = (0.097512) x 1072
_ _ —0 _ +0.10 -2
For I =1 (r b, p, a): ud, (uﬁ—dd)/\/f, dT; atx~ a0 sextant asymmetry = (0.1270_11) x 10
for =0 (m o b\ w & F. ) c(uT + dd) + c(s3) ata~ 70  quadrant asymmetry = (—0.09 + 0.09) x 102
ata=y  left-right asymmetry = (0.9 & 0.4) x 1072
atn=y B (D-wave) = —0.02 £ 0.07 (S=1.3)
16(uPy=17(07) .
CP-nonconserving decay parameters
Mass m = 139.57018 + 0.00035 MeV (S = 1.2) nt 7~ et e decay-plane asymmetry Ay = (—0.6 + 3.1) x 1072
Mean life 7 = (2.6033 + 0.0005) x 1078 s (S = 1.2) Dalitz plot parameter
cr =7.8045m 07070 o = -0.0318 + 0.0015
7t — £y form factors [l _ Scale factor/  p
E 0.0254 & 0.0017 n DECAY MODES Fraction (;/T) Confidence level (MeV/c)
V = . .
Fa = 0.0119 + 0.0001 Neutral modes
Fy/ slope parameter a = 0.10 + 0.06 neutral modes (72.1240.34) % S=1.2 -
R=0.059+3:9% 2y (39.4140.20) % s=1.1 274
: 370 (32.68+0.23) % S=1.1 179
7~ modes are charge conjugates of the modes below. 770 2y ( 2.56+0.22) x 104 257
0 _
For decay limits to particles which are not established, see the section on 27 2'7 < 12 %10 j CL=90% 238
Searches for Axions and Other Very Light Bosons. 4y < 28 X107 CL=90% 274
invisible < 1.0 x1074  CL=90% -
b Charged modes
=+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c) g
" N charged modes (28.104+0.34) % S=1.2 -
12 111, (6] (99.98770+0.00004) % . 30 ata= a0 (22.92+0.28) % s=1.2 174
AR [c] (200 £025 )x10~ 30 at oy ( 4.2240.08) % S=1.1 236
et ve [b] (1230 +0.004 )x10~% 70 ete vy (69 +0.4 )x10-3 5-13 274
et Ve [ (739 +005 )x1077 70 iy (31 +04 ) x10~% 253
etven (1.036 +0.006 )x 1078 4 et e~ < 23 %1076 CL=90% 274
etveete” (32 +05 )x107? 70 utu~ (58 +£0.8 ) x107° 253
etvevw <5 x 107% 90% 70 2et2e~ ( 2.404£0.22) x 10~5 274
+ = at e —a
Lepton Family number (LF) or Lepton number (L) violating modes . e+ " () (2:68:£011) x 1074 ) 2%
+3 L [d] < 15 % 10-3 90Y% 30 ete putp < 16 x 10 CL=90% 253
r Ve P : ey 2utop < 36 x10~%  CL=90% 161
“7”1 n 9 < 80 X 10—6 9004, 30 ptp—rta~ < 36 x107%  CL=90% 113
woererv LF < 16 X 107> 90% 30 ate v+ cc. < 17 x10~%  CL=90% 256
ata=2y < 21 x10~3 236
. 16UPCy =1=(0— ) mta=aly <5 x107% CL=90% 174
aOut =y <3 x1076  CL=90% 210
Mass m = 134.9766 + 0.0006 MeV (S = 1.1) Charge conjugation (C), Parity (P),
m_ . — m_o = 4.5936 + 0.0005 MeV Charge conjugation x Parity (CP), or
Mean life 7 = (8.52 = 0.18) x 10717 s (S =1.2) Lepton Family number (LF) violating modes
cr = 25.5 nm 0y c < 9 x1075  CL=90% 257
For decay limite o barticles which © ectablished. sce th ot ata~ P.CP < 13 x1075  CL=90% 236
or decay limits to particles which are not establishea, see the appropriate 0 —4 _
Search sections (A0 (axion) and Other Light Boson (XO) Searches, etc.). 27T0 p.cp < 35 x10 CL=90% 238
270y c <5 x1074  CL=90% 238
Scale factor/  p 370y c <6 x 10*2 CL=90% 179
70 DECAY MODES Fraction (I';/T) Confidence level (MeV/c) 3y C < 16 X107 CL=90% 274
5 . — 470 P,CP < 69 x10~7  CL=90% 40
ememnn e e e Tt les G
v : : o =t Oput c  Ifl< s %1076 CL=90% 210
~ Dositroni -9
+,[105|Er02|um (1.82 +£0.29 ) x 10 67 ute + pet LF < 6 «10-6  CL—90% 264
etete e (3.34 £0.16 ) x 1075 67
ete™ (646 +0.33 ) x 1078 67
4y < 2 x 10™8 CL=90% 67 £(500) or o [&]
VT [e] < 27 x10~7 CL=90% 67 :a(s . (2’00) 16UPC) =0t 0+ )
VeTe < 17 x 1076 CL=90% 67 0
o —6 CL—909
ViV < 16 x 10 . CL=90% 67 Mass m = (400-550) MeV
VrVr < 21 X 1077 CL=90% o7 Full width I = (400-700) MeV
YT < 6 x 1074 CL=90% 67
Charge conjugation (C) or Lepton Family number (LF) violating modes fp(500) DECAY MODES Fraction (T';/T) p (MeVjc)
3y c < 31 x 1078 CL=90% 67 P dominant -
ute™ LF < 38 x 10~10CL=90% 26 vy seen -
uet LF < 34 x 1079 CL=90% 2%
ute 4+ pet LF < 36 x10~10¢CL=90% 26
p(770) " 6P =1+ =)
Gy PCy _ g+(g—+
177y =07(0""7) Mass m = 775.26 + 0.25 MeV

Full width ' = 149.1 + 0.8 MeV

Mass m = 547.862 + 0.017 MeV Fee = 7.04 + 0.06 keV

Full width ' = 1.31 + 0.05 keV
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Scale factor/  p 3(rta7) < 31 x 1075 90% 189
p(770) DECAY MODES Fraction (I;/T) Confidence level (MeV/c) Tt r—ete (24 -t%g ) x 103 458
T ~ 100 % 363 ate ve+ cc. < 21 x 1074 90% 469
te~ 4.7040.30) x 104 479

770)* dec neve ( 470%0.
.y pf 5 :t)O 5 > 104 5=2.2 375 e <8 x 1074 20% 49
:ir; <( P )x 103 ot o 470 < 32 x10=4 90% 380

[ x =84% +o— -9

rtat a0 < 20 x 1073 CL=84% 254 ° e < e X1 0% a1
: —n invisible < 5 x 104 90% -
0 — .
. p(770)" decays s Charge conjugation (C), Parity (P),
o (99 +16 ) x 10’4 362 Lepton family number (LF) violating modes
0 ( 6.0 038 )xur4 376 ata— P,CP < 6 x 1079 90% 458
o ( 3.00+0.20 ) x 10—5 194 7070 P.CP < 4 < 10—4 00% 159
7r+7rj (45 +08 ) x 10:5 363 mlete~ c [fl< 14 x 1073 90% 469
il [l ( 455+028 ) x 1075 373 nete c [f] < 24 x 103 90% 322
ete 1 ( 4724005 ) x 10 388 3y c < 10 < 10—4 00% 479
ata— 70 ( 1.017538£034) x 1074 323 utp— 7o f [fl< 6.0 x 1075 90% 445
: + - -5
ata atw ( 1.8 £0.9 ) x 10~5 251 Wi n ¢ i< 15 x 10 . 90% 3
at = 7070 ( 1.6 £08 ) x 1075 257 e LF < 47 x 107 90% 473
wlete < 12 x 1075 CL=90% 376
fo(980) U 16UPC) =0t t )
w(782) 1IGUPC =0—(17 )
Mass m = 990 £+ 20 MeV
Mass m = 782.65 £ 0.12 MeV (S = 1.9) Full width I = 10 to 100 MeV
Full width I' = 8.49 + 0.08 MeV
lee = 0.60 £ 0.02 keV 1o(980) DECAY MODES Fraction (I';/T) p (MeVyc)
Scale factor/ p T dominant 476
w(782) DECAY MODES Fraction (I';/T) Confidence level (MeV/c) KK seen 36
ata— 70 (89.2 £0.7 )% 327 7Y seen 495
0 (8.2840.28) % s=2.1 380
T (1531019 s=12 366 Il G/ ,PC it +
~013 30(980) 197 =17(0 )
neutrals (excluding7®~) (8 8 )x10-3 s=1.1 -
n7y (46 £0.4 )x1074 S=1.1 200 Mass m = 980 + 20 MeV
mOete— (7.7 £06 )x1074 380 Full width I = 50 to 100 MeV
o pt (13 +04 )x1074 s=2.1 349
ete— (7.2840.14) x 105 5=1.3 391 a0 (980) DECAY MODES Fraction (I';/T) p (MeV/c)
ata~ 7070 <2 x10~4  CL=90% 262 0 dominant 319
atn Ty < 36 x1073  CL=95% 366 KK seen t
ata ot~ <1 x1073  CL=90% 256 vy seen 490
a0n0n (66 1.1 )x1075 367
nm¥y < 33 x 1075 CL=90% 162
wt e (9.0 £3.1 )x 1075 377 ¢(1020) 16(PCY =0—(17 )
3y < 19 x1074  CL=95% 391
L L Mass m = 1019.461 + 0.019 MeV (S = 1.1)
Charge conjugation (C) violating modes Full width I = 4.266 = 0.031 MeV (S = 1.2)
nm0 C < 21 x10~4  CL=90% 162 Scale factor/

0 —4 _ cale factor p
2"0 € <2l x 10 CL=90% 367 #(1020) DECAY MODES Fraction (F;/F)  Confidence level (MeV/c)
37 C < 23 x10™4  CL=90% 330

KtK— (489 +05 )% S=1.1 127

K9 KS (342 £0.4 )% S=1.1 110

7'(958) 1GUPCY =0t~ ) pm 4+ wta 7w (15.32 £0.32 ) % s=1.1 -

0y ( 1.309+0.024) % s=1.2 363

Mass m = 957.78 + 0.06 MeV a0y (1.27 £0.06 ) x 10~3 501

Full width ' = 0.197 £+ 0.009 MeV A/ — 510

p ete” (2.954+0.030) x 1074 s=1.1 510

7/ (958) DECAY MODES Fraction (I;/T) Confidence level (MeV/c) whpm (287 +£0.19 ) x 1074 499

- N nete~ (1.08 +£0.04 ) x 1074 363
o ] (429 £0.7 )% 232 - _5

0/ . T (74 £13 )x10 490
p° v (including non-resonant (29.1 £05 )% 165 0 5

) w (47 +05 )x10 172

9 L=849 2

070y (22.3 +0.8 )% 239 wy <3 % 5 CL=64% 09

oy < 12 x 1075 CL=90% 215
wy (2.62+0.13) % 159 I 5

4o 4 Tty (41 £13 )x10 490
wete (2.0 £0.4 ) x10 159 -

15(980) v (13.22 £0.19 ) x 10 S=1.1 29
Yy (12.21+0.08) % 479 4

o 3 w070y (1.13 £0.06 ) x 10 492
3 ( 2.2040.20) x 10 430 B "
utu=y (1.0840.27) x 1074 467 rtaat (40 38 )x107® 410
atrutp < 29 x 1073 90% 401 atrta a7 < 46 x 1076 CL=90% 342
= n0 (13.82+0.35) x 1073 428 mOete (112 £0.28 ) x 1075 501
70 p0 < 4 % 90% 111 w0y (727 £030 )x1075  s=15 346
2t 77) (85 £0.9 ) x107° 372 20(980)y (76 +06 )x10~5 39
ata—2n0 (1.8 +0.4 )x10~4 376 KOKO~ < 19 x 10~8 CL=90% 110
2(7+77) neutrals <1 % 95% - 7' (958) (625 +£0.21 ) x 1075 60
2(nt ) m0 < 19 x 1073 90% 298 nr0 0y < 2 %1075 CL=90% 293
2(rtr—)2n0 <1 % 95% 197 whu (14 +05 )x1075 499
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pPYY < 1.2 x 1074 CL=9%0% 215 Scale factor/ p
nrt o= < 18 x 1073 CL=90% 288 f,(1285) DECAY MODES Fraction (I;/T) Confidence level (MeVjc)
+ - —6 —909Y
nuT < 94 x107° CL=90% 321
nU — nete” <1 x10~6 CL=90% - 4m (31 39 % S=1.3 568
Lepton Family number (LF) violating modes wOrlrt (2207 15) % S=13 566
ety LF <2 x1076 CL=90% 504 ot o= (ot 07y s 13 s63
0+ _— + 0.7y o _
POrtr (1.0t 27y % S=1.3 336
G PCy _ o— — 0.6
h1(1170) 16UF =01t ) 00 seen t
0 —4 _
Mass m = 1170 + 20 MeV o <7 I0TT CLeo%  ses
Full width T = 360 + 40 MeV nmeT (35 £15 )% 479
N (247 19 % s=1.2 482
hy (1170) DECAY MODES Fraction (I';/T') p (MeVic) ap(980) 7 [ignoring ag(980) — (36 +7 )% 238
pT seen 308 KK]
nmm [excluding ag(980) 7] (16 £7)% 482
KKm_ (9.0+ 0.4) % s=1.1 308
b1(1235) /G(JPC) =1ta+t-) K K*(892) not seen t
ata— a0 ( 3.0+ 0.9) x 1073 603
Mass m = 1229.5 + 3.2 MeV (S = 1.6) piﬂ—:F < 31 x 103 CL=95% 390
Full width ' =142 + 9 MeV (S =1.2) ’ypo (55+ 1.3)% 5=2.8 407
p oy (7.4+ 2.6)x 1074 236
by (1235) DECAY MODES Fraction (F;/F)  Confidence level (MeV/c)
wmT dominant 348 G PCy _ a+(n— +
[D/S amplitude ratio = 0.277 % 0.027] n(1295) 157 =0t~ ")
atny (1.6+0.4) x 1073 607
np seen t Mass m = 1294 + 4 MeV (S = 1.6)
atata— a0 < 50 % 84% 535 Full width I = 55 + 5 MeV
K*(892)i Kq: seen -;-
(KK)* 70 < 8 % 90% 248 n(1295) DECAY MODES Fraction (;/T) p (MeV/c)
Kgs Kz n—ji: <6 % 90% 235 prta seen 487
KsKsm <2 % 90% 235 a0(980) seen 248
ok < 15 % 84% 147 777r0 70 seen 490
n(7m)s-wave seen -
a1(1260) [ 1IGUPC =1—(1+ )
m(1300) 16(JPCy=1=(0— 1)
Mass m = 1230 + 40 MeV [] ,
Full width I = 250 to 600 MeV Mass m = 1300 = 100 MeV '
Full width ' = 200 to 600 MeV
a;(1260) DECAY MODES Fraction (I';/T) p (MeVc)
«(1300) DECAY MODES Fraction (I;/T) p (MeVfc)
(PT) 5 —wave seen 353
(pT) D—wave seen 353 pT seen 404
(p(1450)7) s _wave seen + m(77)s-wave seen -
(p(1450) 7 ) p—wave seen f
o seen - G PCy _ 1—(o+ +
f0(980) not seen 179 32(1320) PUT) =170 )
fo(1370) 7 seen f Mass m = 1318.370% MeV (S = 1.2)
fg(i270)7r seen f Full width T — : VeV [1
KK*(892)+ c.c. seen t ull width ' = 107 £ 5 Me
T seen 608 Scale factor/ p
a(1320) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
3m (70.1 +£2.7 )% S=1.2 624
£(1270) 16UPC) =0t t ) nw (145 +£12)% 535
wr (10.6 +3.2 ) % s=1.3 366
Mass m = 1275.5 + EJF.S%.ZMeV KK (49 +08 )% 437
Full width T = 186.7755 MeV (S =1.4) 1'(958) 7 (5.5 £0.9 ) x 1073 288
Scale factor/ p nt v (12.91£0.27) x 103 652
,(1270) DECAY MODES Fraction (I;/T) Confidence level (MeV/c) vy (9.4 +0.7 )x1076 659
29 ete~ <5 x1079  CL=90% 659
T (842 1531 % s=1.1 623
ata= 270 77 Tl s=1.2 563 )
i (77 133)% f,(1370) U1 1I6(PCy = ot t+ )
KK (46 T35 % s=2.7 404
ot on— (28 +04)% S=1.2 560 Mass m = 1200 to 1500 MeV
nn (40 +£0.8)x1073 s=2.1 326 Full width ' = 200 to 500 MeV
470 (3.0 £1.0 ) x 103 565
7y ( 1.4240.24) x 1075 S=1.4 638
nwmw < 8 x1073  CL=95% 478
KoK= 7% + c.c. < 34 x1073  CL=95% 293
ete~ < 6 x 1010 cL=90% 638
f,(1285) 1GUPCY = ot(1+ )

Mass m = 1282.0 + 0.5 MeV (S = 1.8)
Full width ' = 24.1 £ 1.0 MeV (S =1.3)
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fp(1370) DECAY MODES Fraction (I;/T) p (MeVc)
T seen 672
47 seen 617
470 seen 617
ot 2om™ seen 612
ata—2x0 seen 615
pp dominant t
2(mm)s-wave seen -
m(1300) ™ seen T
a1 (1260) T seen 35
nn_ seen 411
KK seen 475
KKnm not seen 1
6T not seen 508
ww not seen T
Yy seen 685
ete™ not seen 685
m1(1400) (7] 16UPCy =11~ 1)
Mass m = 1354 & 25 MeV (S = 1.8)
Full width ' = 330 + 35 MeV
w1 (1400) DECAY MODES Fraction (I;/T) p (MeVc)
il seen 557
nmwo seen 556
n(1405) [°] 1IGUPCY =0t (0~ *)
Mass m = 1408.8 + 1.8 Mev [ (5 = 2.1)
Full width I = 51.0 + 2.9 Mev Il (S = 1.8)
p
n(1405) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
KKnm seen 424
nmww seen 562
ap(980) seen 345
1(7m)s-wave seen -
f0(980)n seen t
4 seen 639
pp <58 % 99.85% 1
e seen 491
K*(892) K seen 123
f1(1420) V! 16UPCYy =ota + )
Mass m = 1426.4 + 0.9 MeV (S =1.1)
Full width ' = 54.9 £+ 2.6 MeV
f,(1420) DECAY MODES Fraction (;/T) p (MeVjc)
KKm_ dominant 438
K K*(892)+ c.c. dominant 163
nmwmw possibly seen 573
oy seen 349
w(1420) 4! 16UPCY =0—1— )
Mass m (1400-1450) MeV
Full width T' (180-250) MeV
w(1420) DECAY MODES Fraction (I';/T) p (MeVjc)
p dominant 486
wrT seen 444
by (1235)m seen 125
ete™ seen 710

80(1450) Ul

/G(JPC) — 17(0++)

Mass m = 1474 + 19 MeV
Full width ' = 265 & 13 MeV

ap(1450) DECAY MODES Fraction (I;/T) p (MeVfc)
™ seen 627
w1’ (958) seen 410
KK seen 547
wmTT seen 484
ap(980) seen 342
vy seen 737
p(1450) '] 16(PCY =1+1— )
Mass m = 1465 + 25 MeV [
Full width T = 400 % 60 MeV [
p(1450) DECAY MODES Fraction (I;/T) p (MeVfc)
s seen 720
4m seen 669
ete seen 732
np seen 311
a»(1320) 7 not seen 54
KK not seen 541
KK*(892)+ c.c. possibly seen 229
nvy seen 630
fy(500) v not seen -
5(980)~ not seen 398
fo(1370)y not seen 92
£(1270)~y not seen 177
n(1475) [ 16UPC) =0t~ )
Mass m = 1476 + 4 MeV (S = 1.3)
Full width ' =85 £ 9 MeV (S = 1.5)
n(1475) DECAY MODES Fraction (F;/T) p (MeVc)
KKW dominant 477
KK*(892)+ c.c. seen 245
a(980) seen 396
Yy seen 738
Kg Kgn possibly seen t
f(1500) ("] 16UPC) = ottt
Mass m = 1504 + 6 MeV (S = 1.3)
Full width ' = 109 £+ 7 MeV
p
f0(1500) DECAY MODES Fraction (I';/T) Scale factor (MeVjc)
T (34.9+2.3) % 1.2 740
nta~ seen 739
270 seen 740
47 (49.5£3.3) % 1.2 691
479 seen 691
ot on~ seen 686
2(mm)s-wave seen -
pp seen T
m(1300) seen 143
a;(1260) 7 seen 217
nn (51+09) % 1.4 515
77 (958) (1.9+0.8) % 17 T
KK ( 8.6+1.0)% 11 568
vy not seen 752
f}(1525) 16(JPCy = ot 2+ +)

Mass m = 1525 + 5 MeV U]
Full width T = 737¢ Mev [
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p
Confidence level (MeV/c)

f’2(1525) DECAY MODES Fraction (F;/T) p (MeVjc) mp(1670) DECAY MODES Fraction (I';/T)
KK (88.7 £2.2 )% 581 3m (95.8+:1.4) % 809
nn (104 £22 )% 530 H(1270) 7 (56.3+3.2) % 328
s (82 £1.5)x1073 750 pT (31 +4 )% 648
vy ( 1.1040.14) x 1076 763 om (10.9£3.4) % -
7 (77) s-wave (8.7+34)% -
KK*(892)+ c.c. (42+1.4)% 455
m1(1600) "] 16PC =11~ 1) wp (27£11)% 304
atny (7.0+1.1) x 10~4 830
Mass m = 166275 MeV yy < 28 x 10~7 90% 836
Full width I' = 241 4 40 MeV (S = 1.4) p(1450) ™ < 36 x 1073 97.7% 147
by (1235) 7 < 19 x 1073 97.7% 365
m1(1600) DECAY MODES Fraction (I';/T) p (MeVj) f1(1285) possibly seen 323
a,(1320) 7 not seen 292
T not seen 803
poﬂ" not seen 641
f(1270) 7~ not seen 318 ¢(1680) ,G(JPC) =0=(17 ")
b1 (1235) 7 seen 357
1/ (958) seen 543 Mass m = 1680 + 20 MeV [
f(1285) seen 314 Full width T = 150 & 50 MeV []
1680) DECAY MODES Fraction (I;/T MeV)
12(1645) 1G(UPCy = o+ (2—+) ¢(_ ) raction (I';/T') p (MeVfc)
KK*(892)+ c.c. dominant 462
Mass m = 1617 & 5 MeV K$ K seen 621
Full width I = 181 + 11 MeV KK seen 680
ete seen 840
71n(1645) DECAY MODES Fraction ([;/T) p (MeVc) wTT not seen 623
+ K=t
a»(1320) seen 242 #K Komtm seen ‘Z;g
KK~ seen 580 ne seen
K*K seen 404 m seen 751
nrta seen 685
ap(980) 7 seen 499 1690 1G(JPCy = 1+(3——
f(1270)n not seen t p3( ) ( ) ( )
Mass m = 1688.8 = 2.1 MeV []
e Full width T = 161 + 10 MeV 1 (S =15
w(1650) I 16UPC) = 0-(1— ) o =19

p
p3(1690) DECAY MODES Fraction (I;/T) Scale factor (MeVjc)

Mass m = 1670 + 30 MeV

Full width ' = 315 + 35 MeV 4T (711 £ 1.9)% 790
atrt e a0 (67 +22 )% 787
w(1650) DECAY MODES Fraction (I';/T) p (MeVc) wT (16 +6 )% 655
T (236 + 13 )% 834

647 —
P seen KK (38 +12)% 629

WTT seen 617 —
) KK ( 158+ 0.26) % 1.2 685

wn seen 500 4
ete— seen 835 nrw seen 727
p(770)n seen 520
TP seen 633
fm— — Excluding 2p and a,(1320) .
w3(1670 16(PCY = 0= (3 2

3 ) ) ( ) ay(1320) 7 seen 307
Mass m = 1667 + 4 MeV PP seen 335

Full width T = 168 & 10 MeV [l

p(1700) '] 16(PCYy =1+1— )

w3(1670) DECAY MODES Fraction (I;/T) p (MeVc)
p seen 645 Mass m = 1720 + 20 MeV I (50 and = 7~ modes)
wr seen 615 Full width I = 250 + 100 MeV [l (4 and 7+ 7~ modes)
by (1235)m possibly seen 361
p(1700) DECAY MODES Fraction (I;/T) p (MeVjc)
m9(1670) /G(JPC) =12~ 2(nt77) large 803
P dominant 653
Mass m = 1672.2 + 3.0 MeV [l (S = 1.4) POt~ large 651
Full width T = 260 £ 9 MeV [1 (S = 1.2) pErF a0 large 652
a;(1260) 7 seen 404
hy(1170) 7 seen 447
m(1300) seen 349
pp seen 372
atn~ seen 849
T seen 849
KK*(892) + c.c. seen 496
np seen 545
a,(1320) 7 not seen 334
KK seen 704
ete~ seen 860

Ow seen 674
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f(1710) 1 16(JPCy =0t ++)

Mass m = 172378 MeV (S = 1.6)
Full width T = 139 + 8 MeV (S = 1.1)

1(1710) DECAY MODES Fraction (T;/T) p (MeV/c)
KK seen 706
nn seen 665
T seen 851
ww seen 360
m(1800) 16UPC =170~ )
Mass m = 1812 + 12 MeV (S = 2.3)
Full width ' = 208 + 12 MeV
(1800) DECAY MODES Fraction (;/T) p (MeVc)
ot a~ seen 879
fo(500) 7~ seen -
f(980) 7~ seen 625
fo(1370) 7~ seen 368
fo(1500) 77— not seen 250
pT not seen 732
nnmw- seen 661
ap(980)n seen 473
a,(1320)n not seen +
£ (1270) 7 not seen 442
fo(1370) 7~ not seen 368
fo(1500) 7~ seen 250
nn' (958) 7w~ seen 375
K(1430) K~ seen 1
K*(892) K~ not seen 570
¢3(1850) 16(UPC =037 ")
Mass m = 1854 £ 7 MeV
Full width T = 87728 Mev (S =1.2)
$3(1850) DECAY MODES Fraction (;/T) p (MeVjc)
KK seen 785
K K*(892)+ c.c. seen 602
m5(1880) 16UPC =172~ 1)
Mass m = 1895 £ 16 MeV
Full width ' = 235 + 34 MeV
£(1950) 1GUPCY = ot 2+ )
Mass m = 1944 £ 12 MeV (S = 1.5)
Full width ' = 472 4+ 18 MeV
(1950) DECAY MODES Fraction (I;/T) p (MeVc)
K*(892) K*(892) seen 387
atn~ seen 962
7070 seen 963
4 seen 925
nn_ seen 803
KK seen 837
Yy seen 972
pp seen 254
£,(2010) 16(UPC) =0t t )

Mass m = 2011755 MeV
Full width T = 202 = 60 MeV

£(2010) DECAY MODES Fraction (I;/T) p (MeVfc)
00 seen +
KK seen 876
24(2040) 16UPCY =1-(a+ )

Mass m = 1995710 Mev (S = 1.1)

Full width T = 257723 MeV (S = 1.3)
a4(2040) DECAY MODES Fraction (;/T) p (MeVjc)
KK seen 867
ata— 0 seen 973

pm seen 841

£(1270) seen 579
wr™ 70 seen 818

wp seen 623
nm seen 917
n'(958) seen 760

£,(2050) 16(PC) =at@at)
Mass m = 2018 + 11 MeV (S = 2.1)
Full width ' = 237 +£ 18 MeV (S = 1.9)
f4(2050) DECAY MODES Fraction (I;/T) p (MeVc)
ww seen 637
T (17.0+1.5) % 1000
KK (68F3%) x1073 880
nn (21+0.8) x 1073 848
470 < 12 % 964
a,(1320) 7 seen 567
#(2170) 16UPCy =0—(1— )
Mass m = 2189 + 11 MeV (S = 1.8)
Full width ' = 79 £+ 14 MeV
¢(2170) DECAY MODES Fraction (I';/T) p (MeVjc)
ete” seen 1095
¢ 1,(980) seen 434
K+ K~ 1(980) — seen -
KtK-ntzm—

Kt K= 1£(980) — Kt K~ 7070 seen -
KO K+ il not seen 780
K*(892)0 K*(892)° not seen 635

£(2300) 16(UPCy = ottt
Mass m = 2297 £ 28 MeV
Full width ' = 149 + 40 MeV
,(2300) DECAY MODES Fraction (I';/T) p (MeVjc)
oo seen 529
KK seen 1037
vy seen 1149
£(2340) 1I6(PC) = ot t+ )
Mass m = 2345730 MeV
Full width T = 322773 Mev
f(2340) DECAY MODES Fraction (I;/T) p (MeVjc)
[0Y0) seen 580
nn seen 1037
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K™ modes are charge conjugates of the modes below.
STRANGE MESONS Scale facter/  p
( s =41 C_ B — 0) K+ DECAY MODES Fraction (I';/T) Confidence level (MeVjc)
= ,C=Bb=
Kt =u3, KO =d3, KO =ds, K~ =Ts, similarly for K*'s Leptonic and semileptonic modes
et e ( 1.582+0.007) x 10~5 247
'y, ( 6356 +0.11 )% s=12 236
1Py = 1(0) et v, ( 507 £0.04 )% s=21 228
Called K.
Mass m = 493.677 + 0.016 MeV [U] (S = 2.8) Oyt ( 3.35240033) % s19 015
Mean life 7 = (1.2380 % 0.0020) x 1078 s (S = 1.8) Called K.
— H
cr=37llm 0r0ety, ( 255 £004 )x10°5  s=1.1 206
CPT violation parameters (A = rate difference/sum) ntr ety ( 4.247+0.024) x 1075 203
A(KE = pty,) = (-0.27 £0.21)% ”; ”07 lgi’u (14 £09 )x 1072 151
A(Ki - wi-/ro) = (0.4 + 0.6)% [v] T T €T Ve < 35 x 10 CL=90% 135
CP violation parameters (A = rate difference/sum) 4 0 Hadronic modes ,
N PN L atr ( 20.67 +0.08 ) % s=12 205
A(Ki — wie+e7) =(-22+1.6)x10 at 7070 ( 1.76040.023) % s=1.1 133
ﬂgi - Wiﬂoﬂ) )TO%Oilolj;)Ovoﬁ s atata ( 5.583+0.024) % 125
— w7 y) = (0. 2) x 10~ . . . .
A(KE — nEpta—) = (0.04 £ 0.06)% . Leptonic and semileptonic modes with phot(;ns
A(KE - 7£7070) = (—0.02 + 0.28)% wru,y [zaa] ( 62 408 )x10 236
L pF v,y (SDT) labb] ( 1.33 +£0.22 ) x 1075 -
T violation pa;ameters , ptv,v(SDTINT) labb] < 27 x1075  CL=90% -
Kt — nPuty, Pp=(-17+25)x10" ptv,v(SD™ + SDTINT)  [abb] < 26 x10~4  CL=90% -
Kt — pty,y  Pp=(-06%19)x1072 eguiv' (94 +04 )x1076 247
4 0+ _ mlet ey [zaa] ( 256 +£0.16 ) x 10~% 228
KT = m Ty, Im(§) = —0.006 4 0.008 0 et ve(SD) labb] < 53 x 1075 CL=90% 228
0, ,+ -5
Slope parameter g [x] 7r0 p,o l/f’\/ [z.aa] ( 1.25 £0.25 ) x 10 . 215
mOm0et vy < 5 x1076  CL=90% 206
(See Particle Listings for quadratic coefficients and alternative ¢ . . L
parametrization related to 7 scattering) o Hadronic modes with photons or ££ Pa"s6
K* - rErtr g= —0.21134 + 0.00017 mom v (INT) (- 42 09 ) 1077 -
(@ —g.)/ (g +8)=(~15+22)x10~4 7+ 7’ ~(DE) [zec] ( 6.0 404 )x10 205
Kt o 77070 g = 0.626 + 0.007 ata0x0y [zaa] ( 76 *$3 )x10-® 133
(gr —g)/(gr +g)=(1.8+18) x107* atatay [zaa] ( 1.04 031 )x 1074 125
" o] atyy [2] ( 101 +0.06 )x 1076 227
K= decay form factors ' 7t 3y 1< 10 x10~4 CL=90% 227
Assuming p-e universality mtete y (119 £0.13 )x 1078 227
>\+(K33) = A (Kf) = (2.97 £ 0.05) x 1072 Leptonic modes with €7 pairs
)‘O(K;E) = (1.95 + 0.12) x 102 e:’/e 124 < 6 X 10*2 CL=90% 247
pry, v < 60 x1076 CL=90% 236
Not assuming p-€ universality etveete” ( 2.48 +£0.20 ) x 108 247
AL (KE) = (2.98 £ 0.05) x 1072 ptry,ete” ( 7.06 £0.31 )x 1078 236
)\+(K:3) — (2.96 + 0.17) x 102 eiueuiu: ( 1.7 05 )x 10*3 223
_ prv g < 41 x 1071 CL=90% 185
Mo(Kf3) = (1.96 £ 0.13) x 1072
o Lepton family number (LF), Lepton number (L), AS = AQ (SQ)
Kez form factor quadratic fit violating modes, or AS = 1 weak neutral current (S1) modes
Ny (Kei3) linear coeff. = (2.49 4 0.17) x 102 atate v, 5Q < 13 x1078 CL=90% 203
A”+(Kei3) quadratic coeff. = (0.19 + 0.09) x 102 mtatu o, SQ < 30 x1076 CL=95% 151
K |fs/fi| = (—03138) x 1072 nTete” s1 ( 3.00 +£0.09 ) x 10~7 227
: : 72 atutu— s1 ( 94 +06 )x1078 S=26 172
K& |fr/fy] = (-12+£23)x 10 atuw s1 (17 +11 )x10710 227
Kty |fs/fy| = (02+06) x 1072 rtalvw s1 < 43 x1075  CL=90% 205
— + .+ —8 —
o T/l = o107 107 e [
e X = ‘0
Kt — etvey |Fa+ Fy|=01334+0008 (S=13) rtute LF < 13 %x10-11 CL=90% 214
Kt — pTu,y |Fa+ Fy|=0.165+0.013 atuet LF < 52 x 10710 cL=90% 214
KT — etvey |Fa— Fy| < 049, CL = 90% o ptet L < 50 x 10710 cL=90% 214
K+t — ptu,y |Fa— Fy| = —0.24t00.04, CL = 90% netet L < 64 x 10710 cL=90% 227
Ch di autpt L [d < 11 x1079 CL=90% 172
arge radius ut o, L [ < 33 x1073  CL=90% 236
(r) = 0.560 % 0.031 fm ety L < 3 %1073 CL=90% 228
aty ldd] < 23 x1079  CL=90% 227

Forward-backward asymmetry
A]«‘B(Ki r(cos(HKu)>0)7r(cos(9Ku)<0) < 23x 1072’ cL

)= T
T (cos(0k ,,)>0)+T (cos(0k ,,)<0) _
= 90% - K“ 1UF) = 307)

50% Ks, 50% K|,
Mass m = 497.611 = 0.013 MeV (S = 1.2)
Myo — Myee = 3.934 £ 0.020 MeV (S = 1.6)

Mean square charge radius
() = —0.077 £ 0.010 fm?
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T-violation parameters in K9-K? mixing 1] K, decay form factors [V]
Asymmetry A7 in KO-K® mixing = (6.6 + 1.6) x 1073 Linear parametrization assuming p-e universality

CP-violation parameters A (K%3) = Ay (KE) = (282 +£0.04) x 1072 (S = L.1)

Re(e) = (1.596 + 0.013) x 1073

CPT-violation parameters V]

Mo(K93) = (1.38 £ 0.18) x 1072 (S = 2.2)

Quadratic parametrization assuming p-e universality

Red = (25+23)x 107" N1 (K%3) = N (K3) = (240 £0.12) x 1072 (S =1.2)
— -5

Im § = (~1.5 & 1.6) x 10 N (KO,) = M (K9,) = (0.20 £0.05) x 1072 (S = 1.2)

Re(y), K.3 parameter = (0.4 & 2.5) x 103 Mo (KO ‘)’ (1164 0.09) x 102 (S = 12)

Re(x_), Ke3 parameter = (—2.9 & 2.0) x 1073 0\ s/ = 5 : -

|Mgo — Mio| / Maverage < 6x 1071, CL = 90% lee]
(rKO - I—?O)/maverage =(8£8)x 10718

Tests of AS = AQ
Re(x,), Ke3 parameter = (—0.9 & 3.0) x 1073

Pole parametrization assuming p-e universality
MY, (K33) =M% (K%) =878+ 6MeV (S =11)
MY, (Kzs) =1252 + 90 MeV (S = 2.6)
Dispersive parametrization assuming p-e universality
Ay = (0.251 + 0.006) x 1071 (S = 1.5)
In(C) = (1.75 + 0.18) x 10~ (S = 2.0)
K% |fs/fi] = (1.5718) x 1072
Mean life 7 = (0.8954 + 0.0004) x 107105 (S =1.1) Assum- K |fr/f| = (574 x 1072

K% 14P) = %(07)

ing CPT 0 2
K fr/f| = (12 £12) x 1
Mean life 7 = (0.89564 4 0.00033) x 1071%s  Not assuming b Ifr/f] = ( )x 10
CPT KL — [+€7’\’, KL — (Tt Qe = —0.205 +
cr = 2.6844 cm  Assuming CPT . 0.022+ (S = 168) o
KO — ¢4, KO — ¢t 00— app = —1.69 +
CP-violation parameters (] " oos (s v 1.7L) bre
Im(n4—o) = —0.002 + 0.009 K, — wntn—ete : aj/ay = —0.737 + 0.014 GeV2
Im(1000) = —0.001 + 0.016 K. — 7%2y:  ay =—043+£006 (S=15)
[nooo| = |A(KE — 379)/A(KY — 3x%)| < 0.0088, CL =
90% CP-violation parameters [77]

CP asymmetry Ain 7t 7= ete™ =(-0.4 +0.8)% Ap = (0.332 + 0.006)%
[noo| = (2.220 £ 0.011) x 1073 (S = 1.8)
[ni—| = (2232 £ 0.011) x 103 (S =1.8)

le| = (2.228 £ 0.011) x 103 (S = 1.8)

Scale factor/ p

Kg DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

Hadronic modes

0.0 o

o i . | -0958 2 o001 s -1
R Re(c'/e) = (1.66 + 0.23) x 10-3 Il (S =1.

ata— 70 (35 J_rtl):é yx 107 133 e(c'/e) = (166 +0.23) x 10 © 6)

Assuming CPT

Modes with photons or £Z pairs 6, = (43514 0.05° (S=12)

atay [aa,g8] ( 1.79+0.05) x 103 206 .
atrete” ( 4.7940.15) x 1075 206 o0 = (43.52 £ 0.05)° (S =13)
70y leg] (49 +18)x 10*2 230 be=dsw = (43.52 £ 0.05)° (S =1.2)
7y ( 2.63+0.17) x 10~ $=3.0 249 Im(¢'/e) = —(doo — bs_)/3 = (—0.002 % 0.005)° (S = 1.7)
Semileptonic modes Not assuming CPT
+oF —4
ateFy, [nh] ( 7.0440.08) x 10 229 6. = (434405° (S=12)
CP violating (CP) and AS = 1 weak neutral current (S1) modes b0 = (43.7 £ 0.6)° (S = 1.2)
370 cp < 26 x1078  CL=90% 139 .
T s1 <9 x1079  CL=90% 225 ¢ = (835£05)° (S=13)
ete” s1 <9 x1079  CL=90% 249 CP asymmetry Ain K9 — 7t r~ete” = (13.7 £ 1.5)%
Vet e st gl (30 t1S)x10-9 230 Bep from K? — ete ete™ = —0.19 £ 0.07
o 4 - s L vcp from K — eteete™ =0.01£0.11 (S =1.6)
T s (29 2133 )x10 17 jfor KO — 7+a=x% = 0.0012 + 0.0008
ffor K9 — 7+ 7~ % = 0.004 + 0.006
K9 1Py = 1(0) [ny | = (2.35 £ 0.07) x 1073
Oy = (44 £ 0)°
Mg, — Mk (e’%v\/e < 0.3, CL =90%

= (0.5293 + 0.0009) x 109 A s~1 (S =1.3) Assuming CPT
= (3.484 £+ 0.006) x 10712 MeV  Assuming CPT
= (0.5289 + 0.0010) x 1019 A s—1  Not assuming CPT
Mean life 7 = (5.116 + 0.021) x 1078 s (S = 1.1)
cr = 1534 m

lgp1| for K9 — 7+7~~ < 0.21, CL = 90%

T-violation parameters

H 0 _
Im(€) in K% = —0.007 + 0.026

CPT invariance tests

boo — by_ = (0.34 + 0.32)°

Re(3n4— + Ynmoo)—%F = (—3+35) x 107
AS = -AQin K% decay

Re x = —0.002 £ 0.006

Im x = 0.0012 £ 0.0021

Slope parameters []

(See Particle Listings for other linear and quadratic coefficients)
K} — 7+r~a0: g=0.678 +£0.008 (S =1.5)

— at7= a0 h=0.076 + 0.006

K) — mta~x% k=0.0099 & 0.0015
— 107070 h=(06+12)x1073
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Scale factor/  p

Kg DECAY MODES Fraction (I;/T) Confidence level (MeV/c)

Semileptonic modes

ateFu, [h] (4055 +0.11 )% S=1.7 229
Called K.
Ty, [hh] (2704 +0.07 )% S=1.1 216
Called Kg3.
(7 patom)v (1.05 +£0.11 ) x 107 188
wOateFy [Ah] (520 £0.11 ) x 10~5 207
ateFrete [hn] (126 +0.04 ) x 1075 229
Hadronic modes, including Charge conjugation x Parity Violating (CPV) modes
3n0 (19.52 £0.12 ) % S=1.6 139
ata— 70 (12.54 £0.05 ) % 133
ata~ CPV [j] ( 1.967+0.010) x 10~3 S=1.5 206
070 cPv (864 £0.06 ) x 10~4 S=1.8 209

Semileptonic modes with photons

ateFuey [aa,hh,kk] ( 3.79 +£0.06 ) x 10—3 229
7 1T,y (5.65 +£0.23 ) x 10~4 216
Hadronic modes with photons or £Z pairs
7070y < 243 x10~7  CL=90% 209
atr Ty [aa,kk] ( 415 £0.15 ) x 1075 S=2.8 206
7t 7~ ~(DE) (284 £0.11 ) x 1075 S=2.0 206
702y [kk] ( 1.27340.033) x 10~© 230
mOyete (1.62 £0.17 ) x 10~8 230
Other modes with photons or £¢ pairs
2y (547 £0.04 )x 1074 S=1.1 249
3y < 74 x1078  CL=90% 249
ete (9.4 +04 )x106 $=2.0 249
utu=y (359 +£0.11 )x 107 s=1.3 225
ete vy [kk] ( 5.95 £0.33 ) x 10~/ 249
whp— vy w (10 38 )x10-8 225
Charge conjugation x Parity (CP) or Lepton Family number (LF)
violating modes, or AS = 1 weak neutral current (S1) modes
whp~ s1 (684 +£0.11 )x 1079 225
ete~ s1 (9 T8 Hxuwo 12 249
ntn"ete” S1 [kk] (3.1 £0.19 )x 10~7 206
w0nl0ete s1 < 66 x1079  CL=90% 209
w0 utu— s1 < 92 x 10711 CcL=90% 57
utu ete s1 (269 +£0.27 ) x 1079 225
ete ete™ s1 (356 +0.21 )x 1078 249
wOut cP,s1 [ < 38 x10710  cL=90% 177
wlete cP,s1 ] < 2.8 x 10710 CL=90% 230
vy CP,S1[nn] < 2.6 x1078  CL=90% 230
0w s1 < 81 x10=7  CL=90% 209
efuF LF [hh] < 4.7 x1012  CcL=90% 238
efet Ty LF  [hh] < 4.12 x 10711 cL=90% 225
0 uteF LF [ < 7.6 x10711  cL=90% 217
7070 yE ¥ LF < 17 x10710  cL=90% 159

K*(892) 1Py = 307)

K*(892)* hadroproduced mass m = 891.66 & 0.26 MeV
K*(892)F in T decays mass m = 895.5 + 0.8 MeV
K*(892)° mass m = 895.81 + 0.19 MeV (S = 1.4)
K*(892)* hadroproduced full width I = 50.8 + 0.9 MeV
K*(892)F in 7 decays full width I = 46.2 + 1.3 MeV
K*(892)° full width I = 47.4 + 0.6 MeV (S = 2.2)

p

K*(892) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)

K ~ 100 % 289

KO~ ( 2.46+0.21) x 10~3 307

KEy (9.9 £09 )x 104 309

Krm < 7 x 1074 95% 223
K,(1270) 1Py = s

Mass m = 1272 + 7 MeV ]
Full width T = 90 & 20 MeV [l

K;(1270) DECAY MODES Fraction (I;/T) p (MeVfc)
Kp (42 £6 )% 46
K§(1430) 7 (28 +£4 )% i
K*(892) 7 (16 +£5 )% 302
Kw (11.0£2.0) % i
K f3(1370) (3.042.0)% +
vKO seen 539
K1(1400) 1Py = 1at)

Mass m = 1403 + 7 MeV
Full width ' = 174 £ 13 MeV (S = 1.6)

K;(1400) DECAY MODES Fraction (I;/T) p (MeVfc)
K*(892)m (94 £6 )% 402
Kp (3.0£3.0)% 293
K f3(1370) (2.0£2.0)% i
Kw (1.0+1.0)% 284
K(1430)m not seen i
vKO seen 613
K*(1410) 1Py = 3(17)

Mass m = 1414 £+ 15 MeV (S = 1.3)
Full width T = 232 + 21 MeV (S = 1.1)

P
K*(1410) DECAY MODES Fraction (F;/T) Confidence level (MeV/c)
K*(892)m > 40 % 95% 410
Kn (6.6+1.3)% 612
Kp <7 % 95% 305
'}’KO seen 619

K3(1430) L] 1Py = 501

Mass m = 1425 + 50 MeV
Full width ' = 270 4+ 80 MeV

KE(M&O) DECAY MODES Fraction (I';/T) p (MeVjc)
Knm (93 +£10 )% 619
Kn (86t 219 486
Kn/(958) seen i
K3(1430) 1UF) = 32

K§(1430)i mass m = 1425.6 £ 1.5 MeV (S = 1.1)

K3(1430)° mass m = 1432.4 & 1.3 MeV

K3(1430)* full width I = 98.5 + 2.7 MeV (S = 1.1)

K3(1430)° full width I' = 109 + 5 MeV (S = 1.9)

Scale factor/ P

K;(1430) DECAY MODES Fraction (F;/T) Confidence level (MeV/c)

K (49.9+1.2) % 619
K*(892)m (24.7£1.5) % 419
K*(892)mrm (13.4£2.2) % 372
Kp (87+0.8) % S=1.2 318
Kw (2.9£08) % 311
Kty (24405)x 1073 S=1.1 627
Kn (15738)x10-3 S=1.3 486
Kwm < 72 x 104 CL=95% 100
KOy <9 x 1074 CL=90% 626

K*(1680) 1Py = 3(17)

Mass m = 1717 + 27 MeV (S = 1.4)
Full width ' = 322 £ 110 MeV (S = 4.2)
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K*(1680) DECAY MODES Fraction (;/T) p (MeV/c)
Km (38.7£2.5) % 781
Kp (314159) % 571
K*(892)m (209%22)% 618
Ka(1770) [pPl 1Py = 37)
Mass m = 1773 & 8 MeV
Full width I = 186 + 14 MeV
K>(1770) DECAY MODES Fraction (I;/T) p (MeVc)
Knrm 794
K3(1430) 7 dominant 288
K*(892) 1 seen 654
K £,(1270) seen 52
K¢ seen 441
Kw seen 607
3(1780) 1P =367)
Mass m = 1776 =7 MeV (S = 1.1)
Full width T = 159 4+ 21 MeV (S = 1.3)
P
K;(HBO) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Kp B1 £9)% 613
K*(892)m (20 £5 )% 656
K (18.8+ 1.0) % 813
Kn (30 £13 )% 719
K3(1430) 7 < 16 % 95% 291
K,(1820) [#) 1UP) = 327)
Mass m = 1816 £ 13 MeV
Full width ' = 276 + 35 MeV
K>(1820) DECAY MODES Fraction (I;/T) p (MeV/c)
K3(1430) 7 seen 327
K*(892) 7 seen 681
K £,(1270) seen 185
Kw seen 638
K?(2045) 1Py = 341)
Mass m = 2045 + 9 MeV (S =1.1)
Full width ' = 198 4+ 30 MeV
K3(2045) DECAY MODES Fraction (;/T) p (MeVc)
Km (9.941.2) % 958
K*(892)mrm (9 £5 )% 802
K*(892)mmm (7 £5 )% 768
pKm (5.7+£3.2) % 741
wKT (5.0+3.0) % 738
oK™ (2.8+1.4) % 594
P K*(892) (1.440.7) % 363

CHARMED MESONS
(C= +£1)

Dt =cd, D° = ¢c7, D° =Tu, D~ =¢d, similarly for D*'s

1Py = 3(07)

Mass m = 1869.58 £+ 0.09 MeV
Mean life 7 = (1040 + 7) x 10715 s
cr = 311.8 um

c-quark decays

(c — ¢tanything)/I(c — anything) = 0.096 + 0.004 []
I (c — D*(2010)* anything)/I'(c — anything) = 0.255 + 0.017

CP-violation decay-rate asymmetries
Acp(ntv) = (8 £8)%
Acp(KOetv) = (—0.6 £ 1.6)%
Acp(KLn%) = (—0.41 £ 0.09)%
Acp(KF27%) = (—0.18 + 0.16)%
ACP(KHi wiwo) =(-03+07)%

cp (K & ) = (=0.1+0.7)%

(sziw+ ) =(00+1.2)%

(

cp(

(

'U'U

7= 70) = (2.9 £ 2.9)%
) = (1.0 £15)% (S=1.4)
cp(mF1/(958)) = (—0.5 +£1.2)% (S =1.1)
AC (KO/KOK*®) = (0.11 + 0.17)%
Acp(KYK*) = (—0.11 £ 0.25)%
Acp(KT K= %) = (0.37 + 0.29)%
p(KiK*O) =(-03+04)%

CcP

'U

’“U

Acp(omt) = (0.09 £ 0.19)% (S =1.2)
Acp(KEKy(1430)%) = (8° L)%
Acp(K* K3(1430)°) = (43730)%

Acp(K*K(800)) = (—12F18)%
Acp(a (1450)°7%) = (—19718)%
p(o(1680) i):(—9:t26)%

Acp(rta~n®) = (-2 £ 4)%
Acp(KY Ki T )= (-4£7)%
ACP(Ki 70) = (-4 £ 11)%

x? tests of CP-violation (CPV)
Local CPV in D* — ntn—nt =78.1%
Local CPV in D* — KT K~ z% =31%

CP violating asymmetries of P-odd ( 7-odd) moments
Ar(KSKErta—) = (=12 £ 11) x 1073 []

D+ form factors
0)| Ves| in K04+ wy = 0.725 £0.015 (S =1.7)
n=ay/ain KOty = -1.8+04
I’2Eaz/ag in 70€+V[ -3 +12 (S:1.5)
0)|Veg| in 70+ vy = 0.146 + 0.007

n=a/aina%ty, =—-1.4+09
r=asjain 94ty = —445
0)|Vcd| in DT — net v, =0.086 + 0.006
n=a/ain Dt — nety,=-18+22
r, = V(0)/A1(0) in DT — wet v, =124+ 0.11
n= 0)/A1(0) in Dt — wet vy, =1.06 +0.16
r, = V(0)/A1(0) in DT,D% — petr, =1.48+£0.16
ry = Ay(0)/A1(0) in DF,D% — petv, =083 4 0.12
ry, = V(0)/A1(0) in K*(892)0 ¢ty = 1.51 + 0.07 (S =2.2)

ry = Ay(0)/A1(0) in K*(892)° ¢+ 1, = 0.807 + 0.025
r3 = A3(0)/A;1(0) in K*(892)%¢* 1y = 0.0 + 0.4

My /T in K*(892)° ¢+ 1, = 1.13 + 0.08

r/F_in K*(892)° ¢, = 0.22 + 0.06 (S = 1.6)
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Most decay modes (other than the semileptonic modes) that involve a neu- K*(892)0 7, ( 259+ 0.31) x 1073 714
tral K meson are now given as KOS modes, not as KO modes. Nearly always K* (892)0 N Kg 70
it is a KOS that is measured, and interference between Cabibbo-allowed R3(1430)0ﬂ'+, 7’60 — (27 +09)x103 -
and doubly Cabibbo-suppressed modes can invalidate the assumption that Ko 71,0
2r(K05):r(R0). _ S ot o s .
K§(1680)° ™, K§' — 9 x 10~ -
Scale factor/ p O(KO g 0 ( —10 )
Dt DECAY MODES Fraction (I';/T) Confidence level (MeV/c) sT
} ’Rat, ®0— K%x0 (6 T35 yxw03 -
Inclusive modes KO ot 20 _3
e semileptonic (16.07% 0.30) % - 5T ™ nonresonant (3 £4 )x10 845
utanything (176 + 32 )% - K% 7+ 7% nonresonant and (135F 521y % -
K~ anything (257 £ 1.4)% - =0+ ’
KO ; 0 ; _ '
K+anyth|_ng + KY%anything (61 +5 )% (K375 yavet (125% 520y % 845
K™ anything (59 +08)% - ~ 0 SN
K*(892)~ anything (6 £5 )% _ K0 27r+7r [w] (6.14%+ 0.16) % 816
— . - o
K*(892)° anything 2 +5 )% _ K§27r+7r7 [w] ( 3.05+ 0.09) % , 814
K*(892)Oanything < 66 % CL=90% _ K_3*7r g o [tt] (58 + 05 )><10:3 S=1.1 772
7 anything (63 + 07)% - K@o2) onm (12 + 04)x10 645
7' anything (1.04+ 0.18) % - &*(892) OT] 5 ™ 3
¢ anything (1.03+ 0.12) % - K (%2295)5? e (23 £ 04)x10” 239
d s
Leptonic and semileptonic modes K*(892)0 2, (1260)+ [xx] (94 + 19 )x1073 T
et < 88 x106  CL=90% 935 K= pl2nt ( 1.74+ 0.28) x 1073 524
oy, (3.74% 0.17) x 10~4 932 K~ 3r 7~ nonresonant (41 + 3.0 )x1074 772
Ty, < 12 x10~3  CL=90% 90 K+2KY (46 + 21 )x1073 545
50 et ve ( 8.90+ 0.15) % 869 KtK—- K°57r+ (23 +05)x1074 436
Koutu, (93 +07)% 865 Pioni 4
K- ntetue (3.91+ 0.11) % 864 + 0 fonic modes _3
K*(892)%¢t v, K*(892)0 — (3.68+ 0.10) % 722 T ( 124 0.06)x10 92
P er : : onta— (3294 0.20) x 10~3 909
0+ —4
(K= 7 1) s _wave €7 Ve ( 226+ 0.11) x 1073 - /’f - (84 £ 15)x 1073 761
K*(1410)0 e* ve, < 6 ©10-3  CL—90% _ 7T (T 77 ) s _wave ( 1.85+ 0.17) x 10 909
K*(1410)° — K=+t ort, o : ata~ (1.39+ 0.12) x 10*i -
K3(1430)% et v, < s x10~4 CL=90% - fO(gfoggo , . (11.58+ 0.34) x 107 669
K3(1430)° — K- nt . 1350 )~ s _
—atet -3 o( )L (8 +4 )x10
K™ 7" eT ve nonresonant < 7 x 10 CL=90% 864 £(1370) — atn—
-+t o,
K,Z H ’6#+ (3.9 £ 04)% 851 £ (1270) 7T, (51 £ 09 )x10~4 485
KJSE)Q) ;é Vi ( 352+ 0.10) % 717 £(1270) — ta-
K*(892)° — K~ 7t p(1450)0 7+, <8 x10-5 CL=95% 338
K=ot puF v, nonresonant (21 + 05 )x103 851 (14500 — 7t a—
K-ntalutu, < 16 x 1073 CL=90% 825 f(1500) 7, (1.1 + 04 )x1074 -
et ve (4.05+ 0.18) x 10~3 930 f(1500) — 77~
netuve ( 1.14+ 0.10) x 1073 855 fo(1710) 7, <5 x1075 CL=95% -
et (218F 317y x 1073 74 fo(1710) — 7t x~
o 4 bt g'i‘r’ 10-3 o fy(1790)nt, <7 %105 CL=95% -
P li vy, (2 4)x it f(1790) — 7t x~
wet ve . (1.69+ 0.11) ><10:4 771 (rt 1) s _wave ™ < 12 «10—% CL=95% 909
U (358)6 Ve (22 £ 05)x o . 689 27 7~ nonresonant < 12 x10~% CL=95% 909
det v, < 13 x 1075 CL=90% 657 7+ on0 (47 + 04 )x103 910
2nt = 70 ( 1.174 0.08) % 883
Fsctors of s of e floig o i srs e e y S e L e Y e
. ngr Ve as su particu ged-p . wrt,w— 7T a0 < 3 x10~%  CL=90% 763
0,
K(892) ‘e ve (15.52: 0.15) % 2 3nton~ ( 167+ 0.16) x 1073 845
K*(892)° v, ( 530+ 0.15) % 717
a2 0 _
56(1430) wt Yy < 25 x 1074 CL=90% 380 Fractions of some of the following modes with resonances have already
K*(1680)0MJr vy < 16 x10~3  CL=90% 105 appeared above as submodes of particular charged-particle modes.
. L nmt ( 3.66+ 0.22) x 1073 848
P Hadronic modes wutl11 5a3li( groé(f/(K e s nrt 70 (1384 0.35) x 10-3 830
KOSZ (L : )o" == wrt < 34 x 1074 CL=90% 764
L ((1.46% 0.05) % 863 7/ (958) 7T (4.84% 031)x 1073 681
K™ 2w [tt] ( 9.46+ 0.24) % $=2.0 846 1/(958) 7t 70 (16 + 05 )x10~3 654
(K=71)s_wavem ™ (7.58+ 0.22) % 846 _
K3(1430)0ﬂ+, ] ( 126+ 0.07) % 382 Hadronic modes with a K K pair
K5(1430)° - K-+ K+ K (2954 0.15)x 1073  $=2.8 793
K*(892)° 7+, (1054 0.12)% 714 KtK—nt [t] (9.96+ 0.26) x10~3  s=13 744
K*(892)0 — Kzt ont, p — KTK- (277F 599y %103 647
K*(1410)° 71, K*0 — not seen 381 _ ’
( ,W) K+ K*(892)°, (256F 599y <103 613
K3(1430)07F, [us] (23 + 0.8 )x10~% 371 51892)0 = K=zt ,
A " _
K3(1430)° — K= n+ K 50(1430)0, . (1.9 + 04 )x10 -
_ * _
K*(1680)° 7, w] (22 + 1.1)x1074 58 K3(1430)° — K~=m
K*(1680)0 — K~ rt K*TK35(1430)°, K3 — (17t 33 yx10 -
K~ (271)1=» (1.47+ 0.27)% - K-t ’
0 +,0 - _
Kgm™m [tt] (7.24% 0.17)% 845 K+ KS(SOO), KS — K—at (10 * g,g ) x 104 _
K% pt 6.0a1 060y 0 677 :
5P (6047 g'34) % 20(1450)° 7+, 2§ — (46 T 10 ) %1074 _

K%p(1450)F, pt — 7t 70 (15 * 125103 - KtK—
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6(1680)7t, ¢ — KT K~ (511 43 )x1075 -
K+ K— 7+ nonresonant not seen 744 CP-violation decay-rate asymmetries (labeled by the D° decay)
Kt Kyt~ ( 171+ 0.18) x 103 678 Acp(KTK™) = (—0.14 £ 0.12)%
KYK= 21+ ( 234+ 0.17) x 103 678 Acp(2K2) = (-5 £ 5)%
KtK=2nt7n— (23 + 12 )x10~4 600 Acp(nt77) = (0.01 + 0.15)%
Acp(270) = (0 0+0.6)%
A few poorly measured branching fractions: ACP (at7m™ ) (0.3 £0. 4)%
ort a0 (23 +£1.0)% 619 P(P(770)+7T — atrma0) = (1.2 £ 0.9)% [a22]
opt < 15 % CL=90% 260 Acp(p(770)° 7T0+* 7T++7T 770% =(-3.1+3.0% [E’[‘:ZL]
— 0 0.7 A('p 770 T — T =(-1.0+17 %
K+ K nﬂro non-¢ (157 06)% 682 ACPE/E1452J) oI 2)) _((0 L o )[aaa]
K*(892)" K (17 £08)% 611 Acp(p (1450)07_ — ataa0) = (—20 + 40)% [222]
Doubly Cabibbo-suppressed modes ACP(/(1450) mt = wtaTn0) = (6 +9)% [aaa]
K+ 70 (189+ 025)x 104 s=12 864 Acp(p(1700)t 7~ — atr~a0) = (—5 + 14)% [33d]
Kty (1124 0.18) x 104 776 Acp(p(1700)°70 — 7t 7 0) (13 + 9)% 224
K*1/(958) (1.83+ 0.23) x 104 571 Acp(p(1700)~ 7t — 77~ 70) = (8 + 11)% [2aal
Ktrta— ( 5.464 0.25) x 10~4 846 Acp(fp(980)70 — 7t m™ 0) = (0 + 35)% [3ad]
K+t p0 (21 + 05 )x1074 679 p(f0(1370)7r — atrma0) = (25 + 18)% [22d]
K*(892)° 7t , K*(892)° — (26 + 04)x1074 714 Acp(fo(1500) 70 — 7t~ 71'0) = (0 + 18)% [l
K+ Acp(f(1710)70 — 7t 7~ 70) = (0 + 24)% [322]
K+ f0+(980), f(980) — (49 + 29 )x107° - Acp(£5(1270)7° — atr—a%) = (—4 + 6%% ][aaa]
N 4301 A 400)7° — 7ta— A0 + 8)% laaa
K;(}I{Afo)fw*, K3(1430)° — (44 +3.0)x1075 - Ag}’jgnén?fs)onant at 0)) ((613 f)2/3)% [aaa]
AL Acp(KT K= n0) = (- 10i17)%
2K!Sr Kﬂ— 7 nonresonant (n:.tosein 21 x10-5 2:3 Acp(K*(892)t K~ — K+tK— k 70) = (0.9 + 1.3)% [aaa]
A(v (K*(1410)+K - KtK 7r0) (=21 + 24)% [22]
AC = 1 weak neutral current (C1) modes, or Acp(KT 1) s _pave K~ — KT K= 70) = (7 + 15)% [22a]
Lepton Family number (LF) or Lepton number (L) violating modes Acp(¢ (1020)77 — KTK=79%) = (1.1 £ 2.2)% [223]
rtete c1 < 11 x1076 CL=90% 930 P(f0(980)7r — KTK- 770) (=3 =+ 19)% [2aa]
mt¢, ¢ — ete” byl (17 + 3&)x106 - ACP(39(980) - Kj:K 0) =(-5=* 161%[2‘:2‘]’]
atut s c1 < 13 x 1078  CL=90% 918 ACP(f *(1525)7T r K 5 " )0 (0 £ 160) A>0 [2aa]
ate, ¢ — utus Iyl (18 + 08 )x10—6 _ Acp(K*(892)" KT — KTK n°)=(-5+4)%
ptut 1 < 56 x 1074 CL=90% 757 p(K*(1410) K+ — KTK=70) = (=17 + 29)% [224]
Ktete [zz] < 1.0 x10~® CL=90% 870 Acp((K )S wave Kt — KtK~ 770) = (—10 + 40)% [aa2]
K+ ptp [zz] < 43 %1076  CL=90% 856 ACP(K% 0) = (=020 £ 0.17)%
rtetpu LF < 29 x10~6  CL=90% 927 ACP( 8 n) = (0.5 £ 0.5)%
rte pt LF < 36 x10=6  CL=90% 927 Acp(Ksn') = (1.0 £ 0.1)%
Ktetpu~ LF < 12 x1076 CL=90% 866 Acp(K59) = (=3 £9)%
Kte pt LF < 28 X106 CL=90% 866 Acp(K=7t) = (0.3 4+ 0.7)%
2t L < 11 x 1076 CL=90% 930 Acp(Kt77) = (0.0 £ 1.6)%
a2ut L < 22 x1078  CL=90% 918 Acp(Dop(sr) — KFat) = (127 £ 1.5)%
a-etut L < 20 x 1070 CL=90% 927 Acp(K 7r+ 0) = (0.1 +0.5)%
p2ut L < 56 x 1074 CL=90% 757 Acp(K+tr= %) = (0 + 5)%
K~ 2e* L <9 x 1077 CL=90% 870 Acp(Kymtn~ ) (—0.1+0.8)%
K=2p™ L < 10 x1075  CL=90% 856 Acp(K*(892)~ 7t — KQxtn~) = (0.4 £05)%
K*‘ e*uj . L < 19 x 1076 CL=90% 866 Acp( *(892)+7r _ K§ﬂ+7r )= (1+6)%
K*(892)™ 2u L < 85 x 1074 CL=90% 703 Acp(ROp0 = KSrtr ) = (~0.1+05)%

Acp(K0w — Kirt7r7) = (-13£7)%

(
1P) = 107) 23:% (980) —» Kinta)=(-04+27)%
(

KOf,
KO £,(1270) — K% ataT) = (-4 +£5%
Mass m = 1864.83 + 0.05 MeV Acp(K°£(1370) —» KGnta™) = (-1+9%

Mps — Mpo = 4.75 + 0.08 MeV Acp (K p°(1450) — gofw ) = (-4 £10)%
Mean life 7 = (410.1 + 1.5) x 105 s Acp(Kf(600) — Kgnt77) = (=3 % 5)%
or = 122.9 um Acp(K*(1410)~ 7T — K2 +7r )=(-2+9)%
» Acp(K§(1430) T — K 71' )= (4+4)%
Mixing and related parameters Acp(KE(1430)F 7~ — Kos ) = (12 + 15)%
\mD,l, - ng| = (0.957044) x 1010 f s~ 1 ACP(K§(1430)1 t — K% ) =(3+6)%
* — 0,
ro.— [ =oy= (1.29+014y \ 192 Acp(K5(1430)T 7~ — K57T ) = (—10 + 32)%
(Mpo )/+012 y = (1.297¢15) Acp(K™mtat ) = (0.2 % 0.5)%
‘Q/p|_092 0.09 , ACP(K+W77"J:L ) =(-2+£4)%
Ar = (—0.125 + 0.526) x 10~ Acp(K¥K—nta~) = (-8 £ 7)%
K+ 7~ relative strong phase: cos § = 0.97 & 0.11 ACP(K{(1270)+K — KOrtK=)=(-1+£10)%
K~ + 70 coherence factor Ry o = 0.82 £ 0.07 Acp(Ki(1270)" K+ — K0~ K*) = (—10 + 32)%
* + - 0 + 0,
K=" 70 average relative strong phase 6K ™ = (164739)° Acp(Ki(1270)T K™ — oK K™)=(-7+17)%
K== 5t o eactor Res — 0,32 +020 Acp(K3i(1270)" K+ — QO K~ K*+) = (10 + 13)%
n~ 2n" coherence factor Rk3, = 0.327 )58 o Acp(K*(1410)F K~ — K*O TKT) = (-20+17)%
K~ 2r+ average relative strong phase 637 = (225F27)° Acp(K*(1410)" K+ — KO0r KT) = (=1 + 14)%
KL K*a~ coherence factor Ry r = 073 4 0.08 Acp(K*OK* Swave) = (10 + 14)%
Acp(6p° S 3+ 5)9
KOS Kt 7~ average relative strong phase gKS KT — (8 + 15)° A( p(or 0 Dwave) (- 3 1)1{; %
K* K coherence factor R =1.00 £ 0.16 op(@p” Dwave) = (=37 )4
KK =™ : Acp(¢(mt 17 )5 wave) = (—9 £ 10)%

K* K average relative strong phase 6X" K = (26 + 16)° Acp(K™ 7 ) p_wave (KT )5 wave) = (3 £ 11)%
CP-even fraction in DO — 7t 7~ 70 decays = (97.3 + 1.7)%
CP-even fraction in D9 — K+ K~ =0 decays = (73 + 6)%
CP-even fraction in D — #ta~ 72t 7~ decays = (73.7+2.8)%
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Hadronic modes with one K

CP-violation asymmetry difference ﬁ; ”t (1393 +0.04)% . s=12 &6l
1398+ 0.027) x 10~ 861
DAcp = Acp(KTK™) = Acp(rtn) = (—032 + P oo s ooa )% 560
i " . .
0.22)% (S=1.9) K} 7° (100 + 07 )x1073 860
X2 tests of CP-violation (CPV) Kintn [tt] (285 + 020)% s=11 842
Local CPV in DY, D° — nta—n0 =4.9% K%p° (64 37 yx10-3 674
- p0 750 t o=t — e
o cry i
me, U= Remim =306% KL (7 77) s wave (34 +08 )x1073 842
Local CPV in D% D% — Kt K~ 79 = 16.6% KO f 4 0.40 3
Local CPV in DO, D® — K+ K- ntz— =9.1% 5 (980), (123 2 g2 )10 >
Tviolati (980) — 7wta~
.\no|a|t|on+ degay—:atf asymmetry . K2 £,(1370), (28 £ 99 yxw3 t
Ar(KTK=xtr™) = (L7 £ 2.7) x 10 f(1370) — 7t~
CPT-violation decay-rate asymmetry K% 5(1270), (9 T Hyx105 262
Acpr(KFn¥) = 0.008 + 0.008 £(1270) — 7t a—
Form factors K*(892)~ 7T, (168 T 013 )% 711
* — (U :
rv = V(0)/A1(0) in DO — K*(892) (tu, = 1.7+ 08 K (892)" — Kgrm
o = Ax(0)/A1(0) in DO — K*(892)~ ¢, = 0.9 + 0.4 K§(1430)~ 7, (273 7 048 )x103 378
£.(0) in D® — K~ ¢tu, = 0.736 + 0.004 K5(1430)~ — K7~
i po - _
£, (0)| Ves | in D% — K £ty = 0.719 + 0.004 K3(1430)~ 7+, (34 + 19 ), 104 367
rn=ap/ain D° — K~ (ty, = —2.40 £ 0.16 K3(1430)~ — Kr~ '
_ PO — i+,
n= a?/aoom DY — K/ vy = 5+4 K*(1680)77T+, (4 + 4 ) x 104 46
f+(0)‘|n D‘ — Oﬂ*ﬁ vy = 0.637 + 0.009 K*(1680)~ — K7~
£,.(0)| Vea| in DO — 7= €Ty = 0.1436 + 0.0026 (S = 1.5) .
c ‘ + = + 0.60 -4
n=ayjagin D® —» m (ty, = —1.97 £028 (S=14) KK(*8(9829)2)I L KOt (- (115 = 034 ) =10 m
= H DO -t = —0. . = 1. s
rp=a1/apin D° — 77Ty =-02£22 (S=17) K3(1430) " 7, (7] < 14 x1075  CL—9s% -
Most decay modes (other than the semileptonic modes) that involve a neu- K6(1430)+ — K% at
tral K me;on are now given as KOS modes, not as KO modes. Nearly always K§(1430)+7T’ , [f] < 3.4 «10~5  CL—95% _
it is a K¢ that is measured, and interference between Cabibbo-allowed *
5 that K3(1430)t — Knt
and doubly Cabibbo-suppressed modes can invalidate the assumption that 2 S
2r(k%) = r(K9). K% 7+ 7~ nonresonant (26 * 80 yx104 842
Scale factor/ p K- nt a0 [t] (143 + 08 )% S=3.1 844
DY DECAY MODES Fraction (I';/T) Confidence leve(MeV/c) K’,aJr (111 £09 )% 675
. K~ p(1700)*, (81 + 18 )x103 t
Topological modes p(1700)t — 7t 70
0-prongs bbbl (15 £ 6 / -
27p & bbb} ( )% K*(892)~ 7, (228 T 049 )% 711
prongs (70 +6 )% - K*(892)~ K= 0 - 0.23
4-prongs [ccc] (145 + 05 )% - 7 8(92 0) o 7 ,
6-prongs [ddd] (64 + 13 )x10~4 - R(*(gg)g)g L Kt (1.93 £026)% 71
) Inclusive modes K§(1430)" 7, (47 + 22 )x1073 378
eianyttf;l.ng [eee] ( 6.49 + 0.11 )% - Kj(1430)" — K~ x°
pTanything (67 06 )% - — 0.0 _
K™ anything (547 + 28 )% S=1.3 - K(*J_(*1430) 7(; ! (s8 T ?:g )x 1073 379
KOanything + KOanything (47 4 )% - K5(1430)° — K= 7™
K+ anything (34 =04 )% _ K*(1680)~ 7+, (19 + 07 )x1073 46
K*(892)~ anything s +9 )% - K*(1680)" — K~ x°
K*(892)% anything (9 4 )% - K~ 70 nonresonant (114 T 050y, 844
X n . o021
K*(892)" anything < 3.6 % CL=90% - K020 91 4+ 11 10-3 S22 843
K*(892)0 anything (28 +13 )% - SKO 270)-5 Co 1o 3 =22 o
) anything (95 + 09 )% _ 7f( T % (—)W;ave (26 + 07 )x10 : -
' anything (248 + 027 )% - K_(*892) o 0.0 (7.9 & 0.7 )x107 i
¢ anything (105 + 011 )% - _K*(892)" — Kem
] . K*(1430)079, K*0 — (4 £23 )x1075 -
Semileptonic modes K90
K= etre ( 3.538+ 0.033) % S=1.3 867 K*(1680)° 70, K*0 — (1.0 + 04 )x1073 -
K= ptu, (333 £013)% 864 K%n0
K:(892): et e (216 £ 016 )% 719 K% 5(1270), f, — 270 (23 11 )x1074 -
K*(892)~ v, (192 £ 025)% 714 2K%, one K% — 2n° (32 +11 )x1074 -
K- n0etu, (16 T 33 )% 861 K= 2ntm™ [tt] (806 + 0.23)% s=15 813
_ ’ K= xt pltotal 6.73 + 034 )9
KOn~eTwe (27 1933 )% 860 Kﬂ*wp*p%—body E 51 + 2.34 ;f10*3 22:
K-ata—etu, (28 T 11 )x107* 843 7%(5(982)0)%0. P (1.05 +023)% 416
. 92)° — K™ m
K1(1270)~ et e (76 * 39 )x10-4 498 K~ a1(1260) T, (36 +06 )% 327
K- mta by, < 12 x10-3  CL=90% 821 . 31(1g6qr)+7—’ 2ntas
(K*(892)m)~ 't v, < 14 x1073  CL=90% 692 K,(*892) o t°f3|'+ (16 +04 )% 685
ety (291 £ 004 )x10~3 s=1.1 927 &*(892) o+ Ko 3
™ uty, (238 + 024 )x1073 924 KR(*8(9829)2)75 T ;ﬁ,boiy’ (99 =23 )x10 685
~ety, 177 £ 016 ) x 1073 - g
P € ( ) x m K1(1(270)*)7r+, . lggg] (29 + 03 )x1073 484
Ki1(1270)" — K n™m
K~ 27 7~ nonresonant (188 + 026 )% 813

K%nta—ad el (52 + 06 )% 813
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Kgn, n— ata= 70
Kosw,wﬂ atr— a0
K= 27t 7= 70
K*(892)%7xt 7= 70,
K*(892)° — K~ nt

K ntw,w— ata a0
K*(892)°0w
K*(892)° — K~ nt,
w— 7t a0
K%T]ﬂo

K% a9(980), ap(980) — nm0
K*(892)°r] K*(892)° —
K 70
K0527r+27r
K% pOnt o, noK*(892)~
K*(892)~2ntn—,
K*(892)~ — K%x~,
no p°
K*(892)~ pOnt,
K*(892)~ — K%rn~
K% 27+ 27~ nonresonant
K= 3nt2on—

+
9.9 =+
+
+

o

< 12
(22 +

0.09
0.5
0.4
0.6

05 )%
3.0 )x1073

11 )x1073
20 )x1073
05 )x1073

0.31 ) x 1073
0.7 )x1073
8 )x1074
06 )x1073

x 1073
06 )x10~4

CL=90%

Fractions of many of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes. (Modes
for which there are only upper limits and K*(892) p submodes only appear

below.)
Kk%n (485 + 030 )x 103
Kiw (111 £ 0.06 )%
K%1/(958) (95 + 05 )x1073
K~ a(1260) (78 +11 )%
K~ ay(1320)* <2 x 1073
K*(892)0 7+ 7~ total (24 +05 )%
K*(892) 7t 7~ 3-body (148 + 034 )%
K*(892)0 00 (157 + 035 )%
K*(892)0 o0 transverse (17 £06 )%
K*(892) p0 S-wave (30 06 )%
K*(892)% o0 S-wave long. <3 x 1073
K*(892)° o0 P-wave < 3 x 1073
K*(892)° o0 D-wave (21 +£06 )%
Ky (1270)~ 7t legg] (1.6 + 08 )%
K1(1400)~ 7+ < 12 %
K*(892)0 7t 7= 70 (19 +09 )%
K- ntw (31 +06 )%
K*(892)%w (11 £05 )%
K~ nt1/(958) (75 + 19 )x1073
K*(892)%4/(958) < 11 x 1073
Hadronic modes with three K's
KK+ K~ (451 + 034 )x 103
K2a9(980)°, aJ — KT K~ (30 =04 )x1073
K~ a0(980)F, af — K+ K% (60 + 18 )x1074
K+ap(980)~,a; —» K~KY < 11 x 104
K% £(980), fh —» KTK~ <9 x 1075
KY¢, ¢ — KTK™ (2.07 + 0.16 ) x 103
K%f(1370), o —» KT K~ (17 + 11 )x1074
3K (92 + 13 )x1074
KT2K— ot (221 + 032 )x1074
K+ K~ K*(892)°, (44 + 17 )x1075
K*(892)° - Kzt
K- nt¢, ¢ - KTK™ (40 + 17 )x1075
$K*(892)°, (1.06 + 020 )x10~4
¢ — KTK-,
K*(892)° — K7t
Kt 2K~ 7t nonresonant + 15 )x107°
2K KEnT +13 )x1074
Pionic modes
atr ( 1.420+ 0.025) x 103
270 (825 + 025 ) x10~4
ata— a0 (1.47 £ 0.09)%
ptn~ (100 + 0.06 )%
P00 (382 + 029 )x1073
p-t (5.09 + 034 )x103
p(1450)t 7, p(1450)t — (16 + 20 )x10°5
T T
p(1450)079, p(1450)° (44 £ 19 )x1075

ata~

CL=90%

CL=90%
CL=90%

CL=90%

CL=90%

CL=95%
CL=95%

772
670
771
643

605
410

721

768

642

230

768
713

772
670
565
327
198
685
685
417
417
417
417
417
417
484
386
643
605
410
479
119

434
427

922
923
907
764
764
764

p(1450)~ 7, p(1450)~ (26 + 04 )x1074
a— 70
p(1700)* 7, p(1700)* — (60 + 15 )x1074
7r+ 7T0
p(1700)% 70, p(1700)° — (74 +18 )x1074
Tt~
p(1700)~ 7T, p(1700)~ (47 + 11 )x1074
a0
1(980) 70, £,(980) — (37 +£09 )x1075
atn~
f5(500) 70, f5(500) — (121 + 022 ) x 1074
rta—
f,(1370) 7, f,(1370) — (54 + 21 )x1073
nt o~
f,(1500) 7, f5(1500) — (57 + 16 )x107°
7T+71'
f0(1710) , ©o(1710) — (46 + 1.6 )x107°
f2(1270) 0, £(1270) — (194 + 022 ) x 1074
7T+71'
7t 7~ 7% nonresonant (12 + 04 )x1074
30 < 35 x 104
2t or— (745 + 022 )x10°3
a(1260)t 7, af — (447 £ 032 )x10°3
27t 7~ total
a1(1260) 7, af — (323 + 025 )x 1073
P07t Swave
a(1260)t 7, af — (1.9 + 05 )x1074
P07t D-wave
a(1260)t 7, af — (62 %07 )x10—4
(fﬂ'+
2p%+total (183 + 013 )x 1073
209, parallel helicities (82 + 32 )x1075
209, perpendicular helici- (48 + 06 )x1074
ties
209, longitudinal helicities (1.25 + 0.10 ) x 10~3
Resonant (7t 7~ )nt 7~ (149 + 012 )x103
3-body total
ontn~ (61 +09 )x1074
(980) 7t 7, fy — (18 + 05 )x1074
Tt
HL(1270) 7t 7=, h — (37 +06 )x1074
nt
ata—2n0 (1.01 + 0.09)%
nn0 i) (69 + 07 )x10~4
w? liil] < 2.6 x 10~4
2at 2 70 (42 + 05 )x10-3
nrtr— [ii] (1.09 + 0.16 ) x 10~3
wrta™ il (16 + 05 )x10-3
37t 3n~ (42 +£12 )x1074
7' (958) 0 (91 + 14 )x1074
7' (958) 7t 7~ (45 + 17 )x1074
2n (1.70 + 0.20 ) x 1073
7' (958) (1.06 £ 0.27 )x 1073
Hadronic modes with a K'K pair
KT K~ (401 + 007 )x1073
2K% (18 + 04 )x10~4
KK— 7t (36 + 05 )x10-3
K*(892)° K%, K0 — <5 x 10—4
Kot
KYK*m (22 + 04 )x1073
K*(892)° K%, K*0 — < 18 x 1074
Kta—
KTK= =l (338 + 021 )x1073
K*(892)Jr K=, K*(892)T — (150 + 0.10 )x 1073
Kt
K*(892 ) KT, K*(892)~ — (54 + 05 )x1074
0
o
(KJr 0)5 wave K (240 + 021 )x 1073
( ) —wave K K* (13 £05 )x 1074
f0(980) , fo— KHK~ (35 +06 )x1074
om, ¢ — KTK— (66 + 05 )x10~4
2K% 70 < 59 x 1074
KtK—rntn~ (242 + 012 )x103
S T7) s waver P — (250 + 034 )x1074
KtK—
(C‘J)po)waavev »— KT K~ (93 £ 12 )x 1074
(¢p0)D—waﬂev ¢ — KT K= (82 + 123 )x 1075
(KK s_ pave, KO — (148 + 030 ) x 104
KEn¥

CL=90%
S=1.2

CL=90%

S=1.5
$=25
5=1.2
CL=90%

S=1.3
CL=90%

907
908
880

882
846
761
844
827
738
795
678
650
754
537

791
789
739
608

739
608

743

743
743

740
677
614
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(K~ 1) p_waves (26 +05 )x1074 - 70 e® ¥ LF  [hh] < 86 x1075  CL=90% 924
(KT 77) 5 —waves netuF LF [hh] < 1.0 x1074  CL=90% 848
Ki(1270) K, (18 + 05 )x10~4 - rta ety LF [hh] < 15 x107%  CL=90% 911
Ki(1270)F — K*Oz+ et puF LF  [hh] < 4.9 x1075  CL=90% 767
Ki(1270)F K, (114 + 026 )x 104 - wet T LF  [hn] < 1.2 x 1074  CL=90% 764
Ky (1270)T — PO K+ K~ Ktet ¥ LF [hh] < 1.8 x1074  CL=90% 754
K1(1270)~ KT, (22 + 12 )x 10—5 - gei ut LF [hh] < 3.4 x1075  CL=90% 648
Kq(1270)~ — K07~ KOe® T LF  [hh] < 1.0 x10™%  CL=90% 863
K1(1270)* K+’ (1.45 £ 0.25 ) x 10—4 - 57 at (:"i/,ﬁ: LF  [hh] < 5.3 x 104 CL=90% 848
Ky (1270~ — pOK— K*(892)0 et ;i F LF  [hh] < 83 x1075  CL=90% 714
K*(1410) K, (102 + 026 ) x 104 - 21~ 2et + c.c. L < 112 x1074  CL=90% 922
K*(1410)t — K*0nt 2r—2ut + c.c. L < 29 x1075  CL=90% 894
K*(1410)~ K+, (114 + 025 ) x 10— - K- mn~2et + cc. L < 2.06 x1074  CL=90% 861
K*(1410)~ — K*0n— K=7 2pT+ cc. L < 39 x1074  CL=90% 829
2Kt 7~ (124 + 024 )x 103 673 2K~ 2et + c.c. L < 152 x1074  CL=90% 791
KYK= 21+ 7= < 15 ©10-4  CL=90% 595 2K~ 2"+ c.c. L < 94 x107%  CL=90% 710
KF K=t o= 70 (31 420 )x10-3 600 et T+ cc L < 79 x107%  CL=90% 911
K-r—etput+ cc. L < 218 x1074  CL=90% 848
Other K K X modes. They include all decay modes of the ¢, 7, and w. 2K: et /l++ c.c L < 57 x 1075 CL=90% 754
‘ 4 pe LB [l < 1.0 x107%  CL=90% 696
on (14 %05 )x107 489 pet LB [kkk] < 1.1 x1075  CL=90% 696
ow < 21 x1073  CL=90% 238
Radiative modes
Oy < 24 x10~4  CL=90% 771 D*(2007)° 1Py = 1)
w7y < 24 «10~4 CL=90% 768 I, J, P need confirmation.
%1(892)0 ( i;i i gzi ) x L‘;j f’li’; Mass m = 2006.85 + 0.05 MeV (S = 1.1)
g (3 34) x Mpeo — Mpe = 142.016 + 0.030 MeV (S = 1.5)
Doubly Cabibbo suppressed (DC) modes or Full width ' < 2.1 MeV, CL = 90%
_ AC =2 forbidden via mixing (CZM) modes D*(2007)0 modes are charge conjugates of modes below.
K+ (¢~ 5,via D° < 22 x1075  CL=90% -
K+ or K*(892)* e~ 7, via < 6 x107°  CL=90% . 0 )

B0 D*(2007)0 DECAY MODES Fraction (T';/T) p (MeVjc)
Ktn~ DC (1.49 + 007 )x 104 S=29 861 DO 0 (64.740.9) % 43
K* 7~ via DCS (133 + 009 )x10°4 - D%~ (35.3+0.9) % 137
K+ x~ via D° < 16 x1075  CL=95% 861
K%z+r~in D® — D° < 18 x1074  CL=95% = -

K*(892)T 7, DC (115 = 389 ) x1074 711 D*(2010)* 1(4P) = 3 )

K*(892)F — Kg,r-# ’ I, J, P need confirmation.
K8(1430)+ . bC < 14 « 10-5 _ Mass m = 2010.26 + 0.05 MeV

Ki(1430)" - KOrt Mp-(2010)+ — Mp+ = 140.68 + 0.08 MeV
K3(1430)* 7, DC < 34 x 1075 - Fm’ﬁ*(%%ltoh)*r ~ Ig:f?t N 1485.:2\?7 +0.0017 Mev

K3(1430)* — KYr+ wiwidth 1 = 8o4 % Lo ke
K+ 70 DC (313 + 023 ) x 10—4 844 D*(2010)~ modes are charge conjugates of the modes below.

Kt 7~ 70via D° (75 + 06 )x1074 -
K+t 2n~ DC (262 + 011 )x 104 813 D*(2010)% DECAY MODES Fraction (I';/T) p (MeVyc)
K*at2n~via 5:’0 < 4 x 10:;1 CL=90% 812 DOt (677205) % »
v~ anything via D < 4 x 10 CL=90% - D+ 70 (30.740.5) % 38
AC = 1 weak neutral current (C1) modes, Dt~ (1.6+0.4) % 136
Lepton Family number (LF) violating modes,
Lepton (L) or Baryon (B) number violating modes
vy c1 < 22 %1076 CL=90% 932 D5(2400)0 10P) = 3(oh)
ete~ c1 < 79 x1078  CL=90% 932
ptu= c1 < 62 x1079  CL=90% 926 Mass m = 2318 + 29 MeV (S = 1.7)
mOete” c1 < 45 x107%  CL=90% 928 Full width I = 267 + 40 MeV
wOutu~ c1 < 18 x1074  CL=90% 915
nete” C1 < L1 x1074  CL=90% 852 05(2400)0 DECAY MODES Fraction (I;/T) p (Mevc)
nut c1 < 53 x1074  CL=90% 838
atrete” c1 < 373 x10~4  CL=90% 922 DFr seen 385
lete c1 < 10 x1074  CL=90% 771
atr T~ c1 < 55 x1077  CL=90% 894
Polﬁuﬂf l c1 < 22 x1075  CL=90% 754 D1(2420)0 ;(r{eigs:coas‘ilr;)ation
wete~ 1 1. x10~4  CL=909 :
wfﬁif 51 i 82 ) 13—4 ELzng ;gf Mass m = 2420.8 = 0.5 MeV (S = 1.3)
K- Ktete™ cl < 315 x107%  CL=90% 791 Mpo = Mps = 4106 £ 0.5 (S=13)
pete~ c1 < 52 x1075  CL=90% 654 Full width T = 31.7 & 2.5 MeV (S = 3.5)
K=Kt utpu~ c1 < 33 x1075  CL=90% 710
outu~ c1 < 31 x107%  CL=90% 631
Klete~ [zz] < 11 x10~4  CL=90% 866
KOutp~ [zz2] < 26 x10~%  CL=90% 852
K-ntete™ c1 < 385 x1074  CL=90% 861
K*(892)%¢t e~ 7] < 47 x1075  CL=90% 719
K=rtutu~ 1 < 359 x107%  CL=90% 829
K*(892)° ut i~ [z2] < 2.4 x10~5  CL=90% 700
ataalut c1 < 81 x1074  CL=90% 863

uteF LF  [hh] < 26 x1077  CL=90% 929
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Dy (2420)0

modes are charge conjugates of modes below.

CP violating asymmetries of P-odd (T-odd) moments

Dy (2420)0 DECAY MODES Fraction (I';/T) p (MeVjc) AT(KKEntn7) = (—14 £ 8) x 1073 [%]
-
g ;(2210) ’T seen 323 D} — ¢£+ v, form factors
T seen 425
Dtr~ not seen 472 r=084£011 (S=24)
DOt r not seen 279 ry = 1.80 & 0.08
/T =072+018
* 0 Py _ 1/0+ Unless otherwise noted, the branching fractions for modes with a resonance
D2(2460) I(J ) - 7(2 ) in the final state include all the decay modes of the resonance. DS_ modes
P + . are charge conjugates of the modes below.
J© = 27T assignment strongly favored. Scale factor/ )
Mass m = 2460.57 &+ 0.15 MeV (S = 1.1) D's" DECAY MODES Fraction (T;/T) Confidence level (MeV/c)
Mpo — Mps = 590.98 + 0.18 MeV (S = 1.1)
m 2y — mp.s = 45031 +0.16 MeV (S = 1.1) . Inclusive modes
Mps D et semileptonic [ (65 +£04)% -
Full'width T = 47.7 + 1.3 MeV (S = 2.0) +anything (1193 +14 )% -
55(2460) modes are charge conjugates of modes below. 7~ anything (432 £0.9 )% -
70 anything (123 £7 )% -
. K™ anything (187 £0.5 )% -
D;(2460)° DECAY MODES Fraction (I';/T) p (MeV/c) K+ anything (289 +0.7 ) %: _
Dt ween so5 K% anything (190 £1.1)% -
D*(2010)+ seen 389 n anythi_ng [nnn]  ( 29.9 £2.8 )% -
DOt not seen 162 w anything (61 +1.4)% -
D0 1+ = not seen 3 7' anything [o00] (103 +£1.4 )% S=1.1 -
1(980) anything, fy — 7t 7~ < 13 % CL=90% -
¢ anything (157 £1.0 )% -
D3(2460)* 1UP) = 12%) K+ K~ anything (158 £07 )% -
K% K+anything ( 58 £05)% -
JP =2t assignment strongly favored. Kg K~ anything (19 £04)% _
o .
Mass m = 2465 4+13MeV (S=31) 2K anything ( 170+0.32) % -
M 2a60)+ — Mps(aasop = 24 £ 1.7 MeV 2K+anyth!ng < 26 x 10*? CL=90% -
Full'width I = 46. % + 1.2 MeV 2K anything < ¢ X 1077 CL=90% B
D3(2460) ™ modes are charge conjugates of modes below. Leptonic and semileptonic modes
et e < 83 x 1075 CL=90% 984
4 -3
D3(2460)* DECAY MODES Fraction (F;/T) p (MeV/c) o Y E Zi:gzi; ;10 ?z;
T' V. . . ()
DOrt seen 513 Kt }T(* et ve — 851
D*0 seen 396 et v, [ppp]l  ( 2.3940.23) % s=1.8 720
Dt atn not seen 462 neTve + 1'(958)eT ve [ppp] ( 2.96+0.29) % -
D*trtn not seen 326 netve [ppp] ( 2.28+0.24) % 908
74(958) et ve [ppp]l (6.8 +1.6 ) x 10*2 751
wet v, l9qq] < 2.0 x 1073 CL=90% 829
CHARMED, STRANGE MESONS KOet v, (39 409 )x10-3 921
(C —S=4 1) K*(892)% et v [pop] ( 1.8 £0.4 ) x 1073 782
Dr— s D- =2 similarly for D*'s . Hadronic modes with a K K pair
s = Ug = Yy s K+ K% ( 1.50+0.05) % 850
Ki?o . ( 2.9540.14) % 850
_ KtK—7 [t] ( 545+0.17) % S=1.2 805
+ Py _
Ds 1J7) = 0(07) pnt [ppp.rrr] (45 £0.4 )% 712
ont, ¢ —» KTK™ [rr] ( 2.2740.08) % 712
Mass m = 1968.27 + 0.10 MeV K+?*(892)0’ R*O — ( 2.61+0.09) % 416
Mps = Mps = 98.69 % 0.05 MeV K=t
+ + K-
Mean life ~ = (500 + 7) x 10715 s (S = 1.3) f(980)™, fo — K"K~ ( L15£032% 732
cr = 149.9 um fo(1370) 7", fy — KTK (7 45 )x10™ -
. . fo(1710) 7+ fo — KTK~ (67 +29)x1074 198
CP-violating decay-rate asymmetries K+ K K*(1430) i K* ( 1.9 +0.4 )x 103 18
Acp(u® 1/) (5+6)% K- at
Acp(KTKL) = (0.08 £ 0.26)% K+ K%70 ( 1.52+0.22) % 805
CP(K+iK %) = (=05 £ 0.9)% 2Kt ( 7.7 £0.6 )x 1073 802
A(VP((ZW; ) —é 0.38 + 0.27)% KOKO ++ _ 802
v = 0, p—
2( P(gK Ki ) 3(;5@6)”’ K*(892)* KO ool ( 54 412 )% 683
cp( )= )% KtK—at a0 6.3 £0.6 )% 748
ACP(K+K 7Ea0) = (0.0 + 3.0)% e ( 19) o
Acp(KEKLr+n—) = (-6 + 5)% oot loop] (84 T33)% 401
ACP(K_S K- 2Ii) =41+ 2~8):A) K K™ 2rt ( 1.67+0.10) % 744
e T REmREr o (o
= : KT K 1.03+0.10) % 744
Acp(rtn) = (—2.2 £ 2.3)% Lost T ( o
+70 o K™K 271' T ( 87 £1.5)x10 673
Acp(nm=r®) = (-1 £ 4)% ; 0
ACP("]/ﬂ'i _ﬁo) = (0+8)% o2t [ppp]  ( 1.2140.16) % 640
Acp(KE70) = (27 + 24)% Kt K~ p%7t non-¢ < 26 x10~4  CL=90% 249
Acp(KO /KO i) (0.4 + 0.5)% Y 7r+. ¢ — KTK™ (65 +1.3)x1073 181
Acp(KOrt) = (3.1 +2.6)% (S=17) $a;(1260)F, ¢ — (75 £1.2 ) x 1073 T
ACP(K§ﬂ+ =(4+5% KTK~, af — POt
Acp(K*n) = (9 + 15)% K+ K~ 27F 7~ nonresonant (9 +7 )x1074 673
Acp(K*1/(958)) = (6 + 19)% 2K 2nt 7 (9 +4 )x1074 669
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Hadronic modes without K's

at a0 < 35 x 1074
ot~ ( 1.0940.05) %

POt ( 20 £12 )x10~4

7t (7t 77) s _wave [sss] ( 9.1 +0.4 )x103

fL(1270) 7t , 6 — atr™ ( 1.1040.20) x 103

p(1450)07F, p0 — 7t (3.0 £2.0)x10"4
7t 270 ( 65 £13)x1073
2t w0 —

nat ppp]  ( 1.700.09) %

wrt pop] (2.4 +£0.6 )x 103
3t ( 80 +£08)x10~3
2t~ 2q0 —

npt lpop] (89 £08)%

nat a0 (92 £12)%

wrt a0 [ppp] ( 2.8 £0.7 )%
3rt2n— 70 (49 £32)%
w2ntn~ [ppp] ( 1.6 £05)%
7' (958) 7+ [000,ppp] ( 3.94:£0.25) %
3rt2n— 270 —
wnw* [ppp] < 213 %
7' (958) p* [ooo,ppp] ( 5.8 £15)%
7' (958) nt =0 ( 56 +08)%
7/ (958) 7+ 70 nonresonant < 51 %
Modes with one or three K's
K+n0 (63 £21)x1074
Kint ( 1.2240.06) x 10~3
K*n lppp]  ( 1.7740.35) x 10—3
Ktw lppp] < 2.4 x 1073
K+1/(958) loop] ( 1.8 +£0.6 )x 1073
Ktrtn— ( 66 +04)x103
Kt 0 ( 25 £04 )x1073
K+ p(1450)0, p° — 7t 7~ ( 7.0 +2.4 )x 1074
K*(892)0 7t , K*0 — ( 1.42+0.24) x 1073
K*tm—

K*(1410)°7F, K*0 — ( 1.2440.29) x 10-3
K*tr—

K*(1430)07F, K*0 — ( 50 £35)x10~4
K+tm—

KT 7t 7~ nonresonant ( 1.04+0.34) x 1073
KOzt 70 ( 1.0040.18) %
K%ort o~ ( 3.0 £1.1 )x 1073
Ktwn® lppp] < 8.2 x 1073
Ktwrta™ lppp] < 5.4 x 1073
K*wn lppp] < 7.9 x 1073
2Kt K~ ( 2.18+021) x 104

OKT, ¢ - KTK™ ( 89 £20)x105

Doubly Cabibbo-suppressed modes
2K+~ ( 1.2740.13) x 10~4

K+ K*(892)%, K*0 — ( 6.0 £3.4)x10"5

K+tr~
Baryon-antibaryon mode

p7 ( 1.3 +£04 )x1073

AC = 1 weak neutral current (C1) modes,

Lepton family number (LF), or
Lepton number (L) violating modes

atete [zz] < 13 x 1073
mtg, ¢ — efe” Wl (6 *3 )xw0®
atut [zz] < 41 x 1077
Ktete c1 < 37 x 1076
Kt utp~ C1 < 21 x 1075
K*(892)t ut u~ C1 < 1.4 x 1073
atetu™ LF < 12 x 1073
ate pt LF < 20 x 1073
Ktetu~ LF < 14 x 1075
Kte put LF < 97 x 1076
7~ 2et L < a1 x10~6
a~2ut L < 12 x 107
ettt L < 84 x 106
K~ 2et L < 52 x 1076
K~ 2ut L < 13 x 1073
K- etut L < 61 x 1076
K*(892)~ 2ut L < 14 x 1073

CL=90%
S=1.1

S=1.1

CL=90%

CL=90%

CL=90%

CL=90%
CL=90%
CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

975
959
825
959
559
421
960
935
902
822
899
902
724
885
802
856
766
743
803
654
465
720
720

917
916
835
741
646
900
745

775

900
899
870
684
603
366
627

805

295

979

968
922
909
765
976
976
919
919
979
968
976
922
909
919
765

D*t 10P) = 0(7")

JPis natural, width and decay modes consistent with 17

Mass m = 2112.1 £+ 0.4 MeV
Mpee = Mps = 143.8 + 0.4 MeV

Full'width T ‘< 1.9 MeV, CL = 90%

sz modes are charge conjugates of the modes below.

D;+ DECAY MODES Fraction (I';/T) p (MeVc)
Di~y (93.540.7) % 139
Dy n® (5.8+07) % 48
Dyete” ( 6.7+1.6) x 103 139
D%y (2317)* 1(4P) = o(0™)
J, P need confirmation.
JPis natural, low mass consistent with 0.
Mass m = 2317.7 + 0.6 MeV (S = 1.1)
m,. —m . =349.4+£ 06 MeV (S=1.1
D;(2317)* DT ( )
Full width I < 3.8 MeV, CL = 95%
D§0(2317)’ modes are charge conjugates of modes below.
D%,(2317)* DECAY MODES Fraction (I';/T) p (MeVjc)
Dj w0 seen 298
D;r 7070 not seen 205
Ds; (2460)* 1Py =001 )

Mass m = 2459.5 + 0.6 MeV (S = 1.1)
Mp., (2460)*= ~ szi =3473+0.7MeV (S=1.2)
Mp. (2460)% ~ mD;I =491.2+ 0.6 MeV (S =1.1)
Full width ' < 3.5 MeV, CL = 95%

D51(2460)* modes are charge conjugates of the modes below.

Scale factor/ p

Dsl(2460)+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

Dl (48 +11 )% 297
Dy~ (18 £4 )% 442
Dy rta (43+ 1.3)% S=1.1 363
Dity < 8 % CL=90% 323
D% (2317) "y (37t 50 % 138
Ds1(2536)* 1(4P) = 0(17%)
J, P need confirmation.

Mass m = 2535.10 £ 0.06 MeV
Full width ' = 0.92 £ 0.05 MeV

D51(2536)_ modes are charge conjugates of the modes below.

P
D51(2536)+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

D*(2010)* KO 0.85 £0.12 149
(D*(2010) K9) g_wave 0.61 +0.09 149
Dt~ Kt 0.02840.005 176
D*(2007)0 K+ DEFINED AS 1 167
D+ KO <0.34 90% 381
DOK+ <0.12 90% 301
D?r ot possibly seen 388
D: rta seen 437
D%,(2573) 14P) = 02*)

JPis natural, width and decay modes consistent with 2+,

Mass m = 2569.1 + 0.8 MeV (S = 2.4)
Full width ' = 16.9 £+ 0.8 MeV
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D§2(2573)* modes are charge conjugates of the modes below.

D;2(2573)+ DECAY MODES Fraction (I';/T) p (MeV/c)

DOK+ seen 431

D*(2007)° K+ not seen 238
D%, (2700)* 1UP) = 07

Mass m = 2708.37 %9 MeV
Full width ' = 120 &+ 11 MeV

Bt = ub, BY = db, B® = db, B~ = Ub,

BOTTOM MESONS
(B=+1)

similarly for B*'s

B-particle organization |

Many measurements of B decays involve admixtures of B
hadrons. Previously we arbitrarily included such admixtures
in the BT section, but because of their importance we have
created two new sections: “BE /B0 Admixture” for 7(4S)
results and “Bi/BO/Bg/b—baryon Admixture” for results
at higher energies. Most inclusive decay branching fractions
and xp at high energy are found in the Admixture sections.
BO-BY mixing data are found in the BO section, while Bg—
BY mixing data and B-B mixing data for a B%/BY admixture
are found in the B(S’ section. CP-violation data are found in
the BE, BY, and B* B® Admixture sections. b-baryons are
found near the end of the Baryon section.
The organization of the B sections is now as follows, where
bullets indicate particle sections and brackets indicate re-
views.
o BE
mass, mean life, CP violation, branching fractions
o B
mass, mean life, B%-B mixing, CP violation,
branching fractions
o B/B0 Admixtures
CP violation, branching fractions
o B*/B/BY/b-baryon Admixtures
mean life, production fractions, branching fractions
e B*
mass
o By(5721)*
mass
o B (5721)°
mass
o B3(5747)"
mass
o B3(5747)°
mass
 B%(5970)*
mass
« B*(5970)°
mass
. Bg
mass, mean life, B2-B2 mixing, CP violation,
branching fractions
. B;
mass
o B,1(5830)°

mass
o B%,(5840)°
mass
o BE
mass, mean life, branching fractions
At the end of Baryon Listings:
L] Ab
mass, mean life, branching fractions
o Ap(5912)0
mass, mean life
o /p(5920)°
mass, mean life
(D3N
mass
. ):;;
mass

=0 =—
®=p =p

mass, mean life, branching fractions
. :_27(5935)’
mass
o =5(5945)°
mass
o =7(5955)"
mass
L] Q;
mass, branching fractions
e b-baryon Admixture
mean life, branching fractions

1Py = }(07)

I, J, P need confirmation. Quantum numbers shown are quark-model
predictions.

Mass mg. = 5279.31 £ 0.15 MeV (S = 1.1)
Mean life 7 s = (1.638 4 0.004) x 10712 s

cr =491.1 pym

CP violation
Acp(BtY — J/9(1S)KT) = 0.003 + 0.006 (S = 1.8)
Acp(BY — J/p(1S)nt) = (0.1 £2.8) x 1072 (S =1.2)
Acp(BY — J/ypt) = —0.11+0.14
Acp(BY — J/9K*(892)T) = —0.048 + 0.033
Acp(BY — ncKT)=0.01+£007 (S=22)
Acp(BtY — 9(2S)7t) = 0.03 + 0.06
Acp(BT — (2S)K*T) = 0.012 £ 0.020 (S = 1.5)
Acp(BT — (2S)K*(892)F) = 0.08 + 0.21
Acp(BY — xca(1P)nt) = 0.07 +0.18
Acp(BY — xcoKt)=-020+0.18 (S=15)
Acp(BY — xc1 K*) = —0.009 £ 0.033
ACP(B+ — Xcl K*(892)+) =05+£05
Acp(BtY — D%xt) = —0.007 + 0.007
Acp(BY — Dep(y1ymh) = 0.035 + 0.024
ACP(B+ — DCP(—I) 7T+) = 0.017 £ 0.026
Acp([KTntrta~]pnT) = 0.13 £ 0.10
Acp(BT — DOKT) =0.007 +0.025 (S =1.5)

Acp([KFrnErta—]pKt) = —0.42 £ 0.22
rp(BT — DOKT) = 0.095 + 0.008

dp(Bt — DYKT) = (123 £ 10)°

rg(Bt — DOK*T) =017 £0.11 (S =23)
dp(BtY — DOK*t) = (155 £ 70)° (S = 2.0)
Acp(BT — [K~=at]pKT) = —0.58 £ 0.21

Acp(BT — [K=nta%pKT) =0.07+£0.30 (S=15)
Acp(BtY — [KTK~a0]pK*) = 0.30 + 0.20

Acp(BY — [nta=70)pKt) = 0.05 + 0.09

Acp(BY — [K~aT]5K*(892)%) = —0.3 £ 0.5
Acp(BT — [K=nt]pnt) = 0.00 + 0.09
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Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(B*

Aaps(BT
Aaps(BT
Aaps(BT
Aaps(BT

Acp(B*
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(B*
Acp(BT
Acp(BT
Acp(B*

I

L

A A

—

[K~at a9 pnt) =035 +0.16
[KTK—7%pnt) = —0.03 + 0.04
[7t 7= 7%pnt) = —0.016 + 0.020
(K=t pm7) = —0.09 £ 0.27
[K77T+](D,Y)7T+) =—-07+0.6
[K77r+](D7r) K+) =08+04
[K=7 My Kt) =04 £ 1.0
[#t 7~ 7%]p KT) = —0.02 £ 0.15
[KEKTn~]pK*) = 0.04 £ 0.09
[KSK—7t]pKt) =023 +0.13
[K§ K= 7t]pnt) = —0.052 & 0.034
[KEKT 7~ ]prt) = —0.025 £ 0.026
[K*(892)" K*]pK™) = 0.03 £ 0.11
[K*(892)T K~ ]pK*) = 0.34 + 0.21
[K*(892)T K~ ]pnt) = —0.05 & 0.05
[K*(892)~ K*T]pnt) = —0.012 + 0.030
Dep(+1)K+) = 0.170 £ 0.033 (S =1.2)
DK*) = —0.52 £ 0.15
Drt) =0.14 £ 0.06
[K—nt]pKTa~7t) = -0334+0.35
[K=at]prTa~at) = —0.01 + 0.09
Dep(—1)K*) = —0.10 + 0.07
[KtK-1pKt 7~ 7t) = —0.04 + 0.06
[at77|pKTa~7t) = —0.05 + 0.10
[K-at]pKta~7t) = 0.013 + 0.023
[KTK-]prtr—nt) = —0.019 + 0.015
[at 77 |prta~at) = —0.013 £ 0.019
[K=7T]prta~nt) = —0.002 + 0.011
D*07t) = —0.014 + 0.015
(D*CP(H))%#) = —0.02 +0.05
(D*Cp(fl))oﬁ) = —0.09 + 0.05
D*OK*) = —0.07 + 0.04

ry(BT — DOKT) = 01141002 (5= 12)

0.040

5Bt — DUOK*) = (310722)° (S =1.3)

Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(B*
Acp(BT
Acp(BT
Acp(B*
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(B*
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(B*
Acp(BT
Acp(BT
Acp(B*
Acp(BT
Acp(BT
Acp(B*
Acp(BT
Acp(BT
Acp(BT
Acp(BT

I e e e e

D&pi1)KT) = —012+0.08

D¢ p_1yKT) =007 £0.10
Dep(41)K*(892)T) = 0.09 + 0.14
Dep(—1)K*(892)T) = —0.23 + 0.22
Df¢)=00+04

D*+D*0) = —0.15 £ 0.11
D*tD% = —0.06 + 0.13

D+D*%) = 0.13 £ 0.18

D*D%) = —0.03 + 0.07

K%7+) = —0.017 £ 0.016

K+70) = 0.037 + 0.021

7 KT) = 0.004 + 0.011

7 K*(892)T) = —0.26 + 0.27

7' K35(1430)*) = 0.06 = 0.20

7' K5(1430)1) = 0.15 £ 0.13
nK+) = —0.37 + 0.08
nK*(892)T) = 0.02 + 0.06
nK§(1430)F) = 0.05 £ 0.13
nK3(1430)") = —0.45 + 0.30
wKt) = —0.02 + 0.04

wK*+) =029 +£0.35

w(Km)pt) = —0.10 £ 0.09
wK3(1430)1) = 0.14 £ 0.15
KOrt) = —0.04+£0.09 (S=21)
K*(892)* 7%) = —0.06 + 0.24
Ktx—at) = 0.027 + 0.008

K* K~ KT nonresonant) = 0.06 & 0.05
(980)° K*) = —0.08 + 0.09
£(1270)K+) = —0.68F 13
f(1500) KT) = 0.28 + 0.30
£4(1525)0 K*) = —0.08 750
PPK+) =037 +0.10
K(1430)°7F) = 0.055 + 0.033
K3(1430)°7+) = 0.057 032
K+x070) = —0.06 & 0.07

KOpt) = —0.12 + 0.17

K**nt77) = 0.07 + 0.08

PP K*(892)1) = 0.31 + 0.13
K*(892)* £,(980)) = —0.15 + 0.12
af K% =012+ 0.11

bf K% = —0.03 £ 0.15
K*(892)0pT) = —0.01 + 0.16
BYKT) = —0.46 + 0.20

KOK+) = 0.04 +0.14
KIK*)=-021+£0.14

KT K2 K2) = 0.0475:52
KtK—at) = —0.118 4+ 0.022
Kt K~ K*) = —0.033 + 0.008
#KT) =0.024 +£0.028 (S =2.3)
Xo(1550)Kt) = —0.04 + 0.07
K*t Kt K~) = 0.11 + 0.09
$K*(892)1) = —0.01 + 0.08
d(Km)gT) =0.04 £0.16
#K1(1270)1) = 0.15 + 0.20
$K3(1430)%) = —0.23 £ 0.20
K*¢¢) = —0.10 + 0.08

K¢ ¢l,,) = 0.09 £ 0.10
K*(892) ) = 0.018 + 0.029
nKt4) = —0.12 £ 0.07

pKty) = -013+0.11 (S=1.1)
pTy)=-0.11+£033

7t 70) = 0.03 + 0.04

ata—at) = 0.057 £ 0.013
POrt) = 0.181’8:(1)3

f,(1270)7t) = 0.41 £ 0.30
p0(1450)7F) = —0.1 04
H(1370)7t) = 0.72 + 0.22

7t~ xT nonresonant) = —0.14 323
pta0) =0.02+0.11

ptp%) = —0.05 + 0.05

wnt) = —0.04 £+ 0.06

wpt) = —0.20 £ 0.09

nrt) = —0.14 +£0.07 (S=14)
npt) =0.11 +0.11

n'7t) =0.06 +£0.16

7 pt) =026+ 0.17

bYnt) = 0.05 + 0.16

pprT) = 0.00 + 0.04

pPKt) =0.00+£0.04 (S=22)
pPK*(892)t) = 0.21 £ 0.16 (S = 1.4)
pAy) = 0.17 £ 0.17

pAz%) = 0.01 + 0.17

K*tete—) = —0.02 +0.08

Ktete ) =014 £0.14
K*ptp™) =0.011 + 0.017
atptpT) =-0.1140.12
K*T et ™) = —0.09 +0.14
K*ete™) = —0.14 + 0.23

— K*utpu~)=-01240.24

DO K(#)+) = (70 + 9)°
DK*n~xt, Datr—at) = (74 + 20)°

N e T e
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B~ modes are charge conjugates of the modes below. Modes which do not D, D*, or Dg modes
iden.tify the charge state of the B are listed in the Bi/B0 ADMIXTURE 50 at ( 480 + 0.15 ) x 103 2308
section. Depis1ymt [uwa] ( 219 + 0.24 ) x 103 -
_ + -3 _
The branching fractions listed below assume 50% B9 BO and 50% B+ B~ DCP( nT fows] (21 £ 04 )x10
production at the 7°(4S). We have attempted to bring older measurements DO p (134 £ 018 )% 2237
up to date by rescaling their assumed 7°(4S) production ratio to 50:50 DOK+ ( 369 + 017 )x 104 2281
and their assumed D, D, D*, and 1 branching ratios to current values DCP 1 K+ [usu] (191 %+ 0.14 ) x 10—4 _
whenever this would affect our averages and best limits significantly. (+1) + 4
DCP(—l) K [uv] ( 1.99 £ 0.19 ) x 10~ -
Indentation is used to indicate a subchannel of a previous reaction. All -+ + —7 —ano, _
resonant subchannels have been corrected for resonance branching frac- [K+ ﬂ;]D K+ bwl< 28 x 1075 CL7900A;
tions to the final state so the sum of the subchannel branching fractions [KTm ]DOK [wv] < 1.8 x 1072 CL=90% -
can exceed that of the final state. [K—nt 7T0]D K+ seen -
+ o + _
For inclusive branching fractions, e.g., B — Dianything, the values [K7 7T+ 7T+]D7K + seen
usually are multiplicities, not branching fractions. They can be greater [KrTatn~]pK seen -
than one. [Ktr—ata~]pKT seen -
[K—7t]pnt [wv] ( 63 + 11 )x10°7 -
Scale factor/ p [KTa~]pnt ( 1.68 + 031 )x 1074 -
Bt DECAY MODES Fraction (I';/T) Confidence level (MeV/c) [K~ at 7TO]D7T+ seen _
. . . Ktn m0]pnt seen -
Semileptonic and leptonic modes [K* N +]D_ "
-+ . ) B [K=atatn"]pm seen -
vpanything [tet]  ( 10.99 + 0.28 ) % o4 +
ki . B [KTa—ata"]pm seen -
et e Xc (108 + 04 )% [nta x0lp K- ( 46 +09 )x1076 -
D ¢* vyanything (98 +£07 )% - 04 00 L : :
70 )+ ) [KeKTn~IpK seen -
D Ty [eer] (227 £ 011 )% 2310 8 k=t K+
DO7ty, (77 +25 )x10-3 1911 [Ks L ]+D o seen -
D*(2007)° £+ v [ttt] (569 + 0.19 )% 2258 [oK (7891) K+]DK seen -
D*(2007)0 7+ ( 188 £ 020 )% 1839 [KsK™m ]+D7T . seen -
N _
D= mt ity B ( 42 + 05 )x10-3 2306 [OK (892)" K~ ]pm seen -
D (2420)° ¢+ vy, D0 — (25 £05 )x1073 - [K¢Ktn~]pnt seen -
D~ xt+ [K*(892)~ Kt]pnt seen -
D3(2460)° ¢+ vy, D30 — ( 153 + 016 )x 103 2065 DY K*(892)* ( 53 + 04 )x1074 2213
i T —4 _
D~ rnt Dop(—1)K*(892) [uwu] ( 27 + 08 )x10
D(*)nﬂfi'uf(n > 1) (1 1.87 + 026 )% 5 - Dep41) K*(892)F o] ( 58 + 1.1 )x107% -
*— — —
D*”nT ¢ Vg . — (61 £ 06 )x10 . 2254 DOK+atn ( 54 +22 )xi0-% 2037
D1 (2420)°¢* vy, DY — ( 3.03 £ 0.20 ) x 10— 2084 DO K+KO ( 55 + 16 )x10-4 2189
D DO K+ K*(892)° 4
— 04 =10 _3 _ D (892) (75 + 17 )x10 2072
Dl(;i"’o)f ve DY = (27 £06 )x10 Dort ot o~ ( 57 +22 )x103  s=36 2289
=BT DO 7+ 7+ 7~ nonresonant 5 +4 10-3 2289
D§(2460)°é+w, ( 101 + 024 )x1073  S=2.0 2065 70774_7r T ( )% _3
0 o D (42 +£30 )x10 2208
5 by" — D DY a;(1260)* (4 +4 )x103 2123
D gr*vr*l*ug (16 +04 )x1073 2301 DOt ( 41 + 09 )x10-3 2206
(*)P* ata= ity (8 +5 )x104 2248 D*(2010)~ ntnt ( 135 + 022 )x1073 2247
DT Kt ity (61 £10 )x1074 - D1(2420)°7*, D? — ( 53 +23 )x1074 2081
Dy Kttty (30 14 )x104 2242 - g*(2010)* ,
_ - 1. . 10~ 22
DI KTty (29 +19 )x104 2185 T (107 &+ 005)x o 99
0 ,j_ 5 D~KTr (77 £ 05 )x10 2260
ayany ( 7.80 + 027 )x 10 2638 D¥(2400)0 K+, D20 ( 61 +24 )x10-8 "
nltu, ( 38 06 )x1072 2611 A '
/ot _5 nt
AR (23 £08 )x10 2553 D*(2760)° K+, D0 — (36 +12 )x10~4 -
wlty, [ttf] (119 + 0.09 ) x 10~4 2582 1 Dt 1
p°E+ vy [tte] ( 158 + 0.11 )x10~4 2583 D§(2460)0 KT, DEO _ ( 232 + 023 )x1073 _
pBLT Yy (58 T 28 )x106 2467 P ot .
pput Y, < 85 x10~6 CL=90% 2446 bk, < 29 x 107 CL=00% 2278
L + a0 6 Dt K* < 18 x 1076 CL=90% 2211
ppetre (82 T 33 )x10" 2467 D+ K*0 < 14 x10~6 CL=90% 2211
et e < 98 x10~7 CL=90% 2640 _(2007)°7r+ ( 518 + 0.26 )x 1073 2256
whoy, < 10 x10~6 CL=90% 2639 DCP(+1) Ppox] (29 + 07 )x1073 -
TI 1z ( 1.09 + 0.24 ) x 107: S=1.2 2341 DCP( 1) at [xxx] ( 2.6 + 1.0 )x 103 -
/ — — 0,
¢ Ve < Zi Xiﬁ—ﬁ Et:zg;’ 2222 D*(2007)0 wrt (45 + 12 )x1073 2149
E+Vej < 3'4 X1076 CL:90‘; 5639 Q (2007)0 p+ (98 + 17 )x1073 2181
KoV < % x - D* (2007)0 K+ ( 420 + 034 )x107% 2227
o Inclusive modes DCP(+1) ox] (28 + 04 )x1074 -
%0§ (86 £07 )% - DY, " K+ o] (231 + 0.33 ) x 10~4 -
79 + 4 % -
4 ( )00 D* (2007)0 K*(892)* (81 + 14 )x1074 2156
D™ X (25 £05 )% - - _
D- X (09 +12 )% D*(2007)° KT K? < 1.06 x1073 CL=90% 2132
X . b - e
N C 14 D*(2007)° KT K*(892)° (15 + 04 )x1073 2009
R 0, - -
Dy x (79 Ty3 )% D*(2007)% 7t 7t 7~ ( 103 £012)% 2236
D 0 +
D, X ( 110+ 040 )0 - _ D (20007) a1 (1260) (19 £05 )% 2063
: D*(2007)° 7~ 7t atx (18 +04 )% 2219
AEX (21 £32 )% - D*93nt 27~ ( 57 +12 )x1073 2196
- D*(2010)* 70 < 36 x 106 2255
Ao X (28 T g5 )% - 00 6
c : D*(2010)* K < 9.0 x 1070 CL=90% 2225
cX (97 £4 )% - D*(2010)" atat a0 (15 +07 )% 2235
cX (234 T22 )9 - %25010)* atatatn (26 + 04 )x 10*2 2217
— ™ [yyy] ( 59 £ 13 )x10~ -
c/ctX 120 + 6 % - =
/ ( )% D} (2420)% 7+ (15 +06 )x1073 s=13 2082
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Dy (2420)0 7
DOrta)
D;(2420)% 7+ x B(DY —
DOzt 7~ (nonresonant))
D3(2462)0nF
x B(D3(2462)° — D~ x+)
D3(2462)° 7+ xB(D3? —
DOr— t)
D3(2462)° 1+ xB(D30 —
DOz~ xt (nonresonant))
D3(2462)% 7+ xB(D30 —
D*(2010)~ 7 T)
Dj(2400)0 7+
% B(Dp(2400)° — D~ xT)
D (2421)0 7+
x B(D1(2421)° — D*xt)
D5(2462)0 7+
 x B(D3(2462)° — D*~xt)
D} (2427)07+
x B(D;(2427)% — D*~x¥)
D1(2420)% 7+ xB(DY —
DOt
D;(2420)0 p*
Dj3(2460)0 7+
D3(2460)0 7+ xB(D30 —
DOgt g
D3(2460)0 p*
D'pf
D3(2317)* DO,
D;’ 70
Dso(2317)T D0 x
B(Dso(2317)t — Dity)

X B(B? nd

o+
DsO -

Dso(2317)t D*(2007)° x
B(Dso(2317)* — D7 x0)
D, ;(2457)t DO
D, ;(2457)t DO x
B(D;s(2457)" — D{ )
s J(2457)+ DO x
B(D;(2457)*
D;r 71'*71' )
D, ;(2457)t DO x
B(Ds(2457)* — DY x0)
s,(2457)+ DO x
B(Dy,(2457)F — Dit+)
A ,(2457)+ D*(2007)°
D, ;(2457)1 D*(2007)° x
B(D,,(2457)" — Df )

DO Dg;(2536)F x
B(Ds;(2536)T —
D*(2007)0 K+ +
D*(201o)+ K%)

DO D4, (2536) x
B(Ds;(2536) T —
D*(2007)° K+)

D*(2007)° Dy (2536) T x
B(Dg; (2536)1 —
D*(2007)° K+)

DO Dg; (2536)F x
B(Ds;(2536)™

DO D, ;(2700)*
B(D,7(2700)t — DOK)

D*0Dg;(2536)F, DY —

D*+ KO

DOD,,(2573)*, DY, —
DOK+

D*9D,;(2573), D, —
DOK*

D*(2007)° Dy ;(2573), DY, —
DOK+

DOpit

D*(2007)° D}

D*(2007)° D+

— D*t KO)

2.5

2.3

3.5

2.3

2.2

6.4

6.8

5.0

1.4
1.3
2.2

4.7
9.0

7.9

7.6

3.1

4.6

2.2

2.7

9.8

1.20
1.4

4.0

2.2

55

2.3

5.6

3.9

5

+ 1.0

+ 0.4

+ 15

I+ 1+
=T
—=w Lo

+15

yx 104
)yx 1074
) x 10~4
) x 104
x 1074
)y x 1074
)y x 104
) x 104
) x 104
)x 104
x 1070
x 1073
x 1073
x 1075

x 1073
)x 1073

yx 1074
x 1074
) x 104

)yx 1073

yx 1074

x 1074

x10~4
x10~4

) %
) x 1073

)yx 1074

)x 1074

) x 10~4

)y x 1074
)yx 1074
)yx 104
) x 1076

x 1074

x10~4

76 + 1.6 )x1073
82 + 1.7 )x1073
171 + 024 )%

5S=4.0

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

2082

2082

2128

2082

1996

2063

2063

1977
1815

1605

1605

1511

1447

1447

1339

1447

1339

1306

1306

1734
1737
1651

D( )+ D**O

D*(2007)° D*(2010)*

D° D*(2010)* +
D*(2007)° Dt

DO D*(2010)t

DDt

DODt KO

D+ D*(2007)°

D*(2007)° Dt KO

DO D*(2010)+ KO

D*(2007)° D*(2010)+ KO

DODOK*

D*(2007)° DO K+

DO D*(2007)° K+

D*(2007)° D*(2007)0 K+

D~ Dt

D~ D*(2010)+ K+

D*(2010)~ Dt K+

D*(2010)~ D*(2010)T K+

(D+D*)(D+D*)K

Dg’ 70

D+ a1(1260)°
D;+ a1(1260)°
Do

D:+ 0]

DI KO

D:+ 70

DY K*(892)°
Dj K*O

DT K*(892)°
Dy T Kt

sz T Kt

Dy 7t K*(892)*
Dy~ xt K*(892)F
Dy KTK*

Di” KT K+

Charmonium modes

T[CK+
neK*, ne — KIKTat
ne K*(892)™
neKtrtn~
ne KT w(782)
neKtn
nCK+7r0
ne(2S)K+
715(25)K+. ne — PP
"76(25)K+- Ne —
0 inﬂ.i
he(LP)KT, he — J/ypntr
X(3730)° K+, X0 — nn
X(3730)° K+, X0 — p.70
X(3872)K+
X(3872)K+, X — pp
X(3872)K+, X —
J/pmt o™
X(3872)K+, X —
X(3872) K+, X —
X(3872)K+, X —
J/(1S)n
X(3872) KT, X —
X(3872)K+, X —
X(3872)K*T, X —
X(
X(

/vy

DODO
Dt D~

DODO 70

3872) K+, X — D*0p0
3872)0kt+, X0 —

e ata~

74’)(25) Y

(

(
<

P e e T T T e N N NN

AN NN NN AN AN ANA

NN AN AN NN

—_~ o~

A

<

(

<

(
(

(

AN NN A

—~

A

AN NN NA -

—~ o~

2.7
8.1
1.30

3.9
3.8
1.55
6.3
2.1
3.8
9.2
1.45
2.26
6.3
1.12
2.2
6.3
6.0
1.32
4.05

1.80
1.45
5

7
9.7
15

9.6
2.7

1.0

3.9
53
2.2
6.2
3.4
1.06

3.4

3.4
4.6
5.7
3.2
1.7
8.6

2.1
4
7.7

6.0
4.0
1.0

8.5
3.0

HoH B OH B H B OH B R B R BB H O

+

+
+

+

1.2
1.7

0.5
0.4
0.21
1.7
0.5
0.4
1.2
0.33
0.23
0.5
0.13
0.7
1.1
1.3
0.18
0.30
0.5

o
NN

0.22
0.24

21

1.1
0.6

0.5
0.4

1.8

=N
ow

0.8

0.4

2.6

) %
)yx10~4
%

yx 1074

yx 1074

)yx 1073

yx 1074

) x 1073

) x 10-3

) x 1073

)yx 1073

) x 1073

) x 1073

) %

)x 1074

)y x 104

) x 104

) x 1073

) %

) x 1075
x 10~4
x 1074
x 1074
x 10~4
x 1074
x10~4
x 104
x10~3
x 1073

) x 1076
x 1075
x 10~4
x 1074
x 1076
x 1076
x 1074

) x 1074

) x 104
x10~3
x 1073

) x 1076
x 1075

yx 104
) x 1075
) x 1073
x 1074
x 10~4
x 104
x 1075
yx 1074
x10~7
) x 1076

x 100
x 1075
x10~6
x 1074
x10~8
) x 106

) x 106
)x 1076
x 1076

x 1075
x 1075
yx 104

)x 1075
x 1075

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%

CL=95%

CL=90%
CL=90%
CL=90%
CL=90%
CL=95%

S=1.1
S=25
CL=90%

CL=90%

CL=90%

S=1.4
CL=90%

1713
1792

1792
1866
1571
1791
1475
1476
1362
1577
1481
1481
1368
1571
1475
1475
1363

2270
2215
2235
2178
2197
2138
2195
2136
2079
2015

2141

2079
2242
2185
2172
2172
2112
2222
2164
2138
2076
2149
2088

1751

1646

1684
1476
1588
1723
1319

1401

1141

1141

1141
1141
1141

1141
1141
1141

1141
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X(3872)° K+, X0 —
ncw(782)

, X0 —

, X0 —

, X0 —

, X0 —

X0

Nen
Ne™
Nen
Nem

, X0
7/C7T+7r

X (3872) K*(892)F, X —
I/

x(3872)K*(892)+, X —
¥(25)7

X(3872)t KO, X+ —
J/p(1S)nt 70

X(3872)KO0nt, X —
J/p(AS)r T~
)

X(4430)t KO, Xt — J/yrt

X(4430)t KO, Xt —
P(2S) 7T
X(4260)0 K+, X0 -
J/prtw
X(3915)K+, X — J/yy
X(3930)° K+, X0 — J/ipy
JPp(AS)KT
JPpQAS)KT 7t r~
J/Y(AS)KT K= KT
X(3915)K+, X — pp
J/¥(1S)K*(892)T
J/p(1S) K (1270)+
J/1p(1S) K (1400)+
J/(1S)nK+
chodd(3872) K+’
xc—odd _, J/wn
Y(4L60) KT, & — J/yn
J/p(S)n K+
J/(1S)o KT
X(4140) K+, X —
J/¥(15)¢é
X(4218) K+, X —
J/w(lS)o
1S)wkK*

+

7% nonresonant

+
21(1260)

1[)(25) K+
$(25) K*(892)*
Pp(S)Ktnt
P(3770) K+
Y(3770) K+, — DODO
P(3770) K+, — DY D~
$(4040) K+
P(4160) K+
Y(4160) KT, o — DODO
Xco™t, Xco — whaT
XCO(IP) K*
Xco K*(892)F
Xc277+v Xc2 — ntn
X2 K
Xc2 K*(892)F
Xcl(lp)ﬂ'Jr
XCI(IP) K+
Xc1(1P)K*(892)F
he(1P) K+
he(1P)K*, h. — pp

[zzz]

A ANANANAY A

A

N

6.9

33

1.8

3.9

1.2

4.7

1.6

4.8

2.8

6.1

x 1075
x 1075
x 1075
x 107
x 1072
x 1075
x 1072
x 10~

x 1075

x 1076

1.06 + 0.31 ) x 1075

1.5
4.7

2.9

1.4
2.5

1.026 +

8.1
3.37
7.1
1.43
1.8

1.24
3.8

7.4

8.8

5.0
10

3.20
6.0
3.0

4.1
5.0
7.3
1.2
5.0
1.18
1.1
1.2
2.5
2.44
6.26
6.7
4.3
4.9
15
9.4
13
5.1

1.50
2.1

1.1
1.2
2.2
4.79
3.0
3.8
6.4

+
+

+
+

+

H

HoH o+ T+

+

+

- 0.14

x 1075
x 1075

x 1075

x 1075
x 1076
0.031) x 103
13 )x1074
0.29 ) x 105
x 1078
0.08 ) x 103
05 )x1073
x 1074
0.14 ) x 1074
x 1070

x 106
x 1073
04 )x107°
4 )x1076

x 10~

0.60
0.32

22 )x1076

0.9
0.7

04 )x107°
08 )x107°
x 1076
x 1073
x10~7
0.31 ) x 1075
x 1073
x 1074
x 1075
0.30 ) x 1072
0.24 ) x 1074
14 )x1074
05 )x10~4
13 )x1074
05 )x1074
35 )x107°
x 1074
27 )x1074
5 )x107°
x10~7

)yx 1074

) x 1075

0.15 ) x 10—4

x 1074
x 1077
04 )x107°
x10~4
05 )x107°
0.23 ) x 1074
0.6 )x1074
x 1075
x 108

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%

CL=90%

CL=95%
CL=95%

CL=95%

CL=90%
CL=90%

S=2.5

CL=95%

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

5$=2.6
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

S=1.3

S=1.4

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

S=1.1

CL=90%
CL=95%

939

939

1684
1612
1252

1571
1390
1308
1510

1273
1227

1388
1141
1103

1728
1611
1717
1415
643
567

871

665
1347
1284
1116
1179
1218
1218
1218
1003

868

1531
1478

1341
1437
1379
1228
1468
1412
1265
1401

K or K* modes

KOnt

Kta0

0Kt

7 K*(892)*
7 K§(1430)*
7 K3(1430)*
nK+t
nK*(892)*
nK§(1430)"
nK3(1430)*"

n(1295) KT x B(n(1295) —
nmwm)
n(1405) Kt x B(n(1405) —
nmwm)
n(1405) KT x B(n(1405) —
K*K)
n(1475) KT x B(n(1475) —
K*K)
f(1285) K+
f,(1420) Kt x B(f;(1420) —
nmwm)
£ (1420) Kt x B(f,(1420) —
K*K)
#(1680) K+ x B(4(1680) —
K*K)
f(1500) K+
wK*
wK*(892)*
w(K7r)’6+
wK3(1430)*
wK3(1430)F
20(980) " K9 xB(ap(980)T —
n7T)
a0(980)0 KT xB(ap(980)°
n70)
K*(892)0 7t
K*(892)* 70
Ktn—rt
K* 7~ 7t nonresonant
w(782) K+
K+ £,(980) x B(f3(980) —
atr7)
f(1270)° K+
f,(1370)° K+ x
B(f(1370)° — ata)
p0(1450) KT x
B(p%(1450) — 7t77)
5(1525) K+ x
B(f5(1525) —
K+ pO
K(1430)0 7t

ata7)

K*(1410)0 7t
K*(1680)°
Kt 070
£(980) K+ x B(fy — n%x0)
K atrt
K~ 7t 7+ nonresonant
K1(1270)0 7t
K1(1400)0 7t
KOrt 70
KO/I+
K*(892) T nt o~
K*(892)F p°
K*(892)* £5(980)
a KO
b;r KO x B(b;r — wrT)
K*(892)0 pt
K1(1400)* p0
K35(1430)F p°
By K+ x B(b) — wn0)
b K0 x B(bf — wn™)

)
K3(1430)0 7+

)

)

A

AN ANNA

(
(

(
(
(
(
(
(
(
(
(

~ o~ o~ o~~~

—~—

~ e~~~ o~~~

2.37
1.29
7.06
4.8

5.2
2.8
2.4
1.93
1.8
9.1

2.9

1.3

1.2

1.38

2.0
2.9

4.1

3.4

3.7
6.5
7.4
2.8
2.4
2.1
3.9

2.5

1.01
8.2
5.10

1.63

9.4

1.07
1.07

1.17

3.4

3.7
4.5

5.6

4.5
1.2
1.62
2.8
9.5
5.6
4.0
3.9
6.6
8.0
7.5
4.6
4.2
35
9.6
9.2
7.8
15
9.1
5.9

I+ H W OB H W R L B R H

[ T S

H

I+

|+

HoH W H B HH

0.08
0.05
0.25

1.8
1.6

21
0.5
0.4
0.16
0.4
3.0

0.8
0.7

0.21
0.18

2.2
0.4

0.4
0.5
0.4

=N 0o o
o No O

0.19
0.8

1.5
1.0
11
0.7
0.7
1.9
15

2.0

)x 1075
)x 1075
)x 1075
)x 10~
) x 1076
) x 1073
) x 106
)x 1075
) x 1075
) x 1076

) x 10~
x 106

x 100
)x 1075

x 1076
x 1076

x 106
x 1076

)x 1076
)x 1076

x 1076
) x 1075
)x 1075
)x 1075

x 106

x 100

) x 10-°
) x 10—6
) x 1073
) x 1075
)x 1076
) x 106

) x 10—6
x 1075

x 1075

x 1076

) x 1076
)x 1075

) % 10-6
x 1075
x 1075

) x 1072

)x 1076
x 107
x 1075
x 1075
x 1075
x 1075

) x 10—6

) x 1075

)x 1076

) x 1076

) x 1075

) x 10—6

) x 1076
x10~4
x 1073

)x 1076
x 1076

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

S=1.5

CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

CL=90%

2614
2615
2528

2472

2346
2588
2534

2414

2455

2425

2425

2406

2458
2420

2420

2344

2398
2558
2503

2380

2562
2563
2609

2609
2558
2522

2392

2559
2445

2445

2448
2358
2610
2522
2609
2609
2484
2451
2609
2558
2557
2504
2466

2504
2388
2381
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b9 K*+ 0 0
eIt x B(b) — wm) < 67 © 106 CL=90%
Al N - + ot
RO K+ 0 (131 + 017 )x1076  Ss=12 2503 7w nonresonant (53 * 15 ) x 106
K+t Kg Kg < 24 x 105 CL=90% 2578 7t 7070 < 89 - 2630
( 1.08 £ 0.06 )x 1073 + 70 : x 1074 CL=90"
£(9 + 0 x 10 2521 prm % 2631
0(980) K™, fo — KSK§ ( 147 £ 033 )x1075 _ ataat 70 (109 £ 014)x107° 2581
H(TI0) KT, f5 — KK (ag T 40 )10 ptp? <( :'20 . “072 CL=90% 2622
K+ KO KO - 26 - + £ _ - 0.19 ) x 10~
KOS 0 F5+K5 nonresonant (20 + 04 )x107> 2521 21(102(208)02'”0)‘0 — 7trx < 20 %106 CL—90% ;izz
S
K¥ K= nt < o X107 CL=90% 2577 2(1260)0 7+ E 20+ 07 ) x 105 s
— . — 0 .0 =+ 06 10—5
K+ + ( 50 +07 )x107© wT ) x 2494
K~ @ nonresonant < 75 5 2578 4 (69 +05 )x1076
K+ K*(892)0 x 10 CL=90% 2578 wp ) 2580
K+ K(1430)° < M x10~6 CL—90% 2540 nrt (1159 = 021)x 1072 2522
K+ K+ 727 < 22 % 10-6 CL=00% 2421 npt E 4.02 + 027 ) x 107 2609
_ ! 7.0 + 29 -6 _
K+ K+ == nonresonant z ;39 x 10 ; CL=90% 2578 ",ﬂi ( 27 +09 §:g—6 2_2'8 2083
! + : 1075 CL=90 7'p ' : =19 2551
Kz*(iff)K}i (18 +£05 )x107° sz?/: ii;g prt ( 97 +22 )x1078 2492
< 118 -5 . + < 15 x10~7 CL=90%
K*(892)F K* 0 x1075 CL=90% 2 P b 2539
K*+;(<+7r)f K*(892) (91 +29 )x10~7 ’ 2i§: 20(980)° 7+, 20 — O i zg X106 CL=90% 2480
K+ K- K+ < 61 %106 CL=90% 2524 a0(980)* 70, aa- = gt : x 1076 CL=90% _
Kt o ( 340 £ 014 )x10~5  S=1.4 2523 atat et e < 14 % 10-6 CL=00% B
' < 86 4
(88 TO7 )y, 1076 20 ap(1260)t x107% CL=90% 2608
Y3 S=1.1 251 -
fo(983)K+x B(f,(980) — (94 + 32 )x10-6 ¢ o ay(1320)+ z 62 x10=4 CL=90% 2433
KT K™) : 2522 Bt b — wr 7.2 x 1074 CL=90% 2410
32(1320) Kt x bt 0 }r (67 £20 )x 106
B < x10=6 CL=909 P by = wrt < 3 -
(a2(1320) — K+ K™) =90% 2449 ottt a0 3 x 1076 CL=90% _
XO(é?;O)(ﬁ;S " (43 +07 )x107© bl+ 0, bl+ — wnt i 6.3 x1073 CL=90% 2592
0 — KTK™) B 2(1260)* 0 > x1070 cL=oo% -
#(1680) K+ x B(a(1 0 1(1260)™ 21 (1260) < 13 0
K+ K-) (6(1680) — < 8 x10~7 CL=90% 2344 BYet, b — wr < 33 Alo o oo 2336
. x107° CL=90% —
R (1710) K+ x B(f; 6
0(1710 — . .
K+t K™) ) (11 +06 )x10° 2330 Charged particle (h*) modes
e nE = kT or ot
KT K~ KT nonresonant ( 238 T 028y, 105 o or
K*(892)* K+ K~ ~ 050 2523 m (16 +07 .
K*(892)* ¢ (36 + 05 )x1075 o6 ont Zoe )x10 2636
100 + 20 -6 g + 0.27 _
Kr)+ ( ) x 10 S=1.7 2460 (1382 1075
¢( )0 (83 + 16 )x107© h+X°(Fami|on) 024 ) 2580
oKy (1270)F (61 +19 )x10-6 - < 49 «10-5 CL=90% -
¢ Ky (1400)T : : x 107 237
¢K1"((1410))+ < 32 x 1076 CL=90% 233: pprt Baryon modes
P KE(1430)F ) ;'3 x 1076 CL=90% - pprt nonresonant ( 162 + 0.20 ) x 1078 2439
@ K3(1430)F (70 +16 )x107° - ppKT < %3 x1075 CL=90% 2439
P K3(1770)F (84 +21 )x10° 2333 o(1710)ttp, o+t (59 +05 )x10°6 s=15 2348
¢K5(1820;+ < 150 x 10-5 CL=90% pK* P 07T = sl <o X108 CL=90%
2 = - B -
< L . _
af K0 6 X105 CL=90% - f)(2220)K*, f; — pp  lagsal < 41 107
K+ 60 < 36 %106 CL=90% _ pA(1520) (31 - x 077 CL=90% 2135
Wl K+ (50 412 )x10-6 s=23 2306 pp K+ nonresonant ~ s 06 )x107 2322
woK* <2 x107% CL=90% 2338 ppK*(892)" ( 3.6 + 038 o o me
< 19 —6 ] — 6 T 98 yx10-®
+ ‘ x 10 CL=90Y 0.7 221
K*X(181£)K x B(X = wg) < 39 S o ¢ 79004 2374 fJ£2220)K*+, f, — pp - . 5
(892)+~ (am s on . L=90% - pA S x10~7 CL=90% 2059
Ky (1270)F ’ 18 ) x 10 2564 7 32 x 1077 CL=90% 2430
n (43 +13 )x10753 pAY 105
nK+y 2486 (24 S yx107©
e (79 +09 )x10° 2588 pAn? Lo 24%0
KTy ( 29 +10 _ = (30 T3 )x1w0-6
HKT 9 Lo )x1078 2528 pX(1385)° - 06 2402
Kt r=aty (27 +04 )x1076 s=12 2516 AtA i :; X 1077 CLos0 2362
( 276 + 022 )x 105 px : x 1077 CL=90% -
* 0 S=1.2 2609 =7 o
K*(892)%7F y (20 +97 )x10-5 R pArt <( ;‘Z x1076 Cl=00% 2413
ﬁiﬁoa/ . < 20 T L1055 ¢ %62 pAp° ( s i (1); ;X 10’2 2367
Tty : L=90% 255 : 9 )x10”
K°ﬂ+7r°;r 7 nonresonant < 92 X1076 CLo0% 2602 /\ZP:IZ(INO) (20 £08 )x10-° 2322
K1(1400)*~ ( ;"6 £ 05 )x1072 2609 AKF < o4 x10~7 CL=90% 2358
< 15 -5 _
K3(1430) (14 X1075 CL=90% 2453 AAK*+ (34 +06 )x107¢ 2251
K*(1680)" 4 +04 )x107° 2447 - (22 12 y,10-6
K5(1780)* ¢ < %1073 CL=90% 2360 A% - 2098
3 Y < 39 5 AttD < 138 x 1076 CL=90% 2
K% (2045)F ~ x 107> CL=90% 2341 P < 14 7 403
4 7 < 99 10-3 CL—90° Dt pp : x 1077 CL=90% 2403
x 1073 CL=00% 2244 -
N o < 15 ©10-5 CL=909
; D*(2010 CL=90% 1860
Light unflavored meson mod Zo T PP < 15 -5
pty s Dlpprt : x 107> CL=90% 1786
at a0 (98 +£25 )x1077 2583 D0 pprt ( 372 + 027 )x10~% 1786
atata~ (55 +£04 )x107® s=12 2636 D~ pprt o (373 & 032)x107* 1709
Pt ( 152 + 0.14 ) x 1073 2630 D*~ pprta ( 1.66 + 0.30 ) x 1074 1705
+ (83 + 12 )x107© 70H0 ( 1.86 + 0.25 ) x 104
7+ £(980), fy — wta )% 10 2581 pA D ) 1621
, < 15 x1076 CL=90% 2545 pA°D*(2007)° (143 + 032 )x1075 -
o (16 £87 )0 NPT o a0 can
p(1450)°7t, p0 — atr (14 T 06 6 A7 A(1232)++ (22 04 )x107% s=22 1980
f(1370)7F, fy — mta— 4 Sy )Xt 2434 A7 Ax (1600)+ < 19 % 10-5 CL—90% 1928
£(500) 7+, fy — Fﬂ:ﬁ < 40 % 10-6 CL—90% 2460 - Ay (2420) (46 +09 )x1075 _
< 41 %106 CL—90% - (ﬂC7 p)ert (37 +08 )x107% _
cPls [bbaa] ( 3.1 + 07 )x107° _
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T (2520°p
ij c(i800)0 D < 3
prt a0 %1076 CL=
ngfr‘*' ﬁ+ - (26 +09 )x107° CL=90% 1904
Zc_p +7T+7r (1.8 £ 06 )><10—3 —
cprTmT T 70 (22 +07 _ 1935 P
%?(/\Z KT < 134 ' );10 : 1880 P 17) = %(07)
Z(2455)°p ( 69 ’ CL=90% 1 +J, P need confirmati
T (2455)0 pr0 ( 2.9 i 22 )x1074 o1 predictions. ation. Quantum numbers shown
by : 07 _ - are .
fCE§455)gp7‘r* L (35 +11 ; iio_i 1938 Mass mgo = 5279.62 + 0.1 quark-model
T (2455)" prtat ( 35 + 0 18 Mpgo — Mps = 15Mev (S=1
Ac(2593)~ 1.0 )x10~% 96 Mean life = 0.31 £ 0.06 MeV 1)
=0 s+ i//\c(2j25)* ot (234 £ 020 _ 1845 n life 7 po = (1
= = P ) x 10~4 go = (1.520 £ 0
?g/‘i, Z¢ — THg- < 19 %104 1845 cr = 455.7 um .004) x 10712 g
= Ney = AK+ 71— ( 24 +09 )x10°5 CL=90% _ TB+/7—BO 1076+ 0004
2. S=1.4 0 . : direc
Lept?n| Family number (LF) or L (121 £09 )x107 515 1144 BO-B° mixing parameters t measurements)
violati r Le =15 1144
i zfatmg modes, or/and AB =m1:°:venumbe' (L) or Baryon numb Xd = 0.1875 + 0.0017
tetem 51 ) ak neutral current (B1) :o:r (8) Mgo = Mgy — mpge = (0.5
ot B1 < ;3 x10~8 CL790‘55 H BY .5096 + 0.0034) x 1012 7 51
+,7 E =90% 26 _ =
tuw B1 ( 179 % ©10-8 CL=90% 38 Xg = Ampgy/Tgo = 0.7 (3.354 + 0.022) x 1010
Kt ot B1 - 9'8 0.23 ) x 10~8 % 2638 Re(/\cp / }/\CB )R 775 + 0.006 MeV
Ktete™ B1 [tr] ( . ©10-5 CL—90% 2634 AT Re(z) = 7’5 e(z) = 0.01 £ 0.05
K+t BI 51+ 0.23) x 1077 o 2638 Re(z) = .007 £ 0.004
K+71/// H BI ( 55 + 07 )x1077 S=1.1 2617 Im )=(2+5)x 102
pT vy B1 (443 + 024 )x1077 2617 (2) = (~0.8 £ 0.4) x 1072
K* N s < 1.6 S=1.2 2612 CP violation
(892) ¢t e~ 1 < 213 x 105 CL=90% 2617 Re( parameters
B1 | x 104 €
K'(892) e™ e B [ttt] (101 & 011 )x1076 CL=90% 2583 AT 50)/—(1(J+‘EBO|2) =(-04+04)x103
K*(892)* ut p~ ! ( 155 T 040 S=1.1 2564 A / P(; .005 +0.018 ’ 10
K*(892 g H B1 T3 )X 10—6 cp(BY — D*(20 T
VAR ( 96 2564 An(BO 10)t D7) =
Kttt i o (o w0 a0 OB K Ko IR (892)0) & 020 4
4 I B1 4.0 «10-5 2560 AOP(BO (Kt D (892)0) — _02
KTt (44 +o04 CL=90% 2564 R+ _ (B0 [K+ 7~ ]p K*(892)%) = .20 £+ 0.15
- BI 4 )x1077 F=r(B" - [rtK-]pk*® = —0.03 4+ 0.04
et p (79 +21 2593 0.0 1o K*0) 0
ate ut LF T )xw® ~ 0.06 + 0.032 JT(BY = [r— K+]pK*
H < 64 2490 Ry =T(B° _ IpK*) =
atet T LF x 103 — [n" K*]pK*© B
ot et om L < 6.4 103 CL=90% 2637 0.06 + 0.032 D )/ T(B® — [x+K~
o+ 7T+ . < 17 07 CL=90% 2637 Acp(B® — [n+1— 1 K*0) =
er F < 74 x 1077 CL=90% Acp (B 7 1p K*(892)°) =
rtet L _ o 2637 P(B—'K"'— )¥) = —0.0
et Tt F < 20 % 10~5 CL=90% A 0 I ):_00 .09 + 0.22
At LE . < 10-5 6 2338 op(B® — 1/ K*(892)° .082 + 0.006
Tt i < 15 e CL=90% 2338 Acp(B® = 1 KE 2) 2]: —0.07 £0.18
e LF < 62 10-5 EL:‘?"O% 2338 Acp(BY — of KS‘J(1430)0) — 0194017
e e aoen e o
Kt om it L 2 105 CLooger 2333 Acp(B ) =019+
H < 91 CL=90% cP — nK*(14 0 0.05
KteE T LF : «10~8 6 2333 Acp(B° $(1430)°) = 0.06
" < 13 07° CL=90% 2 cp(B® — nK3(1430)° .06 +0.13
Ktetr— LF < o1 x10—7 CL:%; 615 ACP(BO ~ b ’?Er 430)%) = —0.07 + 0.19
K+te r+ LF : " 10-8 cLoo% 2615 A 0 1 K¥) = —0.07 + :
< CL=90¢ cp(B’ — y 0.12
Ktetr¥ LF 43 x10~5 90% 2615 A wK*0) =045 £
K+ i L < 15 . CL=90% 2312 cp(BY = w(Kn)0) - 0.25
Pt o < 30 2275 CL=90% 2312 Acp(B® — wK*(lgmg —0.07 £ 0.09
K+Mi‘r < 45 _ CL=90% 2312 ACP(BO — K+2 0 )¥) = -0.37 £ 0.17
pis ¥ LF < 28 %105 CL=90% 2298 Acp(BY — o= T )= (0 +6) x 10-2
K*Eggg)i et~ ti < 48 X 1072 CL=90% 2298 ACP(BO _ 2(12(50) =0.20 + 0.11
_ 10— e
K* Yremut < 13 B CL=90% 2298 Acp(B® — )7K )= 01040
(892)* et i LF - 99 % 10~6 CL=90% A 0 p(1700)~ K+) = 33
metet Lr < 1'4 x1077 CL:9oty0 2063 AOP(B — K*a=x%non - 044086
autpt L < 2’3 % 10-6 CL:%‘; 2563 CP(B:J) — KOnt o) :eSOnant) — 0.10 + 0.18
metpt L < 4. x 1078 C|_:9ooo 2003 Acp(B® — K*(892)* - oo 0%
petet L c o 9 o e Acp(B® — (Km)o* A7) = —022£0.06
pmptut L < 13 x 1077 CL;;O;) 2634 Acp(B® — (Kﬂ_)go:o ) = 0.09 £0.07
pet it L - %107 CL50% 2631 Acp(B® — K*0 % )=-0.15£0.11
K~ etet L < 4: x 107 CL:90$ 2583 Acp(B® — K*(;rcp) 0: ;0'15 £013
- . _ =90% 257 -
ﬁ—ﬂiﬂi i < 30 x 10 ; CL=90% 2582 Z\CP(BO N K*(892g0 :O)W ) =0.07 £ 0.05
e p < 4 x107° CL=90% CP(BO _, K*0 =-0.06£0
K* — L 1 _8 o 2617 fO 980)) = .09
K*Egg2)7 etet L < 16 i1077 CL=90% 2612 ACP(BO o, K 0(7) _)) 0.07 + 0.10
K* 2)"utpt < 40 1077 CL=90% 2615 Acp(B® — K*(892 > 0.21 + 0.15
(892)~ et put L < %107 CL=90% A (B 3 YK+ K™) =
D—etet 12 L 5.9 «10-7 ¢ 90% 2564 ACP( o — a) K+) — 016 0.01 £ 0.05
_ < 30 L=90% cp(B 0 =—-016£0.12
D~ et yt L 107 o 2560 s KOKOy = _
D~ Wy L < 2 -6 CL=90% 2563 Acp(BY — K*(89) 0,4 0.6 +0.7
HoHR < 1 x107° CL=90% A 0 2)0¢) = 0.0
D*= pt ot L B 8 ©10-6 Lo % 2309 ACP(B — K*(892)0 K- 2 0+ 0.04
— 6. =90 0 —
Doyt pt L < 22 x10~7 CL*95§ 207 Aopggo = ¢(Km)) = gl% + 8'2 =04
DOt ut L ' %10-6 C B o 03 CP — oK3(1 o .08
G L ab wraim Aor(®) ~ ofliiann) = ~o 010
20t LB 15 10-6 =95% 2267 Acp(BY — K3(143 8/) = —0.002 + 0.015
70+ < 6 B L=95% 2295 Acp(B° 2 0)°4) = —0.0
o LB %108 B CP — pta— .08+ 0.1
— < 3 CL=90% ptan7) =0 5
et LB 2 x 1078 ° Acp(BY — p~ 13+£0.06 (S
' < 6 08 cL=90% - g0 p-at) = —0.08 (S=11)
LB < 8 x10-8 CL=90% cp(BY — 31(1260)iﬁ' +0.08
%10-8 CL=90¢ - Acp(B® — by ot ) = —0.07 + 0.06
oo - Aop(®h — b)) 005010
A 0 ppK*(892)%) =0
CP(B N p/‘ﬂ_, - 05 +0.12
Acp(BY — K0 +) — 0.04 + 0.07
Acp(B° 7)) = —-0.05
op(BY = K0ete) = 05+ 0.10
= —0.21 £ 0.19
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Acp(B® - K*0putpu~) = —0.034 + 0.024

Cpp+ (B® — D*(2010)~DF) = —0.01 + 0.11

Sps-p+ (B® = D*(2010)~D+) = —0.72 +£ 0.15

Cpwt p- (B® — D*(2010)* D7) = 0.00 £ 0.13 (S = 1.3)
Spstp- (BY = D*(2010)* D~) = —0.73 + 0.14

Cpt pr (BY — D*FD*7) =0.01 £0.09 (S =1.6)
Sprtps- (B = D*+¥D*") = —059+£0.14 (S=18)
Cy (B — D**D*7) =0.00£0.10 (S =1.6)

S, (B — D**D*") = -073+0.09

C_ (B — D**D*7)=0.19 + 0.31

S_(BY— D**D*)=01+16 (S=3.5)

C (B — D*(2010)* D*(2010)~ K%) = 0.01 + 0.29

S(B® — D*(2010)* D*(2010)~ K°) =0.1+04

Cp+p- (B® > DYD7)=-046+021 (S=18)
Sp+p- (B = D*D~) = —0.997 317

€ p(15) 70 (B — J/9(1S)n%) = —0.13 £ 0.13

S1/9(15) w0 (B = J/9(1S)70) = —0.94 +£0.29 (S =1.9)
C(BY — J/¥(1S)p%) = —0.06 + 0.06

S(B® - J/(15)p ) = 0667018

_ 0 _
CD((,) (B — DY) h0) = —0.02 + 0.08
(*) 40
Spid, o (B - D&ph®) = —0.66 + 0.12

Croqo (BY — KO70) =0.00 £ 0.13 (S =1.4)
Sxoq0 (B® = K%7%) = 0.58 + 0.17

G,y (os8) KY (B — 1/(958)K) = —0.04 £0.20 (S = 2.5)
S, (958) kY (B® — 7/(958)K%) =043 £0.17 (S =15)

Cyio (B — 1/ K®) = —0.06 £ 0.04
Syxo (BY = 7/K®) = 063 + 0.06
cho (BY - wK%)=00+04 (S=3.0)
SuKS (B - wK%) =070+021
C(B°—>K° 70) =02405
S(BY— Kin w0)707¢o7
Copo (BY— pPK2)=—-0.04+0.20
s
0.17
S0 KY (B — p°K$) = 050" 53]
Cp ko (B® — 15(980)KY) =029 & 0.20
0ns
Sfng (B® — £(980)K%) = —0.50 + 0.16
S o (BY = £(1270)KY) = —05 4+ 05
2 Rs
¢, K2 (B = £(1270)0K%) = 0.3 £ 0.4
St K (B — £(1300)K%) = —02 405
C:;Kg (BY — £,(1300)K%) = 0.13 £+ 0.35
Syo 4~ (B® — K07+ 7~ nonresonant) = —0.01 £ 0.33
Cop+ o= (BY = KOzt~ nonresonant) = 0.01 & 0.26
Ch kg (BY - K%K%) =00+04 (S=14)
0 0 40y —
SK%K% (B d KSKS) = —08 :t 05
Coov k- KQ (B® — KT K~ K% nonresonant) = 0.06 & 0.08
Skt k- kY (B° - K+ K~ K nonresonant) = —0.66 £ 0.11
C K9 (B — K* K~ KY inclusive) = 0.01 & 0.09
SK+K_ KO (B® —» K*K~KY inclusive) = —0.65 + 0.12
KO (B — ¢K%) =0.01+0.14
K° (B — ¢K%) =059 +0.14
CKSKSKS(B — K_g KsKs) =-023+£0.14
Skoksks(BY — KsKsKs)=—05+06 (S=30)
CKgWOV(BO — K%7%y) =036 +£0.33
SK(;WOW(BO — K%n0y)=-08=+06
Cieo (B — K*(892)°) = —0.04 £ 0.16 (S =1.2)
Sk0, (B® - K*(892)%+) = —0.15 + 0.22
Cy ko, (B° = nK®7) = —03 £ 04
S, Ko (B = nK%y) =—-02+05
Cio gy (B - KO%~)=—-03+06
Skogy (BY = K09y) = 07197
CB® — K%py) = —0.05+£0.19

K+ K~

S(B® — K2p%y) =0.11+034
C(BY— p0y)=04+05
S(BY = p0%y)=-08+07
Con (BY = 7t7~) = —0.3140.05
Sen (B = 7ta™) = —0.67 + 0.06
Crop0(BY — 7070) = —0.43+£0.24
Cor (BY = pta™)=-003£007 (S=12)
Spr (B — pFa) =0.05 £ 0.07
AC,r (B® — ptn~) =027 £ 0.06
AS,. (B® — ptr~)=10.0140.08
Chon0 (BY = P79 =0.27 +£0.24
5,070 (BY - p07% = —0.234+0.34
Cayn (BY — 21(1260)t77) = —0.05 £ 0.11
Sam (BY = 21(1260)*77) = 02+ 04 (S=3.2)
ACy . (B® = 2(1260)*77) =043 £ 0.14 (S =1.3)
AS, (B — a1(1260)T 77) = —0.11 £ 0.12
C(B® — by K*) =—022+0.24
AC(B® — byat) = —1.04+024
CpopO (B - p%p%) =02+09
popo (B — p9p% =03+07
Cop (BY — pTp~) =000 0.09
Spp (BY — ptp7) = —0.14 £0.13
[A] (B — J/wK*(892)°) < 0.25, CL = 95%
cos 23 (B® — J/yK*(892)%) = 1.71078 (S =16)
cos 23 (B0 [KErta o b9 =1.0738 (S=18)

(Sy +S.)/2(B® — D*xt) = —0.039 £ 0.011
(S - s+)/2 (B® — D*—xt) = —0.009 + 0.015
(Sy +S.)/2(B® — D~ nt) = —0.046 + 0.023
(S_ — s+)/2 (B — D~ nt) =—0.022 + 0.021
(Sy +S.)/2 (B — D~ pt) = —0.024 + 0.032
(S_ — S+)/2 (B — D= pt)=-0.10=+0.06

G, K9 (B - ncK2) =0.08 £0.13
snch (B® - ncK2) =093 +0.17

Coexton (B® = cTKM0) = (0.5 £1.7) x 1072
sin(2ﬂ) = 0.679 + 0.020

Cy/u(ns) KO (BY — J/4(nS)K®) = (0.5 + 2.0) x 1072
S1/pns) ko (B° = J/%(nS)K®) = 0.676 + 0.021
Chpp k0 (B — J/1K*0) =0.03 + 0.10

51/ K0 (B — J/ihK*0) = 0.60 + 0.25
(B = xcoK2) =-03%03
S K (BY = XxcoK%) =-07405

chKo (B — xc1 K2) = 0.06 +0.07

xﬂK“ (B® = xc1 K%) =0.63£0.10
s.n(2ﬁeff)(B° — ¢K% =0.22+0.30
Sin(2Befr) (B® — ¢ K5(1430)°) = 0.97 593
Sin(2Be)(B® —» K+ K—K%) = 0774313
SiN(28efr) (B — [KEmtn=]p) ) =045 £ 0.28
28e(B® — J/yp) = (42f10)

[Al (B® = [K%atx= ]y h0) =1.01 £0.08
|sin(28 + )| > 0.40, CL = 90%

23+ v = (83 +60)°

v(B® — D°K*0) = (162 + 60)°

a = (93 + 5)°

C
Xco K%
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B modes are charge conjugates of the modes below. Reactions indicate
the weak decay vertex and do not include mixing. Modes which do not
identify the charge state of the B are listed in the BX /B9 ADMIXTURE
section.

The branching fractions listed below assume 50% BOB0 and 50% B+ B~
production at the 7°(4S). We have attempted to bring older measurements
up to date by rescaling their assumed 7°(4S) production ratio to 50:50
and their assumed D, Dy, D*, and 1 branching ratios to current values
whenever this would affect our averages and best limits significantly.

Indentation is used to indicate a subchannel of a previous reaction. All
resonant subchannels have been corrected for resonance branching frac-
tions to the final state so the sum of the subchannel branching fractions
can exceed that of the final state.

For inclusive branching fractions, e.g., B — Dianything, the values
usually are multiplicities, not branching fractions. They can be greater
than one.

Scale factor/ p

BY DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
(T yyanything [ttt]  ( 10.33+ 0.28) % -
etve Xe (101 + 04 )% -
D¢+ vpanything (192 +08)% -
D= tty, [ttt] (2194 0.12) % 2309
D-rtu, ( 1.03+ 022)% 1909
D*(2010)~ £t v, [ttf] ( 4.93+ 0.11) % 2257
D*(2010)~ 7T v, ( 178+ 0.17)% S=1.1 1837
DOn—tty, ( 43 +06)x1073 2308
D}(2400)" ¢t vy, D~ — (30 +12)x1073 s=18 -

DO~
D3(2460)~ £t vy, D3 — ( 1214+ 033)x 1073 S=1.8 2065

o 507r’
D®natty(n > 1) (23 +05)% -
DOr— ¢ty ( 49 £ 08 )x1073 2256
Dy (2420)~ ¢ty Dy — ( 2.80+ 0.28) x 1073 -

DOr—
D’ (2430)™ (T vy, D’f — (31 +09)x103 -

D*0r—
D3(2460)~ £t vy, D3 — ( 68+ 12)x1074 2065

D*0 7
D= rntrn(ty, (13 +05)x1073 2299
D*nta=tty, (1.4 + 05)x10-3 2247
p Ty, [ttt] ( 2.94% 0.21) x 1074 2583
Tttty [ttf] ( 1.45+ 0.05) x 10~4 2638
. < 25 x 1074 CL=90% 2338

Inclusive modes
K*anything (78 £8 )% -
DOX (81 +15)% -
DOX (474 £ 28 )% -
Dt X < 39 % CL=90% -
D= X (369 +33)% -
Dfx (103 21)% -
D7 X < 26 % CL=90% -
AT X < 31 % CL=90% -
Ao X (50 f2)% -
tX (95 +5 )% -
cX (246 + 3.1)% -
ccX (119 +6 )% -
D, D*, or Ds modes

D~ 7t ( 252+ 013)x1073  S=1.1 2306
D~ pt (75 +12)x10°3 2235
~KOrt ( 49 + 09 )x1074 2259
D~ K*(892)* ( 45+ 07)x1074 2211
D~ wnr™t (28 +06)x1073 2204
D= KTt ( 1.86+ 0.20) x 1074 2279
D™ K*tntnm ( 35+ 08)x1074 2236
D~ KtK° < 31 x 1074 CL=90% 2188
D~ Kt K*(892)° ( 88 + 1.9)x1074 2070
DOt o~ ( 88 + 05)x1074 2301
D*(2010)~ 7 ( 274+ 013) x 1073 2255
DKt K- (49 £ 12)x1075 2191
D™ atatna™ (60 +£07)x10"3 s=1.1 2287
(D=7t 7~ ) nonresonant (39 +19)x103 2287
D=t p0 ( 11+ 1.0)x1073 2206
D~ a,(1260)T ( 6.0 +33)x1073 2121
D*(2010)" zt 70 (15 +05)% 2248

D*(2010)~ p*
D*(2010)~ KT
D*(2010)~ KOzt
D*(2010)~ K*(892)*
D*(2010)~ KT K?
D*(2010)~ KT K*(892)°
D*(2010) "t 7t a~
(D*(2010)~ 7t 7t 7~ ) non-
resonant
D*(2010) "« p°
D*(2010)~ a1(1260)*
51(2420)071" T, 5(1) —
Dt
D*(2010)" Kt n— 7+
D*(2010)" 7wt 7t 7~ x0
D*~3nt2r—
D*(2010) " wn™t
D;(2430)°w, DY —
D*~rt
D*~ p(1450)*
D;(2420)°w
Dj3(2460)°w
D*~ by(1235)7, by — wm™
5**— 7T+
Dy(2420)" 7+, Dy —

D= ntn~
Dy(2420)"«t, DI —
_ D rta~
D;(2460)7ﬂ'+, (Dz)’ —

DO~

Dy (2400)" «*, (D§)~ —
DOr—
D3(2460)~ 7+, (D5)~ —
_ DY rxtaT
D3(2460)~ pT
pYpo
D*OBO
D~ Dt
D* D*F (CP-averaged)
D~ D}
D*(2010)~ DF
D~ D:F
D*(2010)~ Di*
Dsp(2317)" K*, Dy —
D; 70
Dgo(2317)~ 7+, Dy —
Dy 70
D,;(2457)" K*, D7, —
D; 70
D,;(2457)" 7, Dy, —
-0
_DS+7T
DLDS+
De Ds,
Dy D N .
S _
050(2312) D~, Dif —
DS T
Dgo(2317)* D~, D —
-+
D5 ol
Dso(2317)F D*(2010)~,
+ +.0
DSO — DS T
Dy ;(2457)* D~
D ;(2457)* D~, DY,
D:"/
D, ;(2457)* D=, Df, —
*+
DTy
Dy ;(2457)* D=, D, —
DS+ ata—
Ds,z(2+452)Jr D-, DY
DS T
D*(2010)~ D, ;(2457)*

1

1

( 22+ 18)x10-3
( 2124 0.15) x 104
(3.0 £08)x1074
( 33 +06)x1074
< 47 x 104
( 1.29+ 0.33)x1073
(70 + 08 )x103
(00 + 25)x1073

( 57 + 32)x1073
( 130+ 0.27) %
(14 + 04 )x1074

45 + 0.7 )x 1074
176+ 0.27) %

47 + 09 )x1073
246+ 0.18) x 1073

27+ 081074
(rort 340
(70 +22)x107°
(40 + 14 )x1075
< 7 x 1075
(19 + 09)x103

) x 103

2.0 -
(991 32)x1075
< 33 x 1075
( 2.38+ 0.16) x 104

( 76 + 08 )x107°

< 24 x 1075
< 49 x 1073
(14 + 07 )x107°
< 29 x 1074
( 2114 0.18) x 1074
(61 4+ 06)x10"4
(72 +08)x103
(8.0 + 1.1)x1073
(74 + 1.6 )x1073
( 177+ 0.14)%
(42 + 14 )x107°
< 25 x107°
< 94 x 106
< 40 x 1076
< 36 x 1075
< 13 x 1074
< 24 x 1074

( 1.04+ 0.17) x 1073
x 104
(15 + 06 )x103

( 35+ 1.1)x1073
(65 % 17)x10-4

< 6.0 x 1074
< 20 x10~4
< 36 x 1074

(93 + 22)x1073

$=5.2

CL=90%

S=1.3

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

S=1.1

CL=90%

CL=90%

CL=90%

CL=90%

2180
2226
2205
2155
2131
2007
2235
2235

2150
2061

2181
2218
2195
2148

1992

1995
1975

2062

2090

1974
1868
1794
1864

1813
1735
1732
1649
2097

2128

1759
1675
1583
1602

1509
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Dy ;(2457)* D*(2010), DF;, —
D;"y
D~ Ds (2536)F, DY, —
DK+ + D*t KO
D~ Ds (2536)F, DY, —
D*O Kt
D— D51(2536)+, D;rl —
D*+ KO
D*(2010)~ Dg1(2536)™
D5 — DKt + D*TKO
D*(2010)~ Dg1(2536) T,
DY — DKt
D*~ Ds1(2536)*, Df —
D*+ KO
D~ D, (2573)*, DY, —
DOK+
D*(2010)~ D, ;(2573)*
Df, — DK+
D~ D,;(2700)*, Df; —
DOK+
Dt~
DI x—

D7 a;(1260)~

Dt a1(1260)~
s .=

Di+327

D¢™ a,

D, K+

DI” K+
- +

D, K*(892)

DI~ K*(892)*

D; 7t KO

Dy~ 7t KO

D¢ Ktatn

D nt K*(892)°

D:™ nt K*(892)°

DOKO

5&(*77’
DO K*(892)°
DO K*(1410)°
D K}(1430)°
DY K3(1430)°
D;(2400)~, Dy~ — D%x~
D3(2460)~ K+, Dy~ —

Q|
o
|

KT, [);47 —

™

DY K+ 7~ non-resonant
[KT K~ 1p K*(892)°
[7T 7~ 1p K*(892)°
DO 70
DO 0
DO%
Do n
50 n/
Dow
D%
DK+ 7=

DY K*(892)°
£2*0 5
D*(2007)° 70 T
D*(2007)° p°
D*(2007)° n
5*(2007)0 .
D*(2007)° 7
D*(2007)° K°
D*(2007)° K*(892)
D*(2007)° K*(892)0
D*(2007)° 7t 7t ™

A A A A ANAY

23 T

2.8 +
1.7 +
26 +

5.0 +
33 £

5.0 +

3.4 +

7.1 £+

7.4 £
2.16 £
21 +
24
4.1 +
1.9
36
21
1.7
1.9
2.0
27 +
219+
35 +
32t
9.7 +
1.10
17 +
3.0
1.6
52 +
8.8 +

45 +
6.7

21 +
19 £
2.03+

1.0

3.7
4.7 +
55 +
2,63+
321+
1.56+
236+
1.38+
254+
1.16
53 +
1.1
2.5
22 +
5.1
23 +
1.40+
6.2 +
3.6 +
6.9
4.0
2.7 +

67) %1072
0.7 )x1074
0.6 ) x 1074
1.1)x1074

1.4 )x1074
1.1)x1074

17 )x 1074
1.8 )x 1079

x 1074

12 )x1074

13 )x 1077
0.26) x 10>
0.4 )x107°
x 1075
13 )x107°
x 1075
x 1075
x 1073
x 1073
x 1074
x 104
0.5 )x107°
0.30) x 1075
1.0 ) x 1075

13) %107

1.4 )x107°
x 1074
0.5 )x1074
x 1073
x 1073
0.7 ) x 1075
1.7 ) x 1075
0.6 ) x 107
x 1075
7 )x107°
0.9 )x107°
0.9 )x107°
0.35) x 107

x 1076

x 1075
0.9 )x107°
1.4 )x 1075
0.14) x 10~4
0.21) x 10~4
0.21) x 1074
0.32) x 104
0.16) x 10~4
0.16) x 10~4
x 1073
32 )x 1076
x 1073
x 1075
06 )x1074
x 104
0.6 )x 1074
0.22) x 10~4
22 )x1074
12 )x 1075
x 1075
x 1075
05)x1073

CL=90%

S=1.4
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

S=2.7

CL=90%

CL=90%
CL=90%

CL=90%

CL=90%

CL=90%

S=2.5
S=1.3

CL=90%

CL=90%
CL=90%
S$=2.6
CL=90%
5=2.8

CL=90%
CL=90%

1444

1444

1444

1336

1336

1336

1414

1304

2306
2270
2215
2197
2138

2080
2015

2242
2185
2172

2112

2222
2164
2198
2138
2076
2280
2261
2213
2062
2057
2057

2029

2308
2237

2274
2198
2235
2183
2261
2213
2258
2256
2182
2220
2141
2249
2227
2157
2157
2219

D*(2010)" D*(2010)~
D*(2007)°w
D*(2010)* D~
D*(2007)° D*(2007)°
D~ DK+
D~ D*(2007)° K+
D*(2010)~ DO K+
D*(2010)~ D*(2007)° K+
D~ Dt KO
D*(2010)~ Dt KO +
D~ D*(2010)* K©
D*(2010)~ D*(2010)* K
D*~ Dg1(2536)*, DY —

D° D*(2007)° KO +
D*(2007)° DO KO
D*(2007)° D*(2007)0 KO

(D+D*)(D+D*)K

Charmonium

J/p(1S) KO
J/P(LS)KT 7~

J/9(15) K*(892)°
J/’l/)(lS)’r[KOS
J/T/}(IS)T[/KOS
J/p(1S) ¢ K°
J/p(1S)w KO

X(3872) KO, X — J/ipw

X(3915), X — J/yw
J/4(1S) K(1270)°
J/9(18) 70
J/¥(18)n
J/p(1S)mt m~

J/pQAS)w

J/9(1S) f(500), fy — 7w

J/(1S)f

J/(15)p°
J/0(18)7(980). 1o —
J1/9(15) p(1450)0, p° —

T
J/¢p(1700)%, p0 — atm
J/P(1S)w
J/P(AS)KT K~
J/(15) a9(980),
KtK-
J/p(15) ¢
J/(1S)7'(958)
J/Y(1S)KOnt
J/p(1S)KOK—nt + cc.
J/Y(AS)KOKt K~
J/9(1S) KO p0
J/4(1S) K*(892)
J/pQAS)rtant
J/9(1S) f(1285)
J/p(1S)K*(892)0 nt
X(3872)" K+
X(3872)" K+, X(3872)~
J/¢p(1S)n— 70
X(3872) K, X —
X(3872) KO, X — J/iby
X(3872) K*(892)°, X —
I/
X(3872) KO, X — 4(25)y
X(3872) K*(892)°, X —
(2S)y _
X(3872)K°, X — DODOx0
X(3872) KO, X — D*0pO°
X(3872)K+n~, X —
Jpmtn

ap —

+ 7~ nonresonant

J/prtw

<

[zzz] <

(
(

(
(

<
<

(
(
(
(

~ e~~~ o~~~

8.0 + 0.6 )x1074
36 + 1.1 ) x 104
6.1 + 1.5 )x 104
9 x 1075
1.074 0.11) x 1073
35 + 0.4 )x 1073
2474+ 0.21) x 1073
1.06+ 0.09) %

75 + 1.7 )x 1074
6.4 + 05 )x1073

81 + 0.7 )x 1073
8.0 + 2.4 )x 1074

) 10—4
)y x 10~3

27 £ 11
1.1 £ 05

24 + 09 )x1073
3.68+ 0.26) %

modes

8.0 + 1.2 )x 104
6.3 + 0.9 )x 1074
3.9 x 1074
4 x 1074
8.73+ 0.32) x 1074
1154 0.05) x 1073
1.284+ 0.05) x 103
54 + 0.9 )x107°

25 x 1075
4.9 + 1.0 )x107°
23 + 04 )x1074
6.0 + 3.2 )x 1076
21 + 0.9 )x107°
1.3 £ 05 ) x 1073

1.76+ 0.16) x 107
1.08+ 0.24) x 107
4.03+ 0.18) x 10~°
1.2 x 1075
g1 T

11
0.9

33 7 08 )x1070

254+ 0.1

11 x 106

30 T 18y, 106

0.7
20 + 1.3 )x 1076
18 F 07 )x1075
26 + 0.4 )x107°
47 + 34 )x1077
1.9 x10~7

7.6 + 2.4 )x107°
44 + 04 )x107%
2.1 x 1075
25 +
54 +

145+ 0.13
84 + 2.1 )x 10*6
6.6 + 2.2 )x 104

4.2 x 106

43 + 13 )x107°6

24 x 106
2.8 x 106
6.62 x 106
4.4 x 1076

1.7 + 08 )x 1074
1.2 + 04 )x 1074
7.9 + 1.4 )x 1076

S=3.1
S=1.6
CL=90%

CL=90%
CL=90%

CL=90%
$=1.3

S=1.1
S=1.5

CL=90%

CL=90%

CL=90%

CL=90%
S=1.8

CL=90%
CL=90%

CL=90%

CL=90%

CL=90%
CL=90%

1711
2180
1790
1715
1574
1478
1479
1366
1568
1473

1360
1336

1574
1478

1365

1751
1646
1157
1253
1683
1652
1571
1508
1271
1224
1386
1140
1102
1391
1728
1673
1716
1716

1612

1609
1533

1520
1546
1611
1467
1249
1390
1514
1670
1385
1447

1140
1140
940

1140
940

1140
1140
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X(3872) K*(982)0, X — ( 40 + 15)x1076
J/prta~
X (4430)E KT, X+ - ( 60 F 3%)x10°°
P(2S) 7t
X(4430)EKF, X+ — J/pnE ( 54 F 19)x106
X(3900)*KF, X+ — J/ynE < 9 x10~7
X(4200)EKF, X+ — J/prE (22T %3 )xw08
J/¢(1S)pp < 52 x10~7 CL=90%
J/(1S)y < 15 x 1076 CL=90%
J/w(lS)EO < 13 x 1078 CL=90%
»(2S) w0 ( 1174 0.19) x 1073
P(2S) KO ( 58 + 05)x1074
$(3770) KO, o — DODO < 123 x 1074 CL=90%
$(3770)K°, » — DDt < 188 x 1074 CL=90%
P(2S) 7t~ ( 23 £ 04)x1075
P(2S)Kt 7~ ( 58 + 04)x10-4
$(25) K*(892)° ( 59 + 04)x1074
xco K° ( 147+ 027) x 1074
xco K*(892)° (17 £ 04)x1074
Xe2 K° < 15 x 1075 CL=90%
Xe2 K*(892)0 (49 £12)x1075 s=11
Xc1 ( 112+ 0.28) x 1075
xc1 K° ( 3.93+ 0.27) x 1074
X K~ 7t (38 +04)x1074
Xe1 K*(892)° ( 2394 019) x 1074 s=12
X(4051)t K=, Xt — ( 30 F 19)x1078
Xcl7T+
X(4248)++K*, Xt = ( 40 2001070
Xc1™
K or K* modes
Ktr— ( 1.96+ 0.05) x 1075
KO 70 ( 99 + 05)x10-6
7 KO ( 66 +04)x1075 5=14
7 K*(892)° ( 28 £ 06 )x1076
1 K;(1430)0 ( 63+ 16)x1076
1’ K3(1430)0 ( 137+ 032) x 107
nK° ( 123F 027y <1076
nK*(892)° ( 1.59+ 0.10) x 10
nK}(1430)° ( 110+ 022) x 1075
nK3(1430)° (96 £ 21)x1076
wkO ( 48 + 0.4 )x106
a0(980)° KO, & — nn® < 78 %1076 CL=90%
BYKO, bY — wnd < 78 x 1076 CL=90%
0(980)F KT, af — pat < 19 x 1076 CL=90%
by K*, bl — wn™ (74 + 14)x10°6
BYK*0, bY — wr® < 80 x 1076 CL=90%
by K**, bl — wr™ < 50 x 1076 CL=90%
a(1450)F K¥, aF — ynt < 31 x 1076 CL=90%
K% X% (Familon) < 53 x 1075 CL=90%
wk*(892)0 ( 20 +05)x1076
w(Km)g0 ( 1.84% 0.25) x 1075
wK}(1430)° ( 160+ 0.34) x 1075
wK3(1430)° ( 101+ 0. 23) x 1075
w KT 7~ nonresonant (51 4+ 1.0)x106
Ktr— 0 ( 378+ 0.32) x 1075
K*p~ (7.0 £ 09)x106
KT p(1450)~ ( 24+ 12)x10°6
KT p(1700)~ (6 =7 )xi07
(K* 7~ 7%) non-resonant ( 28 + 06 )x1076
(Kw)gﬂr*, (Km)gt — ( 34+ 05)x1075
K+ 70
(Km0, (Km)g® — ( 86+ 17)x1076
Ktm—
K3(1430)° 70 < 40 %1076 CL=90%
K*(1680)0 70 < 15 %1076 CL=90%
K070 lccaa] ( 6.1 + 1.6 ) x 1076
KOntm— ( 5204 024)x10°5 =13
KO 7+ 7~ non-resonant ( 147t 34 <1075 s=21
KO0 ( 47 £ 06 )x1076
K*(892)* 7 ( 84+ 08)x106
K§(1430)F ( 33+ 07)x1075 $=20
Kita™ lccaa] ( 5.1 + 1.6 )x 1076

583

583

862
1732

877
1348
1283
1217
1217
1331
1239
1116
1477
1342
1379
1228
1468
1411
1371
1265

2615
2615
2528
2472
2346
2346

2587

2534
2415
2414
2557

2445
2358

2609

2558
2563

K*(1410)* 7n~, K*T —
KOrt
£,(980) K’
f,(1270) K°
£ (1300) K0,f, — nt
K*(892)0 70
K35(1430) T ™
K*(1680)F 7~
Ktn—ntr—
POKTr—
(980) K+
KT 7=+ 7~ nonresonant
K*(892)0 nt 7~
K*(892)0 p0
K*(892)°£,(980), fy — =m
K1(1270) T 7~
K1(1400)t 7~
a(1260)~ K+
K*(892)* p~
K3(1430)+p*
K1(1400)° 0
K;;(1430)°
K;;(1430)
K35(1430)°
KtK-
KOKO
KOK-
K*(892)* KT
KOKO + K OKO
Kt K= 70
0 400
Kg Kg T
R
KK
KOKT K~
K%
f(980)K®, fy — KT K~
f5(1500) K©
£5(1525)0 KO
fH(1710)K°, fj — Kt K~
KY K+ K~ nonresonant
K2 k2 K
7(980)K®, fy — KIKY
f(1710)K°, 5 — KIKY
©(2010) KO, fy — KL KZ
K2 K2 K% nonresonant
KEKS KD
K*(892)0 KT K~
K*(892)% ¢
K+ K= a7~ nonresonant
K*(892)° K~ =t
K*(892)0K*(892)°
K+ K* 7~ 7~ nonresonant
K*(892)° K+ 7~
K*(892)0 K*(892)°
K*(892)" K*(892)~
K1(1400)% ¢
o(Km)g
(Km0 (1.60<myc <2.15]eeaa]
K3(1430)0 K~
K(1430)°K*(892)°
;(3(1430)0f(g(1430)°
K3(1430)% ¢

0 fo — rtr

[ddaa]

-, fo— 7w

f0(980) fo — T
f0(980) fo — T

<
<
<

0(1430
K§(1430

K°¢¢
n/ n/ KO

*(892)0
(3(1430)°

NN NN AN A

— o~

3.8 x 1076
7.0 +£ 0.9 )x107©
27 F 13y <106
1.8 + 0.7 )x 1076
33 4+ 0.6 )x107°
6 x 106
1.0 x 1075
23 x 1074
28 + 07 )x1076
14t 3% )x10-6
2.1 x 106
55 + 0.5 )x107°
3.9 + 1.3 )x107°
39 T 21)x1076
3.0 x 1075
2.7 x 1075
1.6 + 0.4 )x 1079
1.03+ 0.26) x 1079
28 + 1.2 )x 1075
3.0 x 1073
2.7 + 0.6 )x 1079
2.7 + 09 )x107°
8.6 + 2.0 )x107©
1.3 + 05 )x 107
121+ 0. 16) x 1076
65 + 0.8 )x107°
4 x10~7
9.6 x10~7
22 4+ 0.6 )x 1076
9 x10~7
1.0 x 1076
2.0 x 1076
249+ 0.31) x 1075
7.3 + 07 )x106
70 + 3% )x106
13+ 31 )x10-°
3 T % yxw?
44 + 09 )x10°
33 4+ 1.0 ) x 1075
6.0 + 0.5 )x 1076
27 4+ 1.8 )x 1076
50 F 30 ) x10°7
5 +6 )x1077
1.33+ 0.31) x 107°
1.6 x 1075
2.75+ 0.26) x 1075
1.004 0.05) x 107
7.17 x 1075
45 + 1.3 )x107°
8 +5 )x1077
6.0 x 1076
2.2 x 106
2 x 107
2.0 x 106
5.0 x 1073
43 £ 04 )x107©
17 x 1076
3.18 x 1075
33 x 1076
8.4 x 1076
3.9 £ 08 )x107©
1.7 x 106
4.7 x 106
35 x 106
2.7 x 10©
1.53 x 1075
11 x 1073
6.8 £ 0.9 )x10~°
45 + 09 )x107°
3.1 x 1075

CL=90%

CL=90%
CL=90%
CL=90%

CL=90%

5=1.9
$=3.9

CL=90%
CL=90%

CL=90%

CL=90%
CL=90%

CL=90%
CL=90%
CL=90%

S$=3.0

CL=90%

CL=90%

$=2.2
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

S=1.2

CL=90%

2522
2459

2563
2445
2358
2600
2543
2506
2600
2557
2504
2466
2484
2451
2471
2504

2388
2381

2593
2592
2578
2540

2579
2578
2515
2452
2522
2516

2398

2522
2521

2521
2521
2467
2460
2559
2524
2485
2559
2524
2485
2485
2339

2403
2360
2222
2333
2360
2222
2238

2381
2333
2305
2337
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nKy
7 KOy
KOy
Ktr—~
K*(892)0 4
K*(1410)
K+ 7~ nonresonant
K*(892)0 X (214), X —
pwhtu”
KOt o~y
Ktr= a0y
K1(1270)°
(1400)0
K5(1430)0
(1680)07
(1780)0~
(2045)°y

X XX
AxEWR

<

76 +
6.4
2.7 +
4.6 +
433+
1.3
2.6
2.26

1.95+
41 +
5.8
1.2
1.24+
2.0
8.3
4.3

1.8 )x 1076
x 1070
07 )x 1076
1.4 )x1076
0.15) x 107>
x 1074
x 1076
x 1078

0.22) x 1075
04 )x107°
x 1073
x 1075
0.24) x 107>
x 1073
x 1075
x 1073

Light unflavored meson modes

n £(980), fy — wta~
np°
nfy(980), fy — wtn~
wi

wn
wp?
wfy(980), fo — nta~
ww
¢
on
o1’
ép°
¢%(980), fy — nt7w—
dw
X
20(980)E #F, a(f — pat
ap(1450)* 7 F, ag — gt
ata— a0

070

pFrt
atr-ntn

poﬂ'*ﬂ"

0 p°

f(980) 7t =, fy —

T
0 £(980), fy — wtx
f(980) f5(980), fy —
atn=, fy —» ntn™

(980)%(980), fy — nt =

fy — KtK—
a1(1260)F 7+
a,(1320)F o+
ata= 700
ptp”
a1(1260)° 0
wm
atataa— a0
a1(1260) p—
a1(1260)0 p
bfwi, bl; — wrT
b?Tro, b(l) — wnl

:375 ﬁ

bl_p+ by — wm™

blp , b(lJ — wnd

[ffaa] <

AN A AN NANNNANA

AN NNNANNANNNNNA

[hh]

A

[hh]
[hh] <

AN NN NN

VANA

(

(

8.6
1.73

44 T

8.5
5.12+
191+
41 +
1.0
1.2 +
1.7
1.2
1.3

9

1.5

4

I+

9.4

10t

1.6
1.5
1.2 £
1.5

5

5

3.3
3.8

7

2.8
3.1
2.3
7.2
2.0 +
230+
1.12
8.8
9.6 +
3.0

7.8 +
1.9

2.3

26 +
6.3
3.1
2,77+
1.1

9.0
6.1
2.4
1.09+
1.9
1.4
3.4

15 )x 1077
x 108
18y %1077
x 1077
0.19) x 1076
0.22) x 10~°
1.7 )x 1077
x 1070
0.6 ) x 107
x 1076
x 1076
x10—6
x10~7
x 1076
x 1077

0.5 )x 10~
0.23) x 107
x 1072
x 1070
15 )x 1077
x 1076

25 ) x 107
x10~7

x10~7

0.5 )x107°
x 1076
x 1073
0.19) x 107
x 1073
x10~7
x 1073
x 1075
x 1073
0.15) x 107
x 1076
x 1076
x 1076

CL=90%

CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

CL=90%
CL=90%
CL=90%

CL=90%

CL=90%

CL=90%

S=1.7
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

CL=90%

CL=90%

CL=90%

S=1.9
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%

2587
2528
2516
2615
2565
2451
2615

2609
2609
2486
2454
2447
2361
2341
2244

2583

2582

2541
2636
2636
2610
2582
2551
2460
2523
2492
2454
2553
2516

2552

2491

2522
2485
2521
2540
2511
2448
2480
2441
2479
2435

2631
2581
2581
2621
2575
2523

2486
2447

2447

2494
2473
2622
2523
2495
2580
2609
2433
2433

atatrta < 30 x 1073 CL=90% 2592
ay(1260)* 2, (1260)~, af — ( 118+ 0.31)x 1075 2336
ortr—, a; — 25— xt
atrtata r a a0 < 11 % CL=90% 2572
Baryon modes
PP (15 F 37 )x10°8 2467
pprta~ < 25 x 1074 CL=90% 2406
pKO ( 2.66+ 0.32) x 10~ 2347
O(1540)*p, 6+ — pKL [ggaa] < 5 x10~8 CL=90% 2318
1(2220) KO, f; — pp < 45 x 1077 CL=90% 2135
pPK*(892)° ( 1.24F 028) 106 2216
;(2220) K}, f; — pp < 15 x 1077 CL=90% -
pAn~ ( 314+ 0.29) x 1076 2401
pAT ™y < 65 x10~7 CL=90% 2401
pZ(1385) < 26 x 1077 CL=90% 2363
A0A < 93 x 1077 CL=90% 2364
pAK™ < 82 x10~7 CL=90% 2308
pAD— (25 + 04 )x10°5 1765
pAD*~ ( 34 +08)x1075 1685
pX0r < 38 x 1076 CcL=90% 2383
AN < 32 x 1077 CL=90% 2392
AAKO ( 48+ 13 )x10-6 2250
AAK*O (2532 )x10°6 2098
AADO ( 100t 332 x10-5 1661
DOXO0A+ cc. < 31 x 1075 cL=90% 1611
AVAD < 15 x1073 CL=90% 2335
Attt A=~ < 11 x10~4 CL=90% 2335
Dpp ( 1.04+ 0.07) x 10~4 1863
Dy Ap (28 +09)x107° 1710
D*(2007)° pp ( 99 + 11)x1075 1788
D*(2010)~ p7 ( 14 + 04 )x103 1785
D~ ppr™t ( 3.324 0.31) x 1074 1786
D*(2010) pprt (47 +05)x107% s=12 1708
Dpprta~ ( 3.0 £05)x1074 1708
D pprta— (19 + 05 )x10~4 1623
O.prt, O, — D7 p < 9 x 1076 CL=90% -
Oc.prt, O, — D* p < 14 x 1075 CL=90% -
I_TAT < 8 x1074 CL=90% 1839
AZprta ( 101+ 0.14)x1073  S=1.3 1934
Alp ( 152+ 0.18) x 1075 2021
A pa® ( 153+ 0.18) x 10~4 1982
by (2455) p < 24 x 1075 -
AZprta—al < 507 x 1073 CL=90% 1882
/\C prta=ata~ < 274 x1073 CL=90% 1821
Z;pwﬂr* (nonresonant) ( 54 + 1.0)x107% s=13 1934
X (2520) " prt ( 1.01+ 0.18) x 10~4 1860
T (2520)% pr < 31 x1075 CL=90% 1860
T (2455)0 pr— ( 107+ 0.16) x 10~4 1895
T (24550 N0, NO — ( 63 %+ 1.6 )x1075 -
pm
X (2455) " prt ( 1.81+ 0.24) x 104 1895
AZpKta~ ( 34 +07)x1075 -
T(2455)" " pKtT, T.7 — ( 87 + 25)x10°° 1754
z;w7

AZ pK*(892)° < 242 x 1075 CcL=90% -
AZpKTK™ (20 + 04 )x1075 -
AZpo < 9 x 1076 CL=90% -
A ppp < 28 x 1076 -
AZAKT (48 + 1.1 )x107° 1767
Z; ¥ < 16 x 1075 CL=95% 1319
2593) / Ac(2625)" p < 11 x10~4 CL=90% -
?’ YE0 o Ztaa (17 £18)x1075 s=22 1147
ATAZ KO (43 + 22 )x10"4 -

Lepton Family number (LF) or Lepton number (L) or Baryon number (B)
violating modes, or/and AB = 1 weak neutral current (B1) modes

vy BI < 32 x1077 CL=90% 2640
ete~ BI < 83 x1078 CL=90% 2640
ete vy B1 < 12 x10~7 CL=90% 2640
wtp~ BI ( 39 F 18yx10-10 2638

ll+ noy 221 < 16 x10~7 CL=90% 2638
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whp= ptp~ B1 < 53 x1079 CL=90% 2629
SP, S— ptu~, BI [hhaa] < 5.1 x 1079 CL=90% - Scale factor/  p
P— utpu~ B DECAY MODES Fraction (I'; /T) Confidence level (MeV/c)
THr— BI < a1 x 1073 CL=90% 1952
et B1 < 53 x 1078 CL=90% 2638 Semileptonic and leptonic modes
nOete— BI < 84 %«10-8 CL=90% 2638 0t ypanything [tttjiaa] (1086 + 0.16 ) % -
Ot~ B1 < 69 %1078 CL=90% 2634 D~ (T yyanything [ttt] (28 +£09 )% -
nete BI < 6.4 x1078 CL=90% 2611 Qofrwanythmg [tt] (73 +£15 )% -
nete~ BI < 1.08 x10~7 CL=90% 2611 Dty ( 242 £012)% 2310
nptu BI < 112 x10~7 CL=90% 2607 D*~ ¢* vpanything ljaa] ( 67 + 13 )x1073 -
Ovo BI < 69 x 1075 CL=90% 2638 2*(4++V4‘ [kkaa] (  4.95 £ 0.11 )% 2257
— _ a4 tttflaa] (2.7 + 07 )% -
KOty B1 [ttt 31 1+ 08 ) 907 2616 b= v, L,
feee] - ( -7 D1(2420) £+ vpanything ( 38 +£13 )x1073 s=24 -
KOet e B1 (16T 59 )x1077 2616 D7 ¢t vyanything + ( 26 +05 )% 5=15 -
. "\ '
KOpt = BI ( 3.39+ 0.34) x 107 2612 Di“ vganything ,
KOvw BI < 49 %1075 CL=90% 2616 Dfe ffa”yth"Tg (15 +06 )°A> -
Pvw B1 < 208 x10~4 CL=90% 2583 9*77[ Wafyth'ng ) (19 £04 )% 3 -
K*(892)° ¢+ (- O o5 + 121, 10-7 2565 D3(2460) £ vpanything ( 44 £ 16 )x10~ -
e (99 T 37 )x% _ D*~ w4t ypanything ( 1.00 + 034 )% -
K*(892)0 et e~ B1 ( 103F 013)x 1076 2565 QTZ?T* ﬁf! (162 +£032)x 107i 2301
_ ' D*nT ™ LTy, 9.4 + 32 )x10~ 2247
K*(892)% ut B1 ( 1.024 0.09) x 1076 2560 e anyth[ing (] <( , )X 10=3 Cleo0v, !
ataut s ( 21+ 05)x10-8 2626 s f L . I
K*(892)° v BI < 55 % 10~5 CL—90% 2565 Di l+u[ K0 anyth.mg [ttt] < 5 x 1072 CL=90% _
v B1 < 127 % 10~4 CL=90% 2541 Dy " vy K®anything [ttt] < 7 %x 1073 CL=90% -
ety LF [hh] < 28 %1079 CL=90% 2639 Xc Ty, ( 1065 + 0.16 )% -
et T LF < 14 x10~7 CL=90% 2637 Xyt v, ( 214 + 031 )x10-3 -
KOe® ¥ LF < 27 %x10—7 CL=90% 2615 KT ¢+ ypanything [tt] ( 63 =06 )% -
K*(892)0 et LF < 53 x10=7 CL=90% 2563 K~ £+ yyanything [tr] (10 +£4  )x1073 -
K*(892)0 e~ it LF < 34 x1077 CL=90% 2563 _ K9/K® ¢t ypanything ftte] (46 +£05 )% -
K*(892)0 e® 1 F LF < 58 x 1077 CL=90% 2563 Drtv, (98 +£13 )x1073 1911
et F LF [hh] < 238 x10~5 CL=90% 2341 D*7tu, (158 £012)% 1837
+ _F -5 —90Y
utT LF [hh] < 22 x107°% CL=90% 2339 .
invisible B1 < 24 x 1075 CL=90% - Dt hi D, D, or Ds modes .
VT BI < 17 x 1075 CL=90% 2640 ) a%{’)t |ngh_ (29 +13 )f’ -
A~ LB < 14 x 1076 CL=90% 2143 */ aniyt ine . ( 618 £29 )% 513 B
/\‘C* o— LB . 10-6 CL_90% o105 D*(2010)* anything ( 225 £15 )% -
c ' < % =0% D*(2007)° anything (260 +27 )% -
D anything (] ( 83 +£08 )% -
*+ H o, _
B*/B° ADMIXTURE Diiﬂythmg ( 63 £10 )%
DD ( 34 +06 )% -
R D Dyy(2317) seen 1605
CP violation ) DD, ,(2457) ween -
Acp(B K*(892)~v) = —0.003 £+ 0.017 —=
op(B — K*(892)7) DMDH KO 4 [hhonaa] (71 T3 )% -
Acp(b — sv) =0.015 + 0.020 DT K+ :
Acp(b s (S + d)’y) = 0.010 £ 0.031 b — EES ( 22 + 4 ) % —
Acp(B — Xstt{7) =0.04 £ 0.11 Dy () D(*) [hhnaa] (3.9 + 04 )% -
Acp(B — XstT€7) (1.0 < g% < 6.0 GeV2/ct) = —0.06+£0.22 D* D*(2010)* [ < 59 x 103 CL=90% 1711
Acp(B — Xs£07) (10.1 < q? < 12.9 or g> > 14.2 GeV?/c*) DD*(2010)* + D*D* [ < 55 x 1073 CL=90% -
=0.19 £0.18 DD* [hn] < 31 x1073 CL=90% 1866
Acp(B — K* et e”)=-0.18 £0.15 DS(*)iB(*)X(nﬂ—i) [hh,nnaa]  ( 9 t i )% —
* ) = —
Acp(B — K*”+ m ) =-003£0.13 D*(2010) < 11 %1073 CL=90% 2257
Acp(B — K*T(7) = —0.04 ﬁgb(f Dfn=, Dita=, Dfp=, i< 4 x10~4 CL=90% -
Acp(B — mnanything) = —0.137 005 D*+/)_ Dt 0 prt 0
AAcp(Xsy) = Acp(BE — Xs7) — Acp(B® — Xsv) = S e o
0.05 + 0.04 Dg n. Ds“m. Ds ¢
' ’ D;+p0, D;rw, D;‘+w
The branching fraction measurements are for an admixture off mesons at De1(2536)F anythin 95 10~3 CL=909 _
the T(4S). The values quoted assume that B(7(4S) — BB) = 100%. s1( ) ything < : x &
. ) ) . Charmonium modes
For inclusive branching fractions, e.g., B — p*t anything, the treatment : . _
of multiple D's in the final state must be defined. One possibility would J/¥(15)anything ) ( 1.094+ 0.032) % , oM -
be to count the number of events with one-or-more D’s and divide by J/¥(1S) (direct) anything (78 £04 )x107 S=1.1 -
the total number of B’s. Another possibility would be to count the to- 1(2S)anything ( 3.07 + 021 )x 1073 -
tal number of D’s and divide by the total number of B’s, which is the Xc1(1P)anything ( 3.86 + 0.27 ) x 1073 -
definiti<?n of average mult.iplicity. The two definitions ?‘re identical |f only Y1 (1P) (direct) anything ( 324 + 0.25 ) x 10-3 _
one D is allowed in the final state. Even though the “one-or-more” def- . _3
inition seems sensible, for practical reasons inclusive branching fractions Xcz(lP)anytl_ung . (14 £04 )x10 S=1.9 -
are almost always measured using the multiplicity definition. For heavy Xc2(1P)(direct) anything ( 165 + 031 )x1073 -
final state particles, authors call their results inclusive branching fractions nc(ls)anything < 9 %« 10~3 CL=90% —
while ff)r light pa.rticles some auth.ors c;?ll their res:ults muIFipIicities. I!1 the KX(3872), X — DODO 7T0 12 + 04 )x 10—4 1141
B se.ctl.o?s, We.|I.St. all resu.lts as |nclu5|ve. bran.chmg fracFlons, adf)ptmg a KX(3872), X — D*O D[) 80 £ 22 )x 105 1141
multiplicity definition. This means that inclusive branching fractions can £0 10 _s .
exceed 100% and that inclusive partial widths can exceed total widths, KX(3940), X — D*D < 6.7 x 10 CL=90% 1084
just as inclusive cross sections can exceed total cross section. KX(3915), X — wJ/i) [ooaa] ( 7.1 + 34 )x1073 1103
B modes are charge conjugates of the modes below. Reactions indicate K or K* modes
the weak decay vertex and do not include mixing. Ki anything [hn] ( 789 + 25 )% _
Kt anything 6 +5 )% -
K™ anything (13 +a4 )% -
KO /K% anything [ (64 +4 )% -
K*(892)F anything (18 +6 )% -
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K*(892)0 /K*(892)%anything [hh] ( 146 + 26 )% - K*(892) ¢+ ¢~ B1 ( 105 + 010 )x 1076 2565
K*(892)~ ( 42 +06 )x1073 2565 Kvo BI < 17 %1075 CL=90% 2617
nK~y (85 F18 )16 2588 K*Ia B1 < 16 x 10*2 CL=90% -
: set LF  [hh] < 2.2 x 1072 CL=90% -

Ky (1400)y < 127 x 1074 CL=90% 2454 ret ¥ LF - 9s < 10-8 CL_00% 2637
K3(1430)~ ( 17 T 38 yxw0s 2447 pet T LF < 32 x 1076 CL=90% 2582
Ko(1770) < 12 «10-3 CL-90% 2342 Ke*uF LF < 38 x 1078 CL=90% 2616
K%(1780)~ < 37 «10~5 CL=90% 2341 K*(892) e* LF < 51 x 1077 CL=90% 2563
K3 (2045)~ < 10 x 1073 CL=90% 2244
Kn'(958 83 4+ 11 )x107° 2528
K*](E(§92)37’(958) E 41 + 11 ; x 1076 2472 Bi/BO/Bg/b-baryon ADMIXTURE
Kn < 52 x1076 CL=90% 2588
K*(892)n ( 18 + 05 )x1075 2534 These measurements are for an admixture of bottom particles at high
Koo ( 23 +09 )x1076 2306 energy (LHC, LEP, Tevatron, SppS).
b— 3y (349 + 019 )x 10~4 _ Mean life 7 = (1.566 + 0.003) x 10712 5
b— dy ( 92 +30 )x1076 - Mean life 7 = (1.72 & 0.10) x 10725 Charged b-hadron
b — sgluon < 68 % CL=90% - admixture

n anything (26 0% )x1074 _ Mean life 7 = (1.58 + 0.14) x 1071?25 Neutral b-hadron ad-

, . _ mixture

n’ anything ( 42 +09 )x1074 -

K+ gluon (charmless) < 1.87 % 10~4 CL=90% - Tcharged b—hadron /T neutral b—hadron = 1.09 & 0.13

KOgluon (charmless) ( 19 +07 )x1074 - ‘ATbVTb,B = —0.001 +0.014

R 1 2y = (124 0.4)x 1073
Light unflavored meson modes elep) / (1 + |€b‘ )= )

Py ( 1.39 + 0.25 ) x 10—© S5—1.2 2583 The branching fraction measurements are for an admixture of B mesons
, _6 = _ and baryons at energies above the 7°(4S). Only the highest energy results
/)4:0.1’) . ( 1.30 £ 023) OX 10 s=1.2 (LHC, LEP, Tevatron, SppS) are used in the branching fraction averages.
770 anythllng [hh,ppaal ( 358 £ 7 )% - In the following, we assume that the production fractions are the same at
7w anything ( 235 +11 ) % - the LHC, LEP, and at the Tevatron.
1 0, —
T/Oanythln.g (176 £16 )OA’ For inclusive branching fractions, e.g., B — Dianything, the values
P anythmg (21 +£5 )% - usually are multiplicities, not branching fractions. They can be greater
w anything < 81 % CL=90% - than one.
b anythin 3.43 £ 012 )9 - —
@ }y(* & ( )% _5 N The modes below are listed for a b initial state. b modes are their charge
@ (892) < 22 % 10 CL=90% 2460 conjugates. Reactions indicate the weak decay vertex and do not include
7+ gluon (charmless) ( 37 +08 )x1074 - mixing.
Baryon modes = Scale factor/  p
+ - . ‘b DECAY MODES Fraction (T; /T Confidence level (MeV/c
/\Sr / A anything ( 35 +04 )% - (ri/0) (Mevic)
Ac anything < 13 %o CL=90% - PRODUCTION FRACTIONS
/¢ anything < ! % CL=90% - Th duction fractions f kly decaying b-had t high
e . 4 B e production fractions for weakly decaying b-hadrons at high energy
Ac} anything < 9 x 10 CL=90% have been calculated from the best values of mean lives, mixing parame-
/\C_ et anything < 1.8 x 1073 CL=90% - ters, and branching fractions in this edition by the Heavy Flavor Averaging
]; Iu+ anything < — 14 % 10~3 CL=90% _ G.ro.up (HFAG) as desc.ribed in t.he n9te “BO—EOI Mixing” in the §0 Pa.rt.icle
s . o Listings. The production fractions in b-hadronic Z decay or pp collisions
AC p anything ( 2.02 £ 033 )% - at the Tevatron are also listed at the end of the section. Values assume
A pety, < 8 104 CL=90% 2021 _ _
Zebeve L K B(b — B+)=B(b — BY)
L. anything (33 £17 )x1o - B(b— BT)+B(b— 89 +B(5— BY) + B(b— b-baryon) = 100%.
X anything < 8 x 1073 CL=90% - ) » ) )
30 thi 3 The correlation coefficients between production fractions are also re-
_8any ing ( 36 + 1.7 )x10 - ported:
SON(N = porn) < 12 x 1073 CL=90% 1938 cor(BY, b-baryon) = —0.240
Zlanything, 29— == xt (193 + 030 )x1074 s=11 - cor(BY, BE=B0) = —0.161
Ezr’ _:? o, =gttt ( 45 i— ig ) x 104 _ cor(b-baryon, B¥=B0) = —0.920.
p/P anything [hh] ( 8.0 + 04 )% - The notation for production fractions varies in the literature (fy, dgo>
p/ P (direct) anything [hh] ( 55 +£05 )% - f(b — BY), Br(b — BY)). We use our own branching fraction notation
pet ve anything < 5.9 x10~4 CL=90% - here, B(b — BO).
AJA an}/thlng [hn] (40 £05 )% - Note these production fractions are b-hadronization fractions, not the con-
A anything seen - ventional branching fractions of b-quark to a B-hadron, which may have
N anything seen — considerable dependence on the initial and final state kinematic and pro-
= /?*anything Al ( 27 £ 06 )x 10-3 — duction environment.
ba_ryons a_nything ( 68 06 )% - Bt (404 £ 0.6 )% -
PP anything _ (1 247 £023)% - BY (404 + 0.6 )% -
Ap/Ap anything [h] (25 £04 )% s - BY (103 + 05)% -
AA anything < 5 x 1073 CL=90% - b-baryon (89 £ 13)% _
Lepton Family number (LF) violating modes or DECAY MODES
AB = 1 weak neutral current (B1) modes
sete” B1 (67 +£17 )x107%  s=20 - Semileptonic and leptonic modes
SH:lf B1 (43 £10 )x 10_2 - vanything (231 +15)% -
54+Z Bl [ett] ( 58 £ 13 )x 10*8 S=1.8 - ¢+ ypanything [ttt] ( 10.69% 0.22) % -
wl £+ B1 < 5.9 x 10—7 CL=90% 2638 et vganything (10.86% 0.35) % -
mete” BI < 110 x 1077 CL=90% 2638 4 . 0.29
_ v, anythin 1095+ 023y 0 -
autp BI < 50 %1078 CL=90% 2634 wvany ) g ( Z0s) %
Kete~ BI ( 44 +06 )x1077 2617 D~ £* yyanything ltet] (22 £ 04)% $=1.9 -
K*(892)et e~ B1 (119 +£ 020 )x1076  S=12 2565 D™ rtet vganything (49 +19)x1073 -
Kutp~ BI ( 44 +04 )x1077 2612 _ODf m~ £ yyanything ( 26+ 16)x1073 -
K*(892) ut BI ( 1.06 + 0.09 )x 106 2560 Dl:u[anyth|ng lttt] ( 6.81%+ 0.34) % -
Kete B1 ( 48 +04 )x1077 2617 D7~ ¢+ yyanything ( 107+ 0.27) % -
D% 7t ¢+ yyanything ( 23+ 16)x1073 -
D*~ ¢+ v anything [ttt] ( 2.75+ 0.19) % -
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AB = 1 weak neutral current (B1) modes
ut ™ anything BI < 32 x10—4 CL=90% -

D*~ = ¢ yyanything (6 +7 )x1074 -
D*~ (pi+lepton) ™ vyanything ( 48 +1.0)x1073 -
Dj?é+ vpanything x  [ttt.qqaa) ( 2.6 + 0.9 )x 1073 -

5(0) — 07 x)
Djfﬁuganything X [tttgqaa] ( 7.0 £ 2.3 )x1073 -

B(D; — Do)

10P) = 3(17)

I, J, P need confirmation. Quantum numbers shown are quark-model

5;(2460)70 (F vyanything < 14 x 1073 CL=90% - predictions.
x B(D3(2460)° — Mass mpg. = 5324.65 + 0.25 MeV
D*~wt) Mg, — mg = 45.18 & 0.23 MeV
D3(2460)~ £+ vganything (42T 18 )x1073 - Mpgyy — Mgy = 45.34 4+ 0.23 MeV
x B(D3(2460)" —
D7) B* DECAY MODES Fraction (I';/T) p (MeVc)
D3(2460)° ¢+ vy anything (16 +08)x1073 - B~ dominant 45
x B(D3(2460)° —
b~ ) P 1
charmless (7, [ttt] ( 17 + 05 )x10-3 - B,(5721)* 1J7) = 307)
71 v, anything ( 241+ 023)% - I, J, P need confirmation.
_ D*;szanyi:]ng (o9 i 4 );1073 - Mass m = 5725.97 22 MeV
€ — (~Dyanythin ttt 8.02+ 0.19) % - :
veanying el ¢ ) Mgy — Mo = 4012+2% Mev
¢ — (*vanything (16 38)% - 1 :
: Full width T = 31 + 6 MeV (S = 1.1)
Charmed meson and baryon modes
Boanything (59.0 +£ 29)% - By (5721)+ DECAY MODES Fraction (I';/T) p (MeVjc)
Do Dsianything ] ( 91 T g:g )% - B*0rt seen 363
DT DE anything e (40 T 23)% -
DO D% anything ) (51t 20 )% - 31(5721)0 1JP) = 3(1h)
0 mi N 1'8 I, J, P need confirmation.
DY D* anythin hh 2.7 e )% -
Dt DT Y h.g el 20 = g )% o . By (5721)° MASS = 5726.0 + 1.3 MeV (S = 1.2)
- an_Vt Ing [hh] < 9 x 1072 CL=90% - Mgy — M, = 446.7 + 1.3 MeV. (S=12)
D~ anything (225 + 17)% - By
D*(2010) T anything (173 + 20)% - Mgy — Mpes = 4014 £ 1.2 MeV (S =12)
Dy (2420)° anything (50 +15)% - Full width [ = 27.5 + 3.4 MeV (S = 1.1)
D*(2010)F Dsianything (33 7 15)% -
’ B, (5721)% DECAY MODES Fraction (I';/T MeV)
DO D*(2010)* anything ) (30 £ 1) % - 1(5721) raction (73/1) p (Mevo
’ B*tx— dominant 363
D*(2010)* DF anything ) (25 £ 12y -
* + % F H -
E (2010)*= D*(2010)F anything [hh] ( 1.2 + 0.4 )% B*(5747)+ I(JP) 10
D Danything (10 til )y - 2 2 . :
—10 I, J, P need confirmation.
D3(2460)° anything (87 +27)% -
D¢ anything (147 £21)% - Mass m = 5731'24:7(;‘1’\26;/,\/' v
D} anything (101 + 3.1)% - Mg+ = Mpo = W00 = 0. Me
A anything ( 76+ 11)% _ Full width T = 20 + 5 MeV (S = 2.2)
€/ c anything [ppaa] (116.2 + 3.2 )% -
B;(5147)+ DECAY MODES Fraction (I;/T) p (MeV/c)
Charmonium modes 0
J/1(1S)anything ( 116+ 0.10) % - B gT* seen 418
¥(25) anything ( 2.83%+ 0.29) x 10~3 - B*Ort seen 374
Xc1(1P)anything (14 £04)% -
. K or K* modes Bj(5747)° 1UF) = 52*)
Sy (314 11)x1074 - I, J, P need confirmation.
Svv BI < 6.4 x 104 CL=90% - 0
K anything (74 +6 )% _ B5(5747)° MASS = 5739.5 + 0.7 MeV (S = 1.4)
K%anything (290 £ 29 )% - Mg — Mgy = 13.5 & 1.4 MeV (5=13)
Pion modes Mg — Mgy = 460.2 + 0.6 MeV (S = 1.4)
7 anything (397 +21 )% - Full width T = 24.2 4+ 1.7 MeV
n%anything [ppaal (278 +60 )% -
¢anything ( 2.82+ 023) % - 85(5147)0 DECAY MODES Fraction (I';/T) p (MeVjc)
Baryon modes Bt n— dominant 421
p/panything (131 + 11)% - B*t g~ dominant 376

A/ Aanything
b-baryon anything

charged anything
hadront hadron—

charmless

( 59 + 06)%
(102 + 28)%

Other modes
[ppaal

(497 +7 )%
(17 +10)x10-5
(7 +21 )x1073

B,(5970)+

10P) = §(7%)

I, J, P need confirmation.

Mass m = 5964 + 5 MeV
mBJ(5970)+ — Mpgo = 685 £ 5 MeV

Mp,(5970)+ — Mp+0

Full width ' = 62 £ 20 MeV
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These branching fractions all scale with B(b — BY).

B/(5970)+ DECAY MODES Fraction (I';/T) p (MeVjc)
0+ The branching fraction B(Bg — D las vganything) is not a pure mea-
g*g‘— + possibly seen 632 surement since the measured product branching fraction B(b — Bg) x
591 _
4 seen B(BY — D¢ty anything) was used to determine B(b — B0 , as
s s 2 ) s
described in the note on “B0-B0 Mixing”
-’
BJ(5970)O /(JP) = %(7) For inclusive branching fractions, e.g., B — DT anything, the values
I, J, P need confirmation. usually are multiplicities, not branching fractions. They can be greater
than one.
Mass m = 5971 & 5 MeV
m 0 — Mgy =691 £ 5 MeV Scale factor/ p
e B B DECAY MODES Fraction (F;/F)  Confidence level (MeVjc)
B,(5970)0 B+
Full width ' = 81 £+ 12 MeV D; anything (93 +25 )% —
0 12724 (96 + 08)% -
B (5970)" DECAY MODES Fraction (I;/T) p (MeVc) etuX— (91 +08)% _
Btn— possibly seen 638 utvX— (102 £ 1.0 ) % -
B*t g~ seen 597 D (* vpanything [rraa] (81 + 13)% -
Dy~ T vpanything (54 £11)% -
Ds1(2536) " ut v, (26 + 07 )x1073 -

BOTTOM, STRANGE MESONS Dgy = D*"K§
(B= :|:1' S—= :Fl) D51(2§36)*§;1+V, (44 +13)x103 -

Dy — DK™
BY = sb, BY =5b, similarly for BY's Ds>(2573)~ Xt v, (27 + 1.0 )x1073 -
D, — DK™
Dy 7t ( 3.00+ 0.23) x 1073 2320
Bg 1(JP)y = 0(0™) D, pt (69 + 1.4 )x1073 2249
Dyatatx (61 + 1.0 )x1073 2301
1, J, P need confirmation. Quantum numbers shown are quark-model Ds1(2536) 7+, (25 +08)x1075 -
predictions. Dy — D ntr
Mass g0 = 5366.82 + 0.22 MeV D K* (2274 0.19) x 1074 2293
mgo - mB — 87.35 4+ 0.20 MeV Dy Ktata~ (32 + 06)x107% 2249
1 Dy Dy (44 + 05)x1073 1824
Mean life 7 = (1.510 & 0.005) x 1071 s DS_ Dﬁr _a
(28 £ 05)x10 1875
¢r = 452.7 pim 12 -1 DS+ D~ (22 + 06 )x1074 1925
Alpgy=Tpgo — Tpo = (0.08240007) x 102 5 DD (19 % 05)x10-4 o
B° BY mixing parameters D; T (20 +05)x103 2265
2 1 DIt K* (1.33+ 0.35) x 104 -
AmBg = mBSH - mB?L = (17.757 £ 0.021) x 10'* 7' s D pt (96 + 21 )x10-3 s101
= (1.1688 4 0.0014) x 1078 MeV Di*D; + DI DY (1294 0.22) % S=11 1742
X5 = AmBO/FBO =26.81 +£0.10 DIt DY~ (1.86% 0.30) % 1655
Xs = 0.499308 - 0.000005 DE*H Dg*)f (a5 & 14)% _
CP violation parameters in BY Dofg 71 ( 1.03£ 0.13) x 10—j 2312
Re(egg) / (1 + |egg?) = (19 + 1.0) <1072 Bore (35 = 55) %1073 e
Ckk(BY — KTK™)=0.14+0.11 DYK}5(1430) (30 + 07 )x1074 2113
Skk(BY — KYK~)=030+013 DOYK3(1430) (11 + 04 )x10~4 2113
7= (65£7)° D K*(1680) < 78 x1075 CL=90% 1998
5p(BY — DEKT)=(3+20)0° DK 5(1950) < 11 x10~4 CL=90% 1890
rp(BY — D K*) =053 +0.17 DYK3%(1780) < 26 x1075 CL=90% 1971
CP Violation phase 8, = (0.6 + 1.9) x 10~2 rad DK K*(2045) < 31 x1075  CL=90% 1837
[ (BY — J/1(1S)¢) = 0.964 + 0.020 D° K~ 7+ (non- (21 + 08)x1074 2312
|A] = 1.02 £ 0.07 resonant)
A, CP violation parameter = 0.5+ 08 032(2573)71+' (26 = 04)x107* -
C, CP violation parameter = —0.3 & 0.4 Dy, — DK~
S, CP violation parameter = —0.1 + 0.4 D§1(2700)_1+: (16 + 08)x107° -
ALp(Bs — J/K*(892)°) = —0.05 + 0.06 D — DK™
Al By — /0 K*(892)0) = 0.17 + 0.15 D§1(286°)_1:' (5 £4 )x10° -
ALp(Bs — J/K*(892)%) = —0.05 + 0.10 D Hf’f*
Acp(Bs —» mFK~) = 0263 + 0.035 Ds3(2860)77 (22 £ 06)x107° -
Acp(B — [KtTK~]pK*(892)%) = —0.04 + 0.07 — +D§3j DK™ .
Acp(BY = [x* K=]pK*(892)°) = —0.01 & 0.04 DOK K (44 +£20)x 1076 ] 2243
ACP(Bg — [t |p K*(892)°) = 0.06 + 0.13 g 15(980) < 31 x 1075 CL=90% 2242
Aa, < 12x 10712 Gev, CL = 95% . (30 £08)>x107 2235
D*Fr < 61 x 1070 CL=90% -
J/¥(1S) ¢ ( 1.07+ 0.08) x 1073 1588
J/9(18) w0 < 12 x10~3 CL=90% 1786
J/¢¥(1S)n (39 +07)x107% s=14 1733
J/p(1S)KY (1.89+ 0.12) x 1075 1743
J/4(15)K*(892)° (41 + 04 )x1075 1637
J/p(1S)y (33 +04)x107% 1612
J/p(1S) 7t~ ( 213+ 0.18) x 10~4 1775
J/1(1S) f(500), fo — < 17 x 1076 CL=90% -

T
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J/l/)(15)ﬂ, p—
J/'/( S)fo(
J/u( S)f0(980)0,

fo —» 77w
J/’(/;(IS) £(1270) 0,
b — 7T
J/9(15) H(1270),
fy = 7tm
J/9(18) 6(1270) 1
fp — ata~
J/4(1S) f5(1500),
fo— 7w~
J/U(lS)f (1525) ¢,
fly— ata~
J/’(/)(ls) f’2(1525)H,
f/ - 7tr
J/l/(lS)f (1525) |,
f’2 — gta—

J/(18)fy (Jlj%)'

0), fo —

K
)K+K—
YKOK— 7t 4+ cc.
YKOKt K~
)f’2(1525)
)PD
)Y
)
)

7r+7r ot
J/(1S) ,(1285)
P(2S)n

»(2S) 7'
w(25)7r+
¥(25)6
Y(2S)K~ 7t
»(25)K*(892)°
Xc1¢

KT K~
KOKO
Kortr
KO K*7F
K*(892)~
K*(892) KT
K& K*(892)%+ c.c.
KOkt K=
K*(892)°p°
K*(892)° K*(892)°
$K*(892)°
PP
Ao Ant

-1t
AC AC
7Y
&

B1

x 107 CL=90%

(1.34+ 0.15) x 1074

(51 + 09 )x1075
(26 + 07 )x1077

(38 + 13 )x1077
(46 + 27 )x10°7

1. _
(73 £ 18 )%t

(37 +1.0)x1077

9.0 -
(43139 )x1078
(19 + 1.4 )x1077

42 )><1076

x 1073
(79 + 07 )x1074
(93 + 13 )x1074
x 1073
(26 + 06 )x104
x107©
x107®
7.9 + 0.9 )x107°
71 + 1.4 )x107°
33 + 09 )x1074
1.29+ 0.35) x 10~4
(72 + 12 )x107°
(54 + 05 )x1074
( 3.12+ 0.30) x 1079
(33 + 05)x107%
( 2,03+ 0.29) x 1074
(77 + 20 )x1077
x 1074
x 103
x 1073
x 1074
(33 +07)x10°5
x 1074
( 1.87+ 0.15) x 1075
(56 + 0.6 )x1076
( 252+ 0.17) x 1075
x 1075
(15 + 0.4 )x1075
(7.7 + 1.0 )x1075
(33 +12)x1076
(1.254 0.26) x 10~5
(16 + 0.4 )x1075
x 106
x 1074
(1114 0.27) x107°
(1.14+ 0.30) x 1076

(28 F22)x10°8

(36 + 1.6 )x1074
x 107
< 31 x10~6

(3.52+ 0.34) x 1075

CL=90%

CL=90%

CL=90%
CL=90%

S=1.4
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%

CL=90%

CL=90%
CL=90%

CL=95%
CL=90%

Lepton Family number (LF) violating modes or
AB = 1 weak neutral current (B1) modes

e
ete”
pwhp pt e
SP, S— utu~,
P— ptp~
6(1020) pt ™

B1

B1
B1
B1

B1

(29 £ 37 )x107?

< 28 x 1077 CL=90%
< 12 x 1078 CL=90%
[hhaa] < 1.2 x 1078  CL=90%

(82 + 12 )x1077

1675
1601
1538
1333
1304

982
1790
1731
1460
1338
1158
1397
1120
1310
1196
1274
2680
2680
2654
2627
2569
2507
2526
2482
2659
2638
2637
2653
2622
2607
2585
2585
2568
2550
2531
2507

2514

2683
2587

2681

2683
2673

2582

ata s B1 (84 + 1.7 )x1078 2670

Y%7 B1 < 5.4 x 1073 CL=90% 2587
T LF  [hh] < 11 x1078 CL=90% 2682
B: 10Py =0(17)

I, J, P need confirmation. Quantum numbers shown are quark-model
predictions.

Mass m = 54154718 MeV (S = 3.0)

mp; — mp_ = 486718 Mev (S =128)

B% DECAY MODES Fraction (I';/T) p (MeVjc)
Bs~y dominant -
B (5830)° 1UP) =001 )
I, J, P need confirmation.
Mass m = 5828.63 + 0.27 MeV
BO — mg.. = 503.98 + 0.18 MeV
Full wndth =054 0.4 MeV
B, (5830)0 DECAY MODES Fraction (I';/T) p (MeVc)
B*t K~ dominant 97
B2,(5840)° 1UP) = 02™)
I, J, P need confirmation.
Mass m = 5839.84 + 0.18 MeV (S = 1.1)
Mo — M
BS By
mB*o — mgy =560.53 £ 0.18 MeV (S =1.1)
Full W|dth ['=1.47 £ 0.33 MeV
B%,(5840)0 DECAY MODES Fraction (I'j/T) p (MeVjc)
BtK~ dominant 253
BOTTOM, CHARMED MESONS
+_ B —7F - ,
BC = cb, BC =7Tb, similarly for B’Z_ S
B} 1(JP) = o(0™)
I, J, P need confirmation.
Quantum numbers shown are quark-model predicitions.
Mass m = 6275.1 £ 1.0 MeV
Mean life 7 = (0.507 + 0.009) x 10712 s
BZ modes are charge conjugates of the modes below.
p

B;_" DECAY MODES x B(b — Bc) Fraction (I';/T) Confidence level (MeV/c)

The following quantities are not pure branching ratios; rather the fraction
T;/T x B(b— B).

J/¢(1S) ¢t vpanything (52 ¥24)x 1075 -

J/H(1S) 7t seen 2371
J/p(1S)KT seen 2341
J/p(AS) T atn— seen 2350

J/(1S) a1 (1260) <12 x 1073 90% 2170
J/P(1S)KT K=t seen 2203
JpQAS)rtrtatama™ seen 2309
P(2S) 7T seen 2052
J/9(1S) D;r seen 1822
J/¥(1S) D;+ seen 1728
J/(1S)pprT seen 1792
D*(2010)*+ D° <62 x 1073 90% 2467
Dt K*0 < 0.20 x 1076 90% 2783
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Dt K*0 <016 x 1076 90% 2783 Gy 1PCy _ p—yq — —
D} K*0 <0.28 x 1076 90% 2751 J/4(19) PRy =0T )
DK <04 x1076 %% 2751 Mass m = 3096.900 = 0.006 MeV.
Df ¢ <032 x10~6 0% 2727 Full width I = 92.9 + 2.8 keV (S = 1.1)
K+ KO <46 x 1077 90% 3098 Mee = 5.55 + 0.14 = 0.02 keV
Bgﬂ+/ B(b — Bs) (2. 37'*'0 1) x 1073 - Scale factor/  p
J/¥(1S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
hadrons (87.7 +05 )% -
cc MESONS ;irgtzraqu — hadrons Eg,?o izo ;:f -
. . 0 -
Y8E& (88 +11 )% -
115 907 <50 o T,
Mass m = 2983.4 £ 0.5 MeV (S = 1.2) whp (5.96120.033) % 1545
Full width ' = 31.8 + 0.8 MeV Decays involving hadronic resonances
. . P pT (169 +£0.15 )% S=2.4 1448
n¢(15) DECAY MODES Fraction ([;/T) Confidence level (MeV/c) /)0 0 (56 407 )x10-3 1448
Decays involving hadronic resonances ‘32(}}23)’1 B (109 £022)% 1123
1/(958)777r (41 +17 )% 1323 w7r+ 71'7 71'0 ks (85 +£34 )x 1073 1392
pp (1.8 £05)% 1274 u.)7rJr 71'771' (40 £07 )x 10_3 1418
K*(892)0 K-t + cc. (20 £07 )% 1277 wnrT T (86 £0.7 )x 1073 S=1.1 1435
K*(892)K*(892) (70 +£13 ) x 1073 1196 *“’f2(1%7_02 0 (43 £06 )x o 1142
K*(892)0 K*(892)0 7+ (11 405 )% 1073 K*(892)° K*(892) (23 +07 )x10 1266
KT K~ (29 £1.4)x1073 1104 K*(892)* K*(892)F (1.00 522 ) x 1073 1266
foxes ( 1.7540.20) x 10~3 1089 N . 1.0 B
¢2(rt7T) < 4 x 1073 90% 1251 K*(892) }2(800); (11 Igg )xw03 -
a0(980) ™ < 2 % 90% 1327 nK*(892)° K*(892)° (115 £0.26 ) x 1073 1003
a,(1320) 7 < 2 % 90% 119 K*(892)0K3(1430)° + c.c. (60 +06 )x10-3 1012
K*(892)K + c.c. < 128 % 90% 1309 K*(892)0 K (1770)% + c.c. — (69 +09 )x1074 -
£(1270)n < 11 % 90% 1145 K*(892)°K~nt + c.c.
ww < 31 x 1073 90% 1270 wK*(892) K+ c.c. (61 +09 )x1073 1097
we < 17 x 1073 90% 1185 KT K*(892) + c.c. (512 4030 ) x 1073 1373
f,(1270) f(1270) (9.8 £25)x 1073 774 KT K*(892)~ + c.c. — (1.97 +£0.20 ) x 1073 -
£(1270) £}, (1525) (97 £32)x103 513 K+}}<<t !g;;rf .
1(980) 7 seen 1264 KO }(‘(i71');:::((::((:: - (30 £0.4 )x10
:O(éggg)n seen mjz KOK*(892)0+ c.c. (439 £0.31 )x103 1373
0(2200)7 seen 4 KOK*(892)° + c.c. — (32 +04 )x10-3 -
ap(980) 7 seen 1327 KOKE 2T 4 cc.
a9(1320)7 seen R K1(1400)= KT (38 +1.4 )x1073 1170
a0(1450) 7 seen 1123 K*(892)°Kt 7~ + c.c. seen 1343
ao(1950) seen 859 w00 (34 +08 )x1073 1436
a(1950)m not seen - by (1235)F 7 F [Ph] (3.0 +05 )x10~3 1300
Kg(1430) K seen - wK*KY T [hh] (34 405 )x10~3 1210
K5(1430) K seen - by(1235)0 70 (23 +£06 )x1073 1300
K (1950) K seen - nKEKnF [h] (22 +04 )x10-3 1278
Decays into stable hadrons dK*(892) K+ c.c. (218 +0.23 ) x 1073 969
KKx (73 £05)% 1381 wKK _ (170 £0.32 ) x 1073 1268
KKy ( 1.35£0.16) % 1265 wfy(1710) — wKK (48 £11 )x107% 878
nata— (17 £05)% 1427 $2(rt ) (166 £0.23 ) x 1073 1318
n2(rt77) (44 £13)% 1385 A(1232) B (1.6 +05 )x1073 1030
KtK-ntn~ (6.9 +1.1)x1073 1345 wn _ (174 £0.20 ) x 1073 S=1.6 1394
KtK—ntn 70 (35 £06 )% 1304 oKK - (183 £0.24 ) x 1073 S=15 1179
KOK— 7t 7= nt +ec. (56 £15 )% _ #f(1710) — KK (36 +06 )x1074 875
Kt K=2(xt7™) (75 +2.4)x10-3 1253 ®f2(12702+7 o (72 £13 )x 10’2 1036
2(KTK™) ( 1.46-0.30) x 10~3 1055 A(l232)77A(1232) (110 £0.29 ) x 10~ 938
= 7070 (47 £1.0 )% 1460 3 (1385)~ X(1385)T (or c.c.) [mn] ( 1.10 +£0.12 ) x 103 697
2(nt77) (9.7 £1.2 ) x 1073 1459 d)f'2(1525) (8 =4 )x107* $=27 871
2(rt 7~ 70) (174 £33 )% 1409 prta~ (94 09 )x107* S=1.2 1365
3(rta7) (1.8 £0.4 )% 1406 ¢m0 70 (56 +16 )x107* 1366
PP ( 1.50+0.16) x 103 1160 pKEKYTT [hh] (72 =08 )x10—4 1114
ppn? (36 £1.3 )x1073 1101 wf1(1420) (68 +24 )x1074 1062
AA ( 1.0940.24) x 1073 990 on (75 408 )x1074 S=1.5 1320
rty- (21 +06)x10-3 900 z0=0 (1.20 £0.24 ) x 10~3 818
==+ (89 +£2.7)x1074 692 =(1530)" =+ (59 +15 )x10~4 600
atr=pp (53 +1.8 )x 103 1027 pK(;f(1385)0 (51 +32 )x1074 646
L wm 45 +05 )x107% S=1.4 1446
Radiative decays ¢n'(958) E 40 +07 ; x 104 S=2.1 1192
7 (1.590.13) x 104 1492 #1,(980) (32 409 )x10~4 S=1.9 1178
Charge conjugation (C), Parity (P), ¢ (980) — O7T 7T (18 +04 )x1074 -
Lepton family number (LF) violating modes $%(980) — @070 (17 +07 )x107%4 -
ata PCP < 11 x 10~4 90% 1485 om0 5(980) — pnOr T~ (45 +10 )x1076 -
700 PCP < 4 x 105 90% 1486 om0 5(980) — ¢ p°x0 (17 +06 )x1076 1045
KT K= PCP < 6 x 104 90% 1408 n¢f(980) — 7I¢>7r+7f (32 +10 )x1074 -
K%K PCP < 3.1 x 104 90% 1406 ¢30(980)0 — ¢nr® (5 +4 )x1076 -

Z(1530)°= (32 +14 )x1074 608
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X (1385)~ = F (or c.c.) [hh]
¢1;(1285)
¢f(1285) —
679 £(980) —
¢pn0nt ™
¢f(1285) —
679 £(980) —
¢7T0 7070
7]7r+7r’
np
wn'(958)
wfp(980)
p1'(958)
a,(1320)% 7 F [hh]
K'K3(1430) + c.c.
Ky (1270)* KT
K3(1430)0K3(1430)°
om0
én(1405) — ¢nmta~
wf4(1525)
wX(1835) — wpp
$X(1835) — gnat T~
$X(1870) — ¢nmt ™
N(2170) — 76 h(980) —
nomt o~

) x 1074
) x 1074
)y x 107

(31 +05
(26 +05
(9.4 +28

(21 422 )x1077

(40 +17 )x1074
(1.93 £0.23 ) x 1074
(1.82 £0.21 )x 1074

(14 405 )x1074
(1.05 £0.18 ) x 1074
< 43 x 1073
< 40 x 1073
< 3.0 x 1073
< 29 x 1073

3% 1070 or 1 x 1077
(20 +10 )x1075

< 22 x 1074
< 39 x 1076
< 28 x 1074
< 6.13 x 1075

(12 404 )x1074

n¢(2170) — < 252 x 1074
7 K*(892)0 K*(892)°
X (1385)°A+ c.c. < 82 x 1076
A(1232)*p <1 x 1074
A(1520) A+ c.c. — yAA < 41 x 106
O(1540) ©(1540) — < 11 x 1075
KipK— 7+ cc.
O(1540)K~1 — KipK—7 < 21 x 1053
O(1540) K% — KYpPK*n < 16 x 1075
O(1540)K*n — KIpK*n < 56 x 1053
O(1540) K%p— KYpK™n < 11 x 1053
07 <9 x 105
Decays into stable hadrons

2xt 7 )m? (41 £05 )%
3(rtr)al (29 +06 )%
ata— 70 (211 £0.07 )%
atr Kt K- (179 £0.29 ) %
4(rtr)al (9.0 +30 )x1073
atr  KtK— (66 +05 )x1073
atr  KtK™ g (1.84 +£0.28 ) x 1073
OO KT K~ (2.45 £0.31 ) x 1073
KK (61 +1.0 )x1073
2t aT) (357 +£0.30 ) x 1073
3(nt7a7) (43 404 )x1073
2(rt 7~ 70) (162 +£0.21 )%
2(nt 7))y (229 +0.24 ) x 1073
3(at7)n (72 +15 )x1074
pP (2.12040.029) x 103
ppr° (1.19 £0.08 ) x 10~3
pprt o~ (60 +05 )x1073
pprta a0 [ttaa] (23 409 )x10~3
PPN (200 £0.12 ) x 1073
ppp < 31 x 1074
pPPw (98 +1.0 )x1074
ppn’'(958) (21 404 )x1074
pPag(980) — ppnn (68 +18 )x1075
pPd (45 +15 )x107°
nn (209 £0.16 ) x 10~3
nAirtr~ (4 +4 )x1073
yty- (150 +0.24 ) x 103
50¥o0 (129 £0.09 ) x 10~3
2nt T )KT K~ (47 407 )x1073
pAT™ (212 £0.09 ) x 1073
nN(1440) seen

nN(1520) seen

nN(1535) seen

=—=+ (86 +1.1 )x1074
AA (161 +0.15 ) x10~3
AT~ 7t (orc.c.) [hn] (83 407 )x10~4
pK=A 89 +16 )x1074

2K+ K™)

(
(76 409 )x1074

CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=95%
CL=90%
CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

S=1.5
$=2.2

S=1.1
S=1.3
S=1.9

CL=90%
S=1.3

S=1.2
S=1.9
S=1.2

855
1032
952

955

1487
1396
1279
1267
1281
1263
1159
1231

604
1377

946
1003

578

628

912
1100

1496
1433
1533
1368
1345
1407
1221
1410
1442
1517
1466
1468
1446
1379
1232
1176
1107
1033

948

774

768

59

527
1231
1106

992

988
1320
1174

984

928

914

807
1074

950

876
1131

pK—X0 (29 +08 )x1074
KtK— (286 +£0.21 ) x10~4
K$ K9 (21 +04 )x10~4
Art (43 +1.0 )x1073
AAn (1.62 £0.17 ) x 1074
AAr0 (38 404 )x1075
AnK%+ cc (65 +1.1 )x10~4
ta~ (1.47 +£0.14 ) x 1074
ANX+ cc (2.83 £0.23 ) x 1075
K2 Kk <1 x 1076
Radiative decays
3y (116 +£0.22 ) x 107
4y <9 x 1076
5y < 15 x 1075
yr0x0 (115 £0.05 ) x 10~3
vne(1S) (17 +04 )%
Yne(1S) — 3y (38 Jj%g ) x 106
yrta~ 279 (83 +31 )x1073
ynmmw (61 +1.0 )x1073
v12(1870) — ynat - (62 +24 )x1074
vn(1405/1475) — yKKm [o] (28 +06 )x1073
yn(1405/1475) — ~~p° (78 420 )x1075
yn(1405/1475) — ynata— (30 +05 )x1074
vn(1405/1475) — vy < 82 x 1075
Ypp (45 +08 )x1073
Ypw < 54 x 1074
Ypo < 88 x107°
1’ (958) (515 £0.16 ) x 103
yorton— (2.8 +05 )x1073
v£(1270) f(1270) (95 +1.7 )x1074
v (1270) £,(1270) (non reso- (82 +1.9 )x1074
nant)
yKtK=atn™ (21 406 )x1073
~14(2050) (27 +07 )x1073
Tww (1.61 +0.33 ) x10~3
yn(1405/1475) — ~p° o0 (17 404 )x10~3
v £(1270) _ (1.64 £0.12 ) x 103
vK(1370) — YKK (42 +15 )x1074
vH(1710) — YKK (100 531y x 1073
v1(1710) —» y7w (38 405 )x1074
Yh(1710) — yww (31 +1.0 )x1074
v (1710) — ~nn (24 fé% ) x 1074
v _ ( 1.104+0.034) x 10—3
~vf(1420) - yKKm (79 +13 )x1074
~1f(1285) (61 +08 )x1074
vf(1510) — ynpata~ (45 +12 )x1074
7 £4(1525) (57 5% )x10-4
5 (1525) — ~ynn (34 +14 )x107°
76(1640) — yww (28 +1.8 )x1074
v6(1910) —» qww (20 +1.4 )x1074
~v1(1800) —» yw¢ (25 406 )x1074
~vH(1810) — ~ynn (54 fg:i ) x 1075
7£(1950) — (70 +22 )x1074
7 K*(892)K*(892)
v K*(892) K*(892) (40 +13 )x1073
YoP (40 +12 )x1074
Ypp (38 +1.0 )x1074
v1(2225) (33 +05 )x1074
yn(1760) — ~p°p° (13 409 )x10~4
yn(1760) — Yww (1.98 £0.33 ) x 1073
vX(1835) — yntan/ (26 +04 )x1074
vX(1835) — ypp (77 Jjég )x 1075
v X(1835) — WKOSKOST[ (33 t%g ) x 1075
¥ X(1840) — ~3(nt77) (24 07 )x1075
y(KKx) JPC =0~ ] (7 +4 )x1074
0 (349 £333 ) x10-5
ypprta < 79 x 10~4
FAA < 13 x 1074
~v1(2100) — ~nn (113 tggg )x 1074
~v17(2100) —» 7w (62 +1.0 )x1074

$=3.2

CL=95%

CL=90%
CL=90%

S=1.5
S=1.1

S=1.6
S5=1.8

CL=95%
CL=90%
CL=90%

S=1.2
S=1.9

S=1.3
S=1.3

S=2.1

CL=90%
CL=90%

819
1468
1466

903

672

998

872
1542
1034
1466

1548
1548
1548
1543

111

1518
1487

1223
1223

1340
1338
1258
1400
1517

878

1407

891
1336
1223
1286

1075

1500
1220
1283

1173

1266
1166
1232

749
1048

1006

1442
1546

1107
1074
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71(2200) —» vKK (59 £13 )x1074 - K KQmtn— (5.6 £1.0 ) x 1073 1579
~vf;(2220) —» 7w < 39 x 1075 CL=90% - KtK— 7771—0 (3.0 £0.7 ) x 1073 1468
7£(2220) — YKK < 41 x 1075 CL=90% - 3(nt77) (1.2040.18) % 1633
~vf1(2220) — ~vpp (15 408 )x107° - KtK*(892)°7~ + c.c. (72 16 )x1073 1523
+5(2340) — v (56 *2% )x10° - K*(892)0K*(892)° (1.7 06 ) x 1073 1456
fo(1500) — 1.09 i0-24 104 1183 o (8.3320.35) x 10~3 1702
7o T (L 24 ) x 0y <18 x10~4 1661
71 (1500) — ynn (17 +9¢ )x10-d - w0y <11 x 1073 1570
yA — ~invisible [uuaal < 6.3 x 1076 CL=90% - w0nc <16 x 1073 CL=90% 384
yAY = oyt [waa] < 2.1 x107%  CL=90% - nn (2.9540.19) x 1073 1617
nn <23 x1074  CL=90% 1521
Dalitz decays 'y (1.96:£0.21) x 10~3 1413
nlete (76 +£1.4 )x10~7 1546 ww (95 1.1 )x10~4 1517
nete (116 +0.09 ) x 1075 1500 wo (1.16+0.21) x 10~4 1447
7'(958) et e~ (581 +0.35 )x 1075 1400 wKTK— (1.944021) x 103 1457
Weak decays KO+ K(; (5.91+0.32) x 10:2 1634
D~ etve+ cc. < 12 x1075  CL=90% 984 K+5 Kf (3:10:0.18) x 10 4 1633
Dlete +cc. < 11 x1075  CL=90% 987 T <19 X107 CLmo% 168t
Dy et ve+ cc. < 13 X106  CL=90% 923 L <35 x 10 5 CL=90% 1560
D etuy,+ cc. < 1.8 x1076  CL=90% 828 KK 7 +cc <9 x 107 CL=90% 1610
s e KT K==l <6 x1075  CL=90% 1611
Bt g m
DORO 4 cc < 25 x 106 CL:90°/: 670 KT K™ KSKS (14 £05 )x 1073 13
D at+c¢ c < 1'3 x10~4 CL;90% 916 KTKKTK™ (2750.28) x 1073 1333
Dg e : s . KTK=¢ (95 +2.4 ) x 1074 1381
s P+ Cc < 13 x 10 CL=90% 663 KOKT 7~ ¢+ c.c. (3.7 £0.6 ) x 103 1326
Charge conjugation (C), Parity (P), K *+K *_7r°0¢ (1.90£0.35) x 1073 1329
Lepton Family number (LF) violating modes pmtmTm (1.18:£0.15) x 1072 1525
vy c < 27 x1077  CL=90% 1548 o9 (7.7 £07 ) x 10:4 1370
yé c < 14 x1076  CL=90% 1381 pp- (2.25:0.09) x 10_4 1426
et LF < 16 x10=7  CL=90% 1547 ppm (6.8 £07)x10 . S=1.3 1319
etrF LF < 83 x1076  CL=90% 1039 PP (35 £04)x o, 1187
akai LF < 20 x10=6  CL=90% 1035 ppw (5:1 £0.6 ) > 10~ 1043
ppo (5.9 £1.4 ) x 107> 876
Other decays pprt ™ (21 +£0.7 ) x 1073 S=1.4 1320
invisible < 7 x1074  CL=90% - ppr®n° (1.0240.27) x 10~3 1324
pﬁKO+ K(; (non-resonant) (1.1940.26) x 10~4 890
pPKLK <88 x1074%  CL=90% 884
Xco(1P) 16(UPC) =0t t ) pﬁﬁ—s s (1.24+0.11) x 10~3 1376
pnrt (1.3440.12) x 10~3 1376
Mass m = 3414.75 4 0.31 MeV par~ w0 (2.2940.21) x 10~3 1321
Full width T = 10.5 + 0.6 MeV Bt 0 (2.160.18) x 10-3 1301
Scale factor/  p AA (3.2140.25) x 10~4 1292
Xco(1P) DECAY MODES Fraction (I;/T) Confidence level (MeV/c) AMrt o (1.1540.13) x 10~3 1153
Hadronic decays A7z 7~ (non-resonant) <5 x1074  CL=90% 1153
L . T(1385) T An~ + c.c. <5 x107%  CL=90% 1083
2(ntwT) (2.24+0.18) % 1679 £ (1385)~ Ant + e 4 o
04 3 .C. <5 x 10 CL=90% 1083
? 79T807Tf 980 (8.7 £28 ) x 10_4 1607 KTpA+ c.c. (1.2240.12) x 1073 S=13 1132
W+ST(,7T )WO( ) Eg: izi ;;10 12:(1) KTPA(1520)+ c.c. (29 £0.7 ) x 10~4 858
L PR A(1520) A(1520) (31 £1.2 )x10~4 779
pra- i+ cc (2.8 £04 )% B 1607 5030 (44 04 ) x 10-3 122
477 (3.2 £0.4 ) x 10 1681 = 4 3
T KK (17540.14) % 1580 Ty i (3.9 £0.7 ) x 10 S=1.7 1225
_ > (1385)+ X (1385)~ (1.6 +0.6 )x 1074 1001
K5(1430)0 K5(1430)° — (9.6 32 )x10-* - X (1385)~ X (1385)" (2.3 £0.6 )x 10~4 1001
At AT KT K™ (1.90+0.34) x 10—4 873
K5(1430)0K3(1430)%+ c.c. — (78 *19 ) x10-4 - (31 £0.8 ) x 1074 1089
atr KYK— (4.7 £0.7 ) x 104 1081
K1 (1270)T K=+ c.c. — (6.1 £1.9 )x 1073 - <7 x1074  CL=90% 308
atr KT K™ e
K1(1400)t K~ + c.c. — <26 x1073  CL=90% - Radiative decays
st Kt K- ~vJ/¥(1S) (1.27+£0.06) % 303
5(980) 15(980) 16 £33 )x10-4 1391 700 <9 x10-6  CL=90% 1619
: yw <8 x1076  CL=90% 1618
f5(980) 5(2200) (78 ¥29 ) x 1074 584 Yo <6 %1076  CL=90% 1555
fo(1370) fy(1370) <27 x 1074 CL=90% 1019 el (2.2340.13) x 1074 1707
fo(1370) f5(1500) <17 x 1074 CL=90% 921
f,(1370) f5(1710) (66 F33)x10-4 720 xa(1P) 1G(JPCy = ot ++)
fo(1500) f5(1370) <13 x 1074 CL=90% 921
fo(1500) f5(1500) <5 x1075  CL=90% 807 Mass m = 3510.66 + 0.07 MeV (S = 1.5)
fo(1500) f5(1710) <7 x1075  CL=90% 557 Full width T = 0.84 + 0.04 MeV
KtK=ata= a0 (8.6 £0.9 ) x 10~3 1545
KYKErF ot~ (4.2 +£0.4 ) x 103 1544
Kt K= 70x0 (5.4 £0.9 ) x 103 1582
Kta= K70+ c.c. (2.44+0.33) % 1581
pt K= KO+ cc. (1.1840.21) % 1458
K*(892)~ Kt 70 — (45 £1.1 ) x 1073 -

Kt~ KO70+ c.c.
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Scale factor/ p
Xc1(1P) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Hadronic decays
3(at7r7) (5.8 +1.4 ) x1073 S=12 1683
2t ) (7.6 £2.6 ) x 1073 1728
atr= 7070 (1.22:£0.16) % 1729
ptn x4+ cc (1.4840.25) % 1658
POrtr— (3.9 £3.5 ) x 1073 1657
470 (55 +0.8 ) x 104 1729
atr  KYK— (45 +£1.0 ) x1073 1632
Kt K= 7070 (1.1440.28) x 103 1634
KtK=ata= a0 (1.1540.13) % 1598
KOKErF ot (75 +0.8 ) x 103 159
Kt 7= KO70+ c.c. (87 +£1.4)x1073 1632
p~ KT KO+ cc. (51 £12)x1073 1514
K*(892)°KOn0 — (24 07 )x1073 -
Ktr~KOx0+ cc.
K+t K= a0 (1.14£0.35) x 1073 1523
mtr KYKS (7.0 £3.0 )x 1074 1630
KTK™np (32 +1.0 )x1074 1566
KKt 7=+ cc. (7.1 £0.6 ) x10-3 1661
K*(892)°K? + c.c. (1.0 £04 )x 1073 1602
K*(892)* K~ + c.c. (15 +£0.7 ) x 1073 1602
K*%(1430)° K%+ c.c. — < 8 x1074  CL=90% -
KKt 7=+ cc.
K%(1430)T K~ + cc. — < 22 x1073  CL=90% -
KiK+ 7=+ ce.
Kt K~ =0 (1.8540.25) x 10~3 1662
nata~ (49 +£05)x103 1701
a9(980)T 7~ + c.c. — o™ (1.8 +0.6 ) x 1073 -
(1270)n (2.7 +£0.8 ) x 1073 1467
ata—y (23 +£05)x1073 1612
KT K= 1/(958) (88 +£09 )x1074 1461
K3(1430)T K~ + c.c. (64 T22)x1074 -
£,(980) 7' (958) (16 F14)x104 1460
f(1710) 7/ (958) (7 *I )x10°" 1106
f4(1525)7/(958) (9 +6 )x107° 1225
79£(980) — 707t m— < 6 x1076  CL=90% -
KT K*(892)°7 + c.c. (32 +21)x1073 1577
K*(892)0K*(892)° (15 £0.4 )x1073 1512
KT K= KL KY < 4 x1074  CL=90% 1390
KTK-KTK~ (55 +1.1 )x1074 1393
KtTK= ¢ (42 +16 )x 1074 1440
KOK+t7~ ¢+ cc. (33 +£05)x1073 1387
KtK—7%¢ ( 1.6240.30) x 10-3 1390
¢ntr— a0 (75 +£1.0 ) x10~4 1578
ww (58 £07 )x1074 1571
wKT K™ (7.8 £09 )x1074 1513
we (21 406 )x1075 1503
foxes (42 £05)x1074 1429
PP ( 7.7240.35) x 107 1484
pp7° (1.5940.19) x 10~4 1438
pon (1.4840.25) x 1074 1254
pPPw (21640.31) x 1074 1117
ppo < 18 x107%  CL=90% 962
pprt T (5.0 £1.9 ) x1074 1381
pp K+ K~ (non-resonant) (1.3040.23) x 10~4 974
pPKIKY < 45 x10~4  CL=90% 968
paT™ (39 £05)x1074 1435
pnrt (40 £05)x1074 1435
pAr— 0 (1.05+0.12) x 10-3 1383
pnrt a0 (1.03+0.12) x 1073 1383
AA (1.1640.12) x 10—4 1355
Nzt r— (3.0 £05 ) x10~4 1223
AAxt 7~ (non-resonant) (25 +0.6 ) x1074 1223
X (1385)F Ar~ + c.c. < 13 x1074  CL=90% 1157
X (1385)" At + c.c. < 13 x1074  CL=90% 1157
KTpA (42 +04 )x1074 s=1.1 1203
Kt PA(1520)+ c.c. (1.7 £05 ) x 1074 950
A(1520) A(1520) < 10 x1074  CL=90% 879
3050 < 4 x107%  CL=90% 1288
rty- < 6 x1075  CL=90% 1291
> (1385)+ X (1385)~ < 1.0 x107%  CL=90% 1081
X (1385)~ £(1385)* <5 x107%  CL=90% 1081

(1.3840.25) x 1074 963

<6 x1075  CL=90% 1163

(82 +22)x1075 1155

< 21 x 1073 -

< 6 x107%  CL=90% 1683

< 32 x1073  CL=90% 413

Radiative decays
~vJ/¥(1S) (339 £1.2 )% 389
70 (22040.18) x 104 1670
yw (6.9 £0.8 )x 1075 1668
vé (25 +05 )x107° 1607
he(1P) 16(PC) =771+ )

Mass m = 3525.38 &+ 0.11 MeV
Full width T = 0.7 &+ 0.4 MeV

h¢(1P) DECAY MODES

Fraction (I;/T)

p
Confidence level (MeV/c)

J/p(@AS)mm not seen 312

pp < 15 x 1074 90% 1492

nc(1S)y (51 +6 )% 500

ata o < 22 x10~3 1749

27t 27~ 70 ( 221"8:?) % 1716

37t 37~ 70 < 29 % 1661
xc2(1P) 16(PCY = o+ 2+ )

Mass m = 3556.20 + 0.09 MeV
Full width T = 1.93 4+ 0.11 MeV

Xc2(1P) DECAY MODES

Fraction (I;/T)

p
Confidence level (MeV/c)

2(nt77)
ot 70x0
pJr a~ 7%+ c.c.
470
KT K= 7070
Kt~ K070+ cc.
p~ KTK+ cc.

K*(892)0 K~ 7t —

K nt K070+ cc.

K*(892)0K0 70 —

Kt~ K97%+ c.c.

K*(892)" K+t n0 —

KT~ K97%+ c.c.

K*(892)T K07~ —

KTr~ K%+ cc.

K*K’n'fro
KtK=ntr—
KTK-ata=x0
KgKiﬂ¥ﬂ'+ﬂ"
KtK*(892)° 7~ + c.c.
K*(892)0K*(892)°
3(at77)

oXo

ww

wKTK=

T

p07r+7r’

Tr+‘n'_7/

4=

TN

nn

KtK~
KSKS
KK+ 7~ + cc.
Kt K= 70
KtK™n

K+ K= 1/(958)
nn'

n'n

rtr~ K%K%
Kt K= K% KY
KtK=KtK—

Hadronic decays

( 1.07+0.10) %
( 1.9140.25) %
(23 404 )%
( 1.16+0.16) x 10~3
(22 +04 )x1073
( 1.4440.21) %
(43 +1.3)x1073
(31 408 )x1073

(40 £0.9 )x1073
(39 £0.9 )x1073
(31 408 )x1073

(1.3 05 )x 1073
(89 +£1.0 ) x 1073
(1.1740.13) %

(73 +£0.8 )x1073
(22 +1.1)x1073
(24 £05 ) x1073
(86 +£1.8 ) x1073
( 1.1240.10) x 103
(88 +1.1)x1074
(73 409 )x1074
( 2.33+0.12) x 1073
(38 +£1.6 ) x 1073
(5.0 £1.3 ) x 104
(52 +1.9 )x 104
(5.7 £05 ) x10~4
( 1.0540.07) x 10~3
(55 +04 )x1074
( 1.34+0.19) x 103
(32 408 )x1074

< 3.4 x 1074
(1.94+0.34) x 1074
< 6 x 1075
< 1.0 x 1074
(23 +06 ) x 1073
< 4 x 1074

(1.7340.21) x 1073

90%

90%
90%

90%

1751
1752
1682
1752
1658
1657
1540

1549
1656
1623
1621
1602
1538
1707
1457
1597
1540
1773
1682
1724
1636
1692
1708
1707
1685
1686
1592
1488
1600
1498
1655
1418
1421
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KtK= ¢ (1.48+0.31) x 1073 1468
KK+~ ¢+ cc. (48 £0.7 )x 103 1416
KTK=7%¢ (27 405 )x1073 1419
ont a0 (93 +1.2)x10~4 1603
pp (75 0.4 )x1075 1510
ppr° (49 +04 )x1074 1465
ppn ( 1.82:+0.26) x 10~4 1285
ppw (3.8 £05)x1074 1152
ppd (29 £09)x1075 1002
pprt T (1.32+40.34) x 1073 1410
pprOx0 (82 +25)x 1074 1414
pP KT K~ (non-resonant) ( 2.00+0.34) x 10~4 1013
pp K2 K < 179 x 1074 90% 1007
pAT™ (89 +1.0 )x10~4 1463
pnrt (9.3 £09 )x1074 1463
phin— a° ( 2.27+0.19) x 1073 1411
pnrt a0 ( 2.2140.20) x 1073 1411
AA (1.92+0.16) x 10~4 1385
AMrtr (1.31+0.17) x 1073 1255
AAzxt 7~ (non-resonant) (6.9 +£1.6 ) x 1074 1255
X (1385)F Ar~ + c.c. < a x10~4 90% 1192
> (1385) AnT + c.c. < 6 x10—4 90% 1192
KTPA +cc. (81 +£06 )x10~4 1236
Kt BA(1520)+ c.c. (29 +0.7 ) x1074 992
A(1520) A(1520) (48 +1.5 ) x1074 923
030 < 6 x 1075 90% 1319
rty- <7 x 1075 0% 1322
(1385)+f(1385)— < 16 x 1074 90% 1118
X (1385)~ X(1385)* < 8 x 1075 90% 1118
(1.8440.34) x 1074 1004
< 11 x 1074 90% 1197
(1.4840.33) x 1074 1189
< 15 % 90% 185
< 32 x 1073 90% 512
< 5.4 x 1073 90% 459
Radiative decays

~J/¥(1S) (19.2 £0.7 ) % 430
~p° < 20 x 1075 90% 1694
Tw < 6 x 1076 90% 1692
yo < 8 x 1076 90% 1632
% ( 2.7440.14) x 1074 1778

7¢(25) 16(PC) =0t~ 1)

Quantum numbers are quark model predictions.
Mass m = 3639.2 + 1.2 MeV
Full width T = 11.3733 Mev
p

1¢(25) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
hadrons not seen -
KKn (1.9+12)% 1730
KKn (5 +4 )x1073 1638
2t on— not seen 1793
po po not seen 1646
3nt3n~ not seen 1750
KtK—ntr not seen 1701
K*0K*0 not seen 1586
KTK-nta— 70 (1.4+1.0) % 1668
Kt K= 2nton— not seen 1628
K% K= 2rxtn~ + cc. seen 1667
2KT2K~ not seen 1471
(03] not seen 1507
pp < 20 x 1073 90% 1559
vy (1.9+13)x 1074 1820
7T+7l' 77 not seen 1767
ot 'r/ not seen 1681
T ne(1S) <25 % 90% 539

¥(25) 16(UPC =01~ ")

Mass m = 3686.097 + 0.025 MeV (S = 2.6)
Full width I' = 296 + 8 keV
Fee = 2.34 £ 0.04 keV

Scale factor/ P
¥(25) DECAY MODES Fraction (I;/T) Confidence level (MeVjc)
hadrons (97.85 +£0.13 ) % -

virtualy — hadrons (1.73 £0.14 ) % S=1.5 -
g88 (106 +16 )% -
vgg (1.03 £0.29 ) % -
light hadrons (154 £15 )% -
ete (7.89 £0.17 ) x 1073 1843
wtp~ (79 +09 )x103 1840
Tt (31 +04 )x1073 489
Decays into J/+(1S) and anything
J/¥(1S)anything (61.0 +0.6 )% -
J/¢(1S) neutrals (25.14 +£0.33 )% -
J/p(1S)mt (34.49 +0.30 ) % 477
J/4p(18)n0 70 (18.16 +0.31 )% 481
J/¢¥(1S)n (336 £0.05 ) % 199
J/¢(18) 70 ( 1.268+0.032) x 103 528
Hadronic decays
70 he(1P) (86 +13 )x1074 85
3(rtr)a0 (35 +16 )x1073 1746
2(rt =)0 (29 +1.0 )x1073 S=47 1799
pao(1320) (26 +09 )x1074 1500
pp (2.88 +0.09 ) x 10~4 1586
ATt A= (128 +£0.35 ) x 10~4 1371
AA7O < 29 x 1076 CL=90% 1412
Ny (25 +04 )x1075 1197
APK+ (1.00 +0.14 ) x 1074 1327
ApKtrt o~ (18 +04 )x1074 1167
AAnt (28 +06 )x1074 1346
AA (357 +0.18 ) x 104 1467
ANZTHr + cc. (140 +£0.13 ) x 10~4 1376
AT~ 7t + cc. (154 +£0.14 ) x 1074 1379
S0BKt + cc. (1.67 £0.18 ) x 1075 1291
rty- (251 +£0.21 )x 1074 1408
30350 (232 £0.16 ) x 10—4 1405
X (1385)+ X (1385)~ (11 04 )x10—4 1218
z-=ZF (264 £0.18 ) x 10~4 1284
z0=0 (207 £0.23 ) x 1074 1291
Z(1530)9=(1530)° (52 32 )x10-5 1025
K=AZt+ cc. (39 +04 )x1075 1114
Z(1690)" =+ — K- A=t 4+ (52 +1.6 )x1076 -
C.C.
Z(1820) =+ —» K- A=t 4+ (120 +£0.32 ) x 1075 -
c.C.
K=x0=*t 4 cc (37 +04 )x1075 1060
-0t (47 +1.0 )x1075 774
O pp (153 £0.07 ) x 1074 1543
N(940)p+ c.c. — 70pp (64 *18 )x10-0 -
N(1440)p+ c.c. — 70pp (73 11 )x107% s=25 -
N(1520)p+ c.c. — 7°pp (64 +23 )x1076 -
N(1535)p+ c.c. — 70pp (25 +1.0 )x1075 -
N(1650)p+ c.c. — 70pp (38 T1% )x10-5 -
N(1720)p+ c.c. — 7°pp (179 £328 ) x 1075 -
N(2300)p+ c.c. — 70pp (26 *12 )x10-° -
N(2570)p+ c.c. — 70pp (213 T5049 ) x10-5 -
70£(2100) — «%pp (11 %04 )x1075 -
npp (6.0 +04 )x107° 1373
nf(2100) — npp (1.2 404 )x107° -
N(1535)p — npp (44 +07 )x107° -
wpp (69 421 )x1075 1247
opp < 24 x1075 CL=90% 1109
tapp (60 +04 )x1074 1491
pAT™ or C.C. (248 +0.17 ) x 104 -
par— 70 (32 +07 )x10~4 1492
2(rt 7~ 70) (48 +15 )x1073 1776
nrta~ < 16 x107% CL=90% 1791
prta—x0 (95 +1.7 )x10~4 1778
20t )y (12 +06 )x1073 1758
yata a0 (45 +21 )x1074 1692
wrtm (73 +12 )x10=% s=21 1748
bEnF (40 +06 )x1074 S=1.1 1635
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b9 0 (24 +0.6
wf(1270) (22 +04
troKTK- (75 %09
PPKTK— (22 +04
K*(892)° K3(1430)° (19 +05
KTK-ntnn (13 =07
KtK=2(zxt7)a0 (1.00 +0.31
KTK=2(rt7n7) (1.9 +09
Kq(1270) KF (1.00 40.28
KKt m— (22 +04
o’ pp (50 +22
K+ K*(892)°7~ + c.c. (67 +25
2t aT) (24 +06
POrtr— (22 +06
KtK—nta= 70 (1.26 +0.09
wh(1710) — wKT K~ (59 +22
*(892)° K~ nt 70 + c.c. (86 +22
K*(892)tK—nt7™ + c.c. (96 +28
*(892)T K= p% + c.c. (73 +26
K*(892)° K~ pt + c.c. (61 +18
nKT K=, no n¢o (31 +04
wKT K~ (162 +0.11
wK*(892)T K™+ c.c. (2,07 +£0.26
wK3(1430)T K~ + c.c. (61 +12
uK*(892)0 KO (1.68 £0.30
wK3(1430)° KO (58 422
wX(1440) - wKIK- 7t + (16 +0.4
X(1440) — wKtk— 0 (1.09 £0.26
wf1(1285) — wKYIK= 7T+ (30 #+1.0
wf1(1285) — wKTK™ 70 (12 +07
3(rta7) (35 +20
pprta a0 (73 +07
KtK— (75 405
K%K? (534 £0.33
i (2,01 £0.17
p(2150)7 — 7t 70 (1.9 *éi
p(770) 7 — 7t a0 (32 +12
ata~ (78 +26
K1 (1400)* KF < 31
K3(1430)F KF (71 *13
Kt K~ =0 ( 4.07 £031
K+ K*(892)~ + c.c. (29 +04
K*(892)0K%+ c.c. (1.09 +0.20
ort T (117 +0.29
¢%(980) — ntx (68 +25
2(KtK™) (6.0 +14
pKTK— (70 +16
2(Kt K=)70 (110 +0.28
on (310 +£0.31
on (31 +16
wn' (32 fgi’
wn® (21 +06
pif (1o 17
on (22 =06
wn < 11
éﬂ'o < 4
7]C7r+7r’ 70 < 1.0
pPKT K~ (27 %07
AnkS+ c.c. (81 %18
of) (1525) (44 <16
9(1540)6(1540) — < 88
KipK~ 7+ cc.
O(1540)K~1n — KgpK < 10
0(1540)KLp — KIpKTn < 10
B(1540) K*n — KYpK*n < 26
O(1540)K%p — K pK n < 6.0
KIKS < 46

Y1¢(1S)

Radiative decays
(9.99 +0.27
(9.55 +0.31
(911 4031
(34 +05

)><10’4
)x10’4
) x 1074
)x 1074
)yx 1074
)><10’3
)x 1073
)x 1073
) x 103
)x 1074
) x 1075
) x 104
) x 1074
)x 1074
)><10’3
) x 1075
)x 104
) x 1074
) x 1074
)yx 1074
) x 1075
)x 104
)x 1074
) x 1075
) x 1074
) x 107
) x 107

)x10’5
) x 1076

)><10’6
) x 104
) x 1074
)x 1075
) x107°
)x 104
)y x 1074
) x 1075
) x 106
x 10*4
) x 10
) x 1075
) x 1075
)yx 1074
)x10’4
) x 1075
) x 1075
) x 1075
)yx 104
)><10’5
) x 1075
)><1075
) x 1075
) x 1075
)x 1075
x 1073
x10~7
x 1073
) x 1075
) x 1075
) x 1075
x 1076

x 107
x 1076
x 107
x 1076
x 1076

)%
)%
)%
)><10’3

S=2.2
S=1.4

S=1.8

CL=90%

S=1.2

S=1.7
S=1.2

S=1.1
CL=90%
CL=90%
CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%

1774
1435
1776
1775
1830

1838
1532

1754
1698
1697
1690

1499
1546
1440
1654
1555

1623
1757
1625

1717
1715
1699

513
1118
1324
1321

1775

261
171
128
636

11¢(25) (7 +5 )xlO*4 47
0 (1.6 +04 )x10-6 1841
~v1'(958) (1.23 +0.06 ) x 1074 1719
v £(1270) (273 032 )x107%  s-18 1622
v£(1370) — vKK (31 +1.7 )x1075 1588
~fo(1500) (92 +1.9 )x107° 1536
v 15(1525) (33 +08 )x107° 1528
yf(1710) — 7w (35 +06 )x107° -
vf(1710) — YKK (66 +07 )x1075 -
v%(2100) — ymw (48 +1.0 )x10°° 1244
7%(2200) - YKK (32 +1.0 )x10© 1193
vfy(2220) — ~y7w < 58 x 1070 CL=90% 1168
v£;(2220) — YKK < 95 x 1076 CL=90% 1168
vy < 15 x1074 cL=90% 1843
0 (14 +05 )x10°© 1802
ynata~ (87 +21 )x1074 1791
i 7(1405) — YKKm < 9 x1075 CL=90% 1569
y1(1405) — prta- (36 +25 )x107° -
71/(1475) KK < 14 x10~4 CL=90% -
')1/(1475) nrtr < 88 x 1079 CL=90% -
y2(rt77) (40 +06 )x104 1817
’yK*OK+7r +cc (37 09 )x10~4 1674
K*OK*0 (24 +07 )x10~4 1613
YKIKT 77+ cc (26 %05 )x10~4 1753
YKTK—x (19 +05 )x1074 1726
Ypp (39 05 )x107° $=2.0 1586
~v£(1950) — ~vpp (120 £0.22 ) x 1075
v£(2150) — vpp (72 +1.8 )x10°° -
¥ X(1835) — ~vpp (46 *18 )x10-6 -
vX — ypp [xxaa] < 2 x 1076 CL=90% -
~yrta~pp (28 +1.4 )x1075 1491
y2(rtr)KH K™ < 22 x 1074 CL=90% 1654
y3(xt ) < 17 x107% CL=90% 1774
YKtK-KtK™ < 4 x1075 CL=90% 1499
vy Jd/ (31 *19 )x10-4 542
Other decays
invisible < 16 % CL=90% -
¥(3770) 1I6UPC =01~ )
Mass m = 3773.13 + 0.35 MeV (S = 1.1)
Full width I' = 27.2 4+ 1.0 MeV
lee = 0.262 & 0.018 keV (S = 1.4)
In addition to the dominant decay mode to DD, 1(3770) was found
to decay into the final states containing the J/¢ (BAI 05, ADAM 06).
ADAMS 06 and HUANG 06A searched for various decay modes with light
hadrons and found a statistically significant signal for the decay to ¢n only
(ADAMS 06).
Scale factor/ p
(3770) DECAY MODES Fraction (F;/T) Confidence level (MeV/c)
DD @ 8 % $=2.0 286
DODO (2 T2 )% $=2.0 286
Dt D~ (41 44 )% $=2.0 253
J/pat ( 1.93+0.28) x 10—3 560
J/pr0 70 (80 £3.0)x107% 564
J/n (9 +4 )x1074 360
J/ypm0 < 28 x1074  CL=90% 603
ete~ (9.6 £0.7 ) x10~© S=1.3 1887
Decays to light hadrons
by (1235)m < 14 x1075  CL=90% 1683
o' <7 x107%  CL=90% 1607
wn' < 4 x1074  CL=90% 1672
O < 6 x1074  CL=90% 1674
on (31 07 )x1074 1703
wn < 14 x1075  CL=90% 1762
Py <5 x1074  CL=90% 1764
om0 <3 x1075  CL=90% 1746
w® < 6 x1074  CL=90% 1803
ata= a0 <5 x1076  CcL=90% 1874
pr < 5 x107®  CL=90% 1804
K*(892)T K~ + c.c. < 14 x1075  CL=90% 1745
K*(892)°K® + c.c. < 12 x1073  CL=90% 1744



77
Meson Summary Table

K%K? < 12 x107%  CL=90% 1820 Radiative decays
20rta7) < 112 x1073  CL=90% 1861 Y Xc2 < 6.4 x1074%  CL=90% 211
2Art =)l < 1.06 x1073  CL=90% 1843 Y Xc1 ( 2.4840.23) x 1073 253
2nt ™ 'NO) < 5.85 % CL=90% 1821 YXco (7.0 £0.6 ) x 10—2 341
wrta~ < 6.0 x10~4  CL=90% 1794 Ve <7 x1074  CL=90% 707
3(nt7a7) < 91 x1073  CL=90% 1819 v1c(2S) <9 x10~=4  CL=90% 132
3(nta)n0 < 137 % CL=90% 1792 v < 18 x107%  CL=90% 1765
3(rta)2n0 < 11.74 % CL=90% 1760 w/o < 15 xm*: CL=90% 1847
nrtr < 124 x10~3  CL=90% 1836 y < 2 x1074  CL=90% 1884
7r0+7r* 270 < 89 x1073  CL=90% 1862
Ot~ < 69 x1073  CL=90% 179
;]37r < 1.34 x1073  CL=90% 1824 $(3823) 16(JPCY =27 2— )
n2(rt ) < 243 % CL=90% 1804 was X(3823), J, P need confirmation.
nplrtn < 145 % CL=90% 1708
n' 3w < 244 x1073  CL=90% 1740 Mass m = 3822.2 £ 1.2 MeV
KtK-ntr < 9.0 x10~4  CL=90% 1772 Full width T < 16 MeV, CL = 90%
prntx < 41 x1074  CL=90% 1737
K+ K270 < 42 x10~3  CL=90% 1774 1(3823) DECAY MODES Fraction (I';/T) p (MeVjc)
4(rta7) < 1.67 % CL=90% 1757 N
4(nta)n0 < 3.06 % CL=90% 1720 idfl :)etnseen 2:3
¢ 1(980) < 45 x1074  CL=90% 1597 2
KtK-ata— =0 < 236 x10-3  CL=90% 1741
Kt K= p070 <8 x10~4  CL=90% 1624 X(3872) 1G(UPCy = ottt
KTK= ptn~ < 146 % CL=90% 1622
wKTK™ . < 34 x107%  CL=90% 1664 Mass m = 3871.69 & 0.17 MeV
(7)7:;71'7 ™ < 38 x1073  CL=90% 1722 Mx(3s72) — My = 775 % 4 MeV
KOK=atn0+ cc < 162 % CL=90% 1693 Mx(3s72) — My(25)
K**K-nta~ + cc. < 3.23 % CL=90% 1692 Full width T < 1.2 MeV, CL = 90%
Kt K= at =270 < 267 % CL=90% 1705
KtK=2(ntn™) < 1.03 % CL=90% 1702 X(3872) DECAY MODES Fraction (I;/T) p (Mevjc)
KtK=2(zt 77 ) a0 < 3.60 % CL=90% 1660 T
nK+ K- < 41 x1074  CL=90% 1712 7w J/Y(1S) > 26% 650
nKtK-ata— < 124 % CL=90% 1624 wJ/¥(15) > 19% f
POKTK™ < 50 x1073  CL=90% 1665 DOD0x° >32 % 17
2(KtK™) < 6.0 x1074  CL=90% 1552 D*0 D0 >24 % 3
PKT K™ < 75 x10~% CL=90% 1598 I/ >6 x1073 697
2(KtK=)n0 < 29 x107%  CL=90% 1493 ”Vf({s) >30% 181
2(KtK™)rt ™ < 32 x1073  CL=90% 1425 7 ne(15) not seen 746
KKt < 32 x1073  CL=90% 1799 pp not seen 1693
KYK=at a0 < 133 % CL=90% 1773
K K= p* < 66 x1073  CL=90% 1664 X(3900) 16(PCy =1+ + )
K K= 2ntm < 87 x1073  CL=90% 1739
KSK= 7t o0 < 16 % CL=90% 1621 Mass m = 3886.6 £ 2.4 MeV (S = 1.6)
KIK=7tq < 13 % CL=90% 1669 Full width I = 28.1 4 2.6 MeV
KK 2t 7 70 < 418 % CL=90% 1703
K% K= 2rtn g < 48 % CL=90% 1570 X(3900) DECAY MODES Fraction (I;/T) p (MeVc)
K K= at2(rtr™) < 122 % CL=90% 1658 e seen 699
K K= at2n0 < 265 % CL=90% 1742 hert not seen 318
K K=Kt K= nt < 49 x1073  CL=90% 1490 nem T not seen 759
K K= KT K= ata0 < 30 % CL=90% 1427 (DD*)* seen -
KOS K- K™t K77r+77 < 22 % CL=90% 1214 DO D*~ + c.c. seen 150
KK~ at + cc. < 97 x10-3  CL=90% 1722 D=D*%+ cc. seen 141
ppr° < 4 x107%  CL=90% 1595 wrt not seen 1862
pprta— < 58 x10~4  CL=90% 1544 J/m not seen 509
AA < 12 x10~4  CL=90% 1521 Dt D* +cc seen -
pprt w0 < 185 x10-3  CL=90% 1490 DD+ cc seen -
wpﬁo < 29 x10™4  CL=90% 1309
M7 <7 x107%  CL=90% 1468
pp2(rt7) < 26 x10~3  CL=90% 1425 X(3915) 1I6(JPCy =0t or2t )
npp < 54 x10~4  CL=90% 1430 was xco(3915)
npprt T < 33 x1073  CL=90% 1284
popﬁ < 17 %«10—3  CL—90% 1313 Mass m = 3918.4 + 1.9 MeV
PBK+ K- < 32 «10-%  Cl—o0% 1185 Full width T = 20 £ 5 MeV (S = 1.1)
nppKT K~ < 6.9 x1073  CL=90% 736
0 pPKT K~ < 12 x10~3  CL=90% 1093 X(3915) DECAY MODES Fraction (I';/T) p (MeVjc)
opp < 13 x1074  CL=90% 1178
AZW+ T < 25 X1074 CL=90% 1404 ?ié:i 7](,‘(15) :IzetnSeen i;;
ApK* < 28 x1074  CL=90% 1387
/\%KJr rtn~ < 63 x1074  CL=90% 1234 e’ not seen 6?5
AAn < 19 x10~4  CL=90% 1262 e not seen o
X*lf* < 10 x1074  CL=90% 1464 KK fot seen 18%
30x0 < 4 x 1075 CL:90°A‘: 1462 pl e 195
=t=- < 15 x1074  CL=90% 1346
=0z < 14 x107%  CL=90% 1353 Xc2(2P) 16(JPCy = ot 2+ )

Mass m = 3927.2 + 2.6 MeV
Full width ' = 24 + 6 MeV
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Xc2(2P) DECAY MODES Fraction (I;/T) p (MeVc) X(4140) DECAY MODES Fraction (I;/T) p (MeVjc)
ey seen 1964 J/o seen 217
DD seen 615 ¥y not seen 2073
Dt D~ seen 600
DO DO seen 615
a7 ne(1S) not seen 792 1(4160) Lyad] IG(JPC) =07(177)
KK not seen 1901
Mass m = 4191 4+ 5 MeV
p - Full width ' = 70 & 10 MeV
X(4020) 1(J7) = 1(?*) Mee = 0.48 £ 0.22 keV/
lee < 2.2€eV, CL=90%

Mass m = 4024.1 + 1.9 MeV

. Mee
Full width T =13 £ 5 MeV (S = 1.7)

Due to the complexity of the ¢ threshold region, in this listing, “seen”
(“not seen”) means that a cross section for the mode in question has

X(4020) DECAY MODES Fraction (I;/T) p (MeVjc) been measured at effective /s near this particle’s central mass value,

more (| han 2 ve zero, with: regare n kin, havior
hf(l,P) ™ seen 450 inc\/eg(oisz)bste:ce tﬁe?eboof. eSez (r)l;odet Ii(:tjitng(ZS)a firt(()ieiazsp:r?d regfet::nses(.)

D* D* seen 85

DD*+ c.c. not seen 542 . ) P

e R not seen 872 1(4160) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

ete (6.9 £3.3) x10~© 2096

o seen 2093

'¢(4040) byaz] IG(JPC) = 07(1 N 7) /DE/ seen 956

DO DO seen 956

Mass m = 4039 & 1 MeV D+ D— seen 947

Full width ' = 80 £+ 10 MeV D*D+ c.c. seen 798

Mee = 0.86 & 0.07 keV D*(2007)°D° + c.c. seen 802

Fee < 2.96V, CL=90% D*(2010)T D~ + c.c. seen 792

lee < 4.6eV, CL=90% D*D* seen 592

Due to the complexity of the cT threshold region, in this listing, “seen” D*(2007)0 D*(2007)0 seen 604

(“not seen”) means that a cross section for the mode in question has D*(2010)* D*(2010)~ seen 592

been measured at effective /s near this particle’s central mass value, D0 D~ nt +c.C. (excl_ not seen -

more (less) than 20 above zero, with.ou.t regard to any peaking behavior D*(2007)050 +c.c.,

in /s or absence thereof. See mode listing(s) for details and references. D*(2010)+ D~ +c.c)

p DD*r+c.c. (excl. D*D*¥) seen -

1(4040) DECAY MODES Fraction (I';/T) Confidence level (MeV/c) DO D*~ 7t tc.c. (excl. not seen -

ete (1.07£0.16) x 10~5 2019 D*(2010)" D*(2010)")

DD seen 775 DS+ Dy not seen 720
pODo seen 775 D?r Dy +c.c. seen 385
Dt D~ seen 764 Jjpnt <3 x 1073 90% 919

D*D+cc. seen 569 J/pm0 0 <3 x 1073 90% 922
D*(2007)° DY + c.c. seen 575 JJpK+ K™ <2 x10~3 90% 407
D*(2010)* D~ + c.c. seen 561 J/wn <8 %1073 90% 822

D* D* - seen 193 J/w‘n-o <1 x 1073 90% 944
D*(2007)° D*(2007)° seen 226 J/on <5 x 1073 90% 457
D*(2010)* D*(2010)~ seen 193 Jjprt a0 <1 x 1073 90% 879
DOD~nt +c.c. (excl. not seen - D2S)at 7 <4 x1073 90% 39

D*(2007)°D° +c.c., Xe1 v <5 x 1073 90% 625
_ D*(2010)* D™ +c.c.) Xe2 <13 % 90% 587

DD*r(excl. D*D*) not seen - Xeimta— @l <2 x 1073 90% 496

DOD*~ 7t +c.c. (excl. seen - Yortaw <8 x10-3 9% 445
D*(2010)* D*(2010)~) he(1P)mt m~ <5 x 1073 90% 556

D} D7 seen 452 he(1P) 70 70 <2 x 1073 90% 560
Jprt <4 x 1073 90% 794 he(1P)n <2 x 1073 90% 348
J/pm0 0 <2 x 103 90% 797 he(1P) w0 <4 x 1074 90% 600
J/¥n (52 +£0.7 ) x 1073 675 prnta— <2 x 103 90% 1961
J/yn <28 x 1074 90% 823 YX(3872) — ~yJ/ymtw <68 x 1075 90% -
J/pat a0 <2 x 1073 90% 746 vX(3915) — yJ/yrtw <136 x 104 90% -

Xc17 <34 x 1073 90% 494 vX(3930) — yJ/prta~ <118 x 10—4 90% -

Xc27Y <5 x 103 90% 454 YX(3940) — ~yJ/urt T <147 x 1074 90% -

xartr™ a0 <11 % 90% 306 v X(3872) — vy J/y < 1.05 x 104 90% -

Xcomt w0 <32 % 90% 233 vX(3915) — vy J/¢ < 1.26 x 104 90% -

he(1P) 7t o~ <3 x 1073 90% 403 vX(3930) — yyJ/y <88 x 105 90% -

ot <3 x 1073 90% 1880 vX(3940) — yvJ/v <179 x 1074 90% -

/\ﬂwo+ i <29 x 1074 90% 1578

NAr <9 x 1073 90% 1636

A <30 x 10~4 90% 1452 X (4260) 16(PC) =27(1— )
<13 x 1074 90% 1632
<7 x 1075 90% 1630 Mass m = 4251 £ 9 MeV (S = 1.6)
<16 x 1074 90% 1527 Full width I = 120 &+ 12 MeV (S = 1.1)
<18 x 1074 90% 1533
X (4140) 16(JPCy = o+ (271)

Mass m = 4146.9 + 3.1 MeV (S = 1.3)
Full width T = 1578 Mev
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Due to the complexity of the ¢ threshold region, in this listing, “seen”

X(4260) DECAY MODES Fraction (;/T) p (MeVjc) (“not seen”) means that a cross section for the mode in question has
been measured at effective /s near this particle’s central mass value,
J/¢’77+7T7 seen 967 more (less) than 2o above zero, without regard to any peaking behavior
J/v£(980), £(980) — 7t r~ seen - in /s or absence thereof. See mode listing(s) for details and references.
X(3900)*7F, X = J/pnt  seen - P
J/pala0 seen 969 ¥(4415) DECAY MODES Fraction (F;/)  Confidence level (MeV/c)
J/YpKT K= seen 512 =
0 0 DD seen 1187
J/ YK K not seen 501 DODO ween 1187
X(3872) vy seen 363 D+ D- <een 1179
J/’z;‘\n/o not seen 876 D*D+ c.c. seen 1063
J/?'”/ not seen 991 D*(2007)°D° + c.c. seen 1067
J/VI‘W]JF _ 0 not seen 552 D*(2010)T D~ + c.c. seen 1059
J/ypr gr s not seen 930 D* D <een 919
I/ not seen 8o D*(2007)9D*(2007)° + c.c. seen 927
S not seen 31 D*(2010)+ D*(2010)™ + c.c. seen 919
Y(2S)mm not seen 459 DDt (excl. D*(2007)°D° < 23 % 90% -
v(25)n not seen 129 +c.c., D*(2010)* D~ +c.c.
Xcow not seen 265 DD3(2460) — DOD~ 7t +c.c. (10 +4 )% -
Xey not: seen 676 DOD* 7t 4c.c. <11 % 90% 926
Xc2 ”+ _ ot seen 638 DD not seen 1006
X1 not seen 560 s Ss .
Xeo e not seen 512 wz&iz B possibly seen 330
he(1P)mt o~ not seen 613 D" Dy +ec. seen -
Q‘ﬂ.+ . not seen 1993 D:+ sz not seen 652
61(980) — ¢rta— not seen - »(3823) 7t~ possibly seen 494
DD not seen 1020 J/ym < 6 x 1073 90% 1022
DO DO not seen 1020 Xc1 7Y < 8 x 1074 90% 817
Dt D~ not seen 1011 Xc27 < 4 x 10~3 90% 780
D*D+c.c. not seen 887 ete” (94+32)x 1076 2210
D*(2007)° D% +c.c. not seen -
D*(2010)* D~ +c.c. not seen -
D* 5*( ) not seen 691 X(4430)i I(JP) = ?(1+)
D*(2007)° D*(2007)° not seen 701 )
D*(2010)* D*(2010)~ not seen 691 Quantum numbers not established.
DD~ 7t +c.c. (excl. not seen - Mass m = 44784:%2 MeV
D*(2007)°D*° +c.c., Full width I = 181 + 31 MeV
D*(2010)* D~ +c.c.)
DD*r+c.c. (excl. D*D*) not seen 723 X(4430)% DECAY MODES Fraction (T;/T) p (Mevjc)
DO D*~ 7t +c.c. (excl. not seen -
D*(2010)* D*(2010)7) mp(25) seen 711
DY D*(2010)~ 7t +c.c. not seen 716 LA seen 1162
D*D*rm not seen 448
D} D, not seen 803 G PCy _ 27¢1 — —
D;Jr Dy +c.c. not seen 615 X(4660) PR =70 )
* *—
Dg* Dg ”°I seen 1233 X(4660) MASS = 4643 £ 9 MeV (S = 1.2)
‘;@ KE T o s ?((4660) WIDTH = 72 + 11 MeV
+ p— .0 ee
KTK™7 not seen 2049 Mo < 0.45eV, CL = 90%
lee < 2.1eV,CL=190%
X (4360) 16(JPCy =271 )
X(4660) DECAY MODES Fraction (I;/T) p (MeVfc)
X(4360) MASS = 4346 + 6 MeV »(S) T~ seen 820
X(4360) WIDTH = 102 & 10 MeV

ree

Fee < 0.57eV, CL = 90% bb MESONS

Mee < 196V, CL = 90%

X(4360) DECAY MODES Fraction (I;/T) p (MeVc) ﬂb(ls) IG(JPC) — 0+(0 — +)

»(2S) 7t~ seen 552

$(3823) 7t 7~ possibly seen 416 Mass m = 9399.0 + 2.3 MeV (S = 1.6)

Full width T = 1075 MeV
a3 G /PCy _ g—(1——
1(4415) 123 P =07 ) np(1S) DECAY MODES Fraction (T;/T)  Confidence level (MSV/C)

Mass m = 4421 £+ 4 MeV hadrons seen -
Full width ' = 62 + 20 MeV 3htT3h™ not seen 4673
Fee = 0.58 & 0.07 keV 2ht2hn~ not seen 4689
Fee < 3.6V, CL=90% 7y not seen 4700
Fee < 0.47 eV, CL = 90% MI[IL <9x1073 90% 4698
Mee < 236V, CL = 90% T <8% 90% 4351
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T(15)

1G(JPCy = 0~

")

Mass m = 9460.30 & 0.26 MeV (S = 3.3)
Full width I' = 54.02 £+ 1.25 keV

Fee = 1.340 & 0.018 keV

T(1S) DECAY MODES Fraction (I;/T) Confidence level (M:V/c)
Tt (260 +£0.10 ) % 4384
ete~ (238 +0.11 )% 4730
wtu~ (248 +0.05 )% 4729
Hadronic decays
gg8 (81.7 +07 )% -
V88 (22 +06 )% -
n'(958) anything (294 £024 )% -
J/(1S) anything (65 +07 )x1074 4223
J/(1S)ne < 22 x 1076 90% 3623
J/¥(15) xco < 34 x 1076 0% 3429
J/(1S) xc1 (39 +12 )x107© 3382
J/P(1S) X2 < 14 x 1076 90% 3359
J/9(1S)nc(2S) < 22 x 1076 90% 3316
J/(15) X(3940) < 54 x 1076 90% 3148
J/1(1S) X (4160) < 5.4 x 1076 90% 3018
Xco anything <5 x10~3 90% -
Xc1 anything (23 407 )x1074 -
Xc2 anything (34 +10 )x1074 -
(2S) anything (27 409 )x1074 -
¥(25) ¢ < 36 x 1076 90% 3345
$(2S) xco < 65 x 1070 0% 3124
P(2S) X1 < 45 x1076  90% 3070
¥(25) X2 < 21 x 1076 90% 3043
»(25)1c(25) < 32 x 1076 90% 2993
(25) X(3940) < 29 x 106 90% 2797
$(25) X(4160) < 29 x 1076 90% 2642
pm < 3.68 x 1076 90% 4697
wn® < 3.90 x1076  90% 4697
atr <5 x 1074 90% 4728
KTK~ <5 x 1074 90% 4704
pp < 5 x 104 920% 4636
ata— 70 (21 408 )x1076 4725
dKT K™ (24 +05 )x1076 4622
wrtr™ (45 +10 )x107° 4694
K*(892)° K~ nt + c.c. (44 +08 )x1076 4667
5 (1525) < 163 x 1076 90% 4549
wf(1270) < 179 x 1076 90% 4611
p(770) a5(1320) < 224 x 1076 90% 4605
K*(892)° K3(1430)° + c.c. (30 +08 )x1076 4579
1(1270)i K¥ < 241 x1076  90% 4631
K1 (1400)* KF (1.0 +04 )x1076 4613
(1235)i < 125 x1076  90% 4649
ot x0x0 (1.28 +£0.30 ) x 105 4720
KK+ 7™+ cc. (1.6 +£04 )x1076 4696
K*(892)0K%+ c.c. (29 +09 )x1076 4675
K*(892)" Kt + c.c. < 111 x 1076 90% 4675
D*(2010)* anything (252 £0.20 )% -
2H anything (285 +0.25 ) x 1079 -
Sum of 100 exclusive modes ( 1.20040.017) % -
Radiative decays

yrto~ (63 +18 )x1075 4728
'77r07r0 (1.7 407 )x107° 4728
yrln < 24 x 1076 0% 4713
YKtK— [zzaa] ( 1.14 +£0.13 ) x 10> 4704
Ypp [aabb] < 6 x 1076 90% 4636
y2ht2hn= (70 +15 )x1074 4720
~3hT3h~ (54 +20 )x1074 4703
~4ht4h~ (74 +35 )x1074 4679
yrtam KTK™ (29 +09 )x1074 4686
N2t on~ (25 +09 )x104 4720
v3rt3n~ (25 +12 )x1074 4703
~N2rt 2T KT K™ (24 +12 )x10~4 4658
vt pp (15 +06 )x104 4604
~2rt 27~ pp (4 +6 )x1075 4563
~V2KT2K™ (20 £20 )x1075 4601
1 (958) < 19 x 1076 90% 4682
v < 10 x 1076 90% 4714
~15(980) < 3 x 1070 90% 4678

v f5(1525) (38 +09 )x107° 4607
~£(1270) (1.01 +0.09 ) x 104 4644
n(1405) < 82 x 1075 90% 4625
7 f5(1500) < 15 x 1075 90% 4611
v f(1710) < 26 x 1074 90% 4573
yf(1710) — YKt K~ <7 x 1076 90%
yfo(1710) — 7970 < 1.4 x 1076 90% -
vf(1710) — ynn < 18 x 1076 90% -
7 1,(2050) < 53 x 1075 90% 4515
7£(2200) — YKt K~ < 2 x 1074 90% 4475
v£(2220) = YKT K~ < 8 x 1077 90% 4469
v£(2220) — y7ta— < 6 x10~7 90% -
~v1;(2220) — ypp < 11 x 106 90% -
v1(2225) — Yoo < 3 x 1073 90% 4469
¥nc(1S) < 57 x 1075 90% 4260
YXco < 65 x 1074 90% 4114
YXel < 23 x 1075 90% 4079
YXc2 < 76 x 1076 90% 4062
WX(3872) atr I/ < 16 x 1076 90% -
X(3872) — wta— 70U/ < 28 x 1076 90% -
X(3915) — wJd/v < 30 x 1076 90% -
X(4140) — oJ/y < 22 x 1076 90% -
'yX [bbbb] < 4.5 x 1076 90% -
yXX(my < 3.1 GeV) lecbb] < 1 x 1073 90% -
XX (mx < 4.5 GeV) [ddbb] < 2.4 x 104 90% -
X — 7+ > 4 prongs leebb] < 1.78 x 1074 95% -
7ad — yptpT [ffbb] < 9 x 1076 90% -
7a) — yrrTT lzzaa] < 1.30 x10~4 90% -
a8 — vgg lggbb] < 1 % 90% -
7a) — 455 lggbb] < 1 x 1073 90% -
Lepton Family number (LF) violating modes
pErF LF < 60 x1076  95% 4563
Other decays
invisible < 30 x 1074 90% -
Xbo(lP) [hhbb] ,G(JPC) =0ttt
J needs confirmation.
Mass m = 9859.44 + 0.42 £+ 0.31 MeV
Xpo(1P) DECAY MODES Fraction (F;/T) Confidence level (Msv/c)
v T(15) ( 1.76+0.35) % 391
DOX <104 % 90% -
ata- Kt K= =0 < 16 x10—4 90% 4875
2t T K~ K <5 x 1075 90% 4875
2t r” K~ K% 2n0 <5 x 104 90% 4846
2nt 27~ 270 < 21 x 10~4 90% 4905
2rt 2o~ KT K™ (1.1 +0.6 )x10~4 4861
2t or= Kt K= x0 < 27 x 10~4 90% 4846
2rt2n~ Kt K= 270 <5 x 1074 90% 4828
3nt2r™ K~ K%x0 < 16 x 10~4 90% 4827
37t 3r~ < 8 x 1075 90% 4904
3rt 37~ 270 < 6 x 104 90% 4881
3rt 3 KT K™ (24 +1.2 )x1074 4827
3nt3r- Kt K= 0 < 10 x 1073 90% 4808
4ntan— < 8 x 1073 90% 4880
4t ar—2x0 < 21 x 1073 90% 4850
J/pd])y <7 x 1075 920% 3836
J/p9(25) < 12 x 1074 90% 3571
»(25)(25) < 31 x 1075 90% 3273

Xp1(1P) 10]

IG(JPC) — 0+(1 + +)
J needs confirmation.

Mass m = 9892.78 + 0.26 & 0.31 MeV
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Xp1(1P) DECAY MODES

Fraction (I';/T)

p
Confidence level (MeV/c)

v T(1S) (33.9+2.2) % 423
DOX (12.6+2.2) % -
ata= KT K==l (2.0+0.6) x 1074 4892
21t 1 K~ K (1.3+0.5) x 104 4892
2rt 1 K~ K2 2n0 < 6 x 1074 90% 4863
2t 27 270 (8.0+25)x 104 4921
2t o~ KT K~ (1.5+0.5) x 10~4 4878
2t 2~ Kt K= 70 (35+1.2)x 104 4863
2rt2n~ KT K= 20 (8.6+32)x 104 4845
3rton= K= K% (9.3+33)x 1074 4844
3rt 37~ (1.9+0.6) x 10~4 4921
3t 37~ 270 (1.740.5) x 1073 4898
3rt 3 KTK™ (2.6+0.8) x 1074 4844
3rt3r Kt K0 (7.5+2.6) x 1074 4825
4nt4n— (2.6+0.9) x 1074 4897
47t 47— 270 (1.4+0.6) x 10~3 4867
J/pd /Y < 27 x 1079 90% 3857
J/4p(25) < 17 x 1075 90%  35%
$(25)1(25) < 6 x 1073 90% 3298

hp(1P) 16UPCY =271+ )

Mass m = 9899.3 + 0.8 MeV

hp(1P) DECAY MODES Fraction (I';/T) p (MeVc)
np(15)y 528 % 488

sz(lp) [hhbb) ,G(JPC) ottt

J needs confirmation.
Mass m = 9912.21 + 0.26 + 0.31 MeV

Xp2(1P) DECAY MODES Fraction (I';/T) Confidence level (Mgv/c)
v T(1S) (19.14+1.2) % 442
DOX < 79 % 90% -
ata KT K==l (8 +5 )x 1075 4902
27t 7 K~ K < 10 x 1074 90% 4901
27t 7 K~ K220 (5.3+2.4) x 104 4873
2rt 2 270 (3.5+1.4)x 104 4931
ot 2~ KT K~ (1.14+0.4) x 1074 4888
2t 2~ Kt K= 70 ( 2.1+0.9) x 104 4872
2rton~ Kt K= 2x0 (3.9+1.8) x 104 4855
3t 27~ K~ K n0 <5 x 104 90% 4854
3rt 37~ (7.0+3.1) x 1075 4931
3rt 37— 270 (1.0+0.4) x 1073 4908
3rt3r KTK— < 8 x 1073 90% 4854
3rt3n Kt K70 (3.6+15)x 104 4835
antan— (8 +4 )x1075 4907
47t 4270 (1.8+0.7) x 10~3 4877
J/p I/ < 4 x 1075 90% 3869
J/¢p(25) <5 x 1073 90% 3608
¥(25)¥(2S5) < 16 x 1073 90% 3313

T(25) 1I6UPCY =017 )

Mass m = 10023.26 + 0.31 MeV

m»,-(35) — m'r(zs) = 331.50 4+ 0.13 MeV
Full width ' = 31.98 + 2.63 keV

Mee = 0.612 = 0.011 keV

Scale factor/ P
T(2S) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
TAS)nta~ (17.85+ 0.26) % 475
T(18) 7070 (86 + 04)% 480
Tt ( 2.00+ 0.21) % 4686
wtu~ (1.93+ 0.17) % S=22 5011
ete~ (1.91+ 0.16) % 5012
T(18)7° < 4 x107%  CL=90% 531
T(1S)n (29 + 04 )x107%  s=20 126
J/9¢(1S) anything < 6 x1073 CL=90% 4533
J/¥(1S)ne < 5.4 x1076 CL=90% 3984
J/¥(1S) xco < 34 x1076 CL=90% 3808
J/(1S) xc1 < 12 x1076 CL=90% 3765
J/9(1S) xc2 < 20 x1076 CL=90% 3744
J/(1S)nc(25) < 25 x1076 CL=90% 3706
J/¥(15) X(3940) < 20 x1076 CL=90% 3555
J/(1S) X (4160) < 20 x1076 CL=90% 3440
»(2S) nc < 51 x1076 cL=90% 3732
»(25) xco < 47 x1076 CcL=90% 3536
Y(2S) X1 < 25 x1076 CL=90% 3488
»(25) xc2 < 19 x1076 CL=90% 3464
P(2S)nc(2S) < 33 x1070 CL=90% 3421
1¥(25) X (3940) < 39 x1076 cL=90% 3250
$(25) X (4160) < 39 x1076 cL=90% 3118
2H anything (278F §3) x1075  s-12 -
hadrons 94 +11 )% -
ggg (588 + 1.2 )% -
V88 (1.87+ 0.28) % -
dKTK™ (16 + 04 )x106 4910
wrta~ < 258 x 1070 CL=90% 4977
K*(892)° K~ 7t + c.c. (23 + 07 )x1076 4952
¢1%(1525) < 133 x1070 CL=90% 4841
wf(1270) < 57 x1077 CL=90% 4899
p(770) a5(1320) < 88 x 1077 CL=90% 4894
K*(892)0K35(1430)% + c.c. (15 + 06 )x1076 4869
K1(1270)* KF < 322 %1076 CL=90% 4918
Ki(1400)F KT < 83 x10=7 CL=90% 4901
by (1235)* 7 ¥ < 40 x1077 CL=90% 4935
p < 116 x1070 CL=90% 4981
7t~ w0 < 80 x1077 CL=90% 5007
wm? < 163 %1076 CL=90% 4980
ata= 7070 (1.304 0.28) x 10~5 5002
Kg Ktn~+ cc. (1.14+ 033)x107° 4979
K*(892)° K%+ c.c. < 422 x1076 CL=90% 4959
K*(892)~ KT+ c.c. < 145 x1070 CL=90% 4960
Sum of 100 exclusive modes (2904 0.30) x 1073 -
Radiative decays
vxp1(1P) (69 +04)% 130
Yxp2(1P) ( 7.15+ 0.35) % 110
Yxbo(1P) (38 +04)% 162
yfo(1710) < 59 x107% CL=90% 4864
7 15(1525) < 53 x1074 CL=90% 4896
v £(1270) < 241 x1074 CL=90% 4930
ync(15) < 27 x107% CL=90% 4568
YXco < 1.0 x107% CL=90% 4430
YXcl < 36 x1070 CL=90% 4397
YXc2 < 15 x 1075 CL=90% 4381
YX(3872) — wha= J/ < 8 x 1077  CL=90% -
yX(3872) — wta—a0J/y < 24 %1076 CL=90% -
YX(3915) — wd/v < 28 x 1076 CL=90% -
YX(4140) — ¢J/y < 12 x 1076 CL=90% -
7YX (4350) — ¢J/y < 13 x 1076 CL=90% -
ynp(1S) (39 + 15 )x1074 605
Y1p(1S) — ~Sum of 26 exclu- < 37 x1076  cL=90% -
sive modes
¥X p5 — Sum of 26 exclusive < 49 x1076  cL=90% -
modes
vX — 7+ > 4 prongs [iibb] < 1.95 x1074 CL=95% -
yA% — ~hadrons < 8 x107%  CL=90% -
7ad — yptpm < 83 x 1076 CL=90% -
Lepton Family number (LF) violating modes
etrT LF < 32 x1076 CL=90% 4854
pErF LF < 33 x1076 CL=90% 4854
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G/ 1PCy _ A—(n — — Scale factor/ P
T(ID) P =072 ) xp2(2P) DECAY MODES Fraction (I;/T) Confidence level (MeVjc)
Mass m = 10163.7 + 1.4 MeV (S = 1.7) w T(1S) (120733 % 194
v T(2S) (106 £2.6 )% $=2.0 242
T(1D) DECAY MODES Fraction (I;/T) p (MeVc) 7 T(1S) (7.0 £0.7 )% 777
vy T(1S) seen 679 7 Xp2(1P) (51 +09)x1073 229
YXbs(1P) seen 300 DX < 24 % CL=90% -
1 T(1S) not seen 426 atam Kt K= =0 < 11 x107%  CL=90% 5082
e T(1S) (6.641.6) x 10—3 623 2rt 7~ K~ KY <9 %1075  CL=90% 5082
2rt 7~ K~ K% 2n0 <7 x10~4  CL=90% 5054
G, PC 2t 27~ 270 (39 £16 ) x 1074 5110
xbo(2P) Lhhbbl 16JFCy =0t ™) 2t o~ KY K- (9 +4 )x10-5 5068
J needs confirmation. 2t 2r~ Kt K= 0 (24 £11)x1074 5054
o — )+ k=90 —4
Mass m = 10232.5 & 0.4 =+ 0.5 MeV arr2m KK 2T (47 £23)x10 5037
» 3rt2n” K~ Ken < 4 x10™4  CL=90% 5036
Xpo(2P) DECAY MODES Fraction (T;/T)  Confidence level (MeV/c) 3 3m (9 +4 )x1075 5110
7025 : 3at3n— 270 (12 +0.4 )x 1073 5088
7 T(25) (4.6+2.1) % 3 207 3rt3n~ Kt K- (1.4 +0.7 ) x 1074 5036
v gﬁ(l‘g) (0 &6 )x10 43 3nt3r~ Kt K= =0 (42 1.7 )x 1074 5017
D+X7 Kt Km0 <82 % s 90:”’ - Antar— (9 +5 )x107° 5087
A <34 x 10 90% 5064 47t 47— 270 (13 +05 ) x10-3 5058
2t T K~ K <5 x 107 90% 5063
2rt K~ K22r0 <22 x 104 90% 5036
2nt 27~ 270 <24 x 10~4 90% 5092 T(3S) 16UPCy =0—(1— )
2rt 2 KT K™ <15 x 1074 90% 5050
2nt on= Kt K= 70 <22 x 104 90% 5035 Mass m = 10355.2 & 0.5 MeV
2t 27~ Kt K270 <11 x 1073 90% 5019 My 3s) — Mr(es) = 331.50 £ 0.13 MeV
3rton K= Kx0 <7 x 1074 90% 5018 Full width I = 20.32 + 1.85 keV
3rt3n~ <7 x 1075 90% 5091 lee = 0.443 + 0.008 keV
Swi 3~ 271f - <12 x 10*2 90% 5070 Scale factor/  p
3rT 31T KT K <15 %107 90% 5017 T(3S) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
3rt3r~ Kt K= =0 <7 x10~4 90% 4999 (29 amvihi ”
4rtan— <17 x 1074 90% 5069 (7‘ g;ny+|ng (106 +0.8 )0" 3 2%
4ntar— 270 <6 x10~4 90% 5039 ( )WO ”0 (12.82:0.18) % S=16 Loz
T@2S)n "« (1.85+0.14) % 190
T(2S)yy (5.0 £07 )% 327
Xb1(2P) [hhbb) ,G(JPC) ottt 7"(25)7r(jr ~ < 5.1 x1074  CL=90% 298
J needs confirmation. T(S)m (14.3740.08) % 813
T(1S) 7070 (220+0.13) % 816
Mass m = 10255.46 + 0.22 £+ 0.50 MeV T(1S)n <1 «10—%  CL=90% 677
My, (2P) — My,(2p) = 23.5 £ 1.0 MeV T(18)7° <7 x10~5  CL=90% 846
o hp(1P) 70 < 12 x10=3  CL=90% 426
Xp1(2P) DECAY MODES Fraction (I';/T) Scale factor (MeV/c) hp(1P) 70 — ~np(1S5)a° (43 £1.4 )x1074 -
040, hy(1P) T 7~ < 12 x1074  CL=90% 353
wT(1S) (1.6370737) % 135 Tt ( 2.2940.30) % 4863
v T(2S) (199 +1.9)% 230 wtp (218+0.21) % s=2.1 5177
v T(1S) (92 £08)% 1.1 764 ete~ seen 5178
77 Xp1(1P) (91 +13)x1073 238 ggg (35.7 +2.6 )% -
DYX (88 £1.7)% - 188 (97 +1.8 )x1073 -
ata KT K==l (31 +£1.0 )x 1074 5075 2H anything (2.33+£0.33) x 10~5 -
2t K~ K9 (1.1 +05 ) x 1074 5075
S . .
27t 1~ K~ K220 (77 +32)x1074 5047 Radiative decays
oo D 4 Yxp2(2P) (13.1 £1.6 )% S=3.4 86
ort2on 2n (5.9 £2.0 ) x 10 5104 (2P) (126 £12 )% Sra 9
ot 2r” KT K™ (10 +£4 )x1075 5062 A//Xbl(zp) ( 59 106 )‘; 14 12
ort o Kt K= a0 (55 +£1.8)x 104 5047 WX”O(lP) ( 99 13 );1073 e 2o am
2rt 27 Kt K= 270 (10 +4 )x1074 5030 TXb2 Coe s -
b e 10 0 4 vA” — ~hadrons < 8 x 10 CL=90% -
3rt2r” K~ K3n (6.7 £2.6 ) x 10 5029 4
33— L2 £04 ) 104 5108 vxp1(1P) (9 +5 )x10 S=1.9 452
o 0 (1 4)x Yxpo(1P) (27 £0.4 ) x 1073 484
3rt3r2r (12 +£0.4 )x 1073 5081 S 4 oo
e et e 4 vnp(25) < 62 x 10 CL=90% 350
3rt3r~ KT K (2.0 £0.8 ) x 10 5029 _a
e 0 4 Ynp(1S) (5.1 +£0.7 )x10 913
3rT3rT KTK™ (6.1 £22)x10 5011 X " 4 o
- 4 ¥X — v+ > 4 prongs Lijpb] < 2.2 x 10 CL=95% -
4rtan (1.7 +0.6 ) x 10 5080 0 oz 6 N
ta—n 0 _3 yay — YRR < 55 x 10 CL=90% -
AT 47 2 (1.9 £0.7 ) x 10 5051 0 +. - 4
yay — YTT [kkbb] < 1.6 x 10 CL=90% -

Lepton Family number (LF) violating modes
etrT LF < 42 x 1076
uEr¥ LF < 31 x10~6

/G(JPC) — 0+(2 + +)
J needs confirmation.

Mass m = 10268.65 & 0.22 £ 0.50 MeV
mxb2(2p) - mXbl(QP) =13.4 + 0.6 MeV

xb2(2P) [hbe] CL=90% 5025

CL=90% 5025
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G jPCy— g+(1++ p
Xb1(3P) P =07 ) T(10860) DECAY MODES Fraction (I;/T) Confidence level (MeVjc)
Mass m = 10512.1 + 2.3 MeV BBX (762 F20 )% -
) BB ( 55 +1.0 )% 1334
Xp1(3P) DECAY MODES Fraction (I';/T) p (MeVc) BE: + cc (137 +16 )% _
T(1S)y seen 999 B* B* (381 £3.4 )% 1141
T(2S)y seen 477 BB(i)n < 197 % 90% 1031
T(3S)y seen 156 BBm (00 +12)% 1031
B*Bm + BB*m (73 +23)% -
B*B*r (1.0 £1.4)% 761
T(4S) 16UPC) = 01— ) BBrr < 89 % 90% 580
or T/(10580) Bg*)Eg*) (201 £31)% 923
BsBs (5 %5 )x1073 923
Mass m = 10579.4 £+ 1.2 MeV BsB: + cc. ( 1.35+032) % _
Full width T = 20.5 + 2.5 MeV BB (176 +27 )% 572
lee = 0.272 + 0.029 keV (S = 1.5) 50
no open-bottom ( 387132)% -
o :
T(4S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c) ete” - ( 5.7 +1.5)x107® 5446
5B ” o - 0 K*(892)0 K < 10 x 1075 90% 5398
T > ; ’ TAS)nta~ ( 53 +06)x1073 1311
B"B (51.4 £0.6 ) % 3l TQS) Tt~ ( 7.8 £1.3 )x 1073 789
D anything + c.c. (17.8 +2.6 )% - . e
BOB? (48.6 £0.6 ) % 326 T@ES)m ™ (48 F17)x1073 446
JIKS + (J/Y, ne)KY < 4 x 1077 90% - TAS)KT K~ ( 61 +1.8)x10~4 966
non-B B < 4 % 95% - hp(1P)mt m— ( 35 F10)x103 908
ete™ ( 1.5740.08) x 10~5 5290 o1
pto™ < 57 x 106 90% 5233 hp(2P)mt 7™ ( 60 T3 )x1073 550
K*(892)0 K© < 20 x 1076 90% 5240 xpo(1P) 7t 70 < 63 x 1073 90% 900
J/(1S) anything < 19 x10~4 95% - xpo(1P)w < 39 x 1073 90% 640
D*+ anything + c.c. < 14 % 90% 5099 xpo(1P) (7T 7~ 7% non—w < 48 x 103 90% -
¢ anything (71 £06)% 5240 xp1(1P)nt 7= a0 ( 1.85+0.33) x 1073 867
m// < 18 x 1076 90% 5226 Xp1(1P)w ( 1.574+0.30) x 1073 591
on < 43 x 10:2 90% 519 X1 (1P) (7T 7~ 1) non—w ( 52 +1.9 )x1074 -
P < 13 o’ 90% 5247 Xp2(1P)wt 7~ 70 ( 1.17+0.30) x 103 847
P ) < 25 x 107 90% 5217 xp2(1P)w ( 6.0 £27 )x 1074 561
T(15) anthrhm_g < 4 ><10’2 90% 1053 Yo (1P) (7 7= 1) non—w (6 4 )x10—4 -
T@AS)rtw (81 £0.6 )x10" 1026 v Xp — yT(AS)w < 38 % 10~5 90% _
T(1S)n ( 1.96+0.28) x 10—4 924
T2S) 7t (86 £1.3 )x1075 468 Inclusive Decays.
hy(1P)mt m™ not seen 600 These decay modes are submodes of one or more of the decay modes
hp(1P)n (2.1840.21) x 1073 390 above.
2 i -5 _
H anything < 13 x 10 90% ¢ anything (138 £24)% -
DY anything + c.c. (108 +8 )% -
X(10610):|: /G(JP) =1t Ds anythin_g + c.cC. (46 +6 )% -
J/4 anything ( 2.06+0.21) % -
BO anything + c.c. (77 +8 )% -
Mass m = 10607.2 + 2.0 MeV .
Bt anyth .C. 2 46 )% -
Full width T = 18.4 + 2.4 MeV anything + c.c ( )%
X(10610)~ decay modes are charge conjugates of the modes below.
7(11020) 1I6(PCY =017 )
X(10610)+ DECAY MODES Fraction (I';/T) p (MeVc) _ 1110
- ! Mass m = 10987.57 "3, MeV
7"(15)7T+ seen 1077 Full width I = 617,2 MeV
T(25)m seen 551 Mee = 0.130 = 0.030 keV
T(3S)7t seen 207
hp(1P) 7t seen 671 .
7T(11020) DECAY MODES Fract r;/r MeV)
hp(2P) 7t seen 313 ( ) raction (I;/1) P (Mevie)
ete @173l x 1076 5494
X(10610)° 16(JP) =1(1%)
Mass m = 10609 + 6 MeV
X(10610)° DECAY MODES Fraction (F;/T) p (MeVjc)
T(15)x° not seen 1079
T(2S)7° seen 554
7(35) 70 seen 212
7(10860) 16UPC =0~ )

Mass m = 10891 + 4 MeV
Full width ' = 54 + 7 MeV
lee = 0.31 £+ 0.07 keV (S = 1.3)
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NOTES

In this Summary Table:

When a quantity has “(S=...)" to its right, the error on the quantity has
been enlarged by the “scale factor” S, defined as S = /x2/(N — 1), where
N is the number of measurements used in calculating the quantity. We

do this when S > 1, which often indicates that the measurements are incon-
sistent. When S > 1.25, we also show in the Particle Listings an ideogram of
the measurements. For more about S, see the Introduction.

A decay momentum p is given for each decay mode. For a 2-body decay, p is
the momentum of each decay product in the rest frame of the decaying
particle. For a 3-or-more-body decay, p is the largest momentum any of the
products can have in this frame.

[a] See the “Note on 7+ — (%1~ and K+ — (%1~ Form Factors” in the
7% Particle Listings for definitions and details.

[b] Measurements of ['(e* ve) /T (1t v,) always include decays with +'s, and
measurements of [(e* v y) and (" v, 7) never include low-energy ~'s.
Therefore, since no clean separation is possible, we consider the modes
with 4's to be subreactions of the modes without them, and let [[(et ve)
+ r(qu Vu)]/rtotal = 100%.

[c] See the =% Particle Listings for the energy limits used in this measure-
ment; low-energy ~'s are not included.

[d] Derived from an analysis of neutrino-oscillation experiments.

[e] Astrophysical and cosmological arguments give limits of order 10~13; see
the 79 Particle Listings.

[f] C parity forbids this to occur as a single-photon process.

[g] See the “Note on scalar mesons” in the fy(500) Particle Listings . The
interpretation of this entry as a particle is controversial.

[h] See the “Note on p(770)" in the p(770) Particle Listings .

[/] The wp interference is then due to wp mixing only, and is expected to
be small. If ey universality holds, [(p® — pTpu™) =T(p" — ete™)
x 0.99785.

[/] See the “Note on scalar mesons” in the fy(500) Particle Listings .

[k] See the “Note on a;(1260)" in the a;(1260) Particle Listings in PDG 06,
Journal of Physics G33 1 (2006).

[/] This is only an educated guess; the error given is larger than the error on
the average of the published values. See the Particle Listings for details.

[n] See the “Note on non-gg mesons” in the Particle Listings in PDG 06,
Journal of Physics G33 1 (2006).

[0] See the “Note on the 7(1405)" in the 7(1405) Particle Listings.

[p] See the “Note on the f;(1420)" in the 7(1405) Particle Listings.

[q] See also the w(1650) Particle Listings.

[r] See the “Note on the p(1450) and the p(1700)" in the p(1700) Particle
Listings.

[5] See also the w(1420) Particle Listings.

[t] See the “Note on f5(1710)" in the f5(1710) Particle Listings in 2004
edition of Review of Particle Physics.

[u] See the note in the KT Particle Listings.

[v] Neglecting photon channels. See, e.g., A. Pais and S.B. Treiman, Phys.
Rev. D12, 2744 (1975).

[x] The definition of the slope parameters of the K — 3 Dalitz plot is as
follows (see also “Note on Dalitz Plot Parameters for K — 3w Decays”
in the KT Particle Listings):

2 _ 2
[MP? =1+ g(s3 — so)/m7r+ + o
[v] For more details and definitions of parameters see the Particle Listings.

[z] See the K* Particle Listings for the energy limits used in this measure-
ment.

[aa] Most of this radiative mode, the low-momentum ~ part, is also included
in the parent mode listed without ~'s.

[bb] Structure-dependent part.
[cc] Direct-emission branching fraction.
[dd] Violates angular-momentum conservation.

[ee] Derived from measured values of ¢, _, ¢go, and

e |mK(Z - ng}'

T o1 AS described in the introduction to “Tests of Conservation Laws.”
S

[ff] The CP-violation parameters are defined as follows (see also “Note on
CP Violation in Ks — 37" and “Note on CP Violation in K‘Z Decay”
in the Particle Listings):

TR G ot SO
Np— = |Ny—_|€7+ = =€ + €
N + A(K% — at7r7)

_ AKY — 7%x9)
Noo = ‘n00|el¢>00 = —e— 2

A(K% — 70z0)
F(K(L) — 7 0ty) — F(K(L) — ati7v)
MKY — 7 tw) + T(KY — wtev)

F(Kg- N 7r+ﬂ.—ﬂ.0)CP viol.

r(K(Z — ata—x0)

Im(4 o)

MKY — 07070
|m(7’000)2 = ¥ .
F(K(L) — 707070)

where for the last two relations CPT is assumed valid, i.e., Re(n4_g) ~
0 and Re(’r]ooo) ~ 0.

[gg] See the K% Particle Listings for the energy limits used in this measure-
ment.

[hh] The value is for the sum of the charge states or particle/antiparticle
states indicated.

[ii] Re(€’/€) = €’ /e to a very good approximation provided the phases satisfy
CPT invariance.

[i/] This mode includes gammas from inner bremsstrahlung but not the direct
emission mode K9 — 7+ 7~ y(DE).

[kk] See the K‘Z Particle Listings for the energy limits used in this measure-
ment.

[/l Allowed by higher-order electroweak interactions.

[nn] Violates CP in leading order. Test of direct CP violation since the in-
direct CP-violating and CP-conserving contributions are expected to be
suppressed.

[o0] See the “Note on f;(1370)" in the f5(1370) Particle Listings and in the
1994 edition.

[pp] See the note in the L(1770) Particle Listings in Reviews of Modern
Physics 56 S1 (1984), p. S200. See also the “Note on K,(1770) and the
K5(1820)" in the K,(1770) Particle Listings .

[qq] See the “Note on K5(1770) and the K5(1820)" in the K,(1770) Particle
Listings .

[rr] This result applies to Z® — ¢ decays only. Here ¢* is an average (not
a sum) of et and ut decays.

[ss] See the Particle Listings for the (complicated) definition of this quantity.

[tt] The branching fraction for this mode may differ from the sum of the
submodes that contribute to it, due to interference effects. See the
relevant papers in the Particle Listings.

[uu] These subfractions of the K~ 27T mode are uncertain: see the Particle
Listings.

[vv] Submodes of the D+ — K~ 27+ 7% and K27+ 7~ modes were studied
by ANJOS 92C and COFFMAN 92B, but with at most 142 events for the
first mode and 229 for the second — not enough for precise results. With
nothing new for 18 years, we refer to our 2008 edition, Physics Letters
B667 1 (2008), for those results.

[xx] The unseen decay modes of the resonances are included.

[yy] This is not a test for the AC=1 weak neutral current, but leads to the
a0t 0~ final state.

[zz] This mode is not a useful test for a AC=1 weak neutral current because
both quarks must change flavor in this decay.

[aaa] In the 2010 Review, the values for these quantities were given using a
measure of the asymmetry that was inconsistent with the usual definition.
is value is obtained by subtracting the branching fractions for 2-, 4-

bbb] Thi lue is obtained b: b ing the bl hing fracti for 2
and 6-prongs from unity.

ccec is is the sum 0 our 2w, “2n Tt Y,

[ccc] This i h f K= 2rt K= 27t 770
KO27t2n—, Kt2K—nt, 2t 2n~, 27t 27~ 70, Kt K—nt 7, and
K* K~ ntx~ 70, branching fractions.

[ddd] This is the sum of our K~ 3727~ and 37 37~ branching fractions.

[eee] The branching fractions for the K~ et v, K*(892)" et v, m et ve,
and p~ eT v, modes add up to 6.19 + 0.17 %.

[fff] This is a doubly Cabibbo-suppressed mode.

[ggg] The two experiments measuring this fraction are in serious disagreement.
See the Particle Listings.
hhh] Submodes of the D° — K%zt 7~ 70 mode with a K* and/or p were
S p
studied by COFFMAN 92B, but with only 140 events. With nothing new
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for 18 years, we refer to our 2008 edition, Physics Letters B667 1 (2008),
for those results.

[iii] This branching fraction includes all the decay modes of the resonance in
the final state.

[jif] This limit is for either DO or D to pe.

[kkk] This limit is for either DO or D° to pet.

[/l] This is the purely et semileptonic branching fraction: the et fraction
from 71 decays has been subtracted off. The sum of our (non-7) et
exclusive fractions — an et v, with an 7, 1/, ¢, KO, K*9, or £,(980) —
is7.0+04%

[nnn] This fraction includes 7 from 1’ decays.

[000] Two times (to include p decays) the 7’ et v branching fraction, plus the
o 7t, 0 pt, and of KT fractions, is (18.6 + 2.3)%, which considerably
exceeds the inclusive 7’ fraction of (11.7 & 1.8)%. Our best guess is that
the / pT fraction, (12.5 & 2.2)%, is too large.

[ppp] This branching fraction includes all the decay modes of the final-state
resonance.

[qqq] A test for uT or dd content in the D;’. Neither Cabibbo-favored nor
Cabibbo-suppressed decays can contribute, and w—¢ mixing is an unlikely
explanation for any fraction above about 2 x 1074,

[rrr] We decouple the D;’ — ¢mt branching fraction obtained from mass
projections (and used to get some of the other branching fractions) from
the D;L — ¢nt,  — KT K™ branching fraction obtained from the
Dalitz-plot analysis of DY — K+ K~z+. Thatis, the ratio of these two

branching fractions is not exactly the ¢ — KT K~ branching fraction
0.491.

[sss] This is the average of a model-independent and a K-matrix parametriza-
tion of the 7+ 7~ S-wave and is a sum over several f, mesons.

[ttt] An ¢ indicates an e or a i mode, not a sum over these modes.

[uuu] An CP(+1) indicates the CP=+1 and CP=—1 eigenstates of the D°-D°
system.

[vwv] D denotes D or DO.

[ D%, decays into D070 with the DO reconstructed in CP-even eigen-
states Kt K~ and 777~

[yyy] D** represents an excited state with mass 2.2 < M < 2.8 GeV/c?.

[2zz] X(3872)7 is a hypothetical charged partner of the X(3872).

[aaaa] ©(1710)** is a possible narrow pentaquark state and G(2220) is a
possible glueball resonance.

[bbaa] (ﬂc_ p)s denotes a low-mass enhancement near 3.35 GeV/c2.

[ccaa] Stands for the possible candidates of K*(1410), K{j(1430) and
K3(1430).

[ddaa] B® and BY contributions not separated. Limit is on weighted average
of the two decay rates.

[eeaa] This decay refers to the coherent sum of resonant and nonresonant JP
=01 K« components with 1.60 < my < 2.15 GeV/c2.

[ffaa] X(214) is a hypothetical particle of mass 214 MeV/c? reported by the
HyperCP experiment, Physical Review Letters 94 021801 (2005)

[ggaa] ©(1540)T denotes a possible narrow pentaquark state.

[hhaa] Here S and P are the hypothetical scalar and pseudoscalar particles with
masses of 2.5 GeV/c? and 214.3 MeV/c?, respectively.

[iiaa] These values are model dependent.

[ijaa] Here “anything” means at least one particle observed.

[kkaa] Thisis a B(B® — D*~(* 1) value.

[llaa] D** stands for the sum of the D(11P;), D(13P,), D(13P;), D(13P5),
D(21Sp), and D(21S;) resonances.

[nnaa] D*)D™*) stands for the sum of D*D*, D*D, DD*, and DD.

[0oaa] X(3915) denotes a near-threshold enhancement in the wJ /v mass spec-
trum.

[ppaa] Inclusive branching fractions have a multiplicity definition and can be
greater than 100%.

[qqaa] Dj represents an unresolved mixture of pseudoscalar and tensor D**
(P-wave) states.

[rraa] Not a pure measurement. See note at head of Bg Decay Modes.

[ssaa] For E, > 100 MeV.

[ttaa] Includes pprt m~ v and excludes ppn, ppw, PP

[uuaa)] For a narrow state A with mass less than 960 MeV.

[vvaa] For a narrow scalar or pseudoscalar A® with mass 0.21-3.0 GeV.

[xxaa] For a narrow resonance in the range 2.2 < M(X) < 2.8 GeV.

[yyaa) JPC known by production in et e~ via single photon annihilation. 16
is not known; interpretation of this state as a single resonance is unclear

because of the expectation of substantial threshold effects in this energy
region.

[zzaa) 2m,; < M(7T77) < 9.2 GeV

[aabb] 2 GeV < my o < 3 GeV

[bbbb] X = scalar with m < 8.0 GeV

[ccbb] X X = vectors with m < 3.1 GeV

[ddbb] X and X = zero spin with m < 4.5 GeV
[eebb] 1.5 GeV < mx < 5.0 GeV

[ffbb] 201 MeV < M(ut p~) < 3565 MeV

[ggbb] 0.5 GeV < mx < 9.0 GeV, where mx is the invariant mass of the
hadronic final state.

[hhbb] Spectroscopic labeling for these states is theoretical, pending experi-
mental information.

liibb] 1.5 GeV < mx < 5.0 GeV
[ijbb] 1.5 GeV < mx < 5.0 GeV
[kkbb] For m_,.__ in the ranges 4.03-9.52 and 9.61-10.10 GeV.

T
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See also the table of suggested gg quark-model assignments in the Quark Model section.
e Indicates particles that appear in the preceding Meson Summary Table. We do not regard the other entries as being established.

LIGHT UNFLAVORED STRANGE CHARMED, STRANGE CEIG(JPC)
S=C=B=0 S=+1,C=B=0 C=S5S=+1
/G(J'g ) | 16(J7C) ( I(J° )) ( /()JP ) o 1(15) o+(0 )
ot 17(07) | ep3(1690) 1H(3~ 7)| e K* 1/2(07) | e DF 0007) |eJ/yv(1S) o0 (17 7)
o0 17(0 = ) | e p(1700) 1H(1~ )| e K® 1/2(07) | o D2* 0?%) | exco(1P) 0F(0TT)
o1 0T~ )| a(1700) 12+ +)| e KL 1/2007) | o D3, (2317)  0(0") | ®xai(1P) 0*(1 )
e f(500) 0T T F)|efy(1720) ot T )| ek 1/2(07) | o Dy (2460)= o0(1t) | ®hc(1P) 71t 7)
op(770) 1T 7)| w(1760) 0T~ )| K3(800)  1/2(0%) | e Dyy(2536)F o0(1t) | ®Xe2(1P) 02t F)
ew(782)  07(17 )| en(1800) 17(07 )| ek*(892)  1/2(17)|eDe(2573) o(2T) |*n(25)  0T(0~T)
en/(958)  0T(0~F)| £H(1810) 0F@2TT) [ eky(1270)  1/2(1T) | e DS;Z;(2700)i o(17) |e¥(@s) 0T (177)
«(980)  0F(OTT) | X(1835) (0 F) |eky(1a00)  1/207)| Dz(2860)* o(1—) |*¥(3770)  0-(177)
ea(980) 17(0TH)| x(1840) 77(2"7) e K*(1410)  1/2(17)| Dr (2860 o0(3~) |°*¥(3823) T (2" 7)
¢ $(1020) 07 (1~ 7)| a(1420) 17(1TF)| ekz(1430)  1/2(0T) D.,(3040)* 0(7) X(3872) otat™)
o hi(1170)  07(1 7 7)| e 5(1850) 0~(37 7) | e K3(1430)  1/2(2%) : X(3900) 1F(1F )
eby(1235) 1H(LFT )| m(1870) 0T T )| k(a60)  1/2(07) BOTTOM *X(3915) 07 (0/2" )
ea(1260) 17(17F) | emy(1880) 172~ )| ky(580)  1/2(27) (B= +1) *X(2P)  0F(2 1)
e £(1270)  0FQFH)1 p(1900) 1A T )| kae30)  1/2(7) | ¢ BT 1/2007) | X(3940)  7*(?77)
o £,(1285) 01(1 + i) H(1910) 0T (2 i i) Ki(1650)  1/2(1T) | ®B° 1/2(07) | ® X(4020)  1(7')
e(1205) 0% (0~ +) a0(1950) 1+(0 . +) e K*(1680)  1/2(17) | ® Bi/Bz AlgMIXTURE . @‘»(4040)i f?J ?gl )
e7(1300)  17(0 B +) o £,(1950) 0+(2 T eko7ro) 17207 | ® EDKAI?X/T%SR/gbaryon X(4050)i ;(;?)
*a(1320) 172 7T) | p3(1990) 1+(3 N +) o k30780)  1/237) | PN S e §(2(1)z515) Sr 7)?+
* 1(1370) 07(0 + 7) * £(2010) 0+(2 + +) * K5(1820) 1/2(27) | trix Elements * } (4140) 0_(' _)_
h1(1380) ? (1 ) 15(2020) 0™ (0 ) K(1830) 1/2(0 ) o B* 1/2(17) * 1)(4160) 07 (:!)? )
—(1—+ —(a++ 27(7
o 71(1400) 1+(1 - +) ® 34(2040) 1+(4 N +) K(1950) 1/2(01) | o By(5721)+  1/2(17) X(4160) 7 (Jr )
. ’;((11‘20250)) ’ +E(1’ N +; . ’51((22015000)) (1’_8 i +; K3(1980)  1/2(27) | @ By(s721)°  1/2(1T) Efégg; 29(1 ) .
*h ISR B e K;(2045)  1/2(47)| Bj(5732)  7(?Y) R S
e Gecnl e de em o - ) e o
2 K5(2320 1/2(37) | & B%(5747)°  1/2(2 N
o a(1450) 1;(0 J_f J_f) p(2150) 1i(1 ) K3;((2380)) 1; 2E 7; Bj((5840;+ 1? QE??)) . X(ggg) ; .+(17?+
. p(ﬁfO) (1J+((1) - +) ) f(ﬂm) 0+(1 + +) Ki(2500)  1/2(47) | B,(5840)° 120 |, X(4360) 77 (1.— )
: %((15050)) 0+Eo + +; figiggﬁ 8*8 + +) K(3100) HGDRRLY (5970): Y 2(?3) ) ((4415)) 0*( (1— *))
f(1510) ot(Lt ) or 4+ +) CRARMED * BJBOTO) 1/2(T) 1| ¢ (aa30)+ (1)
o 1,(1525) 01(2 i i) n(2225) oi(o -1 (C=+1) BOTTOM, STRANGE | ® X(4660)  7°(1~ ™)
f(1565) 0T(2TF)| p3(2250) 1T(3T )[4 p* 1/2(0~ (B=+1,5=+1) —
p(1570)  1T(1~ ") | e £H(2300) 02+ )| 4 po 1?2&0—; o B? 0(07) o —
hy(1595) 0~ (1T ) &52300; 034 i i; ¢ D*(2007)°  1/2(17) | @ B: o) |° ';f((llg)) 8_8 B _g
em(1600) 17(1~ )| £(2330) 07(0 e D*(2010)F  1/2(17) | e + *
31(1640) 1_(1 + +) ° )(2(2340) 0+(2 + +) ° D*(2400)0 1/2(0+) ° 811(5830)0 0(1+) ° XbO(lP) 0+(0 + +)
e 5(2400) /2(07) | # By,(5840)°  0(27) i+
H(1640)  0F(FH) | ps(2350) 1T )| proago)t  1/2(0%) | Be(ss0) 227 | SrerP) 07T
emp(1645)  0T(27 )| a5(2450) 16T T) | g oung)0  1/2(17) ehp(1P) (17T 7)
ew(1650)  0-(177)| £(2510) 0T(6T )| p anp)r  1/2(27) | BOTTOM, CHARMED | expe(1P) 072" ™)
0w3(1670) 0~ (3~ ) 43000 L+ (B=C==+1) m(2S)  0F(0~T)
’ D OTHER LIGHT Dy(2430)° 1/2(17) = ~1--
em(1670) 17 (2~ 1) . 0 +\|eBF o) |e7T@S) o (1T7)
—(1—— Further States * D;(2460) 1/2(27) € oo\t - e T(1D) 0 (27 7)
*$(1680) 07 (17 ) o D3(2460)  1/2(2+) | Bc(29) 0(0™) Fo++
D(2550)°  1/2(? *xe0(2P) 0707
£ ) / ('7) exm(2P) 0Tt
Di(zeoo)i 1/2(?) m(2P) 271+
D (2640()) 1/2(7 7) o \02(2P) 0+(2 + +)
D(2740) 1/2(2%) CTES) 0(1- )
D2rs0) = 1/2(3 ) exu(3P) 0t )
D(3000) 1/2(2%) . T(4S) (1)
X(10610)* 17(1F)
X(10610)° 1FT(1T)
X(1065o)i 7 (1h)
o 7(10860) 0 (1~ )
o T(11020) 0~ (1~ )
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This short table gives the name, the quantum numbers (where known), and the status of baryons in the Review. Only the baryons with 3- or
4-star status are included in the Baryon Summary Table. Due to insufficient data or uncertain interpretation, the other entries in the table
are not established baryons. The names with masses are of baryons that decay strongly. The spin-parity J© (when known) is given with each
particle. For the strongly decaying particles, the J values are considered to be part of the names.

p 1/2+ ket [ A(1232) 3/2+ xkkk | 3+ 1/2+ xxxk [ =0 1/2+ Kok AZr 1/2+ *kkk
n 1/2+ *rk [ A(1600) 3/2+ *kk 50 1/2+ kx| =— 1/2+ RREE | A (2595)F 1/27 Hkx
N(1440) 1727 *e6k | A(1620)  1/27 ¥¥k* | 53— 127 wexx | Z(1530)  3/2F weex | A (0625)F 3/27 kkk
N(1520)  3/27 *¥% | A(1700) 3/27 *¥k* | 5(1385) 3/2T *x | =(1620) * Ac(2765) *
N(1535)  1/27 *¥xx | A(1750) 1/2F * ¥ (1480) * =(1690) FRE | Nc(2880)T B/2T xxx
N(1650)  1/27 *¥:x | A(1900) 1/2~ ** | ¥X(1560) ¥ | Z(1820) 3/27 **x | A (2940)* Fhk
N(1675)  5/27 *¥¥x | A(1905) 5/2T *¥%* | 5(1580) 3/27 * =(1950) wRk | 3 (2455) 1727 kxxx
N(1680)  5/21 *kxx | A(1910) 1/2F e | 37(1620) 1/27 * Z(2030) > 37 wex |y (0500) 3/2t Kk
N(1700)  3/27 ** | A(1920) 3/2T ¥ | 5(1660) 1/2F ¥k | =(2120) * X.(2800) Ak
N(1710)  1/27T *ex | A(1930)  5/27 *¥** | $(1670) 3/27 ¥k | =(2250) % =t 127 xxx
N(1720)  3/21T **xx | A(1940) 3/27 ** | ¥(1690) ¥ | =(2370) o120 1270 xxx
N(1860)  5/2F ** | A(1950) 7/2F *k*x | 5(1730) 3/2T * =(2500) * = 1/2F xxx
N(1875)  3/27 *¥* | A(2000) 5/21 ** | X(1750) 127 ¥** =0 12 Hxx
N(1880) 1/24_r | AQis0) 127 X (1770) 1/24_r * o 3/2F wrkx =, (2645) 3/ ®xx
N(1895)  1/27 ** | A(2200) 7/27 * Y(1775)  5/27 ¥¥kk | ((2250)" BE ) = (0790)  1/2— e
N(1900)  3/2T *x | A(2300) 9/2F ** T (1840) 3/2F * 2(2380)~ ok Z.(2815) 3/2~ **+
N(1990)  7/21 ** A(2350) 5/27 * (1880) 1/2F ** 2(2470)~ ok =,(2930) *
N(2000) 5/2t ** A(2390) 7/2F * Y(1900) 1/27 * =,(2970) Kook
N(2040) 3/21 * A(2400)  9/27 ** | X(1915) /21 wxxx =,(3055) Kok
N(2060)  5/27 ** | A(2420) 11/27T *k*x | 5(1940) 3/2T * =,(3080) —
N(2100) 172 * A(2750)  13/27 *% | £(1940) 3/27 *¥* =.(313) *
N(2120)  3/27 ** | A(2950) 15/2T ** | x(2000) 1/27 * 00 1/2F #xx
N(2190)  7/2 Hxkx $(2030) 7/2t weex 0u770)0 3/2+
N(2220)  9/2F xx | A 1/2F ®x | 5 0070) 52T * ‘
N(2250)  9/2 *¥xx | A(1405)  1/27 *¥Fk* | 57(p0g0)  3/2T *xx =+ *
N(2300) 1/2F *x | A(1520)  3/27 *¥kk* | 52100) 7/27 * ce
N(2570) 5/2~ ** A(1600)  1/2F *x | 5(2950) K A 1yt e
N(2600)  11/27 *** | A(1670) - 1/27 *EHE ] 5(2455) ** Ap(5912)°0 1/2 *kx
N(2700)  13/2T * | A(1690)  3/27 ¥ | 57(2620) *x Ap(5920)0 3/27 *¥x
A(1710)  1/2F * (3000 x 5, 12t *x
A(1800) 1/27 *kk 2(3170) * > 3/2+ *kk
A(1810) 1/2+ x :g = 1/2+ EETS
—b' —b
A(1820) 5/21L Rk = (5935)~ 1/2+ *kk
A(1830)  5/27 kkkx b
Zp(5945)0 3/2F kxx
A(1890)  3/2+ wwxx b
Z5(5955) 3/21 Hkx
A(2000) * b
0- 1/2+ * %k
A(2020)  7/2F * b
A(2050)  3/27 * +
A(2100)  7/27 wexx Pe(4380) :
P (4450)T *
A(2110)  5/2t kx ¢
A(2325)  3/27 *
A(2350)  9/2F ®kx
A(2585) **

****  Existence is certain, and properties are at least fairly well explored.

***  Existence ranges from very likely to certain, but further confirmation is desirable and/or
quantum numbers, branching fractions, etc. are not well determined.

**  Evidence of existence is only fair.

*  Evidence of existence is poor.
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Antilepton + photon(s)

N BARYONS p— ety > 670 90% 469
(S = 0' | = 1/2) p— uty > 478 90% 463

n— vy > 550 90% 470
p, N* = uud; n, N® = udd p— ety > 100 90% 469
n— vyy > 219 90% 470
I JP) _ % ( % +) Antilepton + single massless
p— etX > 790 90% -
Mass m = 1.00727646688 - 0.00000000009 u p— utX > 410 90% -
Mass m = 938.272081 =+ 0.000006 MeV [2]

Imp — my|/m, < 7x10710, CL = 90% [b] L Three (or more) leptons
| 22| /(1) = 0.99999999991 + 0.00000000009 p—e e > 193 0% 469
P p p— e utpu > 359 90% 457
lap + gpl/e < 7x 10710, CL = 90% (2] p— etvw > 170 90% 469
lap + qe|/e < 1x 1072 [ n— ete v > 257 9% 470
Magnetic moment . = 2.792847351 + 0.000000009 1 py n— ute v > 83 90% 464
(Lp + 1)/ pp =(0£5)x107° n— utu v >179 90% 458
Electric dipole moment d < 0.54 x 10723 ecm p— ptete > 529 90% 463
Electric polarizability o = (11.2 4 0.4) x 10~ fm3 p— phtptu > 675 90% 439
Magnetic polarizability 3 = (2.5 + 0.4) x 10~* fm3 (S =1.2) p— ptuw > 220 90% 463
Charge radius, pp Lamb shift = 0.84087 =+ 0.00039 fm [] p— e utput >6 90% 457
Charge radius, ep CODATA value = 0.8751 + 0.0061 fm [9] n— 3u >5x1074 0% 470

Magnetic radius = 0.78 + 0.04 fm [€]

Mean life 7 > 2.1 x 1022 years, CL = 90% [l (p — invisible Inclusive modes

mode) N — etanything > 0.6 (n, p) 90% -
+ H o, -
Mean life 7 > 103! to 1033 years [l (mode dependent) x : g+;g>;tnh};:ﬁng i;i((n,;’iz) 2302 _
he “N n Nucleon D " in our 1994 edition (Phys. Rev. D50, .
o e S o 594 it P v 00 8= 2 duceon modes
The “partial mean life” limits tabulated here are the limits on 7/B;, where The following are lifetime limits per iron nucleus.
T is t.he total mean life and B; is thg bl:anching fraction for the mode.in pp — o+t > 722 90% _
ﬁ?eisi::;._ For N decays, p and n indicate proton and neutron partial pn — ﬂ_iﬂ_(i > 170 90% _
nn— m'mw > 0.7 90% -
Partial mean life p nn — 7070 > 404 90% -
p DECAY MODES (1030 years) Confidence level (MeV/c) pp — KTK*T > 170 90% -
+ at o, -
Antilepton + meson pp— e+ e+ >58 90? B
N— etrm > 2000 (n), > 8200 (p) 90% 459 5g : Zﬂ/} ifj Zg; B
oot . .
N Chwim s mem  ww e PTT T > 260 we -
p— etn > 4200 90% 309 pa— p v > 200 20% -
+ . pn— TV, > 29 90% -
p—= nn > 1300 0% 297 nn — VeV > 1.4 90% -
n— VZ > 158 90% 310 nn— v, Cia 90% B
N— etp > 217 (n), > 710 (p) 90% 149 s 5 .
N— utp > 228 (n), > 160 (p) 90% 113 pn — invisible > 21 135 90% -
N— vp =19 (n), > 162 (p) 0% 149 pp — invisible >5x 10 90% -
p— etw > 320 90% 143 p DECAY MODES
p= ,u*w > 780 90% 105 Partial mean life
n— rw > 108 90% 144 P DECAY MODES (years) Confidence level (MeC/c)
N — etK > 17 (n), > 1000 (p) 90% 339
N— utK > 26 (n), > 1600 (p) 90% 329 pP— e v >7x10° 90% 469
N — vK > 86 (n), > 5900 (p) 90% 339 P— puy > 5 x 104 90% 463
n— vk} > 260 90% 338 p— el >4 x10° 90% 459
p— et K*(892)° > 84 90% 45 p— u > 5 x 104 9% 453
N — vK*(892) > 78 (n), > 51 (p) 90% 45 p— e >2x% m: 90% 309
i P— u >8x 10 90% 297
L Antilepton + mesons ) P e K% > 500 0% 337
P T > 82 90% 448 p— u K% > 4 x103 90% 326
p— etalx > 147 90% 449 - 8 3 5
n— eta 70 > 52 90% 449 b= 67K6 >9x10 0% 337
p— wuhatza~ >133 90% 425 P— pm KL >7x109 0% 326
p— uta®n0 < 101 90% 427 P— e vy >2x 104 90% 469
n— prr a0 >74 90% 427 P— nmy >2x 104 90% 463
n— etKOr= >18 90% 319 p— e w > 200 90% 143
Lepton + meson
n— e xt > 65 90% 459 m 10P) =131
n— p-at > 49 90% 453
n— e pt <62 90% 150 Mass m = 1.0086649159 + 0.0000000005 u
n— g pt o7 0% 115 Mass m = 939.565413 + 0.000006 MeV [a]
n— e K+t >32 9% 340 (mn — mg )/ mp=(9+6)x107°
n— p~ Kt > 57 90% 330 mp — mp = 1.2933321 + 0.0000005 MeV
Lepton + mesons _ =0.00138844919(45) u
p— e—ntat < 30 00% 48 Mean life 7 = 880.2 % 1.0s (5=1.9)
n— e xtxl >29 90% 449 cr = 2.6387 x 10° km
p— patat 17 90% 405 Magnetic moment p = —1.9130427 £ 0.0000005 iy
n— p-rtal >34 90% 427 Electric dipole moment d < 0.30 x 10~2% ecm, CL = 90%
p— e wt KT >75 90% 320 Mean-square charge radius (r2) = —0.1161 + 0.0022

p— p rT KT > 245 90% 279 fm2 (S =1.3)
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. . 0.009
Magnetic radius 1/(r3,) = 0.864 77033 fm N(1535) DECAY MODES Fraction (T;/T) p (Mev/c)
Electric polarizability a = (11.8 + 1.1) x 10~* fm® N 3555 % 168
Magnetic polarizability 3 = (3.7 + 1.2) x 10™* fm3 Ny 32529 186
Charge g = (—0.2+0.8) x 1072 ¢ Nrr 3-14% 426
Mean nn-oscillation time > 2.7 x 108 s, CL = 90% (free n) A(1232) 7, D-wave 1-4 % 244
Mean nTi-oscillation time > 1.3x108's, CL = 90% 8! (bound n) No 2-10 % -
Mean nn'-oscillation time > 414's, CL = 90% [ N(1440) 7 5-12 % i
_ i py, helicity=1/2 0.15-0.30 % 481
pe ve decay parameters [ n~, helicity=1/2 0.01-0.25 % 480
A=ga/ gy =—127234£0.0023 (S =22)
A=-0.1184 + 0.0010 (S =24)
B = 0.9807 + 0.0030 N(1650) 1/2~ 0Py =330
C = —0.2377 £+ 0.0026
a=—0.103 + 0.004 ) Re(pole position) = 1640 to 1670 (= 1655) MeV
dav = (180.017 % 0.026)° U] —2Im(pole position) = 100 to 170 (~ 135) MeV
D=(-12+20)x10* KX Breit-Wigner mass = 1645 to 1670 (~ 1655) MeV
R = 0.004 + 0.013 [¥] Breit-Wigner full width = 110 to 170 (~ 140) MeV
p
n DECAY MODES Fraction (I;/T) Confidence level (MeV/c) N(1650) DECAY MODES Fraction (I';/T) p (MeV/c)
pe e 100 % 1 N 50-70 % 551
pe~ Tey [N ( 3.09+0.32) x 1073 1 Np 14-22 % 354
. A AK 5-15 % 179
- Charge conservation (Q) violating modf; ) N 836 % 517
pveve Q < 8 x 10 68% ! A(1232) 7, D-wave 6-18 % 349
No 2-18 % -
+ Py _ 1,1+ N(1440)m 6-26 % 168
N(1440) 1/2 17 =3G") py, helicity=1/2 0.04-0.20 % 562
n~, helicity=1/2 0.003-0.17 % 561

Re(pole position)

—2Im(pole position)
Breit-Wigner mass = 1410 to 1450 (~ 1430) MeV N(1675) 5/2~ 10P)=137)
Breit-Wigner full width = 250 to 450 (=~ 350) MeV

Re(pole position) = 1655 to 1665 (=~ 1660) MeV

N(1440) DECAY MODES Fraction (I';/T) p (MeV/c) —2Im(pole position) = 125 to 150 (=~ 135) MeV
N7 55-75 % 391 Breit-Wigner mass = 1670 to 1680 (= 1675) MeV
Nn <1% T Breit-Wigner full width = 130 to 165 (~ 150) MeV
Nmr 25-50 % 338
A(1232) 7 20-30 % 135 N(1675) DECAY MODES Fraction (I';/T) p (MeV/c)
N A(1232) 7, P-wave 13-27 :A, 135 N 35.45 % 564
g 11-23 % B N7y <1% 376
p~y, helicity=1/2 0.035-0.048 % 407 Nrx 25-45 % 532
n, helicity=1/2 0.02-0.04 % 406 A(1232) 7, D-wave 23-37 % 366
No 3-7% -
— Py_ 13— 2% 0-0.02 % 575
N(1520) 3/2 1U7) =3(G7) p~y, helicity=1/2 0-0.01 % 575
p~, helicity=3/2 0-0.01 % 575
Re(pole position) = 1505 to 1515 (~ 1510) MeV ny 0-0.15 % 574
—2Im(pole position) = 105 to 120 (~ 110) MeV n~, helicity=1/2 0-0.05 % 574
Breit-Wigner mass = 1510 to 1520 (= 1515) MeV n~, helicity=3/2 0-0.10 % 574
Breit-Wigner full width = 100 to 125 (~ 115) MeV
) + Py_ 1/5+
N(1520) DECAY MODES Fraction (I';/T) p (Mevic) N(1680) 5/2 107) =3(G")
N7 55-65 % 453
N7 <1% 142 Re(pole position) = 1665 to 1680 (= 1675) MeV
Nrm 25-35 % 410 —2Im(pole position) = 110 to 135 (~ 120) MeV
A(1232) 7 22-34 % 225 Breit-Wigner mass = 1680 to 1690 (~ 1685) MeV
A(1232) 7, S-wave 15-23 % 225 Breit-Wigner full width = 120 to 140 (=~ 130) MeV
A(1232) 7, D-wave 7-11% 225
No <2% - N(1680) DECAY MODES Fraction (I';/T) p (MeV/c)
Py N 0.31-0.52 % 467 N 6570 % 571
P, helicity=1/2 0.01-0.02 % 467 Ny 1% 386
p7, helicity=3/2 0.30-0.50 % 467 Nar 20-40 % 539
ny N 0.30-0.53 :A, 466 A(1232) 7 11-23 % 374
ny, helicity=1/2 0.04-010 % 466 A(1232) 7, P-wave 4-10 % 374
nv, helicity=3/2 0.25-0.45 % 466 A(1232) 7, Fwave 713 9% 374
No 9-19 % -
- Py_ 1/1— Py 0.21-0.32 % 581
N(1535) 1/2 107)=2(") p~, helicity=1/2 0.001-0.011 % 581
p~y, helicity=3/2 0.20-0.32 % 581
Re(pole position) = 1490 to 1530 (~ 1510) MeV ny 0.021-0.046 % 581
—2Im(pole position) = 90 to 250 (=~ 170) MeV n~, helicity=1/2 0.004-0.029 % 581
Breit-Wigner mass = 1525 to 1545 (= 1535) MeV n~, helicity=3/2 0.01-0.024 % 581

Breit-Wigner full width = 125 to 175 (~ 150) MeV
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N(1700) 3/2~

107y =137)

Re(pole position) = 1650 to 1750 (~ 1700) MeV
—2Im(pole position) = 100 to 300 MeV
Breit-Wigner mass = 1650 to 1750 (= 1700) MeV

Breit-Wigner full width = 100 to 250 (~ 150) MeV

N(1875) 3/2~

10P)=1(3)

Re(pole position) = 1800 to 1950 MeV
—2Im(pole position) = 150 to 250 MeV

Breit-Wigner mass = 1820 to 1920 (= 1875) MeV

Breit-Wigner full width = 250 + 70 MeV

N(1700) DECAY MODES Fraction (I';/T) p (MeVy) N(1875) DECAY MODES Fraction (I';/T) p (MeVjc)
N7 7-17% 581 N 2-14 % 695
Nn seen 402 Nn <1% 559
Nrrm 60-90 % 550 Nw 15-25 % 371
A(1232)7 55-85 % 386 AK seen 454
A(1232) 7, S-wave 50-80 % 386 K seen 384
A(1232) 7, D-wave 4-14 % 386 N7 670
N(1440)7 3-11% 215 A(1232) 7 10-35 % 520
N(1520) 7 <4% 120 A(1232) 7, S-wave 7-21 % 520
Np, 5=3/2, S-wave seen T A(1232) 7, D-wave 2-12 % 520
No 2-14 % - Np, 5=3/2, S-wave seen 379
Py 0.01-0.05 % 591 No 30-60 % _
Py, helicity=1/2 0.0-0.024 % 591 N(1440)m 2-8% 373
py, helicity=3/2 0.002-0.026 % 591 N(1520)7 <29% 301
ny 0.01-0.13 % 590 Py 0.001-0.025 % 703
nvy, helicity=1/2 0.0-0.09 % 590 p~, helicity=1/2 0.001-0.021 % 703
n~, helicity=3/2 0.01-0.05 % 590 p~y, helicity=3/2 <0.003 % 703
ny <0.040 % 702
n-, helicity=1/2 <0.007 % 702
N(1710) 1/27F 1Py =33 ny, helicity:3§2 <0.033 % 702
Re(pole position) = 1670 to 1770 (~ 1720) MeV
—2Im(pole position) = 80 to 380 (~ 230) MeV N(1900) 3/2+ I(JP) = %(%4_)
Breit-Wigner mass = 1680 to 1740 (= 1710) MeV .
Breit-Wigner full width = 50 to 250 (= 100) MeV Re(pole position) = 1900 to 1940 (~ 1920) MeV
—2Im(pole position) = 130 to 300 MeV
N(1710) DECAY MODES Fraction (I';/T) p (MeVjc) Breit-Wigner mass = 1900 + 30 MeV
N 520 % 588 Breit-Wigner full width = 200 + 50 MeV
Nn 10-50 % 412 .
New 159% § N(1900) DECAY MODES Fraction (I;/T) p (MeV/c)
AK 5-25 % 269 N7 <10 % 710
K seen 138 Nn 2-14 % 579
Nrm seen 557 Nw 7-13 % 401
A(1232) 7, P-wave seen 394 AK 2-20 % 477
N(1535)m 9-21 % 106 K 3-7% 410
Np, $=1/2, P-wave seen + Nrrm 40-80 % 686
py, helicity=1/2 0.002-0.08 % 598 A(1232) 7 30-70 % 539
n+y, helicity=1/2 0.0-0.02% 597 A(1232) 7, P-wave 9-25 % 539
A(1232) 7, F-wave 21-45 % 539
No 1-7% -
N(1720) 3/2%F 1Py = 13" N(1520)7 7-23% 32
N(1535)m 4-10 % 306
Re(pole position) = 1660 to 1690 (~ 1675) MeV P n 0.001-0.025 % ns
—2Im(pole position) = 150 to 400 (= 250) MeV py. helicity=1/2 0.001-0.021 % 18
Breit-Wigner mass = 1700 to 1750 (= 1720) MeV. R helicity=3/2 2’233; ne
. . . _ - ol . o
Breit-Wigner full width = 150 to 400 (~ 250) MeV 0, helicity=1/2 <0.007 % 718
N(1720) DECAY MODES Fraction (';/T) p (MeVjc) ny, helicity=3/2 <0.033 % s
N7 8-14 % 594
N 1-5 % 422 N(2190) 7/2~ 1Py =33
AK 4-5 % 283
| 0,
NWWA(1232)F' Prwave ig_jg;’ ZZ; Re(pole positio.n). = 2050 to 2100 (~ 2075) MeV
A(1232) 7, Fwave 129 102 72I.m(p.ole position) = 400 to 520 (= 450) MeV
Np 70-85 % 74 Breit-Wigner mass = 2100 to 2200 (= 2190) MeV
Np, S=1/2, P-wave seen 74 Breit-Wigner full width = 300 to 700 (~ 500) MeV
No 2-14 % -
N(1440) 7 <2% 235
N(1520)7, S-wave 1-5% 145
Dy 0.05-0.25 % 604
Py, helicity=1/2 0.05-0.15 % 604
Py, helicity=3/2 0.002-0.16 % 604
ny 0.0-0.016 % 603
n~, helicity=1/2 0.0-0.01 % 603

nv, helicity=3/2 0.0-0.015 % 603
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N(2190) DECAY MODES Fraction (I';/T) p (MeVjc)
Nm 10-20 % 888
Nn seen 791
AK 0.2-0.8;% 712
Nrm 22-80;% 870
A(1232) 7, D-wave 19-31% 740
Np, S=3/2, D-wave seen 680
No 3-9% -
Py 0.014-0.077 % 894
p~y, helicity=1/2 0.013-0.062;% 894
Py, helicity=3/2 0.001-0.014;% 894
ny <0.04 % 893
n~, helicity=1/2 <0.01;% 893
n+y, helicity=3/2 <0.03 % 893
N(2220) 9/2 0Py = 13h)
Re(pole position) = 2130 to 2200 (~ 2170) MeV
—2Im(pole position) = 400 to 560 (= 480) MeV
Breit-Wigner mass = 2200 to 2300 (= 2250) MeV
Breit-Wigner full width = 350 to 500 (~ 400) MeV
N(2220) DECAY MODES Fraction (I';/T) p (MeVfc)
Nm 15-25 % 924
N(2250) 9/2~ 1Py =367)
Re(pole position) = 2150 to 2250 (~ 2200) MeV
—2Im(pole position) = 350 to 550 (~ 450) MeV
Breit-Wigner mass = 2250 to 2320 (= 2280) MeV
Breit-Wigner full width = 300 to 600 (~ 500) MeV
N(2250) DECAY MODES Fraction (I';/T) p (MeV/c)
N7 5-15 % 941
N(2600) 11/2~ 0Py =34
Breit-Wigner mass = 2550 to 2750 (= 2600) MeV
Breit-Wigner full width = 500 to 800 (= 650) MeV
N(2600) DECAY MODES Fraction (';/T) p (MeVc)
N7 5-10 % 1126

A BARYONS
(5=0,1=3/2)

ATt = yuu, AT =uwud, AY =uwdd, A = ddd

A(1232) 3/2t 10P)=3G%)

Re(pole position) = 1209 to 1211 (~ 1210) MeV
—2Im(pole position) = 98 to 102 (~ 100) MeV
Breit-Wigner mass (mixed charges) = 1230 to 1234 (~ 1232)

MeV
Breit-Wigner full width (mixed charges) = 114 to 120 (~ 117)

MeV
A(1232) DECAY MODES Fraction (I';/T) p (MeV/c)
Nm 99.4 % 229
Ny 0.55-0.65 % 259
N+, helicity=1/2 0.11-0.13 % 259
N+, helicity=3/2 0.44-0.52 % 259

A(1600) 3/2% 1P =331

Re(pole position) = 1460 to 1560 (~ 1510) MeV
—2Im(pole position) = 200 to 350 (= 275) MeV
Breit-Wigner mass = 1500 to 1700 (= 1600) MeV
Breit-Wigner full width = 220 to 420 (~ 320) MeV

A(1600) DECAY MODES Fraction (I';/T) p (MeV/c)
N7 10-25 % 513
Nmm 75-90 % 477
A(1232)7 73-83 % 303
A(1232) 7, P-wave 72-82 % 303
A(1232) 7, F-wave <2% 303
N(1440)7, P-wave seen 98
N~ 0.001-0.035 % 525
N-y, helicity=1/2 0.0-0.02 % 525
N-y, helicity=3/2 0.001-0.015 % 525
A(1620) 1/2™ 10P) =3G7)
Re(pole position) = 1590 to 1610 (= 1600) MeV
—2Im(pole position) = 120 to 140 (~ 130) MeV
Breit-Wigner mass = 1600 to 1660 (= 1630) MeV
Breit-Wigner full width = 130 to 150 (~ 140) MeV
A(1620) DECAY MODES Fraction (I';/T) p (MeV/c)
N 20-30 % 534
N7 55-80 % 499
A(1232) 7, D-wave 52-72 % 328
Np, 5=1/2, S-wave seen +
Np, $=3/2, D-wave seen t
N(1440)m 3-9% 138
N~y, helicity=1/2 0.03-0.10 % 545
A(1700) 3/2— 1Py =337)
Re(pole position) = 1620 to 1680 (= 1650) MeV
—2Im(pole position) = 160 to 300 (= 230) MeV
Breit-Wigner mass = 1670 to 1750 (= 1700) MeV
Breit-Wigner full width = 200 to 400 (~ 300) MeV
A(1700) DECAY MODES Fraction (I';/T) p (MeV/c)
N 10-20 % 581
N7 10-55 % 550
A(1232) 7 10-50 % 386
A(1232) 7, S-wave 5-35% 386
A(1232) 7, D-wave 4-16 % 386
Np, 5=3/2, S-wave seen t
N(1520)7, P-wave 1-5 % 120
N(1535)m 0.5-1.5 % 90
A(1232)n 3-7% T
Ny 0.22-0.60 % 591
N~, helicity=1/2 0.12-0.30 % 591
N~y, helicity=3/2 0.10-0.30 % 591
A(1905) 5/2 1Py =331
Re(pole position) = 1805 to 1835 (= 1820) MeV
—2Im(pole position) = 265 to 300 (~ 280) MeV
Breit-Wigner mass = 1855 to 1910 (= 1880) MeV
Breit-Wigner full width = 270 to 400 (~ 330) MeV
A(1905) DECAY MODES Fraction (I';/T) p (MeV/c)
N 9-15 % 698
N7 673
A(1232) 7, P-wave 23-43 % 524
A(1232) 7, F-wave seen 524
Np, 5=3/2, P-wave seen 385
N(1535)m <1% 288
N(1680)7, P-wave 5-15 % 133
A(1232)n 2-6 % 282
Ny 0.012-0.036 % 706
N+, helicity=1/2 0.002-0.006 % 706
N+, helicity=3/2 0.01-0.03 % 706

A(1910) 1/2F 1Py =331

Re(pole position) = 1830 to 1880 (= 1855) MeV
—2Im(pole position) = 200 to 500 (=~ 350) MeV
Breit-Wigner mass = 1860 to 1910 (= 1890) MeV
Breit-Wigner full width = 220 to 340 (~ 280) MeV
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A(1910) DECAY MODES Fraction (I';/T) p (MeV/c) A BARYONS
N7 15-30 % 704
XK 4-14 % 400 (S = _]-u I = 0)
Nrm 680 A0 — uds
A(1232) 7 34-66 % 531
N(1440)7 3-9% 386
A(1232)7) 5-13 % 296 1Py =03 ™)
N+, helicity=1/2 0.0-0.02 % 712
Mass m = 1115.683 + 0.006 MeV
- m5 = (- -5 (S=1.6)
Py 3,34 (mp—myz) / mp=(—0.1+11)x10 ( .
A(1920) 3/2F 1U7) = 3(3") Mean life 7 = (2632 + 0.020) x 10710 s (S = 1.6)
(ra — 7%) / Ta = —0.001 % 0.009
Re(pole positio.n). = 1850 to 1950 (~ 1900) MeV cor = 7.89 cm
—2Im(pole position) = 200 to 400 (= 300) MeV Magnetic moment o = —0.613 = 0.004
Breit-Wigner mass = 1900 to 1970 (= 1920) MeV Electric dipole moment d < 1.5 x 10716 ecm, CL = 95%
Breit-Wigner full width = 180 to 300 (~ 260) MeV
Decay parameters
A(1920) DECAY MODES Fraction (I';/T) p (MeV/c) pr a_ = 0.642 £ 0.013
N7 5-20 % 723 prt ay = —0.7140.08
K 2-6% 431 pm ¢— = (-6.5+35)°
Nrm 699 " v_ =0.76 1
A(1232) 7 50-90 % 553 " A =@8+4)pll
A(1232) 7, P-wave 8-28 % 553 n7® ag = 0.65 + 0.04
A(1232) 7, F-wave 44-72% 553 pe T, ga/gy = —0.718 + 0.015 [']
N(1440)7, P-wave <4% 411 P
N(1520)7, S-wave <5% 341 A DECAY MODES Fraction (T;/l)  Confidence level (MeV/c)
N(1535)7 <2% 324 —
N(ao(982)l) See: " pr (639 £0.5 ) % 101
A(1232)7) 517 % 336 nm (358 £0.5 )% 104
ny ( 1.75+0.15) x 10~3 162
pTT o] (84 +£1.4)x107% 101
- Py _ 3/5— pe 7T (83240.14) x 1074 163
1Py =33 e
A(1930) 5/2 U =3G") pIT, ( 1.5740.35) x 10~4 131
Re(pole position) = 1840 to 1960 (~ 1900) MeV Lepton (L) and/or Baryon (B) number violating decay modes
—2Im(pole position) = 175 to 360 (~ 270) MeV mte” LB < 6 x 1077 90% 549
Breit-Wigner mass = 1900 to 2000 (= 1950) MeV Wt HJ: LB < 6 X 107; 90% 544
Breit-Wigner full width = 220 to 500 (=~ 360) MeV ™ e LB < 4 x 107 90% 549
aut LB < 6 x 1077 90% 544
A(1930) DECAY MODES Fraction (T';/T) p (MeV/c) Kte~™ LB < 2 x 1076 90% 449
m N Ktu~ LB <3 x 1076 90% 441
NZT 515 % , a2 K~ et LB <2 x 106 90% 449
Nv. helicity—1/2 00001 f e K= p* LB <3 x 1076 90% 441
v helfc!iy:3/2 200000 ; o K5 LB <2 X107 0% e
1. helicity=3/ S prt B <9 x 1077 90% 101
+ 1(JPy = 3(1+
A(1950) 7/2 () =3(:") A(1405) 1/2~ 1Py =0(37)
Re(pole posmo.n). = 1870 to 1890 (~ 1880) MeV Mass m — 1405-13'8 MeV
—2Im(pole position) = 220 to 260 (~ 240) MeV . :
AR Full width ' = 50.5 £+ 2.0 MeV
Breit-Wigner mass = 1915 to 1950 (= 1930) MeV Below K N threshold
Breit-Wigner full width = 235 to 335 (~ 285) MeV
) /(1405) DECAY MODES Fraction (I';/T) p (MeVc)
A(1950) DECAY MODES Fraction (I';/T) p (MeV/c)
I 100 % 155
N7 35-45 % 729
K 0.3-0.5 % 441
N 706 - P 3—
1(J7) =0(5
A(1232) 7, F-wave 1-9 % 560 A(1520) 3/2 7 =0G")
N(1680)m, P-wave 3-9% 191
A(1232) 1% 21 Mass m = 1519.5 = 1.0 MeV [P]
Full width T = 15.6 + 1.0 MeV [P]
A(2420) 11/2+ 1Py = 34+ /A(1520) DECAY MODES Fraction (I';/T) p (MeVc)
NK 45 +1 )% 243
Re(pole position) = 2260 to 2400 (~ 2330) MeV rm (42 *1 )% 268
—2Im(pole position) = 350 to 750 (= 550) MeV Arm (10 +1 )% 259
Breit-Wigner mass = 2300 to 2500 (=~ 2420) MeV Zam (09 £01)% 169
0,
Breit-Wigner full width = 300 to 500 (= 400) MeV M (0.85+0.15) % 350
A(2420) DECAY MODES Fraction (I';/T) p (MeV/c)
d A(1600) 1/2F 10Py =0(3 %)
N7 5-15 % 1023

Mass m = 1560 to 1700 (~ 1600) MeV
Full width T = 50 to 250 (= 150) MeV
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A(1600) DECAY MODES Fraction (I;/T) p (MeVc) A(1830) DECAY MODES Fraction (I;/T) p (MeVfc)
NK 15-30 % 343 NK 3-10% 553
paps 10-60 % 338 Ir 35-75 % 516
X (1385)w >15 % 374
% (1385)m, D-wave (52+6) % 374
A(1670) 1/2— 1Py = 037)
Mass m = 1660 to 1680 (=~ 1670) MeV A(1890) 3/2% 1UP) = 03%)
Full width I' = 25 to 50 (~ 35) MeV
Mass m = 1850 to 1910 (~ 1890) MeV
A(1670) DECAY MODES Fraction (I;/T) p (MeV/c) Full width I = 60 to 200 (= 100) MeV
NK 20-30 % 414 )
s 2555 % 301 A(1890) DECAY MODES Fraction (F;/T) p (MeVjc)
An 10-25 % 69 NK 20-35 % 599
NK*(892), S=3/2, D-wave (5+4) % i I 3-10% 560
X (1385)w seen 423
N'K*(892) seen 236
A(1690) 3/2~ 0Py =037)
Mass m = 1685 to 1695 (~ 1690) MeV A(2100) 7/2~ 0Py =0(57)

Full width T = 50 to 70 (= 60) MeV
Mass m = 2090 to 2110 (~ 2100) MeV

A(1690) DECAY MODES Fraction (;/T) p (MeV/c) Full width ' = 100 to 250 (&~ 200) MeV
NK 20-30 % 433 )
S 20-40 % 410 A(2100) DECAY MODES Fraction (;/T) p (MeVjc)
Anm ~25% 419 NK 25-35% 751
Xrm ~20% 358 Py ~5% 705
An <3% 617
p =K <3% 491
A(1800) 1/2~ 1Py =03~ Aw. <8% 443
N K*(892) 10-20 % 515
Mass m = 1720 to 1850 (= 1800) MeV
Full width ' = 200 to 400 (~ 300) MeV
(~ 300) A(2110) 5/2+ 1Py =0(3%)
A(1800) DECAY MODES Fraction (I;/T) p (MeVc)
VR 2520 % 0 Mass m = 2090 to 2140 (~ 2110) MeV
5 e Full width T = 150 to 250 (~ 200) MeV
™ seen 494
X (1385)1 seen 349 .
A’/_ (645) % 326 A(2:10) DECAY MODES Fraction (;/T) p (MeVjc)
N K*(892) seen i NK 5-25 % 757
I 10-40 % 711
Nw seen 455
A(1810) 1/2 1JP) = o(1t) £(1385)7 seen 591
N K*(892) 10-60 % 525
Mass m = 1750 to 1850 (~ 1810) MeV
Full width ' = 50 to 250 (= 150) MeV
(~150) A(2350) 9/2+ 1UP) =0(3%)
A(1810) DECAY MODES Fraction (I;/T) p (MeVc)
NK 2050 % . Mass m = 2340 to 2370 (~ 2350) MeV
P 10-40 % 501 Full width ' = 100 to 250 (~ 150) MeV
X (1385)m seen 357 )
NK*(892) 3060 % " A("ESD) DECAY MODES Fraction (;/T) p (MeVfc)
NK ~12% 915
p I ~10 % 867
A(1820) 5/2 147) =0(3)
Mass m = 1815 to 1825 (= 1820) MeV Y BARYONS
Full width I' = 70 to 90 (~ 80) MeV
(=80 (S=-1,1=1)
A(1820) DECAY MODES Fraction (I';/T) p (MeVc) St =uyus, X09=uds, I =dds
NK 55-65 % 545
PR 8-14 % 509
Py _ q(L
X (1385)m 5-10 % 366 107 =11
N K*(892), S=3/2, P-wave (3.0£1.0) % t
Mass m = 1189.37 £ 0.07 MeV (S = 2.2)
Mean life 7 = (0.8018 + 0.0026) x 10710 s
A(1830) 5/2~ 0Py =0(37) cr = 2.404 cm
(rg+ — T5-) / 75+ = —0.0006 % 0.0012
Mass m = 1810 to 1830 (= 1830) MeV Magnetic moment p = 2.458 + 0.010 upy (S = 2.1)
Full width T = 60 to 110 (= 95) MeV (e + py-) [/ ys = 0.014 £0.015

M(ET — ntty)/F(E- — nt7p) < 0.043
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Decay parameters

$— DECAY MODES Fraction (I';/T) p (MeVc)
nm~ (99.8480.005) % 193
nT”y [0]( 46 +06 )x10~% 193
ne” v ( 1.01740.034) x 103 230
nuT T, (45 +04 )x1074 210
Ne™ e ( 5.73 £0.27 ) x 1075 79

pr® ag = —0.9801 5017
" $o = (36 & 34)°
" 7 = 0.16 [
" Ag = (187 £ 6)° [
nwt ay = 0.068 + 0.013
" b4 = (167 £20)° (S =1.1)
" Y4 = —0.97 [l
" A, = (~73+133)0 1]
Py a, = —0.76 + 0.08
p
=+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
pr® (51.5740.30) % 189
nmt (48.31+0.30) % 185
Py ( 1.2340.05) x 10~3 225
nrty [o] (45 +05)x10~4 185
Net v, (20 £05)x1075 71

AS = AQ (SQ) violating modes or
AS = 1 weak neutral current (51) modes

netug 5Q <5 x 1076 90% 224

nptv, 5Q < 30 x 1075 90% 202

pete~ s1 <7 x 1070 225
_ 9 _

put s1 (9 3 )x10-?® 121

1Py =13+)

Mass m = 1192.642 £ 0.024 MeV

My — mgo = 4807 + 0.035 MeV (S = 1.1)

Mg — Mp = 76.959 + 0.023 MeV

Mean life 7 = (7.4 + 0.7) x 10720 s
cr=222x10""m

Transition magnetic moment |y | = 1.61 & 0.08 py

p
0 DECAY MODES Fraction (I;/T) Confidence level (MeV/c)

Ay 100 % 74
Avyy < 3% 90% 74
AetTe~ [q 5x1073 74

IUP) = 13%)

Mass m = 1197.449 + 0.030 MeV (S = 1.2)

msy_ — myg, =808 +0.08 MeV (S =1.9)

My — my=8L766 £ 0.030 MeV (S =1.2)

Mean life 7 = (1.479 + 0.011) x 1071%s (S =1.3)
cr = 4.434 cm

Magnetic moment p = —1.160 £ 0.025 uyy (S =1.7)

X~ charge radius = 0.78 &+ 0.10 fm

Decay parameters

nr~ a_ = —0.068 £ 0.008
" é_ = (10 + 15)°
" y_ =0.98 11

" A = (2497 12y 7]
ne~ve ga/gy = 0.340 + 0.017 U]
" £(0)/£(0) = 0.97 + 0.14
" D =0.11+ 0.10
Ne~ Te gv/ga=001+01001 (5=15)
" gwm/ga=24+170

1P =13")

¥(1385) 3/27F

X (1385)*mass m = 1382.80 + 0.35 MeV (S = 1.9)
5(1385)% mass m = 1383.7 + 1.0 MeV (S = 1.4)
2(1385)"mass m = 1387.2 £ 0.5 MeV (S = 2.2)
X(1385)*full width I = 36.0 + 0.7 MeV

5(1385)° full width T = 36 + 5 MeV

X(1385) " full width T = 39.4 + 2.1 MeV (S = 1.7)

Below K N threshold

p
¥(1385) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

Am (87.0 £1.5 ) % 208

Py (11.7 +15 )% 129
0.13

Ay (1.25%013) % 241

Tty (70 £1.7 ) x 1073 180

Sy < 24 x 104 90% 173

x(1660) 1/2 1Py =13 %)

Mass m = 1630 to 1690 (~ 1660) MeV
Full width I = 40 to 200 (=~ 100) MeV

X(1660) DECAY MODES Fraction (;/T) p (MeVjc)
NK 10-30 % 405
A seen 440
X seen 387

X(1670) 3/2~ 1Py =137)

Mass m = 1665 to 1685 (~ 1670) MeV
Full width ' = 40 to 80 (= 60) MeV

X(1670) DECAY MODES Fraction (;/T) p (MeVjc)
NK 7-13% 414
A7 5-15 % 448
I 30-60 % 394

X (1750) 1/2~ 1Py =1(37)

Mass m = 1730 to 1800 (~ 1750) MeV
Full width ' = 60 to 160 (= 90) MeV

X(1750) DECAY MODES Fraction (I;/T) p (MeVc)
NK 10-40 % 486
A7 seen 507
X7 <8% 456
X 15-55 % 98
N'K*(892), S=1/2 (8+4) % +

X(1775)5/2~ 1Py =1(37)

Mass m = 1770 to 1780 (~ 1775) MeV
Full width ' = 105 to 135 (~ 120) MeV
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X(1775) DECAY MODES Fraction (I;/T) p (MeVc)
NK 37-43% 508
A 14-20% 525
Py 2-5% 475
¥ (1385)m 8-12% 327
A(1520) 7, P-wave 17-23% 201

X (1915) 5/2F

10P) =1(3)

Mass m = 1900 to 1935 (=~ 1915) MeV
Full width I' = 80 to 160 (~ 120) MeV

X(1915) DECAY MODES Fraction (I;/T) p (MeVc)

NK 5-15 % 618

A seen 623

X7 seen 577

2 (1385)m <5 % 443
X(1940) 3/2~ 1Py =137)

Mass m = 1900 to 1950 (~ 1940) MeV
Full width I' = 150 to 300 (~ 220) MeV

X(1940) DECAY MODES Fraction (I;/T) p (MeV/c)
NK <20 % 637
A seen 640
> seen 595
X (1385)1 seen 463
A(1520) 7 seen 355
A(i232) K seen 410
N K*(892) seen 322
X(2030) 7/2 1Py =1G")

Mass m = 2025 to 2040 (= 2030) MeV
Full width I = 150 to 200 (~ 180) MeV

X(2030) DECAY MODES Fraction (I;/T) p (MeVc)
NK 17-23 % 702
Ar 17-23 % 700
Py 5-10 % 657
=K <2 % 422
2 (1385)7 5-15 % 532
A(1520) 10-20 % 430
A(1232) K 10-20 % 498
N'K*(892) <5 % 439
X (2250) 1Py =107

Mass m = 2210 to 2280 (~ 2250) MeV
Full width T = 60 to 150 (=~ 100) MeV

X(2250) DECAY MODES Fraction (I';/T) p (MeVc)
NK <10% 851
A seen 842
> seen 803

= BARYONS
(5=-2,1=1/2)

=0 = yss, == =dss

1UP) = 3

P is not yet measured; + is the quark model prediction.

Mass m = 1314.86 + 0.20 MeV
m—_ — m— = 6.85 + 0.21 MeV
Mean life 7 = (2.90 + 0.09) x 10710 s
cr =8.71 cm
Magnetic moment 4 = —1.250 £ 0.014 ppy

Decay parameters

Ar® a = —0.406 £ 0.013

" 6= (21 + 12)°

" v = 0.85 [l

" A= (2187F12) 17l
Ay a = —0.70 £+ 0.07
NeT e~ a=-08+02
304 a = —0.69 + 0.06

Ite v, £1(0)/A(0) = 1.22 £ 0.05
Ite v £(0)/f(0) =2.0£0.9

p
=0 DECAY MODES Fraction ([;/T) Confidence level (MeVc)
Axl (99.524£0.012) % 135
Ay (117 +0.07 ) x 1073 184

Aete™ (76 +06 )x10-6 184
30, (3.33 £0.10 ) x 1073 117
ste 7, (252 +£0.08 ) x 10~4 120
Stuw, (233 £0.35 )x10°° 64

AS = AQ (5Q) violating modes or
AS = 2 forbidden (52) modes

T et 5Q < 9 x 1074 90% 112
STty 5Q < 9 x 104 90% 49
pr~ 2 < 8 x 1076 90% 299
pe” Ve $2 < 13 x 1073 323
puT T, 52 < 13 x 103 309

[=-] 1UP) = 33H)

P is not yet measured; + is the quark model prediction.

Mass m = 1321.71 £+ 0.07 MeV

(Mo —m=y)/m__ =(-3+9)x107°

Mean life 7 = (1.639 & 0.015) x 10710 s
cr =491 cm

(r=- — 7=4) / 7= = —0.01 £ 0.07

Magnetic moment 1 = —0.6507 £ 0.0025

(u=- + p=+) [ |p=-| = +0.01 £ 0.05
Decay parameters

A~ a=-0458 £0.012 (S=1.8)

[a(Z)a—(A) — a(ZH)ar(A)] / [sum] = (0 +7) x 1074
" ¢ =(—21%08)°
" v =0.89 [
" A = (175.9 + 1.5)° [1]

Ae~Te  galgy = —0.25 £ 0.05 ]
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p
=~ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
A~ (99.887+0.035) % 140
Sy (1.27 £0.23 )x 1074 118
Ae™ D, (563 £0.31 ) x 1074 190
Ap= 7, (35 35 )x104 163
Ve 7, (87 +£17 )x107° 123
07, < 8 x1074 9% 70
Ve~ 7, < 23 x 1073 90% 7

AS = 2 forbidden (52) modes
nm~ 2 < 19 x 1073 90% 304
ne” v, s2 < 32 x1073 90% 327
npT v, s2 < 15 % 90% 314
prTw s2 < 4 x 1074 90% 223
prT e Ug 52 < 4 x 1074 90% 305
pTT T T, 2 < 4 x 1074 90% 251
puT T L < 4 x 1078 90% 272
=(1530) 3/2F 1Py =33

Z(1530)° mass m = 1531.80 & 0.32 MeV (S = 1.3)

=(1530)" mass m = 1535.0 & 0.6 MeV

=(1530)° full width I = 9.1 + 0.5 MeV

_ _ . _ 17

=(1530) full width I = 9.97 ]/ MeV

p
=(1530) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
= 100 % 158
= <4 % 90% 202

— ?
=(1690) 1UPy = 1%
Mass m = 1690 + 10 MeV [Pl
Full width I < 30 MeV
=(1690) DECAY MODES Fraction (I;/T) p (MeVc)
/\K seen 240
K seen 70
= seen 311
Zopta possibly seen 213
=(1820) 3/2~ 1Py =3G37)
Mass m = 1823 + 5 MeV [P]
Full width T = 24713 Mev [P]
=(1820) DECAY MODES Fraction (I';/T) p (MeVjc)
AK large 402
K small 324
=7 small 421
=(1530)7 small 237
Z(1950) 1uPy = 12"
Mass m = 1950 + 15 MeV [Pl
Full width T = 60 + 20 MeV []
=(1950) DECAY MODES Fraction (I;/T) p (MeVc)
/\R_ seen 522
K possibly seen 460
=7 seen 519
-— ?
=(2030) 10P) = 3(= 39

Mass m = 2025 + 5 MeV [Pl
Full width T = 2012 MeV [F]

=(2030) DECAY MODES Fraction (I;/T) p (MeVfc)
AK ~ 20 % 585
K ~ 80 % 529
=7 small 574
=(1530)7 small 416
AK T small 499
SKn small 428

2BARYONS
(5=-3,1=0)

2~ =sss

JP
established.

Mass m = 1672.45 + 0.29 MeV

(Mo — mzy) [ Mg = (—1+£8)x1075

Mean life 7 = (0.821 + 0.011) x 10710 s
cr = 2.461 cm

(To- — Tp+) / To- = 0.00 £ 0.05

Magnetic moment ¢ = —2.02 & 0.05 ppy

Decay parameters

= %* is the quark-model prediction; and J = 3/2 is fairly well

AK™ a = 0.0180 + 0.0024
AK=, AK* (a + @) /(e — @) = —0.02 £ 0.13
07— @ =0.09+0.14
Z=a0 a=0.054+0.21
p
2~ DECAY MODES Fraction ([;/T) Confidence level (MeVc)
NK™ (67.84+0.7) % 211
Z0.- (23.6£0.7) % 294
=7 (8.6+0.4)% 289
Zoatas (371507 x 1074 189
=(1530)07~ <7 x 1078 90% 17
07, (5.6+2.8) x 103 319
=7y < 46 x 1074 90% 314
AS = 2 forbidden (52) modes
A~ 52 < 29 x 1076 90% 449
2(2250)~ 10P) = 002
Mass m = 2252 + 9 MeV
Full width ' = 55 + 18 MeV
0(2250)~ DECAY MODES Fraction (I';/T) p (MeVfec)
=atK-— seen 532
Z(1530)0K~ seen 437

CHARMED BARYONS
(C=+1)
A =ude, Tt =uue, T =udc, $U=ddc,
Zf=usc, 20=dsc, 2V =ssc

AF 1Py =03 %)

J is not well measured; % is the quark-model prediction.

Mass m = 2286.46 + 0.14 MeV
Mean life 7 = (200 + 6) x 10715 5
cr =59.9 um

(S =1.6)
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Hadronic modes with a hyperon: S = 0 final states

Decay asymmetry parameters AK* (61 % 12)x107* 781
. 0914015 AK ot o <5 x 1074 CL=90% 637
):1 0 @ - N : ) SOkt (52 + 08 )x10~4 735
” o=-045+03 SOkt atp < 26 x 1074 CL=90% 574
Aty a=-086+004 - StKta— (21 + 06 )x103 670
(0 +@)/(a—a)in AL — AxT, Ag — Am™ = -0.07 £ 031 S+ K*(892)° [l (36 +10)x1073 470
a +a)/(a—a)in AT — Aetv,, AT — Ae v, = 0.00+0.04 S Ktat < 12 x10~3  CL=90% 664
c € c e
. Scale factor/  p Doubly Cabibbo-suppressed modes

A DECAY MODES Fraction (I';/T) Confidence level (MeV/c) pK+ﬂ" < 29 «10—4  CL=90% 823

Hadronic modes with a p: S = —1 final states Semileptonic modes
pKY (1.58+ 0.08) % s=1.2 873 Net e (36 +04)% 871

pK—xt ( 6.35+ 0.33) % S=1.4 823 Inclusi d

pK*(892)° [l (1.98+ 0.28) % 685 i . nclusive modes .

FER . e anything (45 £ 1.7)% -

A(1232)TT K (1.09+ 0.25) % 710 n h .

+ ) peT anything (18 4+09)% -

A(1520) 7 [l (22 4+05)% 627 thi .

K~ nt nonresonant (35 + 04)% 823 p anything (50 £16 )% -

}?0 0 ’ SR B p anything (no A) (12 +19 )% -
pig’ﬂ (1.99+ 0.13)04, s=1.1 823 n anything (50 <16 )% 7
PKO . (L6 £ 04)% 568 n anything (no A) (2 +17 )% -
pKiner (1.66% 0.12) % S=1.1 754 A anything @5 +11 )% S—1.4 _
pK 77 (49 £04)% S=1.3 759 S+anything ] 0 +5 )% _

pK*(892)~nt [l (15 +05)% 580 3prongs @ +8 )% _

p(K™ 77+)nonresonant 0 (46 £09)% 759

A(1232) K*(892) seen 419 AC = 1 weak neutral current (C1) modes, or
pK—2rta— (14 + 1.0 )x 1073 671 Lepton Family number (LF), or Lepton number (L), or
pK—n+2n0 (1.0 = 05 )% 678 Baryon number (B) violating modes

. . pete” a < 55 x 1076 CL=90% 951
Hadronic modes with a p: S = 0 final states put c1 < 44 %105  CL=90% 937
prta (44 +23)x1073 927 petu~ LF < 99 x 1076 CL=90% 947

p(980) [l (35 £ 23)x1073 614 pe ut LF < 19 %1075 CL=90% 947
p2rt2n (23 + 15)x1073 852 p2et LB < 27 %1076 CL=90% 951
pPKT K~ (10 +4 )x14 616 pout LB < 94 x 1076 CL=90% 937

po [l (1.04% 0.21) x 1073 590 petut LB < 16 x10-5 CL=90% 947

pK* K~ non-¢ (44 + 18)x1074 616 Soutpt L < 70 x10~4  CL=90% 812

Hadronic modes with a hyperon: S = —1 final states
Ant (1.30+ 0.07) % S=1.2 864 + Py 1
Ant 70 (71 +£04)% 5=1.2 844 Ac(2595) 107 =0z")

Apt < 6 % CL=95% 636
Ar— 2wt (37 +04)% S=1.9 807 The spin-parity follows from the fact that X-(2455)x decays, with

2(138i)+7f+7f. DR (1.0 £05)% 688 little available phase space, are dominant. This assumes that JP =

A 1/27% for the . (2455).
X (1385)~27F, I*T — (78 + 16 )x103 688 / ol )
i\rrO* Mass m = 2592.25 £+ 0.28 MeV

AT p (154 06)% 524 m —m . =305.79 + 0.24 MeV

>(1385)1p0, =*t - Arnt (5 +4 )x103 363 i A

Axn~ 2zt nonresonant < 11 % CL=90% 807 Full width ' = 2.6 &+ 0.6 MeV
Ar— 7927t total (23 +08)% 757 AT 7 and its submode X (2455) 7 — the latter just barely — are the

Amty [ (23 £05)% 691 only strong decays allowed to an excited /\'C" having this mass; and the

3 (1385)*n [l (1.08+ 032)% 570 submode seems to dominate.

Artw [r] (15 +05)% 517

/‘TCWO 27, nonorw < 8 x1073 CL=90% 757 A(2595)+ DECAY MODES Fraction (T';/T) p (MeVc)
AKTKO _ (57 + 1.1 )x1073  s$=20 443 -

Z(1690)° K+, =*0 . AKO (16 + 05 )x1073 286 e 1 = 17
S0q+ (1.29+ 0.07) % s=1.1 825 )—_6(2455)0 r 87% t
>t g0 (1.24% 0.10) % 827 Xi(2j4r552 4 4£7% i
sty (7.0 + 23 )x 1073 713 Al 7T ™ 3-body 18 +10% 117
stota- ( 457+ 0.29) % 5=1.2 804 Afal [u] not seen 258

St 0 < 17 % CL=95% 575 /lc+'y not seen 288
yort (21 +04)% 799
S0+ 70 (23 £09)% 803
SO0r—ont (1.13% 029) % 763 Ac(2625)* 14P)y =0(37)

Stata— 0 — 767

Ttw [l ( 174+ 021) % 569 JP has not been measured; %_ is the quark-model prediction.
StKtK— (36 + 04)x10-3 349

T*to (] (40 % 06)x10-3  s—11 295 Mass m = 2628.11 + 0.19 MeV (S = 1.1)

Z(1690)° K+, =0 (1.03+ 0.26) x 10~3 286 m — m/@ = 341.65+0.13 MeV (S =1.1)

TTK- Full width T < 0.97 MeV, CL = 90%

>+ K* K~ nonresonant < 8 x10~4  CL=90% 349
=0 K+ (50 + 12 )x103 653 /\:Ymr and its submode X(2455) 7 are the only strong decays allowed to
=Kttt (62 + 06)x1073  s=1.1 565 an excited A1 having this mass.

Z(1530)°K* [l (33 +09)x10-3 473
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p

Ac(2625)+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

Az— P [l ~61% 184 X (2520) DECAY MODES Fraction (I';/T) p (MeVc)
X (2455) T~ <5 90% 102 Arr ~ 100 % 179
5, (2455)0 7t <5 90% 102
AT 7t~ 3-body large 184 p ,

/\2r 70 [u] not seen 293 25(2800) 1(J7) =1(77)

/\zr’y not seen 319

Z(2800)TF mass m = 280114 Mev
" p 5t 5(2800)* mass m = 27927 1§ Mev
/\-(2880) 1(J7) =0(3™) £.(2800)° mass m = 280675 MeV (S = 1.3)
_rqat4
There is some good evidence that indeed JP = 5/2+ mZC(2800)++ - mAZf =5147¢ Mev
_ _rpst14
Mass m = 2881.53 + 0.35 MeV M (2s00)+ ~ Mpr = 505175 MeV
_519+5 _
m = my. = 5951+ 0.4 MeV M a0y ~ My = 5197F MeV (5 = 13)
Full width I = 5.8 & 1.1 MeV 5c(2800)+ full width I = 75+ 22 Mev
+ ; _ gp+60
A(2880)+ DECAY MODES Fraction (T;/T) p (Mevio) ¢(2800)" full width I" = 62 o Mev
X(2800)° full width I' = 72132 MeV
N ato— seen 471
C
To(2455) seen 376 X,(2800) DECAY MODES Fraction (;/T MeV)
5(2520)0FF ot seen 317 c(2800) raction (T;/1) P (Meve)
p Do seen 316 /\2r T seen 443
? -
Ac(2940) 1Py = 0(?%) =t 10P) =33%)
Mass m = 2939_3+}§ MeV JP has not been measured; %“' is the quark-model prediction.
Full width I = 171§ MeV Mass m = 2467.937 028 Mev
Mean life 7 = (442 + 26) x 10715 s (S = 1.3)

Ac(2940)+ DECAY MODES Fraction (I;/T) p (MeVc) cr = 132 um

pDO seen 420 P

5 (2455)0t+ gt seen - E'c" DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

No absolute branching fractions have been measured.
X (2455) 1Py =1(4) The following are branching ratios relative to =~ 2r+.
5. (2455)ttmass m = 2453.97 & 0.14 MeV . Cabibbo-favored (S = —2) decays — relative to =~ 27+
X.(2455)T mass m = 2452.9 £ 0.4 MeV Pngs+ 0.0870.021 767
5.(2455)° mass m = 2453.75 + 0.14 MeV /”1_(7{38 RO - 852
_ _ 5 [l 1.0 +05 746
m m . = 167.510 £+ 0.017 MeV
. /‘? AK— 27t 0.323+0.033 787
Myt = Myt = 166.4 £ 0.4 MeV AK*(892)0 7+ [r] <0.16 90% 608
mso — ’"A+ =167.290 + 0.017 MeV >(1385)t Kt [r] <0.23 90% 678
+ Kt
My — m)__o = 0.220 £ 0.013 MeV K 0.94 £0.10 811
c >+ K*(892) [r] 081 +0.15 658
Myt = Mgo = —0.9 £+ 0.4 Mev SOK— 27t 0.27 £0.12 735
5.(2455)THfull width T = 1.8979% Mev (S = 1.1) §fiﬁ++ 055 +0.16 877
5.(2455)* full width T < 4.6 MeV, CL = 90% = _2(1530)0 N ’ DEFINED S 1 N
0 . _ +0.11 _ = s r] <0. %
5,(2455)° full width I = 1.83* 011 Mev (S = 1.2) ity 3 Los e
A?w is the only strong decay allowed to a X having this mass. r—ont 17 £05 818
Z0ety, 23 T07 884
X (2455) DECAY MODES Fraction (I';/T) p (Mevjc) - Ktrat 0.07 +0.04 399
A ~ 100 % 94 Cabibbo-suppressed decays — relative to =~ 27+
pK—nt 0.21 +0.04 944
To* 0
Py _ 13+ pK*(892) [f] 0.116+0.030 828
X .(2520) IJ7) =1(37) Stota 0.48 +0.20 922
P D34 ) i rort 0.18 £0.09 918
J" has not been measured; 5™ is the quark-model prediction. S+ KFK- 015 +0.06 580
Y (2520)*+mass m = 2518417035 MeV (S = 1.1) e [ <011 90% 549
' =(1690)°Kt, =0 <0.05 90% 501
>.(2520)T mass m = 2517.5 + 2.3 MeV ( k-
X.(2520)° mass m = 2518.48 & 0.20 MeV (S = 1.1)
My (as20y++ — My = 231 95317 Mev (S =1.3) ,
My (2sa0y — Mye = 2310 %23 MeV = 107) = 3(37)
+0.15 _
My (25200 — mAZr = 232027575 Mev (S =13) JP has not been measured; 1+ is the quark-model prediction.

Mz, 2s20)+ — Mz (as0)0 = 0.0 + 015 MeV Mass m = 2470.85+028 Mev
(2520t full width T = 14.78 7030 Mev Moy — oy =293 % 0.24 Mev

Fc(2520)T  full width T < 17 MeV, CL = 90%

— +13 15
5,(2520)°  full width T = 15.3%94 Mev Mean lfe 7 = (112713) x 10719

cr = 33.6 um
A?w is the only strong decay allowed to a X having this mass.
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Decay asymmetry parameters
=t a=—0.6=+04

No absolute branching fractions have been measured. Several measure-
ments of ratios of fractions may be found in the Listings that follow.

Eg_ DECAY MODES Fraction (I';/T) p (MeV/c)

No absolute branching fractions have been measured.

The following are branching ratios relative to =~ 7+.

Cabibbo-favored (S = —2) decays — relative to =~ 7+
pK- K-t 0.34 +0.04 676
pK~K*(892)° 021 +0.05 413
pK~ K~ nt (no K*0) 021 £0.04 676
AKS 0.2104:0.028 906
AK— 7t 1.07 +0.14 856
AKO 7wt 7= seen 787
AK ntntn— seen 703
Z—at DEFINED AS 1 875
= atatao 33 414 816
27 K* 0.29740.024 522
Zmetu, 31 +1.1 882
=~ (T anything 1.0 +05 -

Cabibbo-suppressed decays — relative to =~ 7+
= KTt 0.02840.006 790
AKT K™ (no ¢) 0.02940.007 648
Ao 0.034+0.007 621
= 107y =13

JP has not been measured; %Jr is the quark-model prediction.

Mass m = 2575.7 + 3.0 MeV
m_, — m_, =107.8 + 3.0 MeV
~c ~c

The _:/C+,_:Zr mass difference is too small for any strong decay to occur.

E’c'" DECAY MODES Fraction (I';/T) p (MeV/c)

=+

=c seen 106
=2 10P) =3G7)

JP has not been measured; %"' is the quark-model prediction.

Mass m = 2577.9 + 2.9 MeV
M-y — M= = 107.0 £ 2.9 MeV
~c ~c

The 5’69 — _:g mass difference is too small for any strong decay to occur.
E’g DECAY MODES Fraction (I';/T) p (MeV/c)
=0
=7 seen 105

=,(2645) 1Py =33

JP has not been measured; %"' is the quark-model prediction.

Z-(2645)" mass m = 2645.9 + 0.5 MeV (S = 1.1)
Z.(2645)% mass m = 2645.9 + 0.5 MeV
M= (2easyt — Mzo = 175.0 £ 0.6 MeV (S = 1.1)
M= (26450 ~ mzz_ = 178.0 £ 0.6 MeV
M= (2645)+ — M=, (2645)0 = 0.0 £ 0.5 MeV
Z-(2645)* full width I = 2.6 + 0.4 MeV
Z.(2645)° full width T < 5.5 MeV, CL = 90%

= m is the only strong decay allowed to a = resonance having this mass.

=c(2645) DECAY MODES Fraction (I';/T) p (MeV/c)

:—2 T seen 102

_:2’ T seen 107
Zc(2790) 10P) = 337)

JP has not been measured; %_ is the quark-model prediction.

Z.(2790)* mass = 2789.1 + 3.2 MeV
Z.(2790)° mass = 2791.9 + 3.3 MeV

M= (a790)+ — M=o = 3182 £ 3.2 MeV
~c

M= (2790)0 — M=+ = 324.0 £ 3.3 MeV
- ~c

Z.(2790)T width < 15 MeV, CL = 90%
Zc(2790)° width < 12 MeV, CL = 90%

=,(2790) DECAY MODES

=/
-c

Fraction (I';/T) p (MeV/c)

™ seen 159

10P)=137)

=,(2815)

JP has not been measured; % is the quark-model prediction.

=.(2815)* mass m = 2816.6 + 0.9 MeV
Z.(2815)° mass m = 2819.6 + 1.2 MeV
M= (2g15)+ ~ mEé = 348.7 £ 0.9 MeV

mEC(2815)0 — msg = 348.8 + 1.2 MeV

M= (5g15)+ — M=, (2815)0 = —3.0 £ 1.3 MeV
=,(2815)* full width I < 3.5 MeV, CL = 90%
=.(2815)° full width I < 6.5 MeV, CL = 90%

The = 7w modes are consistent with being entirely via = (2645) .

=,(2815) DECAY MODES Fraction (I';/T) p (MeVc)
:_;r atn~ seen 196
_:871'+7T’ seen 191
:_C(2970) I(JP) — l(??)
was =(2980) 2
Z£(2970)" m = 2970.7 £ 2.2 MeV (S = 1.5)
Z.(2970)° m = 2968.0 + 2.6 MeV (S = 1.2)
Z.(2970)* width I = 17.9 & 3.5 MeV
Z,(2970)% width [ =20 £ 7 MeV (S = 1.3)
=¢(2970) DECAY MODES Fraction (I;/T) p (MeVjc)
/\Z:Wﬂ' seen 231
&(2455)? seen 134
/\2’ K not seen 414
=27 seen 385
=c(2645) 7 seen 277

=c(3055) 1(4Py = 2(2%)

Mass m = 3055.1 + 1.7 MeV (S = 1.5)
Full width ' = 11 4+ 4 MeV

=c(3080) 10P) = 3¢9

Z.(3080)* m = 3076.94 + 0.28 MeV

=.(3080)° m = 3079.9 + 1.4 MeV (S = 1.3)
Z.(3080)T width I = 43 £ 15 MeV (S =1.3)
Z,(3080)% width [ = 5.6 + 2.2 MeV
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The branching fractions B(b-baryon — A{™ T anything) and B(/\?7 —

Z¢(3080) DECAY MODES Fraction (I';/T) p (MeVjc) /\zr[_?fanything) are not pure measurements because the underlying
AMKr seen 415 measured products of these with B(b — b-baryon) were used to determine
¢ — B(b — b-baryon), as described in the note “Production and Decay of
26(2455)5 _ seen 342 b-Flavored Hadrons.”
2 (2455)K + X.(2520)K seen - o ) ) _ )
AR not seen 536 For inclusive branching fractions, e.g., Ap — Acanything, the values
c__ usually are multiplicities, not branching fractions. They can be greater
/\2r Kntn™ not seen 143 than one.
Scale factor/ p
_QO /(JP) — 0(%%—) /Ig DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
c
p J/p(1S)Ax B(b — A9) (58 +£0.8 )x107° 1740
J" has not been measured; %Jr is the quark-model prediction. pDO 7~ (64 +0.7 ) x 10— 2370
0 K— -5
Mass m = 2695.2 + 1.7 MeV (S = 1.3) pDK (47 £08)x10 2269
Mean life 7 = (69 + 12) x 10715 s pJ/pm~ (26 103 )x10°° 1755
cr =21 pm pJjY K~ (32 738 )x104 1589
No absolute branching fractions have been measured. Pc(4380)+ K=, P.— V] (27 14 )x 10-5 —
pJ/v
ng DECAY MODES Fraction (T';/T) p (MeVc) P.(4450)t K—, P — [v] (1.3 +04 )x107° -
StK-K—nt seen 689 -0 [iJ/u‘) _s
=0 -t ween 001 pKw (1.3 404 )x 10 2693
k-t at o 830 pKOK— < 35 x1076  CL=90% 2639
0ot V‘ ! See: a0 Ara (49 +0.4 )x1073 S=12 2342
00—t € seen 821 /\2r K~ (3.59+0.30) x 1074 S=1.2 2314
Q= 7t 0 seen 797 /\:_r a1(1260)~ seen 2153
Q- antrt seen 753 AT D™ (46 +06 )x10~4 1886
AL DS ( 1.1040.10) % 1833
ATt a—a— (77 411 ) x 1073 S=1.1 2323
0 Py _ n/3+ c
2:(2770) I(J7) =0(z7) Ac(2595)F 7, (34 £15 ) x1074 2210
+ ot
JP has not been measured; %* is the quark-model prediction. Ac(2595)7 — Agmtm
Ac(2625)F 7, (33 1.3 )x1074 2193
Mass m = 2765.9 + 2.0 MeV (S = 1.2) Ac(2625)F — AT xtr-
Mo (217000 ~ Mo = 70.775:8 Mev (245507t £ — (57 422 ) x1074 2265
Ar—
I:Ceur_(zc(ﬂ?o)o—ng mass difference is too small for any strong decay to 26(2255)++ o, }:?Jr _ (32 +16 ) x10—% 2265
. /\2’ nt -
2,(2770)° DECAY MODES Fraction (I';/T) p (Mev/c) AT L™ Vpanything x] (103 £22)% -
_QEC)”/ presumably 100% 70 Ajéivé (62 t{g )% 2345
Nrtn 77, (56 +£31)% 2335
+o-p +4.0 -3
BOTTOM BARYONS AC(2595)+€_i¢ (79 ;32 )oxm 2212
(B _ _1) Ac(2625)T 07, (13 Tge )% 2195
- ph~ vl < 23 x1075  CL=90% 2730
A = udb, =% = usb, =, = dsb, 2 = ssb pr- (42 £08)x107° 2730
pK~ (51 £1.0 )x107© 2708
pDy < 48 x10~%  CL=90% 2364
- —4
20 1(JPY = o(L+ puT T, (41 £1.0 ) x10 2730
b ") (") Aptu~ ( 1.0840.28) x 10~© 2695
Ny < 13 x1073  CL=90% 2699
I(JP) not yet measured; 0(%"') is the quark model prediction. A0y (o *I )x10-6 _
Mass m = 5619.51 % 0.23 MeV 10,7(958 -5 e
My — Mo = 339.2 £ 1.4 MeV 7' (958) < 31 ¥ 1077 CL=90% -
b
My — Mgy = 339.72 + 0.28 MeV
an i Ap(5912)° JP=1-
Mean life 7 = (1.466 4 0.010) x 10712 5 b( ) =3
cr = 439.5 um
Acp(Ap — pr~) = 0.06 & 0.07 Mass m = 5912.11 + 0.26 MeV
Acp(Ap — pK™) =10.00%0.19 (S=24) Full width I < 0.66 MeV, CL = 90%
Acp(Ap — pKO7™) = 0.22 +£0.13 0
AAcp(J/vpr~ /K™) = Acp(J/vpr™) — Acp(J/YpK™) Ap(5912)" DECAY MODES Fraction (I;/T) p (MeV/c)
=(5.7+27)x 1072 /\gﬂ+71" seen 86
« decay parameter for A, — J/¢A =0.18 + 0.13
Al (up)in Ap — Aptp~ = —0.05 + 0.09
FB
. _3—
Al (p) in Ap — A(pm)ptp~ = —0.29 + 0.08 Np(5920)° P =3
fr () longitudinal polarization fraction in Ap — Aptu= =
0.6131 Mass m = 5919.81 + 0.23 MeV

Full width I' < 0.63 MeV, CL = 90%

A(5920)0 DECAY MODES Fraction (I';/T) p (MeVjc)

/\g rtr— seen 108
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1UP) =13+) I .
I, J. P need confirmation. =,(5945)0 DECAY MODES Fraction (T;/T) p (MeV/c)
—— -t
Mass m(£}) = 5811.3 + 1.9 MeV =7 seen n
Mass m(Z ) = 5815.5 + 1.8 MeV
— = —4. . = - P _ 3+
Myt = My 4.2 £1.1 MeV —b(5955) P =3
N(=F) =97%53 Mev
( 11) -39 Mass m = 5955.33 & 0.13 MeV
r(Z;) =49733 Mev
b 2.4 m—*(5955) - m_0 —m__ =23.96 & 0.13 MeV
. Full Wldth r=1 65 + 0.33 MeV
X}, DECAY MODES Fraction (I;/T) p (MeVjc)
/\g'ﬁ dominant 134 53(5955)_ DECAY MODES Fraction (I';/T) p (MeVjc)
=07~ x B(b — (20.7£3.5) % 84
= - B =0
I} 1UP) =13%) =}3(5955)7)/B(b — =)
I, J, P need confirmation.
Mass m(£}") = 5832.1 + 1.9 MeV Q, 1Py =03 ™)
Mass m(X}") = 5835.1 + 1.9 MeV I, J, P need confirmation.
My =My, = —3.0733 Mev Mass m = 6046.4 + 1.9 MeV
() = 115 + 2.8 MeV Mo, — Mpy = 426:4 & 2.2 MeV
M(£;7) =75+23MeV Mean life = (1.571§30) x 10712 5
My, — My, = 21.2 + 2.0 MeV
b 2}, DECAY MODES Fraction (I;/T) p (MeVjc)
* o .
X}, DECAY MODES Fraction (I;/T) p (MeV/c) 10~ xB(b — Qp) (29t%é) %106 1806
Agﬂ dominant 161
b-baryon ADMIXTURE (Ap, b, Zp, 2p)
=0 —- ,(JP): 11+
=b =bp 227) -
I, J, P need confirmation. Mean life 7
_ These branching fractions are actually an average over weakly decaying b-
_g =57945+£14 MeV (S =4.0) baryons weighted by their production rates at the LHC, LEP, and Tevatron,
m(_ =5791.9 + 0.5 MeV branching ratios, and detection efficiencies. They scale with the b-baryon
m—_. — on =1779+ 09 MeV (S=2.1) production fraction B(b — b-baryon).
=b
M=o — my =172.5 + 0.4 MeV The branching fractions B(b-baryon — A¢~ v anything) and B(/l?7 —
m_i - m:bO =5.9+ 0.6 MeV /\zré’z?fanything) are not pure measurements because the underlying
b —12 g measured products of these with B(b — b-baryon) were used to determine
Mean life 7'_7 = (1.560 = 0.040) x 10 B(b — b-baryon), as described in the note “Production and Decay of

-FI. H »
Mean life 7—_0 = (1.464 4 0.031) x 10~ 12 4 b-Flavored Hadrons,

For inclusive branching fractions, e.g., B — Dianything, the values

Scale factor/ p usually are multiplicities, not branching fractions. They can be greater
=p DECAY MODES Fraction (I';/T) Confidence level (MeV/c) than one.
Zp— T XxB(b— Zp) (39 £12)x1074 S=1.4 - b-baryon ADMIXTURE DECAY MODES
z, - J/p="x B(b — 5;) (1.02+0 26) « 10—5 1782 (ApsZpsZps2p) Fraction (I';/T) p (MeV/c)
=0 04— h = _ .
= — pgo K_ x B(b— Zp) (1.7 +06 )Xm,z 2374 pu~ Tanything (557F %S)% _
S pKJ‘— X (IJ_%(b — <16 x 10 CL=90% 2783 p v anything (534 12)% _
S :b)/B(%‘) B%) _ panything (66 +21 )% -
=) — pK'K™x B(b— <11 x1070  CL=90% 2730 AL~ Tyanything ( 3.6% 0.6)% -
Zp)/B(b — BY) ALt vyanything ( 3.0+ 0.8) % -
29— AT K= x B(b— Zp) (6 +4 )x10~7 2416 Aanything BT £7)% -
=, = Nr xB(b— (5.7 £2.0 ) x 104 100 =7 (" Dyanything (6.2% 1.6) x 1073 -
Z,)/B(b — A9)
= (5935)— gP — 1+
=b -2
Mass m = 5935.02 = 0.05 MeV P.(4380)*
mE,b(5935), — mf?, —m__ =3.653 £ 0.019 MeV
Full width I < 0.08 MeV, CL = 95% Mass m = 4380 + 30 MeV
Full width ' = 205 + 90 MeV
EL(5935)_ DECAY MODES Fraction (;/T) p (MeVjc) Mode
— Mode Fraction (I';/T) p (MeV/c)
297 x B(b — (11.8+1.8) % 31 mr _
— _ — — P seen
=,(5935)7)/B(b — Z9)
— P.(4450)*
=p(5945)° JP=3t (s

Mass m = 4449.8 + 3.0 MeV
Mass m = 5948.9 £ 1.6 MeV Full width T = 39 + 20 MeV

Full width T = 2.1 + 1.7 MeV Mode

Mode Fraction ([;/T) p (MeV/c)

J/vp seen 820
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NOTES

This Summary Table only includes established baryons. The Particle Listings
include evidence for other baryons. The masses, widths, and branching
fractions for the resonances in this Table are Breit-Wigner parameters, but
pole positions are also given for most of the N and A resonances.

For most of the resonances, the parameters come from various partial-wave
analyses of more or less the same sets of data, and it is not appropriate to
treat the results of the analyses as independent or to average them together.
Furthermore, the systematic errors on the results are not well understood.
Thus, we usually only give ranges for the parameters. We then also give a
best guess for the mass (as part of the name of the resonance) and for the
width. The Note on N and A Resonances and the Note on A and X
Resonances in the Particle Listings review the partial-wave analyses.

[g] There is some controversy about whether nuclear physics and model
dependence complicate the analysis for bound neutrons (from which the
best limit comes). The first limit here is from reactor experiments with
free neutrons.

[h] Lee and Yang in 1956 proposed the existence of a mirror world in an
attempt to restore global parity symmetry—thus a search for oscillations
between the two worlds. Oscillations between the worlds would be max-
imal when the magnetic fields B and B’ were equal. The limit for any
B’ in the range 0 to 12.5 T is >12's (95% CL).

[/] The parameters ga, gy, and gy for semileptonic modes are defined by
Brlva(gv + 8as) + i(gwm/ms;) oav q”]B;, and day is defined by
galgy = |gA/gV\e’®AV. See the “Note on Baryon Decay Parameters”

in the neutron Particle Listings.
[/] Time-reversal invariance requires this to be 0° or 180°.
[k] This coefficient is zero if time invariance is not violated.
[/] This limit is for y energies between 15 and 340 keV.

When a quantity has “(S = ...)" to its right, the error on the quantity has
been enlarged by the “scale factor” S, defined as S = /x2/(N — 1), where
N is the number of measurements used in calculating the quantity. We

do this when S > 1, which often indicates that the measurements are incon-
sistent. When S > 1.25, we also show in the Particle Listings an ideogram of
the measurements. For more about S, see the Introduction.

[n] The decay parameters v and A are calculated from « and ¢ using

2 cosg, tanA = 7é 1—a? sing.

=1«
A decay momentum p is given for each decay mode. For a 2-body decay, p is 7
the momentum of each decay product in the rest frame of the decaying
particle. For a 3-or-more-body decay, p is the largest momentum any of the
products can have in this frame. For any resonance, the nominal mass is
used in calculating p. A dagger (“i") in this column indicates that the mode
is forbidden when the nominal masses of resonances are used, but is in fact

allowed due to the nonzero widths of the resonances.

See the “Note on Baryon Decay Parameters” in the neutron Particle List-
ings.
[o0] See the Listings for the pion momentum range used in this measurement.

[p] The error given here is only an educated guess. It is larger than the error
on the weighted average of the published values.

[g] A theoretical value using QED.

[a] The masses of the p and n are most precisely known in u (unified atomic
mass units). The conversion factor to MeV, 1 u = 931.494061(21) MeV,
is less well known than are the masses in u.

[b] The |mp—mp|/mp and |q, + qp|/e are not independent, and both use
the more precise measurement of |¢/mp|/(qp/mp).

[c] The limit is from neutrality-of-matter experiments; it assumes g, = g, +
ge. See also the charge of the neutron.

[d] The up and ep values for the charge radius are much too different to
average them. The disagreement is not yet understood.

[€] There is a lot of disagreement about the value of the proton magnetic
charge radius. See the Listings.

[f] The first limit is for p — anything or " disappearance” modes of a bound
proton. The second entry, a rough range of limits, assumes the dominant
decay modes are among those investigated. For antiprotons the best
limit, inferred from the observation of cosmic ray p's is 75 > 107
yr, the cosmic-ray storage time, but this limit depends on a number of
assumptions. The best direct observation of stored antiprotons gives
m5/B(P — e77) >7x10%yr.

[r] This branching fraction includes all the decay modes of the final-state
resonance.

[s] The value is for the sum of the charge states or particle/antiparticle
states indicated.

[t] See AALTONEN 11H, Fig. 8, for the calculated ratio of A7 7%70 and

A% 7t~ partial widths as a function of the Ac(2595)% — AT mass
difference. At our value of the mass difference, the ratio is about 4.

[u] A test that the isospin is indeed 0, so that the particle is indeed a /lzr.
[v] P} is a pentaquark-charmonium state.
[x] Not a pure measurement. See note at head of /\% Decay Modes.

[y] Here h™ means 7~ or K.
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SEARCHES FOR
MONOPOLES,
SUPERSYMMETRY,
TECHNICOLOR,
COMPOSITENESS,
EXTRA DIMENSIONS, etc.

g - squarks of the first two quark generations

The first of these limits is within CMSSM with cascade de-
cays, evaluated assuming a fixed value of the parameters
and tanf3. The first two limits assume two-generations of
mass degenerate squarks (g, and ggr) and gaugino mass pa-
rameters that are constrained by the unification condition at
the grand unification scale. The third limit assumes a simpli-
fied model with a 100% branching ratio for the prompt decay
q— qx3.

Magnetic Monopole Searches I

Isolated supermassive monopole candidate events have not been con-
firmed. The most sensitive experiments obtain negative results.
Best cosmic-ray supermassive monopole flux limit:
< 1.4x1070 cm=2sr=1s71  for1.1x 1074 < <1

Mass m > 1450 GeV, CL = 95%

[CMSSM, tans = 30, Ag = —2max(mg, my ), p > 0]
Mass m > 850 GeV, CL = 95%

[iets + £p, ¢ — q)?(l) simplified model, meo= 0 GeV]
Mass m > 520 GeV, CL = 95% '

[a — q)Z(lJ, simplified model, single light squark, m;((l) =0]

Supersymmetric Particle Searches

Presently all supersymmetric mass bounds are model dependent.

This table contains a selection of bounds indicating the range of
possibilities. For a more extensive set of cases consult the detailed
listings.

The limits are based on the Minimal Supersymmetric Standard Model
(MSSM) with additional assumptions as follows:

1) X7 is lightest supersymmetric particle; 2) R-parity is conserved;
See the Particle Listings for a Note giving details of supersymmetry.

X% — neutralinos (mixtures of 5, Z°, and H?)
Mass mzo > 0 GeV, CL = 95%

1
[general MSSM, non-universal gaugino masses]
Mass mio > 46 GeV, CL = 95%

[all tanﬂ all mg, all mNO — m. o]
Mass m>~(0 > 62.4 GeV, CL = 95%
[1<tan/3 <40, all mg, all m_y — m_g]
X2 X1
Mass m')ZO > 345 GeV, CL = 95%

[Xl X2 — WX ZXI, simplified model, m;(li B mio, mi?

0 GeV]
Mass my > 99.9 GeV, CL = 95%

3
[I<tang <40, all mg, all m_o — m]
X2 X1
Mass meo > 116 GeV, CL = 95%
4
[I<tang <40, all mg, all m_o — m_o]
X2 X1

f(,i — charginos (mixtures of W= and I:I:t)
Mass mes > 94 GeV, CL = 95%
[tand<40 m_ = — m 0>3GeV all mg]
Mass mii > 345 GeV CL =95%

[5|mpl|f|ed model, mili = mig, m%(l, =0 GeV]

U — sneutrino

Mass m > 94 GeV, CL = 95%
[CMSSM, 1 < tang < 40, M= M0 >10 GeV]
1

€ — scalar electron (selectron)
Mass m(e;) > 107 GeV, CL = 95% [all ng—m;{?]
Mass m(eg) > 97.5 GeV, CL = 95%
[ | >100 GeV, tan3=1.5]
1t — scalar muon (smuon)

Mass m > 94 GeV, CL = 95%
[CMSSM, 1 < tang < 40, Mie=Mzo > 10 GeV]
1

7 — scalar tau (stau)

Mass m > 81.9 GeV, CL = 95%

[mz, — m~0 >15 GeV, all 0, B(T — 7X3 9y = 100%]

b — scalar bottom (sbottom)
Mass m > 650 GeV, CL = 95% [b — bx% m 2 =0

Mass m > 600 GeV, CL =95% [b — bxl, Meo < 250 GeV]
1

t — scalar top (stop)
Mass m > 730 GeV, CL = 95%
[t— tX1- o= =100 GeV, my > m¢ + m;((l)]
Mass m > 500 GeV CL= 95%
[£* + jets + Ep, T — bX1 , mfcf =2 m%(l), 100 GeV <
mso < 150 GeV]

Mass m > 240 GeV, CL = 95%
[t — CXI' ;M © <85 GeV]

g — gluino

The first limit assumes a simplified model with a 100%
branching ratio for the prompt 3 body decay, independent
of the squark mass. The second of these limits is within the
CMSSM (for mg 25 GeV), and includes the effects of cas-
cade decays, evaluated assuming a fixed value of the param-
eters p and tanf3. The limit assumes GUT relations between
gaugino masses and the gauge couplings. The third limit is
based on a combination of searches.

Mass m > 1225 GeV, CL =95% [§ — q@Gx\, mso = 0]

Mass m > 1150 GeV, CL = 95% '
[CMSSM, tan$=30, AO:f2max(m0,m1/2), n>0]

Mass m > 1150 GeV, CL = 95%
[general RPC g decays, myo < 100 GeV]

Technicolor

The limits for technicolor (and top-color) particles are quite varied
depending on assumptions. See the Technicolor section of the full
Review (the data listings).

Quark and Lepton Compositeness,
Searches for

Scale Limits A for Contact Interactions
(the lowest dimensional interactions with four fermions)
If the Lagrangian has the form
£ 7 Dy v
* 32 YLl
(with g2/4x set equal to 1), then we define A = AZ. For the
full definitions and for other forms, see the Note in the Listings

on Searches for Quark and Lepton Compositeness in the full Re-
view and the original literature.

Afj(eeee) > 83TeV, CL =95%

A (eeee) > 103 TeV, CL = 95%

Af(eepp) > 85TeV, CL = 95%
> 9.5 TeV, CL = 95%
> 7.9 TeV, CL = 95%

A (eepp)

/\L_(EGTT)
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Apleerr) > 72Tev, CL = 95% | Extra Dimensions |
Nfeeeey > 9.1 TeV, CL = 95%
_ . Please refer to the Extra Dimensions section of the full Review for a
Ny, (eeee 10.3 TeV, CL = 959
i ) > 10.3Tev, C 95% discussion of the model-dependence of these bounds, and further
AZ’L(eeuu) > 233 TeV, CL = 95% constraints.
A (eeuu) > 12.5TeV, CL = 95% Constraints on the radius of the extra dimensions,
/\tL(eedd) > 111 TeV, CL = 95% for the case of two-flat dimensions of equal radii
A dd 26.4 TeV. CL — 95Y% R < 30 pm, CL = 95% (direct tests of Newton’s law)
w(eedd) > 264TeV, CL = 95% R< 15um, CL=95% (pp — jG)
/\er(eecc) > 9.4 TeV, CL = 95% R < 0.16-916 nm  (astrophysics; limits depend on technique and
Aj(eecc) > 5.6 TeV, CL=95% assumptions)
/\er(eebb) > 9.4 TeV, CL = 95% Con:ﬂtramtior; ’;hif\u/ndcainen;agltygraw(ty scale e o csrbution
_ aro T .3 Tev, = o (pp — dijet, angular distribution
A; (eebb) > 10.2 TeV, CL = 95% M, > 4.16 TeV, CL = 95% (pp — £7)
+ — 0,
Ni(pngq) > 125 TeV, CL = 95% Constraints on the Kaluza-Klein graviton in warped extra dimensions
A (pqq) > 16.7 TeV, CL = 95% Mg > 273 TeV, CL=9% (pp — ete™, ptpu™)
A(lve > 3.10 TeV, CL = 909 s , . . .
/\Ee’;q’% S 281 T:V L = 95;’ Constraints on the Kaluza-Klein gluon in warped extra dimensions
. v — 0 —_
— 0, —
Af(gaqq) > 9.0 TeV, CL = 95% Mg yre > 25TeV, CL =95%  (gxk — (i)
A (agqq) > 12.0 TeV, CL = 95%
Af(vvqq) > 5.0TeV, CL = 95%
A (vrgq) > 54 TeV, CL=95%

Excited Leptons
The limits from £*F£*~ do not depend on A (where X is the

£0* transition coupling). The A-dependent limits assume chiral

coupling.

*+ __ excited electron

Mass m > 103.2 GeV, CL = 95%  (from e*e*)
Mass m > 3.000 x 103 GeV, CL = 95% (from ee*)
Mass m > 356 GeV, CL = 95% (if A, = 1)

e

W — excited muon

Mass m > 103.2 GeV, CL = 95%  (from p* pu*)
Mass m > 3.000 x 103 GeV, CL = 95%  (from pp*)

7+ — excited tau

Mass m > 103.2 GeV, CL = 95%  (from 7% 7%)

Mass m > 2.500 x 103 GeV, CL = 95%  (from 77*)
v* — excited neutrino

Mass m > 1.600 x 103 GeV, CL = 95%  (from v*v*)

Mass m > 213 GeV, CL =95%  (from v* X)
g* — excited quark

Mass m > 338 GeV, CL = 95% (from ¢* g*)

Mass m > 4.060 x 103 GeV, CL = 95%  (from ¢* X)
Color Sextet and Octet Particles

Color Sextet Quarks (ge)

Mass m > 84 GeV, CL = 95%  (Stable g¢)
Color Octet Charged Leptons ({g)

Mass m > 86 GeV, CL = 95%  (Stable ¢g)
Color Octet Neutrinos (vg)

Mass m > 110 GeV, CL =90% (vg — vg)
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TESTS OF CONSERVATION LAWS

Updated June 2016 by L. Wolfenstein (Carnegie-Mellon Uni-
versity) and C.-J. Lin (LBNL).

In keeping with the current interest in tests of conservation
laws, we collect together a Table of experimental limits on
all weak and electromagnetic decays, mass differences, and
moments, and on a few reactions, whose observation would
violate conservation laws. The Table is given only in the full
Review of Particle Physics, not in the Particle Physics Booklet.
For the benefit of Booklet readers, we include the best limits
from the Table in the following text. Limits in this text are for
CL=90% unless otherwise specified. The Table is in two parts:
“Discrete Space-Time Symmetries,” i.e., C, P, T, CP, and
CPT; and “Number Conservation Laws,” i.e., lepton, baryon,
hadronic flavor, and charge conservation. The references for
these data can be found in the the Particle Listings in the

Review. A discussion of these tests follows.

CPT INVARIANCE

General principles of relativistic field theory require invari-
ance under the combined transformation CPT. The simplest
tests of C'PT invariance are the equality of the masses and
lifetimes of a particle and its antiparticle. The best test comes
from the limit on the mass difference between K° and K. Any
such difference contributes to the CP-violating parameter e.
Assuming C'PT invariance, ¢¢, the phase of € should be very
close to 44°. (See the review “C'P Violation in K, decay” in
this edition.) In contrast, if the entire source of C'P violation
in K% decays were a K9 — FO mass difference, ¢ would be
44° 4 90°.

Assuming that there is no other source of C'PT violation
than this mass difference, it is possible to deduce that [1]

2(mgo —myo) [ (31— + 3600 — dsw)

sin ¢psw

m—o —Mmgo ~
K K

)

where ¢gw = (43.51 £ 0.05)°, the superweak angle. Using our
best values of the C'P-violation parameters, we get |(mfo -
mpo)/mpo| < 0.6 x 1078 at CL=90%. Limits can also be
placed on specific CPT-violating decay amplitudes. Given the
small value of (1 — |noo/n+—]), the value of ¢gg — ¢+ provides
a measure of C'PT violation in Kg — 27 decay. Results from
CERN [1] and Fermilab [2] indicate no C' PT-violating effect.

CP AND T INVARIANCE

Given CPT invariance, CP violation and T violation
are equivalent. The original evidence for CP violation came
from the measurement of |ny_| = |A(KY — atn™)/A(KY
— qtr7)| = (2.232 4 0.011) x 1073, This could be explained
in terms of K Offo mixing, which also leads to the asymmetry
[(KY - 7 etv)-T(KY — e D)]/[sum] = (0.334£0.007)%.
Evidence for C'P violation in the kaon decay amplitude comes
from the measurement of (1 — |noo/n+—|)/3 = Re(c/e) =
(1.66 4 0.23) x 1073, In the Standard Model much larger C'P-
violating effects are expected. The first of these, which is associ-

ated with B—B mixing, is the parameter sin(2/3) now measured

quite accurately to be 0.679 £ 0.020. A number of other CP-
violating observables are being measured in B decays; direct
evidence for C'P violation in the B decay amplitude comes from
the asymmetry [F(EO — K—7t) = T(BY — K*tn7)]/[sum] =
—0.082 £ 0.006. Direct tests of T" violation are much more diffi-
cult; a measurement by CPLEAR of the difference between the
oscillation probabilities of K° to KO and KO to KO is related to
T violation [3]. A nonzero value of the electric dipole moment
of the neutron and electron requires both P and T violation.
The current experimental results are < 3.0 x 10726 ¢ em (neu-
tron), and < 8.7 x 1072 e cm (electron) at the 90% C.L.
The BABAR experiment reported the first direct observation
of T violation in the B system. The measured T-violating
parameters in the time evolution of the neutral B mesons are
AS; = —1.37£0.15 and AS; = 1.17£0.21, with a significance
of 140 [4]. This observation of T violation, with exchange of
initial and final states of the neutral B, was made possible in a
B-factory using the Einstein-Podolsky-Rosen Entanglement of
the two B’s produced in the decay of the T(4S) and the two
time-ordered decays of the B’s as filtering measurements of the
meson state [5].

CONSERVATION OF LEPTON NUMBERS

Present experimental evidence and the standard electroweak
theory are consistent with the absolute conservation of three
separate lepton numbers: electron number L., muon number
L,,, and tau number L, except for the effect of neutrino mixing
associated with neutrino masses. Searches for violations are of

the following types:

a) AL = 2 for one type of charged lepton. The best
limit comes from the search for neutrinoless double beta decay
(Z,A) — (Z+2,A) + e + e . The best laboratory limit is
t1jp > 1.07 % 1026 yr (CL=90%) for '30Xe from the KamLAND-
Zen experiment [6].

b) Conversion of one charged-lepton type to another.
For purely leptonic processes, the best limits are on u — ey
and g — 3e, measured as T'( — ev)/T'(p —all) < 5.7 x 10713
and T'(u — 3e)/T(n — all) < 1.0 x 1072, For semileptonic
processes, the best limit comes from the coherent conver-
sion process in a muonic atom, u~+ (Z,A) — e~ + (Z, A),
measured as T'(u~Ti — e~ Ti)/T(p"Ti — all) < 4.3 x 10712,
Of special interest is the case in which the hadronic fla-
vor also changes, as in Ky — ey and Kt — mfe pu™,
measured as ['(Kj — eu)/T(Kp — all) < 4.7 x 10712 and
(KT — ate pt)/T(KT — all) < 1.3 x 107! Limits on
the conversion of 7 into e or p are found in 7 decay
and are much less stringent than those for u — e con-
version, e.g, T(r — wy)/T(r — all) < 4.4 x 1078 and
[(1 — ey)/T(1 — all) < 3.3 x 1075,

c) Conversion of one type of charged lepton into
another type of charged antilepton. The case most studied
is u= + (Z,A) — et +(Z—2,A), the strongest limit being
(" Ti— e*Ca)/T (1~ Ti — all) < 3.6 x 10711,
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d) Neutrino oscillations. It is expected even in the stan-
dard electroweak theory that the lepton numbers are not sepa-
rately conserved, as a consequence of lepton mixing analogous
to Cabibbo-Kobayashi-Maskawa quark mixing. However, if the
only source of lepton-number violation is the mixing of low-
mass neutrinos then processes such as y — ey are expected to
have extremely small unobservable probabilities. For small neu-
trino masses, the lepton-number violation would be observed
first in neutrino oscillations, which have been the subject of
extensive experimental studies. Compelling evidence for neu-
trino mixing has come from atmospheric, solar, accelerator, and
reactor neutrinos. Recently, the reactor neutrino experiments
have measured the last neutrino mixing angle 613 and found it
to be relatively large. For a comprehensive review on neutrino
mixing, including the latest results on 613, see the review “Neu-
trino Mass, Mixing, and Oscillations” by K. Nakamura and
S.T. Petcov in this edition of RPP.

CONSERVATION OF HADRONIC FLAVORS

In strong and electromagnetic interactions, hadronic fla-
vor is conserved, i.e. the conversion of a quark of one flavor
(d,u,s,c,b,t) into a quark of another flavor is forbidden. In
the Standard Model, the weak interactions violate these conser-
vation laws in a manner described by the Cabibbo-Kobayashi-
Maskawa mixing (see the section “Cabibbo-Kobayashi-Maskawa
Mixing Matrix”). The way in which these conservation laws are
violated is tested as follows:

(a) AS= AQ rule. In the strangeness-changing semilep-
tonic decay of strange particles, the strangeness change equals
the change in charge of the hadrons. Tests come from limits on
decay rates such as T'(SFT — netv)/T(SFT — all) < 5 x 1076,
and from a detailed analysis of Kj; — mev, which yields the
parameter x, measured to be (Rex, Imz) = (—0.002 % 0.006,
0.0012 £ 0.0021). Corresponding rules are AC' = AQ and AB
= AQ.

(b) Change of flavor by two units. In the Stan-
dard Model this occurs only in second-order weak interac-
tions. The classic example is AS = 2 via K° — K’ mix-
ing, which is directly measured by m(Kp) — m(Kg) =
(0.5293 4 0.0009) x 100 fis~!. The AB = 2 transitions in
the B® and B? systems via mixing are also well estab-
lished. The measured mass differences between the eigen-
states are (mBg - mBg) = (0.5096 + 0.0034) x 10'2 hs~! and
(mgo —mpo ) = (17.757 £ 0.021) x 10'2 hs~L. There is now
strong evidence of AC = 2 transition in the charm sector with
the mass difference Mmpo —Mpo = (0.957041) x 1010 hs~1. All
results are consistent with the second-order calculations in the
Standard Model.

(c) Flavor-changing neutral currents. In the Stan-
dard Model the neutral-current interactions do not change
flavor. The low rate T'(Kp — ptp™)/T(Kp — all) =
(6.84 + 0.11) x 107 puts limits on such interactions; the

Unless otherwise stated, limits are given at the 90% confidence level, while errors are given
as +1 standard deviation.

nonzero value for this rate is attributed to a combina-
tion of the weak and electromagnetic interactions. The
best test should come from K+ — wtu¥, which occurs in
the Standard Model only as a second-order weak process
with a branching fraction of (0.4 to 1.2)x107'%. Combin-
ing results from BNL-E787 and BNL-E949 experiments yield
MK+ — 7tvp)/T(K+ — all) = (1.7 4+ 1.1) x 10710 [7]. Lim-
its for charm-changing or bottom-changing neutral currents
are less stringent: T'(D? — p*p™)/T(D? — all) < 6.2 x 1077
and T(B° — ptp™)/T(B° — all) = (3.971%) x 10710, One
cannot isolate flavor-changing neutral current (FCNC) effects
in non leptonic decays. For example, the FCNC transition
s — d+ (u+ u) is equivalent to the charged-current transi-
tion s — u + (W4 d). Tests for FCNC are therefore limited
to hadron decays into lepton pairs. Such decays are expected
only in second-order in the electroweak coupling in the Stan-
dard Model. The LHCb and CMS experiments have recently
observed the FCNC decay of BY — u*u~. The current world
average value is T'(BY — ptp~)/T(B? — all) = (2.970%)x 1079,

which is consistent with the Standard Model expectation.
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| TESTS OF DISCRETE SPACE-TIME SYMMETRIES |

CHARGE CONJUGATION (C) INVARIANCE

M@0 — 3%)/Fiotal <3.1x1078, CL = 90%

n C-nonconserving decay parameters

7w~ 70 left-right asymmetry (0.09+31%) x 1072
ata~ 70 sextant asymmetry (0,12f8'ﬂ)) x 1072

(—0.09 + 0.09) x 102
(0.9 +0.4) x 1072
—0.02 £ 0.07 (S = 1.3)
<9x 1073, CL = 90%
<5x 1074, CL = 90%
<6 x 1073, CL = 90%
T — 37)/Tiotal <1.6 x 1075, CL = 90%
r(n — n0ete™)/Motal fa] <4x1075, CL=090%
rn— 7r0u+ 1)/ Tiotal [a] <5 x 1076, CL = 90%
M(w(782) — 770)/Fyotal <2.1x1074, CL = 90%
M(w(782) — 270)/Tiotal <21 %1074, CL = 90%
M(w(782) — 370)/Tiotal <23 %1074, CL = 90%
asymmetry parameter for 7/(958) — —0.03 + 0.04

at w~ vy decay
r(n'(958) — et e)/Miotal

a7~ 0 quadrant asymmetry
a7~ left-right asymmetry
7+ 7w~ parameter 3 (D-wave)

rn — 707/ Total

F(n — 2709)/Tiotal

r(n — 3709)/Tiotal

[a] <1.4x1073, CL =90%
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T(1(958) — net e™)/Tioral
T(n'(958) — 37)/Tiotal

(o (958) — ptu=70)/Tiotal
T(n'(958) — 1t 1™ n)/Tiotal
F(J/¥(1S) — ¥7)/Ttotal
F(J/¥(1S) — v6)/Tiotal

<24 %1073, CL = 90%
<1.0 x 1074, CL = 90%
<6.0 x 1075, CL = 90%
<1.5x 1075, CL = 90%
<27 %1077, CL = 90%
<1.4x 107, CL = 90%

PARITY (P) INVARIANCE

e electric dipole moment
v electric dipole moment
Re(d, = 7 electric dipole moment)

rn— =t 7 )/Ttotal

T — 27°)/Tyopa)

F(n — 47%)/Tiotal
T(n(958) — 7 77)/Tiotal
I (958) — 7070)/Fiotal
T(ne(1S) = 7t 77)/Tiotal
F(nc(1S) = 070)/Tigtay
T(ne(1S) — KT K7)/Tioral
Fnc(1S) = K K2)/otal
p electric dipole moment

n electric dipole moment

A electric dipole moment

<0.87 x 10728 ecm, CL = 90%

(0.1 +0.9) x 10719 ecm

—0.220 to 0.45 x 1016 ecm, CL
= 95%

<1.3x 1075, CL = 90%

<35 x 1074, CL = 90%

<6.9x 1077, CL = 90%

<6 x 1075, CL = 90%

<4 %1074, CL = 90%

<1.1x 1074, CL = 90%

<4 %1075, CL = 90%

<6 x 1074, CL = 90%

<31 %1074, CL = 90%

<0.54 x 10723 ecm

<0.30 x 10725 ecm, CL = 90%

<1.5 x 10716 ecm, CL = 95%

TIME REVERSAL (T) INVARIANCE

e electric dipole moment

o electric dipole moment

1 decay parameters
transverse et polarization normal to

plane of 4 spin, et momentum

/A
8'/A

= 7 electric dipole moment)

Re(d

Py in Kt — ﬂo;ﬁ'uu

Pr in KT — ;L+V#’Y

Im(¢) in KT — 70t vy decay (from
transverse 1 pol.)

asymmetry AT in KO-KO mixing

<0.87 x 10728 ecm, CL = 90%
(0.1 +0.9) x 10719 ecm

(-2+£8)x1073

(—10 + 20) x 1073

(2+7)x1073

—0.220 to 0.45 x 1016 ecm, CL
= 95%

(-1.7 £25) x 1073

(—0.6 +£1.9) x 1072

—0.006 + 0.008

(6.6 £1.6) x 10—3

Im(&) in Kﬁ3 decay (from transverse p pol.) —0.007 + 0.026
Ap(DE — K kErtaT) [b] (124 11)x 1073
Ap(DY — Kt K= atam) [b] (1.7 +2.7) x 1073
Ap(DE — KQKkEntam) [b] (—14 +8) x 1073
+ (s~ +
ast (shK% - sé+,K2) —137+0.15
AST (ST -5 11 21
(5] KY Sz+,Kg) 7+0
+(c” + 0.10 +0.16
act (c -c . .
Tl K e+,Kg)
ACT (¢ - C 0.04 +0.16
T K thg)

<0.54 x 10723 ecm
<0.30 x 10725 ecm, CL = 90%

p electric dipole moment
n electric dipole moment
n — pe~ Uy decay parameters

Ay, phase of g relative to g/ [c] (180.017 & 0.026)°
triple correlation coefficient D [d] (-1.2+2.0)x10~%
triple correlation coefficient R [d] 0.004 +0.013

<1.5x 1016 ecm, CL = 95%
0.11 +0.10

A electric dipole moment
triple correlation coefficient D for ¥~ —
ne~vg

Unless otherwise stated, limits are given at the 90% confidence level, while errors are given

as +1 standard deviation.

CP INVARIANCE

Re(d!)

Im(d?)

n— atr—ete~ decay-plane asymmetry
rn— 7r+ﬂ'7)/rt0ta|

rn— 2770)/rtota|

F(n = 47%)/Tiotal

(1 (958) — 7 77)/Tiotal

(o' (958) — 7070)/Fyoral

Kkt — zEete rate difference/sum

Kt - oF ut u rate difference /sum

KE = 7704 rate difference/sum

Kkt — aFxta rate difference/sum

Kkt = 7E 7070 rate difference /sum

KE — afata— (8 —8-)/ (g4 +
&)

KE o 7070 (g, —g )/ (gr +4)

Ag =[T(KS — 77 eTwg)-T(K —
nte w,)]/SUM

Im(n;_g) = Im(AKY — 7+== =0, cp-
violating) / A(KQ — 7t~ x0))

Im(nggg) = IM(A(KY —
7T07T07T0)/A(KE — 7r07r07r0))

[7000] = \A(K% - 3770)/A(K(Z — 370)]

CP asymmetry A in K% — ataete

MK — 370)/Tioral

linear coefficient j for K(L) — gta—x0

quadratic coefficient f for K? — ata= a0

‘5;,,”/5 for K? .

‘gEl‘ for K(Z i

(K — 0T ) Tiotal

F(KE — nlet €7)/Ttotal

r(KY > 70vm)/Tiotal

ACP(Di — ,ui v)

Acp(DF — KQ et )

Agp(DE — K=t

Acp(DE — KFont)

Acp(DE — KFntatal)

ACP(Di — Kgﬂ'iﬂ'o)

ACP(D:E — ngj:m'+777)

ACP(Di — ﬂiﬂo)

A(/vp(Di — ﬁin)

Acp(DE — nF1/(958))

Acp(RO/KOKt)

Acp(Dt — KQKk*)

Acp(DE — Kt K= 7E)
Acp(DE — KEK)
Acp(DE — o)
Acp(DF — KT K}(1430)0)

Acp(DF — K* K3(1430)0)
Acp(DE — KF K} (800))
Acp(DE — ay(1450)0 7 )

Acp(DE - ¢(1680) 7 %)
ACvp(Di N ﬂi)
Acp(Dt — KQKkErtam)
Acp(DE — KkEx0)

Local CPV in DE — nta— ot
Local CPV in DT — KT K~ rzt
la/p| of DO-BO mixing

A of D9-D0 mixing

<0.50 x 10717 ecm, CL = 95%
<1.1x 10717 ecm, CL = 95%
(—0.6 + 3.1) x 1072

<1.3x 1075, CL = 90%
<35x 1074, CL = 90%
<6.9x 1077, CL = 90%

<6 x 1073, CL = 90%

<4 %1074, CL = 90%

(2.2 +£1.6) x 1072

0.010 = 0.023
(00+12)x1073

(0.04 % 0.06)%

(=0.02 & 0.28)%

(—1.5 +£22) x10~4

(1.8 +1.8) x 1074
(2+10)x 1073

—0.002 + 0.009
—0.001 £ 0.016

<0.0088, CL = 90%
(~0.4 +0.8)%

<2.6 x 1078, CL = 90%
0.0012 = 0.0008

0.004 -+ 0.006

<0.3, CL = 90%

<0.21, CL = 90%
<3.8x10710, cL = 90%
<2.8x 10710, cL = 90%
<2.6 x 1078, CL = 90%
(8 +8)%

(—0.6 +1.6)%

(—0.41 + 0.09)%

(~0.18 & 0.16)%

(03 +0.7)%

(=01 +0.7)%

(0.0 £ 1.2)%

(2.9 +£2.9)%

(1.0 £ 1.5)% (S = 1.4)
(-0.5 +1.2)% (S = 1.1)
0.11 £ 0.17)%

—0.11 £ 0.25)%

0.37 4 0.29)%
~0.3+0.4)%

0.09 + 0.19)% (S = 1.2)
8t D)%

3+2)%

(-12+18)%
(-19718)%

(-9 + 26)%

(=2 +4)%
(~4+7)%
(-4 +11)%
78.1%

31%

+0.12
0.927 559

(—0.125 + 0.526) x 10~3

Where there is ambiguity, the CP test is labelled by the po decay mode.

Acp(D® — KTK™)
Acp(D® — k%K)

AGp(D® — 7t )

ACP(DO — n0x0)

ACP(DO — 7T+7T77T0)

A(;P(D0 — p(170)t 7~ — at 7~ x0)

Acp(DY — p(770)070 — 77— x0)

(=0.14 + 0.12)%
(-5 +£5)%
(0.01 £ 0.15)%
0.0 + 0.6)%

0.3 + 0.4)%
1.2+ 0.9)%

(
(
(
(-3.1+3.0)%
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Acp(D0
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°

Lol

—

p(770) " 7t — xta— 7r0)
p(1450) T 71— — 1T+1T71T0)
/)(1450)07r0 — 7T+7T77T0)
[)(1450)7#+ — 7r+7r77r0)
p(1700) T 7~ — 7r+7r77r0)
p(1700)07r0 — 7T+7T77T0)
p(1700) " 7T — 7t a— 7r0)
f0(980)7r0 — atna— 7r0)
f0(1370)7r0 — rtr— 7r0)
fo(1500) w0 - ata— 7r0)
fo(1710) 0 - ata— 7r0)
f(1270) 0wt 7r0)
(7(400)710 — 7T+7T77T0)

A p(nonresonant DO — 77— x0)
Acp(DY — Kt K= x0)
Acp(D® — K*(892)T K~ —
Kt K= x0)
Acp(D0 — K*(1410)T K~ —

Kt K= x0)
Acp(D0 — (KFTr0)gk— —
Kt K= x0)
Acp(D® — ¢(1020)70 — KT K~ 0)
Acp(DY — fy(980)x0 — KT K~ x0)
Acp(DY — a(980)070 — Kkt K~ x0)
Acp(D0 — rh(1528) 70 — K+ K~ x0)
Acp(DY — K*(892)~ Kt —
Kt Kk—x0)
Acp(D0 — K*(1410)~ K+ —
Kt Kk—x0)
ACP(DO - (K7”0)5—1ua1;e KT —
K+ k= 70)
Acp(D? — KGx0)
Acp(D® — K%n)
Acp(D® — K3n)
Acp(D? — K°5¢>)
Acp(D0 — K—xt)
Acp(D? — Kta—)
Acp(D® — K~ nt70)
ACP(DO — K+7r77r0)
ACP(DO — K%ﬂ+7l'7)
Acp(DY — K*(892)~xt — K&ntn
Acp(D® — K*(892)F 7~ — K&ata—
ACP(DO — KOS[)O — K057r+7r7)
ACP(DO — Kosw — K%ﬂ+ﬂ7)
Acp(D® — K3 1(980) — KLxtaT)
Acp(DY — Kk 5(1270) — KLrta)
Acp(DY — k2 1y(1370) — KQrta)
Acp(DY — KO 0(1450) — KQntx~)
Acp(DY — KOfy(600) — KEnta)
Acp(DY — K*(1410)~ 7t —
K05ﬂ+7r_)
Acp(D® — K§(1430) "7t —
K057r+7r_)
Acp(DY — K§(1430) "7t —
K057r+7r_)
Acp(DY — K3(1430) "7t —
K057r+7r_)
Acp(DY — K3(1430)F 7~ —
Kos7r+7r_)
Acp(D® — K*(1680) "7t —
K%w+7r_)

Acp(D0 — K= rtatzm)

Acp(DY — Ktr—atao)

Acp(DY — Kt K= atz)

Acp(DP — Ki(1270)F K~ —
K*0zt k=)

Acp(D0 — K%(1270)” KT —
K07~ KT)

Acp(D® — K}(1270) T K~ —
PO KT KT)

)
)

lg]
le]
lg]
lg]
lg]
le]
le]
lg]
gl
le]
le]
lg]
lg]
lg]

le]
le]
le]
le]
8]
]

lg]
lg]

le]

lg]

(-1.0 + 1.7)%
(0 +70)%
(—20 + 40)%
(6 +9)%

(=5 + 14)%
(13 +9)%

(8 £11)%

(0 +35)%

(25 + 18)%

(0 +18)%

(0 + 24)%
(-4 +6)%

(6 +8)%
(—13 + 23)%
(-1.0+1.7)%
(-0.9 +1.3)%

(—21 + 24)%
(7 +15)%

1.1 +2.2)%
—3+19)%
—5+16)%
0+ 160)%
(-5+4)%

(=17 + 29)%
(—10 + 40)%

(=0.20 + 0.17)%
(0.5 + 0.5)%
(1.0 £0.7)%
(-3+9%
(0.3 +0.7)%
(0.0 £ 1.6)%
(0.1 +0.5)%
(0+5)%
(-0.1 + 0.8)%
(0.4 +0.5)%
(1+6)%
(-0.1 + 0.5)%
(-13 £ 7)%
(—0.4 +2.7)%
(-4 £5)%
(-1 +9)%
(=4 + 10)%
(-3+5)%
(=24 9%

(4 + 4)%
(12 + 15)%
(3+6)%

(—10 + 32)%

(0.2 +05)%
(-2 +4)%
(-8 +7)%
(-1 +10)%

(—10 + 32)%

(-7+£17)%

Unless otherwise stated, limits are given at the 90% confidence level, while errors are given

as +1 standard deviation.

Acp(DO — K3(12