&PDG

particle data group

July 2010

PARTICLE

PHYSICS
BOOKLET

Extracted from the Review of Particle Physics
K. Nakamura, et al. (Particle Data Group),
Journal of Physics G 37, 075021 (2010)

See http://pdg.lbl.gov/ for Particle Listings, complete
reviews, and pdglive (our interactive database)

Available from PDG at LBNL and CERN



For copies of this Booklet and of the full Review to be sent to addresses
in the Americas, Australasia, or the Far East, visit
http://pdg.1bl.gov/pdgmail
or write to
Particle Data Group
MS 50R6008
Lawrence Berkeley National Laboratory
Berkeley, CA 94720-8166, USA

From all other areas, visit
http://www.cern.ch/library

or write to

CERN Scientific Information Service

CH-1211 Geneva 23

Switzerland

To make comments or corrections, send e-mail to PDGQLBL.GOV. We

acknowledge all e-mail via e-mail. No reply indicates nonreceipt. Please
try again.

Visit our WWW site: http://pdg.1bl.gov/

The publication of the Review of Particle Physics is supported by
the Director, Office of Science, Office of High Energy and Nuclear
Physics, the Division of High Energy Physics of the U.S. Department of
Energy under Contract No. DE-AC02-05CH11231; by the U.S. National
Science Foundation under Agreement No. PHY-0652989; by the European
Laboratory for Particle Physics (CERN); by an implementing arrangement
between the governments of Japan (MEXT: Ministry of Education,
Culture, Sports, Science and Technology) and the United States (DOE)
on cooperative research and development; and by the Italian National
Institute of Nuclear Physics (INFN).

© 2010 Regents of the University of California


paulschaffner
Typewritten Text

paulschaffner
Typewritten Text

paulschaffner
Typewritten Text
© 2010 Regents of the University of California

paulschaffner
Typewritten Text


PARTICLE PHYSICS BOOKLET

Extracted from the Review of Particle Physics*
K. Nakamura et al. (Particle Data Group), JP G 37, 075021 (2010)
(next edition: July 2012)

PARTICLE DATA GROUP

K. Nakamura, K. Hagiwara, K. Hikasa, H. Murayama, M. Tanabashi,

T. Watari, C. Amsler, M. Antonelli, D.M. Asner, H. Baer, H.R. Band,
R.M. Barnett, T. Basaglia, E. Bergren, J. Beringer, G. Bernardi, W. Bertl,
H. Bichsel, O. Biebel, E. Blucher, S. Blusk, R.N. Cahn, M. Carena,

A. Ceccucci, D. Chakraborty, M.-C. Chen, R.S. Chivukula, G. Cowan,

O. Dahl, G. D’Ambrosio, T. Damour, D. de Florian, A. de Gouvéa,

T. DeGrand, G. Dissertori, B. Dobrescu, M. Doser, M. Drees, D.A. Edwards,
S. Eidelman, J. Erler, V.V. Ezhela, W. Fetscher, B.D. Fields, B. Foster,
T.K. Gaisser, L. Garren, H.-J. Gerber, G. Gerbier, T. Gherghetta,

G.F. Giudice, S. Golwala, M. Goodman, C. Grab, A.V. Gritsan,

J.-F. Grivaz, D.E. Groom, M. Griinewald, A. Gurtu, T. Gutsche,

H.E. Haber, C. Hagmann, K.G. Hayes, M. Heffner, B. Heltsley, J.J. Hernandez-Rey,
A. Hocker, J. Holder, J. Huston, J.D. Jackson, K.F. Johnson, T. Junk,

A. Karle, D. Karlen, B. Kayser, D. Kirkby, S.R. Klein, C. Kolda,

R.V. Kowalewski, B. Krusche, Yu.V. Kuyanov, Y. Kwon, O. Lahav,

P. Langacker, A. Liddle, Z. Ligeti, C.-J. Lin, T.M. Liss, L. Littenberg,
K.S. Lugovsky, S.B. Lugovsky, J. Lys, H. Mahlke, T. Mannel, A.V. Manohar,
W.J. Marciano, A.D. Martin, A. Masoni, D. Milstead, R. Miquel,

K. Monig, M. Narain, P. Nason, S. Navas, P. Nevski, Y. Nir, K.A. Olive,
L. Pape, C. Patrignani, J.A. Peacock, S.T. Petcov, A. Piepke, G. Punzi,
A. Quadt, S. Raby, G. Raffelt, B.N. Ratcliff, P. Richardson, S. Roesler,

S. Rolli, A. Romaniouk, L.J. Rosenberg, J.L. Rosner, C.T. Sachrajda,

Y. Sakai, G.P. Salam, S. Sarkar, F. Sauli, O. Schneider, K. Scholberg,

D. Scott, W.G. Seligman, M.H. Shaevitz, M. Silari, T. Sjostrand,

J.G. Smith, G.F. Smoot, S. Spanier, H. Spieler, A. Stahl, T. Stanev,
S.L. Stone, T. Sumiyoshi, M.J. Syphers, J. Terning, M. Titov, N.P. Tkachenko,
N.A. Tornqvist, D. Tovey, T.G. Trippe, G. Valencia, K. van Bibber,

G. Venanzoni, M.G. Vincter, P. Vogel, A. Vogt, W. Walkowiak, C.W. Walter,
D.R. Ward, B.R. Webber, G. Weiglein, E.J. Weinberg, J.D. Wells,

A. Wheeler, L.R. Wiencke, C.G. Wohl, L. Wolfenstein, J. Womersley,
C.L. Woody, R.L. Workman, A. Yamamoto, W.-M. Yao, O.V. Zenin,

J. Zhang, R.-Y. Zhu, P.A. Zyla

Technical Associates:
G. Harper, V.S. Lugovsky, P. Schaffner

*The full Review lists all the data, with references, used in obtaining
the values given in the Particle Summary Tables. It also contains
much additional information. Some of the material that does appear
in this Booklet is only an abbreviated version of what appears in the
full Review.



2

PARTICLE PHYSICS BOOKLET TABLE OF CONTENTS

1

. Physical constants (rev.)
2.

Astrophysical constants (rev.)

Summary Tables of Particle Physics

Gauge and Higgs bosons
Leptons

Quarks

Mesons

Baryons*

Searches . .
Tests of conscrvatlon 1aws

Reviews, Tables, and Plots

9.
10.
11.

12

39.
40.
41.
6.
4.

Quantum chromodynamics (new)*

Electroweak model and constraints on new physics (r
Cabibbo-Kobayashi-Maskawa quark mixing matrix (x
. C'P violation (rev.)*

13.
14.
16.
19.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
36.

Neutrino Mass, Mixing and Oscﬂlatlons (new)

Quark model (rev.)

Structure functions (rev.)*

Big-bang cosmology (rev.)*

The Cosmological Parameters (rev.)*

Dark matter (rev.)* .

Cosmic Microwave Background (rev )*

Cosmic rays (new)* . .

Accelerator physics of colhdels (rev )

High-energy collider parameters (rev.)*

Passage of particles through matter (rev.)*

Particle detectors at accelerators (rev.)* .

Particle detectors for non-accelerator physics (new)*

Radioactivity and radiation protection (rev.)*

Commonly used radioactive sources

Probability (rev.)*

Statistics (rev.)* .

Clebsch-Gordan coeﬂiments spherlcal harmomcs
and d functions

Kinematics (rev.)* o

Cross-section formulae for spcmﬁc processes (rcv )*

Plots of cross sections and related quantities (rev.)*

Atomic and nuclear properties of materials *

Periodic table of the elements (rev.)

*Abridged from the full Review of Particle Physics.

(S)
‘ev

V)
)

.8
13
21
23

. 135
. 161
. 165

. 169

172
181

. 188
. 193
. 200
. 203
. 208
. 214
. 218
. 221
. 224
. 225
. 226
. 229
. 244
. 256
. 263
. 265
. 267
. 271

. 285
. 287
. 296
. 301

. 302

. inside back cover



The following are found only in the full Review and on the Web:
http://pdg.1bl.gov

~ Ut 00 g Ut W

—_ =

. International System of Units (SI)

. Electronic structure of the elements

. Electromagnetic relations

. Naming scheme for hadrons

. Grand Unified Theories

. Fragmentation functions in ete™ annihilation

and lepton-nucleon DIS (rev.)

. Experimental tests of gravitational theory (rev.)
20.
34.
35.
37.
38.

Big-bang nucleosynthesis (rev.)

Monte Carlo techniques (rev.)

Monte Carlo particle numbering scheme (rev.)
SU(3) isoscalar factors and representation matrices
SU(n) multiplets and Young diagrams



1. Physical constants

4

'y wreq (Lg)8558 G¥g G99°0 ¢/gurg = Lo UO[}298 SSOID UOSWION T,
e A2 (FE)€6 169 G09'ET T/ 007w = 4y (0o1p)g/ 27w = oy ABrouo SroqpAYy
o7 w o OT%(1€)GL8 TF8 6€5 1 (A2 1) /2y opyred 9/ A T Jo YiSus[esRM
89°0 w0 _0TX(9€)6S 80 LLT 68570 7074 = g%wi/ y0suy = v (00 = STePMu) snrper aqog
71 w e 01X (89)65F9 26S 198°€ 102 = 2%w /Yy = 2 Lz /(18useaem nojduwoy) _2)
1°¢C w S\SXAwmvwmwm 0¥6 L1S°C mquoukw\mm =24 SNIPRI UOIJOI[D [RIISSR]D
89°0 ‘89°0 1(76)6L9 666 G0 LET/T = ¢_0Tx(0S)9LES TGE L6T'L nOuy/ 0 =0 JURISUOD BINJONI)S-OUY
joexe 2=V N ,—0TX """ $I9 0L€ 99G°CT = 7z—V N ,—0T X LF orf ooeds 0a1j Jo AyrpIqeotiIod
10°eX9 (=W 701X """ L18 L8T 758'8 P0/1=05 ooeds 9013 Jo Aytaryyrurtod
0S ‘¢o 8,7 0TX(€8)38L 885 099'T = 2/ AN (€3)820 767 166 (10w VA)/(8 1) = g1/(woye D ssew) () un ssew drwIoge poyrun
o 2?/ AP (LV)€6L 619°GL]T Puw SSRUL UOTIOP
€7°0 ‘0T°0 2w (08)LF ©L9 2ST'968T = 1 (0T)LL 99F 92T L0O'T =

05 ‘g 83,7 01%(€8)269 129 TLI'T = 72/ APIN (£2)€T0 5LT 86 G ssewt uojo1d
0S ‘¢5 8 10T X (GP)ST G8E 6016 = z2/ APIN (E€1)016 866 0TS0 u SSRUI UOIID[0
0 urequ ;AD (61)F0€ 6L¢ 6360 (1) JUBISUOD UOISIOAUOD
ac uy AN (67)1€96 95€L6T N JUBISUOD UOISIOATOD
ST ‘ST 9 )—0TX(21)LT V0T €08'F = D ;01X (0F)L8V 92T 209'T 2 opnjruSet 98.Ied U01YA[d
T 8 APIN £7—0TX(91)66 STT 28G9 =

0 S [ pe—0T%(€9)829 T2G PSO'T Lg/y =y POOILPOL ‘JUe)suod Joue|q
0% S [ pe—0Tx(£€)96 890 929°9 Y JUR)SUOD UR[]
Ribls ¢ 1S W 8G¥ T6L 668 2 wnnorA ul 31| Jo poods

(qdd) Ajurejreoun)

anrep

uorjenbe ‘joquidg

Ayryuend)

‘uorjeue[dxo IOY)INJ PUR SOOUIOJAI I0] M2y SI) JO UOTIIPD
[ oY) 990G "soneA oY) I9jJe sosorjuared Ul USAIS oTe SHISIP JSe[ Y UT SATJUIRLISIUN O-T Y, "dSN [RUOTIRUIUI 10] YYD A POPULTITIOIaT
st (dnoxx) eje(] 9[A1IIRJ AT} WO a0 TPIYM) dnoid 4sef o1} SUIpnN[OXe sjueIsuod Jo 19s oI, (LSIN) IO ['d Aq 0TOZ PomaIAy "T'T S[EL



5

1. Physical constants

"PU029Ss ® JO QG Z6L 663/ T JO [RAIOUT STy & SULIMP

“(21)9%1EE°0 ST 9[SuE 9A1JO9YS oY) 10§ ¢ uls Surpuodsorios o, 1

/SOISAYd MoU U0 SHUTRIISUOD PUR [9POU YRIMOIIO[H,, ‘0] "09S Ul UOISSIISIP ) 39S .,
T T 0§ WD T JNOGR JO S9]RDS UO ATUO SPRUT UdA( dARY N JO SIUSTUSINSLIU (BT IN[OSAY "QGT/T ~ ST onfea oy %mE ~0W 0=¢0 |
wnnoea ul 131 Aq porpaer) yied o) Jo YISUS[ oY) SI 1090 O, ,

ed GgE 10T = 1107, 09, = orordsoune | O!
METELE =D 0 8 ge_0T X (VP)8GL 199 28L'T
A° 1_[(89)989 189°8€] = 3 00€ & L4 £ 6p_0T X (07)287 9LT G09'T

/A0 1
Ad 1

nsa (0T X 8S 786 L66'C [, 0T =311
N (0T =9udp 1
L, 0l=D1

U o 0T = ureq |
wua )=y I
wpGg00=ul |

198 €S 106 799 15 LLG0 = 4

GET 970 697 8T8 18T 8IL'C = @

8EC €6 689 €99 T6G TyT'E = L

90T X 6°G (L)¥8TIT°0 (Zw)s0 yuesuod Surdnod Suoiys
1 X €7 22/ A°D (12)9L81°16 Zw SSew uosoq (7
0T X6 2/ A°D (€2)66€°08 M SSRUI UOSO( = A
0T X 9°¢C u(€n9t 16270 (s1) (Zp)g s o[Sue Jurxiu-yeom
0006 7N 01X (1)L€ 99T°T u)/ID e IRIST0D Surdnod g
0002 5= 7= M ¢_0Tx(07)00¥ 0L9°C 209/ g = 0 JURISTOD UURTZI[OF-UeJI)S
00LT M W o OTx(16)S89L L68'C XU} = q  Jue)suod e juowedr[dsip usIp
00L1 [—low ur o 0TX(6£)966 €1¥'6C (ed gz€ T01)/(3L CT'€LE)YYN LS e SeS [eopl ‘omm|oa re[our
00LT 1= A ¢_0Tx(SD)ErE L198 =

00LT 1= [ ¢z—0TX(F2)P0S9 08¢ y JURISTOD UURZYOF
0% (—fow -01x(0€)62 T¥1 2509 YN Jue)suod 0IpesoAy
10RX0 z—S W 69 9086 Ng ‘[900R [RUOTR)IARIS pIepUR)S
0T X 0T e—(22/A9D) 2 5o 0T%(L9)18 80L9 =

Q0T X0T g—S 1= g 11 _01%(L9)8G 7299 Np IIR)STIOD [RUOTIRITARIS

e

614 1—L S PeL ,01x(¥5)56 €68 8LS°6 dwfo =g /P m pey/ by norjop£o uojord
ez 1—L 1-8 PRI ;70T X (FF)0ST 028 8GL'T wfo = g /Pm PIeY/-bo1y wo1o[r£d 1013000
VI =L APIN 1101 %(S%)956E 16¥ oSl'e dug fyo = Nl uojouSew res[onu

s 1—L APIN 17-0TX(6L)GGSL T8€ 88L'C

2wg /ya = drf

QO@@Z&@EH 1mjog




2. Astrophysical constants

6

(1] s/un g9 > °%a > s/wy Q6 289 Axeren) woqy £1100794 odroso
loz] €-¢ 1090%] UMM o T mu\>o0 €7 dneA [eoIIOUR) Xd A)suop 1013RU YIRP [BIO]
l61] - Nc\>umu LT~ U8 . 01X 1€ P d Ay1suop YSIp [ROO[
[81] 1-S Wy (01)0¥e Le) 0y e A}D0[oA IRNOID
[£1] (=M s W g0 F ¢ 0€ 037 /®a 037 /[0y ye £30[eA TRMOID TR[0g]
lo1] ody (p)¥'8 03y 103U0D DIOR[RY) WO 2OURISIP IB[OS
(4r wt 7 203) 06°8 + 4 O180] ¢ — =
[e1] (1—ZH g—w M ut *f 103) 01°9¢ —"f 0180 ¢'g— qav OPNJIUSRU DIYRWOIYIOUOU N[0S
(spnyruSewt orrjewojoq Jusredde = 1©%uw)
9A0(QE WOL WA (04 1001 X 0T X GG° 912001d0p) UOISIOAUOD X1t
J 4 i 0 8 4 k2 P p) uor ¥

(od T e epnjuSew OLIPWO[O] = SPNIUFRUI DLIIPUWO[O] dnjosqe = [°9py)

[71] M qpy §9—0T X gz0T X 20'€ (payeoardep) wotsI0ATION AjTsourtuny
[¢] W 0T X LET 8LE snIpel [erojyenbs weaur e
let] B 1201 X (9)T8L6°C sseur reg
[e1] wu (2)76 650 0288 BT 91} JO SNIPRI P[IIDSZIBATDS
[11] M gg0T X (FT)LTF8°E Aysourmmny Tejog
lot] w 0T X (F)1¢$6°9 sniper [eroyenbs rejog
6] B 0T X (2)7886'1 SSRW IR[0g
8] wy (3)0 LLO 0ST €56°C ung o) Jo SNIPRI PIIYOSZILMIIS

w 0T X €60976°0 = od * 19 90€°0
A" 298°€ = W 4,01 X 9LL9G80°E

w (€)00L 048 L6G 67T y

(yiun payesaadap) eak JySi
(09s oxe 1/np 1) oested
JTUN [RIIUOUOI)SE

€6 060570 w9S €T

(syisurer) xoumba [etIsa tsemyaq o) (1T0g) Aep [@9IOPIS Ueaw

S ,01 X L~ SQ6PT8EETE (110g) (1®3s poxy 0 Te)S POXY) TRAA [ROIOPIS
8,01 X L~ Sg'6g6 996 1€ K (1102) (xoumbas 0y xoumba) reas resrdory
uontuyep [—7H 7 M g7 0T A (A&y1suop xnyy) Aysuel
[1]0ex0 ZL R SW GY90R'G Np UOIJRIO[IIOR [RUOTYRIIARIS PIRpUR)S
[1] Woee 0T % (8)S29T9°T ISus ypue[g
B g 0T X (ID)PP9LTT =
[1] 22/ N9 10T % (9)68022'T No /oy SSEW 3PuR[d
[1] =S =W 0T X (L)EFL99 Np JUR)STOD [RUOTIRITARIS URTTOJMON
[paoexo 1S W 8GH T6L 66T 2 481 Jo poads
9j0Uj00j ‘@oudIgfey onfeA uoryenbe ‘oquig Ajryuend)

‘suorjeur[dxa pa[re)ap pue sedUsIajal 10] M2y SI[) JO UOTIIPS [[N]
A} 299G "eouRIsjel ATewrlid ® Se POPUSUT JOU ST PUR ‘SIURISUOD [} JO JUAUIISNIPE U I0T MITADI [BIIILID ® ISJIDU SHuaso1dal a[qe) SIT,
*(s)ooerd 9sef wl serjurR}IEOUN O-T 0AIS sesoryuaIed UT SOMSL “(TNT) WOoIn) “F'( pue oISy ‘i Aq 0T0g AR\ PIsIAoy *T1°g 9[qel
SHHILINVYVd ANV SLNVLSNOD TVOISAHdOYULSYV ¢



7

. Astrophysical constants

18D €1°0 F 69°€1
()60°0

N 0y
PITOTI

0ST T 081€

ody (2)L¥1

£ 01 % (9)08°€
(1)o60T

T %%6 Y8 €70 >

(e)¥00—
(1)96°0
6-01 X (IDT7Z
(¥)o8°0
(9)900'T
870°0 > 13 > 6000°0 < €200 > Y > S000°0
G—0IX (P)8F = ¢ 1(96LG/ L) 0T X 1LF'C
Ol 50 1—
60°04
(&)rL0
(2)120= ;-4 (9)011°0
(P)FP0°0 = ;-1 (9)L220°0
(2)9z°0= z-u(9)e€1°0
¢ (;2/A9D) 7Y 0T % (I11)89€S0°T =
¢—WO 8 1y oo 0T X (61)GE8LY'T =
¢—PdINOIV Y 1101 X LT 99E CLLT

01

L

oo,

uotox

boy

(*2)5a

*

*z

S/L=1
yurp/sup

Su

iy

80

VG 4 4 N =0
s

°d [ d = L5
m

Vo

a5 — 5 — Wy = WPy
20 /4 = s
od [wg = gy

ZUkw\mmm =2d

2 10T X (§)6°G = W oY 1401 X 268G e/
w 07 X (§)8%°T = W Y o-0T X £90 T6°0 0H />
le‘g] (e)zL0 Yy
l9¢] 1—(18D 2GL LLL6) XY = (2N {_s ur{ y 00T o
[gg] wr b woy (D %G6) ¢ w0 (, 0T X L¢> >, 01 % 1'g)
[¢] ur b woxy e ,_0T X (L0'0F 95°2) fu
[ee] (ID %6) ;0T XG9S US> o 0T X T'¢
[e] or-0T x (L1)€T'9 bu/tu =l
[Fe) ¢—10 ¢(63L5/L)S0TH fu
[v1] ¢-W0 ¢(S2L°T/.1) T688C /s
[e2] (o(£)0€ ‘5(€)922) = (97) spremoy s/wry (2g)L29 en
2] (o(€)9287 “o(¥1)66°€92) = (q‘7) spremoy s/ury (1)69¢
[¢] M ()6GE°E
[z3) M (1)92L T or

{OSI0ATUN) BY) JO oFe
anmv Teorydo uoryeZIUODT
{UOTRZIUOII e age
HECM&‘ENMCAJQH Jo gryspot
ﬁﬁ:ﬁ:vm TOTRIPRI-I0}JRU JO JFIYSPOT
{SuIdnodop g uozoy punos
Hw::&zogv e ofe
HwEE:oowv e JJIyspal
1+ 1-°dIN 200°0 = 0
‘oryel suoryeqmted PO Ie[RIS-0}-I0STDY}
1 TQQE 200°0 = Oy ‘odors xeput [e1yoads Suruun
$XOpuUl [e1)09ds refeds
1 1=2dIN g00°0 = Oy ‘opnydure wONENIONY dINYRAIND
191898 odN -4 e opujrjdure uoryenjony
$OSIOATU() D[ JO Ayisuap A310U0 [R)0)
OSTOATU() DY} JO AYISUSP OULINOU
9SIPATU() OT[} JO A)ISUDP UOTYRIPRI IND)
Tojourered 9je)s Jo uoryenbo A31ous yrep
{OSIOAIU) INADV oY} JO Ayisuop A310U0 NIRP
$OSIOATUN O} JO AYSUDD 10}JRUL YIEP
$OSIOATU() DY) JO AYSUOP UoATRq
+OSIOATU() O} JO A}ISUOp Iojjew sso[ounssard

th»(ﬁﬁp 91} Jjo %ﬁmﬁoﬂv [BOTILID

JuaRISuOd e ﬂmCTuEwCQ J10J HC#Q.&M Cﬁmum

qy8us[ aqquy

o1l uosuedxe o[qquy pozijeuriou Lep jussoid
ayer uotsuedxo a[qqny Aep juesoxd

ﬁm:O%H@: Jo A3ysuop Ioquuinu

so1per uojoyd-oj-uofreq

suojoyd WEO JO AYIsuap Ioqunt

Jue)suod unewzyjog /Lysuap Ldorjus

GIND 01 10adsar yym £ooea dnoir) [eoor
gIND 01 109dsaI Y31M £)100[9A Te[0§
opnyrpdue oodip gNp Aep juosoad
amyeradurd) gNy Avp juasard




8 Summary Tables of Particle Properties

SUMMARY TABLES OF PARTICLE PROPERTIES

Extracted from the Particle Listings of the
Review of Particle Physics
K. Nakamura et al. (Particle Data Group), JP G 37, 075021 (2010)
Available at http://pdg.1bl.gov

@Regents of the University of California
(Approximate closing date for data: January 15, 2010)

GAUGE AND HIGGS BOSONS
10PCY =011 )

Mass m < 1 x 10718 ev
Chargeg< 1x1073% ¢
Mean life 7 = Stable

g

or gluon I(JP) =0017)

Mass m = 0 [a]
SU(3) color octet

m J=1

Charge = £1e

Mass m = 80.399 + 0.023 GeV
mz — My = 10.4 + 1.6 GeV
My — My— = =024 0.6 GeV
Full width I' = 2.085 = 0.042 GeV
(N_1)=1570+0.35

(Ny=) =220 +0.19

(Np) =0.92 + 0.14

(Neharged) = 19.39 4 0.08

W™ modes are charge conjugates of the modes below.

p
wt DECAY MODES Fraction (T';/T) Confidence level (MeV/c)
ty [b] (10.80+ 0.09) % -
ety (10.75+ 0.13) % 40199
wtv (10.57+ 0.15) % 40199
v (11.25+ 0.20) % 40180
hadrons (67.60+ 0.27) % -
aty < 8 x 107 95% 40199
Dy < 13 x 1073 95% 40175
cX (334 +£ 26 )% -

€S Er B )% -

invisible [c] (14 £29)% -




Gauge & Higgs Boson Summary Table 9

J=1
Charge = 0
Mass m = 91.1876 =+ 0.0021 GeV (]
Full width ' = 2.4952 £ 0.0023 GeV
[(ete~) = 83.984 + 0.086 MeV [f]
I (invisible) = 499.0 + 1.5 MeV [€]
I (hadrons) = 1744.4 £ 2.0 MeV
M(ut ) /T (et e) = 1.0009 £ 0.0028
F(rtr-)/r(ete) = 1.0019 £ 0.0032 ']

Average charged multiplicity

(Neharged) = 20.76 £ 0.16 (S = 2.1)

Couplings to leptons

g}, = —0.03783 £ 0.00041
+0.10

g;\’/ - 29—9*_00805

gy = —0.33Tq¢7

g% = —0.50123 £ 0.00026

gA =0 50+8 8‘7l

g4 = —05247453%

g¥t = 0.5008 + 0.0008

g¥e = 0.53 + 0.09

g"l‘ = 0.502 + 0.017

Asymmetry parameters (€]

Ae = 0.1515 + 0.0019
A, = 0.142 + 0.015
A, = 0.143 £ 0.004
As = 0.90 =+ 0.09

Ac = 0.670 = 0.027
Ap = 0.923 £ 0.020

Charge asymmetry (%) at Z pole

(00) _

A(FoB) =1.71+0.10
u
A&B) =4+7
S
A(FOB) =98+ 1.1
c
AFB =7.07 £0.35
Al — 992 4 0.16
Scale factor/ p
Z DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
ete~ (13.363 £0.004 ) % 45594
whp~ (3.366 +0.007 )% 45594
rtr- (3.367 +0.008 ) % 45559
Vaw [b] ( 3.36580.0023) % -
invisible (20.00 40.06 )% -
hadrons (69.91 +0.06 )% -
(vt+cc)/2_ (116  +06 )% -
(dd+s5+bb)/3 (156  +04 )% -
cc (12.03 +021 )% -
bb (15.12 £0.05 )% -
bbbb (36 +13 )x1074 -
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l-9:4

TI'O’Y

ny

wy

7'(958)y

7Y

Yy

T WF

pEWF

J/1(1S)X

P(2S)X

Xe1(1P)X

Xc2(1P)X

T(1S) X +T(2S) X
+7(35) X
T(1S)X
T(25)X
T(35)X

(D°/D°) X

D*X

D*(2010)* X

Ds1(2536)* X

D, (2573)E X

D*(2629)*X

BtX

BIX

BfX

ATX

b-baryon X
anomalous v+ hadrons
ete vy
ptpmy
- ¥
00 yy
a9y
vvyy

et uF

et rF
pErF

pe

Pr

LF
LF
LF
LB
LB

< 11
< 52
< 51
< 65
< 42
< 52
< 1.0
< 7
[ < 83
(351 033
(1.60 +0.29
(29 407
< 32
(10 +05
< 44
< 1.39
< 94
(207 +2.0
(122 417
[l (114 +13
(36 +08
(58 +22

searched for
[l (6.08 =+0.13
[ (159 =£013
searched for
(154 4033
seen
seen
[l (138 +0.22
[l < 32
[1 < 52
[l < 56
1< 73
[k] < 68
[K] < 55
[k] < 31
[ < 1.7
[ < 9.8
[ < 12
< 1.8
< 1.8

) %
X 1073
x 10~4
x 10~4
x 10™4
x 1076
x 1076
x 1076
x 1076
x 1076
x 1075
x 1076
x 1076

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

S=1.1

CL=90%

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

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

45594
45592
45590
45589
45594
45594
10150
10124

Higgs Bosons — HO and H*, Searches for

The limits for H(l) and Ay refer to the mi"® benchmark scenario for the
supersymmetric parameters.

HO® Mass m > 114.4 GeV, CL = 95%

H‘l’ in Supersymmetric Models (qulg <mHg)

Mass m > 92.8 GeV, CL = 95%
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A? Pseudoscalar Higgs Boson in Supersymmetric Models [']
Mass m > 93.4 GeV, CL = 95% tans >0.4
HE Mass m > 79.3 GeV, CL = 95%

See the Particle Listings in the Full Review of Particle Physics for
a Note giving details of Higgs Bosons.

Heavy Bosons Other Than
Higgs Bosons, Searches for

Additional W Bosons

W/’ with standard couplings decaying to ev
Mass m > 1.000 x 103 GeV, CL = 95%

Additional Z Bosons

Z/S,\,I with standard couplings
Mass m > 1.030 x 103 GeV, CL = 95% (pp direct search)
Mass m > 1500 GeV, CL = 95%  (electroweak fit)
ZLR of SU(2)LXSU(2)R><U(1) (With 8L = gR)
Mass m > 630 GeV, CL = 95%  (pp direct search)
Mass m > 998 GeV, CL = 95%  (electroweak fit)
Z, of SO(10) — SU(5)xU(1), (with gy,=e/cosyy)
Mass m > 892 GeV, CL = 95%  (pp direct search)
Mass m > 781 GeV, CL = 95%  (electroweak fit)
Zy of Eg — SO(10)xU(1), (with gy=e/cosbyy)
Mass m > 878 GeV, CL = 95% (pp direct search)
Mass m > 475 GeV, CL = 95%  (electroweak fit)
Zy of Eg — SU(3)xSU(2)xU(1)xU(1), (with g,=e/cosdyy)
Mass m > 904 GeV, CL = 95% (pp direct search)
Mass m > 619 GeV, CL = 95%  (electroweak fit)
Scalar Leptoquarks
Mass m > 299 GeV, CL = 95% (1st generation, pair prod.)
Mass m > 298 GeV, CL = 95% (1st gener., single prod.)
Mass m > 316 GeV, CL = 95% (2nd gener., pair prod.)
Mass m > 73 GeV, CL = 95% (2nd gener., single prod.)
Mass m > 229 GeV, CL = 95% (3rd gener., pair prod.)
(See the Particle Listings in the Full Review of Particle Physics for
assumptions on leptoquark quantum numbers and branching frac-
tions.)

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%).
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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 = \/x?/(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 inconsistent. 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, u, 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 v7 and any other
possible undetected modes.

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

[g] Here A = 2gng/(g2V+g,24).

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

[i] 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).

[j] See the Z Particle Listings in the Full Review of Particle Physics for the
~ energy range used in this measurement.

[k] For m.,, = (60 + 5) GeV.

[/] The limits assume no invisible decays.
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LEPTONS
o

Mass m = (548.57990943 + 0.00000023) x 10~° u
Mass m = 0.510998910 =+ 0.000000013 MeV
|mes — mg_|/m< 8x1079 CL =90%
|ge+ + g.-|/e < 4x 1078
Magnetic moment anomaly

(g—2)/2 = (1159.65218073 + 0.00000028) x 10~°
(8e+ — 8e-) / Baverage = (—0.5 +2.1) x 10712
Electric dipole moment d = (0.07 + 0.07) x 10726 ecm
Mean life 7 > 4.6 x 1026 yr, CL = 90% (4]

Mass m = 0.1134289256 4 0.0000000029 u
Mass m = 105.658367 & 0.000004 MeV
Mean life 7 = (2.197034 + 0.000021) x 10~ ®s (S = 1.2)
7,+/7,~ = 1.00002 + 0.00008
cr = 658.654 m
Magnetic moment anomaly (g—2)/2 = (11659209 + 6) x 1010
(glf" - gﬂ,) / Baverage = (—0.11 £ 0.12) x 108
Electric dipole moment d = (—0.1 + 0.9) x 10712 ecm

Decay parameters []
p = 0.7503 + 0.0004
n = 0.057 + 0.034
6 = 0.7504 + 0.0006
¢€P, =1.0007 + 0.0035 []
€PLO/p > 0.99682, CL = 90% €]
¢ =1.00 + 0.04
£ =07+04
af/A=(0+4)x1073
o /A = (—10 4 20) x 1073
B/A = (4+6)x 1073
G/A=(2+7)x1073
7 =0.02 £ 0.08

T modes are charge conjugates of the modes below.

P
p— DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
e Teyy, ~ 100% 53
e Tevyy [d] (14+0.4)% 53
e Doy, ete” le] (3.4+0.4) x 10~2 53
Lepton Family number (LF) violating modes
e Vel LF  [fl<12 % 90% 53
ey LF <12 x 10711 90% 53
e ete LF <10 x 10—12 90% 53

e 2y LF <72 x 10~11 90% 53
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_ 1
J=3

Mass m = 1776.82 + 0.16 MeV
(m_+ — m__)/Mayerage < 2.8 x 1074, CL = 90%
Mean life 7 = (290.6 + 1.0) x 107> s
cr = 87.11 ym
Magnetic moment anomaly > —0.052 and < 0.013, CL = 95%
Re(d,) = —0.22 to 0.45 x 10716 ecm, CL = 95%
Im(d,) = —0.25 to 0.008 x 10716 ecm, CL = 95%

Weak dipole moment

Re(d™) < 0.50 x 10717 ecm, CL = 95%
Im(d") < 1.1x 10717 ecm, CL = 95%

Weak anomalous magnetic dipole moment

Re(a) < 1.1x 1073, CL = 95%
Im(a¥) < 2.7 %1073, CL = 95%

Decay parameters

See the 7 Particle Listings in the Full Review of Particle Physics for a
note concerning T-decay parameters.

p(e or p) = 0.745 + 0.008
p(e) = 0.747 =+ 0.010

p(p) = 0.763 £ 0.020

£(e or p) = 0.985 + 0.030
&(e) = 0.994 + 0.040

&(p) = 1.030 £+ 0.059

n(e or u) = 0.013 + 0.020
n(u) = 0.094 £+ 0.073

(8¢)(e or p) = 0.746 + 0.021
(0¢)(e) = 0.734 £ 0.028
(0€)(u) = 0.778 £ 0.037
£(r) = 0.993 4 0.022

£(p) = 0.994 + 0.008

£(ay) = 1.001 £ 0.027

&(all hadronic modes) = 0.995 + 0.007

71 modes are charge conjugates of the modes below. “hE" stands for 7F or

K*.

“¢" stands for e or . “Neutrals” stands for 4’s and/or 0.

Scale factor/

885
885
888
888
883
883
883

7~ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Modes with one charged particle
particle™ > 0 neutrals > 0K%v, (85.3640.08) % $=1.3
(“1-prong”)
particle™ > 0 neutrals > OKE vy (84.72+0.08) % S=1.4
T2 lg] (17.36+0.05) %
W Tuvry le] (3.6 £0.4 )x103
e Vels [g] (17.85+0.05) %
€ Vel [e] ( 1.754+0.18) %
h= > 0KY v, (12.13+0.07) % s=1.1
h~ v, (11.614+0.06) % S=1.1
T v, lg] (10.91+0.07) % s=1.1

K v,

lg] ( 6.96+0.23) x 10~3 S=1.1

820
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T T Vp
7~ 7%non-p(770) v,
K 7n'v,
h= > 270 v,
h=2r0u,
h= 2790 (ex.K©)
72791, (ex.KO?)
7~ 2n0, (ex.KO),
scalar
7~ 2n0v, (ex.KD),
vector
K= 270, (ex.K?)
h~ > 370 vy
h= > 370, (ex. KO)
h=3n0u,
7~ 310, (ex.K?)

K= 310, (ex.K9, n)

h= 479 (ex.KO)
h= 470 (ex.K9,n)
K= >01% >0K? >0y v,
K= >1(x%or KO or~) v,

8]

8]

8]

lg]

8]
8]

8]

(37.0640.10) %
(36.54£0.11) %
(25.9440.09) %
(25.514£0.09) %
(3.0 £32)x1073
( 4.29+0.15) x 10—3
(10.85+0.12) %
(9.514£0.11) %
(9.354+0.11) %
(19.29+0.11) %
<9 x 1073

< 7 x 1073

(65 +23)x10"4
( 1.3440.07) %
( 1.254+0.07) %
( 1.1840.08) %
( 1.0440.07) %
(49 +23)x1074
(15 +0.4 )x1073
(1.1 +0.4 )x1073
( 1.5740.04) %
( 8.72+0.32) x 1073

Modes with K%'s

K (particles) ™ v,
h’WOL/T
7~ KOy,

7~ K% (non-K*(892) ) v,

K=K,
K= K% > 0n0u,
h~ K70y,

7 KOr0 Vr

Kop~ v,

K=KOn0u,_
7~ KO > 170 vy
W—ROWOWOVT
K= KO7070,,
7 KOKOy,

T Kg K%I/T

™ KYK] v,
7 KOKO70y,

T K% K%TFOZ/T

T Kg K?T(O vy

KOht h=h~ > 0 neutrals v,
Kohth=h= v,

8]

lg]

lg]

l&]

8]
lg]

(92 £0.4 ) x103
( 1.0040.05) %
(84 £0.4)x1073
(54 +21)x1074
( 1.5940.16) x 1073
( 3.18+0.24) x 1073
(55 +0.4 )x1073
(4.0 £0.4 )x103
(22 +05)x1073
( 1.59+0.20) x 103
(32 £1.0)x1073
(2.6 +2.4 )x1074
< 16 x 1074
(17 £0.4 )x103
(2.4 £05 ) x1074
(1.2 £0.4 )x 1073
(31 +£23)x1074
< 20 x 104
(31 +12)x1074
< 17 x 1073
(23 +20)x1074

Modes with three charged particles

h=h=h* >0 neutrals > 0K9 v,

h=h=ht >0 neutrals v,
(ex. KOS — 7ta7)
(“3-prong”)

h=h= ht v, (ex.K%w)

(15.19+0.08) %
(14.56+0.08) %

( 9.8040.08) %
( 9.46+0.07) %
( 9.4240.07) %

S=1.2
S=1.2
S=1.1
S=1.1

S=1.3
S=1.2
S=1.2
S=1.2
CL=95%

CL=95%

S=1.1
S=1.1

S=1.1
S=1.1

S=1.5
S=1.8
S=2.1

S=1.4
S=1.3

S=1.4
S=1.3
S=1.3

878
878
878
814

862
862
862
862

862

796

836
836
765
800
800
820

812
812
812
737
737
794
794
612
685

763
619
682
682
682
614
614
614
760
760

861
861

861
861
861
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“rtwT vy
“rt v, (ex.KO)
+
0

300

“rtru, (ex.KO),

n-axial vector

T vy (ex. KOw)
—ht > 1 neutrals v,
7h+ > 171' l/.,.(ex. K9)

:-:-:q:s

T
h~
h~

3‘:‘2‘
:“:‘
+
3
O
~F
—
[¢)
X
X
o
N

+
-t
—at 71'0 vy (ex.KOw)

h=ht > 2700 (ex. K9)
~h=ht 270,

h=ht 2700 (ex.K?)

~h~ ht 270 vy (eX.KO,w,n)
h=h=ht3a00,
K~ hth™ >0 neutrals v,
K= ht 7= v, (ex.KO)
K~ h+7r 10u, (ex.K9)
K~ 71'_ > 0 neutrals v,
K=ntr™ > 0n0u, (ex.KO)

:r:l-:~=‘~=|>l=|=~:r:r
3

=\=1

“atru,
at v (ex.K9)
A, — K atr v,
s T Vr
v, (ex.K9)
m0u, (ex.K%n)
T 01/7.(exK W)
K—nt K~ >0 neut. v,
K~ Kt7~ >0 neut. v,
K=KTn~ v,
K-KTr=7r0u,
K=Kt K~ >0 neut. v,
K- Kt K~ u,
K=K+ K~ v, (ex. ¢)
K= KtK= 7m0,
7~ Kt7n~ >0 neut. vy
e~ e et T,
pe ety

OOO

s

XXXT\XXX

o

Tl'+‘ﬂ'
+7T
+7T

8]

[

X,

8]

sl

8]

lg]

lg]
8]

(19.3240.07) %
( 9.0340.06) %
< 24 %

( 9.0040.06) %

( 5.3840.07) %

( 5.0840.06) %

( 4.7540.06) %

( 4.5640.06) %

( 2.7940.08) %

( 4.6140.06) %

( 4.4840.06) %

( 2.7040.08) %

( 5.1840.33) x 103

( 5.060.32) x 103

( 4.95+0.32) x 103

(10 +4 )x1074

(23 £07 )x1074

( 6.24+0.24) x 103

( 4.274+0.20) x 10~3

(87 +1.2 )x1074

( 4.78+0.21) x 103

( 3.68+£0.20) x 103

( 3.4240.17) x 1073

( 2.87+0.16) x 10~3

(1.4 £05)x103

( 1.36+0.14) x 10~3

(81 +1.2)x1074

(77 £1.2 )x1074

(3.7 £0.9 )x 1074
<9 x 104

( 1.46+0.06) x 10~3

( 1.40+0.05) x 10~3
(61 £25)x107°
< 21 x 1073
( 1.58+0.18) x 107>
< 25 x10~6
< 48 x10~©
< 25 x 1073
(28 +1.5)x107°
< 3.6 x 1073

Modes with five charged particles

3h~2h* >0 neutrals v,
(ex. K — 7= at)
(“5-prong”)

3h=2ht v, (ex.K?)
3h=2ht 70u, (ex.KO)
3h=2ht 270,

8]
lg]

( 1.02+0.04) x 10~3

( 8.39+0.35) x 1074
(1.78+0.27) x 10~4
< 34 x 1076

Miscellaneous other allowed modes

(57)" v,
4h~3hT > 0 neutrals v,
(“7-prong”)
4h=3htu,
4h=3ht0p_

(76 £05)x1073

< 3.0 x10~7
< 43 x10~7
< 25 x10~7

S=1.2
S=1.2
CL=95%

S=1.2
S=1.2
S=1.1
S=1.2
S=1.2
S=1.2
S=1.1
S=1.2
S=1.2

5=1.3
S=1.5
5=2.4
S=1.1
S=1.3
S=1.4
S=1.8
S=2.1

CL=95%
S=1.6
S=1.7
S=1.4

CL=95%

CL=90%

CL=90%

CL=95%

CL=90%

S=1.1

S=1.1

CL=90%

CL=90%

CL=90%
CL=90%

861
861
861

861

834
834
834
834
834
834

797
797
797
749
794
794
763
794
794
794
794

763
763
763
763
685
685
685
618
471
471

345
794
888
885

794

794
746
687

800
682

682
612
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X~ (S=-1)v,
K*(892)~ > 0 neutrals >
OK? vy
K*(892)" v
K*(892)~ v, — 7~ Klu;
K*(892)° K~ > 0 neutrals v,
K*(892)° K~ v,
K*(892)0 7~ > 0 neutrals v,
K*(892)° 7~ v,
(K*(892)7)" vy — 7~ KOx0u,
K1(1270) v,
K1(1400) v,
K*(1410)" v,
K§(1430)~ v,
K3(1430)" v,
nmwo vy
nmwo 70 2%
nmw- 7070 vy
nK~ vy
nK*(892)" v,
nK- v,
n K~ 70 (non-K*(892)) v,
n?o T Uy
7/?0 =70 Vr
nK= K%,
nrt =7~ >0 neutrals v,
-t r v, (ex.K9)
na1(1260)" v, — na~ pPOv,
T v,
nnr~ mlv,
K~ vy
7'(958) 7~ v,
7 (958) 7~ 70 v,
o vr
6K~ v,
f(1285) 7~ v
f(1285) 7" v, —
nmw- ata~ Vr
m(1300)" vy — (pm)” vy —
(Bm) vy
©(1300)" v, —
((m7)s—wave ™)~ vy —
Bm)y" v,
h~w > 0 neutrals v,
h~wy,
K- wr,
h~wrlu,
h~w2r%u,
h™2wuv,
2h~ htwy,

8]

8]

lg]

lg]

( 2.86+0.07) % s=1.3
( 1.42£0.18) % S=1.4
( 1.20£0.07) % S=1.8
(78 £05)x1073
(32 +1.4 )x1073
(21 +0.4 )x103
(38 £1.7 )x103
(22 +05)x1073
(1.0 £0.4 ) x 1073
(47 +1.1)x1073
(1.7 +2.6 )x1073 S=1.7
(15 T13 )x1073
<5 x 104 CL=95%
< 3 x 1073 CL=95%
< 1.4 x 104 CL=95%
( 1.3940.10) x 10~3 S=1.4
(1.5 +£05 ) x 104
(1.61+0.11) x 1074 S=1.1
( 1.38+0.15) x 1074
(48 1.2 )x107°
< 35 x 1075 CL=90%
(93 +£1.5)x107°
< 5.0 x 1075 CL=90%
< 9.0 x10~6 CL=90%
< 3 x10~3 CL=90%
( 1.64£0.12) x 10~4
< 39 x 1074 CL=90%
< 74 x 1076 CL=90%
< 20 x 1074 CL=95%
< 30 x 1076 CL=90%
< 72 x 106 CL=90%
< 80 x 1073 CL=90%
(3.4 +£06 )x1075
(3.70+0.33) x 1075 S=1.3
(3.6 £0.7 )x 1074
( 1.114+0.08) x 104
< 1.0 x 104 CL=90%
< 19 x 1074 CL=90%
( 2.414£0.09) % S=1.2
( 1.99+0.08) % S=1.3
(41 £0.9)x10~4
(41 +04 )x103
(1.4 £05 ) x 1074
< 54 x 1077 CL=90%

(1.2040.22) x 10~4

665

665

542
542
655
655

433
335

326

317
316
797
778
746
719
511
665

661
590
430
743
743

637
559
382
620
591
585
445
408

708
708
610
684
644
249
641
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Lepton Family number (LF), Lepton number (L),

or Baryon number (B) violating modes

L means lepton number violation (e.g. 7~ — etx—x).
common usage, LF means lepton family violation and not lepton number
violation (e.g. 7~ — e~ 7T ™). B means baryon number violation.

o

53 02

o

|
X X
oo

XE€E TS S

*(892)0

~ K*(892)°

~K*(892)°

- K*(892)0

e~ 1/(958)

1 7' (958)

e~ (980) — e~ 7wt
p(980) — pmat A

DTE O O O ®E DR ®E @
|

LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
L

LF
L

LF
LF
L

LF
LF
L

LF
LF
L

LF
LF
L

LF
LF
LF
LF
LF

ANANNNANNNANNNNNNANNNNANNNNANNANNNANNANANANANANNNANNANNNNANNNNNNANNANNNNANNNNNNNNANNA

3.3
4.4
8.0
11
3.3
4.0
9.2
6.5
46
2.6
11
8.9
5.9
5.9
46
7.3
1.6
13
3.2
3.4
3.1
13
3.6
3.7
2.3
2.7
2.0
3.2
4.4
8.8
3.3
3.7
5.8
5.2
6.7
2.2
5.4
6.0
1.6
1.0
9.4
3.4
6.8
9.6
6.5
1.4
3.5
6.0
2.4

x 108
x 108
x 108
x10~7
x 108
x 108
x 108
x 108
x 108
x 108
x10~7
x 108
x10~8
x 108
X 1078
x 108
x10~7
x10~7
X 1078
x10—8
x 108
x10~7
x 108
x10—8
x 108
x 108
x 108
x10—8
x10~8
x 108
X 1078
x 108
x 108
X 1078
x10—8
x 1076
x 108
x 108
x10~7
x10~7
x 108
x 1076
x10~8
X 1078
x 1076
x 1075
x 107
x 1075
x 1073

Following

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

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
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wo 70 n LF < 22 x 1079 CL=90%
Py LB < 35 x1076  CcL=90%
pro LB < 15 x 1075 CL=90%
p2nr0 LB < 33 x 1075 CL=90%
PN LB < 89 x1076  CcL=90%
prln LB < 27 x1075  CL=90%
Am™ LB < 72 x 108 CL=90%
Ar~ LB < 14 x 1077 CL=90%
e~ light boson LF < 27 x 1073 CL=95%
u~ light boson LF <5 x 1073 CL=95%

784
641
632
604
475
360
525
525

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 1 < 0.54 x 10710 g, CL = 90%  (solar)

Number of Neutrino Types

Number N = 2.984 + 0.008 (Standard Model fits to LEP data)
Number N =292 + 0.05 (S =1.2) (Direct measurement of
invisible Z width)

Neutrino Mixing

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?(2615) = 0.87 + 0.03

Am2; = (7.59 + 0.20) x 1075 eV?

sin2(2053) > 0.92 1

Am2, = (2.43 £ 0.13) x 1073 ev2 Ul

sin?(2013) < 0.15, CL = 90%
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Heavy Neutral Leptons, Searches for

For excited leptons, see Compositeness Limits below.
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 vy coupling to e, u, 7; conservative case(7))
Mass m > 80.5 GeV, CL = 95%
(Majorana v coupling to e, p, T; conservative case(r))

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 inconsistent. 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] This is the best limit for the mode e~ — v~. The best limit for “electron
disappearance” is 6.4 x 1024 yr.

[b] See the “Note on Muon Decay Parameters” in the p Particle Listings in
the Full Review of Particle Physics 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  energy > 10 MeV. Since the e~ Ve v,

and e~ Vev,y modes cannot be clearly separated, we regard the latter
mode as a subset of the former.

[e] See the relevant Particle Listings in the Full Review of Particle Physics
for the energy limits used in this measurement.

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

[g] Basis mode for the 7.

[h] L* mass limit depends on decay assumptions; see the Full Listings.

[/] The limit quoted corresponds to the projection onto the sin%(26,3) axis
of the 90% CL contour in the sin?(203)—Am3, plane.

[/] 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 © ~ 2 GeV. The ¢- 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.

[¥] 1UP) = 33H)
my = 1.7-3.3 MeV Charge=2¢ [, =+3
my/mg = 0.35-0.60

[4] I0P) = 3(4H)

mg = 4.1-5.8 MeV Charge = 7% e I, =-
mg/mg = 17 to 22
m= (my+mg)/2 = 3.0-4.8 MeV

|E| 1(JP)

ms = 10112 MeV  Charge = —3 e Strangeness = —1
ms [/ ((my + mg)/2) = 22 to 30

1UP) = o5 ™)

me = 1277397 Gev Charge = 3 e  Charm = +1

[¢] I0P) = o)

Charge = —% e Bottom = —1

N =

Il

0

mp(MS) = 4.197 328 Gev
mp(1S) = 4.677338 Gev
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[t] 1UP) = 0(3%)

Charge = % e Top = +1

Mass m = 172.0 + 0.9 + 1.3 GeV [4] (direct observation of top
events)

Full width ' < 13.1 GeV, CL = 95%

r(Wb)/T(Wq(qg = b, s, d)) =0.99+3:02

p
t DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Waq(q =b,s,d) -
Wb -
Lvpanything [bec] (9.4+2.4) % -
vq(g=u,c) [d] < 5.9 x 1073 95% -

AT =1 weak neutral current (71) modes
Zq(g=u,c) T1 [e] < 3.7 % 95% -

b’ (4" Generation) Quark, Searches for

Mass m > 190 GeV, CL = 95%  (pp, quasi-stable b’)
Mass m > 199 GeV, CL = 95%  (pp, neutral-current decays)
Mass m > 128 GeV, CL = 95%  (pp, charged-current decays)
Mass m > 46.0 GeV, CL = 95% (et e, all decays)

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

Mass m > 256 GeV, CL = 95% (pp, t't’ prod., t' — Wq)

Free Quark Searches

All searches since 1977 have had negative results.

NOTES

[a] Based on published top mass measurements using data from Tevatron
Run-I and Run-Il. Including also the most recent unpublished results from
Run-II, the Tevatron Electroweak Working Group reports a top mass of
173.1 = 0.6 + 1.1 GeV. See the note “The Top Quark’ in the Quark
Particle Listings of this Review.

[b] ¢ means e or p decay mode, not the sum over them.

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

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

[e] This limit is for T'(t — Zq)/T(t — Wb).
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LIGHT UNFLAVORED MESONS
(S=C=B=0)

For | =1 (m, b, p, a): ud, (uﬂ—dﬁ)/\/i_, du;
for =0 (n 7, h H,w, ¢ f, ) c(uT + dd) + ¢(s3)

r* 16(Py=17(07)
Mass m = 139.57018 + 0.00035 MeV (S = 1.2)
Mean life 7 = (2.6033 + 0.0005) x 1078 s (S=1.2)
cr =7.8045 m
7t — *y form factors [?]
Fy = 0.0254 £+ 0.0017
Fa = 0.0119 £+ 0.0001
Fy, slope parameter a = 0.10 £ 0.06
— +0.009
R =10.059Z¢'008
7~ modes are charge conjugates of the modes below.
For decay limits to particles which are not established, see the section on
Searches for Axions and Other Very Light Bosons.

P
=+ DECAY MODES Fraction (T';/T) Confidence level (MeVjc)
ut Yy [b]  (99.98770+0.00004) % 30

v,y [l (200 +025 )x10—4 30
etve [b] (1230 +0.004 )x10~4 70
etvey [l (739 +£005 )x10=7 70
et ven? (1.036 +£0.006 )x 10~8 4
etveete™ (32 +05 )x107? 70
etvevm <5 x 1076 90% 70
Lepton Family number (LF) or Lepton number (L) violating modes
utve L [d < 15 x1073  90% 30
utve LF  [d < 80 x 1073 90% 30
pu-etety LF < 16 x 1076 90% 30
0 0P =170~ 1)
Mass m = 134.9766 + 0.0006 MeV (S = 1.1)
m_. —m_o = 45936 + 0.0005 MeV
Mean life 7 = (8.4 £ 0.5) x 10717 s (S = 2.6)
cr =25.1nm
For decay limits to particles which are not established, see the appropriate
Search sections (AO (axion) and Other Light Boson (XO) Searches, etc.).
Scale factor/ p
70 DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
2~ (98.82340.034) % S=15 67
ete vy ( 1.174+0.035) % S=1.5 67
~positronium (1.82 £029 )x 1072 67
etete e (3.34 £0.16 ) x 1072 67
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ete™ (646 +£0.33 ) x 108 67
4y < 2 x 1078  CL=90% 67
7 le] < 27 x 107 CL=90% 67
VeTe < 17 x 1076 CL=90% 67
V7, < 16 x107%  CL=90% 67
7 < 21 x 1076 CL=90% 67
2 < 6 x 104 CL=90% 67
Charge conjugation (C) or Lepton Family number (LF) violating modes
3y c < 31 x 1078  CL=90% 67
pte= LF < 38 x 10710 cL=90% 26
p-et LF < 34 x1079  CL=90% 26
pte™ + p~et LF < 36 x 10710 cL=90% 26
/G(JPC):O-%-(O*-F)
Mass m = 547.853 + 0.024 MeV
Full width ' = 1.30 4+ 0.07 keV
C-nonconserving decay parameters
+a= 70 left-right asymmetry = (0.097:8:%) x 1072
mta~m0  sextant asymmetry = (0.127319) x 1072
ata— 70 quadrant asymmetry = (—0.09 £ 0.09) x 102
ata™~  left-right asymmetry = (0.9 + 0.4) x 1072
ata~y B (D-wave) = —0.02 4+ 0.07 (S =1.3)
CP-nonconserving decay parameters
7+ 7~ et e decay-plane asymmetry Ay = (—0.6 & 3.1) x 1072
Dalitz plot parameter
07070 @ = -0.0317 + 0.0016
Scale factor/ p
n DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Neutral modes
neutral modes (71.90+0.34) % S=1.2 -
2y (39.3140.20) % s=1.1 274
30 (32.57+£0.23) % S=11 179
702y (27 +05)x 1074 S=11 257
2702y < 12 x1073  CL=90% 238
4y < 28 x 1074 CL=90% 274
invisible < 6 x 104 CL=90% -
Charged modes
charged modes (28.104+0.34) % S=1.2 -
ata— a0 (22.74£0.28) % $=1.2 174
atay ( 4.60+0.16) % S=2.1 236
ete (7.0 £0.7 ) x 1073 S=1.5 274
whpu=~y (31 £04 )x10~4 253
ete < 27 x 1075 CL=90% 274
wtp™ (58 £0.8 )x10° 253
2et2e~ < 69 x 1075 CL=90% 274
ataete () ( 2.68+0.11) x 10~4 235
eteputp” < 16 x 1074 CL=90% 253
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outop~ < 36 x 1074 CL=90% 161
whtp=—ntr— < 36 x 1074 CL=90% 113
atm= 2y < 20 x 1073 236
ata= a0y <5 x1074  CL=90% 174
Oty <3 x1076  CL=90% 210
Charge conjugation (C), Parity (P),
Charge conjugation x Parity (CP), or
Lepton Family number (LF) violating modes
w0y c <9 x1075  CL=90% 257
Tt~ P,CP < 13 x 1075 CL=90% 236
270 P,CP < 35 x1074  CL=90% 238
270~ f <5 x10~4%  CL=90% 238
30 c < 6 x 1075 CL=90% 179
3y c < 16 x 1075 CL=90% 274
470 P,CP < 69 x1077  CL=90% 40
nlete~ c fl< a x1075  CL=90% 257
a0t f < 5 x1076  CL=90% 210
phe™ + pmet LF < 6 x1076  CL=90% 264
lg]
fb(600) IG(JPC) — 0+(0 + +)
oro
Mass m = (400-1200) MeV
Full width ' = (600-1000) MeV
fp(600) DECAY MODES Fraction (I';/T) (MeV/c)
T dominant -
vy seen -
p(770) 1" 16UPC =1t =)
Mass m = 775.49 + 0.34 MeV
Full width ' = 149.1 + 0.8 MeV
Mee = 7.04 % 0.06 keV
Scale factor/ p
p(770) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
T ~ 100 % 363
p(770)% decays
ntn ( 45 +05 ) x 10—4 5=2.2 375
iy < 6 x 1073 CL=84% 153
atatr— a0 < 20 x 1073 CL=84% 254
p(770)° decays
atay (99 +16 )yx 1073 362
70 ( 6.0 £0.8 )y x 10~4 376
ny ( 3.00£0.20 yx 1074 194
070 ( 45 +038 ) x 10~5 363
whp~ [l ( 455+0.28 ) x 10~5 373
ete™ [l ( 472+0.05 ) x 1075 388
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atr— 0 ( 1.01+558£0.34) x 1074 323
ata ntn— ( 1.8 £0.9 ) x 1075 251
atr 7070 ( 1.6 +038 ) x 10~5 257
mOete” < 12 x 1075 CL=90% 376
w(782) 1GUPC =01~ )

Mass m = 782.65 + 0.12 MeV (S = 1.9)

Full width ' = 8.49 + 0.08 MeV

[ee = 0.60 £ 0.02 keV

Scale factor/ p
w(782) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
atr— 0 (89.2 £0.7 ) % 327
70y ( 8.28£0.28) % s=21 380
ata~ (153701 % S=1.2 366
neutrals (excludingm®~) (8 T8 )x10-3 s=1.1 -
ny (46 £0.4 )x10~4 S=1.1 200
nlete (7.7 £0.6 ) x 1074 380
Ot p (13 +£04)x1074 s=21 349
ete™ ( 7.284+0.14) x 1073 s=1.3 391
ata— 7070 < 2 x1074  CL=90% 262
atry < 36 x 1073 CL=95% 366
ata ntr— <1 x 1073 CL=90% 256
7070 (66 £1.1)x10-5 367
nnly < 33 x1075  CL=90% 162
whp~ (9.0 £3.1)x1073 377
3y < 19 x10~4 CL=95% 391
Charge conjugation (C) violating modes
nn® c < 21 x107%  CL=90% 162
270 c < 21 x1074  CL=90% 367
3n0 c < 23 x10~4  CL=90% 330
7'(958) 16UPC) =00~ )
Mass m = 957.78 + 0.06 MeV
Full width ' = 0.194 + 0.009 MeV
p
1/(958) DECAY MODES Fraction ([';/T) Confidence level (MeV/c)
atr™n (432 £0.7 )% 232
p%~ (including non-resonant (29.3 £0.5 )% 165
mt )

7070 (21.7 £0.8 )% 239
wy (2.75+0.22) % 159
vy ( 2.2240.08) % 479
370 (1.68+0.22) x 1073 430
whu=y ( 1.0940.27) x 10~4 467
ata ptp~ < 22 x 1074 90% 401
at a0 (36 T3 )yx1073 428
70 p0 < 4 % 90% 111
2nt ) < 24 x 1074 90% 372
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ata= 270 < 25 x 103 90% 376
2(7F 77) neutrals <1 % 95% -
2(rt )70 < 19 x 1073 90% 298
2(rt 7)) 200 <1 % 95% 197
3(rt7) <5 x 10~4 90% 189
ataete (24 T13)x1073 458
yete~ < 9 x 10~4 90% 479
Oy < 8 x 1074 90% 469
470 <5 x 104 90% 380
ete < 21 x 107 90% 479
invisible <9 x 104 90% -
Charge conjugation (C), Parity (P),
Lepton family number (LF) violating modes
ata~ p.cP < 29 x 1073 90% 458
7070 p,cP < 10 x 103 90% 459
nlete~ c fl< 14 x 103 90% 469
nete~ c [fl < 2.4 x 1073 90% 322
3y c < 1.0 x 104 90% 479
ptp=a® c [l < 6.0 x 1075 90% 445
ptumn c [fl1< 15 x 1075 90% 273
eu LF < 47 x 1074 90% 473
fo(980) U1 16(JPC) =0t + )
Mass m = 980 + 10 MeV
Full width T = 40 to 100 MeV
f5(980) DECAY MODES Fraction (I';/T) (MeV/c)
T dominant 471
KK seen +
Yy seen 490
a9(980) 11 16UPCy = 1—(0++)
Mass m = 980 £ 20 MeV
Full width ' = 50 to 100 MeV
ap(980) DECAY MODES Fraction (I';/T) (MeV/c)
nm dominant 319
KK seen +
el seen 490
#(1020) 16UPCY =0—(1— )
Mass m = 1019.455 + 0.020 MeV (S = 1.1)
Full width I' = 4.26 &+ 0.04 MeV (S = 1.4)

Scale factor/ p
¢(1020) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
KT K~ (489 £05 )% S=1.1 127
K9 kY (342 0.4 )% s=1.1 110
pm + mta— a0 (15.32 +£0.32 ) % S=1.1 -
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ny ( 1.30940.024) % s=1.2 363
70y (1.27 £0.06 ) x 1073 501
A — 510
ete~ ( 2.95440.030) x 10~4 s=1.1 510
whp~ (287 £0.19 ) x 10~4 499
nete~ (115 £0.10 ) x 10~4 363
atmo™ (74 £13 )x107° 490
wnd (47 405 )x1075 171
wy < 5 % CL=84% 209
Y < 12 x107%  CL=90% 215
rtry (41 +13 )x1075 490
5(980)~ (322 £0.19 ) x 1074 S=1.1 39
00y (113 £0.06 ) x 10~4 492
atr ata— (40 28 )x1076 410
atata a0 < 46 x 1076 CL=90% 342
nlete (112 £028 ) x 105 501
mOny (7.27 +£030 ) x 1075 S=15 346
a0 (980) (76 +06 )x107° 39
KOKO~ < 19 x 1078 CL=90% 110
7'(958) v (625 +0.21 ) x 107> 60
nr0n0~ < 2 x 1075 CL=90% 293
T (14 405 )x107° 499
PYY < 12 x1074  CL=90% 215
nrta~ < 18 x 1075  CL=90% 288
nutu~ < 94 x 1076 CL=90% 321
hy(1170) 16UPCy =01t )

Mass m = 1170 + 20 MeV
Full width ' = 360 + 40 MeV

hy (1170) DECAY MODES Fraction (I';/T) p (MeV/c)
p seen 307
by(1235) 16UPCY =1+ + )

Mass m = 1229.5 & 3.2 MeV (S = 1.6)
Full width T = 142 £ 9 MeV (S = 1.2)

by (1235) DECAY MODES Fraction (I';/T) Confidence level (MepV/c)
wTm dominant 348
[D/S amplitude ratio = 0.277 + 0.027]
ntny ( 1.6+0.4) x 10~3 607
np seen T
atata— g0 < 50 % 84% 535
(KK)* 70 < 8 % 90% 248
KL KO nt < 6 % 90% 235
K KO nt < 2 % 90% 235
okis < 15 % 84% 147
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a1(1260) 1] 1I6PCy =1—1+ 1)

Mass m = 1230 + 40 MeV [l
Full width T = 250 to 600 MeV

27(1260) DECAY MODES Fraction (T;/T) p (Mev/)
(PT)s—wave seen 353
(PT) D—wave seen 353
(p(1450) ) s _wave seen T
(p(1450) ) p—wave seen i
om seen -
5(980) not seen 189
fo(1370) 7 seen t
(1270) 7 seen f
K'K*(892)+ c.c. seen T
Ty seen 608
f,(1270) 16(JPCy =ot@2t 1)

Mass m = 1275.1 + 1.2 MeV (S = 1.1)
Full width T = 185.1729 MeV (S = 1.5)

Scale factor/ p

f,(1270) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
T (848 T24 )9 s=1.2 623
ata—2x0 (71 t34 )% 5=1.3 562
KK (46 £0.4)% $S=2.8 403
2t 2n~ (28 £04)% s=1.2 559
nn (4.0 £0.8 )x 1073 s=2.1 326
470 (3.0 £1.0 ) x 1073 564
Ty ( 1.64+0.19) x 1075 S=1.9 638
nTw < 8 x 1073 CL=95% 477
KOK— 7t + c.c. < 34 x1073  CL=95% 293
ete~ < 6 x 10710 cL=90% 638

f;(1285) 1GUPCy =0t ++)

Mass m = 1281.8 + 0.6 MeV (S = 1.6)
Full width T = 24.3 £ 1.1 MeV (S = 1.4)
Scale factor/ p

f;(1285) DECAY MODES Fraction (I';/T) Confidence level  (MeV/c)
47 (331120 % 5=1.3 568
W0ty (2071 % 5=1.3 566
ot 2m~ 1.0+3 0y % s=1.3 563
POrtr 1.0+3 0y % s=1.3 336
popo seen t
470 < 7 x 1074 CL=90% 568
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nmwmw (52 £5 )% 482
ao(980) 7 [ignoring ag(980) — (36 £7 )% 238
KK
nmr [excluding ag(980) 7] (16 +7 )% 482
KKm (9.0+£0.4) % S=1.1 308
K K*(892) not seen i
0 (55+£1.3) % s=238 406
oy (7.4+2.6) x 1074 236
n(1295) 16(PCYy = ot~ 1)
Mass m = 1294 + 4 MeV (S = 1.6)
Full width ' = 55 4+ 5 MeV
n(1295) DECAY MODES Fraction (I';/T) p (MeV/c)
7]7r+ T seen 487
ap(980) seen 248
7771'0 70 seen 490
n(7m)s-wave seen -
7(1300) 16(PCY =10~ *)
Mass m = 1300 + 100 MeV U]
Full width ' = 200 to 600 MeV
m(1300) DECAY MODES Fraction (I';/T) p (MeVjc)
pT seen 404
m(77)s-wave seen -
3,(1320) 16UPCYy =12+ )
Mass m = 1318.3 £ 0.6 MeV (S =1.2)
Full width T = 107 + 5 MeV ]

Scale factor/ p
a5(1320) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
37 (70.1 £2.7 )% S=1.2 624
nm (145 +1.2 )% 535
W (10.6 £3.2 ) % S=13 366
KK (49 £08)% 437
n'(958) 7 (53 £0.9 )x1073 288
atny ( 2.68+£0.31) x 10—3 652
vy (9.4 £0.7 )x 1076 659
ete~ <5 x 1079 CL=90% 659

f(1370) U1 1GUPCY = ot + )
Mass m = 1200 to 1500 MeV
Full width ' = 200 to 500 MeV
fy(1370) DECAY MODES Fraction (I';/T) p (MeV/c)
T seen 672
4 seen 617
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470 seen 617
ot or— seen 612
ata—2q0 seen 615
pp dominant t
2(77) s-wave seen -
m(1300) 7 seen T
a1(1260) seen 35
nn seen 411
KK seen 475
KKnm not seen t
om not seen 508
ww not seen T
vy seen 685
ete™ not seen 685
m1(1400) [ 16UPC =11~ )
Mass m = 1354 + 25 MeV (S = 1.8)
Full width ' = 330 £ 35 MeV
1r1(1400) DECAY MODES Fraction (I';/T) p (MeVjc)
7]7r0 seen 557
nmwo seen 556
n(1405) ["] 16UPCy =0t 1)
Mass m = 1409.8 = 2.5 Mev [l (S =2.2)
Full width I = 51.1 + 3.4 Mev [ (5 = 2.0)
p
n(1405) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
KK seen 425
nmwmT seen 563
ap(980) 7 seen 345
n(7m)s-wave seen _
(980)n seen t
4m seen 639
pp <58 % 99.85% i
po ¥ seen 492
K*(892)K seen 125
fi(1420) [0] ,G(JPC) — 0+(1++)
Mass m = 1426.4 + 0.9 MeV (S =1.1)
Full width ' = 54.9 £+ 2.6 MeV
f1(1420) DECAY MODES Fraction (I';/T) p (MeV/c)
KKm dominant 438
K K*(892)+ c.c. dominant 163
nmwmw possibly seen 573
by seen 349




32 Meson Summary Table

w(1420) 1”1 16(JPCY =0—a—)

Mass m (1400-1450) MeV
Full width I (180-250) MeV

w(1420) DECAY MODES Fraction (I';/T) p (MeVjc)

pT dominant 486

wTT seen 444

by(1235)7 seen 125

ete~ seen 710
a(1450) 11 6P =170% %)

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

ag(1450) DECAY MODES Fraction (I';/T) p (MeV/c)
i seen 627
71 (958) seen 410
KK seen 547
wTT seen 484
ap(980) seen 342
Yy seen 737
p(1450) 9! 16(PCy =1ta—)

Mass m = 1465 + 25 MeV ]
Full width T = 400 + 60 MeV 1]

p(1450) DECAY MODES Fraction (';/T) p (MeVjc)
T seen 720
4m seen 669
ete™ seen 732
np possibly seen 310
a3(1320) 7 not seen 55
KK not seen 541
K K*(892)+ c.c. possibly seen 229
nvy possibly seen 630
n(1475) ["! 16(PCY = ot — )

Mass m = 1476 + 4 MeV (S =1.3)
Full width T = 85 &= 9 MeV (S = 1.5)

n(1475) DECAY MODES Fraction (I';/T) p (MeV/c)
KK‘IT dominant 477
K K*(892)+ c.c. seen 245

ap(980) 7 seen 396

vy seen 738
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f5(1500) [

IG(JPC) =o0t@**)

Mass m = 1505 + 6 MeV (S = 1.3)
Full width ' = 109 &+ 7 MeV

p
fo(1500) DECAY MODES Fraction (I';/T) Scale factor  (MeV/c)
T (34.942.3) % 1.2 741
atr seen 740
270 seen 741
47 (49.5+3.3) % 1.2 691
470 seen 691
ot on— seen 687
2(mm) s-wave seen -
pp seen t
m(1300) 7 seen 144
a1(1260) seen 218
nn (5.1+0.9) % 1.4 516
7 (958) (1.9+0.8) % 1.7 t
KK (8.6+1.0)% 1.1 568
vy not seen 753
% (1525) 16(JPCy =0t 2+ *)
Mass m = 1525 + 5 MeV []
Full width I = 73+& Mev [
f'2(1525) DECAY MODES Fraction (I';/T) p (MeV/c)
KK (88.7 22 )% 581
nn (104 £2.2 )% 530
s (82 +£15)x103 750
v ( 1.11£0.14) x 106 763
m1(1600) [ 16UPGY =1—1— )
Mass m = 1662713 MeV (S = 1.2)
Full width T = 234 +£ 50 MeV (S =1.7)
mq(1600) DECAY MODES Fraction (I';/T) p (MeV/c)
T not seen 803
po T not seen 641
f(1270) 7~ not seen 319
by (1235)7 seen 357
7' (958) 7~ seen 543
f1(1285) 7 seen 315
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172(1645) 16(JPC)y = ot2— )

Mass m = 1617 + 5 MeV
Full width ' = 181 + 11 MeV

70(1645) DECAY MODES Fraction (I';/T) p (MeVjc)
a(1320) seen 242
KKm seen 580
K*K seen 404
nata™ seen 685
ao(980) seen 499
£(1270)n not seen t
w(1650) [ 16UPC =017 ")
Mass m = 1670 £ 30 MeV
Full width I = 315 £ 35 MeV
w(1650) DECAY MODES Fraction (I';/T) p (MeVjc)
p seen 646
W seen 617
wn seen 500
ete~ seen 835
w3(1670) 16UPCY = 0=(3— )
Mass m = 1667 &+ 4 MeV
Full width T = 168 + 10 MeV [/
w3(1670) DECAY MODES Fraction (I;/T) p (MeV/c)
pT seen 645
W seen 615
by (1235) 7 possibly seen 361
m(1670) 16UPC =172~ 1)
Mass m = 1672.4 = 3.2 MeV Il (S = 1.4)
Full width T =259 + 9 MeV [l (S =1.3)
p
m(1670) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
3 (95.8+1.4) % 809
£(1270) (56.3+3.2) % 329
pT (31 +4 )% 648
om (10 9+3.4) % -
() s-wave (8.7+3.4)% -
KK*(892)+ c.c. (42+1.4)% 455
wp (27£11)% 304
vy < 28 x 1077 90% 836
p(1450) 7 < 36 x 1073 97.7% 148
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b1(1235) 7 < 19 x 1073 97.7% 366
f1(1285) possibly seen 323
a»(1320) not seen 292

#(1680) 16UPCY =01 )

Mass m = 1680 + 20 MeV [l
Full width T = 150 & 50 MeV [

#(1680) DECAY MODES Fraction (I;/T) p (MeV/c)
K?*(892)+ c.C. dominant 462
KOS Km seen 621
KK seen 680
ete™ seen 840
wWTTT not seen 623

KtK—atzn~ seen 544

23(1690) 16UPCY =13~ )

Mass m = 1688.8 & 2.1 MeV [l
Full width T = 161 & 10 MeV 1 (5 = 1.5)

p3(1690) DECAY MODES Fraction (I';/T) Scale factor (M§V/c)
4 (711 + 1.9 )% 790
atat a0 (67 +22 )% 787
wm (16 £6 )% 655
T (236 + 13)% 834
KKn (38 +12)% 629
KK ( 158+ 0.26) % 1.2 685
n ata~ seen 727
p(770)n seen 520
TP seen 633
Excluding 2p and a,(1320) 7.
a,(1320) 7 seen 307
pp seen 334
p(1700) 4! 1I6(JPCy =1t1— )

Mass m = 1720 £ 20 MeV 1 (5p? and = 7~ modes)
Full width T = 250 + 100 MeV I (5 and 7 7~ modes)

p(1700) DECAY MODES Fraction (I';/T) p (MeVjc)
2(rt ) large 803
pPTT dominant 653
Ot large 650
pEnF a0 large 652
a1(1260) seen 404
hi(1170) seen 447
m(1300) seen 349

pp seen 372
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ato™ 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
Tro w seen 674
f(1710) (! 16(UPCy = ot + )

Mass m = 1720 £ 6 MeV (S = 1.6)
Full width I = 135 + 8 MeV (S = 1.1)

fo(1710) DECAY MODES Fraction (I';/T) p (MeV/c)

KK seen 704

nn seen 663

T seen 849

ww seen 357
7(1800) 16UPCY =10~ 1)

Mass m = 1816 + 14 MeV (S = 2.3)
Full width I' = 208 + 12 MeV

«(1800) DECAY MODES Fraction (I';/T) p (MeV/c)
ata— o~ seen 881
fo(600) 7w~ seen -
5(980) 7~ seen 634
fo(1370) 7~ seen 371
fo(1500) m— not seen 254
P not seen 735
nnm seen 664
ap(980)n seen 477
a»(1320)n not seen t
(1270) not seen 445
fo(1370) 7~ not seen 371
fo(1500) 7w~ seen 254
nn'(958) 7~ seen 380
Kp(1430) K~ seen f
K*(892) K— not seen 573
¢3(1850) 16UPCY =0=377)

Mass m = 1854 4+ 7 MeV
Full width I = 87+38 MeV (S =1.2)

#3(1850) DECAY MODES Fraction (I';/T) p (MeVc)

KK seen 785
K K*(892)+ c.c. seen 602
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m>(1880) 1I6PCy =1—2— 1)
Mass m = 1895 + 16 MeV
Full width ' = 235 + 34 MeV
£,(1950) 16UPCYy =0t 2+ )
Mass m = 1944 +£ 12 MeV (S = 1.5)
Full width ' = 472 4+ 18 MeV
f,(1950) DECAY MODES Fraction (;/I) p (MeVjc)
K*(892) K*(892) seen 387
T seen 962
7070 seen 963
4m seen 925
nn_ seen 803
KK seen 837
Yy seen 972
£,(2010) 16(JPCy =0t @2+ )
Mass m = 2011 fgg MeV
Full width ' = 202 4+ 60 MeV
f,(2010) DECAY MODES Fraction (I';/T) p (MeV/c)
P seen +
KK seen 876
4(2040) 16UPC =17+ )
Mass m = 2001 + 10 MeV
Full width ' = 235 £ 29 MeV (S =1.3)
a4(2040) DECAY MODES Fraction (;/I) p (Mev/c)
KK seen 870
ata= 70 seen 976
pT seen 844
£ (1270) 7 seen 583
wTo T seen 821
wp seen 627
7]7r0 seen 920
7' (958) seen 764
f3(2050) 1GUPCYy = ot @+ )
Mass m = 2018 + 11 MeV (S = 2.1)
Full width ' = 237 + 18 MeV (S = 1.9)
f4(2050) DECAY MODES Fraction (I;/I) p (MeVjc)
ww seen 637
s (17.0+£1.5) % 1000
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KK (68+3d <1073 880
nn (2140.8) x 1073 848
470 < 12 % 94
ap(1320) 7 seen 567
#(2170) 16UPCY =01~ )
Mass m = 2175 + 15 MeV (S = 1.6)
Full width I = 61 + 18 MeV
$(2170) DECAY MODES Fraction (I';/T) p (Mevc)
ete~ seen 1087
¢1,(980) seen 427
Kt K= 1(980) — KtK=at7r™ seen -
Kt K= £(980) — KTK~a%x0  seen -
KO K+ not seen 770
£,(2300) 16(JPCy = o2+ )
Mass m = 2297 + 28 MeV
Full width I = 149 + 40 MeV
>(2300) DECAY MODES Fraction (I';/T) p (MeV/c)
0P seen 529
KK seen 1037
Yy seen 1149
£,(2340) 16PCY = ot + 1)
Mass m = 2339 + 60 MeV
Full width I = 319780 Mev
f>(2340) DECAY MODES Fraction (I';/T) p (MeV/c)
oY) seen 573
nn seen 1033
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STRANGE MESONS
(S=+1,C=B=0)

Kt =u3, KV =d5, KO =ds, K~ =Ts, similarly for K*'s

K:l:

10P) = 3(07)

Mass m = 493.677 = 0.016 MeV [t] (S = 2.8)
Mean life 7 = (1.2380 + 0.0021) x 1078 s (S = 1.9)
cr =3.712m
Slope parameter g [1]
(See Particle Listings for quadratic coefficients and alternative
parametrization related to w7 scattering)
KT — afata= g= —0.21134 4+ 0.00017
(g —&)/(gr +&)=(-15+22)x107*
K+ — 7572070 g = 0.626 + 0.007
g+ —&-) /(g +&)=(1.8+18)x107*

K* decay form factors [#V]

Assuming p-é universality
A+(K;3) = A4 (KE) = (2.97 £ 0.05) x 1072
Mo(Kf3) = (1.95 + 0.12) x 1072

Not assuming p-e universality
AL (KE,) = (2.98 £ 0.05) x 1072

A+(K,j3) =(2.96 + 0.17) x 1072

/\O(K:3) = (1.96 + 0.13) x 1072

Ke3 form factor quadratic fit
Ny (KE) linear coeff. = (2.48 £ 0.17) x 1072
)\”+(K§3) quadoragtic coeff. = (0.19 + 0.09) x 1072
K& Ifs/fe] = (-03%88) x 1072
K& |fr/fy] = (-12£23)x 1072

Ky |fs/fi| = (0.2 £0.6) x 1072

Ky |fr/fi]=(-01£07)x 1072

Kt — efvey |Fa+ Fy| =0133+£0.008 (S=13)
Kt — utu,y |Fa+ Fy|=0.165+0.013

Kt — etvey |Fa— Fy| < 0.49

Kt — uty,y |Fa— Fy| = —024100.04, CL = 90%

Charge Radius
(r) = 0.560 = 0.031 fm

CP violation parameters
A(KE,) = (-2.2+16) x 1072

A(KZ,,) = =002+ 012
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T violation parameters

KT — 71'0;["1/” Pr=(-17+25)x1073
Kt — ut vy  Pp=(-06%+19)x 1072

Kt — 70ut vy

Im(¢) = —0.006 =+ 0.008

K™ modes are charge conjugates of the modes below.

Scale factor/ p
K+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Leptonic and semileptonic modes
Kt — etu, ( 1.584+0.020) x 105 247
Kt — utu, (63.55 +£0.11 ) % S=1.2 236
Kt — mletu, (5.07 +£0.04 )% s=21 228
Called K.
Kt — aOuty, ( 3.353+0.034) % s=1.8 215
Called K.
Kt — 7070ety, (22 +04 )x1075 206
Kt — ntr=etu, ( 4.09 £0.10 ) x 10> 203
Kt — ata=pty, (14 £09 )x1075 151
Kt — 70n070ety, < 35 x 1076 CL=90% 135
Hadronic modes
Kt — ata0 (20.66 +0.08 ) % $=1.2 205
Kt — ata0z0 (1.761£0.022) % s=1.1 133
Kt — atatr— (559 £0.04 )% S=1.3 125
Leptonic and semileptonic modes with photons
KT — ptu,y wx] (62 +08 )x10~3 236
Kt — ptu,v(SDY) lay] (1.33 £0.22 )x 107> -
Kt — ptu,v(SDTINT) lay] < 27 x 107 CL=90% -
Kt — ptu,v(SD™ + lay] < 26 x 1074 CL=90% -
SD~INT)
Kt — etuay (9.4 404 )x10-6 247
KT — 70etueny [wx] (256 +0.16 )x 10~4 208
Kt — 70etvev(SD) [ay] < 53 x 1075 CL=90% 228
Kt — « ,u,+1/u’y wx] (15 +04 )x107° 215
Kt = 70n%et vy <5 x 1076 CL=90% 206
Hadronic modes with photons or £Z pairs
KT — 7ta0y wx] (275 +0.15 ) x 10~4 205
K+t — 7t 70~ (DE) [wz] (43 407 )x10°6 205
Kt — 7ta0n0y wx] (76 85 )x106 133
Kt — atatay [wx] (1.04 £0.31 )x 104 125
Kt — 7ty [w] (110 £0.32 )x 10~ 227
Kt — 713y W] < 1.0 x1074  CL=90% 227
K* - gtete (119 +0.13 ) x 108 227
Leptonic modes with £Z pairs
KT — etvvw < 6 x 1072 CL=90% 247
Kt — pFu,vp < 6.0 x 1076 CL=90% 236
Kt — etyqete™ (248 +0.20 ) x 10~8 247
Kt — ptuy,ete” (7.06 £0.31 ) x 108 236
Kt — etveptp~ (17 +05 )x1078 223
KT — ut VT < 41 x 1077 CL=90% 185



Meson Summary Table

41

Lepton Family number (LF), Lepton number (L), AS = AQ (5Q)
violating modes, or AS = 1 weak neutral current (S1) modes

Kt — rtrte v, 5Q < 12 x1078  CL=90% 203
Kt — ztatu~ v, 5Q < 30 x1076  CL=95% 151
Kt — atete~ s1 (3.00 £0.09 ) x 107 227
Kt — ntutp~ s1 (81 414 )x10-8 s=2.7 172
Kt — 7tvp s1 (17 +11 )x10710 227
Kt = atn0uw s1 < 43 x 1075 CL=90% 205
KT — p~vetet LF < 20 x 1078  CL=90% 236
Kt = utve LF  [d < 4 %1073 CL=90% 236
Kt — atutes LF < 13 x 10711 CcL=90% 214
Kt — atpu—et LF < 52 x 10710 cL=90% 214
Kt — noputet L < 5.0 x 10710 cL=90% 214
KT — 7-etet L < 6.4 x 10710 cL=90% 227
Kt — 7= ptut L [d < 3.0 x1079  CL=90% 172
Kt — uto, L [d < 33 x1073  CL=90% 236
Kt — r0etp, L <3 x 1073 CL=90% 228
Kt — nty laa] < 23 x1079  CL=90% 227
KO 1Py = 5(07)
50% Ks, 50% K|
Mass m = 497.614 + 0.024 MeV (S = 1.6)
Myo — My = 3.937 £ 0.028 MeV (S = 1.8)
Mean Square Charge Radius
() = —0.077 £ 0.010 fm?
T-violation parameters in K9-K? mixing (V]
Asymmetry At in K%-K° mixing = (6.6 + 1.6) x 1073
CPT-violation parameters [V]
Red = (2.3 +2.7) x 1074
Imd = (0.4 £21)x107°
Re(y), K.3 parameter = (0.4 + 2.5) x 1073
Re(x_), Kez parameter = (—2.9 4 2.0) x 1073
|Mgo — Mzo| / Maverage < 8 x 10719, CL = 90% 9]
(Mo — T'%0)/ Maverage = (8 £ 8) x 10718
Tests of AS = AQ
Re(xy), Kez parameter = (—0.9 + 3.0) x 1073
K% 1Py = 3(07)
Mean life 7 = (0.8953 + 0.0005) x 10710s (S =1.1) Assuming

CPT

Mean life 7 = (0.8958 + 0.0005) x 10710 s

cr = 2.6842 cm

Assuming CPT

Not assuming CPT
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CP-violation parameters [cc]
Im(n4_o) = —0.002 + 0.009
Im(ngog) = (—0.1 £ 1.6) x 1072
Inooo| = |A(KE — 37%)/A(KY — 3x0)| < 0.018, CL = 90%
CP asymmetry Ain 7t m~eTe™ = (-1 +4)%

Scale factor/ p
KoS DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Hadronic modes
7070 (30.69+0.05) % 209
atm™ (69.20+0.05) % 206
atr— 0 (35 T3 )yx1077 133
Modes with photons or £ pairs
ata=y [xdd] ( 1.7940.05) x 10~3 206
rtr~ete™ ( 4.69+0.30) x 1075 206
70~y [dd] (4.9 +1.8 )x10~8 231
7 ( 2.63£0.17) x 10=6 $=3.0 249
Semileptonic modes
ateFu, [ee] ( 7.04+0.08) x 10~4 229
CP violating (CP) and AS = 1 weak neutral current (S1) modes
30 cp < 12 x10=7  CL=90% 139
wtp~ s1 < 32 x 107 CL=90% 225
ete~ s1 <9 x 1079 CL=90% 249
nlete s1 [dd] (3.0 F15)x1079 230
Ot~ s1 (29 15 )x1079 177
0 Py _ 1/—
Ki 1(J7) = 2(07)

ITIKL — mK5
= (0.5292 + 0.0009) x 101% i, s=1 (S =1.2) Assuming CPT
= (3.483 £ 0.006) x 1072 MeV  Assuming CPT
= (0.5290 + 0.0015) x 10! A s~1 (S =1.1) Not assuming CPT
Mean life 7 = (5.116 + 0.020) x 108 s
cr =15.34 m

Slope parameter g [4]
(See Particle Listings for quadratic coefficients)
K — ntn=a0: g=0678+£0.008 (S =15)
K, decay form factors [V]
Linear parametrization assuming u-e universality
Ap(K%3) = Ay (Kg3) = (282 £0.04) x 1072 (S = 1.1)
Mo(K93) = (1.38 +£0.18) x 1072 (S =2.2)
Quadratic parametrization assuming u-e universality
Ny (K%3) = N (K8;) = (240 £0.12) x 1072 (S = 1.2)
X' (KD3) = X' (KQ3) = (020 £0.05) x 1072 (S = 1.2)

,\0(K23) =(1.16 £ 0.09) x 1072 (S =1.2)
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Pole parametrization assuming p-e universality
MY, (K%3) = M§, (KQ3) =878 + 6 MeV (S = 1.1)
MY, (Kg3) = 1252 4+ 90 MeV (S = 2.6)

1.4 -

K% |fs/fyi| = (1.5F1¢) x 1072

K% |fr/fi] = (578) x1072

KO |fr/fy] = (12 £12) x 1072

Kp— Y07y, Kp— 700 oy = —0.205 +
0.022 (S =1.8)

KO — ¢+079, KO =+ 00~ aprp = —1.69 +
0.08 (S=1.7)

K, — 7tn~ete™: aj/ap = —0.737 + 0.014 GeV?

K, — 7024 ay = —0434+0.06 (S=15)

CP-violation parameters [cc]

Ap = (0.332 + 0.006)%
00| = (2221 £0.011) x 1073 (S = 1.8)

[n4—] = (2.232 £ 0.011) x 1073 (S =1.8)

e| = (2.228 £ 0.011) x 1073 (S = 1.8)
[n00/n+—| = 0.9951 = 0.0008 [l (S = 1.6)
Re(e'/e) = (1.65 £ 0.26) x 1073 [ (S = 1.6)
Assuming CPT

¢y = (4351 +£0.05° (S=1.1)

doo = (43.52 £ 0.05)° (S =1.1)

be=¢sw = (43.51 £ 0.05)° (S = 1.1)

Not assuming CPT

byp_ = (434 +07)° (S=13)

Boo = (43.7 £ 0.8)° (S=1.2)

b = (435+0.7)° (S =13)
CPasymmetry Ain K9 — ntr~ete™ = (13.7 £ 1.5)%
Bcp from K¢ — ete"ete™ = —019+0.07
vcp from K — ete~ete™ =0.01£0.11 (S=1.6)
jfor K — 7+ 7= 7% =0.0012 & 0.0008
ffor K9 — ata= 7% =0.004 £ 0.006
[74—4| = (2.35 £ 0.07) x 1073
Gp—y = (44 £ 4)°
€, |/e < 0.3, CL=090%
lgp| for K§ — xta=y < 0.21, CL = 90%

T-violation parameters
Im(¢) in K93 = —0.007 + 0.026
CPT invariance tests

boo — ¢4— =(0.2£0.4)°
Re(3ns_ + Lnog)—2E = (—3 +35) x 1076
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AS = —AQin KY; decay
Re x = —0.002 + 0.006
Im x = 0.0012 + 0.0021

Scale factor/ p
KE DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Semileptonic modes
rteFu, lee] (4055 +0.12 ) % $=1.9 229
Called K9;.
™t uFy, [ee] (27.04 £0.07 )% S=1.1 216
Called Kﬁ3.
(wpatom)v (1.05 +£0.11 ) x 10~7 188
artefy lee] (520 +£0.11 )x 105 207
nteFrete lee] ( 1.26 +0.04 ) x 1075 229

Hadronic modes, including Charge conjugation xParity Violating (CPV) modes
(19.52 +0.12 ) %

370

ey
ptpmy
efe vy
=y

(1254 +0.05 ) %
CPV [gg] ( 1.966+0.010) x 10~3
cPv (1865 £0.06 ) x 10~4

[x,ee,hh]

Semileptonic modes with photons
(1379 £0.06 ) x 103

(565 +£023 ) x 104

Hadronic modes with photons or £Z pairs
< 243
[xhh] ( 4.15 +0.15 )
(2.84 £0.11)

[hh] ( 1.273£0.034) x 10—©
(1.62 £0.17 )

x10~7
x 1075
x 1075

x 1078

Other modes with photons or £Z pairs

(547 +£0.04 ) x 10~4

< 24
(9.4

( 3.59
[hh] ( 5.95

[hh] (1.0

x10~7
+04 )x107©
+0.11 ) x 10~7
+0.33 ) x 10~7

+08 yx10-8

S=1.7

S=1.6
S=1.8

CL=90%
$=2.8
$=2.0

S=1.2
CL=90%
$=2.0
5=1.3

Charge conjugation x Parity (CP) or Lepton Family number (LF)
violating modes, or AS = 1 weak neutral current (S1) modes

ptp
ete~
atr ete”
n0r0ete
/L+ no ete
ete"ete~
70 ;ﬁ' nwo
mlete-
7
0y

s1 ( 6.84
s1 (9

S1 [hh] (311
s1 < 66
s1 (269
s1 (356

CP,S1 [ifl] < 3.8
cP,s1 [il] < 28
CP,S1 [jjl < 6.7
S1 < 47

+0.11 ) x 1079
8 )xw012
+0.19 ) x 1077
x 1079
+0.27 ) x 1072
+0.21 ) x 1078
x 1010
x 1010
x 1078
x 1072

CL=90%

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

139
133
206
209

229
216

209
206
206
231
230

249
249
249
225
249

225
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et T LF  [ee] < 47 x 10712 CL=90% 238
etet T uF LF  [ee] < 4.12 x 10711 CcL=90% 225
w0t eF LF  [ee] < 76 x10~11 CcL=90% 217
7070yt eF LF < 17 x10~10  cL=90% 159
K*(892) 1Py = 307)
K*(892)* mass m = 891.66 + 0.26 MeV
Mass m = 895.5 + 0.8 MeV
K*(892)° mass m = 895.94 + 0.22 MeV (S = 1.4)
K*(892)% full width I = 50.8 & 0.9 MeV
Full width ' = 46.2 + 1.3 MeV
K*(892)% full width I = 48.7 + 0.8 MeV (S = 1.7)
p
K*(892) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Kr ~ 100 % 289
KO~ ( 2.39+0.21) x 1073 307
K*~ (9.9 £09 )x 1074 309
Krm < 7 x10~4 95% 223
K1(1270) 10P) = 1)
Mass m = 1272 + 7 MeV []
Full width I = 90 + 20 MeV [/
Ky (1270) DECAY MODES Fraction (I';/T) p (Mevyc)
Kp (42 +6 )% 45
K§(1430) (28 +4 )% t
K*(892) 7 (16 +£5 )% 302
Kw (11.0£2.0) % i
K f(1370) (3.0+£2.0)% i
v KO seen 539
K1(1400) 1) = 30
Mass m = 1403 + 7 MeV
Full width T = 174 £ 13 MeV (S = 1.6)
Ky (1400) DECAY MODES Fraction (I';/T) p (Mevjc)
K*(892) 7 (94 +6 )% 402
Kp (1.24+0.6) % 292
K fp(1370) (2.0£2.0) % i
Kw (1.0£1.0)% 284
K5(1430) not seen i
vKO seen 613
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K*(1410) 1Py = 17)

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

P
K*(1410) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
K*(892) 7 > 40 % 95% 410
Km (66+13)% 612
Kp < 7 % 95% 305
yKO seen 619
K3 (1430) [l 1P = 5(0%)
Mass m = 1425 + 50 MeV
Full width ' = 270 &+ 80 MeV
K6(1430) DECAY MODES Fraction (I';/T) p (MeVjc)
K (93+£10) % 619
K3(1430) 1Py = 32
K3(1430)* mass m = 1425.6 + 1.5 MeV (S = 1.1)
K3(1430)° mass m = 1432.4 + 1.3 MeV
K3(1430)* full width T = 98.5 + 2.7 MeV (S = 1.1)
K35(1430)° full width T =109 + 5 MeV (S = 1.9)
Scale factor/ p
K;(1430) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Km (49.9+£1.2) % 619
K*(892) 7 (24.7£1.5) % 419
K*(892) (13.442.2) % 372
Kp (8.7+£0.8) % S=1.2 318
Kw (29+08) % 311
Kt~y (24405) x 1073 S=1.1 627
Kn (15+3d)y <1073 $=13 486
Kwm < 72 x 1074 CL=95% 100
KO~ < 9 x10~4 CL=90% 626
K*(1680) 1Py = 307)
Mass m = 1717 £ 27 MeV (S = 1.4)
Full width I = 322 & 110 MeV (S = 4.2)
K*(1680) DECAY MODES Fraction (I';/T) p (MeV/c)
Kn (38.7+2.5) % 781
Kp @B1at59) 9% 570
K*(892) 7 (209722 % 618
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Ky(1770) [ 1Py =3e7)
Mass m = 1773 + 8 MeV
Full width ' = 186 + 14 MeV
K5(1770) DECAY MODES Fraction (I';/T) (MeVjc)
Knm 794
K3(1430)m dominant 288
K*(892) 7 seen 654
K £,(1270) seen 55
Ko seen 441
Kw seen 607
K3(1780) 1Py = 33
Mass m = 1776 £ 7 MeV (S = 1.1)
Full width ' = 159 + 21 MeV (S = 1.3)
P
K;(11BO) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Kp (Bl £9 )% 613
K*(892) 7 (20 £5 )% 656
K (18.84 1.0) % 813
Kn (30 £13 )% 719
K3(1430) <16 % 95% 291
K»(1820) [mm] 10P) = 3(27)
Mass m = 1816 + 13 MeV
Full width ' = 276 + 35 MeV
K5(1820) DECAY MODES Fraction (I';/T) (MeVjc)
K3(1430) seen 327
K*(892) seen 681
K £,(1270) seen 186
Kw seen 638
2(2045) 1P = 36
Mass m = 2045 + 9 MeV (S = 1.1)
Full width ' = 198 + 30 MeV
K?%(2045) DECAY MODES Fraction (I';/T) (MeV/c)
K (9.9+1.2) % 958
K*(892) (9 £5 )% 802
K*(892)mmm (7 £5 )% 768
pKm (5.7£3.2) % 741
wKmT (5.0£3.0) % 738
dKT (28+1.4) % 594
P K*(892) (1.4+£0.7) % 363
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CHARMED MESONS
(C= +1)

Dt =cd, DO = ¢i, D° = Cu, D~ =Td, similarly for D*'s

D* 10P) = 3(07)

Mass m = 1869.60 + 0.16 MeV (S = 1.1)
Mean life 7 = (1040 + 7) x 1071% s
cr = 311.8 ym

c-quark decays
[(c — ¢tanything)/T(c — anything) = 0.096 + 0.004 ("]
M(c — D*(2010)* anything)/T(c — anything) = 0.255 & 0.017

CP-violation decay-rate asymmetries
Acp(p®v) = 0.08 + 0.08
Acp(K2r%) = —0.009 £ 0.009
Acp(KT2n%) = —0.005 + 0.010
Acp(KT 7% 70) = 0.010 + 0.013
Acp(K%7t 7% = 0.003 + 0.009
Acp(K%rtatn™) = 0.001 + 0.013
Acp(KEKE) = 0.07 + 0.06
Acp(KTK—7%) = (0.3 £ 0.6)%
Acp(KTK*0) = (0.1 £ 1.3)%
Acp(om®) = (0.9 + 1.1)%
Acp(KEK5(1430)°) = (87 ()%
Acp(K* K3(1430)°) = (437 20)%
Acp(K* K(800)) = (—1271%)%
Acp(a(1450)°7%) = (=197 18)%
Acp(0(1680)7E) = (—9 + 26)%
Acp(rtr—n%) = —0.02 + 0.04
Acp(KYKErt7™) = —0.04 £ 0.07

T-violation decay-rate asymmetry
Ar(KYKErtn~) = 0.02 +0.07

D+ form factors
£1(0)| Vis| in KO4F 1y = 0.707 £ 0.013
n = 21/80 in WOZ+V[ =—-17+05
= 32/20 in R0€+VZ =—-14+11
£1(0)| Veg| in 700+ 1y = 0.146 £ 0.007
n=a/ainnlty, =-14+09
= 82/30 in 71'0[+l/[ =—4+5
r, = V(0)/A1(0) in K*(892)% ¢+ v, = 1.62 4+ 0.08 (S = 1.5)
ry = Ay(0)/A1(0) in K*(892)°¢+ 1, = 0.83 + 0.05
r3 = A3(0)/A1(0) in K*(892)°¢F 1y = 0.0 + 0.4
Fp/T7in K*(892)%¢t v, = 1.13 + 0.08
M, /l_in K*(892)% ¢+, = 0.22 + 0.06 (S = 1.6)
Most decay modes (other than the semileptonic modes) that involve a neutral
K meson are now given as K% modes, not as KO modes. Nearly always it is
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a K% that is measured, and interference between Cabibbo-allowed and dou-
bly Cabibbo-suppressed modes can invalidate the assumption that 2 r(KOS) =

r(KO).
Scale factor/ p
Dt DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Inclusive modes
et semileptonic (16.07£0.30) % -
ut anything (176 £32 )% -
K~ anything (25.7 +1.4 )% -
KOanything + K%anything (61 +£5 )% -
K™ anything (59 £0.8)% -
K*(892)~ anything (6 +£5 )% -
K*(892)0 anything (23 +5 )% -
K*(892)% anything < 66 % CL=90% -
n anything (63 £07)% -
n’ anything ( 1.04+0.18) % -
¢ anything ( 1.03+0.12) % -
Leptonic and semileptonic modes

et e < 88 x 1076 CL=90% 935
utu, (3.82+0.33) x 1074 932
Ty, < 12 x1073  CL=90% 90
KOet v, (8.83+0.22) % 869
KOutu, (94 £08)% s=1.2 865
K- rmtetu, (41 £06)% S=1.1 864

K*(892)% et v, (3.68+0.21) % 722

K*(892)° — K—nat

K~ mT eT ve nonresonant <7 x 1073 CL=90% 864
K=t utu, (39 £05)% 851

K*(892)° ut v, (37 £03)% 77

K*(892)° — K—xt

K= at puFu, nonresonant (21 £06)x1073 851
K-rtr%utu, < 17 x1073  CL=90% 825
w0et v, ( 4.05+0.18) x 10—3 930
netve (1.33+0.21) x 1073 855
et (22 +0.4 )x1073 774
P uty, (25 £05)x10-3 770
wetr, (16 T37T)x10-3 771
7' (958) e v < 35 x1074  CL=90% 689
petve < 16 x1074  CL=90% 657

Fractions of some of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes.

K*(892)%e* e ( 5.5340.32) % 5=1.2 722
K*(892)° ut v, (55 +£05)% 5=1.2 717
K3(1430)° it o, < 25 x 1074 380

K*(1680)° T v, < 16 x 1073 105
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Hadronic modes with a K or KKK

K%W+
K%W+
K~ 2rt
(K; )5 wavert
K3(1430)0q,
Kg(1430)0 —» K= 7t
K*(892)07,
K*(892)° — K-t

[oo]

[pp]

K*(1410)%7t, K0 — K—xt

K3(1430)07+,
K3(1430)° —» K~ xt
K*(1680)% 7,
K*(1680)° — Kt
K™ (211) 1=
ng+ 70
K%p"’
K*(892)% 7+,
K*(892)° — K%x0
K% a* 70 nonresonant
K= 2t =0

K0527r+ T
K= 3ntn—

K*(892)0 27t 7,
K*(892)0 — K~ 7t
K*(892)0 07t

K*(892)° — K~ 7t
K*(892)0 a; (1260)+
K= pP2nt
K~ 37T 7~ nonresonant
K*2KS
KtK=KYnt
7T+ 7T0
ont o~

pOrt

ot (""7L T )5—wave
ort,o — nta~
f(980) 7+,

(980) — mta~
fy(1370) 7+,
f(1370) — 7t7—

f(1270) 7 t,

£(1270) — 7t~
p(1450)0 7,

p(1450)° — 7t 7
fo(1500) 7+,

f(1500) — 77~

f(1710) 7+,

f(1710) — 7t a~
fy(1790) 7+,

f(1790) — 7t a~

(7"7L 71'+)5—wave T

[pp]

[pp]

[o0]

[qq]
[qq]
[o0]

7]

( 1.49+0.04) %
( 1.46+0.05) %
(9.4 £0.4)%
( 7.52+0.33) %
( 1.25:0.08) %

( 1.044+0.12) %

not seen
(23 +£07 )x1074

(22 +11)x1074

( 1.454+0.27) %
( 6.9040.32) %
(47 £1.0)%
(13 £06)%

(9 +7 )x1073
( 6.08+£0.29) %
( 3.10£0.11) %
(5.7 +£06 )x1073
(1.2 £0.4 )x 1073

(23 +04)x1073

(93 +1.9 )x1073
( 1.7240.29) x 103
(4.0 £3.0 )x1074
(46 £21)x1073
(24 +£05)x1074

Pionic modes

<

( 1.26+0.09) x 10~3
( 3.27£0.22) x 103
(83 +15)x1074
(1.83+0.18) x 10~3
( 1.38+0.13) x 1073
( 1.57+0.34) x 1074

(8 +4 )x107°

(5.0 £0.9 )x 104
8 x 1075

(11 +0.4 )x10~4

5 x 1075
7 x 1073
1.2 x 104

S=1.6
S=1.1
S=1.2

CL=95%

CL=95%

CL=95%

CL=95%

863
863
846
846
382

714

381
371

58

845
677
714

845
816
814
772
645

239

524

772

545
436

925
909
767
909

669

485

338

909
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27T #~ nonresonant
atog0
ont =70
0

0

7771"", n — atr—n
wrt,w— 7tr 7
3nt2n~

< 11 x 1074 CL=95%
(47 +04 )x1073
( 1.160.09) %
(7.8 £05 ) x1074

<3 x 1074 CL=90%
( 1.66+0.17) x 103 s=1.1

Fractions of some of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes.

nrt (3.43+0.22) x 1073
nat 0 ( 1.3840.35) x 1073
wrt < 34 x 10~4 CL=90%
7'(958) 7t (44 04 )x1073
7/ (958) 7t 70 (16 +05 ) x 1073
Hadronic modes with a KK pair
K+ K ( 2.860.12) x 10-3 5=1.9
KTK=nt [oo] (9.8 0.4 )x 1073 S=1.9
ont, ¢ — KTK™ ( 2724+0.13) x 1073
K+ K*(892)° (251+013) 103
K*(892)° — K7t
KT K5(1430)0, K;(1430)° — (1.8 +0.4 )x 1073
K—rt
KT K3(1430)°, K5 — K~ x+t (17 T32)x104
KTK(800), K — K-t (68 F3%)x104
a0(1450)% 7+, & — KTK- (45 T3 )x104
#(1680)7t, ¢ — KT K~ (50 T43)x10-5
Kt K~ zt nonresonant not seen
Kt KSntn ( 1.74+0.18) x 1073
KS K= 2nt ( 2.38£0.18) x 10~3
KT K2zt (23 +12)x107%
A few poorly measured branching fractions:
¢nt 70 (23 £1.0)%
pt < 15 % CL=90%
KT K= xt70non-¢ (15 197y %
K*(892)* K¢ (1.6 0.7 )%
Doubly Cabibbo-suppressed modes
K*x0 ( 2.374£0.32) x 10—4
Ktatn ( 5.4240.30) x 10~4
K+ p0 (21 £05)x1074

K*(892)% 7, K*(892)° —
o

Kt
K+ £,(980), £,(980) — =t
K*(1430)° +, K3(1430)° —
K+
KT xt 7~ nonresonant
2Kt K~

(25 +05)x10~4

(48 £29)x107°
(44 £29)x107°

not seen
(89 +21)x107°

909
910
883
848
763
845

848
830
764
681
654

793
744
647

613

744
678
678
600

619
259
682

612

864
846
679
714

846
550
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AC = 1 weak neutral current (C1) modes, or

Lepton Family number (LF) or Lepton number (L) violating modes

atete c1 < 74 x 1076 CL=90%
7T, ¢ — ete [ss] (27 f‘llg ) x 1076

atutu~ c1 < 39 x 1076 CL=90%
7t ¢ — ptp~ [ss] (1.8 +£0.8 )x10~®

ptutu c1 < 56 x 1074 CL=90%
Ktete~ [tt] < 6.2 x10~6 CL=90%
Kt putu~ [t] < 9.2 x 1076 CL=90%
ate F LF  [ee] < 3.4 x1075  CL=90%
Ktet T LF  [ee] < 658 x1075  CL=90%
7 2et L < 36 x 1076 CL=90%
7 2ut L < 48 x10~© CL=90%
" etpt L < 50 x 1075 CL=90%
p~2ut L < 56 x 104 CL=90%
K~ 2et L < 45 x 1076 CL=90%
K—2ut L < 13 x 1073 CL=90%
K=etput L < 13 x 104 CL=90%
K*(892)~ 2ut L < 85 x 1074 CL=90%

930

918

757
870
856
927
866
930
918
927
757
870
856
866
703

DO

cr = 122.9 pm

1UP) = }(07)
Mass m = 1864.83 & 0.14 MeV
Mpe — Mpo = 477 £ 0.10 MeV (S = 1.1)
Mean life 7 = (410.1 + 1.5) x 107 s

[mpg — mpg| = (2397883) x 10 7571
(rD? - ng)/r =2y = (1.66 & 0.32) x 1072

la/p| = 0.86 012

Ar = (1.4 +£27)x 1073

K+ 7~ relative strong phase: cos § = 1.0370-32

K=+ 0 coherence factor Ry o = 0.784_'8:%%
K~ =0 average relative strong phase 6K 77 = (2391 32)°

K~ 7~ 2r™ coherence factor Rx3, = 0.36 03

K~ m~ 27 average relative strong phase 6X37™ = (118j§8)°
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CP-violation decay-rate asymmetries (labeled by the D? decay)
Acp(KTK™) = (=017 £ 0.31) x 1072 (S = 1.3)
Acp(2KY) = 023 £ 0.19
Acp(rta™) = (0.2 + 0.4) x 1072
Acp(27%) = 0.00 + 0.05
Acp(rTn~70) = (0.3 £ 0.4)%

Acp(p(770)t 7~ = atz=70) = (1.6 £ 1.2)%
Acp(p(770)070 — 7tz 70) = (=16 £ 1.5)%
Acp(p(770)~ 7t — ata—70) = (0.7 £ 1.2)%
Acp(p(1450)t 7~ — 7t 7770 = (0.0 £ 0.14)%
Acp(p(1450)° 70 — 7t 7~ 70) = (-0.1 + 0.22)%
Acp(p(1450)~ 7t — 7t 7~ 70) = (0.2 +£ 0.32)%
Acp(p(1700)+7r* — T 70 = (-04 £ 1.1)%
Acp(p(1700)0 70 — 7r+7r77r0) =(1.3+09%
Acp(p(1700)~ 7t — 7t 7~ 7%) = (0.5 £ 0.7)%
Acp(f(980)7° — 77~ 7%) = (0.0 £ 0.14)%

Acp(f(1370)7° — 7t 7~ 70) = (0.2 + 0.14)%
Acp(f(1500)7° — 7T 7~ 7% = (0.0 + 0.14)%
Acp(f(1710)7° — at 7~ 70) = (0.0 + 0.14)%
Acp(6(1270)7°0 — 7t 7= 70) = (—0.1 £ 0.14)%

Acp(o(400)® — a7~ x0) = (0.1 £ 0.14)%
Acp(nonresonant 7+ 7~ 7r0) =(-02+04)%
Acp(KTK=7%) = (-1.0 £ 1.7)%

Acp(K*(892)T K~ — KTK—70) = (=08 +1.2)%
Acp(K*(1410)t K~ — KT K= 7% = (-1.7+1.9)%
ACP((K+7TO)waa'Ue K= — K* Kiﬂ-o) = (2 + 5)%
Acp(0(1020)7° — K+ K= 7%) = (0.4 + 0.8)%
Acp(£(980)7°% — Kt K—7%) = (—0.4 + 2.6)%
Acp(a0(980)° 70 — KT K—7%) = (0.6 = 1.9Y%
Acp(f5(1525) 7% — KT K= 7% = (0.0 £ 0.32)%
Acp(K*(892)" KT — KTK—70) = (-1.7 + 1.4)%
ACP(K*(1410)* Kt - KtK=7%) = (=17 +£2.9%
ACP((K_T" )s—wave Kt — KTK~ Tro) =(-04£25)%
Acp(K%¢) = —0.03 + 0.09

Acp(Kg 70) = 0.001 + 0.013

Acp(K~nt) = —0.004 + 0.010

Acp(Kt7™) = 0.022 + 0.032

Acp(K~ 7t 7%) = 0.002 = 0.009

ACP(K+7r’7r°) =0.00 + 0.05

Acp(K§nt ™) = 00097 5028

ACP(K*(892)* - K3ntrT) < 35x 1074, CL =95%
Acp(K*(892)Tn~ — K° Tr7) < 7.8x 1074, CL = 95%
Acp(K0p® — K% +7r*) < 48x107% CL = 95%
Acp(K0w — Kgyrhr*) < 92x 1074, CL = 95%
Acp(KO1(980) — K%rtn~) < 6.8x 1074, CL = 95%
Acp(K2£(1270) — KQnt ™) < 13.5 x 1074, CL = 95%
Acp(K0£(1370) — Kentn~) < 255x 1074, CL = 95%
Acp(K3(1430)~nt — K%zt r7) < 9.0 x 1074, CL = 95%
Acp(K3(1430)" 7+ — K%rt7r7) < 6.5x 1074, CL = 95%
Acp(K*(1680)~nt — K37t77) < 28.4 x 1074, CL = 95%
Acp(K~ntatz™) = 0.007 £ 0.010
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Acp(Ktm=at77) = —0.02 + 0.04
Acp(KT K—nta™) = —0.08 + 0.07
T-violation decay-rate asymmetry

Ar(KTK=mtn~) = 0.01 + 0.07

CPT-violation decay-rate asymmetry
Acpt(KFa%) = 0.008 + 0.008

Form factors

ry = V(0)/A1(0) in D — K*(892)~¢twy, =174+ 08
r» = Ay(0)/A1(0) in D° — K*(892) (T v, = 0.9 + 0.4
£ (0)|Ves| in DO — K= 4T 1, = 0.726 + 0.009
n=a/agin D — K-ttty =
rn=a;/agin D® - K¢ty =
£1(0)]Veg| in D® — 7~ €%y, = 0.152 £ 0.005
n= 31/20 in DO — 7T75+IJ[ =-28+05
n=a/ainD’ — 77ty =6+ 3.0

Most decay modes (other than the semileptonic modes) that involve a neutral
K meson are now given as KOs modes, not as KO modes. Nearly always it is

a K9

bly Cabibbo-suppressed modes can invalidate the assumption that 2 F(K%) =

r(x9).

—2.65+0.35
13+9

5 that is measured, and interference between Cabibbo-allowed and dou-

Scale factor/

DO DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Topological modes
0-prongs )] 17 +£6 )% -
2-prongs 9 6 )% -
4-prongs [w] (143 £ 05 )% -
6-prongs ww] (64 + 13 )x1074 -
Inclusive modes
et anything [xx] (649 £ 0.11)% -
utanything (67 +£06 )% -
K~ anything (547 + 28 )% S=1.3 -
KOanything + K%anything (47 4 )% -
K% anything (34 +£04 )% -
K*(892)~ anything (15 +£9 )% -
K*(892)0 anything (9 +4 )% _
K*(892)7 anything < 36 % CL=90% -
K*(892)% anything (28 +13 )% -
n anything (95 +£09 )% -
i’ anything (248 + 027 )% -
¢ anything (1.05 £ 011 )% -
Semileptonic modes
K= et (1355 + 0.05)% s=1.2 867
K= ptw, (331 £ 013)% 864
K*(892)" et ve (217 + 016 )% 719
K*(892)~ ut v, (198 + 024)% 714
K= n%et 1, (16 £33 )% 861
KO~ et v (27 59 )9 860
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K-ntaetue (28 * 14 %104
K1(1270)" et v, (76 * 39 )yx104
K=atnptw, < 12 x 1073 CL=90%
(K*(892)m)~ put < 14 x 1073 CL=90%
7" et e (289 £ 008 )x1073  s=1.1
™ty (237 £ 024 )x103
p et v, (19 + 04 )x1073
Hadronic modes with one K
K- nt (1389 £ 0.05)% S=1.2
K% 0 (122 + 0.05)%
K970 (100 + 0.7 )x1073
K rtnm [oo] (294 + 0.16 )% s=1.1
K% p0 (66 T 08 )yx1073
Klw,w— ata~ (21 + 06 )x10~4
K2 (m* 77) s wave (35 + 08 )x1073
K2 £,(980), (127 T 039 ) %1073
f5(980) — 7wt a—
K £(1370), (29 T 99 )x10-3
f(1370) — 7t a~
K% £(1270), (9 T Hx105
£(1270) — 7t~
K*(892)~ nt, (173 + 2l
K*(892)~ — K%n~
K3(1430)~ 7, . (281 F 339 ) %1073
K3(1430)~ — K%n~
K3(1430)~ 7, . (35 + 29 )x104
K3(1430)" — Kgm~
K*(1680)~ 7+, (5 +4 )x1074
K*(1680)~ — K%m~
K*(892)* n—, byl (118 + 382y 10-4
K*(892)* — K%t
K§(1430)" 7, K§(1430)" — [yl < 15 x 1075 CL=95%
K% at
K3(1430)" 77—, K5(1430)" — [y < 35 x1075 CL=95%
Kg T
K% a7~ nonresonant (27 T 89 yx104
K- nta0 [oo] (139 + 05 )% S=1.7
K= pt (108 + 07 )%
K~ p(1700)*, (79 +17 )x1073
p(1700)t — 7t 0
K*(892)~w™, (222 F 390y %
_K*(892)~ —» K~ af
K*(892)°x0, (188 + 023)%
K*(892)° — K—nat
K§(1430)" 7, (46 + 21 )x1073

K3(1430)~ — K~ a0

843

821
692
927
924
771

861
860
860
842

674

670
842

549

262

711

378

367

46

711

842

844
675

711

711

378
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K5(1430)07°,
Ky(1430)0 —» K- xt
K*(1680)~ 71,
K*(1680)~ — K~ n0
K~ 7t 2% nonresonant
Kg-27r0
K*(892)0 70,
K*(892)% — K%x0
k%270 nonresonant
K= 2ntn—
K~ =t pltotal
K~ nt p93-body
K*(892)0 0,
K*(892)° — K7t
K~ a;(1260)*,
a1(1260)T — 2t~
K*(892)0 7t total,
K*(892)° — K—nat
K*(892)0 7t 7~ 3-body,
K*(892)° — K~z
Kq(1270) 7+,
Ki(1270)" — K~ atr
K~ 27t 7~ nonresonant

K057r+7r_7r0
Kosn, n— wta a0
K%w, w— ata— 0

K= 2ntn— 70
K*(892)°nt m— a0,
K*(892)° — K—nat
K ntw,w— otr
K*(892)%w,
K*(892)° — K—xt,
w— 7ta a0
KOST]TI'O
K% a9(980), a9(980) — nn°
K*(892)07,
K*(892)° — K%r0
KgZTr+ 21~
K%p07t =, noK*(892)~
K*(892)~ 2ntn—,
KO*(892)* — K7~ no

0

K*(%92)*p07r+, K*(892)~ —
Kg T
K%27F 27~ nonresonant
K= 3nt2n—

[oo]

[22]

[aaa]

< 13

—
o]
~
|+
o
wo

) x 1073
) x 103

§)%
) x 103

A
@
w
I+ B+
= o oo
oo o =G

yx 1073

1.1 )x1073

.21
818 ) %

033)%
23 )x1073
0.23)%

o
b
o
e

(36 +06 )%
(16 +04 )%
) x 1073
) x 1073

0.26 ) %
06 )%
06 )x1074
05 )x1073
04 )%
06 )%

el
®
HoHH B

H

05 )%
3.0 )x1073

H-

)y x 1073
) x 103
) % 10-3

(56 + 12
(67 + 21
(16 + 05

(280 + 030 ) x 1073
(11 +07 )x1073
(5 +8 )x104
(17 + 07 )x1073

x 1073
(22 +06 )x1074

CL=90%

Fractions of many of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes. (Modes

379

46

844
843

711

843
813
609

609

416

327

685

685

484

813

813

772

670

771

643

605
410

721

768

642

230

768
713
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for which there are only upper limits and K*(892) p submodes only appear

below.)
K%n (429 + 027 ) x1073
K%w (111 + 0.06 )%
K%n'(958) (93 + 14 )x1073
K~ a;(1260)* (78 +11 )%
K~ ay(1320)* < 2 x1073
K*(892)0 nt 7~ total (24 +05 )%
K*(892)0 nt 7~ 3-body (148 + 0.34)%
K*(892)0 p0 (158 + 035)%
K*(892)0 pOtransverse (17 +£06 )%
K*(892)0 p% S-wave (30 +06 )%
K*(892)° o0 S-wave long. < 3 x 1073
K*(892)0 p0 P-wave <3 x 1073
K*(892)0 o0 D-wave (21 +06 )%
Ki(1270)~ 7t [zzZ] (16 +08 )%
K1(1400)~ 7+ < 12 %
K*(892)0 nt 7= 70 (19 +£09 )%
K rtw (30 +£06 )%
K*(892)0w (11 +05 )%
K~ ntn/(958) (75 +19 )x1073
K*(892)01/(958) < 11 x 1073
Hadronic modes with three K's
KK+ K- ( 465 + 0.30 ) x 10~3
K%a9(980)°, a — K+ K- (31 + 04 )x1073
K~ ap(980)*, aj — K+ K% (62 + 18 )x10~4
Kt ag(980)~, a; — K~ K% < 12 x 1074
K21£(980), fy —» KT K~ < 10 x 104
K%¢, ¢ — KTK~ (214 £ 015 ) x 1073
K% 1(1370), fy —» KT K~ (18 + 11 )x10~4
3KY (95 + 13 )x1074
KT2K— 7t (221 + 032)x1074
K+ K= K*(892)°, (44 + 17 )x107°
K*(892)0 — K—at
K nte, ¢ — KTK™ (40 £ 17 )x107°
#K*(892)°, ( 1.06 + 0.20 ) x 10~4
¢ — K+ K—,
K*(892)0 - K~ 7t
Kt 2K~ xt nonresonant (33 +£15 )x1075
2KY KE 7T (62 + 13 )x10~4
Pionic modes
ata~ ( 1397+ 0.026) x 103
270 (80 + 08 )x10~4
ata= 70 (144 £ 0.06 )%
pTa~ (98 + 04 )x1073
00 (373 + 022 ) x 1073
p~nt (497 + 023 )x1073
p(1450)T 71—, p(1450)F — (16 + 20 )x1075
™ T
p(1450)° 70, p(1450)° — (43 +£19 )x1075°
T
p(1450)~ n T, p(1450)~ — (26 + 04 )x1074

T

CL=90%

CL=90%
CL=90%

CL=90%

CL=90%

CL=95%
CL=95%

772
670
565
327

685
685
417
417
417
417
417
417
484
386
643
605
410
479
119

434
427

922
923
907
764
764
764
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p(1700)T 7=, p(1700)* — (59 + 14 )x1074
7T+ 7T0
p(1700)°7°, p(1700)° — (72 + 17 )x10~4
T
p(1700)~ 7t p(1700)~ — (46 + 11 )x1074
™ T
£(980) 70, £,(980) — wta~ (36 + 08 )x1075
f,(600)7°, £(600) — mta— (118 + 021 ) x10~4
f,(1370) =0, £,(1370) — (53 + 21 )x107°
T
f,(1500) 0, f5(1500) — (56 + 15 )x1075
ata~
f(1710) 70, £,(1710) — (45 + 15 )x107°
T
£(1270)7°, £(1270) — (1.90 + 0.20 ) x 10~4
T T
7t 7~ 70 nonresonant (1.21 + 0.35 ) x 10~4
3n0 < 35 x10~4 CL=90%
onton— (744 £ 021 )x1073  s=1.1
a1(1260)* 7=, af — 27t 7~ (446 + 031 ) x 1073
total
a1(1260)F 7=, af — pOrt (322 + 025 )x1073
S-wave
a(1260)* 7=, af — PO (19 + 05 )x10~4
D-wave
a(1260)Y 7=, af — ont (62 + 07 )x10~4
2p%total (182 + 0.13 )x10-3
2p9, parallel helicities (82 + 32 )x1075
2p9, perpendicular helicities (48 + 06 )x10~4
2p%, longitudinal helicities (125 + 0.10 ) x 10—3
Resonant (7t 7~ )7t 7~ (149 + 012 ) x1073
3-body total
ontn~ (61 £ 09 )x10~4
f(980) 7t 7=, fy — wTa~ (18 + 05 )x1074
HL(1270) 7T 7, £ — (36 + 06 )x1074
atr~
atr—2x0 (1.00 + 0.09 )%
nm0 [bbb] (64 + 1.1 )x10~4
wn® [bbb] < 2.6 x10~4 CL=90%
2rt2n— 70 (42 + 05 )x1073
nrt o~ [bbb] ( 1.09 + 0.16 ) x 10—3
watr™ [bbb] (1.6 + 05 )x10~3
3rt 37~ (42 + 12 )x1074
7' (958) 70 (81 + 16 )x10~4
7' (958) 7t 7~ (45 + 17 )x1074
2n (1.67 + 019 )x 1073
01’ (958) (126 + 027 )x 1073
Hadronic modes with a KK pair
Kt K~ (394 + 007 )x1073  s=1.3
2KY (19 + 07 )x10-% s=25
KeK—mt (35 + 05 )x1073  s=11
K*(892)0 k2, < 6 x10=4 CL=90%
K*(892)0 — K—7t
KK+ 7= (26 + 05 )x1073
K*(892)0 KQ, < 29 x10™4 CL=90%

K*(892)° — Ktz~

907
908
880

882
846
761
844
827
738
795
678
650
754
537

791
789
739
608

739
608
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KT K= 0
K*(892)t K—,
K*(892)t — Kt x0
K*(892)~ K+,
K*(892)~ — K~ n0
(K+7r0)57wavc K~
(K_ 71—0)5711)111)6 K*
f(980)7%, fy — Kt K~
om0, ¢ — KTK~
QKg 70
KtK-nta—
¢mt w7 3-body, p — KT K~
¢°, ¢ — KTK~
K+ K~ p93-body
f(980)nt 7, fp — KTK~
K*(892)° KF n 3-body,
K*O Kj: ¥
K*(892)0 K*(892)° K*0
KE T
K1(1270)i KI K1(1270)*
Kﬂ:
K1(1400)i K¢ K1(1400)*
Ki +
2K% atr
KIK=2rtr
KtK nta— =0

[cec]

[ddd]

<

<

(329 + 013 )x1073

(146
(52

(234
(13
(35
(6.4
5.9
(243
(24
(71
(5
(36
(27

(128
15
(31

+

+

+

0.07 ) x 103
04 )x107%

017 ) x 103
04 )x107%
06 )x10~4
04 )x107%

x 104
012 ) x1073
24 )x107°
06 )x107%
7 )x107°
09 )x10~4
06 )x1074

5 )x1073
1.8 )x10~%
12 )x107%

0.24 ) x 1073
x 104
20 )x1073

CL=90%

Other K’ KX modes. They include all decay modes of the ¢, n, and w.
(14 + 05 )x1074

on
dw

Radiative modes

!

wy

(240
K*(892)0~

<

<
<

21

2.4
2.4

x 1073

x 1074
x10~4

(270 + 035 ) x107°
(328 + 034 )x104

Doubly Cabibbo suppressed (DC) modes or
AC = 2 forbidden via mixing (C2M) modes

K+ ¢~ m,via DO
KT orK*(892)* e~ mevia
Do

Ktn~ DC
K+ 7~ via DCS
K*r~via D° B
K057r+7r_in po — DO
K*(892)T n—, DC
K*(892)t — K%t
K§(1430)" 77, DC
K5(1430)T — K%zt
K3(1430)" 7™, DC
K3(1430)" — K%zt
Ktn 0 DC

K+ 7~ x%via DO

<
<

<
<

<

<

2.2
6

(148

(131
1.6
19

(118

1.5

3.5

(3.0
(73

+

+

— 0.35

+

x 1075
x 1075

0.07 ) x10~4
0.08 ) x 10~4
x107°
x 104
0.60

) x 104
x 1075

x 1073

017 ) x 1074
05 )x107%

CL=90%

CL=90%
CL=90%

CL=90%
CL=90%

CL=95%
CL=95%

743
743

740
677
614
250
302

531

272

673
595
600

489
238

771
768
654
719

861

861

711

844
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Ktrton— B DC (262 7 921 yx104
K*r+2r~via D° < 4 x 10~4
p~ anything via D° < 4 x 104

AC = 1 weak neutral current (C1) modes,
Lepton Family number (LF) violating modes,
Lepton (L) or Baryon (B) number violating modes

vy C1 < 27 X107
ete” c1 < 12 x 106
wtp™ c1 < 13 x 106
nlete~ c1 < 45 x 1075
Ot~ c1 < 18 x10~4
nete~ c1 < 11 x 104
77/1,"' no C1 < 53 x10~4
ata-ete c1 < 3.73 x 10~4
pPlete c1 < 10 x 10~4
atrptp~ c1 < 30 x 1075
POt c1 < 22 x 1075
wete~ c1 < 18 x10~4
wptp~ c1 < 83 x10~4
K- Ktete™ C1 < 315 x 104
pete™ c1 < 52 x 1075
K=Ktputu~ c1 < 33 x 1073
optp~ c1 < 31 x 1075
Klet e~ [t] < 11 x10~4
Koutp= [tt] < 26 x 104
K- ntete™ c1 < 385 x 1074
K*(892)0et e~ [t] < 47 x 1075
K- ntutpu~ c1 < 359 x 104
K*(892)% ut pu— [tt] < 2.4 x 1075
ata=aOut c1 < 81 x 104
ptet LF  [ee] < 81 x 107
et T LF  [ee] < 86 x 1075
net uF LF  [ee] < 1.0 x 104
ata et T LF  [ee] < 15 x 1073
POet ¥ LF  [ee] < 4.9 x 1075
wet ¥ LF  [ee] < 12 x 104
K= Ktet,F LF  [ee] < 18 x 10~4
pet T LF  [ee] < 3.4 x 1075
KOe® ¥ LF  [ee] < 1.0 x 10~4
K- rtetu¥ LF  [ee] < 553 x10~4
K*(892)0 e* ;i LF  [ee] < 83 x 1075
21~ 2et + c.c. L < 112 x 104
2~ 2ut + c.c. L < 29 x 1073
K—n~2et+ c.c. L < 206 x 104
K—7~2ut+ cc. L < 39 x 1074
2K~ 2et + c.c. L < 152 x 104
2K~ 2ut + c.c. L < 9.4 x 1075
a~a~etput+ cc. L < 79 X107
K-n~etut+ cc. L < 218 x 1074
2K~ et ut + cc. L < 57 x 1075
pe~ LB [eee] < 1.0 x 1073

pet LB [fff] < 11 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=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=90%
CL=90%

813
812

932
932
926
928
915
852
838
922
771
894
754
768
751
791
654
710
631
866
852
861
719
829
700
863
929
924
848
911
767
764
754
648
863
848
714
922
894
861
829
791
710
911
848
754
696
696
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D*(2007)° 1Py = 3(17)
I, J, P need confirmation.
Mass m = 2006.96 + 0.16 MeV
Mpw — Mpo = 142.12 £ 0.07 MeV
Full width T < 2.1 MeV, CL = 90%
D*(2007)0 modes are charge conjugates of modes below.
D*(2007)0 DECAY MODES Fraction (I';/T) P (MeV/c)
DO 70 (61.94£2.9) % 43
DO~ (38.1+£2.9) % 137
D*(2010)* 1P = 3a7)
I, J, P need confirmation.
Mass m = 2010.25 + 0.14 MeV
Mpe010)+ — Mp+ = 140.65 £+ 0.10 MeV (S =1.1)
Mpe(2010)+ — Mpo = 145.421 £+ 0.010 MeV (S =1.1)
Full width T = 96 + 22 keV
D*(2010) ~ modes are charge conjugates of the modes below.
D*(2010)* DECAY MODES Fraction (T';/T) p (MeVjc)
DOzt (67.7+0.5) % 39
Dt =0 (30.740.5) % 38
Dt~y (1.6+0.4) % 136
D};(2400)° 1Py = 3(0™)
Mass m = 2318 + 29 MeV (S = 1.7)
Full width ' = 267 + 40 MeV
Da(2400)0 DECAY MODES Fraction (I';/T) p (MeVc)
Dt~ seen 385
D, (2420)° 1Py = 3at)
I, J, P need confirmation.
Mass m = 2422.0 £+ 0.6 MeV
mD(l) — Mp.y =411.7 £ 0.6
Full width ' = 20.4 + 1.7 MeV
51(2420)0 modes are charge conjugates of modes below.
D1(2420)0 DECAY MODES Fraction (I'; /T) p (MeV/c)
D*(2010)* 7~ seen 354
DOrt o~ seen 426
Dt~ not seen 473
D07t 7~ not seen 280
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D3(2460)°

P

1UP) = 32*)

=27t assignment strongly favored.

Mass m = 2462.8 + 1.0 MeV (S = 1.5)

Mpgo = Mpy = 5932+ 1.0 MeV (S = 1.5)

Mpso = Mpet = 452.6 + 1.0 MeV (S = 1.5)

Full width T = 42.9 &£ 3.1 MeV (S = 1.7)

5;(2460)0 modes are charge conjugates of modes below.

D;(2460)o DECAY MODES Fraction (I';/T) p (MeV/c)
Dt~ seen 507
D*(2010)* 7~ seen 391
DOzt~ not seen 464
D0t~ not seen 326
D3(2460)% 1Py = 32
JP =02t assignment strongly favored.
Mass m = 2460.1 728 MevV (S = 1.5)
Mps2a60)t ~ MDy(2460)0 = 2.4 £ 1.7 MeV
Full width I = 37 £ 6 MeV (S = 1.4)
D§(2460)_ modes are charge conjugates of modes below.

D3(2460)* DECAY MODES Fraction (';/T) p (MeV/c)
DOzt seen 508
D07t seen 391
Dt rt o~ not seen 457
D*t rt o~ not seen 320

CHARMED, STRANGE MESONS

t e D% i ,
Dy =c5, Dy =Ts, similarly for D’s‘ s
Df 1(JPy = 0(07)

Mass m = 1968.47 £+ 0.33 MeV (S = 1.3)
Mps = Mps = 98.88 + 0.30 MeV (S =1.4)

Mean life 7 = (500 = 7) x 10~ s (S = 1.3)
cr = 149.9 um
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CP-violating decay-rate asymmetries

Acp(ptv) =0.05 4 0.06
Acp(KEKY) = 0.049 +0.023
Acp(KT K= 7%) = 0.003 & 0.014
Acp(KT K= 7t n0) = —0.06 + 0.04
Acp(K2KF2rt) = —0.01 £ 0.04
Acp(rtn~nt) = 0.02 + 0.05
Acp(rn) = —0.08 £ 0.05
Acp(r¥n’) = —0.06 + 0.04
Acp(Ktn%) = 0.02 +0.29
Acp(K%n%) =027 £ 0.11
Acp(KErtn™) = 0.11 4+ 0.07
Acp(KEn) = —0.20 + 0.18
Acp(K*E7/(958)) = —0.2 4+ 0.4

T-violating decay-rate asymmetry

bg

Ar(KYKFatr™) = —0.04 £ 0.07 [88e]

— @€+t v, form factors
rp=0.84 +£0.11 (S=24)
r, = 1.80 £ 0.08

/T =0.72+0.18

Unless otherwise noted, the branching fractions for modes with a resonance in
the final state include all the decay modes of the resonance. D; modes are
charge conjugates of the modes below.

Scale factor/

D's" DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Inclusive modes
et semileptonic [hhh] ( 6.5 +0.4 )% -
7T anything (119.3 +£1.4 )% -
7~ anything (432 £09)% -
70 anything (123 £7 )% -
K™ anything (187 £05)% -
Kt anything (289 +£0.7 )% -
K% anything (190 £1.1 )% -
7 anything [iii] (1 29.9 £2.8 )% -
w anything (61 £14)% -
n’ anything Uil (117 1.8 )% -
(980) anything, fy — 77~ < 13 % CL=90% -
¢ anything (157 £1.0 )% -
KT K~ anything (158 £0.7 )% -
K%K“:anyth.ing ( 58 £05)% -
KSOK any'Fhlng (19 £04)% -
2K’ anything ( 1.70+0.32) % -
2Kt anything < 26 x 1073 CL=90% -
2K~ anything < 6 x10™4  CL=90% -
Leptonic and semileptonic modes

etve < 12 x10~%  CL=90% 984
wtu, ( 58 £0.4 )x1073 981
ttu, ( 5.6 £0.4)% 182
KtK=etu, — 851

detve [kkk] ( 2.49:+0.14) % 720
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netve + 1/(958)et e [kkk]
netve [kkk]
7'(958) et ve [kkK]

KOt v,

K*(892)0 e 1g [kkK]

f(980)eT v, fy — wH7™

(

3.66+0.37) %
2.67+0.29) %
9.9 +23 ) x 1073
3.7 +£1.0 ) x 1073
1.8 +0.7 ) x 1073
2.0040.32) x 1073

Hadronic modes with a KK pair

K+ K

KtK—zt [00]
ort [kkk, 1i1]
ort, ¢ - KTK™ [

KtK*(892)%, K0 — K—7+t

£(980) 7t fy —» KT K~

f0(1370)71'+, fo — KtK~—

fH(1710) 7+, fy — KT K™

Kt K3(1430)°, Ky — Kot
KOKO 7+

K*(892)+ KO [kkk]
Kt K—nt 70

opt [kkK]
KYK=2rt

K*(892)F K*(892)0 [kkk]
K+t K% ata~
KtK 2rtn—

o2t~ [kkk]

Kt K= pO 7t non-¢ <

ppnt, ¢ — KTK™

par(1260)F, ¢ — KT K-,
af — pOrt

K+ K~ 2r% 7~ nonresonant

2Kg 2nt o~

(

1.49:£0.08) %
5.504+0.27) %
45 £04 )%
2.3240.14) %
2.6040.15) %
1.55+0.16) %
24 +£0.4 )x1073
1.8740.33) x 103
21 +0.4 )x 1073
54 £12 )%
56 +0.5 )%
84 F39)%
1.6440.12) %
72 £26 )%
9.6 +1.3 ) x 1073
8.8 +1.6 )x 1073
1.21+0.16) %
2.6 x 10~4
6.6 +1.3 )x 1073
75 +13 ) x 1073

9 +7 )x1074
8.4 +35 ) x 1074

Hadronic modes without K's

at g0 <
2nt o~
pont
wt (""7L T )S—wave [mmm]
fL(1270) 7+, fh — 7T a~
p(1450)0 7%, p0 — 7t o~
aton0
2ntr—n
nrt [kkK]
wrt [kkK]
3rt2n~
2t 270
npt [ickk]
nnt x03-body [kkk] <
wrt 0 [kkk]
3rtor— 70
worta™ [kkk]
7/(958) 7t Lid kkk]
3nt2n— 270

0

~ e~~~ o~ —~

(

(

(
(
(
(

6 x 1074
1.1040.06) %

2.0 +1.2 ) x 1074
9.2 +0.6 )x 1073
1.1140.20) x 10~3
3.0 £2.0 ) x 1074
6.5 +£1.3 ) x 1073

1.56+0.20) %
2.3 £0.6 ) x 1073
8.0 £0.9 ) x 1073

8.9 +0.8 )%
5 %
28 +07 )%
49 +£32)%
1.6 £05 )%
38 £04 )%

S=1.1

CL=90%

CL=90%

CL=90%

908
751
921
782

850
805
712
712
416
732

198
218
802
683
748

401

744
417
744
673
640
249
181

673
669

975
959
825
959
559
421
961
935
902
822
899
902
724
886
802
856
766
743
803
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wnnt [kkk] < 2.13 % CL=90% 654
7'(958) p L kkk] ( 12.5 £2.2 )% 465
7/ (958) 7t 70 3-body [kkk] < 1.8 % CL=90% 720
Modes with one or three K's
K+ 70 ( 82 £22)x1074 917
KQnt ( 1.20+0.08) x 10~3 916
KTy [kkk] ( 1.39+0.30) x 10~3 835
Ktw [kkk] < 2.4 x1073  CL=90% 741
Kt/ (958) [kkk] ( 1.6 +0.5 )x 1073 646
Ktatn~ ( 6.9 £05)x1073 900
K+ p0 ( 27 £05)x1073 745
Kt p(1450)°, p0 — 7t 7~ (73 £26 )x1074 -
K*(892)%xt, K* — Ktz ( 1.5040.26) x 103 775
K*(1410)0 7%, K*0 — K+ga— ( 1.30+0.31) x 103 -
K*(1430)°7F, K0 — K+za— (5 +4 )x107* -
K+ 7t 7~ nonresonant ( 11 +£0.4 )x103 900
KOxt 70 ( 1.00+0.18) % 900
K%ort n ( 29 £1.1)x1073 870
Ktwnl [kkk] < 8.2 x1073  CL=90% 684
Ktwntna~ [kkk] < 5.4 x1073  CL=90% 603
KTwn [kkk] < 7.9 x1073  CL=90% 367
2K+ K~ (49 £17 )x107% 628
oKt [kkk] < 6 x107%  CL=90% 607
Doubly Cabibbo-suppressed modes
2Kt 7™ ( 1.2940.18) x 1074 805
Baryon-antibaryon mode
pA ( 1.3 +£0.4 )x1073 295
AC = 1 weak neutral current (C1) modes,
Lepton family number (LF), or
Lepton number (L) violating modes

ntete™ [t < 27 x10~4%  CL=90% 979
atptu~ [t] < 26 x107%  CL=90% 968
Ktete~ c1 < 16 x1073  CL=90% 922
Ktutpu~ c1 < 36 X107  CL=90% 909
K*(892) " it ™ c1 < 14 x1073  CL=90% 765
atetp T LF  [ee] < 6.1 x10~4  CL=90% 976
Ktet T LF  [ee] < 63 x 1074 CL=90% 919
7 2et L < 6.9 x 1074 CL=90% 979
n2ut L < 29 x1075  CL=90% 968
ametut L < 13 x 1074 CL=90% 976
K~ 2et L < 63 x1074  CL=90% 922
K= 2ut L < 13 x1075  CL=90% 909
K=etput L < 68 x1074  CL=90% 919
K*(892)~ 2u™ L < 14 x1073  CL=90% 765

D:* 1Py = 02

JPis natural, width and decay modes consistent with 1.

Mass m = 2112.3 £+ 0.5 MeV

(S =11)

Mpex — Mpe = 143.8 + 0.4 MeV
Fullwidth T ‘< 1.9 MeV, CL = 90%
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D;_ modes are charge conjugates of the modes below.

D% DECAY MODES Fraction (I';/T) p (MeVjc)
D~ (94.2£0.7) % 139
D& 0 (5.8£0.7) % 48
D%y (2317)* 1(JP)y = o(0 ™)
J, P need confirmation.
JP is natural, low mass consistent with ot.
Mass m = 2317.8 +£ 0.6 MeV (S = 1.1)
mDZo(Bl?)i — mD;*“ =349.3 £ 0.6 MeV (S =1.1)
Full width I' < 3.8 MeV, CL = 95%
D;0(2317)* modes are charge conjugates of modes below.
Dzo(2317)=‘= DECAY MODES Fraction (I';/T) p (MeVc)
D;’ 0 seen 298
Dj 070 not seen 205
Ds1(2460)% 1Py =0(1T)
Mass m = 2459.5 + 0.6 MeV (S = 1.1)
Mp., (2460)* ~ mD;i =347.2 £ 0.8 MeV (S =1.2)
Mp. (2460)* ~ mDsi =491.1 £ 0.7 MeV (S =1.1)
Full width ' < 3.5 MeV, CL = 95%
Dg1(2460) ™ modes are charge conjugates of the modes below.
Scale factor/ p
D51(2460)+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Dit 0 (48 +£11 )% 297
D~ (18 =4 )% 442
Dfxtr— (43£ 13)% s=11 363
Dity < 8 % CL=90% 323
D%y (2317)Fy (37t 3% % 138
Ds;(2536)* 1Py =00ty
J, P need confirmation.
Mass m = 2535.29 + 0.20 MeV
Full width I' < 2.3 MeV, CL = 90%
Dg1(2536) modes are charge conjugates of the modes below.
Dg; (2536) DECAY MODES Fraction (I';/T) p (MeVjc)
D*(2010)* K© seen 149
D*(2007)° K+ seen 168
Dt KO not seen 382



Meson Summary Table 67

DK+ not seen 391
D;+ y possibly seen 388
D;L at o~ seen 437
?
D%,(2573) 1Py = 0(7")

JPis natural, width and decay modes consistent with 27 .

Mass m = 2572.6 + 0.9 MeV
Full width ' =20 £ 5 MeV (S = 1.3)

Dz2(2573)* modes are charge conjugates of the modes below.

D?,(2573)+ DECAY MODES Fraction (T;/T) p (Mevjc)
DOK* seen 435
D*(2007)° K+ not seen 244

BOTTOM MESONS
(B = £1)

Bt = ub, B® = db, B = db, B~ =1ub, 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 B¥ section, but because of their importance we have cre-
ated two new sections: “B¥/B® Admixture” for T(4S) results
and “B*/B%/B%/b-baryon Admixture” for results at higher en-
ergies. Most inclusive decay branching fractions and x at high
energy are found in the Admixture sections. B9-B° mixing data
are found in the BY section, while B3-BY mixing data and B-B
mixing data for a B%/BY admixture are found in the BY section.
CP-violation data are found in the B+, B%, and B* B Admix-
ture sections. b-baryons are found near the end of the Baryon
section.
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The organization of the B sections is now as follows, where bullets
indicate particle sections and brackets indicate reviews.
Bt
mass, mean life, CP violation, branching fractions
B0
mass, mean life, B9-B° mixing, CP violation,
branching fractions
o B B0 Admixtures
CP violation, branching fractions
o B*¥/BY/BY/b-baryon Admixtures
mean life, production fractions, branching fractions
e B*
mass
o B;(5721)°
mass
o B3(5747)°
mass
. Bg
mass, mean life, B3-BY mixing, CP violation,
branching fractions
. B:
mass
o By (5830)°
mass
o B8,(5840)°
mass
. B?
mass, mean life, branching fractions
At the end of Baryon Listings:
o /\p
mass, mean life, branching fractions
Xy
mass
. }:’B
mass
0 ——
b' =b
mass, mean life, branching fractions
° _Q;

mass, branching fractions

e b-baryon Admixture
mean life, branching fractions
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B:l:

1Py = 3(07)

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

Mass mgs = 5279.17 £ 0.29 MeV
Mean life 7. = (1.638 &+ 0.011) x 1072 s

cr = 491.1 ym
CP violation

Acp(Bt — J/¢p(1S)Kt) = 0.009 + 0.008 (S = 1.3)

Acp(BtY — J/¢p(1S)nt) =0.01 £0.07 (S=1.3)

Acp(BY — J/¢pt)=—011+0.14

Acp(BT — J/iK*(892)T) = —0.048 + 0.033

Acp(Bt — n.KT) = —-0.16 + 0.08

Acp(BT — ¥(2S)7T) = 0.02 £ 0.09

Acp(BT — ¥(2S)KT) = —0.025 £ 0.024

Acp(BT — ¥(2S)K*(892)1) = 0.08 4 0.21

Acp(Bt — xc1(1P)7t) = 0.07 + 0.18

Acp(Bt — xooKt)=-011+0.12

Acp(Bt — xe KT) = —0.009 + 0.033

Acp(BT — xc1 K*(892)1) =05+ 05

Acp(BT — DOzt) = —0.008 + 0.008

ACP(B+ — DCP(+1) 7T+) = 0035 + 0024

Acp(BT — Dgp(—1)mt) = 0.017 + 0.026

Acp(BT — DOK*) =0.07 + 0.04

rg(Bt — DPK*) =0.101 + 0.032

6p(BT — DOKT) = 126 + 21 degrees

rp(BT — DK*T)=034+009 (S=13)
dp(BT — DK**) =157 + 70 degrees (S = 2.0)
Acp(Bt — [K—nt]pKt) = 01792

N
Acp(BY — [K=7t]5K*(892)T) = —0.3 + 0.5
Acp(BT — [K~7t]pnt) = —0.02 £ 0.16
Acp(Bt — [#T7n~70)pK*) = —0.02 + 0.15
Acp(BT — Dop(41)KT) =024 £008 (S=11)
Acp(BT — Dep(—1)KT) = —0.10 £ 0.08
Acp(BT — D*0xt) = —0.014 + 0.015

Acp(Bt — (D;P(H))Ofrﬂ = —0.02£0.05
Acp(BT — (D*CP(_I))%ﬂ = —0.09 £ 0.05
Acp(Bt — D*OK*) = —0.07 + 0.04

ry(BY — D0KT) =0.14 £ 0.05
§5(BT — D*OK+) =299 + 24 degrees

Acp(Bt — DE?P(H) K*) = —0.12 £ 0.08

Acp(Bt — D¢.p(_1y Kt) =0.07 £0.10
Acp(BT — Dep(41)K*(892)) = 0.09 + 0.14
Acp(BT — Dop(—1)K*(892)F) = —0.23 + 0.22
Acp(BT — D*tD*0) = —0.15 + 0.11

Acp(Bt — D*tD% = —0.06 +£0.13
Acp(BY — DtD*0) =0.13 £ 0.18
Acp(Bt — DtD% = —0.03 £ 0.07



70 Meson Summary Table

Acp(BY — K%nT) =10.009 +£0.029 (S=12)
Acp(BT — KT 70) =0.051 + 0.025
Acp(BT — 7 Kt) =0.013 £ 0.017
Acp(Bt — 1/ K*(892)1) = —0.3070-33
Acp(BT — nK*)=-03740.09
Acp(BT — nK*(892)%) = 0.02 & 0.06
Acp(BT — nK§(1430)%) = 0.05 £ 0.13
Acp(BT — nK3(1430)%) = —0.45 £ 0.30
Acp(Bt — wKT) =0.02 £ 0.05

Acp(BT — wK*t) =029+ 0.35

Acp(BY — w(Km)3t) = —0.10 + 0.09
Acp(BT — wK3(1430)") = 0.14 + 0.15
Acp(BT — K*(892)*70) = 0.04 £ 0.29
Acp(BT — KO0xt)=—-0.04+£0.09 (S=21)
Acp(BT — KTa~at)=0.038 £ 0.022
Acp(B* — £(980)K*) = —0.10* .02
Acp(BT — £(1270)K*) = —0.68 7012
Acp(BT — fx(1300)K*) = 0.28 + 0.30
Acp(BT — pPK*) =0.37+0.10

Acp(BT — K§(1430)°7%) = 0.055 + 0.033
Acp(BT — K3(1430)°7t) = 0.057322
Acp(BT — KOpt) = (-0.12+0.17) x 107
Acp(Bt — K*Fatn—) =0.07 £ 0.08
Acp(BY — pAy) =017 +0.17

Acp(Bt — pAx®) =0.01 £0.17

Acp(BT — pPK*(892)T)

Acp(BT — K*(892)1 £(980)) = —0.34 + 0.21
Acp(BY — af K% =0.12+0.11

Acp(BT — b KO) =-0.03+0.15
Acp(BT — K*(892)0pt) = —0.01 + 0.16
Acp(BT — BYKT) = —0.46 + 0.20
Acp(BT — KOK*) =10.12+0.18
Acp(BT — KT KYIKY) = -0.04 +0.11
Acp(BY — KtK~nt) =0.00 4+ 0.10
Acp(BT — KTK~Kt) =—-0.017 + 0.030
Acp(BT — ¢K*) = —0.01 £ 0.06
Acp(BT — Xp(1550)KT) = —0.04 + 0.07
Acp(BT — K*TKtK~)=10.1140.09
Acp(BT — ¢K*(892)T) = —0.01 + 0.08
Acp(BT — ¢(Km)gT) =0.04 £0.16
Acp(BT — ¢K{(1270)%) = 0.15 & 0.20
Acp(BT — ¢K35(1430)7) = —0.23 +£0.20
Acp(Bt — K*(892)t+) = 0.018 + 0.029
Acp(BT — nKty)=-0.12 4 0.07
Acp(BT — ¢Ktv) =—-0.26 +0.15
Acp(BT — ptv)=—-0.11+0.33
Acp(BT — 7t x0) =0.06 +0.05

Acp(BT — 7Fa~at) =0.03 + 0.06
Acp(Bt — pOxt) =0.1873%

Acp(Bt — £H(1270)7T) = 0.41 £ 0.30



B+ DECAY MODES

Fraction (I';/T)
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Acp(BT — p0(1450)7T) = —0.1F02

Acp(BT — £(1370)7T) = 0.72 £ 0.22

Acp(Bt — 7r+7r 7t nonresonant) = —0.14+923

Acp(BT — pta0) =0.02 +0.11

Acp(BT — ptp0) = —0.05 £ 0.05

Acp(Bt — BYnt) =0.05+0.16

Acp(BT — wrt) = —0.04 + 0.06

Acp(Bt — wpT) = —0.20 + 0.09

Acp(BT — n7T)=-0.134+0.10 (S=15)

Acp(BT — n/71) =0.06 £ 0.16

Acp(BtY — npt)=011+0.11

ACP(B+ — /p+) =0.04 £ 0.28

Acp(BT — pprt) =0.00 + 0.04

Acp(BT — ppKt) = —-0.16 4+ 0.07

Acp(BtY — ppK*(892)T) =021 £0.16 (S = 1.4)

Acp(Bt — K+e+r) = -0.0140.09 (S=11)

Acp(BT — K e”)=0.14+0.14

Acp(BtT — K+;ﬁ'; ) = —0.05 £ 0.13

Acp(BT — K*t¢ti=) = -0.09 +0.14

Acp(BY — K*ete™)=-0.1440.23

Acp(BT — K*ptpu~) = —012+024

(BT — DO KM+) = (62 + 15)°
B~ modes are charge conjugates of the modes below. Modes which do not
identify the charge state of the B are listed in the B:‘:/B0 ADMIXTURE sec-
tion.
The branching fractions listed below assume 50% BYBO and 50% Bt 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, Dg, D*, and + 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 fractions 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

Confidence level (MeV/c)

Semileptonic and leptonic modes

¢+ yyanything [nnn]  ( 10.99 +0.28 ) %
etve X (108 +04 )%
D £F yyanything (98 +07 )%
DO ¢t v, [nnn]  ( 2.23 £0.11 )%
DOt o, (7 +4 )x1073
D*(2007)°¢* v, [pnn] ( 5.68 £0.19 )%
D*(2307l°r+ v, (20 +05 )% ,
D= n Ty, ( 42 05 )x10™
53(2120)%+ v x B(D§Y — ( 25 405 )x1073
DT~
D3(2460)° ¢+ vy x B(D3? — ( 1.67 £0.30 ) x 103 S=1.2

D*77)

2310
1911
2258
1839
2306

2065
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D& nrlty(n > 1) ( 186
Dt ity B ( 61
D1(2420)%¢* vy x B(DY — ( 3.03
I
D (2430)%¢* vy x B(DY — ( 27
Dty
D3(2460)° ¢+ vy x B(D3? — ( 185

D*tn™)

w00ty (77

ntt v, ( 37

0 Ty, (17

wlty, [nnn] ( 1.15

,00 Ty, [nnn]  ( 1.28

ppet v, < 52

et e < 19

ntv, < 10

o, (18

1Ty < 156
etvey < 17
wry,y < 24

Inclusive modes
DOX ( 86
D% X (79
DT X ( 25
D= X (9.9
+
Df x (79
Dy X ( 1.10
+
AEX ( 21
N X ( 28
tX (97
cX (234
ccX (120
D, D*, or Ds modes
DOrt ( 484
Dcp(+ 1)71"" [ooo] ( 23
_ DCP(_1)7r+ [oo0] ( 2.0
DOpt ( 134
DK+ ( 368
DCP(+ 1) Kt [ooo] ( 2.01
DCP(— 1) Kt [ooo] ( 1.89
[Knt]pK™T lopp) < 238
[KTa~]pK* lpppl < 4
[K-at]prt loppl (63
[Kta~]prt (19
[_+7T_7T0]DK_ ( 46
DY K*(892)* ( 53
DCP(*l) K*(892)+ [ooo] ( 27
_ DCPEI) K*(892)* [ooo] ( 5.8
DO K*TKO ( 55

+0.26 ) %
+0.6 )x1073
+0.20 ) x 1073

+06 )x1073
+0.27 ) x 1073

+12 )x1075
+13 )x107°
+2.2 )x1073
+0.17 ) x 10~4
+0.18 ) x 10~4
x 1073
x 1076
x 106
) x 10~4
x 1075
x 1073
X107

+0.5

+0.7 )%
4 )%
+05 )%
+12 )%

SEWEDRU
0.40
03 )%

o8 )%

65 )%

4 )%
18 %
16 )%

+0.15 ) x 1073
+0.4 )x1073
+0.4 )x1073
+0.18 ) %
+0.33 ) x 1074
+0.26 ) x 10~4
+0.27 ) x 1074
x 107
x 1075
yx 107
) x 10~4
) x 10~
) % 104
)y x10~4
)y x10~4
) x 1074

+1.1
+0.4
+0.9
+0.4
+0.8
+1.1
+1.6

S=1.3

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

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

CL=90%
CL=90%

2254
2084

2065

2638
2611
2553
2582
2583
2467
2640
2639
2341
2640
2640
2639

2308

2237
2280
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DOK+K*(892)°
Dortatr—
D7t 7t 7~ nonresonant
DOt p0
DY a;(1260)
D wm
D*(2010)~ 7t 7t
D~ rxtgt
D+ KO
D*(2007)0 7t
D*COP(+1) L [qqq]
D*COP(_I) xt lqqq]
D*(2007)%wrt
D*(2007)0 pt
D*(2007)0 K+
D*COP(+1) K+ [qqq]
DZQP(_I) Kt laqq]
D*(2007)0 K*(892)*
D*(2007)° K+ KO
D*(2007)0 K+ K*(892)°
D*(2007)° 7t wt
D*(2007)% a; (1260)*
D*(2007)° 7~ 7t 7t 70
D*03xton—
D*(2010)* #°
D*(2010)* K°
D*(2010) " 7t 7t 70
D*(2010)~ 7t wt nt o~
D*0 gt [rrr]
D;(2420)0 7+
D1(2420)° 7+ x B(DY —
DOnt )
D3(2462)0 7+
x B(D5(2462)° — D~ 7t)
D;;(2400)% 7+
x B(Dj(2400)° — D~ 7t)
Dy (2421)0 7 F
x B(D1(2421)° — D*—zT)
D3 (2462)0 7+
x B(D5(2462)° — D*~7t)
D (2427)0 7t
x B(D} (2427)° — D*—xt)
D1(2420)0 7+ xB(DY —
DOrta7)
D (2420)° p*
D3(2460)% 7+
D3(2460)0 7+ xB(D30 —
DOrta7)
Dj(2460)° p*
DOpf

A

<

—_~ o~~~ —~

7.5
1.1
5
4.2
4
4.1
1.35
1.07
5.0
5.19
2.9

2.6

4.5
9.8
4.21
2.8
2.32
8.1
1.06
15
1.03
1.9
1.8
5.7
3.6
9.0
1.5
2.6
5.9
15

1.9

35

6.4

6.8

1.8

5.0

1.4
1.3
2.2

4.7

( 100

+17 )x107%
+04 )%
+4  )x1073
+3.0 )x1073
+4  )x1073
+0.9 )x1073
+0.22 ) x 1073
+0.05 ) x 1073
x 106
+0.26 ) x 1073
+07 )x1073

+1.0 )x1073

+12 )x1073
+1.7 )x1073
+0.35 ) x 10~4
+04 )x107%
+0.33 ) x 1074
+1.4 )x1074
x 1073
+04 )x1073
+0.12 ) %
£05 )%
£04 )%
+1.2 )x1073
x 1076
x 106
+07 )%
+04 )x1073
+1.3 )x1073
+0.6 )x1073
o8 )0

+04 )x1074
+14 )x107%
+15 )x10~%
+05 )x1074
+12 )x107%
x 106
x 1073
x 1073

x 1073

x 1073
+1.7 )x1073

CL=90%

CL=90%

CL=90%

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

CL=90%

2071
2289
2289
2207
2123
2206
2247
2299
2278
2256

2149
2181
2227

2156
2132
2008
2236
2062
2219
2196
2255
2225
2235
2217

2081
2081

2128

2081

1996
2062
2062

1975
1815
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Dso(2317)+ D% x
B(Dso(2317)* — DI 0)
Dso(2317)+ DO x
B(Dso(2317)" — D7)
Dso(2317)t D*(2007)° x
B(Dso(2317)* — DI 0)
D, ;(2457)+ D°

D, 7(2457)1 DO x
B(Ds(2457)" — D7)

D, ;(2457)1 DO x
B(D,(2457)F —

D;’ ata)

D, 7(2457)1 DO x
B(D;(2457)" — D 0)

D, ;(2457)* D% x
B(D(2457)" — D7)

D, ;(2457)* D*(2007)°

D, ;(2457)F D*(2007)° x

 B(Dys(2457)" — D¥)

DO Dy (2536)F x
B(Ds1(2536)t —
D*(2007)° Kt)

D*(2007)0 Ds;(2536)F x
B(Ds1(2536)" —
D*(2007)° K+)

DO Dy, (2536) T x
B(Ds1(2536)1 — D*t KO)

DO D, ;(2700)* x
B(D,;(2700)t — DOKT)

D*0 Dy (2536) x
B(Ds1(2536)1 — D*t KO)

DD, ;(2573)F x
B(D,;(2573)t — DOKT)

D*(2007)° Dy ;(2573)F x
B(D,(2573)" — DOKT)

DOpit

D*(2007)° D}

D*(2007)° D+

Dg*)+5**0

D*(2007)° D*(2010)*

D D*(2010)* + D*(2007)° D*

DO D*(2010)*

DOp+

DO Dt KO

D*D*(2007)°

D*(2007)° D KO

DOD*(2010)* KO

D*(2007)° D*(2010)* K°

DODO K+

D*(2007)° DO K+

DO D*(2007)° K+

—_~ o~~~ —~

7.3

7.6

3.1

4.6

22

2.7

9.8

1.20
1.4

2.2

5.5

2.3

1.13

3.9

7.6
8.2
1.71
2.7
8.1
1.30
3.9
3.8
2.8
6.3
6.1
5.2
7.8
2.10
3.8
4.7

+22 %1074
x 10~4

+7  )x1074

o9 )x1073

a0t
x 104
x10~4
x 104

+0.30 ) %

0T yx1073

+07 )x10~%

+1.6 )x1074

+1.1 )x107%

£338 ) 1073

+26 )x107%
x10~4
x10~4

+1.6 )x1073
+1.7 )x1073
+0.24 ) %

+12 )%
+1.7 )x10~%
%
+05 )x10~4
+04 )x10~%
x 103
+1.7 )x1074
x 1073
+1.2 )x1073
+26 )x1073
+0.26 ) x 1073
x 103
+1.0 )x1073

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

1605

1605

1511

1447

1338

1447

1338

1306

1306

1734
1737
1651

1713
1792
1792
1866
1571
1791
1474
1476
1362
1577
1481
1481
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D*(2007)% D*(2007)° K+ ( 53 +16 )x1073 1368
D= DT K* < 4 x1074  CL=90% 1570
D~ D*(2010)T K+ < 7 x1074  CL=90% 1475
D*(2010)~ Dt K+ (15 +04 )x1073 1475
D*(2010)~ D*(2010)* K+ < 18 x1073  CL=90% 1363
(D+D*)(D+D*)K (35 +06 )% -
D r0 ( 1.6 05 )x107° 2270
Dit a0 < 26 x1074  CL=90% 2215
Din < 4 x10~4  CL=90% 2235
Dty < 6 x1074  CL=90% 2178
D¥p° < 30 x1074  CL=90% 2197
Dt p0 < 4 x10=4  CL=90% 2138
DYw < 4 x1074  CL=90% 2195
Ditw < 6 x1074  CL=90% 2136
DY a1(1260)° < 18 x1073  CL=90% 2079
Dt a(1260)° < 13 x1073  CL=90% 2014
D¢ < 19 x1076  CL=90% 2141
Dit¢ < 12 x1075  CL=90% 2079
DIK® < 8 x10=4  CL=90% 2241
Dit KO < 9 x10=4  CL=90% 2184
DIK*(892)° < 4 x1074  CL=90% 2172
Dit K*(892)° < 35 x1074  CcL=90% 2112
DyatK* ( 1.80 £0.22 ) x10~4 2222
Dy xt KT ( 145 £0.24 )x 1074 2164
Dy wt K*(892)F < 5 x1073  CL=90% 2138
Dy xt K*(892)* < 7 x1073  CL=90% 2076
Dy KT Kt ( 11 +04 )x1075 2149
Dy KtKT < 15 x1075  CL=90% 2088
Charmonium modes
neKt (91 +13 )x1074 1753
ne K*(892) (12 0T yx1073 1648
ne(2S)K* ( 34 +18 )x1074 1320
J/Y(1S)KT ( 1.014:0.034) x 103 1683
J/Y(AS)K Tt~ ( 1.07 £0.19 ) x 103 S=1.9 1612
he(LP)K* x B(he(1P) — < 34 x1076  CL=90% 1401
J/wrtaT)
X(3872) K+ < 32 x1074  CL=90% 1141
X(3872) KT x B(X — (95 419 )x10°° S=13 1141
J/prt ™)
X(3872) KT x B(X — J/17) ( 28 +08 )x10°6 1141
X(3872) K*(892)* x B(X — < 48 x1076  CL=90% 939
J/)
X(3872) KT x B(X — (25)7) (95 +28 )x107° 1141
X(3872) K*(892)T x B(X — < 28 x1075  CL=90% 939
¥(25)7) _
X(3872) KT x B(X — D°D0) < 60 x1075  CL=90% 1141
X(3872) KT x B(X — DT D7) < 40 x107%  CL=90% 1141
X(3872) KT x B(X — ( 1.0 +04 )x1074 1141
DYDY 70)
X(3872)K* x B(X — D*0DO) ( 85 £26 )x1075 S=14 1141
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X(3872) K+

x B(X(3872) — J/4(1S)n)

X (3872)1 KO x B(Xx(3872)F —

J/9p(18) 7t 79)

X(4430)T KOx B(XtT —
Jjprt)

X(4430)t KOx B(Xt —
¥(2S)7t)

X(4260)9 Kt x B(X? —
J/yrt )

X(3945)0 Kt x B(X® — J/¢n)
Z(3930)° Kt x B(Z° — J/v)

J/9(1S) K*(892)*
J/(1S)K(1270)*
J/(1S) K(1400)*
J/p(AS)nK*

JpQS)n Kt

J/0(1S) K+

J/4(1S)w K+ nonresonant
J/p(18)

J/e(1S)pt

J/9(1S) 7T 70 nonresonant
J/(1S) a;(1260)F

1/ (18) pA

J/p(18)Z0p

J/p(1S) D+

J/¢p(1S) DOt

Y(2S)r*

P(2S)KT

¥(2S) K*(892)
YRS)Ktrta~
Y(3770) KT

Y(3770)KT x B(yp — DODY)
P(3770)K* x B(yy — Dt D7)

Xcomt xB(xco — 7T+777)
Xco(1P)K™*

Xco K*(892)*

X2 xB(xea — 7t 77)
)((:2K1L

Xc2 K*(892)F

Xcl(lp)ﬂ'+

Xc1(1P) K*
xc1(1P)K*(892)*
he(1P)K*

KOrt

K+ a0
7Kt

7 K*(892)*
nK+
nK*(892)F
nK§(1430)F
nK3(1430)*

[sss]

A

AN A

~ e~~~ o~~~

AN N AN A

(
(
(

<

7.7

2.2

15

4.7

29

1.4
25
1.43
1.8

1.08
8.8
5.2
3.5
4.9
5.0
7.3
1.2
1.18
1.1
1.2
2.5
2.58
6.46
6.2
1.9
4.9
1.6
9.4
1

1.33

21
1

1.8
1.2
2.0
4.6
3.0
3.8

K or K* modes

~ e~~~ o~~~ —~

231
1.29
7.06
4.9

2.33

1.93
1.8
9.1

x1076  CL=90%
X107  CL=90%
x1075  CL=95%
x107%  CL=95%
x1075  CL=95%
x107°  CL=90%
x1076  CL=90%
+0.08 ) x 1073
+05 )x1073
x1074%  CL=90%
+0.33 ) x 1074
x1075  CL=90%
+1.7 )x 1073 S=1.2
+04 )x1074
+04 )x107° s=1.2
+0.8 ) x1073
x1076  CL=90%
x1073  CL=90%
+0.31 ) x107°
X107  CL=90%
x1074  CL=90%
x107%  CL=90%
4+0.29 ) x 1073
+0.33 ) x 1074
+1.2 )x10~4
+12 )x1073
+13 )x107%
+04 )x1074 S=1.1
+35 )x107°
x10~7  CL=90%
018 ) <107
x1074  CL=90%
x1077  CL=90%
x1075  CL=90%
x1074  CL=90%
+04 )x107°
+0.4 )x107% S=1.6
+0.6 )x1074 S=1.1
x 1073
40.10 ) x 107°
4+0.06 ) x 1073
+0.25 ) x 1073
+20 )x1076
+033 )x 1076 S=1.4
+0.16 ) x 1072

+04 )x1075
+3.0 )x1076

1141

1571
1390
1308
1510
1273
1227
1388
1727
1611
1717
1415

567

870

665
1347
1284
1115
1178
1218
1218
1218
1531

1478

1341
1437
1379
1227
1468
1412
1265
1401

2614
2615
2528
2472

2588
2534

2414
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7

n(1295) Kt x B(n(1295) —
nmm)
n(1405) K+ x B(n(1405) —
nw)
n(1405) K+ x B(n(1405) —
K*K)
n(1475) K+ x B(n(1475) —
K*K)
f(1285) K+
f,(1420) K+ x B(f;(1420) —
nmm)
f1(1420) KT x B(f;(1420) —
K*K)
#(1680) K+ x B(¢(1680) —
K*K)
wKt
wK*(892)*
W(Kﬂ')3+
wK§(1430)F
wK3(1430)*
a0(980)1 KO xB(ap(980)t —
nrt)
a0(980)% K+ xB(ap(980)° —
n7°)
K*(892)0 7+
K*(892) #0
Ktn—at
K+ 7~ 7t nonresonant
w(782) K+
K+ £,(980) x B(f(980) —
ata)
£(1270)0 K+
f(1370)° K+ x B(fp(1370)° —
atrT)
p°(1450) K+ x B(p°(1450) —
ata)
K+ fx(1300) X B(fx —
ata)
f,(1500) K+ x B(f(1500) —
ata)
5(1525) KT x B(f5(1525) —
ata)
Kt pO
K3(1430)07F
K3(1430)0 7 *
K*(1410)0 7+
K*(1680)0 7+
K- ntat
K~ 7t 7t nonresonant
Kq(1270)0 7+
Kq(1400)0 7+
KOzt 70

ANANNANNANNNNA

~ e~~~ ~~

2.9

1.3

1.2

1.38

2.0
2.9

4.1

3.4

6.7
7.4
2.7
2.4
21
3.9

25

1.01
6.9
5.10

1.63

9.4

1.07
1.07

1.17

4.4

3.4

3.7
4.5

5.6

4.5
1.2
9.5
5.6
4.0
3.9
6.6

+08 ) x1076

x 1076
X 1076

T0%5 ) <1078
x 106
x 1076

x 1076
x 1076

+0.8 ) x106
x 1076
+0.4 )x1073
+05 ) x107°
+0.4 )x1073
x 1076

x 1076

4+0.09 ) x 1073
+2.4 )x106
+0.29 ) x 1075
+0.21 -5
Tols ) x 10
+9  )x1076
1.0 -
1'1_2 ) x 10 6
+0.27 ) x 1076
x 1075

x 1075
+5 )x1077
x 1076
x 1076

+05 )x1076

99 )x1075

+22 yx1076

x 1075
x 1075
x10~7
x 1075
x 1075
x 1075
x 1075

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

CL=90%

S=1.8
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%

2455

2425

2425

2406

2458
2420

2420

2344

2557
2503

2380

2562
2562
2609

2609
2557
2524

2398

2392

2559
2445

2445

2448
2358
2609
2609
2484
2451
2609
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KO ,0+
K*(892) T ntn—
K*(892)* p0
K*(892)% £,(980)
a KO
b KOx B(bf — wn™)
K*(892)% p*
K1(1400)t p0
K3(1430)+ p0
BYK* x B(bY — wn?)
b K*x B(bj — wn™t)
BY K*t x B(bY — wn?)
K+70
RU K+7'r0
+ 10 10
P
shsm
KtK—nt
K+ K~ 7t nonresonant
K+K*(892)0
K+ K (1430)0
KT Ktn—
K+ K+ 7~ nonresonant
K*tnt K~
K*(892)* K*(892)°
K* KT n~
KtK-K*
Kto
f,(980) KT x B(fy(980) —
KtK™)
a5(1320) KT x B(a(1320) —
KtK™)
5(1525) KT x B(f5(1525) —
KtK™)
Xo(1550) K x B(Xo(1550) —
KtK™)
#(1680) KT x B(4(1680) —
KtK™)
f(1710) K+ x B(£(1710) —
KtK™)
K+ K~ K* nonresonant
K*(892)t Kt K~
K*(892)* ¢
o(Km)g*
dKq(1270)*
$Ky(1400)+
HK*(1410)F
¢ K3(1430)F
$K5(1430)F
o K5(1770)F
¢ K3(1820)F

Kt ¢¢
n'n KT

ANNANNNA

A

80 =15
75 =£1.0
6.1
52 +13
35 £0.7
9.6 =£1.9
9.2 =£15
7.8
15
9.1 =£2.0
5.9
6.7
1.36 £0.27
2.4
1.15 £0.13
5.1
50 +0.7
7.5
11
2.2
1.6
8.79
1.18
1.2 +£05
6.1
3.37 £0.22
83 =£0.7
29

11

4.9

43 +07

+0.9
28 i

36 =£05
10.0 +£2.0
83 =£16
6.1 =£19
3.2

4.3

70 =£16
8.4 £2.1
1.50

1.63

49 T2

SIS
N

25

) x 1076
) x 1075
x 10~6
) x 106
) x 1075
) x 1076
) x 1076
x 1074
x 1073
) x 1076
x 1076
x 1076
) % 1076
x 1075
) x 1075
x10~7
) x 106
x 1075
X 1076
x 1076
x 107
x 1075
x 1075
) x 1076
x 1076
) x 1073
) x 10~
x 1076

x 1076
x 1076
) x 1076
x10~7

) x 106

) x 1075
) x 1073
) x 1076
) % 10-6
) % 1076
x 1076
x 106
) x 1076
) x 1076
X107
x 1075

) x 10~6
x 1073

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=1.4

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%
CL=90%

$=2.9
CL=90%

2558
2556
2504
2468

2504
2387
2381

2593
2578
2521
2577
2578
2578
2540
2421
2578
2578
2524
2484
2524
2522
2516
2524

2449

2392

2306
2338



Meson Summary Table 79
woKt < 19 x1076  CL=90% 2374
X(1812) KT x B(X — wa) < 32 x1077  CL=90% -
K*(892)T v ( 421 +£0.18 ) x107° 2564
K1(1270)ty ( 43 £13 )x107° 2486
nKty (79 £09 )x1076 2588
n KTy < 42 x1076  cL=90% 2528
oKt~ ( 35 +£06 )x106 2516
Ktr—aty ( 276 £022 ) x 105 S=12 2609
K*(892)0 7t (20 *oL yx1075 2562
Kt p0n < 20 x1075  CL=90% 2559
K+ 7~ nt~ nonresonant < 92 x1076  CL=90% 2609
KOzt 70y ( 46 +05 )x1075 2609
K1(1400)"y < 15 x107%  CL=90% 2453
K3(1430) T~ ( 14 404 )x107° 2447
K*(1680)1 v < 19 x1073  CL=90% 2360
K3(1780) "~ < 39 X103 CL=90% 2341
K};(2045) "~ < 99 x1073  CL=90% 2244
Light unflavored meson modes
pTy (98 +25 )x10~7 2583
at a0 ( 57 405 )x107® S=1.4 2636
atata~ ( 152 £0.14 ) x 1075 2630
POt ( 83 +12 )x10°6 2581
7t £(980) x B(f(980) — < 15 x1076  CcL=90% 2547
ata)
7t £ (1270) (16 0T yx10-6 2484
p(1450)0 7t x B(p0 — (14 538 )x10-6 2434
ata) '
fo(1370) 7+ x B(fy(1370) — < 40 x1076  CL=90% 2460
ata)
f5(600) 7+ xB(fy(600) — < 41 x1076  CL=90% -
ata)
T~ w1 nonresonant ( 53 T3 )x10-6 2630
at a0x0 < 89 x10~4  CL=90% 2631
pt a0 ( 1.09 +£0.14 ) x 1075 2581
ata= gt a0 < 40 x1073  CL=90% 2621
ptp? ( 240 £0.19 ) x 1075 2523
pT £5(980) xB(£,(980) — < 20 x1076  CL=90% 2488
ata)
a1(1260)F 70 ( 26 +07 )x1075 2494
a,(1260)% 7 ( 20 +06 )x1075 2494
wrt ( 69 +05 )x10-6 2580
wpt ( 159 £0.21 ) x 105 2522
nrt ( 4.07 £0.32 ) x10~° 2609
npt ( 70 +29 )x106 S=28 2553
n'rt ( 27 +09 )x10-6 S=1.9 2551
o pt ( 87 *39 )x1076 2492
ont < 24 x10~7  CL=90% 2539
oot < 3.0 x1076  CL=90% 2480
20(980)0 71 xB(a9(980)° — < 58 x1076  CL=90% -
)
9(980)* 70 x B(ag — nrt) < 14 x1076  CL=90% -
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rtatato— o~
p%a1(1260)F
o0 ar(1320)F

b7t x B(bY — wn?)

b n0x B(b) — wr™)

atrtrt a0
b x B(b] — wn™)
a1(1260) T a; (1260)°

B pt x B(BY — wn)

AAY

—

AN AN NN A

8.6
6.2
7.2
6.7
3.3
6.3
5.2
1.3
3.3

x 10—4
x 10~4
x 10—4
+2.0 )x1076
X 1076
x 1073
X 1076
%
x 1076

Charged particle (h*) modes

hi = Ki or ﬂ'i
ht 70
wht
ht X0 (Familon)

(
(

<

1.6

1.38
4.9

Baryon modes

pprt
ppmt nonresonant
ppKT
o(1710)t+px
B(O(1710)*t — pK™)
fJ(2220) K+ X B(f_](2220) —
_pp)
p7A(1520)
pP Kt nonresonant
ppK*(892)*
£,(2220) K*+ x B(f;(2220) —
pp)
p
p

> S|

Y
pAx0
pX(1385)0
ATA
Py
pAxt
pAp°
_pAfH(1270)
Agt
AMKT
AAK*
Alp
A++5
D*pp
D*(2010)* pp
/\677p71'+
A7 A(1232)FF
AT Ax(1600) T+

Z_; Ax(2420)++
(/\Z p)sﬂ+

[uuu]

(

<

(

[ttt] <

[ett] <

VANVANVANVAN

A

(

1.62
53
5.9
9.1

4.1

1.5
8.9

3.6
7.7

3.2
2.5

3.0

4.7
8.2
4.6
5.9
4.8
2.0
9.4
3.4
2.2
1.38
1.4
1.5
1.5
2.8
1.9
5.9
4.7
3.9

06 ) x1073
838 <00

x 1075

+0.20 ) x 10~©
x 1075
+05 ) x1076
x 1078

x10~7

x 106
x 1073

+0.8

To7 )xw07t

x 1077

x 106
+1.1 )x106
+0.9 )x1076
+08 )x10°

x10~7
+0.6 ) x1076

+1.2
-0.9

) x 1076
x 1076
x 1077
x 1075
x 1073

+0.8 )x1074

x 1075
+1.9 )x107°

+1.6 ) x 1073

+13 )x107°

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%

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

CL=90%

2608
2433
2410

2592

2335

2636

2580

2439
2439
2348

2135

2322
2348

2215
2059

2430
2430

2402
2362

2413
2367
2214
2026
2358
2251

2098

2402
2402
1860
1786
1980
1928
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T.(2520)0p < 26 x1076  CL=90% 1904

25(2800)0p ( 33 +13 )x1075 -
A prtad ( 1.8 +06 )x1073 1935
/\C prtntr ( 23 +07 )x1073 1880
A prtataad < 134 % CL=90% 1822
AT A KT ( 87 +35 )x10~4 -
T (2455)°p ( 35 +1.0 )x1075 1938
T (2455)0 pr® ( 44 18 )x10~4 1896
T (24550 pr— ( 44 +17 )x1074 1845
T (2455) " prtat ( 28 +12 )x1074 1845
Ac(2593)~ //\C(2625) pﬂ' < 19 x1074  CL=90% -
04T x B(Z? ( 3.0 +1.1 )x10-5 1144
204 x B(_C L AKtae ) ( 26 £11 )x1075 S=11 1144

Lepton Family number (LF) or Lepton number (L) violating modes, or
AB =1 weak neutral current (B1) modes

atete— BI < 49 x1078  CL=90% 2638

ntete™ BI < 80 x1078  CL=90% 2638

ot BI < 6.9 x1078  CL=90% 2634

atuvw BI < 10 x1074  CL=90% 2638
Ktete— Bl [mmn] ( 51 £05 )x10~7 2617

Ktete~ BI ( 55 +07 )x10°7 2617

Ktutu BI ( 52 +07 )x10~7 2612
Ktov BI < 14 x1075  CL=90% 2617
pTvw B1 < 15 x10~4  CL=90% 2583
K*(892)T ¢+ ¢~ Bl [nnn] ( 1.29 £0.21 )x 106 2564

K*(892)t et e~ B1 ( 155 1039 ) % 10-6 2564

K*(892)% put u~ BI ( 116 fg:g% )x 106 2560
K*(892)* v BI < 8 x107%  CL=90% 2564
atetu~ LF < 64 x1073  CL=90% 2637
ate pt LF < 64 x10™3  CL=90% 2637

T LF < 17 x1077  CL=90% 2637

Ktetpu™ LF < 91 x10~8  CL=90% 2615
Kte ut LF < 13 x10~7  CL=90% 2615
Ktet T LF < 91 x1078  CL=90% 2615
Kt puErF LF < 17 x1075  CL=90% 2298
K*(892)T et 1 LF < 13 x1076  CL=90% 2563
K*(892)t e~ ut LF < 99 x1077  CL=90% 2563
K*(892)T e* ¥ LF < 14 x1077  CL=90% 2563
n-etet L < 16 x1076  CL=90% 2638
e Tas L < 14 x1076  CL=90% 2634
- etpt L < 13 x1076  CcL=90% 2637
p-etet L < 26 x1076  cL=90% 2583
putpt L < 50 x1076  CL=90% 2578
p-etut L < 33 x1076  CcL=90% 2582
K- etet L < 10 x1076  cL=90% 2617
K= putput L < 18 x1076  cL=90% 2612
K=etut L < 20 x1076  CL=90% 2615
K*(892)* etet L < 28 x1076  CL=90% 2564
K*(892)~ ut L < 83 x1076  CL=90% 2560
K*(892)~ et ut L < 44 x1076  CL=90% 2563
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B° 1JP) = L(0)

I, J, P need confirmation. Quantum numbers shown are quark-model
predictions.
Mass mpgo = 5279.50 & 0.30 MeV
Mgy — Mgy = 0.33 £ 0.06 MeV
Mean life 7o = (1.525 = 0.009) x 10712 s
cr = 457.2 pm
Tg+/Tgo = 1.071 4+ 0.009  (direct measurements)

BO-BY mixing parameters
vq = 0.1872 £ 0.0024

Dmgo = mgy — Mgy = (0.507 + 0.005) x 1012 ;51

= (3.337 £ 0.033) x 10710 MeV

Xg = Amgo/T go = 0.774 =+ 0.008
Re()\cp / |)‘CP|) Re(z) = 0.01 £ 0.05
AT Re(z) = —0.007 + 0.004
Re(z) = 0.00 + 0.12
Im(z) = —0.015 & 0.008

CP violation parameters
Re(ego)/(1+]egol?) = (—0.1 £ 1.4) x 1073
At/cp = 0.005 + 0.018
Acp(B® — D*(2010)* D) = 0.02 + 0.04
Acp (B® » K*tx~) = —0.098 + 0.013
Acp(B® — 7/ K*(892)%) = 0.08 + 0.25
Acp(B® — nK*(892)°) = 0.19 + 0.05

Acp(B® — wK*0) =0.45 4+ 0.25

Acp(B® — w(Km)0) = —0.07 £ 0.09
Acp(B® — wK3(1430)%) = —0.37 £ 0.17
Acp(B® — KOK) = (-0.6 £0.7) x 107
Acp(B® — nK}3(1430)°) = 0.06 + 0.13
Acp(BY — nK35(1430)%) = —0.07 + 0.19
Acp(B® — Kta— a0 = (0 +6)x1072
Acp(B® — p~ K1) =0.15+10.13
Acp(B® — K*a~x%nonresonant) = 0.23+022
Acp(B® — (Km)§Tn~) = 0.10 £ 0.07
Acp(BY — (Km)gda0) = —0.22 +0.32
Acp(B® — K*(892)T7~) = —0.19 + 0.07
Acp(B® — K*070) = —0.0975-23
Acp(B® — KO7zt7r~) =—-0.01 4+ 0.05
Acp(B® — K*(892)07F7~) = 0.07 + 0.05
Acp(B® — K*(892)0p0) = 0.09 + 0.19
Acp(BY — a] K*) = —0.16 £ 0.12
Acp(B® — by Kt) = —0.07 £ 0.12
Acp(B® — K*(892)°K* K~) = 0.01 + 0.05
Acp(B® — K*(892)°¢) = 0.01 + 0.05
Acp(B® — K*(892)°K—7t) =02+ 0.4
Acp(BY — ¢(Km)3®) = 0.20 +0.15
Acp(B® — ¢K3(1430)%) = —0.08 £ 0.13
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Acp(B® — pt77)=0.08+0.12 (S=2.0)
Acp(BY — p~at) =—-0.16 £023 (S=1.7)
Acp(BY — a1(1260)* 7 F) = —0.07 + 0.07
Acp(BY — bymnt) = —0.05 £ 0.10

Acp(B® — K*(892)%4) = —0.016 + 0.023
Acp(B® — K*(1430)7) = —0.08 & 0.15
Acp(B® — ppK*(892)%) = 0.05 + 0.12
Acp(BY — pAzx~) = 0.04 £ 0.07

Acp(B® — K*0¢t¢7) = —0.05+0.10
Acp(B® — K®ete™) = —0.2140.19

Acp(B® — K0 ut =) =0.00+0.15

Cpi-p+ (B® — D*(2010)~DF) = 0.07 £ 0.14

Spr-p+ (B® = D*(2010)~D*) = —0.78 £ 0.21

Cpwi p- (BY — D*(2010)F D7) = —0.09 £ 0.22 (S = 1.6)
Sps+ p- (B® = D*(2010)*D~) = —0.61 £ 0.19

Cpt pi— (BY = D*FD*7) = —-0.01£0.09 (S=1.2)
Spet pe— (BY = D*+D*7) = —0.76 £ 0.14

Cy (B — D**D*7) =0.00 £ 0.12

S, (B —» D**D*") = —0.76 + 0.16

C_(B®— D*t*D*)=04+05

S (BY— D**D*7)=-18+07

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

S (8% — D*(2010)* D*(2010)~ K2 ) =01+04

Cpip- (B — DtD™)=-05+04 (S=25)

Sp+p- (B = DtD™) = —0.87 +£0.26

C/p(18) 70 (BY — J/y(1S)7%) = —0.13 + 0.13
Sy/pas)m (B = J/11;(1$)7r°) =-094+029 (S=1.9)

C sy o (BY— D hO) —0.23 £ 0.16
D h0

(%) 0y —
SDSP"" (BY — Dgph%) = —0.56 & 0.24
Cpo 0 (BY = KO7%) =0.00 £0.13 (S =1.4)
S

SK°1r° (B® - KO%0) = 0.58 + 0.17

n(%s)K (BY — 1/(958)K2) = —0.04 £ 020 (S =2.5)
S,1(958) K k (B — 1/(958)KY) = 0.43 £0.17 (S =15)
Cyko (B® = n'K®) = —0.05 + 0.05
Syko (B9 — n'K®) = 0.60 + 0.07
cho (B - wK%)=-030+028 (S=16)
Sng (BY — wK%) =043+024
C(B®— K%n07%) =02+05
S(B°— K%x07r0) =07+07
Coks (B = pPK2) = —0.04 + 0.20
Spxg (B2 — pK3) = 0.50°81]
Ct ko (B® — £(980)K2) = 0.07 £ 0.14

S

Sy (B = H(980)KS) = —0. 737921 (S =1.6)
S ko (BY = £(1270)KY) = 0.5 £ 0.5

205

Chig (BY = H(1270)K§) =03 + 04
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Sfog (B — £,(1300)K%) = 024+ 05

CfoOs (B — £(1300)K%) = 0.13 £ 0.35

Sko+n— (B® — KOmtx~nonresonant) = —0.01 + 0.33

Cyot - (BY = KOmTm~ nonresonant) = 0.01 + 0.26

CK% Ko (B - K%K2)=00+04 (S=14)

Sk K9 (BY > KIk%)=-08+05

Crs oo (BY - KTK~KY) =0.07 +0.08
R ( 0 + g) +0.12

Syt - o (B KtK=K2) = —0.741)
K+ K Kg( 0_' . g) -0.10

C _ B K™K~ K¢ inclusive) = 0.01 + 0.09
K+ K- K ( . - . g )

S _ B KT K~ KS inclusive) = —0.65 + 0.12
K+ K K'é ( —’0 S )

C¢K% (B — ¢K%) = —0.01+0.12

S¢K% (B —» ¢K%) =039 +017

Cks ks ks(BY = KsKsKs) = —0.15+£0.16 (S =1.1)

SKSKSKS(BO — KsKsKs)=—-04+05 (S=25)

CKOSWOW(BO — K%7%y) =0.36 +0.33

SKgﬂow(Bo — Klr%y)=-08+06

Cyeo, (B® — K*(892)°7) = —0.04 £ 0.16 (S =1.2)

Sy, (BY — K*(892)°7) = —0.15 + 0.22

C, Ko (BY - nK%) = —-03+04

SyKo- (B = nK%y) = —02+05

B% — K%p%y) = —-0.05+0.19

S(B® — K%p%y) =0.11+0.34

C(BY = p0y)=04+05

S(BY— p09) =—-08+07

Com (BY = 7t77) = -038+0.17 (S =2.6)

Sen (B = 7t7~) = —0.61 +0.08

Con0(B® = n070) = —048+10.30

Cor (B — pFa™)=001£014 (S=19)

Spr (B — pt77) =0.01 £ 0.09

AC,y (B — pta~) = 0.37 £ 0.08

AS,: (B — ptr~) =—0.05%0.10

C 00 (B — p07%) =03+04

Spoq0 (B = p2n%) =01+ 04

Cayn (BY — 21(1260)F 77) = —0.10 £ 0.17

San (BY = ay(1260)F 77) = 0.37 + 0.22

ACy - (BY — a1(1260)F 77) = 0.26 + 0.17

AS; (B — a1(1260)T r~) = —0.14 4 0.22

C(B®— by K*)=-022+024

AC(BY — byat)=-1.04+024

Co0 (B — p%0%) =02+09

50,0 (B — p0p% =03+07

Cop (BY = ptp™) =—0.05+013

Spp (B® = pFp7) =—0.06+ 0.17

Al (BY — J/pK*(892)%) < 0.25, CL = 95%
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cos 26 (B® — J/vK*(892)%) = 1.7+37 (S =1.6)

cos 23 (B — [Kert a1y h%) =1.013% (S=18)
(Sy +S.)/2(B® — D*7t) = —0.037 + 0.012

(S —S4)/2 (B — D*7t) = —0.006 + 0.016

(Sy +S_)/2(B® — D~ nt) = —0.046 + 0.023

(S- —S4)/2 (B — D~ at)=-0.022 £ 0.021

(Sy +S_)/2(B° — D™ pt) = —0.024 £ 0.032

(S_ —S4)/2 (B — D™ pt)=—0.10 + 0.06

G K (B - ncK%) =0.08 £0.13

SﬂcK"s (B — ncK%) =093 +017
C. ooy (B — ccK()0) = 0.004 + 0.019

ccK

sin(28) = 0.671 + 0.023

C)/p(nS) KO (BY — J/9(nS)KO) = (—0.2 £ 2.0) x 1072

S1/p(asy Ko (B — J/%(nS)KO) = 0.658 + 0.024

Cy k0 (BY = J/¢K*®) =0.03 + 0.10

S/ K0 (BY — J/¢K*0) = 0.60 & 0.25

. — 0.5

CXcOKOS (BO — Xco KOS) - 70‘31—04

S K (B - xcoK%)=-07+05

Cool K2 (B® = xc1K2) =013+ 0.11

sdeos (B —» xc1K3) =061+0.16
sin(287) (B® — ¢K9) = 0.22 + 0.30
sin(20err) (B® — ¢ K5(1430)°) = 0971583
Sin(20exr)(B® — K+ K~ KY) = 077513
SIN(28efr) (B — [KEatm= ] h0) =045 +0.28
Al (B® — [K&xtx= ], ) =1.01 +0.08
|sin(28 + )| > 0.40, CL = 90%
23+ v = (83 £ 60)°
v(B® — DOK*0) = (162 + 60)°
a = (90 £ 5)°

BY 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 /B ADMIXTURE section.

The branching fractions listed below assume 50% BOBC 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 + 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 fractions 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
B9 DECAY MODES Fraction (T';/T) Confidence level (MeV/c)

¢+ yyanything [nnn]  ( 10.33+ 0.28) % -
etve X, (101 + 0.4)% -
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D ¢+ vyanything (93 +09)%
D= (T, [pnn] (2174 0.12) %
D= rtu, (11 +£04)%
D*(2010)~ ¢+ v, [nnn] ( 5.01+ 0.12) %
D*(2010)~ 7t v, (15 +05)%
DOn— 1ty ( 43 £ 06)x1073
D(2400)™ % vy x ( 30 +£12)x1073
B(D;~ — D7)
D§(2460)_£+u(g>< (22 +06)x1073
B(D3~ — D%x™)
D& gty (n > 1) (23 +05)%
DOr— 1Ty, ( 49 £ 08 )x103
Dy (2420)~ ¢t v, x B(D] — ( 2.80+ 0.28) x 1073
5*07(7)
D} (2430)" ¢t vy x B(D]” — ( 31+ 09)x1073
5*07'('_)
D3(2460)~ ¢ vy x ( 12 £ 05)x1073
B(D;~ — D*r~)
aran?) [nnn] ( 2.47+ 0.33) x 1074
7Ty, [nnn]  ( 1.34% 0.08) x 10—4
Inclusive modes
Kianything (78 £8 )%
DO X ( 81 +15)%
DX (474 + 28)%
Dt X < 39 %
D~ X (369 +33)%
Dix (103t 219
Dy X < 26 %
AT X < 31 %
Az X (50t 2lyy
cX (9% +£5 )%
cX (246 £31)%
ccX (119 +6 )%
D, D*, or Dg modes
D~ rt ( 268+ 0. 13) x 1073
D~ pt (76 £ 13)x1073
D~ KOxt ( 49 + )><10_
D~ K*(892)* ( 45+ 07)x107%
D~ wrt (28 + 06)x1073
D~ K™t (20 + )><104
D~ KtKO < 31 x 10~4
D~ KT K*(892)° ( 88+ 19)x1074
DOxtn— ( 84 + 09)x10~4
D*(2010)~ 7+ ( 276+ o. 13) x 1073
D-rtrata~ ( 80 + 25)x1073
(D=7t 7 77) nonresonant ( 39 + 19)x1073
D~ rxt (11 £ 1.0)x1073
D~ a;(1260)* ( 6.0 + 33)x1073
D*(2010)~ 7t =0 (15 +05)%
D*(2010)~ pt ( 68 + 0.9 )x1073
D*(2010)~ K+ ( 214+ 0. 16) x10~4

S=1.3

S=1.8

CL=90%

CL=90%
CL=90%

CL=90%

2309
1909
2257
1837
2308

2067

2256

2067

2583
2638

2306
2235
2259
2211
2204
2279
2188
2070
2301
2255
2287
2287
2206
2121
2247
2180
2226
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D*(2010)~ KOt
D*(2010)~ K*(892)*
D*(2010)~ Kt KO
D*(2010)~ K+ K*(892)°
D*(2010) " 7t nt 7~

(D*(2010)~ 7t 7+ 77) nonres-

onant
D*(2010) 7t p°
D*(2010)~ a1 (1260)*
D*(2010)~ 7t 7t 7~ 70
D*~3nt 27~
D*(2010)" wnt

D1 (2430)%w x B(D; (2430)°

D*~7t)
Dt
D;(2420)" 7t x B(D] —
D ntrm
D;(2420)" 7t x B(D] —
_ D*~atz™)
D%(2460)" 7+
B(D3(2460)~ — DO7~)
D} (2400)~ 7+
B(D§(2400)~ — D°n™)
D3(2460)" 7" x B((D3)” —
_ D* 7wt ™)
D3(2460)~
poD°
D*OEO
D~ Dt
D~ Df
- pt
D*(2010)~ D¢
D= Dt
D*(2010)~ D:*
Dso(2317)~ Kt x

B(Dso(2317)~ — D, n0)
Dg(2317)~ nt
B(Dso(2317)~ — D, n0)

D, j(2457)" KT x
B(D;,;(2457) — D )

Dy j(2457)" 7*
B(D,(2457)~ — D )

D, Dy

D Df

D*— D*+

Dso(2317)t D™ x
B(Dso(2317)* — D} n0)

Dso(2317)Y D~ x

B(Dso(2317)* — D" )

Dso(2317)+ D*(2010)~ x
B(Ds(2317)* — D} n0)

D, ;(2457)t D~

[rrr]

A

A

~ e~~~ o~~~

3.0 + 0.8 )x 1074
33 + 06 )x1074
4.7 x 104 CL=90%
1.29+ 0.33) x 1073
7.0 + 0.8 )x 1073 S=1.3
0.0 + 25 )x103
57 + 32 )x1073
1.30+ 0. 27) %
176+ 0. 27) %
47 + 09 )x1073
2.89+ 0. 30) x 1073
41 + 16 )x1074
21 + 1.0 ) x 1073

23 .
89 T 22 )x1075
33 x 1075 CL=90%
2,15+ 0.35) x 1074
6.0 + 3.0 )x 107>
2.4 x107°  CL=90%
4.9 x1073  CL=90%
43 x 1075 CL=90%
2.9 x 1074 CL=90%
211+ 0. 31) x 104 S=1.2
7.2 + 08 )x1073
8.0 + 1.1 )x1073
74 + 16 )x1073
177+ 0. 14) %
42 + 1.4 )x107°
2.5 x 1073 CL=90%
9.4 x107%  CL=90%
4.0 x 1076 CL=90%
3.6 x 1075 CL=90%
13 x 1074 CL=90%
2.4 x1074  CL=90%
9.7 T 49 ) x10-4 S=15
9.5 x 1074 CL=90%
15 + 06 )x 1073
35 + 1.1 )x1073

2205
2155
2131
2007
2235
2235

2150
2061
2218
2195
2148
1992

2064

2090

1977
1868
1794
1864
1812
1735
1731
1649
2097

2128

1759
1674
1583

1602

1509
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Dy 7(2457)F D~ x
B(Ds;(2457)* — DF~)
Dy 7(2457)T D™ x
B(Ds(2457)F — Ditr)
D, ;(2457)F D~ x
B(DS‘](2457)+ —
DS+ ata)
Dy 7(2457)T D™ x
B(D,(2457) — Df?)
D*(2010)~ D, ;(2457)*
D, ;(2457)" D*(2010) x
B(Ds,;(2457)" — DF~)
D~ Dg1(2536) x
B(Ds;(2536)t — D*0K)
D*(2010)~ D41 (2536)* x
B(Ds1(2536)1 — D*0Kt)
D™ Dg1(2536) " x
B(Ds;(2536)1 — D*t K9)
D*~ Dy1(2536) x
B(Ds;(2536)1 — D*t KO)
D~ D, 7(2573)% x
B(D,(2573)" — DOKT)
D*(2010)~ Dy 7(2573)* x
B(D,;(2573)" — DOKT)
D;L T
D:+ T
D;L p-
D;+ p-
+ —
Dz+307
Di a,
DY a(1260)~
D;:f 21(1260)~
D£+327
Ds a2
Dy K™t
DI KT
Dy K*(892)*
Dy~ K*(892)"
Dy 7t KO
Di™ 7t KO
D 7+ K*(892)°
Di™ nt K*(892)°
ZZO ;(0
DO_K+ T
DO K*(892)°
D3(2460)~ K+ x
B(D3(2460)~ — D°n~)
~ DK+~ non-resonant
£207T0
é