N AND A RESONANCES

I. Introduction

The excited states of the nucleon have been studied in
a large number of formation and production experiments. The
conventional (i.e., Breit-Wigner) masses, pole positions, widths,
and elasticities of the N and A resonances in the Baryon
Summary Table come largely from partial-wave analyses of 7N
total, elastic, and charge-exchange scattering data. Partial-wave
analyses have also been performed on much smaller data sets
to get Nn, AK, and XK branching fractions. Other branching
fractions come from isobar-model analyses of TN — Nzm data.
Finally, many N+ branching fractions have been determined
from photoproduction experiments (see Sec. I1I).

Table 1 lists all the N and A entries in the Baryon Listings
and gives our evaluation of the status of each, both overall and
channel by channel. Only the “established” resonances (overall
status 3 or 4 stars) appear in the Baryon Summary Table.
We generally consider a resonance to be established only if it
has been seen in at least two independent analyses of elastic
scattering and if the relevant partial-wave amplitudes do not
behave erratically or have large errors.

We have, in this 2006 Review, made slight adjustments to
our estimates of N and A masses, widths, and elasticities.

II. Using the N and A listings

Written 2002 by G. Hohler (University of Karlsruhe) and R.L
Workman, (George Washington University).

In the inelastic region, a resonance is associated with a
cluster of poles on different Riemann sheets. If one of these
poles is located near the real axis and far enough from branch
points, it will be strongly dominant. If one of the final-state
particles itself has a strong decay, it is also necessary to consider
branch points in the lower half plane that belong to thresholds

for two-particle final states; see for example Refs. 3 and 4.

CITATION: K. Nakamura et al. (Particle Data Group), JPG 37, 075021 (2010) (URL: http://pdg.lbl.gov)

July 30, 2010 14:34



Table 1. The status of the N and A resonances. Only those
with an overall status of *#* or *x*x are included in the main
Baryon Summary Table.

Status as seen in —

Overall
Particle Loj.ojstatus Nt Nn AK XK Am Np Ny
N(939) Ppp skkorox
N(1440) Py sk Kok ok sokk ok otk
N(1520) Dqg sk sokskk kokk sopskk kdokk kofokok
N(1535) S11 sk KRak kkkk * ok KoKk
N(1650) S11 sk Kkokk K KKk Kk *kk Kk Kkk
N(1675) D15 sk sk % * sokkok ok sokskok
N(1680) Fi5 sk dokokk ok sokokok kdokk koK
N(1700) Dqg sk Kk K o o * o
N(1710) Py sokk ok o o * otk
N(1720) P13 sk Hokokk ok *ok * Kok Kok
N(1900) Py3 = *ok *
N(1990) Fi7 = *ok * *
N(2000) Fi5 =% o * * *%
N(2080) Dz = ok * *
N(2090) S11 = *
N(2100) P;;  x * *
N(2190) Gqy sk Kkkk K * * *
N(2200) D15 =% o *
N(2220) Hig stk *kkk ok
N(2250) Gpg stk *kkk ok
N(2600) Iy11 sk kK
N(2700) Kji13 =*x Kk
A(1232) Psz sk sk B KAk
A(1600) Psz sk ok 0 sokk % o
A(1620) Sz kwekek skkk T Rk fokkk kK
A(1700) Ds3 stk Kok okok b * Hokk ok Kk ok
A(1750) P31 * * i
A(1900) Ssg1 ek *% * * Kok *
A(1905) Fzs  skekotok ok d * o Kok otk
A(1910) P31 kkokk kkokk e * * * *
A(1920) Psz ek *oHok n * o *
A(1930) Dgs ok *oxk * o
A(1940) D33  * * F
A(1950) Fzy  skekokok Kk O * Kook ok ok ko
A(2000) Fzs  *x r sk
A(2150) S31  x * b
A(2200) Gs7  =* * i
A(2300) Hsg Kok
A(2350) Dss * * d
A(2390) Fz7 = e
A(2400) G39 *%k *k n
A(2420) Hgqp sokskk *oA Ak *
A(2750) I313 Kk
A(2950) K315 ek Kok

wfkk  Existence is certain, and properties are at least fairly well explored.

x#x  Existence ranges from very likely to certain, but further confir-
mation is desirable and/or quantum numbers, branching fractions,

etc. are not well deteppingdogio 14:34

*ox Evidence of existence is only fair.
* Evidence of existence is poor.




Our Particle Listings and Summary Tables include pole
parameters for the N and A resonances. However, the Breit-
Wigner parameters are most often quoted and are used in
model-based studies of the baryons and associated reaction
dynamics. Problems associated with this choice were discussed
in our 2000 edition [5]. Here we just point out that the use
of Breit-Wigner parameters for complicated structures, such as
the N(1440), should be avoided. In this case, the method used
in Ref. 4 is suitable for the analysis.

In the search for “missing” quark-model states, indications
of new structures occasionally are found. Often these are asso-
ciated (if possible) with the one- and two-star states listed in
Table 1. We caution against this: The status of the one- and
two-star states found in the Karlsruhe-Helsinki (KH80) [2] and
Carnegie-Mellon/Berkeley (CMB80) [6] fits is now doubtful.
Predictions for 7 +p spin-rotation parameters from those fits are
in significant disagreement with recent ITEP/PNPI measure-
ments [7], whereas the predictions of Ref. 8 are good. This
discrepancy has been associated in Ref. 7 with the behavior of a
zero trajectory at a “critical point” (see Sec. 2.1.1 of Ref. 2) near
a pion lab momentum of 0.8 GeV/c. According to Ref. 7, the
effect on the 4-star resonances A(1905) and A(1950) is small,
but the effect on the 3-star resonances A(1920) and A(1930) is
large. For a study of the approximation made in Ref. 7 and of
problems with some higher resonances, the detailed treatment
of zero trajectories in Ref. 9 is relevant. This problem should
also be considered in any multi-channel analysis that uses the
KH80 and CMB80 amplitudes as input.

III. Electromagnetic interactions

Revised 2003 by R.L. Workman (George Washington Univer-
sity).

Nearly all the entries in the Listings concerning electromag-
netic properties of the N and A resonances are N+ couplings.
These couplings, the helicity amplitudes A;/ and Az, have
been obtained in partial-wave analyses of single-pion photo-
production, n photoproduction, and Compton scattering. Most

photoproduction analyses have taken the existence, masses, and
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widths of the resonances from the mN — 7NN analyses, and
have only determined the N+ couplings. This approach is only
applicable to resonances with a significant N7 coupling. A brief
description of the various methods of analysis of photoproduc-
tion data may be found in our 1992 edition [10].

Our Listings omit a number of analyses that are now ob-
solete. Most of the older results may be found in our 1982
edition [11]. The errors quoted for the couplings in the List-
ings are calculated in different ways in different analyses and
therefore should be used with care. In general, the systematic
differences between the analyses caused by using different pa-
rameterization schemes are probably more indicative of the true
uncertainties than are the quoted errors.

Probably the most reliable analyses, for most resonances,
are ARAI 80, CRAWFORD 80, AWAJI 81, FUJII 81, CRAW-
FORD 83, and ARNDT 96. There is an update to the Crawford
analysis [1]. The errors we give on N+ couplings are a combi-
nation of the stated statistical errors on the analyses and the
systematic differences between them. The analyses are given
equal weight, except ARNDT 96 is weighted, rather arbitrarily,
by a factor of two because its data set is at least 50% larger than
those of the other analyses and contains many new high-quality
measurements. The A(1232) and N (1535) are special cases and
are discussed in the 2002 Review [12].

The Baryon Summary Table gives N~ branching fractions
for those resonances whose couplings are considered to be
reasonably well established. The N+ partial width I', is given
in terms of the helicity amplitudes A5 and Az by

2
Iy= %ﬁ% UA1/2\2 + ’A3/2\2} .
Here M and Mp are the nucleon and resonance masses, J is
the resonance spin, and k is the photon c¢.m. decay momentum.

See our 2002 Review [12] for some further discussion.
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