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Outline

»Introduction

» Recent BESIII results in Baryon Spectroscopy:

» Observation of ' = ATt +c.c.

Observation of J /Y — ppa,(980)

Measurement of ' = (y)K~AZ" + c.c.

Measurement of J /p(y") = E-E+,£(1385)*%(1385)
PWA of ' - ppmr®

 PWA of ' — ppn

»Summary

All results based on the data taken in 2009: 225 X 10° J /1) events and 106 X 10° 1’ events



BEPCII and BESIII
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The BESIII detector

NIM A614, 345(2010)

Super conducting magnet: 1 T

EMC: Csl cristal
* Energy resolution: 2.58% @1GeV
* Spatial resolution: 6mm

MDC:
» Spatial resolution: o, = 120pm

* Momentum resolution:0.5% @ 1GeV
e dE/dx resolution: 6%

TOF:
Time resolution:  80PS  (barrel)
110ps (endcaps)

Muon ID:
9 layers RPC, 8 for endcaps




Baryon spectroscopy

* Baryon spectroscopy is an important field to understand the
internal structure of hadrons

* The established baryons are described by three-quark (qqq)
configurations

* Non-relativistic quark model:
- It is quite successful in interpreting baryon resonances

- It also provides an explicit classification for light baryons in terms
of group symmetry.

- It tends of predict far more excited states than are found
experimentally (“missing resonances problem”)

» Theoretically: may indicate that the baryon spectrum can be
mogele)d with fewer effective degrees of freedom (quark-diquark
models

» Experimentally: baryon resonances may couple very weakly to
single pions



Baryon production

JLab, ELSA, MAMI, ESRF,
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* High statistics of charmonimum at BESII|
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Events/(25MeV/c?)

Y - AZInt +c.c.

* BR first measurements:
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PRD 88, 112007 (2013) Il

* PWA used to determine detection efficiency
* Includes 16 possible intermediate excited states
with at least two stars according to the PDG,

with parameters fixed to world averages
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Observation of J /Y — ppay(980)

e First observation of J /Y — ppa,(980), viaay(980) » « 17 PRD 90, 052009 (2014)

B(J /¥ - ppay(980) - pprn) oo
=(68+1.2+13)x10°° < aof
= C
o Applies a chiral unitary coupled channel approach: Z .}
v’ Four-body decays J /i) - NNMM s |
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/ — A+
Y - K AE™ +c.c.
* Two hyperons are observed in M(KA): 2(1690) and
£(1820)
* Both are well established states

* Resonance parameters consistent with PDG

N =(1690)- M =(1820)" PRD 91, 092006 (2015)

< g 4.90 6.20 ] 2(1690)" =(1820)"
= 1 M(MeV/c?) 1687.7+384+ 1.0  1826.7+55+1.6
< 5L 4 1 r(Mev) 27.1 £ 100+ 2.7 544+ 157+42
s | 1 Event yields 7444212 136.2 + 33.4
‘:,z’ Significance(s) 4.9 6.2
£ ok h Efficiency(%) 32.8 26.1
2 == i B(107%) 52141484057 12.03+29441.22
[ ﬂ" AL TR R S 1 i Mppg(MeV/c?) 1690 + 10 1823 4+ 5
. “ Yl T I By ' . Tppg(MeV) <30 24113
1.6 1.8 2.0

M(K A) (GeV/ed)

* First measurement of branching ratio:
« B - K AZt +c.c.) =(3.86+0.27 £ 0.32) x 107>



MK AZ") (GeV/ch)

Events/(2 MeV/c?)

' - yK~AEY + c.c.

S e —— : .
ANV r .
REOTN @ o ]
a6 R - 2 ]
[ ﬁl‘gr g > % N ]
: ﬁ-"-.:r:; ::t::'..?- -{Ti-': E 15 B -]
- R T T Q, C ]
oy L p Z 10F ]
= L p
= [-*] B .
= } =1 -
B 1_-.1: -.d-‘..""‘_i':';' i . - - 5 L -
34 SalonRlT .
[ N N - PP -I —— — iyl T -7 E -n.!.l—l..’-l_r—

1.2 1.3 1.4 1.5 . 3.45 3.50 3.55 3.60

M(YA) (GeV/e?) M(K'AZ") (GeV/c)
40

w(3686) — K~X'EF )
W(3686) = YXc0, Xc0 K~A=E"
w(3686) —= yxo1. o1 = K-AZT

20 w(3686) = 7. yeo = K-AZF
Yoo = K- AE*
Yo — K AET
0 - < e Lim Vi um e =1 RN A2 =7 K=A=T
1.1 1.18 1.20 1.22 1.24

M(YA) (GeV/c?)

* Measured branching ratios (first time):

(3.67 + 0.33 + 0.28) x
(1.90 + 0.30 % 0.16) x
(1.32 £ 0.20 + 0.12) x
(1.68 + 0.26 + 0.15) x
(1.96 + 0.31 % 0.16) x
(1.43 +0.22 +0.12) x
(1.93 £ 0.30 4 0.15) x
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J/Yy@') - E7E* and £(1385)7£(1385)*

First observation of ¢’ into £(1385) states

Single tag method
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BR and angular distribution investigations

Most precise measurement available
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J/Yp@') - E7E* and £(1385)TZ(1385)*

—Et ¥(1385)"x(1385)" ¥(1385)"X(1385)"

(26.73 £0.50 £ 2.30)% (7.76 £ 0.55 £ 0.68)% (6.68 + 0.40 + 0.50)%

Branching Ratios

Mode Jiy — w(3686) —
===+ ¥(1385)-%(1385)"  ¥(1385)*£(1385)" ===+ ¥(1385)-5(1385)"  E(1385)7E(1385)"
This work 1040 £ 0.06 =0.74 1096+ 0.12+0.71 1258 +0.14+078 278+005+0.14 0.85+0.06+006 0.84+0.05 =005
Ilarkl [5] 1400 = 5.00 =< LU
MarkIl [6) 11.40 £ 0.80 £2.00 860+ 1.80+2.20 103+24+25
DM2 [7] 700+060+120 1000+040+2.10 11.9+04+25
BESII [8.12] 9.00+0.30+1.80 1230+070+3.00 150+0.8+38 3.03+040+032
CLEO [9] 2.40+£0.30 +£0.20
BESI [26] 094 + 027 +0.15
PDG [3] 8.50 + 1.60 10.30 £ 1.30 10.30 + 1.30 1.80 + 0.60

Mode Jfy — w(3686) —
e £(1385)"E(1385)"  E(1385)*E(1385)" =5+ T(1385)"E(1385)" Z(1385)*E(1385)"
0.58 +0.04 £ 0.08 —0.58 £0.05+0.09 —049+0.06 +£0.08 091 +0.13+0.14 064+040+0.27 0.35+0.374+0.10
BESII [8] 035 +£029£006 -054£022+010 -035£025+£0.06
MarklII [6] 0.13 £0.55
Claudson 0.16 0.11 0.11 0.32 0.29 0.29
et al. [10]

Carimalo [11] 0.27 0.20 0.20 0.52 0.50 0.50
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PWA of ¥’ - ppr
* In photon or meson beam studies, isospin ¥ and 3/2 resonances
are excited, complicating the analysis

* A resonances suppressed in charmonium decays to ppr?, giving a
cleaner spectrum

* Considering the following decay in PWA:

v M2 (pr°)

Events/(32MeV/c?)

._.Mw-huwqu

1/)’—>X7T X—>ppand1/)| —>pN* N*—>p7r + c.c.

PRL 110, 022001 (2013)

200 -

150 |-

100

Ln
=
|

() 7]

.I.
+ +++

0 Tz A, m%%%l%

M (pr®)

M, (GeV!c )

Events/(32MeV/c?)

25 3.0 35
M (9% Mpp(GeVIcz)
200 F —3
(d)
150 |- -
t
100 |- t ++ ' [ -
50 - f
ool fram ,ﬁmﬂ

0

M(ﬁno) M, (Gercz)

* Crosses represent data

* Shaded histograms
show the background

e Histograms in red solid
line are the fit result
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PWA of ¢ — ppn®

o L Naso
v Seven N* states are observed: —Nis) @
* Two new N* states: 2 0 - N(1650) .
N(2300) and N(2570) o ]
* Five well established N* states : . ]
e
Resonance M(MeV/c?) T'(MeV/c?) AS ANy Sig M%) M, Gevicd)

N(1440) 139010720 340F36F70 0 725 4 1150 [T Tow T
N(1520) 151053550 115220109 198 6  5.0¢ — N(1720)
7-9 15-40 —— N(2300)
N(1535) 1535597 1200949, 494 4 93¢ o -~ N(2570) 7
N(1650) 165073%4 15073355 821 4 1220 2 N |
N(1720)  170013%% 4501071 556 6 9.60 3
1/2+[N@2300) 23007077 340T0TE0 1207 4 1500 & | S e L
5/2- |N(2570)  2570°30%3  250°3SY 789 6 1170 o T
0 .................... )

M (pT[ 0) M, +(GeV/c)




PWA of Y’ — ppn

* Intermediate state N(1535) — pn is dominant

* N(1535) combined with an interfering phase space is sufficient
to describe the data

* No evidence for a pp resonance, indicating that the threshold
enhancement in previous results may be explained by
interference between the N(1535) and phase space
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PWA of Y’ — ppn

N(1535) description:
1
MI%I* —S—iMN*FN* (S) !

[y = [9-(0.5- 2481 g5 _Prn)

BW =
(S) PNn(MI%/*) PNn (MI%/*)

* Pnr/Pny is the phase space factor for the Nm/Nn final states:

_ 2qnx(s) V(s = (My + Mx)?)(s — (My — Mx)?)
S S

N(1535) mass, width and product branching ratio:
M = 1524 + 511°MeV/c?
[=130127%37 MeV/c?

B(y' —» N(1535)p) X B(N(1535) = pn) = (5.2 + 0.3732) x 1075

Consistent with previous measurements



Summary

* BESIII collected 0.45 billion 1y’ events and 1.3 billion J /)
events

* Overview of recent results in the baryon spectroscopy

* Charmonium decays as powerful tool to investigate excited
nucleons and hyperons

- Discover new states
- Provide complementary information to other experiments

* New results will be coming soon!
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