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"That [intermediate distance] scale is the richest phenomenologically,

my = 396 MeV

isoscalar
{ s

isovector
YM glueball

and is certainly the crux region fo understand..what QCD is really
about. And at the heart of the subject is the hadron spectrum, in

particular the spectrum built from light quarks. (..) Without question,

there is a great need...

James D. Bjorken (2000)

for a new round of experiments,..."
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Light meson spectroscopy

@ 2009+2012 : 0.5 billion y(2S) events
1.3 biliion J/y events



Observation of X(1835) in J/y—YyKsKsn

Phys.Rev.Lett. 115 091803(2015)
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Comparisons of the observations at BES

% X(1840): J? unknown,Jhy—y 3(n+ n-) PRD88,091502

o X(1870): J? unknown, Jy— o (nrr) PRL107, 182001

A X(1835): JP =0, Jly—y (n’mr) PRL106, 072002
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PWA of J/y—ynonO
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Partial Wave Analysis of J/y>ydo
(preliminary)
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« Dominant contribution from pseudoscalars

« n(2225) is confirmed;
« n(2100) and X(2500) are observed with large significance.

« The three tensors f,(2010), f,(2300) and f,(2340) stated in p-p reactions
are also observed with a strong production of f,(2340).



Amplitude analysis of y.4 > nun™~

* X1 provides another suitable environment to look for 1
 14(1600) studied in y .4 decays by CLEO-c
e only 1(1400) has been reported decays to nm

* Properties of ay and a, still need further studies

N(%.;) ~ 35000

- BESI

[ preliminary

(&) I =)
o o
o o
(= —

4000

30005—

events / 2[MeV/c?]

2000;

10005—

M(nr*r) [GeVic?]

94 345 35 355

y(@2S)oyme'n

3.6

compatible with a,(1700) hypothesis

MZ(n') [GeV/c?

10 AR
_ S E a,(980)
N 8_ o e a,(1320)
“": 5, - o £,(1270)
S : -~ j@W feature
v 6
O I
+ 4 |
E
o~ I
= 2 K
0, ;g

10




o~ - — -3

kS i —— 2009 + 2012 Decay mode B(xe1 = nata=) x 10

> 6007 ~— BES]I[ — . |
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e s
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* Clear evidence for a,(1700) in x.,decays.
- First measurement of g,,, # O using a,(980) - nm line shape.
- Measured upper limits for m;(1"") in 1.4 - 2.0 GeV/c? region. 11



Light baryon spectroscopy



SU(G)xO(B) Classification of Baryons

Quark orbital angular momentum

Lowest Baryon Supermu]tlplets
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Events/(32MeV/e?)

PWA results on N* baryons in y'—n% p

Phys Rev. LeT‘r 110 (2013) 022001

200~ A ! ' Uoa) T
——\.lll.tn

L mNaso - m 2-pbody decay:
— - N(1650) IP(28) — XZL'O, )_( — ,Dﬁ_?
¥(2S) — pN*, N* — pr¥ + c.c.
W iSOsSpin conservation:
A suppressed

-
=1

ot
[=
[="

e
[=

2.0
M, (GeV/c?)

Two new baryonic excited states are observed |
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PRD 88, 032010(2013)
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 Clear structures were observed
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Light meson decays



Matrix Element for the Decays n—n+n-n° n/n" —>n%nOnO
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Comparison to experimental and theoretical results

a

h =
d =

(

b

d

—1.128 £ 0.015 £ 0.008
0.153 £ 0.017 £ 0.004
0.085 £ 0.016 £ 0.009
0.173 £ 0.028 £ 0.021

—1.128 =+ 0.015.
0.153 + 0.017.
(0.047 =+ 0.851) x 1072
0.085 =+ 0.016.
0.017 =+ 0.019.
0.173 + 0.028.

Experimental

- - a g BESIII
- 9= e " WASA-at-COSY[11]
- - - KLOE[10]
—— e e CBarrel[31] (fixed d)
® " LAYTER[32]
Theoretical
b * b NREFT[7]
e g o BSE[30]**
b ® Absolute dispersive[33]*
o o Dispersive Theory[15]*
—e— —0— —e— — ChPT NNLOI[9]
° ° ChPT NLOI[8]*
1.3 -1.1 0.15 045 -0.05 0.15 -0.05 0.25
a b d f

No charge-parity violation is seen
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Comparison to

experimental and theoretical results

Experimental
—— BESII

* Average(s) (ﬂ )
8 KLOE[14]
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ce TN Theoretical |
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g BSE[30]"
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® In agreement with previous measurements

® o for " —>n%n%n° significantly deviates from zero

-:1(1]‘—>3nﬂ}
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N —~yn*n- decay dynamics

® high term of WZW ChPT— box anomaly
® studied by many experiments (CB, L3 ..)

® no consistent picture due to limited statistics
® p mass shift or not ?
® box anomaly or not ?
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Events /5 M eV

N —yn+w- decay dynamics

1). fit with p(770)-w
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2). fit with p(770)-w-p(1450)

3). fit with p(770)-w box anomal*
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v' p(770)-w cannot describe data well;
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! C
0. 0.8 0.9
M @*'p) GeV/?)

Model-dependent fit

v Extra contribution (maybe p(1450) or box-anomaly, maybe both of them) is also
necessary to provide a good description of data
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Model-independent fit
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* Physics Letters B 707 (2012) 184-190
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n(1295) & fl(l 285) E852, PLB516,264(2001)

L n(l 295) Resonance M (MeV/c®) T (MeV/c?)

® only observed in wp interactions f1(1285) 12884445 45+9+7
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Summary

® Rich physics in light hadrons

o meson spectroscopy— QCD
o search for missing baryons— QCD, Quark model
o light meson decays — test of ChPT

® Mapping out the light hadron spectroscopy is crucial
e 1.3 billion J/¥ and 0.5 billion ¥* @ BESIII

® BESIII plays an important role in light hadron physics
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Thank you |
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