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Meson spectroscopy in LQCD
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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,..."



2004: sfar';r onstru?:fion
2008 test run
: 2009 -now: data taking

# m Charmonium(-like) physics

m Light hadron spectroscopy

¢4 ® Charm physics

m 1t physics |



Super-conducting
magnet (1.0 tesla)

Drift Chamber (MDC) »
oP/P (°/,) = 0.5%(1GeV)
G ge/ax (/o) = 6%

Time Of Flight (TOF)
c;: 90 ps Barrel
110 ps endcap

~ nCounter

8- 9 layers RPC
OR®=1.4 cm~1.7 cm
EMC: GE/VE(%/,) = 2.5 % (1 GeV)
(Csl) Gz’d)(cm) =0.5-0.7 cm/VE



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,Jy—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

(@) 0~ 5 1

Phys. Rev. D 92, 052003

= 5 B
=E=ERE
(= =}
j{llllllllI|III|III|III|III|III|III
e
-‘—"».%“_L
=
*
hw_,.i"l
%h
=

e fgﬁﬂﬁj“ | ! %@&%’M\ @ Model independent

wh

e - o 00, f,(1370), f,(1500),
4 f,(1710) and f,(2020)

2
B
‘IIII|IIII|IIII|IIII|IIII|IIII

L L
0.5

@ 2++: dominant by f,(1270)

() 2= M2

= iI T
. I . aral
et e 8 s,
158 2

!
0.5 1 25 E

=
3
T

Mass(x°x%) [GeVicd

a0 E_ () 2-E3

- .5 — — 1 l 15 - e Jihd et .a. il wd 2. i ._
Mass(=x"x") [GeVic]



Besides n(2225) , ver

Partial Wave Analysis of J/y>yo
(preliminary)

little was known in the sector of pseudoscalar above 2 GeV.

The new exper'lmen’ra?lr'esul‘rs are helpful for mapping out the pseudoscalar
excitations and searching for O~ glueball
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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).

* Model-dependent PWA results are well consistent with the results from

MIPWA

Resonance M{MeV /c®) I'(MeV /c*)

B.F.(x107%)  Sig.

n(2225) 221673010 185T1ITIE (240401075 70) 28.1a
n(2100) 2050055150 260150410 (3.30 £ 0.095550) 21.50
X(2500) 2470713763 93076475 17 4 0.027002) 8.8
So(2100) 2102 211 (0,43 £ 0.041221) 24 29
f2(2010) 2011 202 (0.35+0.05*0%%) 050
f2(2300) 2297 149 (044 £ 007507 G40
f2(2340) 2339 319 (1.91+ 007072 10.70

| 0~* PHSP

(2.74 £ 0.157918) 6.8
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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
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o~ - — -3

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

> 6007 ~— BES]I[ — . |

= o Qe 1) preliminary nrTw 4.819 + 0.031 £+ 0.088 + 0.210
o i cogue m-ﬂmn

= 400 o CI ap(980)*7F  3.506 + 0.034 + 0.182 + 0.153
T -+ a,(1320

§ i :::1700)):: a»(1320)*7#F  0.185 + 0.009 + 0.038 + 0.008
® .- £,(2050)

2001 az(1700)7F  0.048 + 0.005 + 0.014 + 0.002

T e~ Skkn) 0.123 + 0.007 £ 0.018 + 0.005
e s
0.5 1 15 2 2_25 3 3.5 Sppll 0.791 £+ 0.019 £ 0.037 £ 0.035
P M IDevie ] TS 0.859 + 0.021 £ 0.031 = 0.037
§ n Tt S-wave:
» 600 N/D by A.Szczepaniak f2(1270)n 0.371 = 0.012 £ 0.054 £ 0.016
= - PRD84, 112009
< i a,(980): £4(2050)n 0.027 £ 0.004 £ 0.009 £+ 0.001
; 400 dispersion integrals - : >
£ PRD78,74023 BESIII Preliminary U.L. [90% c.1]
3 200 s 71 (1400)*7x¥F  0.028 + 0.010 < 0.048
m(1600)*7F  0.005 £ 0.005 < 0.016
|| o e o G ST TS ST, m(2015)*7F  0.003 £+ 0.002 < 0.008
0.5 1 1.5 2 2.5 3
M(rc*r) [GeV/c?] Errors: stat. = syst. = extern.

* 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. 12



Light baryon spectroscopy



SU(G)xO(B) Classification of Baryons

Quark orbital angular momentum

Lowest Baryon Supermu]tlplets
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PWA results on N* baryons in y'—n% p

Phys Rev. LeT‘r 110 (2013) 022001
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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



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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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



Model-independent fit
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* Physics Letters B 707 (2012) 184-190
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® w is necessary
® Linear polynomial is insufficient




Observation of n —ye+e-

® Investigate the inner structure of the meson
® Transition form factor
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B(n' — veTe™) = (4.6940.20(stat.) =0.23(sys.)) x 10~*

by = (1.600.17(stat.) £ 0.08(sys.)) GeV~?

Consistent with theoretical predictions from ChPT, dispersion theory



n(1295) & fl(l 285) E852, PLB516,264(2001)

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



