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BESIII Data sets
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New forms of hardons

@ In quark model: @¥@

Meson

Rarvyon

¢ New forms of hardrons in QCD prediction:

+ Multi-quark: quark number >=4 % ﬁ
+ Hybrid state: the mixture of quark and gluon Zz ﬁ‘“f‘fﬁ

+ Glueball: composed of gluons

¢ Light hadron spectroscopy is a key tool to test and
develop theory. Highlights from BESIII:

+ X(1835) / X(ppb) studies
+ Search for the glueball

+ a0(980)-f0(980) mixing

+ PWA in {(3686)— K+K-n



Anomalous 7t7tn)’ line shape near M;,» threshold

First establlsh the dlrect link between the X
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Model lI: 2 resonances

X(1835)

Mass (MeV/c?)

Width (MeV/c?)

B.R. (constructive interference)
B.R. (destructive interference)

1825.3 £2.45)7°
245.2 £ 13.115¢
(3.01 £0.175038) x 10~
(3.72 £0.21193%) x 107

X(1870)

Mass (MeV/c?)

Width (MeV/c?)

B.R. (constructive interference)
B.R. (destructive interference)

1870.2 £2.2153
13.0 £ 6.173
(2.03 £ 0.1279493) x 1077
(1.57 £0.0910¢) x 1073

¢ Both models describe data with almost equally good fit quality

¢ The ppb threshold structure is a molecule state or a bound state?




Search for the X(1835) in different decay modes

~ 70F } + Data E Dominant decays: X(1835)—1,(980)n
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Search for the X(1835) in J/y—onanan’
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¢ 2-dimension fit is used for the signal extraction.

¢ No obvious signal of the X(1835), the corresponding B.R.
rate is measured: <6.2x10°@ 90% CL



Search for glueball

¢ Possible potential glueball candidates:
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Radiative J/ decays are ideal for searching for glueballs — one
of the BESIII advantages with the world largest J/p data sample.



PWA of J/y—ynn

A good channel for the 0+ and 2++ state search

1 | © Large production rate of fo(1710)
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+ Comparable with the LQCD prediction
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Resonance Mass (MeV/c?) Width (MeV/c?) B/ — yX — ynn) Significance

£o(1500) 1468114423 136741%38 (1.657026+0-31y % 1073 8.20

0(1710) 1759 = 6114 172 + 10+32 (2.3550 177030 X 10~* 25.00
f0(2100) 2081 = 13724 27357+ 79 (1.13729%+0.84) x 10~ 13.90
14(1525) 1513 + 5+, 75112+ 16 (3.42408+137) X 1073 11.00
f,(1810) 1822F79+%9 22913518 (5.407099343) X 107 6.40

@(2340) 236231+ 140 334+02+163 (5.60+0.62+237) 5 105 7.60 )




PWA of J/y—yKKs

Model dependent analysis
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Mass(K.K,) [GeV/c]
Resonance M (MeV/c?) Mppg MeV/c?) T MeV/c?)  Tppg MeV/c?) Branching fraction Significanc
K*(892) 896 895.81 4+ 0.19 48 47.4 4 0.6 (6.2810-151920) x 1076 356
K, (1270) 1272 1272 +£7 90 90 + 20 (8.54 191395 x 1077 166
fo(1370) 1350 4+ 95,2 1200 to 1500 231 + 2177 200 to 500 (1.07£3:08+9:96) % 1073 256
fo(1500) 1505 1504 + 6 109 109 +7 (15970 10 e ) x 107 230
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fo(1790) 1870 =775 e 146 + 147/, e (LI ot s, ) x 107 240
f0(2200) 2184 + 513 2189 4 13 364 4917 238 4+ 50 (27250081017 x 107 > 350
f0(2330) 2411+ 1047 e 349 + 1817 e (4.95103119:00) 5 1073 350
f>(1270) 1275 127554+ 0.8 185 186.71372 (2.58705810°9) x 107 330
£1(1525) 1516 + 1 1525+5 75+ 1+1 738 (7.9900 %) x 1073 > 350
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0+ PHSP (1.8510:051908) 5 1073 260
2+ PHSP (573190 08) x 1073 136 10
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Amplitude analysis of J/y—ynr?
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T ¢ Model independent analysis:

S ) two distinct sets of solutions

3 above KK threshold.

2: — f E st T o

_ e o @ Significance structures in the

= " ;%'a; scalar spectrum near 1.5GeV,

A" | 17GeV (fo(1500), fo(1710))
et

E |

s |

Mass(n°n°) [GeV/c?]

PRD 92 (2015) 052003

11



PWA of J/y—yDD

A good channel for 0+ and 2+ state search above 2GeV
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& (O-+ states are dominant

¢ For f2(2340), the large production rate is compatible with the LQCD
prediction for tensor glueball, similar to that in the J/iy—ynm, vKKs

¢ X(2500) is observed with 8.8c
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The X(2370)
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@ First observation of the combined results
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PRL 106, 072002

EPJC 80 (2020) 746

Explanation from the comparison with LQCD prediction: 0-+ glueball candidate
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Search for the X(2370) in J/wy—ynmn’
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Br(J/Pp—yX(2370))xBr(X(2370)—nNnNn’)<9.2x106 @ 96% CL

¢ No evident of the X(2370) in the NN’ mass spectrum

@ The upper limit is consistent in the 0-+ global assumption of the
X(2370)
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20(980)-10(980) mixing

N.N. Achasov, S.A. Devanin & G.N. Shestakov, Phys. Lett. B88, 367 (1979)

isospin violation enhanced by K° — K* mass difference
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C. Hanhart, B. Kubis, and J.R. Pelaez, Phys. Rev. D 76, 074028 (2007)
J.J. Wu and B.S. Zou, Phys. Rev. D 78, 074017 (2007)
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20(980)-10(980) mixing
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PRL 121 (2018) 022001

¢ Include the interference between the mixing signal and EM process in the mass fitting.
¢ First observation of the ao(980)-fo(980) mixing with 7.4c for fo(980)—ao (980) and 5.50

for ao(980)—fo(980)
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PWA in y(3686)—K+tK7m
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¢(1680) 16801317 1855047 14.3¢
X(1750) 178411510, 10617515 10.06
p(2150) 2255+ 1720 46013510 23.50
p3(2250) 2248117129 18515, 8.50
K3(1980) 20467 11+ 40813577 19.9¢
K3%(1780) 181311210 19113512 11.2¢

PRD 101 (2020) 032008

¢ The dip ~1.7GeV in the K+K- mass spectrum can be well described with the
$(1680) and the X(1750)

¢ The X(1750) is determined to be JPC= 1--
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¢ BESIII detector has successfully collected data samples, including 10billion J/
) events.

¢ A set of interesting and important results from the light hadron spectrum
achieved:

+ Strong correlation between the X(1835) and mppb threshold enhancement.
A molecule state or a bound state?

+ Wide search for the glueball and current glueball candidates (component):
fo(1710), f2(2340), X(2370)

+ First observation of ag(980)-fo(980) mixing.
+ The X(1750) was observed with the JPC=1—

¢ With the highest J/ dataset, the more extensive and intensive investigation is
ongoing, looking forward to new results in the near future.
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