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Recent highlights
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Glueball

@ Light meson spectroscopy

@ Key tool to study/develop QCD in non-perturbative region Phys.Rev.D 73 (2006) 014516
@ Conventional quark model: Meson(qq), Baryon(qqq) 2 - s
@ Exotic hadronic state predicted by QCD N P I T
@ Glueball(gg, ggg- - -) 2| mme— 5%
@ Hybrid state(qqg, 9qqg) e e .5
@ Multi-quark state(Ngg) > 4) g0
@ Searching for those states helps study gluon field and understand color
confinement ° ’
@ Lattice QCD(LQCD) predicted the glueball spectrum and their quantum
numbers [ W )
= Qualrkofi)um
@ Glueball with ordinary quantum number can be mixed with nearby qq __.___.E_!__qu__
states @S [ vy
@ Systematical study needed in the identification Vi s.im;.
b 99

Mutti-quark
state
la*q%)

=+ other formats of
+ colorsinglets
allowed by QCD
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https://doi.org/10.1103/PhysRevD.73.014516
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Glueball

BESIII's advantages

@ Gluon-rich process
@ Clean, high-statistics data samples directly from eTe™ collisions
@ /, JC filter

c : d c s
% 7,
Cc
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Glueball

Amplitude analysis of J/i) — vKsKs

LQCD prediction of scalar glueball

@ Mass: 1.5~1.7 GeV [Phys.Rev.D 87 (2013) 9, 092009]
@ Production in radiative J/v decay: B(J/¢ — vGy+) = 3.8(9) x 1073
[Phys.Rev.Lett. 110 (2013) 2, 021601]

Phys.Rev.D 98 (2018) 7, 072003
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@ Dominant amplitudes include the f5(1710), f5(2200), f,(1525)
@ fy(1710) ~10 times larger production than f;(1500) in J/v) — ~ynn [Phys.Rev.D 87
(2013) 9,092009] and J/ — vKsKs
@ Measured mass ~1.7 GeV

@ Production of fy(1710) in radiative J/+ decay (> 1.7 x 10~3) close to
theoretical prediction of scalar glueball
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https://doi.org/10.1103/PhysRevD.87.092009
https://doi.org/10.1103/PhysRevLett.110.021601
https://doi.org/10.1103/PhysRevD.98.072003
https://doi.org/10.1103/PhysRevD.87.092009
https://doi.org/10.1103/PhysRevD.87.092009
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Glueball

Pseudo-scalar glueball candidate

LQCD prediction of Pseudo-scalar glueball

@ Mass: 2.3~2.6 GeV [Phys.Rev.D 73 (2006) 014516]
@ Production in radiative J/v decay: B(J/¢ — vG,—+) = 2.31(80) x 10~*
[Phys.Rev.D 100 (2019) 5, 054511]

@ X(2370) firstly observed in J/¢ — ynt 7~ n/
@ Measured mass: 2376.3 & 8.7(stat.) 732 (sys.) MeV
@ Consistent with LQCD prediction to pseudo-scalar glueball

Phys.Rev.Lett. 106 (2011) 072002
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https://doi.org/10.1103/PhysRevD.73.014516
https://doi.org/10.1103/PhysRevD.100.054511
https://doi.org/10.1103/PhysRevLett.106.072002
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Glueball

Search of X(2370)

Chiral effective Lagrangian calculation[Phys.Rev.D 87 (2013) 5, 054036]

@ For pseudo-scalar glueball mass of 2.37 GeV,
B(G — nmm’), B(G — KKn'), B(G — wwn’)=0.00082, 0.011, 0.090

Eur.Phys.J.C 80 (2020) 8, 746
oFovorern 131N I/

50 .
o e

400f — Fit result 1 E
[ Signal X(2370)

300 ... Total bkg
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Events/(0.01GeV/c?)
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KRy

@ X(2370) is observed in J/vyp — yKKn'

@ Measured mass: 2341.6 £ 6.5(stat.) &= 5.7(sys.) MeV
@ B(J/y — vX(2370) — vKKn'): 1.79 & 0.23(stat.) + 0.65(sys.) x 10~5
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https://doi.org/10.1103/PhysRevD.87.054036
https://doi.org/10.1140/epjc/s10052-020-8078-4
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Glueball

Search of X(2370)

Phys.Rev.D 103 (2021) 1, 012009
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@ No X(2370) signal in J/¢ — ynnn', B(J/¢¥ — vX(2370)— ynmm')
<9.2x 1076 at90% C.L.
@ No contradiction to the calculation for X(2370) as 0~+ glueball

@ Search X(2370) in more decays with high statistics J/+ data to determine its J°C
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https://doi.org/10.1103/PhysRevD.103.012009
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Structure near pp threshold

X(1835)/X(pp)

@ X(pp) Phys.Rev.Lett. 108 (2012) 112003
@ Anomalous strong enhancement structure at pp 5;2?& 225M J/ <
threshold in J/v — ~pp, firstly observed by £ so0f
BES, JPC favor 0—+ S0 .
£300F TVt 3
2200 o
100F =
8o

01 02 0‘:3
M, - 2my (GeV/c?)
@ X(1835)
@ Observed in J/v — yr 7~ n/(BESII, BESIII), JPC favor 0—+

@ Anomaly line shape near pp threshold
? pp molecule state or bound state

Phys.Rev.Lett. 106 (2011) 072002  Phys.Rev.Lett. 117 (2016) 4, 042002
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https://doi.org/10.1103/PhysRevLett.108.112003
https://doi.org/10.1103/PhysRevLett.106.072002
https://doi.org/10.1103/PhysRevLett.117.042002
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Structure near pp threshold

Search of X(1835)

@ J/Y—yvé
@ Flavor filter
@ First observation of (1475)/X(1835) — ~¢,
JPC favor 0~ +
@ Sizable ss components

@ X(1835) seems unlikely to be a pure NN bound
state

@ J/p s wrtan

@ Provide information on qg or gluon component
of X(1835)
No evident signal of X(1835)
B(J/v — wX(1835) — wrtn~n') < 6.2x107°
at90% C.L.

¢ yield/(0.035 GeV/c2)

Phys.Rev.D 97 (2018) 5, 051101
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https://doi.org/10.1103/PhysRevD.97.051101
https://doi.org/10.1103/PhysRevD.99.071101
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Strange quarkonium(ss)

@ Strangeonium spectroscopy is not Chin.Phys.C 39 (2015) 8, 082001
well understood experimentally

g
b

@ Only 7 states in the expected ISV
spectrum assigned to the

observed mesons(marked with red

Mass(GeV/c?)
N
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RGN X R
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h(2Py 17D 7D 21850
- 1.8]
solid lines) w0y
@ Study of the strangeonium mesons T8 s Xy PR 15250
is of particular interest 14 sy o e T
@ Bridge between light u, d quark 12

and heavy ¢, b quark
@ Helps to identify the exotics

-

n('sy)

[
)
o

—0* 1 T 0" 1+ 2 27 o+ 3
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https://doi.org/10.1088/1674-1137/39/8/082001
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Strange quarkonium(ss)

Partial wave analysis of J/¢ — KTK~7°

@ Reveal signals not observed before due to low statistics [Phys.Rev.Lett. 97 (2006)
142002]

@ Precisely determine properties of intermediate states
Phys.Rev.D 100 (2019) 3, 032004
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@ Krn®
@ Dominated by K*(892)+
@ Observe K5(1980)* and K} (2045)* for the first time in J/1 decays
@ KK~
@ Two broad 1™~ structures in Kt K~
@ Possibly assigned to w(1650) and p(2150)
@ Further studies on J/vy — KsKr and J/v¢ — Kt K~ n needed
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https://doi.org/10.1103/PhysRevLett.97.142002
https://doi.org/10.1103/PhysRevLett.97.142002
https://doi.org/10.1103/PhysRevD.100.032004
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Strange quarkonium(ss)

Partial wave analysis of 1(3686) — KTK™n

@ Large statistics allows re-examine previous analysis [Phys.Rev.D 86 (2012) 072011] and
study of K* states

448M 1 (3686) Phys.Rev.D 101 (2020) 3, 032008

inbin = 0.95 + 32
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@ KtK—
@ Observe ¢(1680) and another 1~ state, which consistent with X(1750)
reported by FOCUS

@ Broad structure around 2.2 GeV contributed from:
@ 17 7: ¢(2170)/p(2150) or both
@ 37 : p3(2250)

@ Difficult to distinguish these excited p and ¢ states due to limited statistics
@ Need help from other decays, e.g. ¥(3686) — 77 ~n
@ KEy

@ Dominated by K5 (1980)* and K3(1780)*
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https://doi.org/10.1103/PhysRevD.86.072011
https://doi.org/10.1103/PhysRevD.101.032008
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Strange quarkonium(ss)

Strangeonium-like Zg

@ Replace cc with ssin Z; Phys.Rev.Lett. 110 (2013) 252001

@ Analogous structure: Zs o, 100-Z¢(3900) R
@ Search Z; in 7% ¢ around K*K threshold 3 sopsetesmen 1 T
> o [
@ Amplitude analysis on ete™ — ¢rrr S |
@ Can be described by ¢o, ¢f(980), ‘% o 1 ﬁ_\
#fo(1370), ¢f2(1270) & 20 I
@ Upper limit on the cross section of Zs at 0 ; i
90% C.L. for different mass/width T My VI
hypotheses determined
Phys.Rev.D 99 (2019) 1, 011101
% % 808 +Data 108.49 pb~ ' @ 2.125 GeV
3 3 H e
= 400f = eop w7 s
‘% % 40 | |
G 200 b f +
20
T Ts T 2 e s s
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https://doi.org/10.1103/PhysRevLett.110.252001
https://doi.org/10.1103/PhysRevD.99.011101

Summary
°

@ Glueball
@ Production of f3(1710) ~10 times larger than fo(1500) in radiative J/v
decays
@ fy(1710) largely overlap with scalar glueball
@ X(2370) observed in J/v — yrTr—n’, vKKn', and no signal in
I/ — vy’
@ Structure near pp threshold
@ 1 (1475)/X(1835) observed in J/¢ — yy¢
@ No X(1835) signal in J/¢ — wrtn=n’
@ Strangeonium
@ X(1750) and possible ¢(2170) observed in ¢ (3686) — K+tK—n
@ Two 1~ structures, possibly w(1650) and p(2150), observed in
J/p — KtK— =0
@ Upper limit of Zs determined in ete™ — ¢
e BESIII already collected ~10B J/v, ~3B ¢(3686) and going to run for another
10 years
* Using the unprecedented high statistics data, more fascinating results in light
meson spectroscopy are expected

1515 |
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Beijing Electron Positron Collider(BEPC)

@ Start construction since 1984
@ Ecm: 2~ 4.6 GeV
(5.0 GeV since summer 2019)

BEPC(1989-2005)

@ Lycax = 1.0 x 103 (cm? - s)~ 1

BEPCII(2008-now)

@ Lpear = 1.0 x 1033(cm? - )~ !
(April 5, 2016)
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BESIII detector

* Super Conducting Solenoid
+ 1.0T(2009)
+ 0.9T(2012)

* Electromagnetic Calorimeter
- Csl(T))
« 0p/E <2.5% @ 1GeV

I\,

* Main Drift Chamber * Time Of Flight
* Oyy=120um * or=70 ps (Barrel)
* 0p/p < 0.5% @ 1GeV/c * op=60ps (End Cap)

+ Build and replacement of Inner Chamber with CGEM-IT is ongoing
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Glueball spectrum

Lattice QCD(LQCD) predictions of lightest glueballs PhysRev.D 73 (2006) 014516

12 . 5
0 m—
PC
J Mass B(J/vY — ~vG) o F— .
3.8(9) x 103 3" gt
0+t | 1.5~1.7 Gev ® e . -
[Phys.Rev.Lett. 110 (2013) 2, 021601] » zmm— ¢ 3
JCR ) ZH_O — o
1.1(2)(1) x 102 =
o++ | 2.3~2.4 GV @) - ’
[Phys.Rev.Lett. 111 (2013) 9, 091601 ]
1
2.31(80) x 104 ’
0+ | 2.3-2.6 Gev . ,
[Phys.Rev.D 100 (2019) 5, 054511] . e+

@ Those states with ordinary quantum number can be mixed
with nearby qq states

e Systematical study needed in the identification
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https://doi.org/10.1103/PhysRevLett.110.021601
https://doi.org/10.1103/PhysRevLett.111.091601
https://doi.org/10.1103/PhysRevD.100.054511
https://doi.org/10.1103/PhysRevD.73.014516
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Scalar glueball candidate

Phys.Rev.D 87 (2013) 9, 092009  Phys.Rev.D 98 (2018) 7, 072003 Phys.Rev.D 92 (2015) 5, 052003

S
g

einbin=1.45

8

~+-Data
= Glabai Fit

g

F—T
Events / 20 MeVi/c?

Events / 0.020 GeV/c*

Pull

fhons 5 5 8

A YWTHS TS
‘““U"0"’”*“‘%&{"”7*"“&»"'O‘Mh‘“jw‘%w'u’f‘(
T2 T T T8 5 3z 27 26 28
Mass(KK,) [GeV/c]

]

f:2340)

@ fp(1710) ~10 times larger production than f3(1500) in J/v — ynm, vKsKs
@ Production of fo(1710) in radiative J/+ decay (> 1.7 x 10~3) close to
theoretical prediction of scalar glueball (3.8 x 10~3)
@ Broad scalar contribution ~2.1 GeV observed in J/¢ — ynn, vKsKs, also seen
inJ/v — ynO70
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https://doi.org/10.1103/PhysRevD.87.092009
https://doi.org/10.1103/PhysRevD.98.072003
https://doi.org/10.1103/PhysRevD.92.052003
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Scalar glueball candidate

Phys.Rev.D 87 (2013) 9, 092009 Phys.Rev.D 98 (2018) 7, 072003
T T T
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gl Mass(KK) [GeV/c?] Branching fractions (10™)
LQCD prediction Experimental results
B/% — fo(1710) — vKK) = (8.57§2) x 10~ %
Mass: 1.5~1.7 GeV B(J/v — Afo(1710) — ymm) = (4.0 £ 1.0) x 10~4
B(J/¢ = 76y )= B(J/v — ~fo(1710) = yww) = (3.1 £ 1.0) x 10~*
3.9(9) x 1072 B/v — ~fo(1710) — ~vnm) = (2.3573- 131229y 5 104
— B(J/1 — vfp(1710)) > 1.7 x 10~ 3

fo (1710) largely overlapped with scalar glueball
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https://doi.org/10.1103/PhysRevD.87.092009
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Tensor glueball candidate

Phys.Rev.D 87 (2013) 9, 092009 Phys.Rev.D 93 (2016) 11, 112011
f2(2340) contribution in J/v — ynn 2500 ]
o N 0 ot
o, 200 { 2
S 180 M
@ 160 #}
= 140 [’
& 120
5 100 tot
£ 80 f t W,
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[r2390) 7.60 | 0 PHSP (2,74 +0.15704¢

@ f»(2340): a good tensor glueball candidate
@ largely produced in J/¢ — ynn, v¢¢, significant tensor contribution
~2.4 GeV also seen in J/1p — yr070, yKsKs
@ Measured mass close to LQCD prediction of tensor glueball(2.3~2.4 Gev)
@ Production of f(2340) in radiative J/+ decay is much lower than LQCD
prediction(1.1 x 1072)

@ More measurements needed 719


https://doi.org/10.1103/PhysRevD.87.092009
https://doi.org/10.1103/PhysRevD.93.112011

BACK UP
00000000

X(1835)/X(pp)

@ X(pp) Phys.Rev.Lett. 108 (2012) 112003
@ Anomalous strong enhancement structure at pp § & ‘ ‘ ‘
threshold in J/+» — ~pp, firstly observed by 2500
BES, J”C favor 0~ 1) g ) "
4 200} .t
100f _
iy
@ X(1835)

@ Observed in J/4 — ymt 7~/ (BESII, BESIII), J°C favor 0—+
@ Anomaly line shape near pp threshold

? pp molecule state or bound state

@ Also seen in J/v — yKsKsn (JFC determined to be 0~ )

Phys.Rev.Lett. 117 (2016) 4, 042002  Phys.Rev.Lett. 115 (2015) 9, 091803

Phys.Rev.Lett. 106 (2011) 072002
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https://doi.org/10.1103/PhysRevLett.108.112003
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https://doi.org/10.1103/PhysRevLett.117.042002
https://doi.org/10.1103/PhysRevLett.115.091803
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Search of Zsin ete™ — onr

Phys.Rev.D 99 (2019) 1, 011101
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