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BEPCII and BESII!

BES (1980s™~) BESII (1990s~) BESIII (2008~)

N VAN

World unique e* e~ accelerator
in T-charm energy region
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BEPCII and BESII!

Light Hadron Electromagnetic Muon Counter
Charmonium decay Calorimeter RPC
Charm Physics Csl(TI): L=28 cm Barrel: 9 layers
Tau and QCD Barrel oy = 2.5% Endcap: 8 layers
New Physics Endcap gz = 5.0% Ospatial = 1.48 cm

Electro Magnetic
Calorimeter

<

§'.

Wiz

double ring: et e~ Main Drift Chamber Time Of Flight
Ecm = 2.0 — 4.95GeV small cell, 43 layer Plastic scintillator
Peak Luminosity: Oxy = 130 um or(barrel): 68 ps
1.1 x 10** cm™?s~ 1@y (3770) dE /dx ~ 6% or(endcap): 60 ps (110ps)
Cross angle: 22 mrad op/p = 0.5% @ 1GeV
Circumference: 237.53m
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BESIII Collaboration

17 countries , 89 institutions, ~600 members =

BESIII Collaboratlon Meeting in Winter 2024
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BESIII Data Sample

10

p i . 2.175: 108 pb!

|
PN i ~ 1Lt - - * - - - -
- T 1 X 2 3

data below open-charm threshold

=y 2.23~3.67 GeV: 14 points ~110 pb~?!

10
200-3.08 GeV: 21 points ~550 pb | IEING IWEROV YTy
o : B : = * Using J /i decay to study

7
J/ Y (2S) .| 4.23+4.26:1.0 Lj
. | 42z ight Hadrons
6 ||_Jmw:108 | | v@s):27x10° [ w(4040): 05 - = 5
5 ) '(")‘, " $ 4.36
¥(3770): 20 (b P st | A,
R 'v&t.i. “'& =
4 b a18:~3m' T4,
~ Py % + 4 14 Y 4 ‘.60‘4-’5
& VLAY gt ~6.3 fb"" in total
A R scan data above open-charm threshold
2 - 3.85~4.59 GeV: 104 points, ~800 pb~!

3 3.5 o 4.5 5

World largest J/J data sample : ~10 billion
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* Topic I:

Light Hadrons
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Introduction

e Quark model Meson

v Quarks
9

v’ Mesons and baryons

Interaction of gg and gq

* Other forms of hadrons
v Multi-quark hadrons:
* tetraquark,pentaquark,molecular,baryonia
v' Glueballs: more than 2 gluons

v' Hybrids: two quarks and one gluon

Longyu Qin

Baryon

Q0
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Introduction

*J/

v’ only OZI suppressed decay

JAY JAY ( Hadrons
c » c C__
@ (b)
c - ___ [
——
JAy (__Hadrons  Jfy
c __ c
(©) (d)

o

Cc *

* Lowest order of Feynman diagram for main decay modes:

(a). The electromagnetic decay into leptons.

(b). The hadronic decay.

(c). The electromagnetic decay into hadrons.

(d). The radiative decay into hadrons.

(e). The radiative M1 transition to the 7c

pQCD : L had : Letm : L rad : Lo, ~ 75% : 16% : 8% : 1% More radiative decay
Fnon—lept Fnon—lept 1—‘non—lept Fnon—lept
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Introduction

Radiative decay to meson, hybrid, glueball and tetraquark « Glueball

c M c v' Pseudoscalar Only n and n' and the excited states
Jhy ( ” JAy |
(a) (b) * (I = 0 constrained)
_ obas _ R
(c) (b)

v’ Suitable mass region

12 N 5
as ~ 0.21 FJ/ = vgg) = 6% Ty o :':525 ‘
+ e*e~ Near threshold: background free P ° r— e K
(U7 = y@~0(aas) « |/ :large cross section, large yield T 2:_0 - l2 =
rJ/y - yH)~0(aa3) -
L/ = yM)~0(aa?) - Radiative decay: I,JP¢ constrain 2 i
CJ/Yp - yF)~0(aag) - BESIII: world largest J /3 sample VO °
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X(2370)

* Observation of X(2370)in J /Y - yn'mt ™ * Observation of X(2370)in J/y - yYK*K™n’
with 6.4 o[1] with 8.30[2]

200 T o T ]
— | I T T — :J/W—’YWK-TI’,T]'—)HE"I]. n—yy (a): . 500F Jn—vK'KT, n—=yp°, pPomn (b
E (b) 5 (\-19_ [ —— Data Chebychev ] ‘?‘5__; [ —— Data Chebychev ]
. 500 F N = 1508 — Fit resuit sk 1 3 400F —Fitresutt [ 1TPHSP g
NO = 5 ©] [ &3 Signal X(2370) s f ] O] F % signal X(2370) s ¥ ]
= N E S [ Jhy— KK '+ c.c. S 300 - gy K* K n+cc. :
% 400 - . =5 100: ==’ sideband =3 F - 1 sideband by 1
Q : . 2 B 200F e k
N . & s0f s F 0 aFT ]
< 300 ) i i g 100F =
g 2 - ] : P -“ ST ] : e ] o e
E 00 3 E 9721 22 23 24 25 26 27 05721 22 23 24 25 26 27
0 i e My, (GeVIC?) My (GEVIC?)
100 - o by
8 N ‘_'__-"' m Vp—T T e e L L R
- - B - E Jy—YKOKS 0, T, -y (€)1 . sofw—vKKIn, wsw’, plon'n (dA
0 L | 1 L | L ‘:‘9_ 25 L —— Data "" grljlesbgchev ] ‘:‘9 70F — Data o g;estg‘chev 3
1.4 1.6 1.8 2.0 2.2 254 2.6 2.8 E 20 ;&glt reslu)l<t(23m) ______ Total bkg = E 60 % gll resIuXIt(zsm) ______ Total bkg 3
- = - igna = ignal E
M(Tc—'-n Tl )(GCV/C ) S 45F =~ 1 sideband ’ o S0E ... 1’ sideband
s | S 4
2 qof o £ 30 :
c o 2] c 3
S f . 1 ¢ 20 E
[1]. Phys.Rev.Lett 106.072002 (2011) G sy g T T T8 Tk g
[2]. Eur.Phys.J. 502 C80,746 (2020) 077721 22 23 24 25 26 27 0,721 22 23 24 25 26 27
Moo, (GeVIC?) Moo, (GEVIC?)
shsh sfestl
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X(2370)

« Spin-parity of the X(2370) firstly determined to be 0~

with a significance of 100 greater than alternative JPC [1]

180 x2Iny;, = 82.68/69 Measurements [1]:
L 160 G praction - M = 2395 + 1152 MeV
E 140 -::z"fe'::::m . LQCD prediction on the lightest pseudoscalar glueball [2]:
o 1206 4 o 1, X(2370) - M = 2395 + 14 MeV

X(1835)
““““““““ X(2800)

o
~ 80
2]
£ 60
@D 40§ i : Decay property highly similarity to n,:
20F, enuteee, S two favorite decay modes of ttmw™n"and KK ™n
ot . o

supports the glueball predictions
Mogs,: (GEV/C?)

[1]. Phys.Rev.Lett 132.181901 (2024)
[2]. Phys.Rev.D 100.054511(2019)
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X(2370)

« Observation of X(2370) in J /Y —» yYKK?n® « Observation of X(2370) in J /¢ — yn’n'n

v Almost background free channel v Almost background free channel
8000 T e iﬂir.—.—.—.—'—.—.—r1m“§‘ _E 18000';_'I"'I"'I"'I"'I"‘I"'J"'\"'I';
8000 Jhy—YKIKnO E 100 0%,1‘:0: J/p — yr’n'n : ‘“0160005_ ;
%.,m_ ~data | L Wb & af 3 vk
S ik 8t i oo
274 16 18 é"zl.gw'zég 26 28 3: ) cE "E.G 0.8
i * More decay mode studied
2400, ¢ " 7 T T T T T o
o L region
1 ¢ Highly similarityton, S
= 1a00E
3 312003
] 2008 T e L
E % 22 2426
Mzozo, (GEV/CY)
Statistical significance: >> 50 Statistical significance: >> 50
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X(pp) and X(1835)

* Discovered of X(pp) in J/Y — ypp [1,2] * Observation of X(1835) in J /¢ —» yrn"m™n'[3]

v’ The spin-parity determined to be 0~ * Determination of Spin-parity tobe 0~ in J /3 —» yKK%n [4]

* Observation of X(1835) in PWA of ] /Y — yy¢I5]

2

F ) B
v f _so0f (b)
2 S a00f R R EE
S o 3 s 80 (5) 2, =140
& o F bin
i 8- 300 . 2 70f —+—Blzga ojectio
r F —_ r ion
ol 000 o010 o=z20 — s % 200; EGU:_ -)B(a(:ag%r)éund
M(p p) - 2m, (GeV/c?) 0.0 0.1 0.2 0.3 2 ook ¥ o 50; ~ X(1560)
M -2m,(GeV/c?) a ] ek ~ Phase space
0%4 16 18 20 22 24 26 28 N
M@ )(Ge Vi) @ 30¢
S 20
i@ 10}
N —‘_leNhin= 167 ‘ B * bt {
[1]. Phys.Rev.Lett 91.022001 (2003) @7 o ot ik ldati Wil
2]. Phys.Rev.Lett 108.112003 (2012 s | ] oo M. (GeV/c?)
= 500 KgKgn
2 | -
[3]. Phys.Rev.Lett 106.072002 (2011) s I ey
[4]. Phys.Rev.Lett 115.091803 (2015) & s
i Db N it Nt g e
[5]. arxiv:2401.00918, Accepted by PRD ¥ SitaMas AN Bl
My, 0) (GeV/c?)
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X(pp) and X(1835)

* Two resonance with interference gives « Two resonance with interference gives

better agreementin J /Y — y3(n m)[1] better agreement in J /Y —» yrnTrnn'[2]

} — 2500 [T 2500 [P R LA AR
B Ry et (@ i i -y fosul (b) ool | —+Data 1 Lo T T T —+ Data
200001 gamo et - 20000~ G sof- ; |-+ X(184014X(1880) rF + P R 1600 1 —f(;(|1og"a(I])FI1 ]
& = H L o> ' s - H eyl 1 - I -

Q L @ i« total background 2 2 3 i --X(1880) | ¢ ---X(1835 1 | 1
= | imnu | == non-resonant > - izm | - interference term 2000 [ 1400r 1 i —XE1920; i 2000 | 1400 1 [ —fX(1B35)+X(1870}:
% % 1s00F e Jhy—nf3(ntr) g L o 1s00F i total backgrotund | L - X(2120) ] o i - X(2120)
- £ olynomial 2 € ; =non-resonant &\ B b :  — Non-Resonant | — B — Non-Resonant 7
o [ 2w poy > - & ook iy i) © [ 2 . mmBackground | % 1 R I Background |
< o000k A : - 10000~ T : 3 1500 ook 4 .- ppthreshold ]| > 1500l - pp threshold ]
@ 175 18 18 19 195 | 2 L 175 18 185 19 195 | s L < ["1000} ]
5 5 E . =4 18 I E I ) b = g X v B
LE - E - g L g !
- %} ‘e - /
i - ; -'qc-; 1000 _— ..2 1000
of 4 r w
L 2 [ L
ofs 3 F}l g H L JT) P STAR } 500 500
-5 -2 R Tagih o 0 GRERRRNIIE (| SRR ) ( L ¢ TR B
6 7 T8 19 2 4L +' i ; y it
E . : : 1.6 17 1.8 1.9 2 0 =S ‘
2
M(6r) (GeV/c?) M(6r) (GeV/c?) 13 14 15 16 17 18 18 2 21 22 0% 14 15 16 17 18 19 2 21 22

M) (GeV/c?)

M) (GeV/c?)

[1]. Phys.Rev.Lett 132.151901 (2024)

[2]. Phys.Rev.Lett 117.042002 (2016) One resonance ?
Two resonance ?

PseudoScalar Glueball candidate?
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n(1405) - n(1475)

00,0 . .
* PWAoOfJ/Yp - yK;K;m"[1]: * PWAofJ/Y - yyo [2]:
Long-standing Puzzle v/ Two isoscalar states n(1405) and n(1475 v observed 17(1405) with 18.9¢
n )
around 1.4GeV can well fit data while 7(1475) can not be excluded
? > — Vs 14000 - —4— Data ) ' ) ' ' —:
6 I 1st radial excitation l d s ) ] y T T . oD
v & 12000 Total Fit (a) 3 _ 2 _ _ ata
" ‘ ; X(2370) %) . z:: :z:s’;?;'““ﬁ E ;&{ 1000_— X /Nbin =115.40/80= 1.44 —- - (1285)
€4 e X(2120) D sooob - 0" aftare . O Y N n(1405)
Q 3 n(1475) & = 1 K (892)°KY E o) - £(1420)
"2 . L o , n(1760) ;-ar 6000 T an(eaog"n" ...... —: 59 500- o 1(1 51 0)
[ n(958) f\ £ L KERK e E -
1 '1 w 1(1295) m l% 4000 2 age80fs .0 1 ] @ L f,(1525)
" ® 2000 e c - X(1835)
n(548) ) - o
2 3 I S SR SR SR e m -++1,(1950)
" D] e cordbinetirne S o 0 —1,(2010)
125 1.3 135 1.4 145 15 155 1.6 . g - M‘-‘s‘:’ o’ ‘,*.Q_ P, Ky f,(2200)
n(1405) / n(1475): M(KKE0) (GeV/c?) sk 7 e ’ ) "’2* ‘22 -,
first glueball candidate _ Ml o) (GeVied) '
low
(Mass incompatible with LQCD) St| I I N eed fu rth er stu dy

two states?

radial excitation states of n'? [1]. Eur.Phys.J.C, 03,121 (2023)

[2]. arxiv:2401.00918, Accepted by PRD
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Spin-exotic state

* Spin-exotic state of 1™ :
v’ forbidden in conventional quark model
* Lightest spin-exotic state in LQCD: 1~ hybrid [1]

v’ Can be produced in the gluon-rich charmonium decays

m 19079)=1"a17)
g

K, 160P)=2 (17)

! 1G ryPCA — )
0 16GP= gty L0 -0 AT)

[1]. Phys.Rev.D 88, 094505(2013)
[2]. Phys.Rev.Lett 129, 192002(2022)

Longyu Qin

* Anisoscalar 1-%,1,(1855), has been
observed in J/y — ynn' (>190) [2]

v’ Mass consistent with hybrid on LQCD

* Opens a new direction to completing

the picture of spin-exotics

400:_:. ———1——r—r—7
[ | (@) x¥/dof = 1.57
300 | §

—s— Data
J— 0*"‘

o+

| — 1 m(sss) | h

L

200 [ { 1

-+« PWA fit projection (exclude n) ]
W — PWA fit projection (baseline fit) 4

o
o
|

Events/(10MeV/c?)
o

1.5 2 25 R
MM )(GeV/c?)

59th RENCONTRES DE MORIOND QCD 17/24



Spin-exotic state

Ty 800 T T
12002 (a) 12Ny = 17011116 | Dpata 1 700 (b) 2N, = 348.41/232
"‘E-l 000,’_ — MC projection ] &;“
> . | |Background 1=
) [ , 1o
O 800 Q
I~ [ 10
S annl 15
S 600} 12
2 400! 15
= 400¢ 18
Q - k=
= - 1€
L 200_ ) L
0- Vet

Longyu Qin

e First observation of Exotic 1~ Isovector state

m1(1600) with a significance > 100

é/Evidence of 1y — n'm at CLEO-c is confirmed

[PR D84 112009 (2011)]

 JPC¢ = 1~* petter than other assumption over 100

My (GeVlc?)

1T 15 2 25

« with a significant BW phase motion

Observations of m; and i, in charmonium decays provide a new path to study 1~*
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* Topic II:

Charm Spectroscopy
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Potential Model and XYZ states

* Y States: states with J°¢ =17~

“Cornell” potential _ _
« Z States: isovector states with charged partners

—re « X States: other states asoof
15 linear “confining” . — X@700)
V(r oo - 9 4600 0/
M) i long distance T e .
1/ P woof Sy L P
yeDy H Py R
/ ; ; 4200 :__X(41603?I_Y)}4??0?_ z*«i'zfm) _ iiiig; 7" (4250)
o [ vES AN A —74050) D**
\1/.» “colombic* Al the predicted states below open-charm 2 “®f_xs ]| Wi s R
" @ C ‘ )T XEETY) ¥,(ID——DD*
short distance 41, rashold have been observed g ssof Y o, /T .- -
2 parameters: Enmmpanent = sy YEY 7
sIoF;:e & in'rerc.ep'l' 3600”1 % 1P "_":'.7&3-9)
3400f
Some observed states above open-charm :
(0) K threshold not fit into quark model 32008
V¥ (r)= —— + or 4+ C dassification 3000f
r ot I 1™ 0% 1= 2% 2 &other
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ete” > DD

* Luminosity of 20 fb~! from 4.80 to 4.95 GeV with 150 energy pomts

—~ 1200 -

* Unprecedented precision measurement B1000E G(F““) ‘4’(45“40) ‘P(“:‘ﬁ“) V(@415) +Eﬂi§g‘(’§§b§§’8) £
12 8003 E % E —a— gaﬁar ogg;t;bS) E

* G(3900),P(4040),1(4160),1(4260),1(4415) o 600f : G
. 400F : =

‘f_: 200 ﬁ* :

© ?‘ si i-i‘ﬁ ..

G(3900)

e P-wave DD* molecular resonance?

* threshold enhancement?

e the final-state interaction?

o(ete = DD (pb)
=)
S

* coupled-channel K-matrix analysis needed ' is (GeV)
Phys.Rev.Lett 133.081901 (2024)
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ete” > DID.(2536)"and ete” - DS D;,(2573)" [1]

e Absolute branching fractions of D¢;(2536)” - D*°K~ and D},(2573)” —» DK~

are measured for the first time.

* Exclusive cross sections of eTe™ —» DI D.,(2536)~ with Dy;(2536)" » D*°K~ and
ete” -» DID.,(2536)~ with D5 (2573)" —» DK~ also reported.

Y states observed, consistent with Belle and BESIII previous results.[2-5]

N
IIQI

[1] Phys.Rev.Lett 133.171903 (2024)
[2] Phys.Rev.D 100.111103 (2019)
[3] Phys.Rev.D 101.091101 (2020)
[4] Phys.Rev.Lett 131.211902 (2023)

[5] Phys.Rev.Lett 131.151903 (2023) /s (Gev \/ Vs (GeV

Y(4620) Y (4710) or Y(4790)? Y (4626)

o(e'e’—DD_) (pb)
=

IOI T LI
l
1
[
|
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* Precise measurements of the cross section for the process ete™ —» DI D; .

* Asignificantly narrow width of 1)(4040) than the PDG value is observed.

* Adip around the D:*D;~ threshold and the peak position of the 1/(4230),

suggesting the influence of the open channel effect.

» Offering an input for a future coupled-channel analysis and model tests.

Longyu Qin

c(e'e'— DiD) (ph)

'I"'I"'l-700:'I"'I"'I"'

] 600F
] soof

(4040)

(4230)
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Summary

* A set of interesting results from the light hadrons:

v’ Discovery of possible glueball candidate : X(2370).

v’ The study of X(1835) / X(pp) and n(1405/1475) performed, two states? glueball candidate?

v’ Observation of An Exotic 1~ Isoscalar state 17, (1855) and Isovector state ; (1600).

v"More study needed!! With more data, more investigation is ongoing, expecting new results in the future.
* Vector charmonium(-like) states have been studied using various processes at BESIII,

including open charm and hidden charm
v G(3900),y(4040),y(4230),Y(4620) and more are observed and measured.
v BEPCII-U upgrade will provide larger data sample, benefits the Vector charmonium(-like) states study.

v’ More study based on various channel is excepted.

Thanks for your attention!
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