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* How does QCD give rise to hadrons?

* Quark model seems to work really well. Why?

* Key things to search for: additional degree of freedom
» Strong evidences for multi-quark in heavy quark sector

* Evidence for gluonic excitations remains sparse

Hadron spectroscopy

* Role of gluons:

Gluons mediate the strong force

Hadron constituent: Mass? Quantum numbers? ...
Gluons’ unique self-interacting property
- New form of matter: glueballs, hybrids

Gluonic Excitations provide measurements of the QCD potential

QCD exotics: configurations beyond QM
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World’s largest T — charm data setsin eTe™ anmhllatlon
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Rich physics programs:
light hadron spectroscopy & decays,
charmonium spectroscopy,

charm physics,

precision measurements (R-value, TFF,

+  1989-2004 (BEPC):

* 2004: started BEPCIl upgrade,

Lpeak=1.0x10%! /cm?s

BESIII construction

¢ 2008: test run
* 2009-now (BEPCII):

Lpeak= 1.0 X1033/¢:m2(4/5/2016)

2020: energy upgrade to 2.45
GeV & top-up mode
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Charmonium(-like) Spectroscopy



Mass (MeV)

Charmonium-like states

Charmonia and charmoniume-like states
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Vector states: Y(4260) =2 new Y states

» BaBar __PRL 95 (2005) 142001 . BESIII PRL 188(2017) 092001
* Y(4260) firstly seen by BaBar A U S 5 |
* Inconsistent with simple cc scenario 5 & } “,ﬁ,}'"'.'lw.,.., " WE = _f o r
* Candidates for exotics: ks | o . ; mz_
* Hybrid (gctc)? ;, xf
* Hadronic molecule ? ot

m(.n *lhy) (GLV/L )

* Tetraquark ?
g PDG 2022 ¢ States

(4040), w(4160), y(4415)
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Y states

ete” >t J/P

PRD 106, 072001(2022)
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Additional structure at ~4.5 GeV (30)
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+ o +- Te”
eTe” » K™K e"e” = KsKs
I/ CPC 46, 111002 (2022) PRD 107, 092005 (2023)

Data samples from 4.13 to 4.60 GeV(15.6 fb1) Data samples from 4.13 to 4.95 GeV(21.2 fb1)
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PRL 130, 121901 (2023) PRD 106, 052012 (2022)
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More information on X(3872)

Open-charm decays and radiative transitions

PRL 124, 242001 (2020)

mode ratio UL
vJ /Y 0.79 4 0.28 -
v’ —0.03 £ 0.22 < 0.42
~D" DO 0.54 £ 0.48 < 1.58
7V DY DO —0.13+047 < 1.16
D**DO0 + c.c. 11.77 &+ 3.09 -
~Dt D~ 0.0075 55 < 0.99
wJ /1 1.6705 + 0.2 [18] -

™xer  0.88%052 £0.10 [31] -

A new production mechanism

ete” — wX(3872) at Ey, between 4.66 and 4.95 GeV

Events / (3.0 MeV/¢?)

PRL 130, 151904 (2023)
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A coupled channel analysis of the X(3872) lineshape
ete” - yX(3872),X(3872) -» D’D'n® and ntn™) /¢
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Lineshape parameterization based on

[C. Hanhart, etc., PRD 81, 094028 (2010)],
with the effect of D* width taken into account
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Two poles are found
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The Zc Family at BESII
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Events /(5.0 MeV/c?)
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(s = 4.681 GeV
: (@) 5.30

—+— Data

Total fit
Z..(3985)

: 6*1(2500)"0*“

non-Res.
D" p"’
comb. BKG

\'s = 4.641 GeV
(©) {

a 405

s = 4.661 GeV

|

e

.'i" e T T

(d)*

M’ﬂ! /””5,,

% “"W UM

405 41
RM(K*) (GeV/c )

Z.5(3985) near D,D* threshold

Events / (10 MeV/c2)

ete” — K(D;D™* + D,~D%)
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I[(Jhy = yG) ~ O(aa?) I(Jhy - :rH) O(aa?)
c
" D =G
c
I'Jhy = yM) ~ O(fmd) I(Jhy = yF) ~ O{txa )

“Gluon-rich” process

Light Hadron Spectroscopy

15



* Low-lying glueballs with ordinary J¥¢ = mixing with qq mesons o]

fo Mg

» Non-qq nature difficult to be established: Cryptoexotic

» Supernumerary states 4|

» Unusual pattern of production and decay

 Scalar glueball is expected to have a large productionin J/{
radiative decays: B(J/{ = yGg,) = 3.8(9) x 1073 by Lattice QCD

o

LQCD prediction of glueball spectrum

Glueballs

10|

15
0 —
2% — -
17—
31-1- 3_"_

2-.—1"— 13

PRD 73 (2006) 014516

++ -+ +-

e Observed B(J/W — yf,(1710)) is x10 larger than f,(1500)

» BESIII: f5(1710) largely overlapped with scalar glueball

BESIII PRD 87 092009 (2013)
BESIII PRD 92 052003 (2015)
BESIII PRD 98 072003 (2018)

J/b = vfe(1500)  J/Yp = v£o(1710)

YKK

—+oH te—]

B(J /9 — v£,(1500)) ~ 0.29 x 10~2

ymm  B(J/¥ — 7fo(1710)) ~ 2.2 x 1072,

—to—

YIT . ——

Natl. Sci. Rev. 8, n|0.11, nwab198 (202 1)|

phenomenology studies of coupled channel analysis with BESIII results:
PLB 816, 136227 (2021), EPJC 82, 80 (2022)

1 10 10°
Branching fractions (10™°)
16




Evts/30MeV Evts/30MeV Evis/25MeV Evts/25MeV

More scalars

£,(1800) ay(1710)/ay(1817) ?

2000 ¢
1500 | PRD 87, 032008(2013)
1000 | PRD105, L051103 (2022)
500 £
200 ¢ Df - KOK9rt
150 |
100 § = eof
50 § [ —— Data \
500 E 2 (@) — Totalfit
400 F " DOZI 2 KK 2y
300 | J Vv — }/(0¢ ( ) S r - S(1710)m* + *
200 ¢ g 20
;gg 250 | —— Data @ 7._,*04 ﬁ+ K ‘+ V:i
400 i | —— Projection (a) 1 12 14 16 18
L minn W] I 2
300 ¢ < 200F e M yogs (GeVie?)
fgg g = L) f_2(1950)
] ] - ; —— 1(2225)
oo} S ok |1k T PRL129, 182001 (2022)
g - B | R Background D, —KOo%K "
S [
wKTK~ = Peak around 1700 MeV/c? s 100 S @ xxs
(OZI rule: nh structure) o EIOO- K%’jifizi; )
W sof .- 2 o
ortn~ = Enhancement at 1790 MeV/c? I g N
U : == 5
oKTK~ < No peak around 1700 MeV/c? 2 2.5 3 S e Moo

M(K'K ' n%)(GeVi/c?) Moy (GeVic?)



Tensor glueball candidate

BESIII ] /Y = ydd with 1.3B ]/

NUZSOC' ) # 0 model independent
r G = 1.01(22)keV S - 0" modsl depuncet
(J / (e e 2+) ( ) € %2000 A . E :::::z::u
L(J/Y — vGa+)/Tior = 1.1 X 1072 1500 G L 2o e
CLQCD, Phys. Rev. Lett. 111, 091601 (2013) “N@ ; :*3,,!
| 21000
Experimental results -
w 500 : if Hres
_ i:.;.'—"”..:il fhym ML .p-l-“ﬁ-".'-l'
Br(J/W — vf,(2340) - ynn) = (3.820¢2*337) x 10~° D R VRN Y
BESIII PRD 87,092009 (2013) ‘ ‘ '
(f) M(00) (GeV/c?)

Br(J/¢ - yf,(2340) > ydd) = (1.91 + 0.147372) x 10+
BESIII PRD 93, 112011 (2016)

Br(J/¥ - yf,(2340) > yK(K,) = (5.541333133%) x 1075
BESIII PRD 98,072003 (2018)

Br(J/¥ — yf;(2340) - yn'n’) = (8.67 £ 0.70191%) x 10°
BESIII PRD 105,072002 (2022)

f,(2010), f,(2300) and f,(2340) stated in T p
reactions are observed with a strong production of
f,(2340)

Consist with WA102@CERN

It is desirable to search for more decay modes 18



Light hadrons with exotic qguantum numbers

C ¢
* Unambiguous signature for exotics = e
. . i Quarkon
* Light Flavor-exotic hard to establish - N
* Efforts concentrate on Spin-exotic Hybrids .:. q98)
* Forbidden for qq: Glueballs & [29)
PC _ o—— +— —+ -
J74* =0"",even™ ", 0dd Mult- @—@ 0—@ |g27°)
quarks +

Various probes:

* Hadroproduction: E852, VES, COMPASS, GAMS

* pp annihilation: Crystal Barrel, OBELIX

* Photoproduction: GlueX(2017-), CLAS J=L+S P=(-D"* c=(-D"*S
P ( ) Allowed JP¢:0=*, 0%+, 17—,17~, 2+, ..

Image Courtesylgo B. Grube



Spin-exotic mesons

 Only 3 candidates so far: All 1~ isovectors
* Experimental and interpretational issues

* ,(1400) & ;(1600) can be explained as one pole
* Most popular interpretation: hybrid

Width (GeV)
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PRL 122, 042002 (2019)

— o 3,(1320)

: \ agl(1700)

— 0.108 F m, @

— 0.110F

— 0112F

— 0.114F

— 0.116F

— 0.118F

— 0.120F

— 0.122 53577304 1.306 1.308 1.310

— M T AT S T H S ST R S S S S R S S S R T S S RS S S
2 1.3 1.4 1.5 1.6 17 1.8 1.9 2.0

Mass (GeV)

Confirmed by EPJC 81, 1056 (2021)

Lattice QCD Predictions:

2.5Gev |

2.0GeV |

exotics

T

0+ 1+ 2%

" PRD 83 111502 (2011)
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1~% Hybrids

m IJPY)=1"(177)

e Isoscalar 1~ T is critical to establish the \
hybrid nonet

™~

Ky 160P)= > (17)

* Can be produced in the gluon-rich B
: N 1079 =0"(17)
charmonium decays n, 15J°9H=0t(171)

 Can decay to 1’ in P-wave

PRD 83,014021 (2011), PRD 83,014006 (2011), EP.J.P 135, 945(2020) &w

JAp
- Search forn; (1~ ") inJ/¥ - ynn' c

[(Jly - yH) ~ O(aa))

21



Observation of An Isoscalar 1~ * State 1, (1855) in ]/ = ynn’

Phys. Rev. Lett. 129, 192002 (2022), Phys. Rev. D 106, 072012 (2022)

« Then'is reconstructed from yn*tn~ & nmtn™, n

400_ T T T i T T
& () x¥dof = 1.57 ] o~ (b) x¥dof = 1.52 | -
from W % 300 * g R % 4005_ * f‘?}w\‘ -
. . / g ,g:':(nuessn i g 300;_ " bx -
* Partial wave analysis of ]/ — ynn ° = eI I ™ ’**
* Quasi two-body decay amplitudes in the sequential g toof4 Y A B P73 ,{:,,;.,jt" E
decay processes J/{ = yX,X = nn"and J/{ - e ol AL

nX,X - yn' and J/P - n'X, X - yn are constructed Mém)(GeVic') Mtrij(GeVic)

using the covariant tensor formalism and GPUPWA* . , : : : :
50\400;— (©) ¥dof = 1.24 ! - [ @y¥dof= 177 " ,
*World’s first PWA framework with GPU acceleration 3 soof . Mﬁifr Vi st ;,ﬁn.j;.,;‘{aﬂ;,-«.m;..m.i
) _ 8 o ER N .
* Anisoscalar 1, n4(1855), has been 2 2% r !5,\ & sl ]

H ! o 1002— . _
observed in J/¥ — ynn' (>190) j.«" P s
M(y)(GeV/c?) cos,

M = (1855 + 97$) MeV/c?, T = (188 + 18%3) MeV/c?
B(J/¥ - yn1(1855) —» ynn’) = (2.70 + 0.41+318) x 107¢
* Mass is consistent with LQCD calculation for the 1~ * hybrid (1. 7~2.1 GeV/c?)
* Hybrid? Molecule? Tetraquark? 22



Observation of An Isoscalar 1~ State n,(1855) in J/{ — ym]

* Angular distribution as a function of M(nn")
expressed model-independently

= z w; Yy (cos@,i,)
» Related to the spin-0(S), spin-1(P), spin-2(D)
amplitudes in ' by:
VAT (Y)) = S0+ By + PP + D + D} + D3,

2
/—E<S’,10> = 250 cos Op, + 2P, Dy COS((QPO — le)o) + \/§P1D1 C‘OS(OPI — C)Dl))T

ﬁ(

Viar(Yy) = f(mﬂ — TP} 4+ 10D2 +5D37 — 10D3) + 2S5 Dg cos ép,,
Var (Y9 = ﬁ(\/gPoDo cos(ép, — op,) — PiDycos(op, — op,)),
D)

\/_@4): (6D2 — 4D? + D2).
» Narrow structure in (¥;)
» Cannot be described by resonances in yn(n’)
* 111(1855) - N’ needed

100

Weight sum/(10 MeV/c?)

4 Data-Sideband
— PWA fit projection (baseline fit)
Alternative fit without 14

Weight sum/(10 MeV/c?)

o

Weight sum/(10 MeV/c?)

Weight sum/(10 MeV/c?)
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Discussions about f,(1500) & f;,(1710) in J/Y —» ynm’

400F T T ™ T
G v (@ ledof = 1.57
- g S 300 -
Y 0
Significant f,(1500) ] 2
g 200 — 1" (n,(1858))
g l"-'WA fit projection (exclude n )
! o — PWA fit projection (baseline fit)
- 100} «
B(f(1500) — mm) ' L A *2.502) 3
. . M(m’)(GeV/
consistent with PDG
Decay mode Resonance M (MeV/c?) T (MeV) Mppa (MeV/c?) I'epa (MeV) B.E ( x107%) Sig.
 Absence of f0(1710) fo(1500) 1506 112 1506 2 18120117010 300
fo(1810) 1795 95 1795 95 0.11£0.01790%3 1110
f0(2020) 2010466 20340113 1992 42 2284012102 2460
B(f,(1710) - nn’) L : e oo
<287 %x1073 @90% C.L T/ =X = ymy | fo(2330) 23124775 65£10%, 2314 144 0.104£0.02400 1320
B(f,(1710) — mm) n(1855) 1855£9%0 188418+ : 0274004102 1 4o
fa(1565) 1542 122 1542 122 0324005700 870
£2(2010) 20624611 165417110 2011 200 0714006158 1340
>Supports to the hypothesis that f0(1710) £1(2050) 2018 237 2018 237 0.06£00170% 460
o ++ ) ) ) ) +0.10
overlaps with the ground state scalar glueball VPP L0 110
b=/ X =y | hi(1415) 1416 90 1416 90 0.08£0.01100 1020
([ ]
Scalar glueball expected to be suppressed W(lss) 1S % D% 38 01600299 99

B(G —» nn')/B(G — mm) < 0.04 -



10B /¢
. b=
New statesin J/U = yt 1 BESIII PRL 129, 042001 (2022)

35><103 —_— . .
N 3 ata qc-""'_-
1 3B ]/llJ § 30-— ga(t:kground -
BESIII PRL 117 042002(2016) Sasp ]
40005— o — Data v _f 5 20._ l X(2120) X(2370) y o600 §
225M ]/llJ i(_,‘ssooi— ;g:{igr'gﬁ]d '_ S 15_— "\/l\A/I .
BESIII PRL 106 072002(2011) £ L '
X(2370) & F . © ] >
X(2120) 5o0E R T B bl
o e T e aaviaatants T -0ies SR R 1.5 2 25 3
E ok \ y = SOOE L Mn'rt*r’] (GeV/c?)
§ 300F g X °Fai6 18 2 22 24 26 28 3 Observation of
58 M ]/lIJ 5 2000 | X(2600)
BN: Anomalous line shape
BESII PRL 95 262001(2005) ™ &=~ | -
b 120 ( ) O%l4 16 18 20 22 24 26 28 near pp threshold
= i M, (GeV/c?)
b}
§ 80 Observation of
2 ., X(2120), X(2370)
=
“oo

1.4 2.0 2.6
M(rt'tm’) (GeV/c?)

Observation of
X(1835)
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A New State X(2600) Observedin ]/ - yn™n ™7/’

PRL 129, 042001 (2022)

* To study X(2600) parameters, a
simultaneous fit ton'nt*nt™ and Tttt is
performed

* The structure in M(t" ™) well described

with the interference between f;,(1500) and

X(1540)

N 2 = 2
2 | 120 32 |
G 18 100 O 18f
E-: 1_5-_ 80 EI: 1_6-—

i 60
14F 40 1.4F
12F 20 12k

0

22 24 26 28
M. (GeVic?)

093 72415 16 17 18 19 42934 95 18 17 18 19
M_._(GeVic?) M_._(GeV/c?)

reconstruct ' from yntn~ (left) & n(— yy)m n~ (right)
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summary

* Exciting results from new ] /{ and XYZ data are presented

Mapping out non-trivial structures of Y states

Further information on X(3872)

The Z. family has expanded with the strange Z

Spin exotics state: 17 (1855)
* New state X(2600) in J/{ radiative decays

* Data with unprecedented statistical accuracy from BESIII provides great opportunities to study
QCD exotics. Will continue to run until ~2030

* BESIIlis in good status, inner detector upgrade in progress; High-lumi. fine scan between 3.8 GeV

and 5.6 GeV is planned
=» BEPCII-U: 3x upgrade on luminosity; Ecms expanded to 5.6 GeV (summer 2024)

Thank you for your attention
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Beijing Spectrometer(BESIII) Experiment

| RPC:: 8
RPC: 9 Electro Magnetic ayers

layers Calorimeter

SC
Solenoid

Barrel
ToF

Endcap
ToF

SC
Quadrupole

* Main Drift Chamber (MDC) < Time-of-flight (TOF) * Electro Magnetic Calorimeter (EMC) ¢ RPC MUON Detector
* o(p)/p=0.5% * o(t) =68ps (barrel) * o(E)/E=2.5% * o(xy)<2cm
Cge/ax = 2-0% * o(t) =65ps (endcap) * 0,4(E)=0.5-0.7cm
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Beam Energy: 2.35GeV

e e aeraiy.

Lum [1032cm2s1]
By [em]
Bunch Current [mA]
Bunch Num
SR Power [kW]

$y lum
Emittance [nmrad]
Coupling [%]
Bucket Height
0,0 [cm]
o, [cm]

RF Voltage

3.5
1.5
7.1
56
110
0.029
147
0.53
0.0069
1.54
1.69
1.6 MV

BEPCII-U vs BEPCII

11
1x10%} \
1.3 .
T, 8x 10% | ‘e ® \‘Q
7.5 g ‘\\‘
190 Zexiof] \. 3 times
250 ;% 4% 10%2} r‘\\f
3 R
0.036 o102
152 | |
. 2.0 2.5
0.35 Beam energy (GeV)
0.011 » Luminosity is increased by a
1.04 factor of 3 @2.35GeV
13 » Maximum beam energy is
33 MV increased from 2.1GeV to 2.8GeV.
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PDG 2022 ¢ States
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Plot from R. Mitchell
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Lineshape parameterization

dBr(D°D°n®) 1 g+ keg(E)

B— x x Br(D*® - Dr®
dE 2" |D(E)|2 o(D* ~ D°n?)

dBr(n*n~]/Y) _ B 1 y Lt gy
dE 2" |D(E)|?

[C. Hanhart, PRD 81, 094028 (2010)]

ot
[N L]
frsi)
foias )
faciic)
et
g e e

D

1 l
D(E) =E — Ex + 5 g * (Kege(E) + ikeg(E) +rier (E) + ikSe(E)) + > To

2

kere(E) = \/H_p\/\/(E —Eg)*+T?/4+E — Ep
Kerr(E) = —\/H_p\/\/(E —Eg)* +T?/4 - E + Ep

+,/.Up\/\/(EX — Eg)? + T /4 — Ex + Eg

o = FTL'+T[_]/1/J * Tknown + Tunknown
Ey = My — (mpo + mpo + m0)
B: the global normalization

* superscript ¢: charged D**D~

* Due to the limited statistics, Nynknown /Tt is fixed
[Chunhua Li, Chang-Zheng Yuan, PRD 100(2019) 094003]

Key features:

« Model independent

e Including the D*D self energy terms
 Including the width of D*
 Including the coupled channel effect
* Fitparameters: g, [ +,-;/y My
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Correlate the expected numbers of signals

2Im[D(E)] = g * (keff_l'kgff) + Fn+n_]/1p + Tknown + Tunknown

The produced numbers of events in a fitting

range (Emin, Emax) are:

prod  _ EmaxdE B *Zlm[D(E)]
Hx(3872) | 21 |D(E)|?
Emax
uPe%s o = Br(D*® - DOr®) x dE
Emin
'uprod _ jEmax JE B § Lty 0
mIN T g 21 ID(E)I?

B g ket

21 |D(E)|2

B _ B _ prod
Upop0,0 = €Epopor0 X Rpopo,0 X My (3872)

. prod
Hatn=jp = €ntn=j/yp X Rn"‘n“]/t/) X MX(3872)

—>

prod
Only one new parameter Ky (3872)

€ : efficiency and branching fractions correction

Emax g * keff
Emin dE |D(E)|2

Rpop0,0 = Br(D*0 - D=0) x

Emax 2 Im[D(E)]
dE
F fEmin |D(E)|2
Emax 7T+7T—]/1/J
dE ——=
R . _ J'Emin |D(E)|2
ARV L 2 Im[D(E)]

Emax
J'Emin dE |D(E)|2
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Compare with LHCb

LHCb | Thiswork

g 0.108 + 0.003+0-995 0.16 + 0.1013:12
Re[E,] [MeV] 7.10 7.04 + 0.15%2:97
Im[E;] [MeV] -0.13 —0.19 + 0.08%3 15

[(X(3872) -» ntn ] /¥)
— 2. +0.01
F(X(3872) > D°D"0) 0.11 + 0.03 0.05 + 0.01+991
FWHM (MeV) 0,2210-06 +0.25 0.4410-13 +0.38

Z 0.15 0.18

The inclusion of the D*D*~ term
in the model lengthens the tail of
the lineshape in the D°D°r®
channel and results in a larger
signal yield.
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Lineshape parameterization

dBr(D°D°n®) 1 g+ keg(E)

B— x x Br(D*® - Dr®
dE 2" |D(E)|2 o(D* ~ D°n?)

dBr(n*n~]/Y) _ B 1 y Lt gy
dE 2" |D(E)|?

[C. Hanhart, PRD 81, 094028 (2010)]
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faciic)
et
g e e

D

1 l
D(E) =E — Ex + 5 g * (Kege(E) + ikeg(E) +rier (E) + ikSe(E)) + > To

2

kere(E) = \/H_p\/\/(E —Eg)*+T?/4+E — Ep
Kerr(E) = —\/H_p\/\/(E —Eg)* +T?/4 - E + Ep

+,/.Up\/\/(EX — Eg)? + T /4 — Ex + Eg

o = FTL'+T[_]/1/J * Tknown + Tunknown
Ey = My — (mpo + mpo + m0)
B: the global normalization

* superscript ¢: charged D**D~

* Due to the limited statistics, Nynknown /Tt is fixed
[Chunhua Li, Chang-Zheng Yuan, PRD 100(2019) 094003]

Key features:

« Model independent

e Including the D*D self energy terms
 Including the width of D*
 Including the coupled channel effect
* Fitparameters: g, [ +,-;/y My
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Correlate the expected numbers of signals

2Im[D(E)] = g * (keff_l'kgff) + Fn+n_]/1p + Tknown + Tunknown

The produced numbers of events in a fitting

range (Emin, Emax) are:

prod  _ EmaxdE B *Zlm[D(E)]
Hx(3872) | 21 |D(E)|?
Emax
uPe%s o = Br(D*® - DOr®) x dE
Emin
'uprod _ jEmax JE B § Lty 0
mIN T g 21 ID(E)I?

B g ket

21 |D(E)|2

B _ B _ prod
Upop0,0 = €Epopor0 X Rpopo,0 X My (3872)

. prod
Hatn=jp = €ntn=j/yp X Rn"‘n“]/t/) X MX(3872)

—>

prod
Only one new parameter Ky (3872)

€ : efficiency and branching fractions correction

Emax g * keff
Emin dE |D(E)|2

Rpop0,0 = Br(D*0 - D=0) x

Emax 2 Im[D(E)]
dE
F fEmin |D(E)|2
Emax 7T+7T—]/1/J
dE ——=
R . _ J'Emin |D(E)|2
ARV L 2 Im[D(E)]

Emax
J'Emin dE |D(E)|2
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Compare with LHCb

LHCb | Thiswork

g 0.108 + 0.003+0-995 0.16 + 0.1013:12
Re[E,] [MeV] 7.10 7.04 + 0.15%2:97
Im[E;] [MeV] -0.13 —0.19 + 0.08%3 15

[(X(3872) -» ntn ] /¥)
— 2. +0.01
F(X(3872) > D°D"0) 0.11 + 0.03 0.05 + 0.01+991
FWHM (MeV) 0,2210-06 +0.25 0.4410-13 +0.38

Z 0.15 0.18

The inclusion of the D*D*~ term
in the model lengthens the tail of
the lineshape in the D°D°r®
channel and results in a larger
signal yield.

37



Angular moments without contribution from D wave and F wave

14
<Y > - <Y > -

308
225

P wave

<Y >=

2
V3

SPcos(¢p)

N B
o o

Weight sum/(10 MeV/c?)
o

The blue line becomes flat from a peak structure

P wave
2 4 6
<Y >« ﬁSPCOS(¢p) + \/?SPDcos(gbp - ¢D1+ EDFCOS(qu — ¢r)
N +Data - Sideband
o 40 —PWA fit projection (baseline fit)
; I ‘ ..PWA fit projection (exclude )
(b} ! ‘
= | ki 0
T 20| |
g I £ )
2 | | ; < +1= i +
= ..-E ! *;i i "l';"l 'y |1| +
.c_j) 0 I!' + -. + ++ 1+ T
S b i +#
; | ! + ! | | | ! | | | | | | !
1.5 2 2.5 3
M(m')(GeV/c?)
2023/06/05 Hadron 2023
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Observation of X(1835), X(2120) and X(2370) in J/{ EM Dalitz Decays

J/U - efern
* Confirmation of X(1835),X(2120),X(2370) previously observed in J/{ - yn*n™n’

Events/(22.5 MeV/c?)

I . —— Data I
= T'I‘_:.,'\.rln 1[[' mndl:_. - 'EIIEJFH!.{IH'HIJ
f(1510)
——— K[{2120)
X(2370)
- \IIEIHH
Non-1" background -
a _
i } 1 10—--- Jy—r't an” background 1
= (dther unknown background |

1.4 1.6 18 2“ 22 24 26 28

(GeV/ch)

nnn

reconstruct ' from ynt ™ (left) & n(— yy)m*tn~ (right)

! —l— Data !
_“*_.lmn‘-]fﬂ mode === K[ IEISH+X 18T
fem f,(1510)
3 - ——— X{2120}
iy 100 X(237m)
- -=== X(2600)
E l:l'.l} e Non-11" hafkgrnuml h
==== I'y—n"r'rn’ backeround
= L 15/ 1 Other unknown hackground o
=
" -
=
£ 50
=
m -
-
=
A ! . - - L =
l]_ BT e B g =
1.4 1.6 1.8 II] 22 24 2.6

A(GeV/c)

"'['[T|

10 billion J /Y
PRL 129 (2022) 2, 022002
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Observation of X(1835), X(2120) and X(2370) in J/{ EM Dalitz Decays
J/y - efern Ty
* Measurement of the Transition Form Factor of | /{y —» eTe™X(1835)

»the structure-dependent partial width can be modified by transition form
factor, which provides information of the EM structure

PRL 129 (2022) 2, 022002

5_"'I"'I"'I"'I"'I"'I_I

dr(J/ - X(1835)e*e™) 2 f :
dq?I (/¥ > X(1835)y) |f(q2)| < [eEp @] T /
F(qz)zl_qZ/AZ ]

A =1.75+0.29 4+ 0.05 GeV /c?

Lad
BN

IF(q*)f

:

ﬂ:...I...I...I..Lh..uh*..l;
0.2 04 06 08 1.0 1.2

M ... (GeV/cY)




Events/ 0.4

P, (3823)-the Y(13D,) state?

ete” - P,(3823)n n™, P,(3823) = yXc1

first observation of vector Y states decaying to D-wave charmonium state

250
-~ ,(3823)in —tData
200; cm frame — L=0 fit
1005—\t\ /
R 4
O 14 aeos
- 1+ acos“0
%05 0 05 1

cosO

L = 2 slightly favored over L =0

ol'wy,(3823) >y, ] (pb)

PRL 129, 103003(2022)

v' Two-BW hypothesis:
* Consistent with Y (4360) and Y (4660)

T[4 (4660) >+ 7~ 92 (3823)]
Y F[@D(46607—>7r+7r—2,(25)] e 20%

* Inconsistent with many interpretations

of Y(4660):

M [15(3823)] = 3823.12 £ 0.43 & 0.13 MeV/c?
[[1,(3823)] < 2.9 MeV at 90% C.L.

Most precise to date!

6- +Data
- —Fit
4 | ®
21
0 . . 1 . & i
4.2 4.4 4.6
Parameters Solution I Solution II
M |[R;] 44069 +17.2+4.5
Ciot [R1] 128.1.4+37.2423

| bl - Bf‘ B> 0.36 £0.10+0.03 0.30+0.09 +0.03

M |[R:]
1_Wtot [R.Z]

46479 £ 8.6 £ 0.8
33.1+18.6 4.1

f0(980)y(2S) hadron molecule (s sss, 26 (201))
22 22 baryonium . ehys. 35, 075008 (2008))
excitation of Y(4260) (pro 89, 114010 (2014))

[oio-BBy, 0.244+0.07+0.02 0.06+0.03 +0.01
b 267.1 +16.2+3.2 —324.84+43.0+5.7 41




