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Charmonium Spectroscopy
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from F. K. Guo

* Selected topics in this talk:

o Vector charmonium(-like) states

e Hadronic transitions

e Precise measurement of the open charm processes

e Non-DD decays of y(3770)
® New measurements of X(3872)
e Radiative transition in search for C-even states

e Hadronic decays of spin-singlet charmonium
states
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Beijing Electron Positron Collider Il and BESIII
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BESIII Data Samples
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Discovery of Y States
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Summary of CS Measurements at BESII|I
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* |nvestigated by measuring the cross section as a function of c.m.s 0(\/3)
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* |nvestigated by measuring the cross section as a function of c.m.s 0(\/3)
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* |Investigated by measuring the cross section as a function of c.m.s 0(\/5)
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Y(4260) = Y(4230)
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Y(4230) in Open Charm Process
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Update of nh.Cross Section
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arXiv:2404.06718

* 15 fb-1 data sample from 4.129 to 4.600
GeV

* gdressed — | BW, + BW,e'? |* + | BW; |
e Mass and Width ot BW, fixed to Y(4360)

o M, =4188.8+4.7+ 8.0 MeV/c?
I,,% =0.80=%0.19+0.45eV

* Alternative parameterizations:

e fix parameters of the second resonance to
Y(4320),Y(4380), Y(4390)

e remove BW,
@ use sum of a BW and phase space
e coherent sum of three BWs

e statistical significance of BW, in all cases > 76
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Update of nw(3686) and Search for X(3872)

* 8.9 tb-1 data sample from 4.288 to 4.951 GeV
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Update of nw(3686) and Search for X(3872)

* 8.9 tb-1 data sample from 4.288 to 4.951 GeV
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* 11.0 b1 data sample from 4.308 to 4.951 GeV
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Observations in wxc1 and w2

* 11.0 b1 data sample from 4.308 to 4.951 GeV
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PG 3 435 4.4 445 45 25
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® Mass higher than structure seen e Parameters consistent with y(4415)

arXiv:2401.14720, accepted by PRL N KKJ/W and zD*D*
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Precise c.s. measurement
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Precise CS Measurement of Open Charm Processes
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Precise c.s. measurement
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Precise CS Measurement of Open Charm Processes

efeh {9 k £

FUDAN UNIVERSITY

o(ee’— D{D;) (pb)

700
600 F
500 F
400 F
300 F
200F

10° E

102 5

10

4.4 4.6

BESIIII
CLEO-c
Belle
BaBar

———————————————————

a
©

E

$ o
=
+

'Inin
©

Cross section peaks above the threshold, implies the

presence of a strong coupled channel effect (E. Eichten, K
Gottfried, T. Kinoshita, K. D. Lane, T. M. Yan, PRD21, 203 (1980))

Maximum cross section around 4.02 GeV higher than

previous studies using ISR method

A narrow dip around 4.23 GeV, close to D, *D_~ threshold

Constant ratio to D, TD_ ~, where a structure around 4.78
GeV is observed
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Non-DD Decay of y(3770)
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1soL ¥ XYZ data 1 5oL+ XYZ data : ]
- - Scan data i - — Scan data -
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(s (GeV) (s (GeV)

PRD107, L091101 (2023)

o8 = (8.88+0.87 £0.42) pb

Coherent fit

Parameters Solutionl Solution2 Solution3 Solution4 Incoherent fit
M{(MeV/c?) 3773.7 (fixed) 3773.7 (fixed)
I''(MeV) 27.2 (fixed) 27.2 (fixed)
Co 13.3£+£1.9 11.0+1.6
Brl(x10‘4) 11.3£59+1.1 11.6 6.0+ 1.1 112+58+1.1 11.5+£60+1.1 8.7+£1.0+0.8
¢ (rad) 39+0.6+0.07 42 + 0.6 £0.09 3.7 +£0.6 £0.05 4.1 +£0.6 £ 0.08

interference between y(3770), continuum, and Y states

CLEO result: 3.50
(8.7+£33+£22)x 107
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Non-DD Decay of y(3770)
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0 a Led 084 1 | ] | \ -
354 36 38 4 42 44 46 48 5 0 1 2 3 4 5
/s (GeV) B(y(3770) — K K)) (10°)

o B =(2.631120)x 107, ¢ = (—0.3970 %7

e Branching fraction in good agreement with the prediction of the S- and D-wave charmonium mixing model (J. L. Rosner,
PRD 64, 094002 (2001), P. Wang, X. H. Mo, C. Z. Yuan, PRD 70, 077505 (2004)))

o | Froxol/| Fgsg-1 = 0.21 £ 0.01, indicates a small but significant eftect ot tlavor-SU(3) breaking in the kaon wave tunction,

excludes the possibility that flavor-SU(3) breaking is the primary reason for the strong experimental violation of the
oQCD production of | F(z™)|/| F(K*)| =f7%/f12<

Evidence also seen in baryon pair processes

Yuping Guo (Fudan University) @86 R EXNIES EF BN FEHITS 17



Line Shape of X(3872)

EPE

FUDAN UNIVERSITY

16 F
E == Signal
Fen 14 — = = = Background
3 - ==== Line shape
; 12 E_ w— Total
%) 10 |- T
* 8
\ : = 2 = 2
3 6 — . e
: : B a I S 2l -
q>) 4: g |r | e = ] -:»::1»-
’:'_ .— - l" :~-'.... '.‘.".‘T.i’.'.‘: .'.:'.'.' e L L T O T T T i o e ]
0
3.86 3.88 3.9 3.92 3.94 3.96 3.98
2L IRAL
l . 1 | 11 [ ] l _ ;_l_}
Oul'*lh H‘l;HH;' 1 IEXI fl{w
3.86  3.88 3.9 392 394 396 3.8

M (bODOWO) (GeV/c?)

* Effects of the couple-channels and the oft-shell

Events / (5 MeV /c?)
N W £ (o)) D ~
o o o o o o

—
o

== Signal

- = -« Background
==== Line shape
= Total

1{ l{} "

3.8

3.95

M (ntmn=J/) (GeV /c?)

S
S

-

dBr

240
220
200
180
160
140
120

llllllllllIlllIllllllIlllIIIIIIIIIIIIIIIIIIIII

Obtained y,.,(3872)
line shape

. Parameters BESIII LHCb
D™ are included in the parameterization g 0.16 +0.010* .12 0.108  0.003+0003
. =k +0.07
* Line share mass: Re[El] (MeV) 7.04 £ 0.157097 7.10
F1] +0.14 _
My, = (3871.63 = 0.1370:0%) MeV ImlEl](MeV) —0.19 £ 0.08%515 0.13
[zt 7~ J/yl/T[D°D™] 0.05 +0.011)0) 0.11 £0.03
* Weinberg's compositeness: Z=1 - pure FWHM (MeV) 0.44+013+038 0.22+0.06+023
elemental state; Z=0 -pure bound state v 018 0.15 (0.33)
Yuping Guo (Fudan University) @B 6 @EFNIES EF BN EHIS 18
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Decays of X(3872) b fh 9 k 4

{902 FUDAN UNIVERSITY

10 * 10.9 fb-1 data samples from 4.16 to 4.34 GeV
P T2am  3-track events

A 8__ . ]
% - :’[lg/r\]pa-il-n+n'w(3823) * Decay ratio of X(3872) — n',.,; and X(3872) — n*zn"y,, can be
= 6 gV sideband used to discriminate theoretical interpretations for the nature
é 4 of X(3872)
) i
S i
Hoer 1] ‘ o =~ 0.04 for z,,(2P)

0 . e A ht o o W AN R W ~

3.8 3.85 3.9 3.95 o Enhanced if itis a shallow bound state of a D’D™ pair
My ) (GeV/c?)
L * No obvious signal is found in data,
: aa ~ 4-track events Bly.— ntn

~ oF —Goodf T )]
o 8 Sl R = 2 el £ 0.18 at 90% C. L.
3 [ - ridvsnTy(3823) Blye — mta=J/y]
S 6F ylSR\y’+J/w sideband
™ - 0
2 [[y.,(3872) —» y. 7] ,
2 F y Ll Ll > 5, two orders of magnitude greater
5 | * [ (3872) > gomta]
oA i than expectation for y.,(2P)

0 I L.nsmmijllfi“\ cl

Mreco"('Yrad) (GeV/CZ) PRDO09, L071101 (2024)
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New Production Mechanism of C-even States
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* Dedicated scan sample around the resonance

* Careful study of background process and interference effect!

JPC — ++ 9+t

3 B ata
£ 0.022 b Olhee + (0, on)™
© i ’."' "_2.:8 0 — Oasc
i JEATIR L B o¥C, Default Ty, ¢ § oo}
0.02— ....-” * ........... ope, Best Ty, ¢ et % taof-
: 410 .‘: olas 8G+y » BESt Leg, O Pred. background § 1205
(Y =% ot Y] N
L F o Z 100
0.018 0.0 o7t o
— S 4 -
u Py l """""""""""""" 'fg md: *“NW oof
P, A o
0.016-  Acl .y 1180 »
B : L B X I T E—T ¥ 295
— | | | | M (Ra\lin?)
3.505 3.51 3.515 3.52 <
\'s (GeV) +— data 3 o}
25 =
8 F : Pred. background < 1oof
= R
= 20 2 s
> i .
e ] H# -
IS } : : +’qﬂ+ i
15— : -
0 _ { ﬁﬁ'&%m 40|
i 101~ : %
o : \
5 X(3872) R T 35 Pos 32 :
. Muu (GeV/c ) M, (GeV/c?)
[ U U (S N ST RS
9800 3820 3840 3860 3880 3900 PRL 129 (2022), 122001
Center-of-Mass Energy / MeV ( \
PRD 107 (2023) 032007
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C-even States in Radiative Transition Process

< 15 B n,,(2D) signal < 15 - %.,(3P) signal
% [ - eTe(y |sR)D:Ds*z % | - ool ISR)D:DSF
(55 10 —_ —-ee=ly 'SR)D;:DSF (55 10 _— —-ee—(y ISR)Ds*zDs*z
o | —  remaining background o | — ' remaining background
< N
(72} . N B
& O & °f
> >
Lu : J l Iu : l L
* I® Radil 1 ooofs . IS” ! | 3 ! |
O T 42 43 44 45 46 47 O 41 42 43 44 45 46
M’ (GeV/c?) M'®® (GeV/c?)
1 1
< 15~ %»(3P) signal < 15~ X(4080) signal
% [ ere—(y ISR)D:DS*; % [ el ISR)D:DSF
(55 10 —— — - e'e—>(y |SR)DSMD;= (55 10 __ —-ee—{y |S|=4)Ds”Ds’kz
o - —  remaining background o [~ — - remaining background
< Z
2 o
c 5 c
[0} i o
> >
[[9]®®]4 ] A
O G142 43 44 45 46 47 .
M’ (GeV/c?) M'®® (GeV/c?)
1 1
— 15 X(4217) signal o~ 15~ X(4279) signal
Q i S i
% [ ere—ly ISR)D:DS*; % [ ere—(r |$R)D:Ds"=
g 10 | —-efe(y ISR)D;:DS'F g 10 [ —-ee=l |S|=1)Dsts’k=
o - —  remaining background o - —  remaining background
Ny S
2 @ s
c c 5
o o L
> >
]]0 L ad
. O dT 42 43 44 45 46
M (GeV/c?) M (GeV/c?)
1 1

State M (MeV/c?) T' (MeV) Tz per (MeV) JFC

ne2(2D) [4] 4158 111 18 90—+

Xe1(3P) [4] 4271 39 9.7 1+

Xc2(3P) [4] 4317 66 11 2T+

X (4080) [20]  4082.55 5 i 1+t

wbrid | X(217))l9-11] 4217 6 6 1+
X (4279)/[9-11] 4279 110 34 0—+

Molecula: X, K, Dong, F. K. Guo, B. S. Zou, Progr. Phys. 41, 65 (2021)
hybrid states: G.K.Cheung. (Hadron Spectrum Collaboration) JHEP 12, 089 (2016)
C. Farina, H. Garcia Tecocoatzi, A. Giachino, E. Santopinto, E. S. Swanson, PRD102,

014023 (2020)

Ne2(2D) Xe1(3P) Xxc2(3P) X(4080) X(4217) X (4279)

fr 1.06 1.06  1.06 1.06 1.06 1.06

f? 1.05 1.05  1.05 1.05 1.05 1.05

N3y 6.7 16.3  18.7 2.4 7.6 19.6
Niig —5.6733 9.8722 13.0735 —0.9793 2.3759 13.87532

Significance (o) 1.3 2.6 3.1 - 0.9 3.3

€ (107%) 3.73 348 326  4.21 3.50 3.11

oYL . B with sys. (pb)| 13.3 36.3  45.5 4.1 15.7 51.7
arXiv:2404.02033
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Hadronic Decay of n(2S)

i

{90 FUDAN UNIVERSITY
n(28) — h
* Q — ~ 12%[M Anselmino, M. Genovese, E. Predazzi, PRD44, 1597 (1991)] OI
n.(18) — h
1 OO% [K. T. Chao, Y. F. Gu, S. E. Tuan, Commun. Theor. Phys. 25, 471 (1996)] YY *
* pp
° ° ° ° ° ° .—._.KKR
* Analyzing existing data, the ratios of the branching fractions . KKy
. . . o— nnn
of n.(25) and 17.(1S) decays into 10 different final states are N -
2 KK3n
obtained by H. P. Wang and C. Z Yuan [crcae, 071001 2022)) . K3
® TN
. ) *2(T'1’)
* Using large y(3686) data sample, several hadronic decays « tnKK
3(n'n) .
of n.(2S) are measured . n
02 04 06 08 1 42 a4
® 3(wT7m7)PRD 106, 032014 (2022)], £ ™1 [PRD107, 052007 (2023)] Q’

o KKn, KKy’ 2(ztn )n, ...

Yuping Guo (Fudan University) @B 6 @EFNIES EF BN EHIS
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Summary

EPE

{902 FUDAN UNIVERSITY
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* Properties of vector states have been investigated using various processes, including open charm,

nidden charm, and light hadronic final states

e Y(4230)is seen in 10 decay modes; rich structures in the cross section line shapes above 4.3 GeV, more data
samples are needed around 4.5 GeV and 4.7 GeV

e No evident structure is seen in light hadron process

e Hard to get a unified picture with current used strategy [use simply formula to fit cross section], require joint
effort/better modeling = combined fit with K-matrix?

e Interference effect need to be considered properly

* Line shape and new decays of X(3872) investigated = study in direct electron-positron annihilation
process in the future?

* Decay properties studies for lower charmonium states, e.g. hadronic transition, hadronic decays,
need refined theoretical predictions

Thank You!

Yuping Guo (Fudan University) @B 6| @ EKYIBES £ FBIHFIHTS 18



Future Data Samples
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FUDAN UNIVERSITY

Table 7.1. List of data samples collected by BESIII/BEPCII up to 2019, and the proposed samples for the re
most column shows the number of required data taking days with the current (7¢) and upgraded (7y) mact ~
implementation and beam current increase.

v(cm “sS

Energy Physics motivations Current data PRI
1.8-2.0GeV R values Nucleon cross-sections N/A —é 15 102
2.0-3.1GeV R values Cross-sections Fine scan (20 energy points)  Comp :f h
J/¥ peak Light hadron & Glueball J/y decays 321" (10 billion) R
Y (3686) peak Light hadron & Glueball Charmonium decays 0.67 fb ' (0.45 billion)
¥(3770) peak D°/D* decays 29fb - _ Beam. Sheray (GeV)
3.8-4.6 GeV R values XYZ/Open charm Fine scan (105 energy points) No requirement N/A
4.180 GeV D, decay XyZ/Open charm 32fb 6fb 140/50 days
4.0-4.6Gev XYZ/Open charm Higher charmonia cross-sections 16.0 fb ' at different \s 30 fb ' at different \s 770/310 days
4.6 - 4.9 GeV Charmed baryon/XYZ cross-sections 0.56 fb ' at 4.6 GeV 15 fb " at different /s 1490/600 days
4.74 GeV YA, cross-section N/A 1.0fb" 100/40 days
491 GeV 2 cross-section N/A 1.0 fb 120/50 days
4.95 GeV E. decays N/A 1.0 b 130/50 days

] x 10%°

8x 10° |

3 {5

Pentaquark: 4.86 GeV - ppn.threshold; 4.97 GeV - ppJ/y threshold
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Update of K+K-J/yp Cross Section

I' (GeV)
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I ¢ BESIII (2022) ¢ This work — Fit result
--Y(4230) - Y(4500) - Y(4710)

Dressed Cross Section (pb)
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42 44 46 48
PRI131, 211902 (2023) Vs (GeV)

o ML fit with coherent sum of two BWs
© Mass: 4225.3 +£2.3+21.5 MeV
o Width: 72.9 £ 6.1 = 30.8 MeV

e Significance > 50

Ratio to nzJ/y KKJ/y Sol. 1 KKJ/y Sol. 11
arnJ/y Sol. 1 0.17 £0.02 0.25+0.04
nnJ/y Sol. 11 0.097 +£0.017 0.14+0.03

nnJ /[y Sol. 111 0.035 +0.004 0.051 +0.007
anJ/y Sol. IV 0.020 +0.002 0.028 +0.004

o ML fit with coherent sum of three BWs
© Mass: 4226.0 = 1.4 MeV

o Width: 70.073, MeV
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Update of nJ/y Cross Section
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@ ML fit with coherent sum of three BWs and a continuum term ( CI)(\/_)e ~P¥p,)

© Mass: 4219.7 £ 2.5 £ 4.5 MeV; Width: 80.7 £ 4.4 = 1.4 MeV

o TakeI',, to be ~0.63-0.66 keV, B[y (4230) = nJ/y) =
(6.06+0.76 £0.17) x 102 or (18.89 £ 1.75 £ 0.90) x 1073
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