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Motivation

o B FATDg*(2317) by BABAR (2003)

« KMl &K X(3872) by Belle (2003)

» 7.(3900) by BESIII and Belle (2013)

« H%E AP, states by LHCb (2015)

. T*(3875) , X (6900)

Prog. Part. Nucl. Phys. 107, 237 (2019)

Y. R. Liu, H. X. Chen, W. Chen, X. Liu and S. L. Zhu,
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o IXEEFTRE IR T A R I R R 5k T V) EEAE
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(g) weakly-bound hadronic molecules

H.X. Chen, W. Chen, X. Liu, Y.R. Liu, S.L. Zhu, Rep. Prog. Phys. 86, 026201 (2023).
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N. L1, Z. F. Sun, X. Liuand S. L. Zhu,
Phys. Rev. D 88, 114008 (2013) GEL T E)

R. Aaijj et al. [LHCDb], Nature Phys. 18, 751-754 (2022)
R. Aaijj et al. [LHCDb], Nature Commun. 13, 3351 (2022)
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T (3875) Meson molecule ?

Z. G. Wang and T. Huang, Eur. Phys. J. C 74, 2891 (2014).
F. K. Guo, C. Hanhart, U. G. Meiliner, Q. Wang, Q. Zhao,
and B. S. Zou, Rev. Mod. Phys. 90, 015004 (2018); 94, 029901(E) (2022).

Hadroquarkonium ?

J. Ferretti and E. Santopinto, , J. High Energy Phys. 04 (2020) 119.
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R. Aaij et al. [LHCb]Sci. Bull.65, 1983-1993 (2020).
X. K. Dong, V. Baru, F. K. Guo, C. Hanhart and A. Nefediev,

Phys. Rev. Lett. 126, 132001(2021)

[erratum: Phys. Rev. Lett. 127, 119901 (2021)]
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=X ENL (CEPC)

NS
—

==NESEYS

Nt LHC CEPC [64] LHeC [65,66]
Higgs 1.65 x 10% [60] 4.30 x 10° O(10)
W+ 3.07 x 10'° [62] 2.10 x 108 O(109)
70 1.00 x 10° [63]  2.05 x 1012 O(10°)

« Relatively clean background
« High resolution and detection ability
 Super factory of Higgs, W+ and Z°
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Production of doubly charmed tetraquark

« NRQCDEHEF4k J. J. Niu, B. B. Shi, Z. K. Tao and H. H. Ma, PRD 111, 014019 (2025)

[ perturbative region ]

I'(Higgs/Z° /Wt (pg) = T . Mp,) + ¢(ps) + 5/§(P3))
Higgs/Z°/W* — (cc)3 + ¢ + ¢/5

1
X/ dXD<CC)§_}T“(JC)

0

[ nonperturbative region

(d) (e) ®

G. T. Bodwin, E. Braaten and G. P. Lepage, Phys. Rev. D 51, 1125 (1995).
A. F. Falk, M. E. Luke, M. J. Savage and M. B. Wise, Phys. Rev. D 49, 555-558 (1994).
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- NRQCDHEF4k

['(Higgs/Z°/W*(po) = T.c(p1) + ¢(p2) +¢/5(p3))
= D(Higgs/Z°/W+ — (cc); + &+ &/5)|¥..(0)

1
X / dx D(cc)i—rTL.c(x)a
b ;

Peterson model 2 - N
Pl = i (1 - el (1= 9F

(d) (e) (9]
/dXD(Cc)gaT(.t.(x) =R :?

C. Peterson, D. Schlatter, 1. Schmitt, and P. M. Zerwas, Phys. Rev. D 27, 105 (1983).
Y. q. Chen and S. z. Wu, Phys. Lett. B 705, 93 (2011).
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TABLE I. Fragmentation probability R of a charm quark
evolving into a single charmed baryon at pp, ete™ and ep
collisions, respectively.

R(c = b,) pp collision e"e” collision ep collision
AS 16.8% 6.0% 5.4%

=0 9.9% - -

= 9.6% s s
Yot 7.2% 1.2% 1.3%

3X 3 — 3 @'6 Figure from BEPC

(cc) diquark in color antitriplet acting as an antiquark has a
heavy diquark-antiquark symmetry (HDAS)

(cc); = T (ccud) &= ¢ — A_(cud) e= c— A (cud)

Y q. Chen and S. z. Wu, Phys. Lett. B 705, 93 (2011).
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* Branching ratio, events, and distributions

TABLE IIIL.

The predicted decay widths (I'), Br, and produced

events of 7. at LHC and CEPC each year, respectively, resulting
from Higgs/Z°/W' — T}. + ¢+ ¢/5 with the fragmentation

probability R is 0.168 at LHC and 0.06 at CEPC.

Consistent with the prediction made by
Qin Qin et al CPC 45,103106(2021 )!

Instead of HDAS model, one can also use

1.86 x 10° the harmonic oscillator potential (HOP) to

LHC ['(GeV) Br Events
H->TH+X 1.10x10® 26Ix10°% 430x 10
WHrSTL+X 472x10° 227x10°° |§logio?
VARES i g, g 3.87 x 1079 1.86 x 107°

CEPC ['(GeV) Br Events
H->THL+X 391 x 1070  932x 1077  4.01x10~
Wt STL+X  1.69x10° 809x107  1J69x 10?
AR s ¢ 1.38x 107  6.64x 1077  1.36 x 10°

obtain the long distance matrix elements
(LDMES).

A E TERCR

J. Jiang, S. Y. Li, X. Liang, Y. R. Liu, Z. G. Si and Z. J. Yang, [arXiv:2412.08045]
1. Hyodo, Y. R. Liu, M. Oka, K. Sudoh and S. Yasui, Phys. Lett. B 721, 56-60 (2013)
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107% T T v T T v 107

* Branching ratio, events, and distributions we | e
TABLE IV. The predicted decay widths (I'), Br, and produced = ="
events of T,., including 7%, TF, T/, T%, and T4}, at ol o
LHC and CEPC each year through three decay channels,
Higgs/Z°/W* — T,. + ¢ + ¢/5, respectively. foel T e
P, (GeV)
LHC ['(GeV) Br Events b)

H->T., . +X 284%x10% 675%x10° 1.11x103
Wt-T.,.+X 122x105 587x107° 1.80 x 10°
=T, +X 1.00x 1075  481x10%  4.81x 10°

N &
S 3
CEPC ['(GeV) Br Events 3 =
H->T., +X 468 x107° 111 x107% =—dFO=etO=l i ol
Wt —>T.,.+X 202x10% 968x107  2.03x 10 | s
Z° 5T, +X 166x10°° 794x1077 [REGISEI08 %
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INGE

» CEPC provides a good experimental platform for study doubly charmed tetraquark.

» LHC is very likely to find other components of 7 .
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Production of fully charmed tetraquark

H H Ma, Z K. Tao and J. J. Niu,[arXiv:2502.20891].
T(Higgs/W*/Z%po) — Tac(pr) + ¢/5(p2))

1
= D(tHiggs/W*/2 > e efs) [ diDem(z) (1)
0
ds s[c — ccee

\L Dc—}T4c(Z) - mg <O§I,§C> +

pc ¢
B, (p) = Z d,(2)(0 ), > ds6lc — ccee’™ ]
mn + 1

9
m,

JC=0"1" 2" and total(0*" +17 +27)

JPC] JPC']

ds 6[c — ccce

PC
(O )

9
m,

JPC

2Re(O34 )+ ....

F Feng, Y. Huang, Y. Jia, W. L. Sang, X. Xiong and J.
Y. Zhang, Phys. Rev. D 106, 114029 (2022).

X. W. Bai, F. Feng, C. M. Gan, Y. Huang, W. L. Sang
and H. F. Zhang, JHEP 09, 002 (2024)
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Models
T[49] [IBOJ[TT151)[ TV[52] | V(53]
0.0128( 2.50 (0.0027|0.0173 | 0.00226
0.0211| 3.65 (0.0033{-0.0454| 0.00215
0.0347( 5.33 (0.0041| 0.119 | 0.00204
0.0780] 12.6 | 0.011 | 0.0975 | 0.00876

0.072 | 13.6 | 0.012 | 0.254 | 0.0117

0.0347| 5.46 [0.0058|0.0179 [0.000545
0.0538] 10.6 |0.0067| 0.0386 [0.000890
0.0832] 20.5 |0.0077| 0.0832 | 0.00145
0.1887| 32.5 | 0.021 |0.0648 | 0.0173
“V10.1775] 30.5 | 0.026 | 0.151 | 0.0236
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F. Lu, D. Y. Chen and Y. B. Dong, Eur. Phys. J. C 80, 871 (2020).
Zhao, S. Shi and P. Zhuang, Phys. Rev. D 102, 114001 (2020).

L. Yu, Z.Y. L1, Z. G. Wang, J. Lu and M. Yan, Eur. Phys. J. C 83, 416 (2023).
J. Wang, L. Meng and S. L. Zhu, Phys. Rev. D 100, 096013 (2019).

[49] Q.
[50] J.
[51] M. S. liu, F. X. Liu, X. H. Zhong and Q. Zhao, Phys. Rev. D 109, 076017 (2024).
[52] G.
[53] G.
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Fragmentation probability R 01f a charm quark c evolving into
Fully charmed tetraquark R = J, dzD_,rc(2)

Models

IT

ITI

1Y

v

1S

9 70 = i

4.64 x 104

418 x 1077

8.68 x 10~ 7

2.76 x 10~7

3.98 x 108

6.42 x 1076

5.61 x 1079

4.97 x 1078

4.46 x 1079

1.10 x 107

2.08 x 107>

1.84 x 1078

3.89 x 10~ 7

1.79 x 1078

2.87 x 1076
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4.42 x 1077

1.31 x 10©
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25

6.88 x 106

1.41 x 1073

8.46 x 107

5.27 x 1076

1.15 x 107

9.62 x 1078

1.66 x 1079

1.07 x 108

3.30 x 108

8.82 % 1077

2.72 x 1077

4.67 x 10°°

3.98 x 108

2.31 x 107

3.61 x 108

7.25 % 10—*

1.47 x 1073

8.96 x 107

5.54 x 1076

1.60 x 10~7
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- TQ4Q1.1: F G. Celiberto, G. Gatto and A. Papa, Eur. Phys. J. C 84, 1071 (2024)
DGLAP eVOlvuatlon FFEVOL:M. Hirai and S. Kumano, Comput. Phys. Commun. 183, 1002-1013 (2012)

1+ 2° 3
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] ° ° +
* Decay width, branching ratio, and events W™ decays
I' (GeV) Models
e I 1! I11 IAY Vv Models [(GeV) Br Niruc Ncepc
0t [5.02 x 10719(8.56 x 1078(7.72 x 107 11{1.60 x 1071°(5.08 x 10~ 1! ! L 107|938 x 1077|289 x 107 LB x 107
_ : g — . e —3 IT | 3.35 x 1074 |1.61 x 107%[4.93 x 109]3.37 x 10%
1+ 7.33 x 10712[1.18 x 1079]1.03 x 107 12{9.16 x 10-12|8.23 x 10 — — - -
) . ; . . T —7 4 1
fof  [5.20 x 10 10[9.07 x 10 °|8.16 x 10 112,41 x 10 1[5.50 x 10 1! IV 890X 107" [127 > 10" 131 > 10 ]8.96 x 10
Vo 2.03x1077|9.74 x 1078(3.00 x 10%]2.05 x 10
o+t 1.85 x 1076 [3.16 x 1074/ 2.85 x 1077 | 5.91 x 107 | 1.88 x 107
4 17~ 1271 x 1078 ]4.38 x 107%{ 3.82 x 1079 3.39 x 107° | 3.04 x 10~
W —)‘ T4C 78 - *8 77 78
2t+  [751 x10°8[1.42x107°[1.25 x 107 [ 2.65 x 107 | 1.22 x 10
tot 1.96 x 1076 [3.35 x 1074 3.01 x 1077 [8.90 x 1077 | 2.03 x 10~ 0
0tt 787 x1077]1.34 x1074]1.21 x 107 [2.51 x 10~7 | 7.98 x 108 Z decays
70 17 1115 x 1078 1.86 x 10 %[ 1.62 x 1077 | 1.44 x 10™% | 1.29 x 10~
el ot [319x10°8[6.02x10°6[531 x 109112 x 1077 | 5.18 x 10~? Models| TI'(GeV) Br Niuc Ncepc
tot 831 x 1077 [1.42 x 1074 1.28 x 1077 [ 3.78 x 10~ 7 | 8.62 x 108 I 1831 x1077(3.33 x 1077(3.33 x 10%|6.82 x 10°
IT [1.42 x 107%]5.70 x 107°|5.70 x 10*[1.17 x 10%
I [1.28 x 1077(5.13 x 1078(5.13 x 101{1.05 x 10°
IV |3.78 x 1077|1.51 x 1077 |1.51 x 102%{3.10 x 10°
. . U 62 x 1078(3.46 x 10~%|3.46 x 101|7. 104
Higgs decays channel 1s too small to be negligible! LV [8:62x 1077346 x 1077]3.46 x 10°]7.09 x 10
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* Theoretical uncertainty

I' (GeV)  Models
I 11 111 v \
me (GeV)
1.3 |[1.44 x 1079|247 x 1077(2.22 x 10719(6.56 x 10719(1.50 x 10710
H =Ty | 15 [529x107199.07 x 107%(8.16 x 107 11]2.41 x 10719(5.50 x 10~
1.7 [2.20 x 10719(3.77 x 107®(3.40 x 10~ 11{1.00 x 10719(2.29 x 10~ 11
1.3 [7.00 x 1076 |1.21 x 1073| 1.09 x 1079 [ 3.23 x 1076 | 7.36 x 1077
W+ — Tyl 1.5 [1.96x 1079(3.35 x 107%|3.01 x 1077 [ 8.90 x 10~7 [ 2.03 x 107
1.7 634 x 1077 |1.09 x 1074 9.77 x 107 [ 2.88 x 1077 | 6.58 x 1078
1.3 |3.01 x107%(5.16 x 1074 4.64 x 1077 | 1.37 x 107 | 3.13 x 107"
Z9 5Ty | 1.5 [831x1077[1.42 x 107%|1.28 x 1077 [ 3.78 x 10~ | 8.62 x 1073
1.7 {269 x 1077 |4.61 x 107°|4.15 x 1078 [ 1.22 x 1077 [ 2.79 x 1078

me=1.5+0.2 GeV

dl/7dz (GeV)
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Summary

» CEPC provides a good experimental platform for study doubly charmed and fully

charmed tetraquarks.
»LHC is very likely to find other components of 7.

» The production of tetraquarks is very model-dependent and requires stronger

theoretical and experimental constraints.



A

Thanks for your attention!



g F/NEmTgNmTEETTs, TH11-15H, R,
https://indico.ihep.ac.cn/event/24044/

£\ ERFEMNEFEImTs

2025 7B 11HZE15H

Asia/Shanghai 87X

i)
{EsEmE
A
ZoAER

RARRE IR LI IR RSO BEF 4R, {EE20038F5LE R IDs0%(2317)FIX(3872)HLFLL
3, HFEHZHFHRFSHEBESII. BaBar, Belle, LHCOELIN A, XLEHBFSEMEFARAFERS
RERMSITAMNMRE, BNINEIAEFENEFERIMTIRE P, RNEHEET HEIM
B,

HEHEREFIEMR FEWRRNRMNE—T RE, M20165FiE, BFiEME TSI ZEN
EITNANZF TRHEEIARTBAY (F—B). BMAFE (B2TE). AREARE (B=FE). 7EH
FROoERRA (B0E). PLUART (FEE). PFERZERAY (B/8). BFREAE (Bt
@) AiTh#ED. ERWARZEASETREN, REL/\BEWNTF2025F7A1MBE1SBEEMEHF, B
i EWNE0) |

ERIFHISBFERA TR FERFENAENATER, SEHENEANERTFYEREXARA
RBEEAR, WINZMRETRDERE, (RHREITZEFREREEF. IWEXFIOT!

W F2025F 7R 1T HE1SHEEMBEMEER, ER11BRIEMR. SNAE—LH B8R, &
ABRE, SNWECEMEE, BIMAkELTE15007T/A, F4E10007T/ A

=iWFaE: https:/indico.ihep.ac.cn/event/24044/ , A& LERYE)06 820,



QPT2025
Guilin, China

HQCDHES

)

FTANEQCDHEZ SN BEE FYH tamgzg AT S

‘Lj‘A ZLUARERSRN, TREHEF2/R, £+5A QDR

\

ERSRERTFHE , RTF4REYE "LWAFRT" HHKEHF, &
BRLREREZBHAFE, REANAREIZFTRANFTQCOREFH B

FAUR TR o BV A SR, 5k 0 WM R X
IOH 24-28 ’ o B, Bit—BAE R RI L

Br: 2025410 A 24 B-28 B

https://indico.ihep.ac.cn/event/25521/ Sl e

ZiL i . W i) 2 Y 23 (3 W IG B 40
QCDHE L k& F42 I X(SJTU)  Fkm+(FDU)
ThEFFET # #M(UCAS) 24 +¥(SDU)
Bt FEAR B2 %(1U) 3 #(CCNU)
ik 2 3 1 &(PKU) I 4w (FDU)
BTEH FEASCNU) Z#%EPU)
Rk I MWUSTC) I #4(CCNU)
UPCH & %mmﬂmp) # #&(LBNL)
RARRA K B . 2 &(THU)

Lk S
SVRpRE: SEFERE

R4k : https://indico.ihep.ac.cn/event/25521/



Backup



Motivation Doubly charmed tetraquark Fully charmed tetraquark Summary
I | | | | | upper and lower|]
. 1073 : Suzuki
e Suzuki
(1—2)° (ar)

DC—>T4(- (Z) = Nc

A%(2)

23: 7

=0

k

1
R= | dZDCﬁ‘T{;PC(z)

2(k+2
()2 {55

Models

II

I1I

IV
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M. Suzuki, Phys. Lett. B 71, 139 (1977).

M. Suzuki, Phys. Rev. D 33, 676 (1986).

F. Amiri and C.-R. Ji, Phys. Lett. B 195, 593 (1987).

F G. Celiberto, G. Gatto and A. Papa, Eur. Phys. J. C 84, 1071 (2024)



