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Background Observation of X (387 2)

° ]PC= 1++.

® Close tO D*ODO /DOD*Oth reShOIdS pdf & links & DOI [4 cite [ reference search %) 2,944 citations
PDG  J/yX mode: 3871.64 + 0.06 MeV o
—_ e1{38 i
DD mode: 3emntii+ois 1 HIRATA 23 BELL SO0 :a.c(kg'roind T
[ total
3g72.9 106 T04 50 23AUSHEV 10 BELL o
3875.1 +8§ 405 33+6 3AUBERT 088 BABR
38752 =07 192 24+6 34GOKHROO 06 BELL mll}(ZS) = 3686.097MeV

mpo = 1864.84 + 0.05 MeV
mp«0 = 2006.85 £+ 0.05 MeV

Mmpo + mp=0 = 3871.69 + 0.07 Me

* Close to cc(23P;) : m=3953.5 MeV

om = mxcl(zp) - mx(3872) = 81.35 MeV

o Complicated coupled-channel effect:

F|_l //_\v/\v/ﬁ\\ I o e

Observation of a narrow charmonium-like state in exclusive B~ —
K*m 7 J /1 decays

Belle Collaboration » S.K. Choi (Gyeongsang Natl. U.) et al. (Sep, 2003)

Published in: Phys.Rev.Lett. 91 (2003) 262001 « e-Print: hep-ex/0309032 [hep-ex]

Am=185.598+0.067-£0.068 MeV,
Taw=1.3940.2440.10 MeV.

inspired model, the moc
mode=3871.69" 7> MeV,
At

o
FWHM=0.22/0075011 pey,
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Phys. Rev. D 32, 189 (1985).

1 Il 1 | 1 1
384 39 384 3.86 388 39

3.86 3.88
¢c & D*D /DD R
FIG. 2. Mass distributions for J /"7~ candidates in the y . (3872) region for (top) the low, (middle) mid and (bottor:

bins. The

a

left- (right-) hand plot is for 2011 (2012) data. The projection of the fit described in the text is

LHCb PRD 102, 092005 (2020)
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Background

Conventional cc: x.1(2P). Compact tetraquark state.

Eichten ,Lane, Quigg, Suzuki, Barnes, Godfrey,... Close, Maiani, Piccinini, Polosa, Riquer,...

1
2o

The D*D /DD* molecular state. o @) the cc core + D*D /DD*

Swanson, Wong, Guo, liu,.... Chao, H. Q. Zheng, Yu. S. Kalashnikova, P. G. Ortega...

Parameter index Decay mode Branching fraction G.-J. Wang, Z. Yang, J.-J Wu, M. Oka, S.-L. Zhu
) X(872) > i nJ fy 41719)% Sci.Bull. 69 (2024) 3036-3041
2 X(3872) - DD® + c.c. (52433)%
: 8T s i Large uncertainties of parameters:
5 X(3872) = 2% (3.6572)% may describe a specific state
6 X(3872) - wJ/y (4.4533)%
7 BT — X(3872)K* 1.9+£0.6) x 107* . :
8 B axégm);(o El 1+g;)>3 10-4 Various theoretical models but lack of
X(3872) — unknown _ (31.9%5,5)% experimental data & Lattice data.
C. H. Li, C. Z. Yuan, Phys. Rev. D 100, 094003
L . @FORFRXET ) . e i




Background Observation of P. and P,

=y — Pc(4312) | 4311.9+0.77§3 9.8 +2.7137
w. ¢ (&) LHCD e
_ P i Pc(4440) | 4440.3+1.3%3]7 | 20.6 +4.9%3]
< f --<-- A(1405 :
[} Q 14 " —-<-3-- A(1520)
z 0 o 10 Pc(4457) | 4457.3 +0.67%1 6.4 +2.0737
T:g §1000 g e :E:gﬁg LHCb
L% 300, :;J 800 . - :(::;g)
OE 1 N i PRL 115 (2015) 072001  PRL 122 (2019) 222001
4000 : 4 v & s A(2100 - - - -
bt Bt N 2 Nermo citation 2137 citation 1030
i . 2 PRL128(2022)6,062001 citation 175
; A S\_' T A T S\_ T O'I""\'_"I_
21000 LHCb g : :. 3 60r & 60 By — J/ypp
s 3000} % - -
@ g /q/'r“éwuu- — I — [
R EEE YN S 40 S 40]
5 600 %2000— ,: e E . i I Il
O S K i T :g 20 g 20
400 o J ) S | S |g 5 |
1000 :\ T § R — § (e s s S
200 41 42 43 44 41 42 43 44
/l/)pK | 5 m(J/w p) [GeV] m(J/w 7) [GeV]
= ECR (e —Ts 75— 2229 2 Mp, = 4337 =7 T2 MeV,
m,,,» [GeVl <
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Lp, =29 75 T3 MeV,
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Background Observation of P. and P,
P.s(4459)  Ej - J/PAK"  Smmssennsansanswes :
Sci.Bull. 66 (2021) 1278-1287 ¢ [ St
4458.8 + 2.9**7 MeV s + _; N
17.3 + 6.578% MeV 5 M Lt e L Rl
Pr3e PR i 7. P.&P
O- 4.40 mwj'?f(’;ev) 4.50 ] C CS
‘%lg_g >180F LHcb ;gat;. lfl‘ E ON LY
1 }9fb_l — omlpa 1t {
P.5(4338) B~ - /AP 2 s S went LHCDH?7?
arXiv:2210.10346 Sigaf g f U | ; ]
4338.2 + 0.7 £ 0.4MeV Liszf 3 -
7.0+ 1.2 + 1.3MeV 18} ©
P> 150 17.8f
1 e
]P = — 164 16.6 168 17 172 . . .
2 m2(J/wp) [GeV?] mJ/wA) [GeV]
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Background Observation of P. and P,

Search for a pentaquark state decaying into pJ/@ in Y(1, 2S) inclusive decays at P & P
Belle CS

Belle Collaboration « X. Dong et al. (Mar 7, 2024) O N LY

Published in: JHEP 09 (2025) 048 « e-Print: 2403.04340 [hep-ex]

pdf & Dol [4 cite [[@ reference search 5) 12 citations L H C b ? ?

BELLE data Y(1S, 2S) decays to pJ /i D> BELLE data Y(1S, 2S) decays to A/ /¢ PRELIMINARY
@ 15 Peak observed in the region of
23 BELLE L 4 Data the P,(4459)°
14 2 - bt e vas) (=) " e
RIRP . signal MC G 18 - signal MC No pentaquarks are found o @ o, r i:i::l,..ﬁ; o Assuming it to be the same
% 10 . :;;P;MCM o % 16 . ::—P;_MC b - only very slight excesses £ = 10 L. 20-P., simulation 102M T(15) particle, the significance is 3.3 ¢
= om stdeban = 14 ¢ from sideban, in the place of the LHCh % | 1 sideband 158MT(25)
= 8 = }(2) ! results r s F Assuming it is NOT the same
E 6 E 8 o B [ particle, Belle finds 3.8 ¢
5 4 E g il 5 YEs) wm| E sk M =4471.7 + 4.8 + 0.6 MeV/c?
o™ L = + ' =21.9+13.1+2.7 MeV
[2' ,4; (2) e Y LI L ; 4 = I
4 5 4 42 44 46 48 52 E 1AL + = note that LHCh found
/et M@Jiy)  GeVie g oEil H (e M = 4458.8 +2.9%17 MeV /c?
_ § = 12 43 44 4.5 ['=173+ 6530 MeV
B(Y(1S)— pJ/y+X )=(4.27£0.16+0.20)x10* B[T(1S) = P.(4312)"* + anything - H[Pr(flri.IZ)Jr —pJfP] < 3.9x10°° 8 © MUJ/yA) (GeVict)
B[T(1S) — P.(4440)" 4 anything] - B[P.(4440)" — pJ /9] < 6.2 x 10’ Gontinuum -
B(Y(28)— pJ/y+X )=(3.59+0.14+0.16)x10* B[T(18) = P.(4457)" + anything] - B[P.(445 7) = pJ/P] < 5.5x 107 f 4+ No sign of the 4338
B[T(28) — P.(4312)* + anything] - BIP.(4312)* — pJ /4] < 4.7 x 107, Pl
o( pIiy+X )=(57.5+2.1%2.5) fb at 10.52 GeV B[T(25) = P.(4440)" + anything) - B[Pp(fl/ld[l)' —pd/y] < 72% 10 r 0 T O S on 1) The daFa shows the first observation of Y(15), Y(Z.S) deca\fs into
. . AJ /1 final states and makes measurements of their branching
AT T Ty B[T(28) = P(4M57)" + anything] - B[P.(4457)* — pJ /4] < 2.6 x 107° M@INgA) (GeV/c) fractions

arXiv:2502.09951
Green —sidebands Blue - signal

HADRONZ2025, John Yelton’s talk
F|_l //_\v/\v/q\\ WI_

tadesmxy A
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Searching Exotic in EicC

X(3872) DD 01+* 21(89)
gfable ﬂ2.3 . Estir.na,te-d eveinl: nufnbtirs thfat C?E_bf ?%)Eeclted at Front. P hyS 16(6)1 64701 (202 1) Z.(3 900)0 DDj< 117 0.4 x 103 (1.3 x 103)
paire L1 dosote bt - <o The svent rumher Z(3900)*  DDY 11" 03x10°(1.0x 10%)
Z.(4020)° D D" 1177 0.2x 10°(0.6 x 10%)

are estimated using the assumed detection efficiencies listed
in the third column, which are expected to be higher in the

0n- |
middle rapidity than that in the forward region. ch D* DS D 1" 19(69)
Z DD~ 517 14(51)
Exotic Production/decay Detection Expected = =
states processes efficiency events X PC (43 12) ZCD % % 08(4 1)
e — P (1312) P.(4440) =D 33" 0.7(4.7)
Pe(4312 - (4 J [ ~30% 15—1450 = -
wee R (j/?f:;;_’/b o P.(4457) x.D* 14 0.6(2.2)
p——Yy P.(4380) XD 13 1.6(8.4)
P(4440) P-(4440) — pJ 4 ~30% 20-2200 " P.(4524) Zz D* % %_ 0.8(3.9)
Jjp— 1T — —_
oy P.(4518) D" 33 1.2(6.9)
P.(4457) P.(4457) — pJ /v ~30% 10-650 P.(4498) 2 D* % % 1.2(9.8)
p +]- - A -
AR Pey E.D 03 0.1 (1.6)
ep — ePy(narrow) ep - e[X]All —_ N 1-
Py (narrow) P, (narrow) — pT ~30% 0-20 P =D 05 0.1(0.5)
T 1+ - =
= D* 3
ep — ePy(wide) PCS HC? O 2 0 1 (09)
P, (wide) P, (wide) — pT ~30% 0200 AN, 00—+ 0.3 (3.0)
o AZ. 10~ 0.01 (0.12)
ep — exc1(3872)p _ 1
Xe1(3872)  xo1(3872) — wta—J/v  ~50% 0-90 AZ, 50~ 0.01 (0.14)
Jjp = 1T
Z.(3900)+ !/ Table 1.8: Integrated cross sections (in units of pb) for ¢ + p — X + all, where X =
Z.(3900)+ ei = e +) nl 60% 90—9300 ep % e [X] N X(3872), Z.39000°*, Z.(4020), P, states, P., states, and dibaryons. The listed quantum numbers
=(3900) Zc (3900) — 77 J /4 Baddl e for these states are those in the considered hadronic molecular model. Results outside (inside) brackets
Jfp = 1 are obtained using cutoff A = 0.5 GeV (1 GeV), respectively.

%) TaF®RRE

] F|_l //_\v/\v/q\\ L r—r—1_ S ¢ e ﬁ
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yp = J/Yp or Yp for searchmg Pc
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The background of yp — J/yp
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J.-JWu, T.-S.H. Lee, B.-S. Zou, PRC 100, 035206 (2019)
Lin Tang, Hui-Yu Xing, Minghui Ding, Craig D. Roberts EPJC 86 (2026) 3, 284
L. Tang, Y.-X. Yang, Z.-F. Cui, C.D. Roberts, PLB 856, 138904 (2024)

Xu Zhang, Eur.Phys.J.C 85 (2025) 10, 1120

T.-S.H. Lee, S. Sakinah, Yongseok Oh EPJA 58 (2022) 12, 252
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ML Du, V Baru, FK Guo, C Hanhart,
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Strakovsky, EPJC 80, 1053 (2020)
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The pentaquark state for yp = J/yp

§ Pomeron Exchange
y Sy g
Off shell 5
p, , Sy g Resonance
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p > S I > p °
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W(GeV) 000 bl 4
J.-JWu, T.-S.H. Lee, B.-S. Zou, PRC 100, 035206 (2019) 42 45 48 51 54
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For X(3872) and Zc(3900)

10° s
Jm( E JP4( © XYZ@ep, Vs =16.7 GeV _)5525253
0f - : e Z 2 (3900)
E — Z.000y ~—~ r EIC, EPJCS81,710
10 = %
< ok g c @) 107
= = £
> N =
L N2 5
5 oL 1 5 [ 2 10
; JPAC, PRD 12 (2020) 114010
- ] 10 -
ep - eX(3872)p = 4 i
Lo b d v by b by by g o I R S TR NN SN S SO N NN T S S} 1

ep = eZ.(3900)n T et e

W (GeV)

~ o) Ty’ (W,Q?%) Is the Cross sectlon of exotics photon-production
1 E 1 v T
3 3 . COMPASS uplimit ]
W’ = Parametenz:jijlont _ O')/N—>X (3872)N’ BX (3872)—J/ynn L pb
q d 8 p——
A 5 0 .+ | (CL=90%) s =13.7 GeV
£ lk : | T COMPASS, PLB 783, 334 (2018)
E % 10 - Upper limits for 23(3900) production rate for intervals of /5, n.
D pr > J ] Interval (/SyN), BR(J/Yrm) % 02, /0 11y,
2 r ' T~ GeV 1073
/ B \ QT‘ 10’35' ," _ 3 Full 13.8 3.7
N ! RS ) o m<i41Gey 132 37
N @ 104 ! . \ Eigexi/‘/\/;i—”di‘l GeV }g.z g‘g
5 10 20 x ev < /SyN K 8
Xu Cao Front. Phys. 18(4), 44600 (2023) e, . COMPASS, PLB 742, 330 (2015)
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For X(3872) and Zc(3900)

12.33

E, [GeV]
12.59

12.85 13.12

g_|_/_ = 109

gy =088

gy =068

- S==_VMD

ep — eX(3872)p S /s R - -ﬁ

- am .
- - .
--------.-—'-" F
- - -

ep —» eZ.(3900)n

Xiong-Hui Cao, Meng-Lin Du, and Feng-Kun Guo. JPG, 51(10):105002, 2024.
JPAC, PRD 102, 114010 (2020)

B TONTRRE

s y=T A

O
o~ A o~ I_l/_\l\—l—f/l_ '
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ep — eX(3872)p

ep —» eZ.(3900)n

Simulation

: ,d*N(k,Q?) )
o(ep > ehN'") = fdde dkdQ? 0y psnn' (W, Q%)
2 2 2 2
ENEQ) e 1k B (1o k)%l is the photon flux

o, ny' (W, Q%) 1S the cross section of exotics photon-production

Step 1:
Zc(3900), X(3872) eSTARLight

Yaping Xie -\/
Pc: eSTARLight/LAger

3

Step 3: Resolution + Efficiency table A s \/
Implement the detector impact Update the physics output 'qlang buo

Step 2:
Zc(3900), X(3872), Pc decay
Using EiccEvtGenHybrid

@ touemxs

4 University of Chinese Academy of Sciences m W ﬁ



Entries

Simulation of Z.(3900)

Simulation of e p—> e n Z_, proton direction =z
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y L ) | 600
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200 - 100— ] n 200 |
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[ e ' . L L L 0— N | , 1 N N . s 1 S 0 L =T T P—= N T S S——
150 160 170 180 0 50 100 150 0O 20 40
6 (Deg) 8, (mrad) 92 (Deg)
The scattering angle The scattering angle of
of electron is large neutron is along the
direction of incoming proton
0 2 4 -
L //_\v/\v/ﬂ\\ L T N ?(Q ?7‘?’15%&/’? @ St ¢ S ﬁ
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Entries

Simulation of Z.(3900)
Decay of Z¢(3900) > J/y>m 171"
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Summary and Outlook

Production of Exotic States at EicC
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Detection of final state particles
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Reconstruction of J/ and Zc(3900)
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Table 2.3 Estimated event numbers that can be collected at
EicC assuming an integrated luminosity of 50 fb~'. The lepton
pairs [71~ denote both pu*pu~ and e™e”. The event numbers
are estimated using the assumed detection efficiencies listed
in the third column, which are expected to be higher in the
middle rapidity than that in the forward region.

Exotic Production/decay Detection Expected
states processes efficiency events

ep — eP.(4312)

P:(4312) P.(4312) — pJ /¢ ~30% 15—1450
J/p =1t
ep — eP.(4440)
Constituents  7J7©) EicC 1% 20—2200
X(3872) DD* 01+ 21(89)
Z.(3900)" DD* 11~ 0.4x10%(1.3x 10%)

Z:(3900)* D*+* DY 1+ 0.3x 103(1.0 x 10%)

1% 10—-650

Z.(4020)° D*D* 1177 0.2x10%0.6 x 10°)
Z DDy 31* 19(69)
Vi DDy 31F 14(51)
P.(4312) x.D 33 0.8(4.1) 1% 0—20
P(4440) z.D’ 33 0.7(4.7)
P.(4457) z.D* 14 0.6(2.2)
P.(4380) D 35 1.6(8.4) - 0200
P.(4524) %D 13 0.8(3.9)
P.(4518) X:D* 137 1.2(6.9)
P.(4498) D" 137 1.2(9.8)
Pey =D 0i° 016 % 0-90
Pes E.D* 03~ 0.1(0.5)
s E.D* 03" 0.1(0.9)
- 1% 90—-9300

AcA. 00~* 0.3 (3.0)

AL, 10 0.01 (0.12)

AZ, 0~ 0.01 (0.14)
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