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Motivation

» Photoproduction of exotic states is an important field in particle physics. It can help us
to investigate the structure of the exotic states and their nature.

» Electron lons Collider is an important platform to study the structure of nucleons and
exotic states

» Ultraperipheral collisions are very important to study photoproduction of vector
mesons and exotic states




Discovery of pentaquark states

Three resonance states were discovered at LHCb (arXiv:1904.03947, PRL-122-222001)

A ->J/y+p+ K~

State M [MeV ] T [McV ]
P.(4312)% | 4311.94+0.7158 | 984 27" 371
P.(4440)* | 4440.3 £1.37%1 [ 20.6 £4.9 57
P.(4457)% | 44573 £0.674L | 6.4 +2.0F 37
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GlueX cross section

The cross sections of J/y were
measured at GlueX, There is no
evidence of Pc in the GlueX
results (arXiv:1905.10811,PRL-
123-072201)
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Photoproduction of VM in two channels

Photoproduction of pentaquark states in electron-proton scattering
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Introduction to EICs

EIC is platform to study
Nucleon structure in the
future
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Photoproduction of pentaquark states

The cross section of VM in electron-proton scattering can be obtained as
(arXiv:1803.06420, PRC-99-015203)

dN?*(k,Q?)
dkdQ)?

olep — eVp) = /dk‘dQ2 Tpsvp(W, Q%)

The photon flux is given as

’N(k, Q%)  « [1_ ko, K (1_ f») Qrin
dkdQ?  TkQ?

E. 2F?
The cross section of vector meson is given as




Photorpdoction of pentaquark states

Cross section of pentaquark states in photon-proton scattering (arXiv:1904.06015,
PRD-100-054033)
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Production of VM in EICs

Using the MC simulation program, we can obtain the four momentum of the final states,
We can get the pseudo-rapidity distributions

1. EF+: 1 + 6
y=—In pz, 77:—1 P pz, n=—Intan—
2 FE-—p. 2 —p. 2
10° 10°
— J/y via Pomeron @ EicC — J/y via Pomeron @ EIC-US
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Production of VM in EICs

Pseudo-rapidity distributions of VM in EICs

do/dn (fb)

10* 3

10° 3

— Y (1S) via Pomeron @ EicC
— Y(1S) via Pb(ll 120) @ EicC
Total Y(1S) @ EicC

— Y (1S) via Pomeron @ EIC-US
— Y(1S) via Pb(l 1120) @ EIC-US
Total T(1S) @ EIC-US
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Production of VM in EICs

Rapidity distributions of VM in two channels
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Production of VM in EICs

Rapidity distributions of vector meson in two channels
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Cross section of pentaquark in EicC and EIC-US

The total cross sections of vector mesons in two channels are also calculated

Stat p " Collider EicC EIC-US
ates roperties
i ] i Energy ( e.vs. p)[3.5 GeV vs 20 GeV |18 GeV vs 275 GeV
P, (4312) Mass [4.311 + O.?fgf’i GeV|| ai(ep — J/Up) 0.69 nb 9.1 nb
“IWidth| 9.8 £2.75 MeV || a,(ep — J/up) 0.89 ph 1.3 pb
o Mass 11.120 GeV a(ep — Tp) 0.13 pbh 15 pb
Py(11120) — —— _ ‘ :
Width| 30 - 300 MeV as(ep — Yp) 9.3 -821h 0.022 -0.19 pb

The background of Pc(4312) is large
The background of Pb(11120) is small
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Production of VM in UPCs

Cross section of vector meson in p-A UPCs
dN, (k)

o(pA — pAV) = fdchrw_,py(W)
The photon flux is given as
dN, (k)  27%a X2

_ (XKo(XOK (X) = S [K}(X) = K3 (O))

dk mk
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Production of VM in UPCs

Pseudo-rapidity distributions of vector mesons in p-Au UPCs
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Production of VM in UPCs

Rapidity distributions of vector meson in UPCs
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Production of VM in UPCs

Cross sections of vector mesons in two channels in p-Au UPCs

resonance properties [8, 29] s-channel t-channel
mass 4311.9 +0.7+08 MeV J/W cross section 1.8nb 2.2 pb
P.(4312) | =0 M€
decay width 08 i2_7+3.§ MeV event number 8.1K 99M
mass 11080 MeV T(1S) cross section 0.10 nb 1.2 nb
Pp(11080)
decay width 1.58 MeV event number 045K 54K
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Discovery of XYZ states

X(3872) was the first exotic state discovered (arXiv:hep-ex 0309032, PRL-91-262001)

B* > X(3872)K* - J/yntn K*
At Belle 2003
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Discovery of XYZ states

Zc(3900) was observed at 2013 (arXiv:1303.0949 ,PRL-110-252001,arXiv:1304.0121,PRL-
110-252002)

Z¢(3900) was discovered in Y (4260) » ZEnt - J/yntn™T at BESIII and Belle

B ata 70;_
oy, 100 ‘_BELSYIII i-'[l')atal fit ‘o 601 E +d.ma
o L - n — Fit
; 80 r === Background fit % E — Background
8 L / - PHSPME O 505 <<= PHSP MC
S sl : _l_ [ sideband g 40k
o C : = g
— B ~ 30F
<A " & 20F g
g 20 —-_ ,..+ L|>J 10: :__:
m F ll:

0 . 0-37 38 39 4 414
3.7 3.8 3.9 4.0 : . . . .
Mmax(nidfw) (GEV/Cz) Mmax(nJ/W) (GEV/CZ)
M = (3899.0+3.6 +4.9) MeV M = (3894.5+6.6 +4.5) MeV

463 10 + 20) MeV [ =(63+ 24+ 26) MeV

20



10°

©10?

10

Production of XYZ at EICs

XYZ production in electron-proton scattering in future EICs (using the photoproduction of

XYZ in arXiv:2008.01001, PRL-102-114010)

e+p — XYZ+e+p @ V5= 16.7 GeV
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Cross sections of XYZ states in EicC and EIC-US

Three kinds of exotic states cross sections are presented as

EicC EIC-US
Collide energy|+/s = 16.7 GeV Vs = 140.7 GeV
W region W <16 GeV (20 GeV < W < 60 GeV
X (3872) 1.2 nb 0.21 pb
Y (4260) 0.20 nb 2.0 nb
7 (3900) 0.16 nb 0.48 pb




do/dy (pb)

Production of Zb(10610) at EICs and UPCs

Rapiditiy distributions of Zb(10610) at EICs and UPCs

10%

— 7,(10610) in e-p @ EIC-US
----7,(10610) ine-p @ LHeC
-e== 7,(10610) ine-p @ FCC

do/dy (nb)

10%

— Z,(10610) in p-Au @ RHIC
----Z,(10610) in p-Pb @ LHC
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Cross sections of Zb(10610) states at EICs and UPCs

cross sections of Zb(10610) at EICs and UPCs

e-p EIC-US

e-p LHeC

e-p FCC

p-Au RHIC

p-Pb LHC

Beam energy, GeV

18 (&) vs. 275 (p)

60 () vs. 7x 10° (p)

60 (e) vs. 50 x 10° (p)

100 (p) vs. 100 (Au)

7% 10° (p) vs. 2778 x 10° (Pb)

Integrated luminosity 10 fb~! 10 fb! 150 fb~! 4.5 pb~! 2pb!
Z(10610) Cross sections 6.2 pb 8.5 pb 9.8 pb 2.0nb 30nb
Expected statistics, 10° events 0.062 0.085 1.5 0.0090 0.060
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Summary

Our calculations indicate that:
» In EICs, the Pc(4312) is not easy to be identified because of the large background

» In EICs, the Pb can be identify as the small background

» The cross sections of pentaquark states and XYZ states at EICs and UPCs are
calculated for experiments

Thank, you very much !
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