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EXOTIC STATES: class of hadrons that decay to final states
that contain a heavy gquark and a heavy antiguark but cannot be
easily accommodated in the remaining unfilled states in the QA
level scheme,

Ever since the discovery of X(38712), we have a golden era in
the discovery of the exotic states.,
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AT the LHC:

MoTivation
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This Talk:

Main goal: Demonstrate that the study of photon - induced
inferactions at the LHC can be useful fo demonstrate the
existence and to probe the properties of exotic states,

Focus on:

— Production ot exotic tetraguark states in photon - photon
interactions;

— Production of exotic pentaguark states in photon - hadron
interactions,



This Talk:

Main goal: Demonstrate that the study of photon - induced
inferactions at the LHC can be useful to demonstrate the
existence and to probe the properties of exotic states,

Focus on:

— Production of exotic fetraguark states in photon - photon

interactions:
VPG, Moreira EPTC79 (2014) 17; PLBs1 (2021) 136249

— Production of exotic pentaguark states in photon - hadron
interactions,

VPG, TJaime PLBgos (2020) 135447, VPG, Xie PLBg14 (2021) 136121
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1. yh Processes: a(hyhy = X) = np(w) ® 074X (Wop)
2. vy Processes: a(hihy = X) = n1(w) @ na(w) ® g 11X (Wyy)
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Probing Telraguarks in photon -
photon interacTions

X(4350)

T \\
; §;§=,=&\ : Constrained by Belle

Collaboration.

VPa, Moreira, EPTC 19 (2019) 1,



Probing Telragquarks in photon - photon
inTferactions

X(4350)
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ha Collision Resonance LHCE
2<Y <45
8 TP PP E o E T T e e pp (Vs =13 TeV) | X(4350), 077 | 7(2:47 - 6.13) b
| 1 I I I 1 1 1 | T\".L“: : _hl"ll 1 1 1 i . . ++
Er— T i ] X (4350), 2 (2.52 - 6.88) fb
. . ; ] pPh (/s =8.1 TeV) [X(4350), 077 | {10.20 - 25.30) pb
[ | i i X (4350), 27| (10.30 - 28.30) pb
A ! ' b PbPb (/s =5.02 TeV)| X (4350), 07" | (14,60 — 36.20) ub
. X (4350), 277 ] (14.90 - 40.60) nb
i :
2t ; -
_ : Such channel can be used to confirm
1 1
[ (or not) the existence of resonances
ofusbtf bbbkt bbb 3] gpserved in ete” colliders.,
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Probing Telragquarks in photon - photon
inTferactions

Fully — heavy Tetraguark:

VPG4, Moreira, PLBg (2021) 136244,

Total cross section:
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Main assumption:
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Probing Telragquarks in photon - photon
inTferactions

Table 1
Total cross sections for the X(6900)[ J"]— J/ /v production by yy interactions in pp, pPb and PbhPb collisions for different center - of - mass energies considering the
full LHC rapidity range as well as the rapidity ranges covered by the ALICE and LHCb detectors.

Collision Resonance LHC LHCbh ALICE
Full rapidity range 20<=Y =45 -1.0=Y¥ =<=1.0
pp (5 =13 TeV) X(6900), 0 26.3 fb 553 fb 634 fb
X(6900), 2*+1 319 b 6.71 fb 771 b
pPb (5 =8.1TeV) X(6900), 0 76.3 pb 21.6 pb 22.4 pb
X(6900), 2+4 92.4 pb 26.2 pb 27.2 pb
PbPb (/5 =5.02 TeV) X(6900), 04 171.0 nb 223 nb 70.0 nb
X(6900), 21 206.0 nb 26.7 nb 84.7 nb
& T T T T T _ 20 T T T i TT T &0
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Fig. 2. Rapidity distributions for the X(6900) — [/ J/v production by yy interactions in (a) pp (/5 =13 TeV), (b) pPb (/5= 8.1 TeV) and (c) PbPb (/5 = 5.02 TeV)
collisions at the LHC.



LHC = Photon collider

— Photon - Hadron interactions —

Exclusive vector meson photoproduction in hadronic collisions:
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VPG, Bertulani, PRC65, 054905 (2002)



Probing Pentaguarks in photon -
hadron m’fevac’ﬂoms
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Hidden—charm pentaguark:

¥ VPG, Medina EPTC7¢, 693 (201¢): Vector meson photoproduction at low
energies can be studied in fixed - target collisions at the LHC,

#Beam - gas collisions have been studied by the LHCb Collaboration and a
similar programme can be developed by the AFTER@LHC experiment;


mailto:AFTER@LHC

Probing Pentaguarks in photon - hadron
inTferactions

Hidden—charm pentaguark:
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VPG, Medina, PLBgos (2020) 135447,
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Probing Pentaguarks in photon -
hadron interactions

Hidden—bottom pentaguark:
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Total cross sections (in pb) for the exclusive 7 photoproduction in fixed - target collisions at the LHC

Table 1

dao/dy (pb)

107"

LLRLLILU IR RRLL B R L B R |

Y(18) via IP Pb-p @ Vs =110 GeV
______ Y (1S) via P, Pb(y)-p @ Vs= 110 GeV
------ Y (IS)via P, p(y)-Pb @ Vs=110 GeV

1072

[ %]

considering different rapidity ranges and /s = 110 (69) GeV.

1
3 4 )
y

6 7

Pb - p Pb - He Pb - Ar Ar - p
o ® (Full rapidity range) 168.0 (13.0) 1000.0 (140.0) 8400.0 (870.0) 22.0 (2.9)
o Pv (Full rapidity range) 46.0 (12.0) 75.0 (24.0) 380.0 (80.0) 3.6 (1.3)
o (2.0 =y =4.5) 160.0 (12.0) 860.0 (100.0) 5100.0 (370.0) 18.0 (2.6)
olfv (2.0<=y <=4.5) 45.0 (11.0) 72.0 (22.0) 300.0 (58.0) 3.3 (1.2)
o (20=y =2.7) 2.2 (0.52) 10.0 (2.7) 78.0 (16.0) 0.16 (0.058)
olfv (20=y=2.7) 45.0 (11.0) 72.0 (22.0) 300.0 (58.0) 3.3 (1.2)

Xie, VPa,

PLBs05 (2020) 135441,




Summary

v Photon - induced inferactions can be used to
constrain the physics in unexplorated energy
regime,

v We can learn a lot of physics by studying the
HE vregime, However, The analysis ot the low
energy regime is also very important fo
constrain some important aspects ot hadronic
physics,

v The RHIC and LHC dafa tor the
photoproduction of exotic states will be
fundamental to constrain  and/or discriminate
befween ditterent models,
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befween different models.,



Summary

v Photon - induced interactions can be used fo
constrain the physics in unexplorated energy
regime,

v We can learn a lot of physics by studying the
HE vregime, However, The analysis ot the low
energy regime is also very important fo
constrain some important aspects ot hadronic
physics.,

v The RHIC and LHC dafa tor the
photoproduction of exotic states will be
fundamental to constrain  and/or discriminate
befween ditterent models,

Thank you tor your attention:



X (149000):

Table 2

Total cross sections for the X(19000)[ /"] — Y production by ¥y interactions in pp, pPb and PbPb collisions for different center - of - mass energies considering the full
LHC rapidity range as well as the rapidity ranges covered by the ALICE and LHCb detectors.

Collision Resonance LHC LHCh ALICE
Full rapidity range 20=Y =45 -1.0=¥=10
pp (s=13TeV) X(19000), 0+* 240103 b 490 %1074 b 6.88 % 107 fb
X(19000), 2+ 501 x10°% b 121 <103 b 1.70x 103 fb
pPh (/s=8.1TeV) X(19000), 0+* 560 b 162 fb 196 fb
X(19000), 2** 1380 fb 399 fb 483 b
PbPb (/5 =5.02 TeV) X(19000), 0** 8.33 pb 0.564 pb 432 pb
X(19000), 2** 205 pb 1.38 pb 10.6 pb




Probing Pentaguarks in photon -
hadron interactions

Photoproduction ot P :
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VPG, Medina, PLBgos (2020) 135447,

do/dy [ ub ]
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Collider mode:
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