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1. yh Processes: a(hyhy — X) = np(w) ® =X (W, 5)
2. 7y Processes: a(hihy = X) =i (w) @ na(w) ® e (Wys)



LHC = Photon collider
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Y. S\l 1. yh Processes: a(hyhy — X) = np(w) @ =X (W)

2. yy Processes. o(huhy — X) = na(u) @ nafu) 9 011 (W)

Center of mass energies

LHC PP W,, < 8300 GeV = W, < 4504 GeV

- LHe | pPb(Ar) | W, 4 < 1500 (2130) Geff | W, < 260 (480) GeV
LHC | PbPb W4 < 950 GeV \Q < 160 GeV
HERA |  ep W, < 200 GeV =

LHC allow us 1o probe fhe particle production by photon -
photon interactions in a energy range unexplorated by LEP
and hiaher than that orovosed for the ILC.
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LHC = Photon collider
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Resonance production
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Resonance production

o (hihy = hy ® R® hag;s) = /Er (yy = R; W) N (w1,b;1) N (w2, ba) Sﬁbs(b)dzbldzbgdwldwg
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Resonance production

o (hihy = hy ® R® hag;s) = /Er (yy = R; W) N (w1,b;1) N (w2, ba) Sﬁbs(b)dzbldzbgdwldwg
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Resonance production
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Photoproduction of X(4350):

— Constrained by Belle

Collaboration.



Photoproduction of X(4350):

VP4, Morveira, EPTIC 19, 71 (2014).,

— Constrained by Belle

Collaboration.



Probing Exotic Charmoniumlike states in
photon - photon interactions

Photoproduction of X(4350):

}11

— Constrained by Belle

Collaboration.

Collision Resonance LHCEH
2<Y <45
PP (v/5 =13 TeV) [X(4350), 07| (247 - 6.13) b
X (4350), 2**| (2.52 - 6.88) fb
pPb (/s =8.1 TeV) |X(4350), 077 |10.20 — 25.30) pb
X (4350), 247 | (10.30 - 28.30) pb
PbPb (/s =5.02 TeV)| X (4350), 0 | 14.60 — 36.20) nb
X (4350), 277 ] (14.90 — 40.60) nb

Such channel can be used to confirm
(or not) the existence of resonances
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Probing Exotic Charmoniumlike states in
photon - photon interactions
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Probing Exotic Charmoniumlike states in
photon - photon interactions

State Mass [IZ2°7 (ke V) b, (D) or (ub) ogr (ub)
2.76 TeVTo.5 TeV]30 TeV]2.76 TeV]5.5 TeV[39 TeV]2.76 TeV]5.5 TeV][39 TeV
X(3940), 0%+ | 3943 0.33 4.2 5.2 31.6 6.5 11.5 4009 5.7 1.5 29.6
X(3940), 2++ | 3043 0.27 17.2 33.6 129.2 26.5 48.4 167.4 23.4 44,2 162.0
X(4140), 0F* | 4143 0.63 6.5 12.9 51.2 10.2 18.7 65.7 9.0 17.1 63.6
X(4140), 2%+ | 4143 0.50 26.0 51.2 201.0 40.3 74.3 260.6 35.5 67.7 252.3
£(3930), 2++ | 3922 0.053 5.4 10.5 40.9 8.3 15.2 52.4 7.4 13.9 50.5
X(4160), 2%+ | 4169 0.363 18.4 36.4 144.2 28.6 2.7 185.3 25.2 48.1 178.7
Y, (3912), 2+ 13919 0.774 50.5 DE.6 382.4 T77.9 142.2 | 490.1 65.9 129.9 | 473.7
X(3915), 0++ | 3919 0.20 2.6 a.1 19.8 4.0 7.3 25.3 3.6 6.7 24.5
TAEBLE I: Cross sections for exotic meson production in Pb-Pb collisions using the theoretical decay rates presented in Refs.
[34-36]. —
State Mass[T =" (keV ) os, . (pb) or (pb)
i le ) leVi7 TeV]ld TeV]1iol TeV
X(3940), 0F+ ] 3943 0.33 0.98 1.3 2.8 1.0 1.5 2.8
X(3940), 2++ | 3043 0.27 4.0 5.6 11.4 4.1 5.7 11.6
X (4140), 0*t* | 4143 0.63 1.6 2.2 4.5 1.6 2.2 4.6
X (4140), 2%+ | 4143 0.50 6.2 B.T 18.0 6.4 8.9 18.3
Z(3930), 2++ | 3922 0.083 1.2 1.7 3.6 1.3 1.8 3.6
X(4160), 2++ | 4169 0.363 4.4 6.1 12.8 4.5 6.3 13.0
Y,(3912), 27+ 3919 0.774 11.7 | 16.3 334 12.0 | 16.7 34.0
X (3915), 0+ | 3919 0.20 0.60 | 0.84 1.7 0.62 | 0.86 1.8

TABLE III: Cross sections for exotic meson production in pp collisions using the theoretical decay rates presented in Refs.
[34-36). —

(%) Bevfulani, VPG, Moreira, Navarra, PRD44, 044024 (20%)



o (PbPb — Pb@ 1t~ @ Pb;s) = f d*b1d*badwidwy 6 (vy = ITI7; W) N (w1, by) N (wa, bz) §2,,(b)



POUBLE DIFFRACTION SINGLE DIFFRACTION

(%) VPG, Jaime, Marfins, Rangel, PRD41, 074024 (2018)



DOVBLE DIFFRACTION

a(hahy = by ® Xptp~ X' @ hy) = [ dx; f dry [ ¢ (21,Q%) - @5 (22, Q%) +
@ (1,Q%) - a3 (22, Q%) ] - 6(q7 — pp™)

(%) VPG, Jaime, Marfins, Rangel, PRD41, 074024 (2018)



SINGLE DIFFRACTION

o(hihz — Y,LL+;L_X® hi) = /dﬂ:lfdifz [{Iig(-’ﬂl:Qz) - q2(x2, Q2) +
q(z1,Q%) 3 (z2,Q%) + (¢ )] 6(qq— pFp”)

(%) VPG, Jaime, Marfins, Rangel, PRD41, 074024 (2018)



Dilepton production

— pp collisions =

W/o culs:
FRMC _ fs=1sTev EPMC. | _ fsmsTev o EPMC | _f-1sTev.
3‘ 1“‘32 ______ — 1 < 10F 1 & b 3
- B —bD E <3 - & f_ _f
g 10k ---SD 2 g’ " 1 5 ol -
o i 1 2 itk 1 5 1oF .
% o= -E!;_‘ 3 E E
g 5 e ik
E ok |
102 E E
1[}2;' E E
104 103é'i-l 'é
= —o
BII|:|alr
Process FP |PE + RPF| RR || DD || Pp Rp SD VY
Total Cross Section [ pb ] 31.0 27.0 6.1 64.1(] 694.0 | 425.0 1119.0 T101.1

(%) VPG, Jaime, Marfins, Rangel, PRD41, 074024 (2018)



do/dM [pb/(GeV)]

Dilepton production

— pp collisions =

Including cuds:

Cut'\Process PP [PE + RP[ RE | DD | Pp Rp SD Y
No cut 31.0 27.0 6.1 | 64.1 | 694.0 | 425.0( 1119.0 | 7101.1
1. pr [pi] > 0.4GeV 28.6 23.9 4.5 | 57.3 | 616.4 | 310.3 | 926.7 |2601.3
2. Inv. mass range 1.0 < *Mu"'p— < 20 GeV | 23.3 19.3 26 | 45.2 | 4996 | 189.5| 689.1 |1531.1
3. p%. (g+;.£_) < 2GeV? 16.5 13.0 1.5 | 31.0 | 236.1 | 82.2 318.2 |1529.5
4, 7 in the CMS acceptance 5.7 3.4 0.8 9.8 6G6.6 46.9 113.5 775.3
1 in the LHCb acceptance 1.7 1.4 0.1 3.2 20.8 6.2 27.0 46.6
5. Exclusivity: CM3 1.3 1.2 0.5 3.0 16.4 12.3 28.T 775.3
Exclusivity: Backward and forward LHCb 0.1 0.1 0.01| 0.2 0.9 0.6 1.4 46.6
FPMC {5 =13 TeV - CMS FPMC fs =13 TeV - CMS EPMC ¥ =13 TeV - CMS
107 . H N B B % 103;' T T T L B |_: g 3 — T T — T 3
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Mwu [Ge"u"] pi_{pﬂlf]l [Gevz] “'rpalr
e Donminated by photon - photon interactions:




do/dM [pb/(GeV)]

Dilepton production
— pp collisions =

Including cuds:

Cut\Process | PP [PR+RP|] RR | DD | Pp [ Rp | SD | 9y
No cut 31.0 27.0 6.1 64.1 | 694.0 | 425.0] 1119.0 | 7101.1
1. pr {,L.L:t) > 0.4 GeV 28.6 23.9 4.5 57.0 | 616.4 | 310.3 | 926.7 | 2601.3
2. Inv. mass range 1.0 < ﬂf”+“_ < 20 GeV 23.3 19.3 26 45.2 | 499.6 | 189.5 | 689.1 |1531.1
‘ 3. p%, (,L.L"';'..I'._} > 2GeV? 4.7 4.2 0.6 9.6 | 166.8 | 63.3 230.1 0.1
4. 1 in the CMS acceptance 2.2 1.7 0.3 4.3 T70.4 38.5 108.9 0.04
7 in the LHCh acceptance 0.6 0.6 0.1 1.2 17.6 | 5.8 23.4 0.005
5. Exclusivity: CMS 0.04 0.2 0.08 0.3 1.5 2.1 3.6 0.04
Exclusivity: Backward and forward LHCb 8 x 10~ 0.002 5x107* | 0.004 | 0.01 0.01 0.02 0.005
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@ Doninated by diffractive interactions:




Pb FPb

Pb Fb

o (PbPb— Pb®1%1™ @ Pb;s) = f d*byd’bgdwidwy & (yy — 1H7; W) N (w1, by) N (w2, bg) S%,,(b)



Ph Ph

Pb Fb

o 10 20 30 40 50 a0 T 20 o0 100

o (PbPb — Pb® 11~ @ Pb;s) = f d’b1d*badwidw; 6 (vy = ITI7; W) N (w1, by) N (w2, bz) §2,,(b)

(%) Azevedo, VPG, Moreira, EPJTC14, 432 (2019)
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(%) Azevedo, VPG, Moreira, EPJTC14, 432 (2019)



Dilepton production
— PbPb collisions —
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(%) Azevedo, VPG, Moreira, EPJTC14, 432 (2019)



Dilepton production
— PbPb collisions —

Ho abs., R = 6.63 fm
..... — @{b-2R), R =663 fm
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(%) Azevedo, VPG, Moreira, EPJTC14, 432 (2019)
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Including experimental cufs:

Dilepton production
— PbPb collisions —
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Dilepton production
— PbPb collisions —

Including experimental cufs:
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Probing Exotic Charmoniumlike states in
photon - hadron interactions

E T T 1
F RHIC

Photoproduction ot Z (3100)":

L

k

Nl
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b
Yol

i.\-\-'\-
ey
L=
Jevd Yt

[ P ) i ik [P (A =1.0)

Ze(3000)7

dmd Y ()

| 4
Y 1 R

Reaction Ressonance [Contribution|o [nb| (/s = 0.2 eV )|o [nb] (/s =7 LeV)|o |ub] (/s = 14 TeV)

ag(pp — pJ/Wmrn) g 1.15 8.18 - 9.64 10.33 — 12.65
Z.(3900) P+ 3.83 14.13 - 15.52 16.89 — 19.12

: Cross sections are enhanced by a tactor 2% in pPb collisions,

VPG, Silva, PRD 4, 114005 (2014),



Photoproduction of Z_(3400)":
(a)

The enhancement occurs at very large rapidities (small photon -
proton cenfer - of - mass energies):

VPG, Silva, PRD 84, 14005 (2014).



Exclusive VM photoproduction 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;

¥ Such collisions allows To study the vector meson photoproduction at low

ener Q 1€S,
pPb+Pbp 16.9 ub" {5.02 TeV) — 10° - | : |
E T T T l T T T e -
% | oms + cus | £ LHCb
- 1 = Preliminary | Fied target [
E ¢ ¥ HI Rho
1 B t } } zEUs
b& B ‘{ ----rx1W;+rx:Wi}
[ M Pl W T 10°F
10 = | + M--;.P 4ot .*I?**'JI- “““ —
= &) 1 e LHCb (W+ solutions)
- ‘ ®  LHCb (W- solutions)
i 4 H1
| v ZEUS
10 Fixed target experiments |
1 N ! E Power law fit to H1 data
1 10 10° C . — . —_— |
W, [GeV] 102 10°
W (GeV)

(*) VPG, Medina EPTC1g, 693 (2018)
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Exclusive VM photoproduction 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;

¥ Such collisions allows To study the vector meson photoproduction at low

energles,
pPb+Pbp 16.9 ub™ (5.02 TeV) — 10° . —————T .
=y ™1 T T T =) C ! !
= L b cus B -E- - LHCb
= = } Fixed target L .
g F Rho - J/Psi
1 B L
b& -
B e 10°
0 I -"‘*I""*'*"E """ )
c ¢ LHCb (W+ solutions)
- ®  LHCb (W- solutions)
B 4 H1
i r ZEUS
Fixed target experiments -
1 Ll . L , Power law fit to H1 data
1 10 |l . M |
W [GeV] 102 10°

(%) VPG, Medina

EPJICrg¢, 693 (2018)

W (GeV)
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Exclusive VM photoproduction in fixed farget
collisions at the LHC

Rho Omega J/Psi
STAH"ght (p, Ph}-Ar ﬁ:“ 10, 65}Eal . BTAH“EM {p. Pb)-Ar ﬁ =(110, 69)GaV _ BTﬂH“Eht {p, Pb)-Ar ﬁ =110, 69)GaV
E 1D4:_l v 1 M M v 1 v M M 1 M ﬁ;] M nl" -' M _ﬂ- 3 v M 1 M M M 1 M M M 1 M M M -I M E _ﬂ g M M 1 M M M 1 M M M 1 M M M 1 M g
= E p—=nn = 10 3 e w— m'n . =" o2l
& 10°f z o R I =
® : e P — T B g0
T g2 = i 3 = 0
10? 1 1;’ E 04k
; E 10° 3 . E 105k
1025 104 | [ 1 107 [
10°5 0 2 P - 0
r'l.! F.‘L“.‘I.'
A | Final State | p-Ar | p-He Pb-Ar Phb-He |
_EA: LHCh p" =t | 318.6( (16.50) ub 6.971.09) ub [42.50 [24.50) mb}5.60 [2.44) mb
— Pb-Ar w— - [1160.19 (30.71) n 21.86{ (2.29) nb | 76.32)(46.21) ub |12.81) (5.35) ub
- Pb-Ar LHCb Jip = utp~ 3.8810.14) nb J|118.41)(14.29) pb| 88.67|(39.68) nb |13.31 (7.15) nb

(*) VPG, Medina EPTC1g, 693 (2018)



Probing Pentaguarks in photon - hadron

interactions
Photoproduction of P : YT @L 04
ol P, (4450) "
P P P’

1
10— T T T T T T T T T . T T . .

Total [Pom + Pc{4440) + Pc(4457)]

......... Pe(4440)
Pcid457)

10°

a(nb)

w0

Cao, Dal, ArXiv:1904,06015(hep—phl,



Probing Pentaguarks in photon - hadron
intferactions

Photoproduction ot P :

Collider mode:

L B I A — STARlight Pb-p ys,, = 8.1 TeV
F . E " " i i I
Total [Pom + Pc(4440) + Pc{4457)] 'g_ — 1
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Probing Pentaguarks in photon - hadron
intferactions

Photoproduction ot P :

Fixed — targel mode:
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Summary

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

v We can learn a loT ot physics studying The HE
regime, However, the analysis of the low energy
regime is also very imporfant to constrain some
important aspects of hadronic physics.

v The RHIC and LHC data for fthe photoproduction of
different final states will be tundamental fo
comj’(\vaiw and /or discriminate between different
models.

v Complementary sfudies can be pertormed by the
analysis of the exclusive vector meson
photoproduction in polarized hadronic collisions and in
fixed - target collisions at the LHC,
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v Photon - induced inferactions can be used to
constrain the physics in unexplorated energy regime,

v We can learn a loT ot physics studying The HE
regime, However, the analysis of the low energy
regime is also very imporfant to constrain some
important aspects of hadronic physics.

v The RHIC and LHC data for fthe photoproduction of
different final states will be tundamental fo
constrain  and/or discriminate between ditferent
models,

v Complementary sfudies can be pertormed by the
analysis of the exclusive vector meson
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Thank you tor your atftention:
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