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% Hadronic Interactions

GFPAE

Introduction

The QCD
Factorization

Interaction

Collisions 01

o* 10° 102 10! )
il « The production cross section can be written as

Summary

Ohnoshx < Fayn(X1, Q) ® fio (X2, Q?) ® 8(ab — cd) ® D2, Q)

fo(X. Q@?) — Parton Distribution Functions (PDF’s): MRST, GRV, CT18, MMHT14, ...
6(ab — cd) — partonic subprocess ab — cd: qq — qq, qq — 99, 99 — 99, ..
Dpe(2e, @2) — fragmentations functions of hadron h from a parton c.
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A saturation Phenomena

* Some evolution equations:

[
Introduction * Linear equations ?ggtlul.uorgtuon A0
Fasorzaion - DGLAP . @ o
S
* BFKL x |8 / AGL-BK-JIMWLK
« Non-Linear equations s |2 @
> |8
* AGL £ FerkL
uPC - JIMWLK z @ DGLAP
Collisions 2
Peripheral *BK r
Collisions Aleo In Q2
ag~1 og <1

Summary

* At small-x, the gluon recombination process is important

- OO Xx—> 0 {6€E1:' ,‘
y ~ — ~ \
m’b"jﬁﬁ 000000 2?)@, 4

R ./,r.
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% Balitsky-Kovchegov

GFPAE

The Balitsky-Kovchegov Equation

T N(T(x,2)) = & [ Pz (x,y,2)[(T(x,2)) +(T(2,y)) = (T(X,y)) = (T, 2Tz )]

* This equation evolves (T(x,y)), average over all the dipole amplitudes

T(x,y).
* The evolution variable is the rapidity Y ~In1/x.
UPC - _ ()(—y)2
Collisions * as=asNg/mand A (x,y,z) = 2P z—y7"
Peripheral ® The photon splitting in the g pair with z and 1 — z fraction of light cone momentum.

Collisions
® The quark or antiquark can emit soft gluons (z» < z;), which can also emit softer gluons.

SIHIETR) ® In the limit N — oo, these soft gluons can be considered as quark-antiquark pairs.
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Dipole Model

UPC
Collisions

Peripheral
Collisions

Summary

Colour Dipole Formalism

*Complementary information on gluons distribution can be obtained

. -
o

1~ % ,'l _‘:_
y*\M‘< ,-""E (1—«.)'_1-‘,2 - ;): V=J/U, 7T p, ¢

=) H

= y

S

g (2.Q?))"

r is the dipole separation.
z(1-z) is the quark(antiquark) momentum fraction.

b is the dipole-target impact parameter.
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Diffractive Production

Interaction

UPC
Collisions

Peripheral
Collisions

Summary

Photo-Induced Interactions

« Diffractive production of vector mesons in hadron-hadron collisions.
* The process is characterized by large rapidity gaps in the final state.

Coherent

Q2 — photon virtuality.
W? — y* p center of mass energy.
t — squared momentum transfer.

« We are interested in the first case: Exclusive Photoproduction (Q? ~ 0),

p2Pb— PboVap
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Introduction

UPC
Collisions

Peripheral
Collisions

Summary

Weizsacker-Williams Method

« Hadron-Hadron interaction — photon -hadron mteractlon
13
|

* Thus, the hadron procesé can be written in a simpler way

dN(w)

Ox = ®Gx( )

where the equivalent photon flux is written as @

di(@

2
~do — 2% [XminKO(Zmin)K1 (Xmin) - %stin [K12 (Xmin) -

K§ (xmin)]]

and oy is the photoproduction cross section.

4upc case, where b > R4 + Rg and assuming the form factor F(q)=1, i.e, point-like charge.

-8-
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UPC
Collisions

Peripheral
Collisions

Summary

The Photoproduction Cross Section

* For y— p interaction, the forward scattering amplitude is

given by

proton

2
Im Aproton(X,t=0) = [ d4r7(;12 (‘V*VIVV) 7 %4dip (x,r)

* (¥} vy) 7 - photon-meson wave function — Boosted Gaussian, better for the excited states;

. Gs,;)amn(x, r) - dipole cross section — GBW and CGC models.

* Then, the photoproduction cross section will be

Im Aproton(X, t = 0)[°
(1o vo) - LB =0 (4 2) )

e x=(M+Q%) /(@2 +2w/Sy) and B, is the slope parameter;

" Re Aproron(X,t=0)
* B (Aerr) = Im Aproron(x.1=0)

* R2(Aerr) - skewedness effect.
-9-
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Introduction

Collisions

Peripheral
Collisions

Summary

The Photoproduction Cross Section

* For y— A interaction, the forward scattering amplitude is

given by

[ Im Anuo(X, t = 0) = [ [ L (yiy)  opic(x,r) ]

where

ope(x,r) =2 d2bf {1-exp [~ 1 Ta(0)ol " (x, )| }
b’ is the photon-nuclei impact parameter.

Ta(b') is the nuclear profile function;

* Then, the photoproduction cross section will be

_o)2 -
[ o (YA — VA) = [mAnc(ot=0)" <1 +B (fleff)z) R2(Reit) Jrmy, IF (D)2 dlt ]

F(t) - electromagnetic form factor and i, = (M5/2wy)2;
-10 -
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% Dipole models

GFPAE

« The Golec-Biernat and Wusthoff (GBW) model ':
» Model based on QCD-inspired phenomenology

Introduction
« The functional form of the dipole cross-section must have:

B For small r, ¢ o r2 (Colour transparency);

7= PIEEH B For large r, o — constant (Ensures saturation).

Dipole Cross Section

[ G‘%BW(X,I’) = op[1 —exp(—r2Q3(x)/4)] ]

Collisions

Peripheral > A . .
Collisions » Q5(x) = (xo/x)"ceev is the saturation scale;

Summary + 09 =29.12mb, xo = 0.41 x 1074, Agpw = 0.29 and x2/Ngor = 3.78 - old fit -
for the extracted data from HERA with charm quark (Q® < 10GeV? and x < 102).
Re-evaluate for this fit?

<0y =27.32mb, xo = 0.42 x 104,
AGR1W —0.248 and y2/Nge¢ = 1.60.

K. G. Biernat and M. Wiisthoff, Phys. Rev. D59, 014017 (1999); Phys. Rev. D60, 114023 (1999).

2

K. G. Biernat and S. Sapeta, JHEP 1803 (2018) 102..
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% Dipole models

« The lancu, Itakura and Munier (CGC) model 3:

2(s+(1/K2.Y)In(2/rQ5))
S50 (x, ) = ap x Mo (G rQs <2
% 1 — @ AlnP(BrQs) 1rQs > 2

Dipole Gross Secion A NER 14 (1=1)/(Aovs)
A= EYAT A .4'6)20”7(01 A and B=3(1-4) 0)/(fo%)
Collisions « Y =In(1/x), s = 0.73, k = 9.9 and Qs(x) = (xo/x)*/2.
Peripheral « Free parameters: oy =27.33 mb, .45 = 0.7 and 1 = 0.22.
Collisions
Features:

Summary
For r < 2/Qs (small dipoles), .4 obtained from the saddle point approximation to

the (LO) BFKL equation;

For r > 2/Qs (large dipoles), functional form of .4" obtained from solving the BK
equation;

A and B restricted by continuity condition of .4 at rQs =2

3E. lancu, K. Itakura, and S. Munier, Phys. Lett. B590, 199 (2004).
-12- GFPAE-IF-UFRGS



Ultraperipheral Collisions

Introduction

UPC
Collisions

Peripheral
Collisions

Summary k¥R +ER,
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Introduction

UPC
Collisions
pp Collisions

Peripheral
Collisions

Summary

Results for /s =7 TeV in pp collisions

* Comparison of the rapidity distribution for pp collisions with the LHCb data*

L(pp—peVop)=o

P (yp— Vo) +(y = —¥)

Photoproduction of Jiy - LHC - s = 7 TeV

pep->p i Ep

LHCH 2013 T T T
S b
Q10
=3
>
kS
L sk
L L L
6 4 2 0 2
y
Photoproduction of Y(1S) - LHC - s =7Tev
PHp—>p+Y(S) +p
oy
=
>
s
5
2

Photoproduction of y(2S) - LHC - s'% = 7 TeV
PP py(ES) +p

do/dy [nb]

+ GBW model overestimates the data.
Parametrization: M. Kozlov, A. Shoshi and W. Xiang - JHEP 0710 (2007) 020.

« The other models are consistent with the data

of J/y and Y(1S).

M. B. Gay Ducati, F. Kopp, M. V. T. Machado and S. Martins, PRD94,
094023 (2016).

4
R. Aaij et al., J. Phys. G40, 045001 (2013); J. Phys. G41, 055002 (2014); JHEP 1509, 084 (2015).

14 -
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% Results for /s =7 TeV in pp collisions

GFPAE

Introduction

PG * Total cross section corrected by acceptance and branching ratio (BRy_, ,+,-)-

Collisions

Vs=7TeV| GBW GCGC b-CGC| LHCb
Peripheral J/ll/ [pb] 55387 31 682 24629 291 :|:20 pb

— w(2S)[pb] | 10.80 464 276 | 6.5+1.0pb

Y(1S)[pb] | 22.05 925  8.05 | 9.0£2.7 pb

Y(2S)[pb] | 416 171 159 | 1.3+0.85pb
(35)

Y(3S)[pb] | 2.07 087  0.83 <3.4pb

-15- GFPAE-IF-UFRGS



Introduction
UPC
Collisions

pp Collisions

Peripheral
Collisions

Summary

Results for /s = 5.02 TeV in pA collisions

92(pPb — p® V@ Pb) = o (y)N7(0(y)) o P (a(y)) + o(—y )N (a(—y)) ol (o(~y))

2

2

Photoproduction of J/y - LHC - s"?=5.02 Tev Photoproduction of JAy - LHC - s'"?-5.02Tev
p+Pb-->p+Jiy+Pb p+Pb->p+Jy+Pb
20 T T T T T T T 30 T T T T T T
— Toul 4
Ho o NPyoP 4 ALICE data (2.5<y<4.0)
v 25 % ALICE data (3 sub-bins) 1
15H--- N'xo/” — ®  ALICE data (-3.6<y<-2.6) g
Q Q20 — 6w —
= q =3 .. CGC
> 10 T Sisp 0 ]
> = " RN — > —
° . o i
B L 4 S il © e,
© s < 10 cLeem=ll 7
L A o ~ B
% \\ 5 . .; P %&\B@ H
e Eutuiat R \""”T'\“\“ L L \ \ \ \\’\"-
0 === 0 :
-4 -2 0 2 4 -4 -2 0 2 4

y y
* Comparison of the rapidity distribution for pA collisions with the ALICE data
(right plot)®
5

B. B. Abelev et al. Phys. Rev. Lett. 113, (2014) 232504
-16 -
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Results for /s = 5.02 TeV in pA collisions

Photoproduction of w(2S) - LHC - 8" = 5.02 TeV Photoproduction of Y(IS) - LHC - s = 5.02 TeV
p+Pb->p+y(2S) + Pb p+Pb-=>p+Y(IS)+Pb

T T T T T T v T T T T
cGe
* BCGC *

Introduction

UPC
Collisions

1)
=
T

L

ons

pA Collisions

do/dy [ub]
o
T
I
do/dy [nb]
S
T

S
T

Collisions L

|
v
T

Peripheral r
Collisions 0

Lt
i
=)

Summary

Photoproduction of Y(28) - LHC - s> = 5.02 TeV Photoproduction of Y(38) - LHC - s> = 5.02 TeV
p+Pb-->p+Y(2S) +Pb p+Pb-=>p+Y3S)+Pb
T T T T T

)

do/dy [nb]
R L s w
T
I
do/dy [nb]

=)
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% Results for /s =2.76 TeV in AA collisions

GFPAE

Introduction

UPC
Collisions

AA Collisions

Peripheral
Collisions

Summary

* Comparison of the rapidity distribution for AA collisions with the ALICE data®

%}‘,’(AA—>A® Ve A)= 0O 6(yA— VA) +(y — —y)

do/dy [mb]

do/dy [ub]

Photoproduction of J/y - LHC - s'2 = 2.76 TeV

Pb+Pb—>Pb+Jiy + Pb

i
o OMSan

Photoproduction of Y(1S) - LHC - s'* = 2.76 TeV
Pb+ Pb->Pb + (1) + Pb

6

B. Abelev et al., Phys.

-18 -

do/dy [mb]

do/dy [ub]

Photoproduction of y(2S) - LHC - "2 = 2.76 TeV

Pb+Pb—>Pb+y(2S) + Pb

2 I
4 2 0 2 4

Photoproduction of Y(28) - LHC - s'* = 2.76 TeV
Pb+ Pb>Pb + Y(28) + Pb

Lett. B718, 1273 (2013); E. Abbas et al., Eur. Phys. J. C73, 2617 (2013).
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Peripheral Collisions

Introduction

UPC
Collisions

Peripheral
Collisions

Summary

participants

befare collision after collision
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ALICE Measurements - J/y

» The nuclear modification factor (Ras) is given by ’

Introduction
/v N’

UPC Fad” = Ty Ry

Collisions BRJ/W‘}[Jr[f ° Nevents . (A X S)AA . (TAA> *Opp

Peripheral
Collisions

. N,ﬂv — raw number of J/y

Experimental Data

b

* BR, - =5.969
& 5:@ ALICE, Pb-Pb {8, = 276 ToV St g
6F 25¢y <4
. a. 7
5r {  0<p <03GeVic, global syst = £15.7 % Nevents® ~10.6 x 10
Summary :: * O.GSPT<IGEV/c.g\nbslsyslztlf).I% . (AXE)%;VNﬁS‘I%
{  1<p,<8GeVrc, giobalsyst=1+11.5%
ol * Common global syst = + 6.8 % 3.84mb~", 30%—50%
+(Tan)?=1{0.954mb~", 50%—70%
L [+] 0.17mb~",  70%—90%
8131 H @ - op/¥ = 0.0514ub
0.6F
05 ® I —
a
0.4l ‘5‘0‘ L ‘%(‘)o‘ L 1‘5‘»6 L ‘éo‘o" 'ééd‘ ‘W ALICE Coll., B. Abelev et al., PLB734, 314,
(Noan) (2014)
b

ALICE Coll., B. Abelev et al., PRC88, 044909,
-20- GFPAE-IF-UFRGS




ALICE Measurements - J/y

» The Average Rapidity Distribution

Introduction

uPC E = L /4'0 Edy
Collisions dy 25<y<4.0 Ay J25 dy

Peripheral
Collisions

Experimental Data

« ALICE measurements 8
pr <0.3 GeV/cand /Syy =2.76 TeV

Cent%  NJ¥ Np¥ NSV dosh /dy [ub)
Summary 0-10 339+85+78 406+14+55 <251 <318
10-30 378487475 897410461 <237 <290

30-50 187+37+15 12644415 624245 73+£44725410
50-70 8941342 394245 5041445 584167548
70-90 594943 8411 51943 5941177 48

/ ~AQQ.
« N — raw number of J/y. o« NIV excess of J/y.

« Nj9/¥— raw hadronic number of J/y.

8ALICE Collaboration, J. Adam et al., Phys. Rev. Lett. 116, 222301, (2016)
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Introduction

UPC
Collisions

Peripheral
Collisions

Experimental Data

Summary

STAR Measurements - J/y

* Ra4 as a function of pr for mid-rapidity (|y| < 1) °.
* /=200 GeV for Au-Au and /s = 193 GeV for U-U.

* More intense excess for 60%-80% centrality bin.

* The J/y excess is still present for 40%-60% centrality class.

2 2
aw STAR Profiminary AL sarramiray ] & 1 STAR Protminary
= s 200 GV = s 200 GV
+ ol 103 o . + ol 103 o
centrality: 60 - 80% contraliy: 40 - 60% centrality: 60 - 80%
10 10 L
1 1 1
e - By
10? 10 1 10 10 10! 1 10 10? 10! 1 10
P, (Gevic) P, (Gavic) B, (Gevic)

9

-22 -

W. Zha (STAR Collaboration), Journal of Physics: Conference Series 779, 012039 (2017).
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% b-Dependence Photon Flux

« For peripheral collisions — N(w, b) with b-dependence 9,

Introduction

dN(w,b) zZ? aqed 2 2 F(k)
gzlﬁsions dwdb? fd kaT K2 J1 (ka)’
Peripheral
Collisions ] o
ESISNT - Yukawa potential+hard sphere (more realistic for lead) '

4mpo

=23

[sin (kRa) — kRacos (KRy)] [1;32/(2}

Summary

< k2 =(0/7)?+K2.
*po=0.1385fmand a= 0.7 fm 04
+ A=208 and R4 = 1.2A'/3 fm

e 2o
> »

=3
&)
ol L L LA AR LRI LR LA

(Q)

F

o f

[, 7 N n n n —

005 0.1 015 02 025 03 035 04 045 05
q[GeV]

F. Krauss, M. Greiner and G. Soff, Prog. Part. Nucl. Phys. 39, 503, (1997)

K. T. R. Davies and J. R. Nix, Phys. Rev. C14, 1977 (1976).
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% Comparing the Form Factors

GFPAE

* Centrality classes and related impact parameters range:

i Glauber Model ALICE

Introduction Centrality Classes
uprC Pmin (fM)  bmax (fm) bﬁﬁﬁ (fm) brixelljx (fm)
Collisions

) 30%-50% 7.77 10 8.55 11.04
Peripheral
(.‘;ollisions ) 50%-70% 10 11.87 11.04 13.05

70%-90% 11.87 13.47 13.05 14.96

Analysis of the different form factors

Summary . X
Photon flux integrated in w
V5 =276 TeV Point Like (used in UPC)
10° g e 'F(kz):1
——  Woods-Saxon | J
= _ ?&?I:{(’L‘ke é Dipole :orm Fa/titzor
Ci 10 E 3 'Fdip(k ):7/\2#@-
= E E
3 0L —
z 10 E Woods-Saxon+Yukawa
© ] 2 47, .
10" - * Fwsy(k?) = 5% [sin (kRpp)
B | T N ST ST _ kRpncos (KR, { 1 ]
107 510 15 20 25 30 Pp00s (KRpb)] | e

b [fin]
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% The Effective Photon Flux

GFPAE

Introduction

UPC
Collisions

Peripheral

Summary

« Considering an effective photon flux 2

dNe" () A

ox=Jo dw

ox(o)

» Hypothesis: Only spectators interact coherently with
the photon.

dN®" (.b)

+ In this scenario, =—;>* can be described as '3

N (0,b) = 5155 | NUU/ (@, b1)8(b1 — Ra)6(Ra— b2)dby

* Aot = B2 [x— 2c0s~! (b/2Ra)| + (b/2),/4R2 — b2 and b2 = b2 + b2 + 2bbacos(a)

12
13

M. K. Gawenda and A. Szczurek, Phys. Rev. C93, 044912, (2016).
M. B. Gay Ducati and S. Martins, Phys. Rev. D97, 116013, (2018).
-25-
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Introduction

UPC
Collisions

Peripheral
Collisions

Summary

The Effective Photonuclear Cross Section

 The forward scattering amplitude is given by

Im Mnuc(x, t - 0) -

where

a2 rdz

(vvwy) ¢

oputens(x,r) =2 [ d?b' {1 —exp |~}

nucleus

Gdlp

Ta(b')o,

proton
dip

- Consistency with the construction of N7 (w, b),
restrict o7 (x, r):

(x.r)

]}

[ olens(x,r) =2 [ 62b0(by — Ra) {1—exp [~ 4 Ta(b)oliy " (x,r)] | ]

°b12

=b?+ bg +2bbocos(at).

-26 -
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Our results for do/dy

« Essentially, three modification were considered

Introduction

o * b-dependence (S1).
Collisions - Effective photon flux (S2).

« Effective Photonuclear cross section (S3) .

Peripheral
Collision

Treal. The scenario S3 uses the effective photon flux and the

Photonuclear Cross
Section

effective photonuclear cross section.
» Comparing with ALICE data (S3),
Average Rapidity Distribution: 2.5 < y < 4.0

Summary

GBW / CGC | daifs /dy [ub] | dofP /dy [ub]
30%-50% 73/61 7344728110
50%-70% 78166 58416548
70%-90% 75/63 59+1177 48

« Better agreement for CGC model considering 50% — 90%.

-27 - GFPAE-IF-UFRGS



% Our results for R,

* Black circles (S1): only the b-dependence
roduetion * Best agrees with the data only in the more peripheral region;
Upe » Green losangle (S2): b-dependence + effective photon flux
Collisions * Better results were achieved for the more central classes;
* Blue triangle (S3): All the three modifications was applyed
¢ A slight correction in direction to data in relation to last case;
p;<03GeVic; 2.5 <y <4.0; CGC model

The eff.

Photonuclear Cross L— T T T
Section L 4
. B ALICE data
Summary 10— a ®  Scenario 1
r #  Scenario2 | -
- A Scenario 3
P - i
m<( - m
5 —
L ° i
L i . ,
0 P P I
0 50 100 150
<N
part

-28- GFPAE-IF-UFRGS



% Our results: Quark Matter 2022

GFPAE

w photoproduction in peripheral collisions

Introduction

UPC * Transition from ultra-peripheral to peripheral collisions:
Collisions + Need to account for the geometrical constraints of a given impact parameter

) * Modification of the photon flux / photonuclear cross section

Peripheral

Collisions
al Data

S = 5.02 Te/

T T T T

Scenario 1: UPC like
Scenario 2: effective photon flux
Scenario 3: effective photon flux + photonuclear cross section

The eff.
Photonuclear Cross
Section

IIM: Color Glass Condensate approach
GEW: light cone dipole formalism
M. B. Gay Ducati et al., PRD 97 (2018) 11

Summary

o [P PR P TU FET FETTA PR S

4 a3 2 1 1 2 i 4
¥

Quark Matter 2022 - A. Neagu
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% Our results: Quark Matter 2022

GFPAE

Introduction

UPC
Collisions

Peripheral
Collisions

b-Depen
he eff. Photon Flu
The eff.

Photonuclear Cross
Section

Summary

70-80% 50 70% 30-50% 10-30% 0-10%
5 700 g™ BB AR LA e R s
= F ALICE Prehmlnary = ALICE Prelminary Models E
2 BO00F by py yas02Tew & eoop PP R, -s02Tey R, —ER
=5 E i =ee. yl<09 st o1 4 (GBS 38 Vo e - E
R A e I e ;
3 [P <02GeVic Jc’: ‘.:m i Cent. corr. syst uncen. = 6.5% wou E
4O Gk st ncasay 22% Phye. Rev. Coy (2018 zem1 400 e =
300F = 3 300 o I
200f- ﬁ 3 200 B =
100 = 100 E
of L L L L 0 L | L | | L
20 20 50 80 0 50 100 15 200 250 300 350 400
Nood
(Npa") part

* Models including only modifications of the photon flux (but VDM) do not  Forward rapidity: ALICE-PUBLIC-2022-006
reproduce the measured cross section towards more central collisions M. Klusek-Gawenda et al., PLB 790 (2019) 339-344

i

Quark Matter 2022 - A. Neagu
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% Our results: Quark Matter 2022

GFPAE

Introduction

UPC
Collisions

Peripheral
Collisions

Data

on Flu

The eff.
Photonuclear Cross
Section

Summary

Coherent J/y cross section at forward rapidity

NEW

= ALICE-PUBLIC-2022-006
T e e e =
e F 3
N 7E ALIGE Preliminary, Pb-Pb WModels =
L”E F o odyp—uwu,25<y<4 = Sw 3
L SF p<0acevic s E
33; 5 ; [T Gent. corr_syst. uncert VDM é
= 4F

s F

2 E

o 3SE

=2k :$:
-1

= “F

= 1 =
= E 7
;g ok 1 L 1 1 I I}
2 30 40 50 60 70 80 90

Centrality (%)

« Ratio of the measurements at /5y =5.02 TeV and 4 /Sy = 2.76 TeV shows no centrality dependence within uncertainties

* Fair agreement of the measured ratio to models ( except GG-hs ) within uncertainties

Quark Matter 2022 - A. Neagu

-31-
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% Our results: Quark Matter 2023

GFPAE

Introduction

UPC
Collisions

Peripheral
Collisions

The eff.
Photonuclear Cross
Section

Summary

Coherent J/ photoproduction in Pb-Pb collisions: centrality dependence

ALICE

. Both measurements at mid and forward rapidity don’t show a significant centrality dependence*
ments are qualitatively described by a large number of models developed for UPC and extended to account
for the nuclear overlap

arxiv:2204.10684
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* The cross section is not normalized to the centrality interval width 70-90% 50-70% 30-50%  10-30% 0-10%

A. Shatat, QM, Sept. (3-9) 2023

Quark Matter 2023 - A. Shatat

-32- GFPAE-IF-UFRGS



% Our results: Quark Matter 2023

GFPAE

Introduction y-dependence of the coherent J/{ photoproduction cross section %
UPC ALICE
Collisions + Astrong rapidity dependence is seen
Peripheral * Models initially developed for VM photoproduction in UPC and modified for PC are able to describe
Collisions qualitatively the magnitude of the cross section, but fail at reproducing the y-dependence,
a similarly to UPC. 5 350 T T T T T T T
5; ALICE Preliminary ]
300 Pb-Pb =502TeV
) L ° r )
r—— Models considerations: ) ) _ B F _—E— |@@ ]
Photonuclear Gross ----- GG-hs: photon flux with constraints on impact S 250 —_— I — W E
Section parameter range E - “— P, <08GeVic
- = Zha : assumptions on photon-pomeron coupling 200 F Global syst. unc.: 7.4%
Summary (nucleus+spectator) F
1580F — cewsa -
—— Ggewsay effective photon flux and photonuclear [ —mMss ]
— ms3 J cross section considered w.r.t UPC 100 S g:zi FeupeTEme L O ]
calculations (see next slide) L Phys.Rev.C 99 (2019) 6. 061901
| h
50 - Phys. ;av © 97 (2018) 2, 024901 .
L | L h | L |
26 28 3 32 34 36 38 4
y
A. Shatat, QM, Sept. (3-9) 2023 12

Quark Matter 2023 - A. Shatat
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45 NLO study in paCD

GFPAE

» Scale dependence

* Gluons and quarks contributions (!)
* Nuclear effects

Introduction

UPC
Collisions

Peripheral
Collisions

The eff.
Photonuclear Cross
Section

Summary

* only gluons GPD’s

* Gluons + quarks GPD’s
[Ivanov et al., Eur. Phys. J. C 34 (2004) no. 3, 297]

How about data (LHC)?
Figures from C. Flett, PhD thesis [Flett:2021xsl]
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% NLO study in pQCD: amplitude

GFPAE

Introduction

UPC
Collisions

Peripheral
Collisions

Photunuc\eav Cross
Section

Summary

K. Eskola et al., arXiv:2203.11613 [hep-ph]

1
AN o (012 / dX[Ty(x,E)FI(x,E, 1)

+TQ(X7§)Fq7S(Xa§7 t)]a

- (Oy)1/2 NRQCD element
* Tg and T4 hard scattering functions from pQCDI[1], scale dependent (ur, ug)
« F9 and F%S GPDs[2], nonperturbative (ur)

’%’2 ‘%LO+%EILO‘2+‘%NLO’2

[1] . Y. lvanov, A. Schafer, L. Szymanowski, G. Krasnikov, Eur. Phys. J. C 34 (2004) no. 3, 297 [Erratum: Eur.Phys.J.C 75, 75 (2015)]

+2|Re(.25° +.45-°)Re(.45°)
+Im( P + . a3CNm(#y )| .
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% Comparison of LO for exclusive J/y
photoproduction in PbPb

"lé‘ F ALICE Pb+Pb — Pb+Pb+Jly |5, = 5.02 TeV
Introduction F 12 2 i en
é STARLIGHT 10
— —rame
UPC = Y N imn
Collisions ie / \\ Ret
H 6 / \
Peripheral 3 ya AN
Collisions T Vi N\
i / N\
S / \
J 4 N
The eff. -6 -4 -2 g 2 1 &
Photonuclear Cross £l L L \ \
Section —4 -3 -2 -1 0
y
Summary
+ In pQCD and QCD models * In pQCD
- Linear and non-linear evolution equations. ~ * The |Re(M)|%in LO is almost irrelevant.
« The data favour those models K. Eskola et al., arXiv:2203.11613 [hep-ph]

featuring moderate nuclear shadowing.
S. Ragoni, on behalf of the ALICE
Collaboration, arXiv:2305.03616v1
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Introduction

UPC
Collisions

Peripheral
Collisions

The eff.
Photonuclear Cross
Section

Summary

NLO for exclusive J/v photoproduction in

PbPb (pQCD): contributions of quark,
gluons and interference term

NLO with EPPS16 - —— Full M|
47 Sy =5.02TeV Only Gluons
=g = 2.37 GeV. Only Quarks
- Interference

2'7" (Pb+Pb - Pb+J/¥+Pb) [mb]

o
e
»c\/
B

-6 -4 -2

» How the quark, gluons and interference terms contribute to final amplitude.

K. Eskola et al., arXiv:2203.11613

-37 -

GFPAE-IF-UFRGS



% NLO for exclusive J/y photoproduction in

PbPb (pQCD)

NLO with EPPS21

Introduction Vo = 5.02 TeV
Hr = e =4, [u] = GeV

UPC
Collisions

Peripheral
Collisions

D9(Pb -+ Pb -+ Pb+ [f+ Pb) [mb]

W

- p=31
— u=2.39
4=155

“ ALICE Gent

ALICE Forw

, 4 LHCb2018
S, @ LHCb2015

The eff.
Photonuclear Cross
Section

Summary

Sensible to u choice.

» New LHCDb forward data agrees with

ALICE data also at forward direction.

-38-

EPP:

e 1H Em
NNPDF3.0 Ere

+ ALICE Cont

ALICE Forw
& Lich2015
b ich 2010

B = T T T
y

< However, large uncertainties remain due to the nuclear
PDFs. A comparison between EPPS21, nNNPDF3.0
and nCTEQ15WZSIH uncertainties is shown.

K. Eskola et al., arXiv:2303.12630v1 [hep-ph]
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NLO for exclusive J/v photoproduction in
PbPb (pQCD) vs colour dipole picture LO
(UPC)

s Exclusive coherent J/W photoproduction - PbPb

11.
IRt eduelion 11.04 = = GBW - boosted Gaussjan
10.5 1 == CGC — boosted Gaussian
PG 1g.g: = = NLO-pQCD , p=3.1
Collisi 9.0 VSun =5.02 TeV = NLO-pQCD , u=2.39
ollisions 8’5 UPC ¢ ALICE Central
I’ ) 8.0 4 +  ALICE Forward
Peripheral 7.54 - LHCb 2018
Coll 7.0 += 77T~ 4% LHeb2015
— 6.5 7 ~
2 6.0 ’ N
E 554 % N
8k 501 K4 AN
The eff. 421 rﬁ_ h
Photonuclear Cross §j§1 4/ /V "\
Section 304 # ‘
AN % d N
Summary 2.0 37 f
e SR
051gn"" Y
0.0
-5 -4 -3 -2 -1 0 1 2 3 4 5
Y

« The data does not support any particular model.

= Our results with dipole picture in LO are shown by the blue solid line and the green dashed line.

K. Eskola et al., arXiv:2203.11613 (pQCD)
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Introduction

UPC
Collisions

Peripheral
Collisions

The eff.
Photonuclear Cross
Section

Summary

Energy dependence for J/y
photoproduction within colour dipole

picture: NLO

10%

pty 2o p+ i

ub|

o102

Ttof

10

= Yipx ok = 461

Yo s, o s = 0.00

Q% = 0.05 GeV?*

fm NLO+rel KCBK

v Hl
— NLO+wl TBK o ZEUS
; f’ — NLO+rel ResumBK m ALICE
i LO+wel LOBK % LHCh
10° 0%

W [GeV]

Relativistic correction proportional to the heavy quark velocity squared v2

and next-to-leading order to longitudinal vector meson.

* The smallest possible evolution rapidity Yy,BK =0 (or 19,BK = 0 in the case of TBK evolution).

H. Méntysaari et al. JHEP 08 (2022) 247

-40 -

GFPAE-IF-UFRGS



S

GFPAE

Introduction

UPC
Collisions

Peripheral
Coll

The eff.
Photonuclear Cross
Section

Summary

Energy dependence for J/y
photoproduction: CGC, NLO BFKL and

others

x
10 10’ 10t 107
= 10° T T T T 3
£ ALICE 3
a & ALIGE (PRL113 (2014) 232504) 3
= Prawar-law fit to ALICE data 5
5 o W 59 |
v ZEUS yer.-- q
2 ©  LMCbpp (W solutions) Q,ngi- -
E O LHGHpp (W- sckions) 7. L o 1
5 Yoty
o
wE 29 W oct E
’ N = JMRT NLO ]
p STARLIGHT param 1
a) NLO BFRL 1

il

OGC (IP-Sal, 0-CGE)

u M| il
2 13F -
2 12 =
s VEm— ; 4 i
= 0sf - o
08 E
07E -

0 N .

20 30 40 50 60 107 20F 10

« These models consider only gluons:

_41-

W, (GeV)

NLO BFKL (K-factor), JMNRT NLO (K-factor).
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|t|-dependence of coherent and incoherent
J/yv photonuclear production

;; 10 ALICE PO1PD — POrPhay o = 5.02 TeV - '“; L. ALIGE Preliminary, Pb-PD UPC {Sy, = 5.02 TeV
5] ALICE cahatent Iy, <08 3 3 ALICE Incoherent Jiy, [y] < 0.8
b - Expecimental unconelated syst. + stat. | e —+ Uncorrelated stal. + syst.
. 2 Experimental comelated syt ] E Correlated syst
Introduction = UPC o 1P madeluncoriany =
s 4 FAgzfN L el
3 i [
UPC g g
Collisions
o |
Peripheral S ]
Collisions TA (nuciear snadowing) 1
) 58K (gloon saurstan) o MS-hs
10° ~=MSp
. . | —=- GSZ-eldiss
g o StaRign/ Daa | [ e oszd .
o © Lasoa ., e,
The efl. =18k e g 20" .
Photonuclear Cross 2 5 i 8 155 , &
Section H 0002 0.004 0006 0008 001 0012 z !
It (GeV* ¢?) B 05+ ¥ H < Lt
Summary = 00 02 04 05 08

1 tGevl)o
+ Coherent J/y is sensitive to

the average of spatial distribution . N )
« Incoherent J/y is sensitive to the gluons variance.
of the gluons. .
None of the models manages to describe
both the slope and the normalization of the data distribution.

« It is a powerful observable to measure gluon saturation.

S. Ragoni, on behalf of the ALICE Collaboration, arXiv:2305.03616v1
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FoCAL (forward electromagnetic and
hadronic calorimeter)

FoCaL (FORWARD ELECTROMAGNETIC AND HADRONIC CALORIMETER)

Introduction

UPC

Collisions

) FoCal calorimeter consist of two calorimeters, an

Peripheral electromagnetic calorimeter (FoCal-E) and an

Collisions hadronic calorimeter (FoCal-H), intended to be
[tk installed in the ALICE experiment in 2026.

The FoCal-E will be a sampling calerimeter made of
The eff. o
Photoruclear Cross tungsten and silicon.

Section

The FoCal-H will be a sampling calorimeter
Summary “spaghetti* model made of lead and scintillating
fibers.

With FoCal, it will be possible to study the J/W
mesons through their decay into e* e~ pairs, which
can be detected by the calorimeter through the
production of electromagnetic showers.

m Simulation using STARlight to generate J/y and v events. Where the data
is grouped into superclusters and matched with the physical primary
particles;
m Expected yields result in a clear separation between the resonances.
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% Conclusions

Introduction

uPC * Exclusive quarkonium photoproduction off protons in p-Pb UPC
Collisions - Probe the gluon density at low x

Peripheral - Search for gluon saturation effects

Collisions

Light vector mesons photoproduction in UPC provides
Summary - Test theoretical models
S - Study shadowing effects in the nonperturbative regime

+ Photoproduction in peripheral collisions
- Complements the knowledge on hadroproduction
- Improve analytical description on centrality dependence

 LO calculations require comparison to NLO
- Role of quark contribution in heavy vector meson production
- Confrontation data on different energies, y’s, pt’s, centralities...
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4 And a Look Ahead...

Introduction

uPC
Collisions * UPC Pb-Pb collisions for exclusive coherent J/y, the current data cannot

distinguish between NLO pQCD and LO dipole models;

Peripheral
Collisions

Summary
Conclusions

+ J/y photoproduction within NLO dipole picture requires the relativistic correction
v2 as well as longintudinal vector meson function at NLO to describe the data;

« Study dipole colour models with DGLAP evolution equations for peripheral
collisions;

» FoCal is the best suited LHC detector subsystem to exploit this energys; it will
probe the gluon densities of protons and heavy ions down to Bjorken-x values
below 1075,
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