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45 ALICE Measurements - J/y

GFPAE

e The Average Rapidity Distribution

Introduction 4.0
e do _ 1 / do )
dy 2.5<y<4.0 Ay J25 dy
£ e ALICE measurements '
Scenario 2
s pr < 0.3 GeV/c and /syy =2.76 TeV
cenario 3 XCess:
an Cent%  NJY NATY NSV dosh /dy [ub)
0-10 339+85+78 406+14+55 <251 <318
Summary 10-30 373487475 397+10+61 <237 <290

30-50 187437415 126+4+15 624245 7344128110
50-70  89+13+2  39+2+5  50+14+5  58:+167% 48
70-90  59:+9+3 8+1+1 514943  59+11*7 +8

o N, — raw number of J/y. o NIV, excess of J/ .

o NJ9/Y— raw hadronic number of J/y.

1ALICE Collaboration, J. Adam et al., Phys. Rev. Lett. 116, 222301, (2016)
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45 ALICE Measurements - J/y

GFPAE

e The nuclear modification factor (Raa) is given by 2

Introduction

hd /v N://ﬁ\w
Mowahcn HAA = T Ry (2)
BRJ/W*}/*/’ 'Nevents'(AX E)AA ‘<TAA>'Gpp

o N, — raw number of J/y

Scenario 1

5 E:w ALICE, Pb-Pb (5, = 2.76 TeV
Scenario 2 6 25¢y <4 e BR/y_1+)- =5.96%
X 5r §  0<p, <03 GeVl, global syst = £15.7 %
Scenario 3 4 { 03<p, <1GeVi, globalsyst=+151%| © Nevents® ~ 10.6 x 107
RAA sr {  1<p <8 GeVrc, global syst== 11.5% J
o (Axe)y) ~11.31%
L Common global syst = + 6.8 %
Summary 2 *
3.84mb~", 30%-50%
L [)\] o (Taa)?=40954 mb~", 50%—70%
0.3:‘ ! H @ 047mb~",  70%—90%
07}
os i s | eop'¥=0.0514ub
| P B R EETR B
50 100 150 200 250 300 350
ar? aALICE Coll., B. Abelev et al., PLB734, 314, (2014)
bALICE Coll., B. Abelev et al., PRC88, 044909, (2013)
2

ALICE Collaboration, J. Adam et al., Phys. Rev. Lett. 116, 222301, (2016)
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- STAR Measurements - J/y
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Summary

e J/w Ry, as a function of pr for mid-rapidity (|y| < 1) 3

o Relevant excess of the J/y for Au-Au (v/s = 200 GeV)
and U-U (/s =193 GeV) for pr < 0.1 GeV/c.

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

10°

Ruln\.

10

STAR Preliminary
= Ayt 200 GeV
* Ul 183 Ge
ecentrality: 60 - 80%

3
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W. Zha (STAR Collaboration), Journal of Physics: Conference Series 779, 012039 (2017).

-5- GFPAE-IF-UFRGS



- STAR Measurements - J/y
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Introduction
Motivation

Scenario 1
Scenario 2
Scenario 3
RAA

Summary

e The J/y excess is still present for 40%-60% centrality

class.

e For more central collision 20%-40% the effect is strongly

attenuated.
z’ 10* ETAR Preliminary
» Ausdu 200 Gel
* Ul 103 Gat
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% Theoretical Review of the UPC

GFPAE

o In ultrarelativistic hadronic collisions,

X9 x2
Introduction

Motivation
Review-UPC s Py C) s
: b P2 ﬁﬁ

Scenario 1

X1

X1
Scenario 2 a

Scenario 3 e The cross section for the production of the X state can be
RAA written as 4

Summary

= [do T 6} (w) (3)

. w — photon energy.

(Weizsécker-Williams).

};( ) — photoproduction cross section (colour dipole model).

4C. A. Bertulani, S. R. Klein and J. Nystrand, Annu. Rev. Nucl. Part. Sci. 55, 271-310 (2005).
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% Theoretical Review of the UPC

GFPAE

e Transverse (P;) and Longitudinal (P2) contribution °:

56 [(%) ()]

|~

Introducti Ph(ob)__ ¢ 2 _
rntro uction d;:(;’Zb)_ﬁ|E2(w)| —

|

T

.
il Bh(w.b)__ ¢ 2_ 1.6 (c\2|1 6\Z 12 (b
e oo = 2x | EV (@) = gz ()" |2 () Ko (W

Scenario 1

Transversal x Longitudinal

Scenario 2 binin = Rpp ~ 36 GeV~!
107 E T T T T
Scenario 3 E ' ' ' ' ' ! 3
RAA 10'
Summar i~
Yy \3% 100
~
=
A SN
10 3
%LiT E P2< > E
107 mmmmmm e e E
£ NERE
103 o vvvnd vl vl el el
107 10° 100 10t 107 107 10" 10
o [GeV]

5J.D. Jackson, Classical Electrodynamics - Third Edition, Editor: JOHN WILEY, (1998)
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% The Equivalent Photon Flux

e For pointlike charge,

Introduction
M

MO — 22 ¢ 10 Ko(Grmin) K1 (Grin) — 58 (KR (Gin) — K3 Gin)] |

Revie
Review-UPC
Results-UPC

Scenario 1
where {nin = 0Ra/y

Scenario 2

Scenario 3 e For protons, a form factor is necessary.
. . 2
RAA e Considering F(@?) =1/ (1 +@2/0.71 GeV2> 6

Summary

dN(®)  Oem [InQ—H 3 8 1 ]

do ~ 270 5o 202 38

e Q=1+071GeV?/Q%, and Q2 ~(w/7);
ey=1//1-B2 and B=v/c

C.F. Perdrisat, V. Punjabi and M. Vanderhaeghen, Prog. Part. Nucl. Phys. 59, 694 (2007).
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% UPC Collisions

e The photon flux with b-dependence ’

Introduction

2
z? aQED F (k?)
N(w,b) = Jo dk kf 2 Ji (biky)
Review-UPC
Results-UPC
Scenario 1
2 _ 2
Scenario 2 where k ((1)/7) + k
Scenario 3
Photon flux integrated in w
RAA 5 /5 = 2.76 TeV/ Point Like
O = L NI o F(k?)=1.
Summary ) ——  Woods-Saxon | J ( )
= 10 g el E Dipole :orm Fa;:\lzor
8 'k E * Faip(k®) = oo
£ ol —
Z 10" 5 E Woods-Saxon+Iukawa
< 3 2 "1 .
107 - L] Fwsy(k ): Tkpgo [sm(kpr)
B | N R T _kRprcos (KR { 1 ]
107 5 0 15 20 25 30 PoC0S (KRpp)] | 7z

b [fim]

7F. Krauss, M. Greiner and G. Soff, Prog. Part. Nucl. Phys., 39, 503 (1997).
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% UPC Collisions

e For p-Pb collisions® ,

Introduction
M

N(o) = /O " db27bPyi(b)N(w, b), 4)

Scenario 1

Scenario 2 o Ppy(b) = e~ Tab)onw —s probability of having no hadronic interactions.

Scenario 3

RAA « Considering the nuclei as hard sphere and F(k?) =1,

Summary

) — 2 2% [ Kof i) K1 (G — 88 [KE (G — MG G

R,
® Simin = yA-

8S. Klein and J. Nystrand, Phys. Rev. C60, 014903 (1999).

Diffraction 2018 and Low-x 2018 -11- GFPAE-IF-UFRGS




% UPC Collisions

e For Pb-Pb collisions?,

Introduction

00 Ra r2m rdrd¢
N(w) = / db21bPy (b / / N(®.by),
‘ (@) ! TbPnyH(D) o Jo a2 (w,by)

Scenario 1

Scenario 2 o Pyy(b) = e~ Ta(B)oww —» probability of having no hadronic interactions.
Scenario 3 o b2 = b?+r2+2brcos ¢

RAA e Em UPC — N(w,|b+F|) ~ N(w, |b])

Summary

« Considering the nuclei as hard sphere and F(k?) =1,

) — 2 Zan [ o Grin) Kt (i) — 82 (KB (Gin) = KE (i)

2R,
® Cimin = 7Aw

8S. Klein and J. Nystrand, Phys. Rev. C60, 014903 (1999).
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% The Photonuclear Cross Section

GFPAE

e In the colour dipole formalism,

Introduction o (yA— VA) = % (1 +B (Aeff)z) RS(leﬂ) f,:m |F(t)|2 at (5)

M

Review-UPC . o > MZ\/ +Q?
o e F(t) - electromagnetic form factor, tmi, = (MZ/2wy)” and x = @420 /50

D o B(Aerf) = % restores the real contribution of the .Zc(x,t = 0);
Scenario 2
cenario o R%(Aerr) - skewedness effect.
Scenario 3

RAA e The forward scattering amplitude is given by
Summary Im Mnuc()ﬂ t= 0) — ff dzde (WVWJ/) nucleu5(x f')
where

oqucten(x,r) = 2 [ 26/ {1 —exp [~ 3 Ta(b)) ol (x,7)| }

e b’ - photon-nuclei impact parameter and T4(b') is the nuclear profile function;

e (¥, vy) 7 - photon-meson wave function — Boosted Gaussian;

o ap:?m”(x r) - dipole cross section - GBW and CGC models;;
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The GBW and CGC dipole models

e The Golec-Biernat and Wiisthoff (GBW) model °:

Introduction [ oFP" (x,r) = o1 — exp(—r?Q5(x)/4)] ]
Review-UPG o Q2(x) = (xo/x)e5w is the saturation scale;
Scena”o 1 o G = 29.12 mb, xp — 0.41 x 10-* and Aggy = 0.29.
conar e The lancu, Itakura and Munier (CGC) model '°:
cenario 2
Scenario 3
2(5s-+(1/K2Y)In(2/rQs))
A e D b G T
Ogz’ (X, 1) = 09 x
Summary 1 — @ AlIn(BrQs) 1 rQs > 2
4/2,/2 1-46) /(Mo 7s
A=ty BN B = 3 (1) ),

e Y =In(1/x), % =0.73, k = 9.9 and Qs(x) = (xo/X)*/2.
e Free parameters: oy = 27.33 mb, .45 = 0.7 and L = 0.22.

9K. G. Biernat and M. Wiisthoff, Phys. Rev. D59, 014017 (1999); Phys. Rev. D60, 114023 (1999).

1

OE. lancu, K. Itakura, and S. Munier, Phys. Lett. B590, 199 (2004).
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% Results for /s =7 TeV in pp collisions

GFPAE

® Comparison of the rapidity distribution for pp collisions with the LHCb data’"

. do aN,
Introduction dy (b= pRVepP)=o0 gao(rp— Vp)+(y — —y)
Photoproduction of Jiy - LHC - s = 7 TeV Photoproduction of y(2S) - LHG - s'% = 7 TeV
Results-UPC 15 i w “’ PP pyES) +p
oo
) S e
Scenario 1 Tk K
o[]S B o
. = =
Scenario 2 - -
k<) k<)
=} | =}
Scenario 3 =3 O]
RAA
-6
Summary Photoproduction of Y(18) - LHC - s = 7 Tev.
PP YUS) +p e GBW model overestimates the data.
Parametrization: M. Kozlov, A. Shoshi and W. Xiang - JHEP 0710 (2007) 020.
g ! )
= e The other models are consistent with the data
o
©
= of J/y and Y(1S).

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

i R. Aaij et al., J. Phys. G40, 045001 (2013); J. Phys. G41, 055002 (2014); JHEP 1509, 084 (2015).
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4 Results for \/s = 2.76 TeV in AA collisions

GFPAE

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

Introduction do — N
d (AA—= AR VR A)=0glo(YA— VA) +(y — —y)
Photoproduction of J/y - LHC - s'% = 2.76 TeV Photoproduction of y(2S) - LHC - s = 2.76 TeV
Results-UPC Pb+Pb > Ph+ 1y + Pb Pb-Pb—> Pb +y(2S) + Pb
. ®  ALICE duta T T T
Scenario 1 ]
6l i
) 5 )
Scenario 2 E E 06 -
>4 g >
. ° D04 B
Scenario 3 5 ®
2 b 02 i
RAA
4 0F 4
Summary » »
Photoproduction of Y(1S) - LHC -5'2 = 2.76 TeV Photoproduction of Y(28) - LHC -5'2 = 2.76 TeV
PP > P+ Y(1S) + Pb P Pb--> P+ Y25) + Po

do/dy [ub]
do/dy [ub]

12

B. Abelev et al., Phys. Lett. B718, 1273 (2013); E. Abbas et al., Eur. Phys. J. C73, 2617 (2013).
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Scenario 3

UPC = Peripheral

RAA

Summary
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45 b-Dependence Photon Flux

e For peripheral collisions — N(, b) with b-dependence 3,

Introduction

dN(w, b) Z2aqed / 2, .2 F(K) 2
Scenario 1 ? _ d k k J k b 6
B sezvinstn dodb? k2 1 ( T ) (6)
Scenario 2
Scenario 3 « Yukawa potential+hard sphere (more realistic for lead) "4
27,V
4rpg . . 1
Summary F(k): Ak3 [sm (kRA)—kRACOS (kRA)] |:1+32k2:|
E T T T T 77 T
¢k2:k%+<%>2. ggzg:
epo=0.1385fmanda=07fm v
e A=208 and Ry = 1.2A"/3 fm WE
0

[, 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 with ALICE data '°

GFPAE

Introduction

Scenario 1

First Approximation

Results

Scenario 2
Scenario 3
27,V

Summary

e Scenario 1:

e Usual photon flux with b-dependence (Eqg. (6));

e Photonuclear cross section used in UPC (Eq. (5)).

o First results

Average Rapidity Distribution: 2.5 < y < 4.0

GBW/CGC

dois /o [ub]

das, /dy ub]

30%-50%
50%-70%
70%-90%

353 /220
173/108
105/65

73444128410
8

58+1617,+8

59+1177 +8

Geometric relation:

b2
C= %
4R

¢ — centrality of the collision.

¢ Excellent agreement in more peripheral region using CGC;
e The results overestimate the data in more central region.

15
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ALICE Collaboration, J. Adam et al., Phys. Rev. Lett. 116, 222301, (2016).
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Introduction

Scenario 1

Scenario 2

The Effective Photon
Flux

Scenario 3
RAA

Summary

The Effective Photon Flux

« Considering an effective photon flux '

a

O'Neff(a))
do

—1

ox=[® ox()

e Hypothesis: Only spectators interact coherently with
the photon.

: L oNer .
o In this scenario, ?*°(2) can be described as 7

N (e, b) = | NUsual(@, by) SO=BaIRa—L2) f2 ) (7)

o Aeit = R [m—2cos™ (b/2Ra)] + (b/2)\/4R3 — b? and b? = b?+ b2 + 2bbscos(at)
16
17

M. K. Gawenda and A. Szczurek, Phys. Rev. C93, 044912, (2016).
M. B. Gay Ducati and S. Martins, Phys. Rev. D97, 116013, (2018).
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Effective Flux x Usual Flux

« In the ultraperipheral limit, N*™(w, b) — NYs¥a(@, b).

LEEEE  © In 30%-90%, the photon flux is formed mainly by photons
Scenario 1 with energy o < 0.2 GeV.

Scenario 2
The Effective Photon
Flu

Scenario 3

RAA

Summary

d’N(w)/dad’b [1/ GeV fm]

10_ = - Nusual (@)
1 0—4 —_ N (@.b)
10—5 o v T by v by Ly
0 5 10 15 20 25 30

b [fm]
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Introduction
Scenario 1

Scenario 2
The Effective Photon

Results

Results
Scenario 3
RAA

Summary

Results for /s =2.76 TeV in AA collisions

e Comparing dipole models:

e GBW is bigger than CGC by factor ~ 1.5

Vs = 2.76 TeV

T T T T
30% — 50%
Ve

do/dy [mb]

Diffraction 2018 and Low-x 2018 -22- GFPAE-IF-UFRGS



Introduction

Scenario 1

Scenario 2
T

Results
Scenario 3

RAA

Summary

Results for /s = 5.5 TeV in AA collisions

e The relative variation for the different centrality classes is not sensitive
to the increase of the energy (/s =2.76 TeV — /s =5.5 TeV).

V5 =55 TeV

T
|
|

Q

Q

(@}

o
[ee]

L
=N

do/dy [mb]

30% — 50%

Diffraction 2018 and Low-x 2018
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A5~ Comparing with ALICE data

GFPAE

e In the scenario 2, we consider

Introduction o Effective photon flux (Eq. (7));

Scenario 1

Sconario 2 e Photonuclear cross section used in the UPC (Eq. (5)).

e Comparing with ALICE data,

Scenario 3

Average Rapidity Distribution: 2.5 < y < 4.0

RAA

Summary GBW / CGC | doyo/dy [ub] | doj" /dy [ub]
30%-50% 236/148 | 73+44725+10
50%-70% 181/114 | 58+1677,+8

70%-90% 147 /92 59+1177 +8

e Improvement in more central regions.
Diffraction 2018 and Low-x 2018 -24 - GFPAE-IF-UFRGS



% The Effective Photonuclear Cross Section

GFPAE

e The forward scattering amplitude is given by

Introduction

Im ﬂnuc(X7 t= ) _ra® I’dZ (vay) G(%%Cleus(x, r)

Scenario 1

Scenario 2

where

oRueles(x, 1) = 2 deb'{ exp[ Ta(b) P“’“’“(x,r)]}

Scenario 3

Summary

o For consistency with the construction of N"(w, b),
restrict o7 (x, r):

[ opcten(x,r) = 2 [ 2bp®(by — Ra) {1~ exp [~ 1 Ta(be) oy (x, )] } ] (8)

o b2 = b? + b3 + 2bbycos(t).

Diffraction 2018 and Low-x 2018 -25- GFPAE-IF-UFRGS



% Scenario 3

GFPAE

e In the scenario 3, we consider

Introduction o Effective photon flux (Eq. (7));
Scenario 1

e Effective Photonuclear cross section (Eqg. (8)).

Scenario 2

Scenario 3

e Comparing with ALICE data,

Average Rapidity Distribution: 2.5 <y < 4.0

s GBW / CGC | daes/dy [ub] | do¥ /dy [ub]
30%-50% 134 /85 73444728110
50%-70% 145/ 91 58+167% +8
70%-90% 138 /87 59+1177,+8

e Better agreement for CGC model.
Diffraction 2018 and Low-x 2018 -26 - GFPAE-IF-UFRGS



% V(J/ v, w(2S), Y(1S), Y(2S), Y(3S)) at v/s=5.5 TeV

GFPAE

GBW/CGC 30%-50% 50%-70% 70%-90%
S1:923.75/585.61 | S1: 509.82/323.14 | S1: 343.08/217.42
Introduction J/w [ub] | S2:612.73/388.41 | S2: 486.28/308.23 | S2: 407.51/258.30
Seerancy S3: 349.63/222.14 | S3: 387.92/246.78 | S3: 381.38/242.21
Scenario 2 S1:146.32/77.31 | S1: 76.98/40.60 | S1: 49.86/26.25
y(2S) [ub] | S2: 94.96/50.13 S2: 74.40/39.26 | S2: 61.55/32.45
SR S3: 54.39/28.82 $3:59.73/31.71 | S3: 57.81/30.59
S1: 1034.66/510.45 | S1: 416.83/203.95 | S1: 221.51/107.17
Results T(15) [nb] | S2: 619.27/304.48 | S2: 460.52/225.90 | S2: 361.11/176.67
RAA S3:360.19/175.44 | S3: 375.12/183.04 | S3: 340.93/166.96
Summary S1:197.28/95.07 | S1: 77.08/36.75 | S1: 39.96/18.77
T(2S)[nb] | S2: 117.28/56.28 | S2: 86.77/41.52 | S2: 67.67/32.27
S3: 67.66/32.49 S3:70.56/33.80 | S3: 64.02/30.54
S1: 95.60/46.46 S1:36.81/17.67 | S1: 18.86/8.90
T(3S) [nb] | S2: 56.67/27.41 S2: 41.84/20.17 | S2: 32.55/15.63
$3:32.71/15.83 S3:34.05/16.43 | S3: 30.80/14.80

Table: Average rapidity distribution in the range 2.5 < y < 4.0 for the mesons
V(J/y,y(2S),Y(1S),Y(2S), Y(3S)) considering the models GBW (left) and
CGC (right) for the scenarios 1, 2 e 3, labeled by S1, S2 e S3, respectively.

Diffraction 2018 and Low-x 2018 -27 - GFPAE-IF-UFRGS



Nuclear Modification Factor - R4

i hJ J
Introduction RZ‘A/"’ _ N /W+ Nexcess /v (9)
S i hd/y?

cenario 1 BRJ/\;/—)I*/* .Nevems.(Axg)AA ‘<TAA> Gpp/w

Scenario 2

Scenario 3

an e To relate NA/'” with do/dy|y 5,40, ONE considers

Experimental
A h

o B™/¥(pr < 0.3 GeVic) = R™/Y(1 < pr < 8 GeV/c) 18

Summary ° Nj)/(qcess.l/u/ ~ 0.86 x 106Ty

e This results in

1.96 SdGJ/w 0 0

96 x 108 24 30% —50%

Ny =< 1.34 %108 % 509 —70% (10)
0.96 x 106 W 70% —90%

18ALICE Collaboration, J. Adam et al., Phys. Rev. Lett. 116, 222301, (2016)
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Introduction
Scenario 1
Scenario 2
Scenario 3

RAA

RAA Results

Summary

Our results for Ry

e The scenario 1 agrees with the data only in the more peripheral region;

e For the scenarios 2 and 3, better results were achieved for the more
central classes;

pr< 0.3 GeV/c; 2.5<y<4.0; CGC model

— T T T
S B ALICE data
10— a ® Scenario 1 ||
o @ Scenario 2 B
L } A Scenario 3
< L i
m<t - i
5 — —
L ° i
L i . ,
ol L1 L1 ‘
0 50 100 150
<N
part
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Summary

e In the ultraperipheral regime:

Introduction

e Review of the predictions for y(1S,2S) and Y(1S,2S) rapidity distribution,
Scenariojl which are consistent with LHCb and ALICE data.
Scenario 2

e In the peripheral regime:

RAA e Three scenarios were constructed by modifying the photon flux and the

Scenario 3

Summary photonuclear cross section.

e In general, the effective photon flux and the photonuclear cross section
present better agreement with ALICE data;

e For scenario 2, the rapidity distribution of the J/W was estimated for the
centrality classes: 30%-50%, 50%-70% and 70%-90%.
(M. B. Gay Ducati and S. Martins, Phys. ReV. D 96, 056014, (2017)).

e In the Raa, the scenario 3 presents interesting results for more central

collisions.
(M. B. Gay Ducati and S. Martins, Phys. Rev. D97, 116013, (2018)).
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