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% Hadroproduction x Photoproduction

GFPAE

- e Hadroproduction:

Introduction In pp collisions

Review - UPC

UPC to do9 = fo(Xa)fo(xp) x d8FT x (6 )

Peripheral

Summary

fa(Xa)fp(Xp)— describe the partonic content of the proton.
dag,? — describe how to produce the heavy quark pair from two partons.
<ﬁ(%>—> evolution of the heavy quark pair into the quarkonium state Q.

(model dependent: CEM, CSM, NRQCD).

In PbPb collisions

Quarkonium suppression: associated with the nuclear medium temperature.
Recombination QQ: related to the large concentration of heavy quarks.

Cold Nuclear Matter effects: shadowing effects.
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% Hadroproduction x Photoproduction

\G'FPAE
- e Photoproduction:

Introduction Simple interpretation

Review - UPC

s

UPC 2

Peripll:)eral o dN( CO) .

Summary GX - o dCO GX(CU) P,

where ‘
dN(a))

— equivalent photon flux (Weizsacker-Williams).

ox(w)— photoproduction cross section.

Other characteristics:
e dominant in UPC.

e not sensitive to strong interaction.

1C. A. Bertulani, S. R. Klein and J. Nystrand, Annu. Rev. Nucl. Part. Sci., 55:271-310, (2005)
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45 Experimental Motivation

e In ultraperipheral collisions:

Introduction o Coherent photoproduction of mesons in nucleus—nucleus (AA) at \/s =2.76 TeV
Review - UPC J. Adam et al. [ALICE Collaboration], JHEP 1509, 095 (2015)

UPC to o Exclusive photoproduction of charmonia in (pp) at /s =7 TeV
Peripheral R. Aaij et al. [LHCb Collaboration], J. Phys. G 40, 045001 (2013)

R. Aaij et al. [LHCb Collaboration], J. Phys. G 41, 055002 (2014)
Summary

o Exclusive photoproduction of charmonia in (pA) at \/s = 5.02 TeV
B. B. Abelev et al. [ALICE Collaboration], Phys. Rev. Lett. 113, 232504 (2014)

o Exclusive photoproduction of charmonia in (AA) at /s = 2.76 TeV
E. Abbas et al. [ALICE Collaboration], Eur. Phys. J. C 73, 2617 (2013)
B. Abelev et al. [ALICE Collaboration], Phys. Lett. B 718, 1273 (2013)
J. Adam et al. [ALICE Collaboration], Phys. Lett. B 751, 358 (2015)

o Exclusive photoproduction of bottomonia in (pp) at /s =7 TeV
R. Aaij et al. [LHCb Collaboration], JHEP 1509, 084 (2015)

o In peripheral collisions:

o Excess of the J/W production at forward rapidity in low-pr
J. Adam et al. [ALICE Collaboration], Phys. Rev. Lett. 116, 222301 (2016)
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45~ b-Dependence Photon Flux

GFPAE

- Remembering

Introduction

Review - UPC dN 0
UPC to ze/w d(w )Gx(w)

Peripheral

Summary

N(w) (integrated in b) — N(w,b) (not integrated in b) 2

dodb?

K2 = k2 + (%)2

F(k) — nuclear form factor (represents the nuclear charge distribution).

2
/dzk k%FlEf)J1(k b)

2F. Krauss, M. Greiner and G. Soff, Prog. Part. Nucl. Phys. 39, 503, (1997)
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o Point Like:

Introduction
Review - UPC Fy Point Like = 1
UPC to . o
Peripheral e Dipole (less realistic)
Summary

/\2

Faip(K?
1P( ) /\2+k2

A~ 88 MeV for 2087

o Yukawa potential+hard sphere (more realistic)

F(k)- ﬂPo 5 [sin (kRa) — kRacos (KRa)] [1;32;(2}

po=0.1385fmand a= 0.7 fm

A=208 and R, = 1.2A"/3 fm (nuclear radius)
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% b-Dependence Photon Flux: Results

Variation of the usual photon flux with form factor:

Introduction

10’ T

Review - UPC ~la -~ Point Like  |J b = 10 fm — similar behavior of the
B -—- Dipole 3 .
UPC to 1025 — Woods-Saxon |4 Photon flux, independent of the form
Peripheral E 3
E 73 factor used.
Summary E 3
E E

b < 6—7 fm — results found by the th-
ree models are very different.

172" NY/ded’b (o, b) [GeV]

2

10
b [fm]
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% Colour Dipole Formalism

GFPAE

® [n the light cone formalism

Introduction 1
Tfpr~ ——

Review - UPC mNX

UPC to

Peripheral ® In low-x, dipole lifetime > lifetime of its interaction with the target,

Summary

rfixed = GweC [ Wl
® Interaction amplitude can be factorized in photon-meson wave function and
dipole cross section,
A V7099w

w7, WY — wave functions of the photon and meson in the light cone.

99 — enables to include nuclear effects and the parton saturation phenomenon.
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% Light cone wave functions

GFPAE

- ® The light cone wave functions of the overlap photon-meson are written as 3

Introduction Longitudinal Component (can be neglected o Q ~ 0)

Review - UPC

UPC t ~ N
Peripl'?eral (\VT/\U)L = efefzozﬂ — Z)Ko(ef)

Summary

2 2
mZ — V2

My + 5,\/,‘/2(1_2)} o.(r,z)

Transverse Component

N
(WW)y =&y [ mEKo(en) = |24+ (1 2P ek (ena | o7(r.2)
where
V2 =(1/r)9r +9? and e=2z(1-2)Q2+m?

Ngz— colour number.

¢, ¢7— scalar wave function (model dependent).

3H. Kowalski, L. Motyka and G. Watt, Phys. Rev. D 74, 074016, 2006
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% Scalar Wave Function

In the Boosted Gaussian model, the scalar wave function is modeled as

Introduction

m2a? 2z(1-2)r2 | ma?
075(r2)= N1 2(1 ~ 2)exp { - g5y — B 4 g |
Review - UPC ns

_2
UPC to x {1 + Qs 19ns(r;2) + Ons 2 [gﬁs(r,z)+4 (1 - )] }
Peripheral nS

Summary > 0 m2222 4z(1-2)r?
where gnS(r7Z):27mf’%nS+4zé1j§)7%
n.

A/T,L.,c@,%s, g — parameters from the wave functions orthogonality condition 4,5

Meson my(GeV) M. A7 GeV %2 (GeV2) dnst Opsz My (GeV) 9P (KeV) [oo (KeV)

efe

J/v 14 057 057 2.45 0 0 3097 5551014 5.54
v(2S) 14 067 067 372 061 0 3686  2.37+0.04 2.39
Y(1S) 42 - 0481 0.567 0 0 946  1.34+0.018 1.34
ves) 42 - 0624 0831 0555 0 10.023  0.612+0.011  0.611
Y(3S) 42 - 0668 1028  -1.219 0217 10.355 044340011  0.443
4

N. Armesto and Amir H. Rezaeian, Phys. Rev. D90, 054003, 2014
B. E. Cox, J. R. Forshaw and R.Sandapen, JHEP06, 034, 2009
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% Review of the UPC

® The rapidity distribution for AA collisions is given by

Introduction

i 99(AA— A@ V© A)= 0GEo(yA— VA)+(y — ~y)
Review - UPC

g:r(i:pfe.-m ® Photon flux (point like): 6

Summary dN

Fo = tn |y Ko()Ks (1) ~ % (KE(x) — KE(x)) |
where y =2R50/7, .-
® Photonuclear cross section:

o (YA — VA) = [ d?b|(WY|1 —exp [~ L oaip Ta(b)] [W7)[2

where
og4jp — dipole cross section (model dependent - GBW, CGC, ...)

Ta(b) = [ dzpa(b,z) — nuclear thickness function.
6

C. A. Bertulani, S. R. Klein and J. Nystrand, Ann. Rev. Nucl. Part. Sci. 55, 271, 2005
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% Results for /s =7 TeV in pp collisions

GFPAE
Photoproduction of J/y - LHC - s"?-7Tev Photoproduction of y(2S) - LHC - s2-7Tev
p+p->p+Iy+p p+p->p+y(28) +p
8 T T T 2 T T T
o LHCb data 2013 S © LHCb data 2014
P RS e s — GBw™ -

Introduction

Review - UPC

w

UPC to
Peripheral

do/dy [nb]

do/dy [nb]

Summary

L L L L L
0—6 -4 -2 0 2 4 6
y
Photoproduction of Y(1S) - LHC - s =7Tev
p+p->p+Y(S)+p
20 T T T
s ™ e GBW"®" model overestimate the data.

e The other models are consistent with the data for the

old and new fits.

do/dy [pb]

MBGD, F. Kopp, M. V. T. Machado and S. Martins, Phys.Rev. D94, 094023 (2016).
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4 Results for \/s = 2.76 TeV in AA collisions

GFPAE

Introduction

Review - UPC

UPC to
Peripheral

Summary

Photoproduction of JAy - LHC - s
Pb+Pb-->Pb+ iy +Pb

2

=276 TeV

Photoproduction of y(2S) - LHC - s

2276 TeV

Pb + Pb > Pb + y(2S) + Pb

10 T T T T 2 T
® ALICE data el —
9| — aaw™ e . 7
.+ coc™ ; N -
81| Coc , = 4 L= |
7L |- Beac™ 4 i v -
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E o 1E .
5 4 > I * T
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© 4 ° |
° 5L s 1= \
o " 0,51 /! " 4
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0 -4 -2 0 2 4 2 0 2
y y
Photoproduction of Y(1S) - LHC - s”2 =2.76 TeV Photoproduction of Y(2S) - LHC - s”Z =2.76 TeV
Pb+Pb-->Pb+Y(IS) + Pb Pb +Pb -->Pb + Y(2S) + Pb
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% From UPC to Peripheral

Introduction

review-upc @ lheoretical approach

UPC to
Peripheral
Summary / dNeﬂ((x)) ( )
ox= [ o———ox(w
dow

eff
do

o All the charges in the source and all the nucleons in the target contribute to the photonuclear
cross section;

where can be calculated from two hypothesis:

e Only the spectators in the target are the ones that interact coherently with the photon.
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Introduction

Review - UPC

UPC to
Peripheral

Summary

UPC to Peripheral

e Using the second hypothesis: *

N (o, b) = /No(w,b

1)

6(b1 — Ra)6(Ra—b2)

Aeff

where Ay = R3 [ —2cos ™" (b/2Ra)] + (b/2),/4R% — b2.

e Collision scheme,

by ’
_— 17 N

7

Instituto de Fisica - IF/GFPAE

M. K. Gawenda and A. Szczurek, Phys. Rev. C93, 044912, (2016).
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A Effective Flux x Usual Flux

GFPAE

Solid Line: effective photon flux.

Introduction Dashed Line: usual photon flux.
Review - UPC ©=10GeV,s"?=5.02 Tev
UPC 1 S 107 proeeeees ey Geometric relation:
o ) E 3
Peripheral O, Fr ]
o sy T b2
Summary N 100§ C= -5
L 4R
- [ 7
o 10°E 3
5 E! 3 where ¢ — collision centrality.
—~ 1 -
S b
Z 0"
o i
N r ]
= 101 o b b b
B D i = = = i L L
10 E
-1
B s L ]
1079 5 2
b [fm]
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Results for /s =2.76 TeV in AA collisions

Introduction

ielide Photoproduction of J/y - LHC - s =276 TeVv
UPC to Pb +Pb -->Pb +J/y + Pb
Peripheral 0,5 I \ I \ I \ I
o [
.g. 0,3
>
0,2
©
= 0,1
! !
0—2 2 2 4

< or
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Results for /s =5.02 TeV in AA collisions

Introduction

Review - UPC Photoproduction of J/y - LHC - s"%=5.02 TeV
Pb+Pb-->Pb+Jy+Pb

UPC to

Peripheral T T T ]
Summary B 0,6 ]
€05 =
=04 .
S 0.3 .
© 02 =
S 0,1 .
0
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Summary

Introduction

Review - UPC
e e Dependence of the photon flux with the impact parameter b using different form

Peripheral factors:
,

Summary

e Review of the predictions for W(1S,2S) and Y(1S,2S) rapidity distribution in
UPC, which are consistent with LHCb data;

e For peripheral, it was desconsidered the nuclear overlap region;

o Rapidity distribution of the J/W in PbPb collisions for the two centrality classes:

50%-70% and 70%-90%. (M. B. Gay Ducati and S. Martins, arXiv: 1705.05053 [hep-ph])
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