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Consider a charged wucleus at rest, The associated
electromagnetic field can be represented by:
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Basic Concepts

As The charged nucleus moves with nearly the speed
of light, the electromagnetic field becomes transverse fo its
velocity,

N
1 R |




Basic Concepts

As the electric and magnetic fields associated to the
nucleus Take on the same absolute value, the electromagnetic
field can be descrived by an equivalent flux of photons (7).
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°E. Fermi (1924), E. J. Williams (1933), C. F. Von Weizacker (1934)



Basic Concepts

Thus the collision of fwo charged nuclei at large impact
parameter (ulfra - peripheral collisions) can be described as the
collision of two equivalent swarms of phofons,
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Basic Concepts

Thus the collision of fwo charged nuclei at large impact
parameter (ulfra — peripheral collisions) can be descrived as the
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Basic Concepls

Thus the collision of fwo charged nuclei at large impact
parameter (ulfra — peripheral collisions) can be descrived as the
collision of two equivalent swarms of phofons,
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Basic Concepts

Thus the collision of fwo charged nuclei at large impact
parameter (ulfra — peripheral collisions) can be descrived as the
collision of two equivalent swarms of phofons,
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Maximum center-of-mass energies:

Basic Concepts

v interactions: sy = 4 w1 w2.

f;:h. interactions: sy = 2w /sSNN
Considering that wmaz = 7/bmin We obtain that

ez — [omaz _ 298NN
o m-z'.-n

'\,IS.’\".“\" E.—’tf_f Ebuuml + Ebuum? R.—’t Winay Y E:'].I,i : \' E:']i‘ Tinel
System (TeV) (em™2s7") (TeV) y (fm) (GeV) (GeV) (GeV) (mb)
pp 14 10% 7+7 7455 0.7 2450 8400 4500 110
p0O 9.9 2.7+ 10% 7+35 5270 3.0 340 2600 690 480
pAr 9.4 5109 7+3.15 5000 4.1 240 2130 480 830
pPb 8.8 5.10% 7+2.76 4690 7.1 130 1500 260 2160
00 7.0 2107 35+35 3730 3.0 240 1850 490 1500
ArAr 6.3 0.6+ 10% 3.15+3.15 3360 4.1 160 1430 320 2800
PbPb 5.5 5-10% 2.76 + 2.76 2930 7.1 80 950 160 7700




Basic Concepts

Maximum center-of-mass energies:
v interactions: sy = 4 w1 w2.
~vh interactions: syp = 2w /sSNN
Considering that w0z = 7/bmin We obtain that
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Basic Concepts

Maximum center-of-mass energies:

v interactions: sy = 4 w1 w2.
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LHC = Photon collider

=
i

NP S\l 1. yh Processes: a(hyhy — X) = ny(w) @ =2 (W)
2. 1y Processes: o(hahy = X) = my(w) ©na(w) ® 0% (W)

Center of mass energies

LHC pp W, = 4504 GeV
L < 260 (480) GeV

W, < 160 GeV

LHC | pPb(Ar) | W, 4 < I500(2130) GeV
LHC PbPb W,a < 950 GeV

HERA ep W, < 200 GeV )

Photoproduction in pp collisions at LHC probes phofon -
hadron cenfer - ot - mass energies one order of magnitude
laraer than HERA.



LHC = Photon collider
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A 2. 7y Processes: o(hihy — X) = m(w) ®ma(u) @ "= (W)

Center of mass energies

LHC pp = 8300 GeV W, = 4504 GeV
LHC ppz-,-{A-r}< V.4 < 1500 (2130) Ge >1—1—-:.,., < 260 (480) GeV

-’ LHC | PbPb W, 4 < 950 GeV W, < 160 GeV
HERA ep W, < 200 GeV =

Photoproduction in pA and AA collisions at LHC probes a
unexplorafed regime of photon - wucleus center of mass

enerales,



LHC = Photon collider

e Ty 1. yh Processes: a(hyhy — X) = my(w) 7P~ X (W)
2. 1y Processes: o(hahy = X) = my(w) ©na(w) ® 0% (W)

Center of mass energies

LHC pp W, < 8300 GeV W, < 4504 GeV
LHC | pPb(Ar) | W, 4 < 1500 (2130) GeV | W, < 260 (480) GeV
LHC | P»Pb W, 4 < 950 GeV Iff,ﬁ < 160 GeV
HERA ep W, < 200 GeV -

‘ Photon - induced interactions at LHC allows to study
the high energy regime ot QCD (Small - x Physics).




Hadronic structure at high
energles

i R IR . Proton structure at high

Q2 = 10 GeV?2 | energies (small values of
%) is dominated by gluons;

. Linear QCD Evolution
equations (DGLAP/BFKL)
predict a power growth of
gluon distribution at small
—x

. Large uncertainty on the
behaviour at small =x;

. The current data included
in the global analysis does

10_.' ””m.g 102 m1 o ; not constrain the gluon

X distribution at high

energies,
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Eskola, PFuukkunen, arxXiv:1401.2345

. The current electron - ion
experimental data does not
constrain the small —x
behaviour;

. Large theoretical
uncertainty present in the
kinematical range probed by
LHC,



Diffractive vector meson photoproduction
in UPHIC: Probing the gluon distribution

do [hy + hy = hy @V @ hs) le () N d,'N| (@)
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VPG, Bertulani, PRC65, 054905 (2002)



Diffractive vector meson photoproduction
in UPHIC: Probing the gluon distribution

do [hy +hg = hy @ V @ hy) le (w)| + dNI (w)
v 1o hy Yvhg =V @ha s deu hz rh1=Vah .
hi
. / At leading order in LL(1/x) approx.:
E e
“, ) dgth—=Vh T gt e- My [ 0s(Q?) 2]
< e =N—2— [ ——— g LQE}
g é V=Jvx dt =0 48vem Q4 { }

Cross section is proportional to
the square of fhe hadron gluon
distribution af z=47"/w?

VPG, Bertulani, PRC65, 054905 (2002)



Diffractive vector meson photoproduction
in UPHIC: Probing the gluon distribution
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Diffractive vector meson photoproduction
in UPHIC: Probing the gluon distribution
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Diffractive vector meson photoproduction
in UPHIC: Probing the gluon distribution
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daldy (pp <> pJiyp) [nb]

Diffractive vector meson photoproduction

in UPHIC: Probing the gluon distribution
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daldy (pp <> pJiyp) [nb]

Diffractive vector meson photoproduction
in UPHIC: Probing the gluon distribution
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Description ot dafa in the LL(1/%) approach is not possible
using xqg derived in the PDF global analysis



Possible inferpretations:



Diffractive vector meson photoproduction
in UPHIC: Probing the gluon distribution

Possible inferpretations:

1—) We need to take info account the NLO corrections to the
LL(1/%x) approach,

— Recent studies demonstrated that these corrections are
huge (not yet under Theoretical control),



Diftractive vector meson photoproduction
in UPHIC: Probing the gluon distribution

Possible inferpretations:

1—) We need to take info account the NLO corrections to the
LL(1/%x) approach,

— Recent studies demonstrated that these corrections are
huge (not yet under Theoretical control),

2—=) New dynamical etfects (beyond DGLAP!) are present at the
large energies (small values of x) probed by fhe diffractive
phofoproduction of vector mesons af the LHC,

—  We should fo use another approach 1o describe the
process !



RCD dynamics at high energies
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. Linear QCD Evolution equations predict a power growth of
gluon distribution at small —x that implies the violation of
unitarity;



ACD dynamics at high energies
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. Linear QCD Evolution equations predict a power growth of
gluon distribution at small —x that implies the violation of
unitarity;

. Number of gluons in the hadron becomes sé large that gluon
recombine, Nonlinear effects should be taken into account.



ACD dynamics at high energies

B

BFEL,

Nonperturbative (C] \

. Linear QCD Evolution equations predict a power growth of
gluon distribution at small —x that implies the violation of
unitarity;

. Number of gluons in the hadron becomes sé large that gluon
recombine, Nonlinear effects should be taken into account.

. Saturation scale Qs [proportional o (1/x)*2A*1 defines the
onset of nonlinear QCD dynamics (Gluon saturation effects).



ACD dynamics at high energies

7 2 . FE IIIIIII| T IIIIIII| IlI IIII}nII' T Illll'll”“
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. Saturation scale Qs [proportional fo (1/x)*?AP1 defines the
onset of nonlinear ACD dynamics (Gluon saturation effects);
. Nuclei are an efficient amplifier of the gluon saturation effects,



Diffractive vector meson photoproduction
in UPHIC: Color Dipole Formalism

do [hy+he = h1 @V @ hs

= [w"?\‘r"li(w‘ b) Ovho—V ®@ha (“‘J]LL + [wN;lQ(u;._ b) Ovh1—V®@hy (w)]wﬁ

d2bdy
"? 0 _ 0
{7";’ — ; ({J J_ haV}
ngéb o(yh—=Vh) = f it A=V A2 dt
A}h—w’ﬁ{, &) — 3 / dz nﬁr dﬁbhg—i[bh—(l—z)’r‘]..& (1;[; '*‘I')T QMl(I-. . bh,)

VPG, Machado, EPJC 40, 519 (2005)



Diffractive vector meson photoproduction
in UPHIC: Color Dipole Formalism

do [hy+he = h1 @V @ hs

= [wNh (W, b) Oy v, (W)],, + [WNRy (@, 0) Oy sven, ()],

d2bdy
H=ﬁ=
"? . :
K - , do l hoV]
ﬁiﬁw,ww O'("ﬂh — h) = /;DQ Edf = E N ‘A% — 1(3:?/_\”2 dt
A= ) =i [ dedPr e OO (@) O (o )
Y

N

overlap function tor Vector Mesons

VPG, Machado, EPJC 40, 519 (2005)



Diffractive vector meson photoproduction
in UPHIC: Color Dipole Formalism

do [hy+he = h1 @V @ hs

= [wNh (W, b) Oy v, (W)],, + [WNRy (@, 0) Oy sven, ()],

d?bdy
h
l=ﬁ=
7 0 )
7 i do 1 -
S wer o(th=Vh)= / —dt=—— | AP ) d
: : o At 167 J_

AF M, A) = -i/dﬂ &7 d2bye~ 101 —(1-2)T1.A (07
N

Forward dipole — hadron scaftering amplitfude: Determined by the QCD dynamics

VPG, Machado, EPJC 40, 519 (2005)



Diftractive vector meson photoproduction i
UPHIC: Color Glass Condensate Formalism

Dipole - profton scaftering amplitude:

# - N e
]
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- | =
gﬂﬂ'ﬁﬁﬁﬁﬁ'ﬁ
J-h--'——‘;_:;—:.i::r
{,—ﬂ"'—l—ﬂ . —-J—m.
| _ >
" In(2/rQg (b))
- J.-'\If'f M 2(rs+ KAY ) " h) <2
. bCGC : NP(rb) — 4 N0 rQg(b) <
l _ e—Alllz(BrQq(b)) f"Q?(b) ~ 2

- Proposed ovi%ma\\% by Kowalski, Motyka and Watt (o)
- Parameters ot the model updated considering the high
precision combined HERA dafa (Rezaeian, Schmidt, 13)



A unified description of combined inclusive HERA data & diffractive data in CGC

Rezaeian, Siddikow, Van de Klundert, Venugopalan, arXiv:1212.2974; Rezaeian, Schmidt, arXiv:1307 0825

The dipole scattering amplitude is the main ingredient with 3 or 4 free parameters fixed via a fit to the reduced cross—section.
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Diffractive vector meson photoproduction
in UPHIC: Color Dipole Formalism

do [hy + hy = hy @V & hs

= [WNh (W, b) Oyhysven, (W], + [WNRy (@, 0) oy sven, ()],

d2bdy L R
h
ZZ ¥
b
: Y do L[

: ] , h—Vh
Qg? o(vh = Vh) = / mgdt:ﬁ N AT, A dt
A=V (e, A) = / dz d®r d*bye= O —(=2TLA (Vg

° NMC\@MS: Na(z,r,by) =1 —exp {—J— crdp(;r.rngA(bA)} Sums all multiple elastic
E rescatterings of the dipole.

Jdp(;r,r'z) — Q/dep Np(z, 7, by)



Diffractive vector meson photoproduction
in UPHIC: Color Dipole Formalism

do |h1 +ho — h1 @V & h: ] i \
[ : : 1 2] — [“’1;\‘:-’11(‘”* b) Oyho—V@ha (‘*‘-’1”@ + [w*'?\'"r’lz (w, D) Ovh1—V®@hy (L’“"}]wﬂ

d2bdy L

h
h1 /
— ]

3 0 0

A ) do 1 sV
< s a(yh = Vh) = / —dt = — M}Il_ﬂ ", A)|* dt
5 % o At 167 /_
ha | ho

A}h—}y’h{i“ &) — f / d: ({2']“ {!Qbhﬁj—;[bh—(l—Z)r]A (];[J‘[,’ﬂcl];“)]_' QMI_(‘T__ r. bh)

In the dipole picture, all tree paramefers have been constrained
by HERA dafa, Predictions for UPHIC are parameter free:
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i = —m3 M3 /W*

pp Collisions:

i

251 -

=

% e 13 TeV Ip+|p —>I.I?'w|-|-p-|'-p ]

Mon-Linear -
Linear i

VPG, Splering, Navarra,

ar Xiv:1101, 04340



Dittractive vector meson photoproduction in
UPHIC: Impact of the gluon saturation ettects

i

pp Collisions:

25 T T T T T T T T T
Lz T T T T T T T !
I g =13TeV +p—=p0+p+p |
T P+Pp p Ptp A s =13TeV p+p— Fw+p+p |
20F -‘_H"‘-ﬁ — tﬁlgtd.nem i 25+ —— Non-Linear
H:: - . o | e ——- Linear
> 5 = 1 --q_' = - N
2 15 7 %20_ e ]
= B 15| 7
20 . z |
| T 10k 7
=
. ) i
- 5_ |
0 ! L :
10 05 7 Fl 3 3 10

4 . .
T 7T 1T 7T T T 3 W T T T T T 3
i Pb+Pb— p+Pb +Pb ; i Pb + Pb — J/wr+ Pb + Pb ]
T T T T T = Non-Linear 1 o — MNon-Linear -
_|m35_ -~ _ ——- Linear - mﬂs_—-——_____‘-_-:,‘m — — - Linear
L F T E e o
Lo} - - ;
[ ~ [ [
& B . : |
= Uz_ i “\ i -1 i
}‘1 E Y E % :“} E 3
E f \ o ;
= i | =
< 1- 1'1. 3 -2
mf = fin 'IlII, ] 10 _ (] 3
[ 5" = 5.02 TeV I"lll, ] [ 5" = 5.02 TeV
10" R RPN T TN SR S TR T lu-l T S
0 1 2 3 4 5 il T 0 1 2 3 4 5 3]
Y Y

—m2, M3 W VPG, Spiering, Navarra, arXiv:1101,04340
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Dittractive vector meson photoproduction in
UPHIC: Impact of the gluon saturation ettects

pp Collisions:

10 — T 1. T 1 T T "~ T
. Lz 10 — T T T T T T T T
y N s =13TeV. p+p—=p+p+p | e s =13TeV p+p—=>Jw+p+p
e AN —— ¥ =0, Non-Linear ] 1[]“5- S — Y =0, Non-Linear ]
_ . ——=- Y =3, Non-Linear — —— Y =3, Non-Linear
Lo N, Y =10, Linear T L Y =0, Linear ;
ﬁ 1[1“:- Y = 3, Linear ; § af Y = 3. Linear
-
g | 8
T f &
5 1077 3
= 5 '
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w0
10°E ' 10°E— ' ' ' ' ' ' -
i) 0.5 { 0.5 1 1.5 2 2.5 3 35 4
2 2
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PoPb Collisions:

Coherent production: Incoherent production:

VPG, Splering, Navarra, arXiv:1101,04340



Ditfractive vector meson photoproduction in
UPHIC: Impact of the gluon saturation ettects

PbPb Collisions:

i
107 T ' ' ' 10°g T ' T ; | ;
: Pb+Pb— p+Pb+Pb] E Pb + Pb = JAw+Pb +Pb ]
—— Coh, Non-Linear | —— Coh, Non-Linear |
= = = Coh, Linear 3 ——- Coh, Linear ]
'R - Inc, Non-Linear o . Inc, Non-Linear 1
E Inc, Linear 2 Inc, Linear '
: :
= s |
E - - et - t' E B =i i o ] ;
e ' 7o \ \
E -3
\ s =502TeV || '
. L ' 4 . | A bl . | :
. 0.03 D.04 107G 50l 00 0.03 0.04
1 [GeV'] 1 [GeV)

. _ 1-
Linear model:  M(@.rba) = o4z, 1) ATA(ba)

VPG, Splering, Navarra, arXiv:1101,04340
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do/dY(nb)
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L]

Comparison with the LHC data

Dittractive T/Psi phofoproduction in pp collisions:
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4F
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Comparison with the LHC data

do/dY(nb)

Ditfractive Psi(25) photoproduction in pp collisions:

112
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Comparison with the LHC data

Dittractive Upsilon phofoproduction in pp collisions:
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s =7 TeV y -
bCGC
. LHCh
002 —

03—

002 -

do/dY(nb)
do/dY(nb)

u.mm = 001} .
_ ] | 1 T | PP P+Y+p _
s"? =13 TeV
0= T T e E—
Y Y

VPG, Moreira, Navarra, arXiv:1612,06254



Comparison with the LHC data

Energy dependence ot the photon - profon cross section:
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Summary

v The dittractive vector meson photoproduction in
photon - induced inferactions at the LHC is an
important probe of the QCD dynamics at high
enerqgles,

v The Run 1 dafa can be sucesstully described by the
color dipole tormalism taking info account fhe
nonlinear effects in the QCD dynamics.,

v The Run 11 data can be used to constrain the
description of the dipole - hadron scattering
amplitude and the vector meson wave function

v Complementary sfudies can be pertormed by analysis
ot the double vector meson production and the
vector meson production associated to a leading
neufron,
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Summary

v The diffractive vector meson photoproduction in
photon - induced interactions at the LHC is an
important probe of the QCD dynamics af high
energles.,

v The Run 1 dafa can be sucesstully described by the
color dipole formalism taking info account the
nonlinear effects in the QCD dynamics.

v The Run 11 data can be used to constrain the
description of the dipole - hadron scattering
amplitude and the vector meson wave function

v Complementary sfudies can be pertormed by analysis
ot the double vector meson production and the
vector meson production associated to a leading
neufron,

Thank you tor your atftention:
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Comparison with the Run I data

# Diffractive J/W photoproduction in hadronic collisions ©
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Comparison with the Run I data

# Diffractive J/W photoproduction in hadronic collisions ©
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Comparison with the Run I data

#® Diffractive p photoproduction in hadronic collisions
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Comparison with the Run I data

#® Diffractive T photoproduction in hadronic collisions “
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