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 Historical background
» Deeply inelastic scattering
 Structure of hadrons

 Ultra-peripheral collisions and photoproduction of vector mesons
« The cross section of ]J/y photoproduction

* An energy-dependent hot-spot model
* In p-Pb collisions
* In Pb-Pb collisions

« Summary and outlook
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Deeply inelastic scattering

* The end of 1960s: first experiments
* From the Rosenbluth formula — the DIS cross

section:
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Photoproduction of J/vy in UPCs
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The structure function of a proton Sl

» Calan-Gross relation: F,(x) = 2xF; (x) 1 H1 and ZEUS
« Parton-quark identification: SR Q=10 GeV*
_ I —— HERAPDFL0
Fy(x) =2 e} |f(2) + f(2)] .
f L | model uncert.

- parametrization unceri.

(x = pparton/phadron) 0.6

* Valence and sea quarks, gluons:
parton distribution functions (PDFs)

xg (x 0.05)

0.4
« Bjorken scaling only approximate,

structure becomes finer at the low-x region
0.2

« At even smaller x: gluon saturation
expected

10 107 107 10" 1

H1 and ZEUS, JHEP 1001 (2010) 109
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Ultraperipheral collisions:

vector mesons photoproduction

« UPCs: when b > sum of a)
nuclear/proton radii

. InteraCtion induced by d Vector meson Vector meson
photon (QCD short-ranged)

 Creation of a lepton pair vs.
vector meson production:
« p-Pb:
a) Exclusive
b) Dissociative
* Pb-Pb:
c) Coherent
d) Incoherent

p p p X

PLBB 766 (2017) 186

A A

« Other possibilities (e.g. 2-jet
diffractive production) not
yet studied by ALICE

A A A A®

PRC 97 (2018), 024901
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The | /1y photoproduction ﬁg@m

« Experimental observables:
« Rapidity of the ]/ & centre-of-mass energy: .4 = /sanMj/pe™
° o« 2
Transverse momentum of the J/y: pt = —t Distribution of a target matter
« Coherent: pr ~ a few tens of MeV F.T. in the impact parameter plane
* Incoherent: pr ~ a few hundred of MeV (gluon distribution)

 The cross section — factorisation:
* The photon emission (QED process)

* Interaction with a target, QCD enters here

(e.g. colour dipole model) Photon flux

2
N, x Z
Pb-Pb collision: p-Pb collision:
do -_ i | - | d M i
le;b(y) = Ny/pb(y. M)oypb(y) + Ny ypo(—y. M)oypp(—y). JPPZ,SJ ) ~ Ny /pb(y, M)oqp(y).
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The colour dipole model Aot
« Photon fluctuates into a quark-antiquark pair
« Good-Walker formalism: y-p and y-A cross sections
Type of a process Proportionat to
Exclusive/ The average over target , ‘(A(;.z:, Q% A)r. L> i
coherent cofingurations
Dissociative/ The variance over target (<|4(1I Q. AV 2> B |<4(¢ 02, 5)TL>‘2)
incoherent configurations I B

1
. —* | dz — L _ — ] 1
° Ampl]tUde: fll(;f_.-'g QQ._ ‘&)T,L — /df/ T(LIJ*\PV)TjL /db E—t(b—(l—z)-r)-& e p
ot D ST

db
Transverse momentum The dipole-proton or the.
of the dipole-nucleus cross section
I Photon-dipole and vector
Distance between the meson wave functions Carries information about the
quark and the antiquark transverse structure of a

target! - T (1_5)

16.1.2020 Photoproduction of J/vy in UPCs 7



Energy-dependent hot-spot model:

-p collisions

* A fluctuating proton profile
= the sum of high-gluon-
density hot spots with -
gaussian distributions

« Number of hot spots

grows with energy: < | HERA
w4 ata
]\rh,s(ilj) — pO:Bpl (1 +p2\/3) - 1: — Model
0.8/
» Data from H1 (HERA, e-p) and ALICE (p-p):
energy dependence of the J/y cross section 0.6 3
* But first: the model describes also the 04i_ T
F,(x,Q%) data quite well! il
0.2
- PLBB 766 (2017) 186
B L0 vl Lol NIRRT
107 107 10° 107
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Y-p collisions: The total

cross sections

a) The exclusive production

b) The dissociative production:
* Prediction of a maximum at W, ~ 500 GeV
» Ca. 10 hot spots (a sizeable overlap)
* A decrease in variance
* Asteep decrease for W,,, > 500 GeV

« LHC energies
=> a way to examine the gluon saturation?

* The t-dependence (not shown): model also in a
good agreement
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Energy-dependent hot-spot model: SN
Pb-Pb collisions ek

* Glauber-Gribov formalism (GG)
« Geometric scaling (GS)

- Models of the transverse nuclear profile: (d & ) = op [1—exp (=12Q3 .(2)/4) | T (b)
j

« Extension to photonuclear interactions: (

 Nucleons (n) db
* Nucleons made of hot spots (hs) oo G5y
* |Inclusion of subnucleonic T (b) = - exp [ ——
degrees of freedom . 21 By, ; 25,

e Again (Nu.(2)) = poa” (1 + pav/z) (Mean value of the Poisson distribution)
« Comparison with data from RHIC and the LHC Run 1 (ALICE PCs and UPCs)
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Coherent C.pp (ub)

[ ] [ ] ° ﬁ
Pb-Pb collisions: (In)coherent cross 220
. I
sections
« The coherent case:  The incoherent case:
 Similar predictions  Looks like the model prefers
hot-spot structure
10° W.p, (GeV) 10 10° W.p, (GeV) 10
10° [T 3 5 10°F T |
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Pb-Pb collisions: Ratio of the coherent to Ao

the incoherent cross section

« Subnucleonic degrees of

freedom introduce the 102 W o (GeV) g
x-dependence g - —_— ]
« Supported by data from 0.9} . ggﬁg —
PHENIX (x = 0.015) £ o08E ---GG-n =
o . o UF —GS-hs 1
 Motivation for new data with 2 0.7} ---GS-n -
smaller uncertainties S o6E B — = 3
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A6 pypy/dy (MD)

107"

1072

Pb-Pb collisions: The y dependence of the

Cross section

Note: only hot-spot transverse structure used
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* The coherent case

* GG model slightly overestimates
the data

i
oo &
AT
o) -
E [ sy =276 TeV i
T - -
= - — T ]
o = —
5 [ ]
107 E
: e ALICE, incoherent UPC 1
102 —— GG-hs, incoherent UPC .
z -==» 3G-hs, incoherent 70-90% 3
- — GS-hs, incoherent UPC .
i ---- (3S-hs, incoherent 70-90% 1
—3 L T | ' ] | | 'l |
023 2 9 o 1 2 4
4

« The incoherent case
« New data needed

PRC 97 (2018), 024901
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 Ultra-peripheral collisions = a way to examine the QCD physics in photon-
induced processes

 ALICE: measurements of PDFs in long x-range (ca. from 1072 to 10™°)
« Can provide evidence for gluon saturation?

« Energy-dependent hot-spot model
 Fluctuating proton/nuclear transverse structure
* Energy-dependent number of hot spots
« Seems to be in a noteworthy agreement with the data!
« Has a potential to predict gluon saturation

* My task is to measure the energy dependence of the incoherent cross section
using ALICE data
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