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Motivation




What are we made of

<10""%cm
proton
(neutron)
quark
<10'1scm
nuc!gus
atom. 10%cm ~IE 13
= ~107""cm

Idea of fundamental particles since ancient Greece and India (philosophy).

Scientific exploration begun in 19th century (Dalton, later on Thompson, Rutherford...).

u
u
m Deep Inelastic Scattering (DIS) uses high-energetic virtual photons (small wavelength).
m Reveled that nucleons consists of quarks bounded with gluons.

u

Several types of quarks and gluon described by Quantum Chromo Dynamic (QCD) theory.
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A very complicated structure of proton

The "valence” quarks carries only small part of nucleons mass.

The rest is carried by "sea” quarks and gluons of different energies.
Bjorken x: momentum fraction carried by constituent.

Proportional to probe energy —g° = Q2 as s ~ Q%/x

Smaller Bjorken x — smaller momenta fractions in the proton reached.

By changing energy of your probe one can touch different objects inside target.
m What is the dynamics of all of this?
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Where QCD is now

m The proton is mainly occupied by gluons for Bjorken x < 1072 (HERA).

m The LHC gives the possibility to measure the gluonic structure of the proton and nuclei
to study saturation and shadowing at small Bjorken x.
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QCD questions and how to answer them
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QCD questions and how to answer them

What is the Bjorken-x evolution of the gluon structure?
Measure the rapidity and the impact parameter dependence.
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QCD questions and how to answer them

What is the Bjorken-x evolution of the gluon structure?
Measure the rapidity and the impact parameter dependence.

Can we access the gluon distribution?
Measure the dependence on momentum transfer |¢].

How does the gluon distribution change with the atomic mass number?
Trace the evolution at a fixed energy by using different targets.

Where are the limits of Standard Model?

Use high energies to see small object/heavy particles.

Let's see what ALICE can do about it.
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Ultra-peripheral collisions (UPCs)

m Collisions with impact parameter
b> Ra+ Rg.
m Hadronic interactions suppressed.
m EM induced interactions remain.

p—
_—
p—

i

b>R,+Rg

~
—
P

m EM field of ultrarelativistic electrically 7
charged particle ~ flux of photons. M B

m Flux intensity increasing with Z2.
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What was ALICE designed for
Zy
b<Ra+Rg . —> <
Zg
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What was ALICE designed for
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How we actually use it

b>R ,+Rg

—|
Zg
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How we actually use it

b>R,+Rp
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UPCs as a tool to use light to study gluons
Coherent p°, J/4 and ¢’ photoproduction:

Q% ~ m%//4
(p° is semi-hard; J/¢ and ¢': pQCD valid)

Xe, Pb Xe, Pb

0%y, ' (vP}) .
u Large cross sections.

w m Clean experimental signals.

7P, Xe, Pb

m Provides information on gluon saturation in
the proton and shadowing in nuclei at low-x
p, Xe, Pb t p, Xe, Pb .

(corresponding to large W, pp).

At leading order in the collinear approach:

I\/l Teer3a2(Q2)

doya—/ya 1y 2\12
Tdt o Mames e @]

Ryskin: Z. Phys. C 57, 89 (1993)
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UPCs as a tool to use light to study anomalous magnetic moment of T

Pb Pb
m T is the heaviest lepton.
m The best sensitivity to new physics. Y L T
m a; poorly know.
m Short lifetime — cannot be stored. v rf."— T
B yTT vertex Is sensitive to ar.
Pb Pb

UPCs produce quazi-real photon (g% — 0) !

i

. . 1
IFLWT)(q) — _je 714/:1(‘72) + cTWqVFg(qz) + R’YSUWCIV/%(CF)] Fz(q2 —0) = ar

2m;

Dyndal et al.: Phys. Lett. B 809, (2020) 135682
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UPCs as a tool to use light to study anomalous magnetic moment of T

Pb Pb
m T is the heaviest lepton.
m The best sensitivity to new physics. Y L T
m a; poorly know.
m Short lifetime — cannot be stored. v Fl"— 1
B YTT vertex is sensitive to ar.
Pb Pb

No useful data, yet :(
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UPCs as a tool to use light to study anomalous magnetic moment of T

Pb Pb
m T is the heaviest lepton.
m The best sensitivity to new physics. Y L T
m a; poorly know.
m Short lifetime — cannot be stored. v Fﬁ"— 1
B YTT vertex is sensitive to ar.
Pb Pb

No useful data, yet :(

We should have them this year!
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Current findings

Gluon saturation




When gluons abundance saturate

m QCD allows gluons-only vertex.

Gluon abundance different at different scales.

Gluon splitting

m When splitting dominates, gluons rises.

m With higher energies, probability of gluon

o recombination increases.
Gluon recombination

At some point, these two processes should
equal and gluons stops rising with energy.
m — gluon saturation.

Gluon saturation
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Looking inside proton

m Measurement in a single experiment
10° o N o LN from 20 GeV to 700 GeV

i) F T
£ I ® ALCE .
[ corresponding to 3 orders of
Yz magnitude in x from 1072 to 107°.
> O  LHCb pp (W+ solutions)
% [ O  LHCbpp (W- solutions) ~
=4 . - . .
vl 1 = m If the cross section stops rising with
Y .at ceT 19 . H
C -iimi JMRTNLO 18 energy, saturation Is on.
+ STARLIGHT param. {5
B i NLO BFKL 1 G
(ceetpsavecd 1 5 @ Currently, no such behaviour is
>
g : a visible — no experimental evidence
2 o for saturation
r o
3 ES . .
s m We can also look into lead ions:

m Possibility to reach higher energies.
m Experimentally difficult.
m No published results, yet.

6 "
20 30 40 50 60 10° 2x10° ?
ALI-PUB-343701 W,, (GeV)
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Current findings

Nuclear shadowing




Measuring the transparency of the lead nucleus

m Comparison of data to IA implies
Spp(x ~ 1073) = 0.65 4+ 0.03.

S " ALICE Pb+Pb > PosPordiy Sy = 5.02 TeV o
E m Interplay between nucleons inside
> 1o @ ALICE coheren?J/wA
ke) [ ---- Impulse approximation nuc'eus_
B L oo STARLIGHT
© - —— EPS09 LO (GKZ)
10— --- LTA (GK2) .
[ --- IMBG (GM . .
R i m Impulse approximation (lA) represents
8- T_;Zi’f;sfigm (0.65) situation when nucleons do not interact
[ PeKEcew with each other.

m No model can satisfactory explain all
measured data points.

Eur.Phys.J.C 81 (2021) 8, 712
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Immidiate impact on the precision of models
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Current findings

Nucleus size




Scanning the size of ultra-relativistic nucleus

“‘"; 10 s ALICE Pb+Pb — Pb+Pb+J/y \/m=5.02 TeV —
Q = ]
S NS ALICE coherent J/y, |y|<0.8 b .
RS :\'\el\—: -+ Experimental uncorrelated syst. + stat. : n |t|_dependence related by a 2D Fourler
E L s Experimenal corelated syst. 1 transform to the distribution of gluons
; \‘\\ . UPC to YPb model uncertainty . )
5 g ] in the impact-parameter plane.
e} NN
g f N ) L. . .
° e m Steeper distribution — thicker nucleus.
N N
AN

1= RN - .

u N ] m The Pb form factor prediction expects

[ STARIo (P form facton O ] the same size as when at rest.

r  -- LTA (nuclear shadowing) NS -

~  — - b-BK (gluon saturation) \I\' = i i i i

NN , m Comparison of data implies existence of
\ N\ .

; ‘ ‘ ‘ LNy N QCD dynamical effects.
T ol " o STARIght/Data_|
s -7 o LTA/Dan | Roughl ki | llecti
gL e ) - b8k/om m Roughly speaking, nucleons collective
° B A A SR A e .
3 i
g 0005 0004 0006 0008 001 o012 behaviour stronger than expected.

It| (GeV? ¢?)
Phys.Lett.B 817 (2021) 136280
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Current findings

Testing standard model




Unique Xe—Xe collisions opens A-dependence studies

= 25
Qo - . .
£ * ﬁ:::gg z:);‘; m First measurement with Xe nucleus —
> 2 m Hiyp first study of A dependence.
o F e fit: 6, A”
¢ F s CCKT
s OF I GKZ m Study of nuclear shadowing with different
=3 e -+ coherent: o, A" A shows power-law behaviour with a
c r i g7 incoherent: o, A slope of 0.96+0.02. Models do a
r - . 2/3 . . . .
050 black disk: o, A reasonable job in description of the data.
00'77 B BT e T T m Black disk limit = moment, when

investigated medium is not transparent.

Phys. Lett. B 820 (2021) 136481
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Current Future findings

Testing standard model




a; limits from pp-differential measurement

m Combining the cross section

. . . ALICE Simulation
ratios of different pr intervals. P-Pb UPG, {F = 5.02 TeV
N Inl <0.8, p, >0.3 GeVic
m Currently not enough TT - e+ Wmnevents ———
10 20
collected data at the LHC. —
DELPHI
m LHC and ALICE improved in —
the last years promising much ALICE 13 nb”™, 5% sys —————
more data. —
ALICE 13 nb™!, 3% sys ————
m Limits improvement —
looks feasible. ALICE 13 b, 1% sys e
PR A S NN H S S S S T T S RS S
-0.08 006 004 002 0 002 004
m SMI heavily involved in this. &
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(partial) answers to QCD questions
What is the Bjorken-x evolution of the gluon structure?

Gluons keep rising with Bjorken-x — no signs of saturation in proton.
Bjorken-x dependence of shadowing in Pb — shadowing factor is around 0.65 at x ~ 1073,
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(partial) answers to QCD questions

What is the Bjorken-x evolution of the gluon structure?
Gluons keep rising with Bjorken-x — no signs of saturation in proton.
Bjorken-x dependence of shadowing in Pb — shadowing factor is around 0.65 at x ~ 1073,

Can we access the gluon distribution?
Yes, in 2D; sensitivity to QCD dynamical effects demonstrated.

How does the gluon distribution changes with the atomic mass number?
Power-law behaviour consistent with models.
Black-disc limit not yet reached.

Where are the limits of Standard Model?
Need more data to look for physics beyond Standard Model.
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