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Proton structure %

* Active search for saturation at low x! _
saturation

region
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* New measurements are needed
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Accardi et. al.: Eur.Phys.J.A 52 (2016) 9, 268
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Nuclear structure %

ALICE

* Nuclear shadowing effects on gluon PDFs at low X
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* Onset of saturation Is expected to depend on the atomic mass number

—> Saturation may contribute to nuclear shadowing!
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.
.«

Eskola, Kari J. et al. Eur.Phys.J.C 82 (2022) 5, 413
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Ultra-peripheral collisions %

ALICE

* Hadronic interactions are suppressed

) : R
—> Photon-induced reactions ’
T "IN aaa ¥
can be measured at the LHC! o A
—~ MWW\~
VNV~ . b>R, +R,
S AAAAVAAYS Y
aVAVAVAVAVAVAYS
_________________ < Z -y ..
RZ
* Photon-induced reactions also contribute at b < 2R:
* Jhp excess at very low p; — ALICEL 3]
* Dielectron excess at very low p, — ALICE[?]
[1] ALICE: Phys. Rev. Lett. 116 (2016) 222301, [2] ALICE: CERN-EP-2022-068 , [3] ALICE: CERN-EP-2022-071 e
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Photoproduction %

ALICE

Xe, Pb Xe, Pb

Y : 0°, Iy, W (y,p7)
Wy p, Xe, Pb ; :
p, Xe, Pb Tt p, Xe, Pb
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Photoproduction %

ALICE

Photon emission
e Flux intensity ~ Z?2

e Photon energy given by Pb boost

- “ @
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Photoproduction %

ALICE

Photon target interaction

e In LO collinear pQCD:

Photon emission doysas)/p+a _ M;y Tee® as(Q?) lxga(x QZ)]Z
. . - A )

o Flux intensity ~ Z? dt o 48aemQ°®

. M.G. Ryskin, Z.Phys. C57 (1993) 89-92

e Photon energy given by Pb boost \.
. y,
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Photoproduction %

ALICE

: M
e Perturbative QCD Q% ~ —

e Clear experimental signal:

e Large lepton branching ratios
e Small decay width

e Exclusive production

Photon target interaction

e In LO collinear pQCD:

Photon emission doysas)/p+a _ M;y Tee® as(Q?) lxga(x QZ)]Z
. . - A )
o Flux intensity ~ Z? dt o 48aemQ°®
. M.G. Ryskin, Z.Phys. C57 (1993) 89-92
e Photon energy given by Pb boost \.
. y,
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Photoproduction p; signature %

ALICE

* Photon interacts with the whole nucleus: p; = 60 MeV/c ~ 1/R;,
* Coherent (Pb-Pb) - Target ion stays intact

Coherent
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Photoproduction p; signature %

ALICE

* Photon interacts with the whole nucleus: p; = 60 MeV/c ~ 1/R;,
* Coherent (Pb-Pb) - Target ion stays intact

Coherent
* Photon interacts with single nucleon: p; = 300 MeV/c ~ 1/R
* Incoherent (Pb-Pb) - Target ion breaks, nucleon stays intact o
* Exclusive (p-Pb) - Target proton stays intact
Exclusive Incoherent
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Photoproduction p; signature %

ALICE

* Photon interacts with the whole nucleus: p; = 60 MeV/c ~ 1/R;,
* Coherent (Pb-Pb) - Target ion stays intact

Coherent

* Photon interacts with single nucleon: p; = 300 MeV/c ~ 1/R
* Incoherent (Pb-Pb) - Target ion breaks, nucleon stays intact o

* Exclusive (p-Pb) - Target proton stays intact

Exclusive Incoherent

* Photon interacts with single nucleon and excites it: pr = 1 GeV/c
* Dissociative (p-Pb) - Target proton breaks ©

* Dissociative (Pb-Pb) - Target nucleon breaks as well as the ion
Dissociative Dissociative @
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Photoproduction kinematics

ALICE
* LHC is a Light-Hadron Collider at the highest available energies
* Many photoproduction processes can be studied in ALICE —> \ector meson production
* Bjorken-x evolution of the parton distribution  Xe, Pb Xe, Pb

My
—_— X = ety
vV SNN

* Centre-of-mass energy of the photon—target system

pO, J/Ws \I”(y, p%‘)

)

_ ¥ 3 S
é — ZEp’Xe’PbMVMe y > O
* Transverse-plane distribution of the partons
—3 2D Fourier transform p, Xe, Pb Tt p, Xe, Pb
to the |t| (~ p%) dependence
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ALICE detector in Run 2
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ALICE in Run 2

ALICE
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ALICE: Ji) measurement at midrapidity

Time-of-Flight (TOF)
» Multigap resistive plate chambers
» Triggering and particle identification

N /
N /
LU

.
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ALICE: Ji) measurement at forward rapidity %

Muon Trigger
Resistive plate chambers
Triggering

l//ll
l%/’:; f
"y Muon Walll

i =2
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ALICE: Vetoes to enforce exclusivity condition

avi mm = a¥AN VO
 Scintillator counter
* \eto activity

« Luminosity determination
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Pb-Pb UPC Results
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Coherent ]J/1 cross section: y - dependence %

ALICE

14

* Nuclear suppression factor: forx € (0.3,1.4) - 1073 ALICE Pb+Pb — Pb+Pb+J/y sy, = 5.02 TeV

do do
Spp = (@Lm / (@IA — 0.65+0.03

* Models with shadowing (EPS09, LTA) and saturation (GG-HS): 8

e Describe central and forward data

1 ALICE coherent J/y
- - - - Impulse approximation
------ STARLIGHT
—— EPS09 LO (GKZ)
-—- LTA (GKZ)
- IIMBG (GM) .- -
— — IPsat (LM) -7

- BGK-I (LS) Pae 2

- - -- GG-HS (CCK) (0.65)
— = b-BK (BCCM) ,,'

do/dy (mb)

10

________
-
= -

* Underestimate semi-forward data

PR

* Other models describe either the central or the forward
rapidity region

%No model describes the full rapidity dependence 0'—"‘| | | | | | | |

1
ALICE: Eur. Phys. J. C 81 (2021) 712 y
ALI-PUB-482756
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Coherent ' cross section: y - dependence

Nuclear suppression factor: for x € (0.3,1.6) - 1073

Spp = 0.66 +0.06

—3 Consistent with the J/ result

Models with shadowing:
e EPSO9 - agrees
* LTA - agrees

Models with saturation:
* b-BK - agrees
* GG-HS - overpredicts

Other models overpredict the results

(B

ALICE
/-\3.0 1
.CE) - ALICE Pb+Pb — Pb+Pb+y" |s,, =5.02 TeV
> [ [& ALICE coherent y'
% 2.5~ _... Impulse approximation
B [ --- STARLIGHT
. ___ EPS09 LO (GK2)
20— .. LTA (GK2)
- ---- GG-HS (CCK)
- — _b-BK (BCCM)
1.5_—
1.0
0.5 -l e
ar A B T B R

0.0

ALICE: Eur. Phys. J. C 81 (2021) 712
ALI-PUB-482761
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Coherent J/y cross section:|t|- dependence %

ALICE
2 _ ‘<‘; 10 ALICE Pb+Pb — Pb+Pb+J/y |s,, = 5.02 TeV —
* From pt-dependent photoproduction to |t|-dependent v E ]
_ S) N ALICE coherent Jiy, |y|<0.8 .
photonuclear produc’uon: © | &= I Experimental uncorrelated syst. + stat. |
'g i \":;\I'T' Experimental correlated syst. 1
* p% to |t| transition with two different unfolding methods = Do UPC to yPb model uncertainty
tol B l—:+r';| m
* Correction on interference of photon sources g | O 1
©
- . ©
* From UPC to photonuclear cross section using the photon
flux 1 -
_ — STARIight (Pb form factor) i
dZO']C/(l)Jl do_be ~ --- LTA (nuclear shadowing) \\ .\‘\_\ .
dy dp-% = Znypb (y = 0) d| t| i — - b-BK (gluon saturation) | \\E i
y=0 \\ .\'\,
© . . . | AN |
. ) T ol “ o STARIight/Data_|
—> Probing the transverse partonic structure 25 D : o LTA/Data
[o) . 7 o v b-BK/Data
of the nucleus at low x! £ i A S A S . —
= 0 0.002 0.004 0.006 0.008 0.01 0.012
ALI-PUB-482681 |t| (GeV2 C-2)
ALICE: Phys. Lett. B 817 (2021) 136280 @
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Coherent J/y cross section:|t|- dependence %

ALICE
* Measurement down to very low |t| approaching < 10 ALICE PosPb 5 PosPordy oo =502 7oV .
HERA-like precision! 8 N ALICE coherent Jiy, |y|<0.8 ]
RS : '\ . -+ Experimental uncorrelated syst. + stat. :
: : : Q i e - Experimental correlated syst. 1
* Difference from STARIight (driven by the nuclear 5 “-Ej\ Do b ol ety
form factor) in shape and magnitude ) =T
o | 7
©

—3p |t| dependent QCD dynamical effects!

1= .
e Models based on pQCD describe data within current [ T STARIGnt (P form facton N )
--= LTA (nuclear shadowing) NN
uncertainties: ~ — - b-BK (gluon saturation) | S
[] \ '\.
i s |
* Nuclear shadowing (LTA) | | | Ny .\|
1]

. ] T - ° o STARIight/ Data_|
Gluon saturation (b-BK) o 12 D : . LTA/Daa
. L . o o bBK/Data

* Future measurements should allow to distinguish g v v L .

o = 0 0.002 0.004 0.006 0.008 0.01 0.012
between the predictions t| (GeV? ¢?)
ALICE: Phys. Lett. B 817 (2021) 136280 @
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Xe-Xe UPC Results
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Coherent p' cross section: A - dependence %

* Measurement with Pb and Xe collisions —— Study of the A dependence!
—~ 25

! @ ALICE y-Xe

* Power-law fit: « = 0.96 + 0.02 /' m ALICE y—Pb

||||||
|||||||||
||||||||||||||||||||
"
|||||||||

* Models agree with the data:

|||||||
||||||||
|||||||||||||||||
[
||||||
||||||

* Below coherent —> Shadowing n ;= ][T P o
: : e I GO
* Value close to incoherent is a coincidence " 1sl ;B CCKT 4
caused by large shadowing effect s Bl GKZ
i<c limit di T | -= coherent: 6, A*®
* Black-disc limit distant at W, 4, = 65 GeV % 1L coherent: o,
o Y~ A incoherent: o, A
N black disk: o, A*®
0.5~

(3L
|||||||
||||||||||||||||
gt
||||||

......
||||||||||
[
(A

* GKZ - shadowing 0
* CCKT - saturation 0 50 100 150 200

ALICE: Phys. Lett. B 820 (2021) 136481 A

| 1 ] | | ] | | | I | | 1 ] I | | ] | | ] |
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p-Pb UPC Results
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YY — Ul Cross section

ALICE
* yy — uu cross section in the low mass region!
* STARIight:
* LO QED without final-state radiation or other NLO effects
* No interactions within the radius of the targets P p
_ _ Ng 10t F ALICE Preliminary -
-3 Slight excess in data S f ; :
= [ e G
- - - O
agreement within 3 sigma < A
f 3 :::I:::::I:@::I:::::Z:
= 10°F -
- 1 E e % ..........
* Can be used to improve current models ¥ ALIGE ({5 = 8,16 ToV), 250 <y <325
| | | =, =8. 2. .
* Fix background for VM or jet photoproduction = T+ ALICE (fsyy =816 TeV), 325 <y < 4.00
1025- -+-¢--- STARlight, 2.50 <y < 3.25 E
* Improve predictions for light-by-light scattering E -0~ STARIight, 3.25 <y < 4.00 :
08 T T T e e T 2 2 %6
M, (GeV/c?)
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Energy dependence: Exclusive ]/ cross section %

ALICE
* ALICE data covers three orders of magnitude in x! Bjorken-x
1 ) -3 —4 -9
o Power Ia.W fit tOALICE data 3 310IIIIII | I | 1 10IIIIII LI | I 1(:IIIIII 1 1 10IIIIII LI | 1 10IIIIIII |
S 10°F o ALICE ({5, =8.16 TeV) ALICE Preliminary 3
¢ Exponent: 0=0.70+0.04 § C ALICE (Vﬁ = 5.02 TeV) y s E
* No change between HERA and LHC £ *  Mixedtarget exp. (E401, 516, E657) g &
T : ;iéus -%W ]
* ALICE and LHCb are compatible =  LHChpo (527 TeV) w /‘
O = *; : C
e Agreement with models: S I0L - LHGopp (s 13ToV) a2e¥ W
g ' L NEW ' W * :
* JMRT NLO: DGLAP formalism .
with main NLO contributions _ Jﬁ ﬁ Smime JMRT NLO
I
e CCT: Saturation in an energy ok % # W& e CCT |
dependent hot spot model | o c,o\\"“o | Power-law fit to ALICEIdata
10 20 30 40 102 2x10° 10°  2x10°
W,, (GeV)
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Energy dependence: Dissociative J/i cross section %
' ALICE

* First measurement of the dissociative cross section at the LHC!

e Agreement with HERA results Energies = 1 TeV
* Agreement with CCT, predicts maximum at W,,, ~ 500 GeV / to be available in Run 3!

Bjorken-x Bjorken-x
1072 10°° 107 10°° 1072 1073 1074 107°
-6\ 1 IIIIIII ) 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 Qa _l I||| Illllll 1 1 Illllll 1 1 Illllll l_
= 2L ALICE Preliminary 1 F|T 16p ALICE Preliminary 7]
< =2 [ ]
T i = | i
= T 1.4F -
= ola | | ¢ ALICE (s = 8.16 TeV)
T g =19k 3 e H1 -
% ol Tt —MS ]
R [ ]
¢ ALICE (S = 8.16 TeV) 0.8F :
L . [ ]
fl H1 06__ ]
o 0.4 .
1 1 1 1 1 L1 1 I 1 1 1 1 1 L1 1 I [ 1 1 1 1 1 L1 1 I 1 1 L 1 1 L1 I
20 30 40 102 2x10? 10° 20 30 40 102 2x10? 10°
W, (GeV) MS: JIMWLK evolution with initial W, (GeV)

parameters constrained to H1 data @
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Outlook: LHC Runs 3 & 4 ®

ALICE

e L£increase - 1 nb1 (Run2) = 13 nb1 (Runs 3+4)

* Continuous readout — higher data collection efficiency
* Significant detector upgrades

* Proposed O-O run — new system size

—> Many more collisions to be recorded by ALICE!

PbPb pPb - lead shine, vp

entral 1 Forward 1 Ctl. 1 FW 1

Meson Total Total 1 Meson Total Total

p— T 55B 419B | [ portn 39B 20B

Pt ataT 210 M 190 M ¢ - KK 65 M 22M

¢ — KK~ 82 M 15M Vo — ptp” 1.0M 260 K

I — 1.1M 600 K V(28) = p 22K 6.0 K

B(28) = T 35K 19K Y(1S) = ptpu” 11K 310
Y(1S) — pt 28K 880

CERN Yellow Rep.Monogr. 7 (2019) 1159-1410
CERN Yellow Rep.Monogr. 7 (2019) 1159-1410
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Outlook: LHC Runs 3 & 4

* Improvements of all previous measurements

* More differential measurements:

d?o
dyd|t|

* Angular dependences between (1~

* Coherent pY evolution with Ain O-O ...

* New measurements:

* Y(1S) - Q2 factor 10 larger than J/y

* Interference effects
* Open charm photoproduction

* Incoherent p° production ...

Tomas Herman

o(y+p - J/y +p%)

UPC p-Pb |/s,, = 8.16 TeV, 150 nb"’

-

—~ 16

Q

+

=

514

? FoCal

a 12 ¥ Acceptance
+ .

=

© Run 3

~
B ALICE UPC pPb Preliminary ™ (HXHJ
v H1Data ~ +
© Run 3 Projection ™~ +
o

0.4 ~
Run 4 Projection ™ ~
..... No saturation [~
0.2 [~ BM TN~

— - CCT ~
L III '] L L L IIIII

10° 10°

04

ALICE Simulation, Pb + Pb — Pb + Pb +V
Vsyy =5-5TeV, L =13 nb”

CMS Y(18) pseudodata

—— EPS09LO,Q=m,

— EPS09LO, Q= m,

23)/

2
2

—— EPS09LO,Q=m, /2
Jhy

ALICE Y(1S) pseudodata |
ALICE y(2S) pseudodata i
ALICE J/y pseudodata

10°

107
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CERN Yellow Rep.Monogr. 7 (2019) 1159-1410

A. Bylinkin, J. Nystrand, D. T. Takaki: arXiv:2211.16107



A

Conclusion

\divg



Conclusion

ALICE

 Nuclear parton structure at Bjorken x € (0.3,1.4) - 1073:
* Spp, ~ 0.65
* |t| dependence sensitive to parton distribution in the transverse plane

* Models with shadowing or saturation describe data within uncertainties

* Proton parton structure at Bjorken x € (0.5,2) - 1072:
* Exclusive cross section agrees with previous results
* For the first time at the LHC - dissociative J/i production off protons!

* yy—uu production at low masses in pPb collisions

* Major improvements for Runs 3 & 4.

—> Plenty of new results anticipated!
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ALICE

Backup
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Coherent |/ cross section %

ALICE
* \ery clear signal * Measured in 3 decay channels: u*u~,e*e™, pp
% - o 48
S 1400 ALICE, Pb—Pb |5, = 5.02 TeV £ : ALICE, Pb-Pb |s, = 5.02 TeV
= r - T b UPC, Ly = 233 + 6 pb”
81200_— ﬂ ‘J/‘V_)“ H _"g"' 44:_ s Hint — H
g L UPC, L, = 233 + 6 ub 3 h
2] — -
5 1000~ |y <0.8 p < 0.2 GeV/c 421 :D
@) B [
a0l It Ny, = 3120 + 61 ”
E N, =58+ 15 5
o001 x?/dof = 0.86 - !
~ 3.6 —
400— -
L 3.4
2oow 32l
0 B L l 1 1 1 [ 1 | | jlw 3 B | | |
2.6 2.8 3 3.2 3.4 3.6 3.8 4 Jy - uru Jy —-ete Jv—pp
ALICE: arXiv:2101.04577 [nucl-ex] m,, (GeV/c?) ALICE: arXiv:2101.04577 [nucl-ex]
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Coherent ' cross section

* Clear signal even with less events

oy 30
%’ - ALICE, Pb—Pb |5, = 5.02 TeV
S
S 25 Y o ut
g T UPC, L, = 233+ 6 b’
[72] -
S 20— |y|<0.8 pr < 0.2 GeV/c
5 201
O -
i N, =538
15_—
101
5 +
|_ Hl II { IIII ||_|\|_I 1 | MI*IHIHI{{+I ||_||
4.6

L1 1 | L1l | | |
%.2 3.4 3.6 3.8

ALICE: arXiv:2101.04577 [nucl-ex]
ALI-PUB-482726

4 42 44

. 4.8 5
My (GeV/c?)

* Measured in 3 decay channels:

utumtn et

e ntn, 1T1™

—~ 12r
€ F ALICE, Pb—Pb |5y = 5.02 TeV
g E UPC, Liy = 233 £ 6 b’
3 1
0.9

0.6

0.5

1T I|I T I|I T |I

0.4 '

V' optpnt
ALICE: arXiv:2101.04577 [nucl-ex]
ALI-PUB-482751

VY seen (|

ALICE
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Coherent ]J/1 cross section: y - dependence %

ALICE

* Impulse approximation (IA): Photoproduction data from protons, .~ 14

] 0 ALICE Pb+Pb — Pb+Pb+J/y |5y, =5.02 TeV
does not include nuclear effects except coherence =
‘; 19 E ALICE coherent J/y

e STARIight: Photoproduction data from protons + Vector Meson % T 'S”}FX‘F'{SS Spproximation

Dominance model, includes multiple scattering but no gluon shadowing © —— EPS09 LO (GKZ)

10 ------ LTA (GKZ) LemmTTTTTT “~n
* EPSO9 LO: parametrization of nuclear shadowing data o ::DhgaBt?Lﬁ)M) e
_ _ o _ gl— — - BGK-I(LS)

* LTA: Leading Twist Approximation of nuclear shadowing - - - - GG-HS (CCK) R

— - b-BK (BCCM) -

* [IM BG, IPsat, BGK-I: Color dipole approach coupled to the
Color Glass Condensate formalism with different assumptions on the
dipole-proton scattering amplitude

* (GG-HS: Color dipole model with hot spots nucleon structure

* pb-BK: Color dipole approach coupled with impact-parameter
dependent Balitsky-Kovchegov equation o | | . | | | |

1
ALICE: Eur. Phys. J. C 81 (2021) 712 y
ALI-PUB-482756
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Exclusive and Dissociative J/1 signal extraction

e Simultaneous unbinned fit of mass and p spectra of u*u~ pairs

)

w
(=
o

b 5 o : B 220
= - ALICE Preliminary 5 > 500
Q@ 250 . D
E - p-Pb sy, =8.16 TeV . E 180
Al = . Al
S 200__2.5<y<4.0 E & 160
[ [ p.< 3.0 GeV/e i [%) 140
c E 1 =
2 150 — sum = 3 120
& IEEEEEE Exclusive J/y ] © 100
c - - Dissociative J/y . g :
g 100 I J/y from yPb - > 80
e C .- Exclusive yy 7 g sl 2
O - - Non-exclusive bkg. . o) ¢
50 - 5 40
E = 20
0 S = - 1 o2 > o BT lid o -
O = - = - - - -
26 26 2@ 28 99 g 9] 25 g 04 ok 0 0.5 1

M, (GeV/c?)

ALICE Preliminary

p-Pb \sy, = 8.16 TeV
25<y<4.0

2.5 < M,, < 3.5 GeV/c?

—— Sum

----- Exclusive J/y
----- Dissociative J/y
----- J/y from yPb

----- Exclusive yy

----- Non-exclusive bkg.

s nn mmnam e

ALICE
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Run 1 ALICE Pb-Pb UPC at \/Syy = 2.76 TeV ®

ALICE

fE:‘ 8 Pb+Pb — Pb+Pb+J/y |s,,=2.76TeV  a)
= | -e--ee- AB-MSTW08
> 7F _--_ css e ALICE Coherent J/y
O — - AB-HKNO7 je— o Reflected
3 — — STARLIGHT

6 '''''' GM ‘0‘. ’Q’

SIEY LM-fIPSat
5 ----- AB-EPS09 g 8
RSZ-LTA S PR !

Phys. Lett. B 718 (2013) 1273-1283 y
ALI-PUB-66209
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Run 1 ALICE p-Pb UPC at /Syy = 5.02 TeV

ALICE
X
5 10+ 107 1654 10"
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Outlook: Impact of ALICE and LHC UPC results

* Reweighted EPPS16 nPDFs with LHC results

* Run 2: ALICE +
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