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Where QCD is now %

m The proton is dominated by gluons for Bjorken-x < 1072 (HERA). ALICE

Accardi et. al.: Eur.Phys.J.A 52 (2016) 9, 268
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Where QCD is now %

m The proton is dominated by gluons for Bjorken-x < 1072 (HERA). ALICE
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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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Where QCD is now %

m Transverse gluon distribution is non-trivial due to quantum fluctuations. ALICE
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m The LHC allows us to measure the gluonic structure of nuclei at different small Bjorken-x.
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Some important QCD questions

ALICE

Roman Lavi¢ka ALICE results on 7-Pb interactions



Some important QCD questions %

ALICE
What is the Bjorken-x evolution of the gluon structure?

Measure the dependence on the transferred energy.
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Some important QCD questions %

ALICE
What is the Bjorken-x evolution of the gluon structure?

Measure the dependence on the transferred energy.

Can we learn more about structures inside nucleus?
Measure the dependence on the momentum transfer |¢|.

Can we find more tools for studying above?
Indentify the coherent photoproduction in events with nuclear overlap.

ALICE has made extensive studies of these topics!
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Vector meson photoproduction to

m At lowest order:

Pb Pb

p.Pb t p.Pb

study gluon distributions %

ALICE

Wipp = 2Ep, My e ™

2
M7y
2
W'be

Bjorken—x =

2 2
t= (Pi,target - pf,target) c

m Different mesons, rapidities, transverse momenta, targets —
different transferred energies (Bjorken-x), transferred momenta.

m Provides information on gluon distribution in proton and nuclei.
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ALICE

Ultra-peripheral collisions

Hunting down gluon saturation in the proton

ALICE results on 7-Pb interactions



When gluons abundance saturate %
m QCD allows gluons-only vertex.
ALICE

Gluon abundance different at different scales.

Gluon splitting

When splitting dominates, gluon density rises.

m With higher energies, probability of gluon
recombination increases.

Gluon recombination

At some point, these two processes equal and
gluon density stops rising with energy.

m Gluon saturation.

Gluon saturation a Q:

Roman Lavitka ALICE results on -Pb interactions 8/26



When gluons abundance saturate %
m QCD allows gluons-only vertex.
ALICE

Gluon abundance different at different scales.

Gluon splitting

When splitting dominates, gluon density rises.

m With higher energies, probability of gluon
recombination increases.

Gluon recombination

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

Gluon saturation m Q: When does this regime start?
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Exclusive J/1 in proton-lead collisions %

Bjorken-x . ﬂ LICE
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ALICE: Phys. Rev. D 108, 112004 (2023)
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Exclusive J/1 in proton-lead collisions

o(y+p — JAp+p) (nb)

Bjorken-x
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ALICE: Phys. Rev. D 108, 112004 (2023)
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ALICE results on 7-Pb interactions
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m Pb is source of photons ALICE
: oy — 1/ +y
Bjorken—x 2E, exp

m Proton probed
down to x = 107>

= Current data
compatible with
power-law growth.
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Dissociative J/i in proton-lead collisions , " %
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Dissociative J/9 in proton-lead collisions
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ALICE results on 7-Pb interactions

ALICE: Phys. Rev. D 108, 112004 (2023)

ALICE

Bjorken—x =

m CCT model describes data well.

Cepila et. al.: Phys. Lett. B 766 (2017) 186

s Predicts saturation
at 500 GeV.

m More data needed.
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ALICE

Ultra-peripheral collisions

| t|-dependence
of the photonuclear cross section
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10%

Coherent vs incoherent photonuclear

Pb+Pb — J/U + Pb + Pb, /s = 5.02TeV,y = 0

roduction

ALICE

10?

10!

10°

do/dtdy [mb/GeV?]

107!

Incoherent

&— Coherent

fluctuations

Effect of

2.2
t= (Pi,target - Pf,target) ¢

m Wider |t|-distribution — scatter of smaller object.
m Variations — quantum fluctuations.

m Fluctuations = subnucleon degrees of freedom.

0.1 0.2 0.3 0.4
[t] [GeV?]

0.5 0.6 0.

Mantysaari et. al.: Phys. Lett. B 772 (2017) 832-838
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Mantysaari et. al.: Phys. Lett. B 772 (2017) 832-838
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m Q: Are subnucleon dof. significant?
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|t|-dependence of incoherent J /1 photonuclear cross section

do,py/dlt] (mb GeV?)

Model / Data
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ALICE: Phys. Rev. Lett. 132, 162302 (2024)
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m Two groups, each offering two options:

m Nucleon has no internal structure:
MS-p, MSS, GSZ-el.

m Nucleon has subnucleon dof:
MS-hs, MSS-fl, GSZ-el+diss.

m No model fully describes data, but...

ALICE results on 7-Pb interactions

CE
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|t|-dependence of incoherent J /1 photonuclear cross section

do,py/dlt] (mb GeV?)

Model / Data
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ALICE: Phys. Rev. Lett. 132, 162302 (2024)
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|t|-dependence of incoherent J /1 photonuclear cross section
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ALICE results on 7-Pb interactions

. . A
Two groups, each offering two options:

m Nucleon has no internal structure:
MS-p, MSS, GSZ-el.

m Nucleon has subnucleon dof:
MS-hs, MSS-fl, GSZ-el+diss.

No model fully describes data, but...
...slope favors subnucleon dof!

Normalization linked to the scaling from
proton to nuclear targets.

Probing for gluonic " hot spots”
in Pb for the first time!

®

CE
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Larger picture: coherent + incoherent J /4 photoproduction
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ALICE results on 7-Pb interactions

®

ALICE

m ALICE covers three orders of
magnitude in |t| with a
HERA-like accuracy.

= Study target size
and subnucleonic
structure!
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ALICE

Collisions with nuclear overlap

Disentangle hadro- and photoproduction

ALICE results on 7-Pb interactions



VM photoproduction in collisions with nuclear overlap %
Etgm‘:”lllnllnull”lII”II”HI””IH” ALICE

ALICE, Pb-Pb VS_NN =5.02 TeV ]

I oW, 28<y <4 m Dramatic increase of Raa at low pr!
p, <0.3GeVic § Data| |Model
Foo 03<p <1GeVic } Data[ |Model B

\ 1<p,<2GeVic  } Data [ Model m Model: coherent photoproduction +
_— hadroproduction with QGP effects
‘ = (colour screening and c-quark recombination)

Shi et. al.: Phys. Lett. B 777 (2018) 399-405

0 e e e 0 hee 500 550 o0 ® Model describes the data very well —

Nowrd enhancement interpreted as

ALICE: Phys. Lett. B 846, 137467 (2023) Coherent photoproduct|on
NP/b—Pb
J
< Tap > 0']/¢
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Coherent J/¢ photoproduction centrality dependence: fwd rapidity

5 700 prr m GG-hs: W-dependent hot-spot mOdeIHLICE
2 F  ALICE, Pb-Pb {5, =5.02TeV  [a]Data 3] Klusek-Gawenda et. al.: Phys. Rev. C 93, 044912 (2016)
> 600 --lIMS2  —IMS3 ] .
55 [ Jwoww.25<y<4 --GBWS2 —GBWS3 ] m v flux constrains on b range.
%' 500 p,<03Gevic -+ GG-hs = )
E Gent corr. syst. uncert. = 6.6% — VoM ] m VDM: Vector dominance model
400 - - E Gay Ducati et. al.: Phys. Rev. D 9,7 116013 (2018)
300 - - g m 7 flux on the spectator region only.
200 = L E— 3 m GBW/IIM: Dipole models
EEE - = ] Cepila et. al.: Phys. Rev. C 97, 024901 (2018)
100 3 . i
c - m 52: v flux like VDM + unmodified o, py,
Covn bbb b b Loy e 0] . 1fi
% 50 o0 150 200 250 300 350 400 m S3: 52, but modified oypp
N (no overlap region).

ALICE: Phys. Lett. B 846, 137467 (2023)

m Mild centrality dependence
within uncertainties compatible with no variation

at (semi-)peripheral centralities.
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Coherent J/¢ photoproduction centrality dependence: midrapidity

/dy (Wb)

JIp
coh

do

700 — ' T n
- L e W t al. 1
[ ALICE Preliminary Phys,%{:v.acgg (2019) 061901 ]
600 = po-pb, {5y, = 5.02 Tev - - - MB. Gay-Ducati et al. (GBW S2) ]
E TiE RS e
500 Jy - e, ly] <09 VB, Gay-Ducati etal. (IMS3) 7
E b <02Gevic Phys. Rev. D97 (2018) 116013
F T . ]
400 [ Global syst. uncertainty: 2.2% T R BTy 24001 T
300F .= = 3
200 ﬁ ﬂ 3
100 =
0 P S SR R SR
20 40 60 80
IN O

el
15}
a3

Mild centrality dependence
within uncertainties compatible with no variation

within the studied centrality range.

m GG-hs: W-dependent hot-spot mOdeIFILICE

Klusek-Gawenda et. al.: Phys. Rev. C 93, 044912 (2016)
m 7 flux constrains on b range.
m VDM: Vector dominance model
Gay Ducati et. al.: Phys. Rev. D 9,7 116013 (2018)
m 7 flux on the spectator region only.
m GBW/IIM: Dipole models
Cepila et. al.: Phys. Rev. C 97, 024901 (2018)

m 52: v flux like VDM + unmodified o, pp,
m S3: S2, but modified o, pp,
(no overlap region).
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Coherent J/¢ photoproduction centrality dependence: midrapidity
m GG-hs: W-dependent hot-spot mOdeIFILICE

= 700 p———T—————T T -_
Q
= E ALICE Preliminary —_— ‘é{;éﬁagb%gg (2019) 061901 E Klusek-Gawenda et. al.: Phys. Rev. C 93, 044912 (2016)
5 B00L Po-po, s -5.02Tev oo GayBucaliela Efﬁﬁ‘g’zsa_; m 7 flux constrains on b range.
23 E J-eelyl<09 T WiB Gy Ducat ol (i 85 .
_g 500 p. <0.2 GeV/c Phys. Reyv D97 (2018) 116013 m VDM: Vector domlnance modeI
£ Pr 3
400 Global syst. uncertainty: 2.2% ,J:Eyesp"p?;,‘ ?;Ig G<(23018) 024901 7] Gay Ducati et. al.: Phys. Rev. D 9,7 116013 (2018)
- = ] m 7 flux on the spectator region only.
300F .= b 3
E W ki 3 = GBW/IIM: Dipole models
200 E ﬁ E Cepila et. al.: Phys. Rev. C 97, 024901 (2018)
100 - 3 m 52: v flux like VDM + unmodified o, pp,
0:. T R R R SRR m 53: 52, but mo_d'f'ed OyPb
20 40 60 80 (no overlap region).
D\l'oa mal

= Results in agreement with
models which assume that only
the spectators act as target.

m Mild centrality dependence
within uncertainties compatible with no variation

within the studied centrality range.
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ALICE

Collisions with nuclear overlap

Coherent J/¢ photoproduction
rapidity dependence

ALICE results on 7-Pb interactions



Rapidity dependence in peripheral collisions %

ALICE
g350:--|---|---|"'|"'|"'|"'|"'|:
= F ALICE Preliminary H e vl
> a0 A Estimated hadromc yield subtracted
{g ;—$— 70-90% 1 from raw yield.
250 E N/TE Ty Ty -
© r p, <03 GeV/c ]
u Global syst. unc.: 7.4% ] . .
200 e e 7 = Corrected on incoherent production
150 and the feed down from ¢’ .
- ——
——
100 =
50 —=—] u Cross section falls with y.
26 28 3 32 34 36 238 4
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Rapidity dependence in peripheral collisions:

150

100

50

ALICE Preliminary
Pb-Pb, s = 5.02 TeV

70-90% ]

J - -

- e p.< 0.3 GeV/c ]

Global syst. unc.: 7.4% p

—— GBWS3 e
— IMS3 ]
Phys. Rev.D 97 (2018) 11, 116013 = ]
—=2Zha e 7
Phys.Rev.C 99 (2019) 6, 061901 ]

----- GG-hs ™ ]

Phys.Rev.C 97 (2018) 2, 024901
1 1 1 1

1
26 28 3 32 34 36 38 4

model comparison

~A v
’

ALICE Preliminary
Pb-Pb, \/s = 5.02 TeV
70-90%

Jg -

P < 0.3 GeV/c

Global syst. unc.: 7.4%

—— GBW S3
— IM 83

Phys. Rev.D 97 (2018) 11, 116013 -
| IR BRI SRR R |

26 28 3 32 34 36 38

m Models do a fair job to describe data, but not perfect.
m Similar observation also with UPC data. (ALICE: Eur. Phys. J. C 81 (2021) 712)
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ALICE

Collisions with nuclear overlap

Inclusive J/1 polarization




Testing polarization conservation hypothesis

Hypothesis: Produced vector meson keeps the (transverse)
polarization of incoming photon due to
s-channel helicity conservation

Gilman et. al.: Phys. Lett. B 31, (1970) 387-390

Polarization: particle spin alignment wrt. a chosen direction.

Helicity frame: momentum direction of the VM.
Dilepton decay angular dist.Faccioli et. al.: Eur. Phys. J. C 69, (2010) 657-673

W (cos 6,¢)o<ﬁ~ (1+)\9 cos? 0+Ag sin @ cos 2¢+Agy sin 20 cos 4))

Strong indication of photoproduction.
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Inclusive J/¢ polarization in peripheral collisions %

ALICE
L L LA I IR I
| ALICE Preliminary
10000_ Pb-Pb, |5 = 5.02 TeV, 70-90%
L J/W - p*y, Helicity Frame . o .
L p, <0.3GeVic m pr<0.3 GeV/c in 70-90% centrality range.
© 8000 25<y<4.0
a3 " 0.0<|cos6| < 0.6
S r e !
© T 1
Seoool , 4 + ]
° T 1 = W(cosf,¢) with (Ag, Agy) = (0,0)
L m Data (stat. uncert) | fits data well.
4000__ Ny [1+ A cos26] |
o ]

L v b by b by
0 01 02 03 04 05 06
|cosd|
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J/¥ polarization %

ALICE
! 1 ®m Ap matches +1
L ALICE Preliminary 1 0 :
3: Pb-Pb, \[syy = 5.02 TeV ]
T Helicity Fi ® 70-90% b . . .
o elelyrrame ° 1 = Hints a transverse polarization.
r Jg - prp p; < 0.3GeVic 7
L 25<y<40 e UPC E
2r p, <0.25GeV/c |
~ [ arXiv:2304.10928 |
L gy 7]
0f :
i Uncertainties: stat. (bars), syst. (boxes) ]
p

ALI-PREL-546778
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J/¢ polarization %

ALICE
T ] A h 1
L ALICE Preliminary ] = Ag matches +1.
3: Pb-Pb, \[syy = 5.02 TeV ]
e v ] w Hints a transverse polarization.
[ 25<y<40 o UPC ]
2r p, <0.25GeVic ]
~ I arXiv:2304.10928
POV 1 OSSR J = Consistent with coherent J/¢ polarization
. H ] results from UPCs.
of : : :
- N 1 = Final proof of photoproduction
t Uncertainties: stat. (bars), syst. (boxes) ] in events with nuclear Overlap.

Roman Lavitka ALICE results on y-Pb interactions 25/26



(partial) answers to QCD questions

ALICE
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(partial) answers to QCD questions %

What is the Bjorken-x evolution of the gluon structure? ALICE

New p-Pb measurements essential for probing the energy dependence of the cross section
in a model-independent way.

Roman Lavitka ALICE results on -Pb interactions 26 /26



(partial) answers to QCD questions %

What is the Bjorken-x evolution of the gluon structure? ALICE

New p-Pb measurements essential for probing the energy dependence of the cross section
in a model-independent way.

Can we learn more about structures inside nucleus?
Yes, in 2D; target size and subnucleonic structure studied.
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(partial) answers to QCD questions %

What is the Bjorken-x evolution of the gluon structure? ALICE

New p-Pb measurements essential for probing the energy dependence of the cross section
in a model-independent way.

Can we learn more about structures inside nucleus?
Yes, in 2D; target size and subnucleonic structure studied.

Can we find more tools for studying above?
Yes. Various results show photoproduction in events with nuclear overlap.

Outlook for Run 37 See talk by Nazar Burmasov here today at 17:02!
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ALICE

BACK UP
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