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% Quarkonia as a probe in small systems
ALICE

Quarkonia: cc/bb weakly bound states FPy(Q?)

o Varieties of excited states: J/{, $(2S), Y(nS), ...

o Production of heavy quarks at early time
* pQCD

o Bound state formation D
* non-perturbative QCD F,(Q2)
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% Quarkonia as a probe in small systems
ALICE

Quarkonia: cc/bb weakly bound states "
o Varieties of excited states: J/{, $(2S), Y(nS), ...
o Production of heavy quarks at early time
* pQCD
o Bound state formation
* non-perturbative QCD F,(Q2)
In “vacuum” production Phys. Report (2020) 85 02,006
o Measured differentially and quite
precisely calculated
o Access to PDF
o Used as reference
High-multiplicity environment
o Multiparton Interaction (MPIs)
o Collectivity
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% Quarkonia as a probe in small systems
ALICE

Quarkonia: cc/bb weakly bound states

o Varieties of excited states: J/, {(2S), Y(nS), ..< ',i :_n-;};l,gl;,.n,q ‘ .
o Production of heavy quarks at early time ghp \ ________________ 1.
° pQCD 1.03 : “
o Bound state formation 5 TP
* non-perturbative QCD o7} D
In “vacuum” production 08 e s i
o Measured differentially and quite e R
precisely calculated Eur. Phys. ) C 77 (2017) 3, 163
o Access to PDF
o Used as reference
High-multiplicity environment In “cold-medium” production:
o Multiparton Interaction (MPIs) o nPDF: PDF modification

o Coherent energy loss
o Nuclear absorption
o Comover

o Collectivity
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% Quarkonia as a probe in small systems

ALICE

Quarkonia: cc/bb weakly bound states

o Varieties of excited states: J/U, U(2S), Y(nS), .= 1a[F51¢

o Production of heavy quarks at early time
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o Bound state formation
_non-perturbative QCD
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In “vacuum” production I
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o Access to PDF
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In “cold-medium” production:

nPDF: PDF modification
Coherent energy loss
Nuclear absorption
Comover
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% Quarkonia as a probe in small systems
ALICE

Quarkonia: cc/bb weakly bound states
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% Quarkonia as a probe in Pb—Pb

ALICE
In "hot_medium" prOd uction. legacy static picture modern dynamical picture
Quark-Gluon Plasma (QGP) @
o Quarkonia suppression e’ g o
 Depend on bounding energies Ts o
* Picture moved from static to s
dynamical nowdays Phys. Report (2020) 858 02.006
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% Quarkonia as a probe in Pb—Pb

ALICE
|n "hot_medium" production. legacy static picture modern dynamical picture
Quark-Gluon Plasma (QGP) @
o Quarkonia suppression e’ g o
 Depend on bounding energies Ts o
* Picture moved from static to s
dynamical nowdays Phys. Report (2020) 858 02.006

o Quarkonia re-generation
* In-medium?

d
= No(®) = —To(T(®))[No () — No* (T(1))]

NPA 943 (2015) 147-158
PLB 749 (2015) 98-103 TAMU} Comover; e
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% Quarkonia as a probe in Pb—Pb

ALICE
|n "hot_medium" production. legacy static picture modern dynamical picture
Quark-Gluon Plasma (QGP) @
o Quarkonia suppression e’ g o
 Depend on bounding energies Ts
* Picture moved from static to s
dynamical nowdays Phys. Report (2020) 858 02.006

o Quarkonia re-generation
* In-medium?
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PLB797 (2019)134836  Stgtjstical hadronization model
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% Quarkonia as a probe in Pb—Pb

ALICE
In "hot_medium" production. legacy static picture modern dynamical picture
Quark-Gluon Plasma (QGP) @
o Quarkonia suppression e’ g a9
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* Picture moved from static to s
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o Quarkonia re-generation
* In-medium?
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cc(t) zchZ[nD +nA ]+ 9c Vz[nl/) +n)(l +- ]+

PLB 797 2019)134836  Sfgfistical hadronization model
o Parton energy loss at high transverse momentum
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% The ALICE detector:

ALICE Run 2 setup
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% The ALICE detector:

ALICE Run 2 setup

Time-Of-Flight detector
PID
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% The ALICE detector:

ALICE Run 2 setup

Time-Of-Flight detector
PID

Time Projection
Chamber [B===
Tracking & PID LE TN

R

—
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% The ALICE detector:

ALICE Run 2 setup

Time-Of-Flight detector
PID

Time Projection
Chamber —
Tracking & PID 2

=

ALICE Diffractive
Veto activity
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% The ALICE detector:

ALICE Run 2 setup
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ALICE

The ALICE detector:
Run 2 setup

Time-Of-Flight detector
PID

Time Projection
Chamber
Tracking & PID

=

ALICE Diffractive
Veto activity

Background rejection
Veto activity

VZERO ‘ ﬂ

Trigger
Centrality
Background rejection
Veto activity
Multiplicity
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ALICE

The ALICE detector:
Run 2 setup

Time-Of-Flight detector
PID

Time Projection
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Background rejection
Veto activity
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The ALICE detector:
Run 2 setup
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The ALICE detector:
ALICE Run 2 setup
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% The ALICE detector:

ALICE Run 2 setup
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Quarkonium production in pp collisions

ALICE Cross sections

Eur. Phys. J C 83 (2023) 61
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Precise p-differential measurement for various /s energies
o Models qualitatively well describe cross sections
o Tensions observed in the ratios
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% Quarkonium production in pp collisions

ALICE J/W in jets
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(Non-)prompt J/ fragmentation function
o Similar within uncertainties for most of z values
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Constraining MPI scenarios:
quarkonia production as a function of multiplicity

I
ALICE
E 20_'"'I""I""I""I'"'I""I""I""_
g [
% _g 15'_ Nmpr % Nep & Nhard _'
'z’ :
© g - -
10} :
i Scale with mean multiplicity ]
i (basic MPI idea)
5r -
N Vi i et viviy et
0 1 2 3 4 5 6 7
dNCh/dT] INEL>0
(AN, 7dn) Lics
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% Constraining MPI scenarios:

alLicE quarkonia production as a function of multiplicity
' arxiv:2209.04241
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k) ALICE pp ]
>|= O r(S)— u'w,25<y<4,Vs=13TeV, INEL> 0, SPD 7
33 e Y(1S) ¢ Y(2S) x Y(39)
[ Inclusive Jiy — p*p’, 2.5 < y < 4, SPD ]
15 oVs=13TeV,INEL>0 I}] 7
Vs =7TeV, INEL (]
o s =5.02 TeV, INEL > 0 1
10 Inclusive Jiy — e*e’, [y| <0.9 l§| -
[ Vs=13TeV, INEL>0 @ [e] 1
0 SPD
5 VOM o+
5 _ =
O e
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Production vs charged-particle multiplicity:
o Simple MPI scenario at forward y
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Constraining MPI scenarios:

alLicE quarkonia production as a function of multiplicity

arxiv:2209.04241
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[ Inclusive Jiy — p*p’, 2.5 < y < 4, SPD
15 oVs=13TeV,INEL>0

Vs =7 TeV, INEL
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10

[~ Inclusive J/ly — e’e, |y < 0.9
[ V{s=13TeV,INEL>0

0 SPD
o VOM

dN,,/dn
(dN /dn)

Production vs charged-particle multiplicity:

o Simple MPI scenario at forward y
o Non-linear increase at midrapidity
* Qualitatively reproduced by models
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Constraining MPI scenarios:

quarkonia production as a function of multiplicity
arxiv:2209.04241

l]lllIllllllllllIllllllllll'll

LI LR L I LI INLINLINLINL I LI NN N LI LB

o LI
NN 1 o N
oo [ ALICEpp ] O 3F ALICEpp Vs=13 TeV
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3-pomeron: Eur. Phys. J C 80 (2020) 6, 560

Production vs charged-particle multiplicity: ~F 0.0 500 052023

: . Pythia 8.2: Comput.Phys.Commun. 191 (2015) 159-177
o Simple MPI scenario at forward y o o8 745 (2015) 98103

o Non-linear increase at midrapidity
* Qualitatively reproduced by models
o Same behavior observed for J/, P(2S) and Y(nS)
at forward y
11/09/23 | CNFS/Stony Brook University — Maxime Guilbaud



https://link.springer.com/article/10.1140/epjc/s10052-020-8086-4
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.054023
https://www.sciencedirect.com/science/article/pii/S0010465515000442
https://www.sciencedirect.com/science/article/pii/S0370269315005766?via%3Dihub
https://arxiv.org/abs/2209.04241

Constraining MPI scenarios:

quarkonia production as a function of multiplicity
arxiv:2209.04241
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3-pomeron: Eur. Phys. J C 80 (2020) 6, 560

Production vs charged-particle multiplicity: ~F 0.0 500 052023

Pythia 8.2: Comput.Phys.Commun. 191 (2015) 159-177

O Slmple MPI-Scenarlo at fc.erard y Comovers: PLB 749 (2015) 98-103
o Non-linear increase at midrapidity f et e s ea e s EeEEEanEaEarannannrannnnrn
« Qualitatively reproduced by models We also have some DPS  :

o Same behavior observed for J/iy, $(25) and Y(nS) i, Fesults for I/ - see backup ;
at forward y
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nPDF model constraints:
ALICE J/U production in p—Pb collisions

JHEP 07 (2023) 137

Rpr

1.8-ALICE, p-Pb, S = 8.16 TeV
1 sbInclusive

1.4

II|I|I|

0.8
0.6

* theoretical models for prompt J/y production
reweighted nCTEQ15 (Lansberg et al.)
0. 4* [ reweighted EPPS16 (Lansberg et al.)
N EPSOSNLO + CEM (Vogt et al.)

0. 2— == Energy loss (Arleo et al.)

Transport (Zhuang et al.)

_IllllllIl|l|l||l|l|l|ll||IIIYlIIIlIlIlIIlIII

inclusive J/y — e*e’

(extrapolated to p. = 0)
1.2/ = inclusive Jiy — pu
1 1 ' PR - - -~~~ - - == e mm e

OIIIIII[II|lIlI|IIII|IIII|IIIl|\III|IIII|IIII|IIII

TTT 7T

II|III|III|IIIIIII

5 4 3 2 -1 0 1 2

Hints on gluon shadowing & energy loss
o Larger suppression in p-going direction

4 5
Yems

nCTEQ15HQ: PRD 105 (2022) 11, 114043
EPPS16: Eur. Phys. JC77(2017)1,1
:Int. J. Mod. Phys. E 22 (2013) 1330007
Transport: JHEP 03 (2019) 015
: Eur. Phys J C77(2017) 3,163
Coherent energy loss: JHEP 05 (2013) 155
Transport: PLB 765 (2017) 323-327
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nPDF model constraints:
ALICE J/U production in p—Pb collisions

JHEP 07 (2023) 137
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1.8-ALICE, p-Pb, S = 8.16 TeV
1 sEInclusive

nCTEQ15HQ: PRD 105 (2022) 11, 114043
EPPS16: Eur. Phys.J C77(2017)1,1

:Int. J. Mod. Phys. E 22 (2013) 1330007
Transport: JHEP 03 (2019) 015

Rpr

inclusive J/y — e*e’

II|III|III|IIIIIII

1.4 . rrapolated to b < 0 : Eur. Phys .J C 77 (2017) 3, 163
[ (ex rapolated to pT - ) Coherent energy loss: JHEP 05 (2013) 155
1.2|1 = inclusive Jiy — prw Transport: PLB 765 (2017) 323-327

1 | ‘- i 1 g 2_5 LILUNLINN L L LI L L L L LN L LI B LI BRLINLBL N ILBRLBL BB
‘ p—Pb, prompt J/y
08 - ® ALICE, {5, =816 TeV, -1.37 <y_ <0.43

A,

0.65 ol m ALICE, |5, =5.02TeV, -1.37<y_ <043 |
“YL *theoretical models for prompt J/y production + CMS \/S— ~502TeV. -09 < C:SO ]
N reweighted nCTEQ15 (Lansberg et al.) > YENN T T e Y ems |
0.4~ 7 reweighted EPPS16 (Lansberg et al.) . ATLAS, (s =5.02TeV, -2<y_ <15 i
B EPSO09NLO + CEM (Vogt et al.) ] =
0.2[ === Energy loss (Arleo et al.) - 15 Prompt _

Transport (Zhuang et al.)
O_IIIIII[Il|l|l|||||I|IIII|III\|\III|IIII|IIII|IIII

5 4 3 2 -1 0 1 2 3 4 5
ycms

|

Hints on gluon shadowing & energy loss

nCTEQ15HQ (Duwentéster et al.)

h

| I I | I I

o Larger suppression in p-going direction °° reweighted EPPSTG (Lansberg et al)
EPSO09NLO + CEM (Vogt et al.)
o J/P more suppressed at low-p [ Transport (Du et al)
0III|II\|III|III|III|IJI|III|III|III|III

0 2 4 6 8 10 12 14 16 18 20

Are gluon shadowing & energy loss competing effects? p; (GeVic)
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https://link.springer.com/article/10.1007/JHEP07(2023)137
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.114043
https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9
https://www.sciencedirect.com/science/article/pii/S2405601417302602
https://link.springer.com/article/10.1007/JHEP03(2019)015
https://link.springer.com/article/10.1140/epjc/s10052-017-4692-1
https://link.springer.com/article/10.1007/JHEP05(2013)155
https://www.sciencedirect.com/science/article/pii/S0370269316307596

% Charm production in Pb—Pb:

ALICE inclusive J/ Ry,
' arxiv:2303.13361
< L I L B LS A L < ' ' ' I ' ' ' T
= 2k ALICE 4 o 2F ALICE —
Pb—Pb, sy = 5.02 TeV | | Pb—Pb, sy = 5.02 TeV i
Inclusive J/y i | Inclusive J/y i
® 0-10%, ly| < 0.9 i i ® |y[<0.9(0.15<p < 15GeVic) |

® 0-20%,25<y<4 ® 25<y<4(03<p, <8GeVic)

I M—‘# o 1 : 1
OO o tl'> o 1IO o 1I5 o 20 00 2(|)() I I l 4(|)0
P, (GeV/c) ( Npart>

Charmonia regeneration at low p;
o R, measurement is consistent with J/{ flow measurement

Regeneration at midrapidity > regeneration at forward rapidity
o Heavily depends on the local charm quark density
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https://arxiv.org/abs/2303.13361

% Charm production in Pb—Pb:

ALICE inclusive J(2S) Ry

arxiv:2210.08893

< L L L I I L
< [ pp _ ]
@y 4f POPO Vsyy=5.02 TeV CMS, ly_ | < 1.6, 0-100%]
: AL|CE, 25< ycms < 4, 0-90% (EPJC78(201 8)509) ]

12F ® Jy (JHEP 2002 (2020) 041) o Jpy -
F o y(29) V(2S) ]

J[rrmmm -

[ TAMU 5
0.8f Ody
EEEI Cw@s) ]
0.6F -
=4 s
0.4F _EI_ = - h
0.2F ‘EJF__¢.__ ]
O:l L 1 1 I 1 L 1 1 I 1 1 1 1 I 1 1 1 L l lllllllll :
0 5 10 15 20 25 30
P, (GeV/c)

Y(2S) as a tool to test regeneration scenario

o (2S) more suppressed than J/Y
o Hint of {(2S) regeneration at low p;
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% Charm production in Pb—Pb:

ALICE inclusive J(2S) Ry

arxiv:2210.08893

< LA DL B AL I IR L -SSR LRI ILRLELELE SLELELELE SLRLLELE LELELEL ILALELILE ILALALILE B
< [ - _ ] < [ ; ; + - ]
14 : Pb—Pb, \sy=5.02 TeV CMS, Iy | <1.6, 0-100%- @ 16F ALICE, inclusive JAy, y(2S) — n'u 3
[ ALIGE,25<y, <4,0-90%  (EPJC78(2018)509) b Pb—Pb, (s, =5.02TeV,25<y_ <4 ]
1.2 ® Jy(JHEP 2002 (2020) 041) e Jiy 7] 1'4:_ E% i‘jxl,c " Jy,0.3<p <8 GeV/c (PLB 766 (2017) 212) 1
- y(2S) y(2S) . 12F COv@S) —y(2S) e y(29), 03<p <12GeVic -]
A rem e — I ]

i TAMU ] 1L
0.8 Oy 2 ’ :
EEEI Cw(2S) 1 0.8F .
0.6F ] - ]

_ : 0.6
e ] 5 5
0.4F _EI_ E@Eﬁ_ﬂ_ - . 04F 7 4] .
o2f W 1 o2f ;
: 1 L 1 1 I 1 1 L 1 I 1 1 1 1 l 1 1 1 L I lllllllll : O:I — I i I Ll I S I S I L I S I L I I:
05 5 10 15 20 o5 30 0 50 100 150 200 250 300 350 400
p. (GeV/c) (N
. . TAMU: NPA 943 (2015) 147-158
Y(2S) as a tool to test regeneration scenario SHMc: PLB 797 (2019) 134836

o (2S) more suppressed than J/Y
o Hint of {(2S) regeneration at low p;

Theoretical model uncertainties still large BUT {(2S) data better
described by Transport model
11/09/23 | CNFS/Stony Brook University — Maxime Guilbaud | 10


https://www.sciencedirect.com/science/article/pii/S0375947415002055
https://www.sciencedirect.com/science/article/pii/S0370269319305507
https://arxiv.org/abs/2210.08893

% Charm production in Pb—Pb:

prompt J/ at midrapidity

Looking at prompt production (charm)

only at midrapidity

ALICE
arxiv:2308.16125
é 2: T |A|LI|CE| T I T T T | T T T : § 1_6_] LI | T 17T I T T 1 I L | T 1T | T 1T | L I L J_
180 E - ALICE  Pb-Pb, {5y,,=5.02TeV |
C 1 6:— Pb-Pb, 0-10%, \s, = 5.02 TeV E c 1-4: Prompt J/y, |y| < 0.9 :
1'4? Prompt J/y, Iy < 0_'9Data : 1.2F 1.5<p_<10GeV/c -
r Dissociation 1 1:_ ___________________________________ F
1.20 + SHMc = - H " i
- [_[BT ] - _
1» ----------------------------------- -—: 0-8:_ _:
0.8F — 0.6_— _
0.6F- $ - - 1
) E E 0.4 ]
0.4 . — - m Data ]
0 2:_ I [ ] E 0.2 BT —
- E | | | | I | l‘ . | | i . ; O:I 11 | 11 1 1 | 11 1 1 I L1 1 1 | 11 1 | 11 1 1 | L1 1 1 I | I ]_—
q) o 4 6 8 10 0 50 100 150 200 250 300 350 400
p. (GeV/c) (N ?

: PLB 778 (2018) 384-391

: PLB 797 (2019) 134836

: PRC43(2019) 12, 124101

o Consistent with regeneration + suppression

scenarios
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https://www.sciencedirect.com/science/article/pii/S0370269318300467
https://www.sciencedirect.com/science/article/pii/S0370269319305507
http://cpc.ihep.ac.cn/article/doi/10.1088/1674-1137/43/12/124101
https://arxiv.org/abs/2308.16125

% Quarkonium polarization

ALICE

Related to spin alighment of a particle w.r.t a given axis :
o Very intense magnetic field generated, highly vorticial fluid:

- —

o For a vector meson (v), the total angular momentum

U, J.)is :
|V:];]z> — b+1|11 +1) + boll,O) + b—1|11 _1)

Reactj . L. . : _
—nplane | o Quarkonium polarization via polarized qg
recombination and polarized q(q) fragmentation
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% Quarkonium polarization

ALICE

Related to spin alighment of a particle w.r.t a given axis :
o Very intense magnetic field generated, highly vorticial fluid:

N ?’LM ‘ o For a vector meson (v), the total angular momentum
/fﬁ: Ur ]z) IS :
= |V:],]z>=b+1|1,+1)+b0|1,0)+b_1|1,—1)
Reges:
'ec?Ct',"”P’ane o Quarkonium polarization via polarized qq
Eur. Phys. J. C 69 (2009) 657-673 recombination and polarized gq(q) fragmentation
quarkonium
rest frame [ o The angular distribution of the decay products is
production linked to the spin alignment
plane \
5 (Ag, Aps Ag,) = (0,0,0) = no polarization

(Ag, Aps Agy) = (+1,0,0) = pure transverse
(Ag, Aps Agy) = (-1,0,0) = pure longitudinal

W (cosO, ¢p) «

374, (1 + A9 cos? 0 + A4 sin® 6 cos2¢ + Ag,5in26 cose)
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https://link.springer.com/article/10.1140/epjc/s10052-010-1420-5

% Quarkonium polarization:

ALICE Results in Pb-Pb wrt. event plane

New measurement using an Event Plane (EP) based frame
o Axis orthogonal to the Event Plane in the collision center-of-mass frame
o > 3.5 o0 deviation from 0 observed in 40-60% centrality range
o >3.9 o deviation from 0 observed at low p; in 30-50% centrality range
o Full theoretical description needed

PRL 131 (2023) 4, 042303

D 0.5 [TTTrrprrTT I T T TT I T 1T I T 1T I |||||||||||||||| I T 1T |_ D 0.6 L T T T I T T T I T T T I T T T I T ]
< F ] S F ]
- AL|CE Pb-Pb \s,, = 5. 02 TeV 1 0.5C ALICE, Pb-Pb |s,, =5.02 TeV E

045 |nclusive Jhy = pru E 04 - Inclusive J/ly —> pp, 25<y <4 E

03F 2<p <6GeVic,25<y<4 - i ]
: : 0.3F -

et o e

I = S

~0.1F ¢ Stat. uncert. ] - ¢ 0-20% ;
E]Syst uncert Event plane - -0.2 - % 30-50% Event plane
_02 |||||||| [N I b b b b b g g gl -0. .. v oy ey ey by I
0 10 20 30 40 50 60 70 80 90 10C 0 30 2 4 6 8 10 12
Centrality (%) P, (GeV/c)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.042303

UPC in p—Pb:

ALICE probing the gluon PDF

Probing nuclear/proton gluon density
Pb Pb

JIy crm{ed
partwle

t
p or Pb p or Pb
o Cross section sensitive to gluon

distribution functio

Photon flux

Photonuclear cross section

M
o Lowx:x= jEM +3’=>105<x<102at

LHC energies

o VM transverse polarization expected
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ALICE

UPC in p—Pb:
probing the gluon PDF

Probing nuclear/proton gluon density
Pb

p or Pb

o Cross section sensitive to gluon
distribution function

dO'X
dy

. _ Mym
o Lowx:x= NG

LHC energies

A = n]/,l(y)o-)/A(y) + ny,Z(_y)O-]/X(_y)

107"

arXiv:2304.12403

Bjorken-x

1072 1073 1074 107°

Pb

| LALRLELELE T

| AR | LA T

ALICE p-Pb sy, =8.16 TeV
ALICE p-Pb \sy, = 5.02 TeV -
LHCb pp Vs = 7 TeV and 13 TeV (W+ solutions) b o]

LHCb pp Vs = 7 TeV and 13 TeV (W- solutions) | & W
qy?—qﬂﬁft‘

Fixed target (E401, E516, E687) /

b
i
™

| mmi JMRT NLO
CCT

i) A GF
Power-law fit to ALICE data
L L L 1 'l L1 I 1 1 L 1 L 1 L I

| LA T T

H1
ZEUS

5
~10°F °
= 10°¢
o =t
2 [ o
J/W m’é’ﬁi:dd ;]; o
particle £
©
10°F
p or Pb
|
10

etV = 105 < x<102at

o VM transverse polarization expected
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20 30 40 102 2x10? 10° 2x10°
W,, (GeV)

proton gluon PDF do not change as
a function of energy
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UPC in Pb—Pb:

cross-section & polarization
arXiv:2305.19060
Bjorken-x
1072 10°° 107 10°°
3 BI—YT T T IIIIITT T T IIIITIY T T IITIIIY T T II:
f 10 E ¢ ALICE, Pb-Pb |5, =5.02 TeV ]
f n 7 Guzey et al., using ALICE Pb—Pb {5, = 2.76 TeV (PLB 726 (2013) 290-295) ]
% A Contreras, using ALICE Pb—Pb |/s,, = 2.76 TeV (PRC 96 (2017) 015203) ) ]
- - Impulse approximation e - i
--- STARlight -
102}~ — EPS09LO .-
- AT = =
T ----GG-HS T e T =
-- b-BK-A ) . -

10 |

—.
= \
.‘\
\
x
.“‘ '
Ll

v 1 1 1 llllll 1 1 1 Illlll

20 30 4050 102 2%102 10°
Wbe,n (GeV)

15t energy dependence measurement down to x~10->

o Favor saturation and shadowing
IA: Phys. Rev. 85 (1952) 4, 636

STARIlight: Comput. Phys. Commun. 212 (2017) 258-268
EPS09 LO: JHEP 04 (2009) 065

LTA: Phys. Rept. 512 (2012) 255-393

GG-HS: PRC 97 (2018) 2, 024901

b-BK-A: PLB 817 (2021) 136306
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https://arxiv.org/abs/2305.19060
https://journals.aps.org/pr/abstract/10.1103/PhysRev.85.636
https://www.sciencedirect.com/science/article/pii/S0010465516303356
https://iopscience.iop.org/article/10.1088/1126-6708/2009/04/065
https://inspirehep.net/literature/913339
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.97.024901
https://www.researchgate.net/publication/351120042_Photonuclear_J_ps_production_at_the_LHC_Proton-based_versus_nuclear_dipole_scattering_amplitudes

% UPC in Pb—Pb:

ALICE cross-section & polarization
arXiv:2305.19060 arxiv:2304.10928
Bjorken- ALICE, Pb-P =5.02 TeV, Coh /
107 10° LU jor1%rj5x - T T |CI ,r ED T ?@ T 5-01 Ie| ,'C-o -er|ennt J-W T
S10°E o e e " = 14000 -
= = ¢ ALICE, Pb-Pb |/s =5.02 TeV 19 - -
£ I & Guzey etal., using ALICE Pb—Pb s, = 2.76 TeV (PLB 726 (2013) 290-295) ] § - § ALICE data -
% A Contreras, using ALICE Pb—Pb |s,,, = 2.76 TeV (PRC 96 (2017) 015203) % 12000:_ —W(cos(8), &, =0.75) _:
- - Impulse approximation | - |
--- STARlight 10000~ ]
102}~ — EPS09LO = C ]
- p—— - = 8000w
- ----GGHS et L N - ]
-~ b-BK-A 6000 :— — —:
- 4000 =
10 e = B ]
- %% - 2000f -
—//‘/ I I 1 | 1 I I | ] 0: T T T N T TN (NS T N S S S AN SN S N NN SO S | .
20 30 40 50 102 %102 10° -0.6 -0.4 -0.2 0 0.2 0.4 0.6
W by (GeV) cos(8 )
15t energy dependence measurement down to x~10->
o Favor saturation and shadowing
IA: Phys. Rev. 85 (1952) 4, 636
st : : STARIlight: Comput. Phys. Commun. 212 (2017) 258-268
1t coherent J/LI.{ polar-lzatlon measuremgnt | e
o Compatible with transverse polarization LTA: Phys. Rept. 512 (2012) 255-393

GG-HS: PRC 97 (2018) 2, 024901
b-BK-A: PLB 817 (2021) 136306

11/09/23 | CNFS/Stony Brook University — Maxime Guilbaud 15



https://arxiv.org/abs/2304.10928
https://arxiv.org/abs/2305.19060
https://journals.aps.org/pr/abstract/10.1103/PhysRev.85.636
https://www.sciencedirect.com/science/article/pii/S0010465516303356
https://iopscience.iop.org/article/10.1088/1126-6708/2009/04/065
https://inspirehep.net/literature/913339
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.97.024901
https://www.researchgate.net/publication/351120042_Photonuclear_J_ps_production_at_the_LHC_Proton-based_versus_nuclear_dipole_scattering_amplitudes

% J/¥ Photoproduction in peripheral
ALICE Pb—Pb collisions

=~ 30— 7T T T T ]
Coherent J/ photoproduction i:i: : ALICE Preliminary ]
. 300 - Pb-Pb, {sy =5.02TeV -]

o Observed as a yield excess at low- % - —ff— Po-Po. Vo

250 Jy = ww ]
C - - p,<0.3GeV/c ]

pr by ALICE in peripheral events

do

o Asin UPC, models fail to . mems= Globalsyst unci7.4%
reproduce the rapidity distribution : . :
150 —— GBws3 —_I'ﬂt_ -
B — IIMS3 — ]
- Phys. Rev.D 97 (2018) 11, 116013 = .
100 —-2zh@ .. —
C Phys.Rev.C 99 (2019) 6, 061901 ]
T GG-hs = ]
50 - Phys.Rev.C 97 (2018) 2, 024901 -
PR SR [T SN TN TR NN TN TN TN AT TR SN T NN TN TN S (N T SN S NN SN TN T N T T S
2.6 2.8 3 3.2 3.4 3.6 3.8 4
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ALICE

J/¥ Photoproduction in peripheral
Pb—Pb collisions

Coherent J/ photoproduction

o Observed as a yield excess at low-
pr by ALICE in peripheral events

o Asin UPC, models fail to

3350_"|"'|'"|"'|"'|"'|"'|"'|_
f : ALICE Preliminary 1

300 |- Pb-Pb, {s=5.02TeV ]
Q = » VONN .
%é B $ 70-90% i
S 250 Yy = -

- - p, < 0.3 GeV/c

- Global syst. unc.: 7.4% -
200 - = e -

reproduce the rapidity distribution : . :
150 - —— GBwss3 —_E'_'_ ]
4_ i C — |IM S3 —_— ]
- ALICE Preliminary - - Phys. Rev.D 97 (2018) 11,116013 I = .
B _ y 100 —=-2ha ... -]
3'_ Pb—F’p, | Syn = 9.02 TeV N C Phjs.Rev.C 99 (2019) 6, 061901 -
i Helicity Frame ® 70-90% i [ e GG-hs - ]
L Jy o pe p. <03GeVic - 50 |- Phys.Rev.C 97 (2018) 2, 024901 -
L T ) . PRI [T T T TN TR SR T T TN T [T T N T N SR S S N ST ST S NS N T |
- 25<y <40 e UPC N 26 28 3 32 34 36 38 4
2_ p. <0.25GeV/c A y
s | T i
< K arXiv:2304.10928 |
) H$ ................................ 1 Inclusive J/{ polarization at low p;
of |
i Uncertainties: stat. (bars), syst. (boxes) ]|
1
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J/¥ Photoproduction in peripheral

ALICE Pb—Pb collisions
o 3350_"|"'|'"|"'|"'|"'|"'|"'|_I
Coherent J/1Y photoproduction EP: ALICE Prefiminary
. 300 |- Pb-Pb, {s=5.02TeV ]
o Observed as a yield excess at low- = :_—ﬁ]— o :
pr by ALICE in peripheral events 5 os0fF y - ]
. . - e p, < 0.3 GeV/c
o Asin UPC, models fail to . mems= Globalsyst unci7.4%
reproduce the rapidity distribution : W i} .
! ) m____
L ALICE Preliminary - Phys. Rev.D 97 (2018) 11, 116013 18 N
- Pb-Pb, | Sy = 5.02 TeV i 100 Z_ o i:js Rev.C99 (2019) 6,061901 = —Z
3r Helicity Frame ® 70-90% 7] F e GG-hs ’ = 1
NIRRT p. <0.3GeVic 50 Phys.Rev.C 97 (2018) 2, 024901 -
L T . PR S [N SN TN TN (NN TN TN TN (NN SN TN TN (NN TN NN TN [N TR NN TN [N TR SO TR N TR T N |
L 25<y<4.0 e UPC 1 2.6 2.8 3 3.2 34 3.6 3.8 4
2r p. <025 GOWg y
~ [ arXiv:2304.10928
I H$ ................................ _:\lhcl{slve J/Y polarization at low p;
i ] o" pr < 0.3 GeV/c dominated by J/{
of- | photoproduction
: Uncertainties: stat. (bars), syst. (boxes) o Compatible with transverse polarization &
—1 UPC results
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% Summary

ALICE

ALICE has produced a variety of precise quarkonium measurements
o pp collisions:
* Good understanding at the moment but more precise calculation may help

o High multiplicity in small colliding systems:
 Models implementing MPI scenario seems to qualitatively reproduce the data

o p—Pb collisions:
* Low p; suppression described by gluon shadowing
* Larger suppression in the p-going direction— gluon shadowing/energy loss

o Pb-Pb collisions:
 Charmonia production — interplay between suppression & regeneration
* Underlying mechanism of regeneration studied with excited states
* Significant polarization measured: magnetic field? vorticity?

o UPC & photoproduction in peripheral events
* Transverse polarization of J/{ measured
 UPC model cannot well described the y-dependence of data in peripheral

events
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% The ALICE detector:

ALICE Run 3 setup

Time Projection
Chamber

Upgraded with new GEM
readout chambers

Muon IDentifier
Readout upgrade & new

chips

Muon CHambers
Readout upgrade & new

chips
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% The ALICE detector:

ALICE Run 3 setup

Inner Tracking
System 2

Time Projection Better vertexing

Chamber — T,
Upgraded with new GEM |t | | - ¥
readout chambers Vi e/

Muon IDentifier
Readout upgrade & new
chips

Muon CHambers
Readout upgrade & new
chips
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% The ALICE detector:

ALICE Run 3 setup

Inner Tracking
System 2

Time Projection Better vertexing

Chamber — Ty
Upgraded with new GEM 'FI/A‘LVNEE‘ i
readout chambers / ,ié/jz‘ .

.:!,\n ‘J§/ i

P |
JISRN ) /

Muon IDentifier
Readout upgrade & new
chips

Muon Forward Tracker Muon CHambers
Secondary vertexing Readout upgrade & new
Improved mass resolution chips

~ —~ 4
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% The ALICE detector:

ALICE Run 3 setup

» Inner Tracking
P — 0 System 2
—— Better vertexing

Time Projection

Chamber — 0
Upgraded with new GEM 'iI/A‘N“Eg‘ !
readout chambers . N/

Muon IDentifier
Readout upgrade & new
chips

Muon Forward Tracker Muon CHambers
Secondary vertexing Readout upgrade & new
Improved mass resolution chips

“ 3 ~-,1/
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% The ALICE detector:

ALICE Run 3 setup

Inner Tracking
— System 2
- Better vertexing

Time Projection

Chamber i
Upgraded with new GEM il /“““ff ; s
readout chambers ‘ ;4///‘ ; -

IS
3

Muon IDentifier
Readout upgrade & new
chips

Muon Forward Tracker Muon CHambers
Secondary vertexing Readout upgrade & new
Improved mass resolution chips

17 m from IP 3.5 m from IP

3 --,1/
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Some Run 3 results coming...
ALICE

New results with the upgraded ALICE experiment are coming!
o First “standard candle” measurement obtained
o Still need to collect more data
o Better performances expected (smaller systematic uncertainties)
o Charm/Beauty separation at forward rapidity

E— 1 2 B T T T | T T T | T T T | T T T T T T T T T T T T T T T i 2— 1 : L | L | LI | LI | LI | LI | LI I LI I LI :
o - ALICE preliminary . o’ 0'gf_ALICE Preliminary, pp, Vs = 13.6 TeV E
" 1= Inclusive Jy, y(25), e'e channel, | y| <0.9  BR uncert.: - @ 0 8E_J/w, y(2S) - w'n,25<y <4 E

9‘; _ -¢-pp, Vs = 13.6 TeV (minimum bias data) e'e channel:22% | ¥ TE | | _ o 3
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% J/ pair production

ALICE

Non trivial correlation in ALICE central barrel
o Constraint on: AIP, 1523 (2013) 1
* DP scattering
* J/y production, NRQCD P O
o Good agreement w/ LHCb y. B o
* ALICE is inclusive ) —_—
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ALICE, 25<y_ <4
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EPSO9 LO (GKZ): parameterization of nuclear shadowing

data PRC 93 (2016) 055206

LTA: Leading Twist Approximation of nuclear shadowing

PRC 93 (2016) 055206

IIM BG, IPsat, BGK-I: color dipole approach coupled to the
Color Glass Condensate formalism with different B
assumptions on the dipole-proton scattering amplitude 8
PRC 90 (2014) 015203, PRC 83 (2011) 065202, B
PRC 99 (2019) 044905, J. Phys. G 42 (2015)105001

PRC 87 (2013) 032201

GG-HS: color dipole model with hot-spots nucleon

structure
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[ ALICE coherent J/y
- - - - Impulse approximation
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—— EPS09 LO (GKZ)
- LTA (GKZ)
——— IIM BG (GM)
— — IPsat (LM)
— - BGK-I(LS)
- --- GG-HS (CCK)
— - b-BK (BCCM) -~

Sy = 5.02 TeV

clear effect
U —

PRC 97 (2018) 024901, PLB 766 (2017) 186-191

b-BK: Color dipole approach coupled with impact-
parameter dependent Balitsky-Kovchegov equation

PLB 817 (2021) 136306
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