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Subsech Understanding quarkonium production mechanism

ALICE

Strong interaction described by Quantum Chromodynamic (QCD)

e large o  atlow Q?: non-perturbative correction
e small o_at high Q*: perturbative QCD

Fragmentation
(non-perturbative)

Hard scattering
(perturbative)

Parton distribution
in nucleon
(non-perturbative)
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Subsech Understanding quarkonium production mechanism %

ALICE

Strong interaction described by Quantum Chromodynamic (QCD)
e large o  atlow Q?: non-perturbative correction

e small o_at high Q*: perturbative QCD Fragmentation

(non-perturbative)

Heavy quarkonium production (charm and beauty quark-antiquark pairs)
e produced at early stage of the collision: hard scattering
o  experience the full system evolution
e m > Ny — perturbative QCD regime
o test pQCD predictions
o  weakly bound state: sensitive to quark-gluon plasma (QGP)
e quarkonia bound states — non-perturbative QCD treatment

Hard scattering
(perturbative)

Parton distribution
in nucleon
(non-perturbative)
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Subsech Understanding quarkonium production mechanism %

ALICE

Strong interaction described by Quantum Chromodynamic (QCD)
e large o  atlow Q?: non-perturbative correction

e small o_at high Q*: perturbative QCD Fragmentation

(non-perturbative)

Heavy quarkonium production (charm and beauty quark-antiquark pairs)
e produced at early stage of the collision: hard scattering
o  experience the full system evolution
e m > Ny — perturbative QCD regime
o test pQCD predictions
o  weakly bound state: sensitive to quark-gluon plasma (QGP)
e quarkonia bound states — non-perturbative QCD treatment

Hard scattering
(perturbative)

Parton distribution
in nucleon
(non-perturbative)

Motivations
e Study quarkonium production mechanisms
e Baseline for studying heavy-ion collisions and quark-gluon plasma properties
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Subaiech JIV and W(2S) production

ALICE

e Heavy quarkonia mostly produced in pp via gluon fusion
e InALICE, measurement via leptonic decays modes : e*e” or u*y

non—prow u

00 *’“
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Subaiech JIV and W(2S) production @

ALICE

Heavy quarkonia mostly produced in pp via gluon fusion
In ALICE, measurement via leptonic decays modes : e*e” or u*y-

e J/V production: non_pmw K

o  prompt: charm-anticharm pair + radiative decay of other Q —p U
quarkonium states — probing charm production o

o non-prompt: decay product of B hadrons — probing beauty
production

e  \Y(2S) heavier and weaker bound state
o W(2S)-to-J/V ratio expected to be < 1
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Susiect Theoretical models for quarkonia production in pp %

ALICE

Color Singlet Model (CSM) 0] A L L I B B
e quarkonium directly produced in color singlet state > £ ALICEpp \s=13TeV 1
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Subsech Theoretical models for quarkonia production in pp %
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Susican Theoretical models for quarkonia production in pp %
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Suediec The ALICE Experiment in Run 3

ALICE

Central barrel — e'e
Midrapidity: |n| < 0.9
Inner Trac (ITS2)
e tracking & vertexing
Time Projection Chamber (TPC)
e  vertexing, tracking & PID
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Suedied The ALICE Experiment in Run 3

ALICE

Muon spectrometer — p*y-
Forward rapidity: -4 <n <-2.5
. Muon Forward Tracker (MFT) (-3.6 < n < -2.5)
e vertexing
e tracking with high spatial resolution
Muon Chamber (MCH)
e muon tracking
e momentum determination
Muon Identifier (MID)
e identify high momentum muons (> 4 GeV/c)

Central barrel — e'e
Midrapidity: |n| < 0.9
Inner Trac (ITS2)
e tracking & vertexing
Time Projection Chamber (TPC)
e  vertexing, tracking & PID

Wamnav: - ;-
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Souosicct The ALICE Experiment in Run 3

ALICE

Muon spectrometer — p*y-
Forward rapidity: -4 <n <-2.5
. Muon Forward Tracker (MFT) (-3.6 < n < -2.5)
e vertexing
e tracking with high spatial resolution
Muon Chamber (MCH)
e muon tracking
e momentum determination
Muon Identifier (MID)
e identify high momentum muons (> 4 GeV/c)

Central barrel — e'e
Midrapidity: |n| < 0.9
Inner Trac (ITS2)
e tracking & vertexing
Time Projection Chamber (TPC)
e  vertexing, tracking & PID

Continuous readout to
support higher interaction
rates (IR) + software triggers

The new ALICE asynchronous
software trigger processing
B. Zhang (07/07 - 2:40 pm)
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Muon tracking system in Run 3

MFT (New for Run 3)
e disks of Si-pixel sensors

e improves spatial resolution of muons
e allows dimuon vertices discrimination

ALICE. JINST 19 (2024) P05062

Half-MFT cone
MCH
AL
4 N\
MFT
~—A
Ty
nill
e 11|
Absorber
Dipole Iron wall
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Suesiech Muon tracking system in Run 3

ALICE

MFT (New for Run 3)

improves spatial resolution of muons
e allows dimuon vertices discrimination

disks of Si-pixel sensors i , \ ‘
R L g— * e

i

4 il

ALICE. JINST 19 (2024) P05062

MFT
MCH
A
' Y
Muon tracking
e MCH + MID track matched to MFT track to find
the dimuon vertex
e allows prompt/non-prompt J/¥W separation at
forward rapidity
Absorber
Iron wall

Dipole
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6ubo€ech

J/W production at midrapidity

6\ : T T | T T T T | _]
S ‘EI-E"E‘_E_ ALICE Preliminary .
& 15 5 op, (5=136TeV =
Ie) i Inclusive Jiy — e*e, |y| < 0.9 3
5 L Lumi. uncert.: 10% -
S 107" & -
g NEW
S~ L8
Nb 2
© 10 £ [ CGC+NRQCD (Y-Q. Ma et al) + FONLL
F [ NRQCD (Y-Q. Ma et al) + FONLL
[ [ NRQCD (M. Butenschon et al) + FONLL
[ ICEM (V. Cheung etal)+ FONLL
1 0—3 E_ l:l FONLL (J/y from b) (Cacciari et al.) _E
C_1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 [
0 5 10 20
P, (GeV/c)
42 N(J /¢ —1T17)
dprdy = Ao BRJ/¢—>1+1— ~dppdy - Ling o main contribution: prompt J/¥ (non-prompt at higher p.)

e Good agreement between ICENM, NRQCD models and data
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Subsech J/VY production at midrapidity @

ALICE
/G : T T T T T T T T | T T T T | T T T T ] § : T T T T I T T T T l T & T T I T T T T .
S - = ALICE Preliminary . % 1 K . ALICE Preliminary ]
8 15 = pp, Vs = 13.6 TeV = 0] g == Inclusive J/y, pp 3
o) i Inclusive Jy — e*e’, y| < 0.9 3 g C -E'—-EI- B
2 - Lumi. uncert.: 10% . : 1 0—1 = _?; NEW
5 10" ¢ = o - R o 3
SO NEW S e ki e M~ 1
'l i S= 4 e reliminary —
Q I Q 1 0 e = Lumi. uncert.: 10% _E_-—-_ =
Nb 5 Nb £ 415 =13 TeV (Eur. Phys. J. C 81 (2021) 1121) Z%:
© 10 £~ [] CGC+NRQGD (Y-Q. Ma et al) + FONLL o [ Lumi. uncert.: 1.6% (0 < p, < 15 GeVic) —
= [ NRQCD (Y-Q. Ma et al) + FONLL -3 L 2.0% (p. > 15 GeV/c) _
I [_] NRQCD (M. Butenschon et al) + FONLL 1 0 E ATLAS, Jiy — u', Il <TO_75 3
3 % EOE:'L ISV(.JZ/hz:rrfbjE:;L;;?T;:I) O E 41513 TeV (Eur. Phys. J. C 84 (2024) 169) .
1 O E 3 1 0_4 Lumi.uncert.:1|.1% I I
C_1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 Il Il [ E— 1 Il 1 1 1 1 1 1 1 1 1 1 1 ! 1 T
0 5 10 15 20 0 5 10 15 20
P, (GeV/c) P, (GeV/c)
2o N(J/¢ Yy 1+1_) e Good agreement between ICENM, NRQCD models and data
dprdy - (A-e) - BRJ/¢—>1+1— - dppdy - Ling o main contribution: prompt J/V¥ (non-prompt at higher p.)

e Consistent results between ALICE (Run 2 & Run 3) and ATLAS
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Dependence of inclusive J/\V yields on multiplicity in Run 2

([ ]
n
*
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ALICE, pp, INEL > 0
Jy - putw,25<y <4 -

Jy > ete’, (5= 13TeV, [y <0.9, Ny ] < 1

h

LI e o
Inclusive J/y

Vs=13TeV, N -3.7 < n < -1.7, mult.classes: -3.7 < n <-1.7
Vs =13 TeV, N In| < 1, mult.classes: ] < 1 E
Vs =5.02TeV, Ny [n| < 1, mult.classes: [n] < 1 Iﬂ ]

Mult.classes: -3.7<n<-1.7and 28 < n<5.1
Mult.classes: || < 1 , El A

‘[". ) ]
- ALICE, ArXiV 25.04.00686 -]
o o by by by by ey

1 2 3 4 5 6 7
N/ (N_)

e Basic multi-parton interaction (MPI) expected behaviour : linear trend
e  Similar values at small multiplicity
e Steeper- - trend

o

o

multiplicity estimator and J/\W production in the same n range
autocorrelation effect

® Close-to-linear trend: n gap between J/\VW and multiplicity estimator
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Dependence of inclusive J/\V yields on

multiplicity in Run 2

e R
ALICE, pp, INEL > 0

Jy - utn,25<y <4
® Vs=13TeV, N, -3.7 < n<-1.7, mult.classes: -3.7 < 7 <-1.7
B {s=13TeV, Ny Inl <1, multclasses: || < 1 E
¢ {5=5.02TeV, N, [n| < 1, mult.classes: |n] < 1 _:
Jiy > ee, (s=13TeV, |y| < 0.9, N, |n] < 1 H’]
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e Basic multi-parton interaction (MPI) expected behaviour : linear trend
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Ngy/(N_)

e  Similar values at small multiplicity
e  Steeper- - trend

o

o

multiplicity estimator and J/\W production in the same n range

autocorrelation effect

® Close-to-linear trend: n gap between J/\VW and multiplicity estimator

NJ/W / <NJ/\|I>

N 00

N W A~ o1 o

_I T I LI ) I rrrt I rrrrT I LI ) I T I LI B I rrri I LI
ALICE pp Vs = 13 TeV, INEL > 0
E Inclusive JAy — u*u,25<y <4
:_ Mult. classes: -3.7 < 1 < -1.7
C ALICE. ArXiV 25.04.00686 A = ]
L s ‘__.-" ]
r Pt -
r T e Data 1
- PYTHIA 8.3 Monash -
[ EPOS4HQ prompt ]
L = 3 Pomeron CGC -
F P = 3 Pomeron CGC modified E
L1 11 I L1 1 1 I L1 1 1 I L1 1 1 I 111 1 I 11 1 1 I 11 1 1 I 11 1 1 I 1 T
0.5 1 1.5 2 2.5 3 3.5 4 4.5
Nch / <Nch> B87<n<-17

PYTHIA includes Color Reconnection effects
(hypothesis for the STL trend)
Data well reproduced by EPOS4HQ and 3
Pomeron modified
o inclusion of non-linear effects + gluonic
saturation
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Suecicch W(2S) to J/W ratio at midrapidity

2. : T T T | T T T | T T T | T T T T T T | T T T | T T T I T T L —‘
b ogFE ALICE preliminary
0.8
% F pp.Vs=136TeV NEW
S 0.7 = Inclusive J/y, y(28), e'e channel, |y| < 0.9
b 85 E BRuncert.: 2.2 %

Il||

| CGC+NRQCD (Y-Q. Ma et al)) + FONLL
= [l NRQCD (Y-Q. Ma et al.) + FONLL
05 NRQCD (M. Butenschon et al) + FONLL
[ JICEM (V. Cheung et al) + FONLL

I|III|IIII|IIII|IIII|II

04F
03
- n =
0.2 E EQHZF hd 7
O : 1 | 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 :
0 2 4 6 8 10 12 14 16
P, (GeVlc)

e More J/VW produced than W(2S)
e NRQCD: overestimates ratio at high p..
o incomplete description of the production process
e CGC + NRQCD: good agreement at low p.
e |CEM: good agreement at all p,
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W(2S) to J/W ratio at midrapidity

ALICE preliminary

pp, Vs = 13.6 TeV

Inclusive JAy, y(2S), e'e” channel, |y| < 0.9
BR uncert.: 2.2 %

CGC+NRQCD (Y-Q. Ma et al) + FONLL
~ Bl NRQCD (Y-Q. Ma et al) + FONLL

II|IIII|IIII|IIII

T T T | T T T | T T T | T T T T T T | T T T | T T T I T T T —|
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:_ NRQCD (M. Butenschon et al) + FONLL _;
= [_]ICEM (V. Cheung et al) + FONLL -
- -
a T =
- T a :
E 1 | 1 | 1 1 | | 1 | 1 | 1 1 1 | | 1 | | 1 1 1 | 1 1 1 I 1 1 1 .
0 2 4 6 8 10 12 14 16
P, (GeVlc)

More J/W produced than W(2S)
NRQCD: overestimates ratio at high p..

o incomplete description of the production process

CGC + NRQCD: good agreement at low p_.

: good agreement at all p.

ALICE
2_ :l T T T T T rrr I T T T L I T T T L | I:
b_) 0.4 e ALICE preliminary pp, e'e” channel, p,>0 GeV/e, ly| <0.9 —
~_ A ALICE pp, u'u channel, p.>0GeVic,25<y <4 3
@ 0.35 F m  LHCb pp, u*w channel, p,>0GeV/c,2<y <45 =
5 0.3F. & PHENIXpp, e'e channel, p >0 GeVic, y| <0.35 E
E ¢ E705 p+Li, u*u” channel, p.> 0GeV/c,-0.1 < xp<0.45 E
0.25 :— % ISR pp, e'e channel, p,> 0 GeVle, ly| < 0.5 —:
0.2 BR uncert. not included =
e — 4=
0.1 —
0055 NEW
0:1 1 1 1 | I | 1 1 1 11111 I 1 1 1 | N | | Iﬁ
10 10 10° 10*
(s (GeV)
e Agreement between ALICE Run 2 & Run 3
e Mixture of results at different rapidity

e Constant ratio overall energy ranges
o  no dependance in energy

LHCb, J. High Energ. Phys. 2024, 243 (2024) PHENIX. Phys. Rev. C 105 (2022) 064912

E705. Phys. Rev. Lett. 70 (1993) 383 ISR, Nucl. Phys. B 142 (1978) 29
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Souosicct \VY(2S) to J/W ratio at forward rapidity @

ALICE
2— _| T T | L | LI | T T 7T | T T T | L | LU | T T | LU T T |_
6 1.2ALICE Preliminary, pp, {s = 13.6 TeV —
B P I w(@S) s ', 25<y<4
g U y(28) - p'u y | NEW
© - [¢]Data

0.8 __NRQCD (M. Butenschén et al.) + FONLL
_ [ JICEM (V. Cheung et al.) + FONLL

0.6~ [ ICGC + NRQCD (Y-Q. Ma et al.) + FONLL
B =
0.4 =
N 2z
(] S— - .
Global unc. = 9.03 %-
III|IIIIIII|III|IIl|III|III|III|III|III_

0 2 4 6 8 10 12 14 16 18 20
pT(GeV/c)

Data well reproduced by models within large uncertainties
e  Same conclusions for models at mid and forward rapidity
(see backup)
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6ubo€ech

W(2S) to J/W ratio at forward rapidity

rrryprrr[rrryrrrrrr ottt

ALICE

III|IIIIIII_|

> Z
6 1.2 ALICE Preliminary, pp, (s = 13.6 TeV 7 o 12 ALICE preliminary NEW
\a - Jy, y(2S) —» uwp,25<y<4 NEW @ | Inclusive JAy, w(2S), e'e” channel, |y| < 0.9 _
s 1 S 1 4pp,Vs=13.6 TeV (minimum bias data), global syst.: 2.2 % ]
© " [¢]pata i © - 4pp, Vs = 13 TeV (TRD-triggered data), global syst.: 2.2 % i
0.8 o NRQCD (M. Butenschon et al.) + FONLL ] 0.8 __Inclusive J/\V,\V(2S),u+ll' channel, 2.5 <y < 4 ]
B D ICEM (V. Cheung et al.) + FONLL i | 4-pp,Vs=13.6 TeV, global syst.: 9.0 % .
0.6— [ |CGC + NRQCD (Y-Q. Ma et al) + FONLL _Z 0.6 |— 3 Uncor. syst. unc. _‘
B =z = = - ]
0.4F L — :
4 Z 04— —H— —
L z / K _ 3] N
0.2F i B :@:ﬁ’f‘ ¢ - ]
Global unc. = 9.03 % @:%’—% = .
_I 11 | 11 1 I 111 | 11 1 | 111 | 1 1 1 | 111 | 1 1 1 | 11 1 | 11 I_ — —
11 1 | 11 1 | 11 | I 11 | I 11 1 | 111 | 11 | I 11 1 I L1 1 | 11 1
6 2 4 6 8 10 12 14 16 18 20 %% 2 4 6 8 10 12 14 16 18 20
p, (GeVic) P, (GeV/c)
Data well reproduced by models within large uncertainties e  Similar results at mid and forward rapidity
e  Same conclusions for models at mid and forward rapidity e Agreement between Run 2 & Run 3 data within 30
(see backup)
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Prompt/non-prompt J/\VW separation at forward rapidity

e Pseudo proper decay time 7,

o

o

prompt J/WY

r, = 0 if prompt
> 0 if non-prompt

CTy,

_ Jrape — el Myyy
P,

non-prompt J/W¥Y vy

Emilie Barreau

EPS HEP 2025
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Subsiech Prompt/non-prompt J/\VW separation at forward rapidity

e Pseudo proper decay time 7,
o r,=0if prompt
o 7,>0if non-prompt

Forward: relativistic boost increasing B-meson time of flight
e Pseudo-proper decay length /, = cz,

_ Jrape — el Myyy
P,

CTy,

non-prompt J/W¥Y vy

prompt J/WY

Emilie Barreau EPS HEP 2025

ALICE
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Prompt/non-prompt J/\VW separation at forward rapidity

ALICE
e  Pseudo proper decay time 7, £ - ALICE preliminary, pp, Vs=13.6 TeV — Total fit
o 7,=0if prompt £ L MFT+MCH+MID -+ Prompt
o t,>0if non-prompt N E 25<|y" <36 ---- Non-prompt
S  F 3< p*<4GeVic
= Py --=+ Background
Forward: relativistic boost increasing B-meson time of flight 2 10tk
cC =
Pseudo-proper decay length /. = ¢ ) -
i prop ylength [, = ¢z, o F Ny, = 397474241 NEW
. i kag = 22780203
|zJ/¢ — zth|MJ/\I, 10 = fy=0.136£0.003
CT, = C - x%ndof=136/78
Pz - <.
102 S, -+t S N N
non-prompt J/¥ u e
T : e
:IIII|IIIIIIIII|IIII|III:IIIIII|IIII|IIII]‘IIII|IIII
-5 4 -3 -2 - 0 1 2 3 5
[ (Mm)
X I
/ NJ/IIN—hB
B =
prompt J/¥ r Nyjyeng +Nyjy
Emilie Barreau EPS HEP 2025 10
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Prompt/non-prompt J/\VW separation at forward rapidity

ALICE
m 0-5 1 1 1 1 1 ] L] 1 1 1 1 1 1 1 1 1 1 L] 1 1 I 1 1 1 1 I 1 L] _I
= —ALICE prellmlnary PP, /s = 13.6 TeV

e f. increases with p 0.45 E* MFT+MCH-MID NEW -
B T -25<|y”“|<36 i =
e  Compatible with LHCD results 0.4 L t =
e  First analysis using MFT and muon spectrometer 0.35 E_ _E
e 2023 dataset used for this result 03 - Syst. Unc. 2
o 2024 dataset: analysis ongoing E } stat. ne. ]
0.25 ﬁ -
u v 3
-1 - -
o= (14 1 — f (A" €)non—prompt 0.2 *E —e— ALICE {5=13.6TeV, -3.6 < y** <-2.5
B & (A - €) prompt 0.15 - —-LHCb (s=13TeV, 3< y* <35 3
- —¥- LHCb (s=13TeV, 25< y** <3 o
0.1 r
: 1 1 1 1 l 1 L L 1 I 1 1 1 1 I 1 1 1 1 I 1 L 1 1 I 1 1 1 1 I 1 L .

0 5 10 15 20 25 30
p. (GeVlc)

LHCb. J. High Energ. Phys. 172 (2015)

Emilie Barreau EPS HEP 2025 11


https://link.springer.com/article/10.1007/JHEP10(2015)172#citeas

6ubotech

Prompt/non-prompt J/\W separation at mid and forward y %

ALICE

Comparison between mid and forward rapidity
e f; higher at midrapidity
e consistent with B production kinematics

Emilie Barreau

N T T I T T T TT | T T T T L | T _l
— ATLAS [EPJC 84 (2024) 169]
L e, Vs=13TeV, Jay—uu-, |y| < 0.75 NEW -
| LHCb [JHEP 10 (2015) 172] i
- —pp, Vs=13TeV,Jly—pu,3.0< y<3.5 -
0.8— _
| ALICE Preliminary S e i
_ pp, Vs=13.6TeV - =+
0.6~ —— Jy—pu'u-,-36< y<-25 +4“ —
| ——J/ly—e'e, |y|<0.8 ‘,0’ i
_ ir L
i 31T Non-prompt J/y fraction |
:gq_=°_=.=;:+ :
1 1 1 1 1 L1 1 | | 1 | 1 1111 | 1

1 10 102
p. (GeVic)
EPS HEP 2025 12
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Prompt/non-prompt J/\W separation at mid and forward y

~‘§m N T T I T T T TT | T T T T L | T _l
—~ ATLAS [EPJC 84 (2024) 169]
T —pp, Vs=13TeV, Jy—u, |y| <0.75 NEW -
Comparison between mid and forward rapidity kN _
: L | LHCb [JHEP 10 (2015) 172] i
e f_ higher at midrapidity
B o : - , Vs=13TeV, J/ly—u'y-, 3.0 3.5 -
e consistent with B production kinematics 0.8— e, Vs eV YR <y _
| ALICE Preliminary P RN e i
Comparison between ALICE and ATLAS at midrapidity - pp, Vs=13.6TeV - - {
06— —— Jy—pu,-36< y<-25 L,*° —
- o 0 B
Emphasizes complementarity of the different experiments - ——Jly—oete, [y|<0.8 & -
— —... p—
+
ALICE and ATLAS measurement compatible in similar 04r _.:—f’ ' i
rapidity ranges at intermediate p. i _._++; Non-prompt J/y fraction |
0.2f— ottt _
. _y gt gl e i
1 1 1 1 1 L1 1 | | 1 | 1 1111 | 1

1 10 102
[ (GeV/c)
Emilie Barreau EPS HEP 2025 12



Suearech Conclusion and outlook

ALICE

Quarkonium production in proton—proton collisions provides multiple information for:
e study of quarkonium production mechanism
e understanding initial parton density and multiple partons interactions (MPI)
e suppression and recombination effects in QGP

Emilie Barreau EPS HEP 2025 13



Subaiech Conclusion and outlook

Quarkonium production in proton—proton collisions provides multiple information for:
e study of quarkonium production mechanism
e understanding initial parton density and multiple partons interactions (MPI)
e suppression and recombination effects in QGP

Multiplicity dependence of J/V¥ yield
e when N and N, measured close in phase space (n): important autocorrelation effects

e to complete the picture: J/W production at midrapidity with N, estimator at forward rapidity
W(2S)-to-J/V¥ yield ratio

e no dependance on Vs

e ratio < 1in the full p, interval of the measurement
Prompt/non-prompt J/V¥ yield ratio

e first measurement at forward rapidity with ALICE

e agreement between ALICE, LHCb and ATLAS data

Emilie Barreau EPS HEP 2025

ALICE

13



Subsiech Conclusion and outlook

ALICE

Quarkonium production in proton—proton collisions provides multiple information for:
e study of quarkonium production mechanism
e understanding initial parton density and multiple partons interactions (MPI)
e suppression and recombination effects in QGP

Multiplicity dependence of J/V¥ yield
e when N and N, measured close in phase space (n): important autocorrelation effects

e to complete the picture: J/W production at midrapidity with N, estimator at forward rapidity
W(2S)-to-J/V¥ yield ratio

e no dependance on Vs

e ratio < 1in the full p, interval of the measurement
Prompt/non-prompt J/V¥ yield ratio

e first measurement at forward rapidity with ALICE Quarkonium production and collectivity in

e agreement between ALICE, LHCb and ATLAS data heavy-ion collisions with ALICE

L. Micheletti (09/07 - 4:40 pm)

The Run 3 analyses are performed on 2022 and 2023 datasets, stay tuned: the 2024 analysis is ongoing !

Emilie Barreau EPS HEP 2025 13
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ALICE

Backup
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Suosicct Charm and beauty production models
ALICE
ALICE, JHEP 03 (2022) 190
% 10 __I 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 : T T T T LI T T T | T T T | T T T I T T T | T LI I T T T :
= = = = - ALICE, pp s = 13 TeV :
8 B ALICE pp \s =13 TeV ] % L ® Non-prompt J/y, |y| < 0.9 i
= e  Prompt J/vy, |y|<0.9 ) - L,=322nb"+£1.6% .
o) 1= e 1 = — L —
E 2 L,=322nb"+1.6% 3 35 (e ]
- C {rommme e 7 1 3
4. 2oy
© 10_1 ? e é o Q. C ]
5 - S |
L _ © o .
10725 [INRQCD, Ma et al. ¥ e i ]
= NRQCD + CGC, Ma et al. 3 o B
| [ZZ]ICEM, Cheung et al. i 10 E I # e
103 NRQCD CS + CO, Butenschoen et al. - C FONLL, M. Cacciari et a/. ]
E NRQCD k; factorisation, Lipatov et al. 3 - | ‘ | | | | -
C | I I L1 I | I | I L1 1 ‘ L1 1 l L1 1 | r 1 Lt L L S L 1 =
© < ‘ ‘ ‘ ' ' ' '
: g 2 i
= 4= ] ~ 1.5~ ]
g R s = . -
E 20 ] S 05 .
0 2 4 6 8 10 12 14 16 O 2746 8 10 12 14 6
p. (GeVrc) P, (GeV/c)
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https://doi.org/10.1007/JHEP03%282022%29190

6ubo€ech

QCD coupling constant

0.5

a(A)

Non-perturbative regime 0.4

e Q—0,r>1fm \
e divergence of a

e |attice QCD

Perturbative regime
e Q- o r<<1fm
[ ) as — O
e perturbative QCD

0.1

N. Haque, arXiv:1407.2473

aa Deep Inelastic Scattering

oe e'e Annihilation

¢ Hadron Collisions

v Heavy (diiarl -y
. FCdyYy L\:"x»’z]“xﬁ.’hixl

=QCD « Mz} =0.1189£0.0010

10

NGeV]

100

Emilie Barreau

EPS HEP 2025
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https://arxiv.org/abs/1407.2473

Subaiech Suppression and recombination inside a QGP

Production of the cc
pair

light quarks (u,d,s) @ ® @

charm quarks @

QGP atVs.. =5 TeV Suppression + Recombination
beauty quarks NN (impact on charm but not

beauty)

Emilie Barreau EPS HEP 2025
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Large Hadron Collider

Top Energy Top Energy
(Run 2:2015 - 2018) (Run 3 : 2022 - now) Luminosity (Run 1 + Luminosity (Run 3)
Run 2)
p—p: 13 TeV p—p: 13.6 TeV
p—p: 41.40 pb™ p—p: 82.1 pb™
p—Pb: 8.16 TeV p—Pb: not done yet
Pb—Pb: 0.875 nb™’ Pb—Pb: 2.11 nb™
Pb—Pb: 5 TeV Pb—Pb: 5.36 TeV

Emilie Barreau

EPS HEP 2025
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ALICE Luminosity

ALICE Performance, Run 3, pp, \s = 13.6 TeV

~ Recorded

2022: 19.3pb™

- 2023: 9.7pb™

2024: 53.1 pb™

Run 3 : 2022 - | Top Energy Luminosity T;% 60:—
2024 N
p—p 13.6 TeV 82.1 pb™ § 50(
-
Q
= |
p—Pb not done yet | not done yet g’ 401
30
Pb—Pb 5.36 TeV 2.11 nb™ B
20|
107
oL
Mar

Nov

Emilie Barreau

EPS HEP 2025
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Subsiech Steps of the prompt/non-prompt separation

ALICE

1. Signal/background separation
a. need a discriminating variable: the invariant mass
2. Fit of the signal part (J/\W)
a. prompt: fitted and fixed
b. non-prompt: fitted and not fixed
Fit of the background part (anything else)
4. 2D fit between invariant mass and z,
a. all the fit informations leads to the prompt/non-prompt fraction f;
5. Some acceptance-efficiency corrections

a. results limited by the detector performances: taken into account in the calculation

Emilie Barreau EPS HEP 2025
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Step 1 : signal/background separation using sPlot

—~7000
o _ ALICE performance, pp, Vs=13.6TeV ----Signal
> N ---- Background
[ MFT+MCH+MID
Geooo- ' e — Total fit
0 - 5 =y = 36
S C 3< p"'<4GeVic
S 50001 1
@ [ x¥ndof=41/40
c -
3 4000 NEW
it C

3000(—

2000

1000}

-:1-r'|'r'|'r'|'|"|'r-|-|--|-:-|--| 11 1 | | | | L1 11 [ 111 1 | I‘.I..I.f'l'ﬁ-l-lu-l l | R Y §
25 26 27 28 29 3 31 32 33 34 35

M,, (GeV/c?)

Unbinned Likelihood fits done using RooFit methods

Emilie Barreau
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Step 2 : [ prompt part fitting

e Fit of the signal but only left side
o prompt part of the signal
Fprompt (1) = [fres - Gauss(L, 61,10) + (1 — fres) - CB2(L;, 62,10, 0t1,11))
o Extract resolution parameter
e Background and non-prompt fit will be
convoluted by resolution

e Pretty good results for every p.. range

ALICE
£ [ ALICE performance, pp, Vs=13.6 TeV .
= B --- Gauss
o 10F MFT+MCHAMID oop
& E 29=lyt =86 — Total fit
—~ [ 3«< p$“<4GeV/c
2 10k
S E x¥ndof=90/75
> C
TR NEW
10°
10
_+ + '+ 3
10E : :
:l|||I||||||||||||||I||:|||II:|||||I|||||||||||||||

5 4 -3 2 -1 0 1 2

3 4

IJ/‘{‘ (

Emilie Barreau

EPS HEP 2025
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Step 4 : [, background fitting

@

ALICE

e DSS : Single Sided exp
e DF : Flipped exp
e DDS : Double Sided exp

e Complicated fit but has been improved

Fiig(l) = b+ [fpriv - (€755l 4 (1 — fppss) - eltorlley +
(1= fouv) - o]+ (1-b) - 8 (L)

E L ALICE performance, pp, Vs=13.6TeV —exp . +exp

5 MFT+MCH+MID " eXPo

N 1045_ 25<|y" <3.6 --- delta |

3 - 3< pi“ <4 GeV/c — Total fit

2 [

GCJ i x?/ndof =121 /76

> =

YO NEW
102 e
10 E_+

:||||||||||||||||I|I-:IIII:.Illl.:lll||||||“‘.III||||I||||

5 4 -3 2 = 0 1 2

3 4 o

|, (Mm)

Emilie Barreau
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Step 5 : 2D fit and non-prompt fraction

ALICE
E - ALICE preliminary, pp, Vs=13.6 TeV — Total fit
e Only 4 free parameters left = B
o 105 MFT+MCH+MID === Prompt
e Integrated fraction coherent with g § 25<|y" < 3.6 ---- Non-prompt
- i
expected value == [ O5 B afGgule --+- Background
9B 1
o  but fit can be improved g 10 -
o mainly due to the bkg m - Ny, = 397471241 NEW
[ Ny =22780+203
10°E" [, = 0.136+0.003
= 2 —
e LHCb value for [3,4] GeVic : 13.9 - 14.2 - x/ndof=136/78
e As expected, better results for A - SotC RN oy
differential p; T
10___!__ ------- o T
:IllllIIIIIIIIII]III|I]I-=I|IllIl]lllllllll‘lllllllll

F(lJ/‘Pa muu) = Nsignal : Fsignal(lj/‘P) : Msignal (m/.tu)
+ Nokg * Forg 1y /w) - Mpkg (M)

5 4 -3 2 -1 0 1

2 3 4 5
I

JIY

Emilie Barreau
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Suostech W(2S)-to-J/W ratio

ALICE

—
N

T | T T T ] T T T | T T T | T T T I T T T I T T T T T
ALICE preliminary, pp Vs = 13.6 TeV e'e channel (Jy|<0.9)
ALICE preliminary, pp Vs = 13 TeV e*e channel (|y|<0.9)
HERA-B, p+C, p+Ti, p+Wt Vs = 42 GeV e'e’ channel (-0.35<x.<0.1)
HERA-B, p+C, p+Ti, p+Wt Vs = 42 GeV p*u channel (-0.35<x.<0.1)
PHENIX, pp Vs = 200 GeV e'e channel (|y|<0.35)
CMS, pp Vs = 7 TeV prompt u*u” channel (Jy|<1.2)
CDF, pp Vs = 1.8 TeV u*u channel (Jy|<0.6) NEW
ATLAS, pp Vs = 8 TeV u*u channel (|y|<0.25)
STAR, pp Vs = 500 GeV e'e channel (ly|<1)

e Extraction of electron tracks done using ITS
and TPC

Fyes)! Cuny

JIllIII

e Extraction of muon tracks done using muon 0.8

OchO> <« @ @ -

spectrometer 06

BR uncert. not included

e Identification with invariant mass spectra

0.4 ]
02#!@;}%—%:& Y* ' + E
K B B R [ BN PR [

P, (GeV/c)
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