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Quarkonia production in heavy-ion collisions ALICE

» Quarkonia are bound states of (anti-)charm and (anti-)beauty quarks
« Charmonia (cd) : J/QY(1S), Xc1(1P) and P(2S)
Bottomonia (bb) : Y(1S), Y(2S) and Y(3S)
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» Quarkonia are bound states of (anti-)charm and (anti-)beauty quarks
Charmonia (cc) : J/Y(1S), Xc1(1P) and P(2S)
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» Heavy quarks produced at the early stages of AA collisions — experience the hot QCD medium
evolution :

Sequential suppression via color-charge screening inside the QGP
Phys. Lett. B178 (1986) 416
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Quarkonia production in heavy-ion collisions ALICE

» Quarkonia are bound states of (anti-)charm and (anti-)beauty quarks
« Charmonia (cd) : J/QY(1S), Xc1(1P) and P(2S)
« Bottomonia (bb) : Y(1S), Y(2S) and Y(3S)

» Heavy quarks produced at the early stages of AA collisions — experience the hot QCD medium
evolution :

« Sequential suppression via color-charge screening inside the QGP
Phys. Lett. B178 (1986) 416

- Regeneration inside the QGP and/or during hadronisation phase
Phys. Lett. B490 (2000) 196, Phys. Rev. C63 (2001) 054904
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< Need a well understanding of the production mechanisms
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J/Y production in different collision systems ALICE

» pp collisions
Reference for charmonium production
mechanisms
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J/Y production in different collision systems ALICE

» pp collisions
Reference for charmonium production
mechanisms

» pA collisions
study the cold nuclear matter effects

» AA collisions
access to hot nuclear matter affects
and QGP properties
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J/Y production in different collision systems ALICE

» pp collisions

Reference for charmonium production Measure the probes in the three systems and compare
mechanisms
R{‘“

» pA collisions
study the cold nuclear matter effects «—— pp vs pA

v

EMC

} AA Collisions shadowing antishadowing effect
access to hot nuclear matter affects = :
and QGP properties

Fermi-motion

X

J. Phys. G32 (2006) R367
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J/Y production in different collision systems ALICE

» pp collisions

Reference for charmonium production Measure the probes in the three systems and compare
mechanisms
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» pA collisions
study the cold nuclear matter effects «—— pp vs pA
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access to hot nuclear matter affects «—— pp vs AA | | £
and QGP properties | : :

A cold nuclear effects X

also in PbPb J. Phys. G32 (2006) R367
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J/Y production in different collision systems ALICE

» pp collisions

Reference for charmonium production Measure the probes in the three systems and compare
mechanisms
R{‘“

» pA collisions
study the cold nuclear matter effects «—— pp vs pA

v

3 AA CO”ISIOI’]S shadowing antishadowing e'i:\:gt g
access to hot nuclear matter affects « pp vs AA ’ ’ B
and QGP properties : : :

A cold nuclear effects X
Iso in PbPb
alsein J. Phys. G32 (2006) R367
» Glauber Model to describe heavy ion collisions Centrality class _* with b

0% to 20%

"_) T . Central

Participants

Spectators .

. Ultra-peripheral

Peripheral
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J/P excess at very low p; in Pb-Pb collisions at 2.76 TeV ALICE

< First measurement of an excess at very low py in peripheral Pb-Pb collisions

« Around the J/\P mass

« Atvery low pr
(pt) =~ 0.055 GeV/c

 For peripheral events only
« Observed only in dimuon unlike sign events

« Never reported in pp collisions
Ly will affect the Ry 5

Raw counts per 0.1 GeV/c
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- —— Coherent photoproduced J/y

B | | | | | _I_l L 1 | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

p. (GeV/c)

Phys. Rev. Lett. 116 (2016) 222301
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Ultra-peripheral collisions ALICE
UPC = impact parameter b > R1 + R2
%
. : R1{ <
» Hadronic interactions are strongly suppressed _wawe )
W R,
i |

» High electromagnetic field from ultra-relativistic Pb nuclei

> Treated as quasi-real photons flux by the Weiszacker-Williams approximation

> Photon-flux o Z2
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Ultra-peripheral collisions ALICE
UPC = impact parameter b > R1 + R2
%
. : R1{ <
» Hadronic interactions are strongly suppressed _wawe )
W R,
i |

» High electromagnetic field from ultra-relativistic Pb nuclei

> Treated as quasi-real photons flux by the Weiszacker-Williams approximation

> Photon-flux o Z2

< High cross-section for photon induced processes in exclusive events
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Coherent J/ photoproduction in UPC : ALICE

» QED part

o Intense electromagnetic field of Pb4 acts as quasi-real photon source

Flux of photons with a low transfer momentum Q2

» QCD part

o Photon fluctuates in a gg pair

o qq pair scatters off Pb, - emerges as vector meson
Treated at Leading Order (LO) perturbative QCD (pQCD)

Photo-nuclear cross section o, > (gluon density of the target nucleus)?
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Coherent J/ photoproduction in UPC : ALICE

» QED part

o Intense electromagnetic field of Pb4 acts as quasi-real photon source

Flux of photons with a low transfer momentum Q2

» QCD part

o Photon fluctuates in a gg pair

o qq pair scatters off Pb, - emerges as vector meson
Treated at Leading Order (LO) perturbative QCD (pQCD)

Photo-nuclear cross section o, > (gluon density of the target nucleus)?

< Used to probe the gluon distribution of the target nucleus at low Bjorken-x

e Covering from x = 10-5 to x = 102 at LHC energies

With the dipole model : study the gluon shadowing (nPDF)
If not maybe more generalized parton distribution (GPD)
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Coherent J/Y photoproduction in UPC
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ALICE, Pb—Pb s, = 5.02 TeV

UPC, L, =754 +38 ub™
—4.00 < y <-2.50
2.85 < m,, <3.35 GeV/c?

o ALICE data
Coherent J/y
— Incoherent J/y

— Incoherent J/y with nucleon dissociation
— Coherent J/y from y' decay
Incoherent J/y from y' decay

— Continuum yy — uu
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Phys. Lett. B798 (2019) 134926

2.5

Dimuon p_ (GeV/c)

Clear experimental signature :

. Exclusive vector meson with very low py

« (p1) =~ /Ry

ALICE
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Coherent J/Y photoproduction in UPC

—_
(]
™

}IIIII|

Counts per 25 MeV/c
o

105~

ALICE, Pb—Pb s, = 5.02 TeV

oo
+
AR

UPC, L, =754 +38 ub™
—4.00 < y <-2.50
2.85 < m,, <3.35 GeV/c?

o ALICE data
Coherent J/y
— Incoherent J/y
— Incoherent J/y with nucleon dissociation
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Phys. Lett. B798 (2019) 134926
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Clear experimental signature :
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Coherent J/Y photoproduction in UPC

—_
(]
™

}IIIII|

Counts per 25 MeV/c
o

10?

104

1=

A

o ouh ¢

ALICE, Pb—Pb s, = 5.02 TeV

UPC, L, =754 +38 ub™
—4.00 < y <-2.50
2.85 < m,, <3.35 GeV/c?

o ALICE data
Coherent J/y
— Incoherent J/y
— Incoherent J/y with nucleon dissociation
— Coherent J/y from y' decay
Incoherent J/y from y' decay
— Continuum yy — uu
" — Sum

¢
P
it 4

. HTpH
i H i f
o |Hi * +
_I | | | | | H | | | | | | | | | | | | | | | | |
0 0.5 1 1.5 2 2.5
Phys. Lett. B798 (2019) 134926 Dimuon p_ (GeV/c)

ALICE

Clear experimental signature :

. Exclusive vector meson with very low py

« (p1) =~ /Ry

Distinction between :

» Coherent photoproduction
« Photon interacts with all nucleons in the nucleus
. (pr) ~ 60 MeV/c

. Target nucleus don't breaks up

» Incoherent photoproduction

- Photons interacts with one single nucleon
« (py) ~ 500 MeV/c

- Target nucleus usually breaks up
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Coherent J/Y photo production in UPC ALICE

ALICE Pb+Pb — Pb+Pb+Jiy |Syy =502 TeV .-~
[] ALICE coherent Jiy < Last results from UPC at 5.02 TeV

- - - - Impulse approximation e . . .
o STARLIGHT . Cross section increase with energy /SNN
—— EPSO09 LO (GKZ) -7

--= LTA (GKZ) « Cross section increase with rapidity y
-~ -~ GG-HS (CCK) .

\
\

— — IPsat (LM) o7
— . BGK-I (LS) —
——-IIMBG (GM) -~ -

% Models

«  Without accounting for gluon shadowing overpredict data

«  With gluon shadowing underpredict data but remains in
theoretical errors

O | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ |
42 4 38 36 34 32 -3 28 26 24 22

y
Phys. Lett. B798 (2019) 134926
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Coherent J/Y photo production in UPC ALICE

ALICE Pb+Pb — Pb+Pb+Jiy |Syy =502 TeV .-~
[] ALICE coherent Jiy < Last results from UPC at 5.02 TeV

- - - - Impulse approximation e . . .
o STARLIGHT . Cross section increase with energy 4 /SNN

— EPS09 LO (GKZ) .

--= LTA (GKZ) « Cross section increase with rapidity y
-~ -~ GG-HS (CCK) .

\
\
\

— — IPsat (LM) o7
— . BGK-I (LS) —
——-IIMBG (GM) -~ -

% Models

«  Without accounting for gluon shadowing overpredict data

«  With gluon shadowing underpredict data but remains in
theoretical errors

O | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ |
42 4 38 36 34 32 -3 28 26 24 22

y

Phys. Lett. B798 (2019) 134926

For a measure at a given y : cross section is a combination of two contributions according to which
nucleus emits the y

d%}'jpb = n;<+y, {b}> O,pb ("‘)’) +n ( Vs {b}) be‘(
S 7\ o

high energy y x =105 low energy y x =102 Phys. Rev. C 96 (2017) 015203
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Conclusion on motivations ALICE

< Excess of J/Y at very low pr unexpected in Pb-Pb peripheral collisions
Coherent photoproduction suggested as underlying mechanism

» Affect the R, , and hot medium properties study

» How the excess can have a similar shape as in UPC despite the nuclear overlap ?
How the coherence can exist in hadronic collisions ?

Coherence with the entire nucleus ? N (P1) = /R ycteus

Coherence with the spectators ? - (P1) ~ VR pectator

» Improve the statistics to study low Bjorken-x physics
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Pb-Pb collissions at 5.02 TeV in ALICE ALICE

PEEREAW. VA

Mt
b T-——

VO S - L

« Centrality

« Luminosity

- MB trigger

« Reject beam-gas interaction

» Muon spectrometer

» SPD « Front absorber - reduce hadron contamination

« Vertex reconstruction « Muon track reconstruction

« Dimuon trigger
- two opposite-sign muons with pr > 1 GeV/c

» ZDC
. Electromagnetic background rejection » Acceptance
« Spectator nucleons detection « -4<n,<-25

- 0°< ¢, <360°
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Data sample and event selection ALICE

» Data Sample : Pb-Pb collisions at 5 TeV
2015 : L., = 225 ub™!
2018 : L. . = 525 ub~!

» J/Y are obtained by combining opposite-sign muons tracks

il |
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Data sample and event selection ALICE

» Data Sample : Pb-Pb collisions at 5 TeV
2015 : L., = 225 ub™!
2018 : L. . = 525 ub~!

» J/Y are obtained by combining opposite-sign muons tracks

» Single muon cuts -

Matched tracks
Pseudo-rapidities : -4 <1, <-2.5
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Data sample and event selection ALICE

» Data Sample : Pb-Pb collisions at 5 TeV
2015 : L., = 225 ub™!
2018 : L, = 525 ub™!

» J/P are obtained by combining opposite-sign muons tracks

J/yp

» Single muon cuts
Matched tracks
- Pseudo-rapidities : -4 <n, <-2.5
Angle at the end of the front absorber : 2° <6, < 10°
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Data sample and event selection ALICE

» Data Sample : Pb-Pb collisions at 5 TeV
2015 : L., = 225 ub™!
2018 : L. . = 525 ub~!

» J/Y are obtained by combining opposite-sign muons tracks

- ail]

» Single muon cuts
Matched tracks
- Pseudo-rapidities : -4 <n, <-2.5
Angle at the end of the front absorber : 2° <6, < 10°
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Data sample and event selection ALICE

» Data Sample : Pb-Pb collisions at 5 TeV
2015 : L., = 225 ub™!
2018 : L, = 525 ub™!

» J/P are obtained by combining opposite-sign muons tracks

» Single muon cuts

Matched tracks

- Pseudo-rapidities : -4 <n, <-2.5
Angle at the end of the front absorber : 2° <6, < 10°
pDCA

» Reconstructed dimuon cut

Rapidity : -4 <y, <-2.5
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Transverse momentum distribution ALICE

» Looking at the p; distribution, the excess is also observed in peripheral collisions at 5.02 TeV

In J/P mass range

2.85 <my,.,_ < 3.35GeV/c?

W
o)
o

T

0 AL NI BLELELE B
ALICE Preliminary

Pb-Pb \{S—NN =5.02 TeV
Centrality 70-90%

uru pairs, 2.5<y <4
2.8 <my., <34GeV/c

For pr < 0.3 GeV/c 300

+

Observed only for centrality class

Raw counts per 0.1 GeV/c

from 50% to 90% o O;—
150 &
=t + 4

10 : ~+4- 4t S e +++++:

50 F E

O:-"'""'""""'"""--l---l--.l...:

O 02 04 0.6 0.8 1 1.2 14 16 18 2

pT(GeV/c)
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Signal extraction ALICE

Raw J/P number is extracting by fitting the opposite-sign invariant mass distribution

2 functions for signal and background + 3 sets of parameters

NQ 100 I I I I I I I I I I I
% 90 ALICE Preliminary
= gp Pb-Pb |s,, = 5.02 TeV
g Centrality 70-90%
= 70 25<y<4
S 50
o
O 40
30
20
10
O e
4.5
2
m,., (GeV/c?)
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Signal extraction ALICE

Raw J/P number is extracting by fitting the opposite-sign invariant mass distribution

- 2 functions for signal and background + 3 sets of parameters

In 3 prranges to study different J/P production processes :
« Coherent production dominant : py < 0.3 GeV/c

Al 100 —71 r r r r [ r 1 T 1
. . O
« Incoherent production dominant: py <1 GeV/c % 90 ALICE Preliminary
« Hadronic production dominant : pp < 8 GeV/c = g Pb-Pb |s,, = 5.02 TeV
9 Centrality 70-90%
= 70 25<y<4
8- 60 pT <0.3GeV/c
S 50
o
O 40
30
20
10
O st
4.5
2
m,., (GeV/c?)
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Estimation of the hadronic componant ALICE

Number of J/P from hadroproduction is given by integrating the following parametrization for
pr < 0.3 GeV/c

r===== 1
th J/l// :do-h J/lljl I_ m— g e 00000 0 0 o0,
AA =><: pp |R/§,i/wx(‘dxe)hw
de : de oooooooooo

J/Q cross-section measured by ALICE in pp collisions a 5 TeV
| | J/@ nuclear modification factor in Pb-Pb collisions at 5 TeV

Hadronic J/@ acceptance times efficiency obtained by simulations

Normalization factor as the number of J/P in 1 < py < 8GeV/c where hadronic component is expected to
be dominant

8 GeVie g
N =Ny, (1-8 GeV/c)/J —= X R x (o x €))% (pr) dpr
1 Gevie 9Pt

p 14 Ophélie Bugnon | 27/11/2019



A Large lon Collider Experiment

Coherent J/Y photoproduction cross-section ALICE

» Extraction of the J/Y number from coherent photoproduction

N N _ NI fincon 1S the fraction of AP from incoherent photoproduction
Iy __ excess raw had

1 +fincoh +f g(/)h 1 +fincoh + é{)h

coh
fc";h is the fraction of AW from the decay of coherently photoproduced Y

2015 data sample

> Cross SeCtion evaluation — 600 LINLIL I rrria I rrria I rrria I rrria I rrri I rrri I rrri I rrri I LINLIL
_Q - -
5 - —©— ALICE, Jly »p'w,25<y <4,p_<0.3GeV/c ALICE Prellmlnary:
. | —®— ALICE, J/y —» e'e, |y| <09 Pb-Pb —5.02 TeV -
LS 500 E ------ GG-hs (J. Cep.ila, arX.iv:1711.01855) Central\i/’:ITgO-QO% © _:
2— B GS-hs (J. Cepila, arXiv:1711.01855) i
J/ J/ 2 : ------ GBW (M.B. Gay-Ducati, arXiv:1804.09836) _‘
dacolll,jl NCOl/I; 8b 400 : 1IM (M.B. Gay-Ducati, arXiv:1804.09836) :
- 1/ R ]
V78 - T ]
dpr  BRyy - X (A X €) 5 X Ly X Ay 300 :
A N i
T 200 [~ ]
Branching ration = 5.93% Integrated luminosity E E
100 |~ -]
Acceptance x efficiency n .
-For COherent J/q) Rapidity Width O B L1 1 l L1 1 1 l L1 1 1 l L1 1 1 l L1 1 1 l L1 11 l L1 11 l L1 1.1 l L1 1.1 l L1l ]
-5 4 3 2 - 0 1 2 3 4 5
y

. .. . . PoS (HardProbes2018) 181
» Systematics uncertainties determination
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Muon tracking efficiency ALICE

< Estimation of the systematics on the tracking efficiency

Three main parts :

|.  Cluster map Data/Monte Carlo comparison
« Spot the unexpected detector issues

e Include them in simulations

ll.  Tuning the kinematics distributions
e Parametrization of the kinematics distributions

e Make the most realistic simulations

lll.  Acceptance x Efficiency and systematics
o Compute the Acceptance x Efficiency factor

o Quantify the residual data/MC discrepancies to be used as systematics
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Cluster map data/MC comparison ALICE

» Method

« Perform single muon simulations
- Compare data and simulations

- Identify detector issues not included
status map

« Fix the problems:

o detector status and/or offline rejection
algorithm

o add the dead detector elements to the
rejectList

LI e e

N &
Lo Lo Do o5 ] T I I Ik 7 Lol b b
-80 -60 -40 -20 0 20 40 60 80 -80 -60 -40 -20 0 20 40 60 80

Ister position

L
T

[ R 8 b}
> ST RRENE L SRETH AUER: Z 3

-200 -150 -100 -50 0 50 100 150 20200 -150 -100 -50 0 |
X (cm) X (cm) 50 50 00

X (em) Xiem)

50 100 150 200 - K

[ T TR
00 50

7 R
100 50
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Tuning the kinematics distributions : the data driven method p|TcE

» Step O :
single-muon simulations with parameters from previous period for the kinematic distributions

» Stepn>0:

« @ X e is measured from MC simulation
and applied to the data reconstructed distribution
- equivalent generated distribution

 Fitting the new corrected data distributions

- Compute the weight :
ratio of the new function to the original generated MC distribution
- Re-weight the gererated muons

generated P distribution generated y distribution generated ¢ distribution generated sign distribution
ecCol i -
8 I . $14F I e I | 1 LI o
H % Mo 3068
F SDw 04088 0.2501
10 'r
10 ‘r ).25008—
10}
r 0.25p
10 'r
0% 2249958
10 ‘r
0.2499p~
10 'r
i 1 1 1 1 L
25 30 45 -4 -35 -2 -1.5 -1 0.5 ] 05 1 15
», (Gevic) o
reconstructed y distribution reconstructed sign distribution
& g < 00482 Dsianes
H A [ —— [P
10" 25 S9Dev 0 SsDev 09994
0.048
\
10
x 0.0488~
\
\
| 0.0486)—
i|l 0.0484~
0.0482~
0.05p~
0.048~ e
1 1 1 1 1 1
4 -35 -2 -05 0 05 1 15
sign
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Tuning the kinematics distributions : the data driven method p|TcE

» Step O :
single-muon simulations with parameters from previous period for the kinematic distributions
» Stepn>0:
4—
« 9 X e is measured from MC simulation
and applied to the data reconstructed distribution
- equivalent generated distribution The procedure is done
- Fitting the new corrected data distributions iteratively until parameters
, for generated MC
- Compute the weight : T
ratio of the new function to the original generated MC distribution distributions converged
- Re-weight the gererated muons

generated pr distribution generated y distribution
hi

generated ¢ distribution generated sign distribution
214F | :" 3
%

).249958—
0.2499p~
1 1 1 1
-2 -1 .

1
1§ -1 05 0 05 1 15
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Acceptance times efficiency

» Measure intrinsic efficiency :
« Use the reconstructed tracks

« Use the redundancy between chambers

ALICE

« Assuming the efficiency of one chamber is independent on the others

» Method based on the tracking algorithm properties

» Forstations 1, 2 and 3 :
at least 1 cluster per station

€t 12)3) = 1 — <1 — €ch 1(3)(5)) <1 — €ch 2(4)(6))

« For stations 4 and 5 :
at least 3 cluster in the last 4 chambers

1= =10
€t 45 = H €cpit Z (1 — € l) H
=7 J=T;j#i

i—j
chi—
Ni_;+ Ny_;
ch1 ch2 ch3 ch4 ch5 ché ch7 ch8 ch9 ch10

N1
N1
No-1
No-o
W G G A S G
st1 st2 st3 std stb
| J

-~

std5

+ thcking =€

st1€s512€513€ 5143
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Tracking systematics
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ALICE

» If we take a systematic of 1.5%
all data/MC differences are within
20 - 30

- systematic of 3% for dimuons
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Conclusion and outlooks ALICE

< Excess in the yield of J/P at very low prconfirmed in peripheral collisions at 5.02 TeV

< Excess is expected to be more significant with respect to 2.76 TeV

Analysis in progress

» Study of the (py) of the J/WP excess

» Will be extended to more central collisions
Centrality dependence of the (py)

Coherence condition

» Will be performed for more bins in rapidity

Rapidity dependence of the cross-section
Combine results with UPC analysis and extract Gyes(+y) and Oyes(-y)

Probe the gluonic content for different Bjorken-x
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