
Kunal Garg
Subatech, Nantes

Ψ(2S):	Measuring	the	
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Quarkonia	as	a	probe	of	QGP
Ø Direct	charmonia	production	is	
suppressed	due	to	colour	screening

Ø LHC:	charm	quark	(c	and	𝑐bar)	
production	cross	section	larger	compared	
to	RHIC	energies	

Ø Additional	production	mechanism:	
(re)generation	of	quarkonium.	
Quarkonium	can	be	used	to	study		
deconfinement	in	the	QGP	
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Quarkonia	as	a	probe	of	QGP

Ø The	effect	of	the	medium	is	quantified	using	
the	nuclear	modification	factor

Ø Dissociation: charmonia melt	inside	the	
medium	(color	screening)
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Quarkonia	as	a	probe	of	QGP

Ø The	effect	of	the	medium	is	quantified	using	
the	nuclear	modification	factor

Ø Dissociation:	charmonia melt	inside	the	
medium	(color	screening)

Ø Recombination:	charmonia created	by	ccbar	
combiningNpart
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A
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Recombination
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Quarkonia	as	a	probe	of	QGP

Ø The	effect	of	the	medium	is	quantified	using	
the	nuclear	modification	factor

Ø Dissociation:	charmonia melt	inside	the	
medium	(color	screening)

Ø Recombination:	charmonia created	by	ccbar	
combiningNpart

R A
A

Dissociation

Recombination

Dissociation+Recombination

Rencontres QGP France 2021 6



Quarkonia	as	a	probe	of	QGP

Ø Smaller	suppression	for	central	events	in	
ALICE	despite	a	collision	energy	more	than	
10	times	higher	->	First	clear	sign	of	
regeneration
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Why	study	ψ(2S)
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Ø Advantages	of	studying	ψ(2S):
Ø Cancellation	of	theoretical	uncertainties	related	to	charm	production	cross	->	strong	
constraints	on	the	models!	

Ø ALICE	uniquely	able	to	measure	down	to	0	pT

Ø Stronger	suppression	for	Ψ(2S)	is	expected	due	to	smaller	binding	energy	and	Debye	Screening	

Ø Measuring	ψ(2S)/J/ψ cancels	several	experimental	uncertainties
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Physics	motivations	for	quarkonia studies	
pp	collisions
Ø Understand	quarkonium	production	mechanisms	at	partonic	level
Ø Reference	for	pA,	AA	collisions

pA collisions
Ø Understand	Cold	Nuclear	Matter	effects

AA	collisions
Ø Understand	interplay	between	suppression	(dissociation,	colour	screening),	charmomium
regeneration	(RAA at	low	pT,	polarisation),	and	energy	loss	(RAA at	high	pT)

Ø Study	the	collective	behaviour	of	heavy	quarks	and	their	degree	of	thermalization	
Ø Study	the	initial	stages	of	the	heavy	ion	collisions:	
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ALICE	Experiment
Inner	Tracking	System
Ø Tracking,	vertex	reconstruction	

V0	Detector
Ø Centrality	determination	triggering,	
and	event	characterisation

Muon	Spectrometer
Ø Trigger	and	tracking	for	muons	

Zero	Degree	Calorimeter
Ø Triggering	information	and	event	
characterization	

Ø Can	measure	down	to	pT =	0
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Charmonium production	vs.	multiplicity	in	
pp	collisions

Work	in	Progress

Work	in	Progress
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ALI−PREL−346195

Ø J/ψ	relative	yields	compatible	
with	linear	dependence	on	
multiplicity	

Ø No	energy	dependence	observed	
for	J/ψ results

Ø ψ(2S)	results	on	the	full	
Run	2	data	also	compatible	
with	linear	dependence	on	
multiplicity	
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Relative	ψ(2S)/J/ψ	production	vs.	multiplicity	in	
pp	at	13	TeV

Work	in	Progress

Work	in	Progress
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Ø Multiplicity	dependence	of	ψ(2S)	suppression	w.r.t. J/ψ	predicted	by	comovers approach

Ø Amplitude	of	the	suppression	stronger	in	the	model	than	in	the	measurement	
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Nuclear	Modification	Factor	in	p-Pb	Collisions

Ø Stronger	suppression	indeed	seen	for	Ψ(2S)	at	backward	rapidity	
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ALI-PUB-483671

JHEP07	(2020)	237,	ALICE	Collaboration

Ø At	forward	rapidity	the	ψ(2S)	suppression	is	compatible	with	that	of	J/ψ

Ø Ψ(2S)	suppressed	more	at	high	and	low	pT
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Nuclear	Modification	Factor	in	p-Pb	Collisions
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Ø Systematically	stronger	suppression	for	the	ψ(2S)	w.r.t J/ψ	
as	a	function	of	centrality	at	backward	rapidity

Ø Similar	suppression	for	the	J/ψ	and	the	ψ(2S)	as	a	function	
of	centrality	at	forward	rapidity

JHEP02	(2021)	002 14



Inclusive	J/ψ production
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Ø Smaller	suppression	of	J/ψ	at	low	pT than	at	high	pT
both	at	forward	and	mid-rapidity

Ø At	low	pT,	stronger	suppression	at	forward	rapidity	than	
at	mid	rapidity	(regeneration)
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Ø ψ(2S)	showed	a	stronger	suppression,	in	semi-central	and	central	collisions,	than	the	J/ψ

Ø Higher	statistics	can	provide	a	better	picture	now

Inclusive	ψ(2S)	production
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Ψ(2S)	in	Pb-Pb	collisions
Ø My	analysis:	Measurement	of	Ψ(2S)	at	forward	rapidities	in	Pb-Pb	collisions	at	√sΝΝ =	5.02	TeV	with	
data	collected	by	ALICE	in	2015-2018

Ø Dimuon	invariant	mass	analysis	to	estimate	the	production	of	Ψ(2S)	as	a	function	of	charge	particle	
multiplicity	and	pT
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Period CMUL	
events	
after	PS

Lumi		
(µb-1)

2015 1.2x10^8 ~225

2018 2.7x10^8 ~535



Current	Status

Ø Re-affirmation	of	the	results	from	2015

Ø Stronger	suppression	observed	for	Ψ(2S)	in	central	and	semi-central	collisions	with	improved	
statistics
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Current	Status

Work	in	Progress

Work	in	Progress

Ø Ψ(2S)	shows	stronger	suppression	from	low	to	high	pT till	3-4	GeV/c,	after	which	there	is	a	
decrease	in	the	RAAwith	increasing	pT

Ø A	similar	trend	was	observed	for	p-Pb	collisions	as	well	(Slide	13)
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Conclusions	and	Outlook

Work	in	Progress

Ø Multiplicity	dependence	of	ψ(2S)	suppression	w.r.t J/ψ	investigated:
Ø Predictions	based	on	comovers model	tend	to	overestimate	the	ψ(2S)	suppression	at	high	
multiplicity

Ø Inclusive	J/ψ	at	forward	y	strongly	suppressed	in	Cold	Nuclear	Matter
Ø Stronger	suppression	of	the	ψ(2S)	w.r.t J/ψ	at	backward	y	in	p–Pb,	described	by	final	state	
interactions

Ø J/ψ	RAA in	Pb–Pb	supports	suppression/regeneration	mechanisms	at	low	pT

Rencontres QGP France 2021

Ø ψ(2S)	in	Pb-Pb	collisions	is	a	challenging	measurement	but	remains	one	of	the	more	important	
results	from	ALICE	Run2
Ø expected	inclusion	in	the	Run2	review	paper

Ø Measurement	will	shed	light	on	the	medium	effects	at	play	in	production	of	charmonia	production
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Thank	You
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Back-Up	slides
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Future	Expectations

Work	in	Progress

Rencontres QGP France 2021

Several	opportunities	for	new	and	improved	charmoniummeasurements	in	ALICE	:
Ø ALICE	Upgrade	LS2,	Run3	and	beyond

Ø Continuous	readout,	50	kHz	int.	rate	(x100	stat.	In	central	barrel,	x10	in	muon	spectrometer)	
Ø Muon	Forward	Tracker	at	forward	y	(prompt/non-prompt	charmonium separation,	reduction	of	
comb.	background)	
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Ø Standard Muon cuts applied:
Ø Matched low pT tracks 
Ø -4 < η < -2.5
Ø 2° < θabs < 10°
Ø pDCA cuts 

Ø DiMuon Cuts
Ø -4 < ylab < -2.5 

Ø Event Mixing

For mixing events:  CMSL7-B-NOPF-MUFAST + 
kMuonSingleLowPt7

Analysis	Cuts
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Fitting	variations
Ø Fit	functions:	Double	Crystal	Ball,	NA60
Ø Bkg	functions	(Mixed	subtracted):	Exp*Pol2,	Double	
Exponential

Ø Bkg	functions	(Unsubtracted):	Pol2/Pol3,	VWG
Ø Fit	ranges:	2.2-4.5,	2.4	– 4.7
Ø Tails	for	CB2:	Data	tuned,	MC	tuned
Ø Tails	for	NA60:	MC	tuned
Ø Width	Psi(2S)	/	Width	(	J/Psi)	=	1.01,	1.05.

Binning
Ø Centrality:	0-10,	10-20,	20-40,	40-60,	60-90,	0-90

Ø pT:	0-2,	2-3,	3-4,	4-6,	6-12

Ø Rapidity:	(-4,	-3.5),	(-3.5,	-3.25),	(-3.25,	-3),	(-3,	-2.75),	(-2.75,	-2.5)

Ø 24	tests	each	for	Centrality	and	pT	differential	and	18	tests	for	rapidity
Ø Some	tests	had	to	be	neglected	from	rapidity	diff	due	to	significance	<1

Signal	Extraction
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Challenges

Work	in	Progress

Work	in	Progress

Ø Multiple	analysers	devoted	to	this	analysis.	Cross-checks	ongoing	between	analysers

Ø Systematic	studies	are	ongoing	as	well

Ø First	draft	of	the	analysis	note	has	been	prepared
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Inclusive	and	Prompt	J/ψ production
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Models
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Comovers:
Ø Quarkonia are	dissociated	via	the	interaction	with	surrounding	particles	in	the	final	
state.	It	takes	into	account	the	nuclear	modification	of	parton distribution	functions	
(nPDFs).	

Transport	Model:
Ø Model	includes	an	interplay	of	dissociation	and	regeneration	mechanisms	regulating	
the	production	of	quarkonia at	the	QGP	stage.	The	medium	evolves	as	an	expanding	
isotropic	fireball

Hydro	Model
Ø The	model	is	derived	from	the	thermal	modification	of	a	complex	heavy-quark	
potential	inside	an	anisotropic	plasma.	The	background	medium	is	described	with	
viscous	hydrodynamics	for	three	values	of	the	shear	viscosity-to-entropy	density	
ratio	η/s
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