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Outlook	

2	6-Jul-2017	 EPS-HEP2017,	Jacek	Otwinowski	

Quest	for	the	Quark-Gluon	Plasma	
(Cabibbo	&	Parisi	1975,	Collins	&	Perry	1975)	
	
	
	
	
	
	
	
	
Par?cle	produc?on	in	hot/dense	QCD	maWer			

•  Collec?ve	effects	on	pT	spectra	(radial	flow)	
•  Thermal	par?cle	produc?on	and	role	of	the	rescaWering	and	regenera?on	in	the	

hadronic	phase	
•  Nuclear	effects	on	par?cle	produc?on	at	high	pT	
	

Quark-Gluon	Plasma	

T	~	1012	K	

Hard	scaWerings	Before	collision	 Hadron	gas	

A	A	

Focus	on	new	results	from	Pb+Pb	5	TeV	(Run	2)		
vs	Pb+Pb	2.76	TeV	(Run	1)	

Time	(fm/c)	

hWps://www.youtube.com/watch?v=gslEZUTJyvc	
	



A	Large	Ion	Collider	Experiment	

ALICE	
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•  Excellent	par?cle	iden?fica?on	capabili?es	in	the	large	pT	range	0.1-20	GeV/c	
•  Good	momentum	resolu?on	~1-5%	for	pT	=	0.1-50	GeV/c	

Central	barrel	tracking	and	PID	(ITS,	
TPC,	HMPID	and	TOF)	|η|<	0.9		

MUON	arm	
-4.0	<	η	<	-2.5	
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(ραδιαλ φλοω) 
 

Collec?ve	effects	on	pT	spectra	(radial	flow)	
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Charged	π,	K	and	p	spectra	
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•  Measured	and	iden?fied	with	different	analysis	techniques:	ITS,	TPC,	TOF,	HMPID	
and	topological	iden?fica?on	of	decaying	charged	kaons		

•  Mass	dependent	hardening	of	the	spectra	with	increasing	centrality	
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K	/	π	ra?o	
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•  Different	paWern	in	the	K/π	ra?o,	depending	on	centrality		
•  No	significant	change	between	the	two	energies	√sNN	=	2.76	and	5.02	TeV	



p	/	π	ra?o		
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•  Maximum	in	the	p/π	ra?o	due	to	radial	flow	
•  Shir	of	the	maximum	of	p/π	to	higher	pT	with	respect	to	lower	energies	(stronger	radial	

flow)	



Blast-Wave	model		
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p−Pb	Phys.	LeW.	B	760	(2016)	720	
Pb−Pb	Phys.	Rev.	C88	(2013)	044910	

Simultaneous	fit	to	the	π,	K,	p	spectra	

Simplified	hydrodynamic	model	
with	3	parameters:	
•  βT	-	radial	expansion	velocity	
•  Tkin	–	kine?c	freeze-out	temperature	
•  n	–	velocity	profile	
	

Blast-Wave	model	parameters	follow	
trends	observed	at	lower	energy	
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Ra?os	of	pT	integrated	yields	
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•  No	significant	energy	dependence	is	observed		
•  K/π	and	p/π	measured	in	peripheral	Pb-Pb	collisions	are	consistent	with	the	high-

mul?plicity	pp	and	p-Pb	values	
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(ραδιαλ φλοω) 
 

Thermal	par?cle	produc?on	and	role	of	the	
rescaWering	and	regenera?on	in	the	hadronic	phase	
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K*	produc?on	overes?mated	
by	thermal	models	



K*(892)0,		Φ(1020)	resonances		
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•  Mean	life?me:	K*(892)0	~4.16	fm/c,			Φ(1020)	~	46.2	fm/c	
•  Measured	using	invariant	mass	(K*0àπK,	ΦàKK)	and	PID	with	different	analysis	

techniques	using	TPC	and	TOF	

6-Jul-2017	 EPS-HEP2017,	Jacek	Otwinowski	



Ra?os	of	pT	integrated	yields	
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•  K*0/K	decreases	with	collision	centrality	
•  K*0/K	depends	only	on	system	size	but	not	

on	collision	energy	
•  no	decrease	is	observed	for	Φ/K		
•  K*0/K	and	Φ/K	measured	in	peripheral	Pb-

Pb	collisions	are	consistent	p-Pb	values	
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à	Dominance	of	rescaWering	over	
regenera?on	in	the	hadronic	phase		

Mean	life?me:	K*(892)0	~4.16	fm/c,			Φ(1020)	~	46.2	fm/c	



Nuclear	effects	on	par?cle	produc?on	at	high	pT			
	(quan?fy	via	nuclear	modifica?on	factors	RAA)	
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Charged-par?cle	RAA	
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•  Measurement	for	0.15	<	pT	<	40	GeV/c		
	
•  Different	suppression	paWern,	depending	

on	Pb-Pb	collision	centrality		
•  Maximum	suppression	by	a	factor	of	7	 		

(6	<	pT	<	7	GeV/c)	in	the	0-5%	collisions	
•  No	significant	evolu?on	with	collision	

energy	is	seen	
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RAA		of		π,	K,	p			
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•  In	Pb−Pb	collisions	all	three	species	are	equally	suppressed	for	all	centrali?es	at	
high	pT		>	8	GeV/c		

•  Light−flavor	independent	energy	loss	at	high	pT	as	observed	at	√sNN	=	2.76	TeV	

pp	Phys.	Rev.	LeW.	B	760	(2016)	720	
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RAA		energy	dependence	
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No	significant	evolu?on	with	
collision	energy	is	found	
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RAA		energy	dependence	
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No	significant	evolu?on	with	
collision	energy	is	found	
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RAA		energy	dependence	
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No	significant	evolu?on	with	
collision	energy	is	found	
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Summary	and	Outlook		
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•  No	significant	change	between	par?cle	produc?on	for	the	two	energies	
√sNN	=	2.76	and	5.02	TeV	

•  Similar	yields	and	pT	dependence	
•  A	bit	stronger	radial	flow	observed	for	5.02	TeV	collisions		
•  K/π	and	p/π	as	well	as	K*0/K	and	Φ/K	measured	in	peripheral	Pb-Pb	

collisions	are	consistent	with	the	high-mul?plicity	pp	and	p-Pb	values	
•  K*0/K	decreases	with	collision	centrality	à	dominance	of	rescaWering	

over	regenera?on		in	the	hadronic	phase		
•  Nuclear	modifica?on	factors	show	no	energy	dependence	
	
	

See	also	talks:	
“Strangeness	produc?on	in	Pb-Pb	collisions	with	ALICE	at	the	LHC”	-	Peter	Kalinak	
“New	results	on	the	mul?plicity	and	centre-of-mass	energy	dependence	of	iden?fied	
par?cle	produc?on	in	pp	collisions	with	ALICE”	-	Gyula	Bencedi	
		



Backup	

20	6-Jul-2017	 EPS-HEP2017,	Jacek	Otwinowski	



Phase	diagram	of	QCD	maWer		
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ALICE,	μB	~	0	
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La~ce	QCD	(μB	=	0):	
•  Hadron	gas	<->	QGP	(crossover)	
•  TC	=	145-163  MeV	
•  εC	=	(0.18-0.5)	GeV/fm3,		(1.2-3.1)	εnuclear	
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ALICE	at	work	
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Run	1	(2009	-	2013)	 Run	2	(2015	-	now)	

p+p		√s=0.9,	2.36,	2.76,	7,	8	TeV	
p+Pb		√sNN=	5.02	TeV	
Pb+Pb	√sNN=2.76TeV	

p+p		√s=5.02,13	TeV	
p+Pb		√sNN=	8.16	TeV	
Pb+Pb	√sNN=5.02	TeV	 Phys.	LeW.	B	728	(2014)	216	
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Charged	par?cle	density	dNch/dη		
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•  Increase	x1.2	(s0.155	dependence)	2.76	TeV	
to	5.02	within	0-80%	Pb-Pb	centrality	

•  pp	scaled	by	1.13	(s0.103	dependence)	

	

•  dNch/dη	=	1943	±	54	(Pb-Pb,	0-5%,	5.02	TeV)	
•  pp	and	p-Pb	scales	similarly	with	√sNN	
•  Stronger	rise	in	Pb-Pb	than	in	pp	and	p-Pb	

(min.	bias)	

Phys.	Rev.	LeW.	116	(2016)	222302	
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Blast-Wave	model		

24	

•  In	Pb−Pb	at	the	two	energies	
parameters	are	similar	at	
comparable	mul?plici?es	

•  Higher	<βT>	for	smaller	collision	
systems	at	comparable	mul?plici?es	

p−Pb	Phys.	LeW.	B	760	(2016)	720	
Pb−Pb	Phys.	Rev.	C88	(2013)	044910	
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K*(892)0,	Φ(1020)	comparison	to	models	
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	 	Phys.	Rev.	C	95,	064606	(2017)	

•  K*0/K	is	not	described	by	EPOS3	(w/,	w/o	UrQMD)	as	well	as	Thermal	model,	but	
EPOS3	with	UrQMD	describes	decreasing	trend.	

•  Φ/K	well	described	by	the	models		



Charged-par?cle	spectra	
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pp	reference	measured	at	
the	same	collision	energy	
of	√s	=	5.02	TeV	(Run	2)		



pp	reference	for	RAA	of		iden?fied	par?cles	
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pp	reference	constructed	for	√s	=	5.02	TeV	(Run	2)			
		
Phys.	LeW.	B	760	(2016)	720		



Charged-par?cle	RAA	comparison	to	models	
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Vitev	et	al.	Phys.	Rev.	D	93	(2016)	074030		
Djordjevic	et	al.	Phys.	Rev.	C	94	(2016)	044908	
Majumder	et	al.		arXiv:1702.00481		


