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Overview of recent ALICE results



Explora(on	of	QCD	Phase	Diagram	

M.	Stephanov	

ALICE	is	the	only	dedicated	heavy-ion	experiment	at	the	LHC.	

Outline	

Collec(vity	in	small	systems?		
Regenera(on,	…?	

Highlights	of	recent	results	from	the	ALICE	collabora(on	are	presented.		
The	collision	systems	inves(gated	are	pp,	Pb–Pb	and	p–Pb.	
	
§  bulk	par(cle	produc(on	
§  azimuthal	correla(ons	
§  collec(vity	in	small	systems?	
§  open	and	hidden	heavy	flavor	

The	results	provide	key	constraints	on	transport	proper(es	of	the	QCD	maNer,	the	ini(al	
condi(ons,	the	dynamics	of	heavy	quarks	in	hot	and	dense	systems,	and	the	coupling	of	
hard	probes	with	the	medium.	There	will	also	be	a	descrip(on	of	the	ALICE	upgrade	
program.		
	

…	AA	vs	small	systems!	

2	

Pb	 Pb	

p	 Pb	

p	 p	

Collec(vity	in	small	systems?	–	LOOK	ALICE	OHLSON	SLIDES	

Physics	analysis	with	ALICE	detector	

§  hard	probes		
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Inner	Tracking	System	(ITS)	
-0.9<η<0.9		
tracking	+	triggering	+	
par(cle	iden(fica(on	(PID)	

Analyzed	data	samples:	
•	Pb-Pb	at	√sNN	=	2.76	TeV	(2010	data,	10M	events)	
•	p-Pb	at	√sNN	=	5.02	TeV	(2013	data,	100M	events)	

SPD:	|η|<1.4	

ALICE	detector	
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Inner	Tracking	System	(ITS)	
-0.9<η<0.9		
tracking	+	triggering	+	
par(cle	iden(fica(on	(PID)	
	
Time	ProjecFon	Chamber	(TPC)	
-0.8<η<0.8	
tracking	+	PID	
	
Time	Of	Flight	(TOF)	
-0.8<η<0.8	
PID		
	
VZERO	detector	
two	forward	scin(llator	arrays	
-3.7<η<-1.7,		2.8<η<5.1	
centrality	+	triggering	
	
Zero-Degree	Calorimeters	
centrality	+	triggering	

Analyzed	data	samples:	
•	Pb-Pb	at	√sNN	=	2.76	TeV	(2010	data,	10M	events)	
•	p-Pb	at	√sNN	=	5.02	TeV	(2013	data,	100M	events)	

§  Tracking:	ITS+TPC	(pT	>	0.2	GeV/c)	
§  Centrality	es(mators:	VZERO,	ZDC	

ALICE	detector	

4	

Muon	spectrometer	
-4<η<-2.5		
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hNps://indico.cern.ch/event/433345/contribu(ons/2358417/aNachments/1407103/2150544/talk1610.pdf		

ALICE	data	harvest	

System	 Energy	

pp	 0.9,	2.76,	7,	8	TeV		

p-Pb	 5.02	TeV	

Pb-Pb	 2.76	TeV	

System	 Energy	

pp	 5.02,	13	TeV		

p-Pb	 5.02,	8.16	TeV	

Pb-Pb	 5.02	TeV	

Run	1	(2009-2013)	 Run	2	(2015-now)	

data	taking	at	the	end	of	2015,	
~130	million	events	

November	2015	
central	Pb-Pb	

§  minimum	bias	triggers	
§  rare	triggers	(muons,	EMCAL,	

PHOS,	etc.)	
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TPC		
»	dE/dx	in	gas	(Ar−CO2)	
	
TOF		
»	(me-of-flight	(σTOF	~	80	ps)	

Par(cle	iden(fica(on	in	ALICE	
Mul(ple	PID	techniques	

TPC	 TOF	

centrality	0-5%	Combined	TPC+TOF	informaFon:	
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TPC		
»	dE/dx	in	gas	(Ar−CO2)	
	
TOF		
»	(me-of-flight	(σTOF	~	80	ps)	

Par(cle	iden(fica(on	in	ALICE	
Mul(ple	PID	techniques	

TPC	 TOF	

ITS	
»	dE/dx	in	4	layers	
with	analogue	readout	
»	low-mass	tracker	~	10%	of	X0		
	
TRD	
»	transi(on	radia(on	
	
HMPID	
»	Cherenkov	angle	measurement	

ITS	

HMPID	

TRD	

§  efficient	low-momentum	tracking	–	down	to	~	100	MeV/c		
Int.J.Mod.Phys.	A29	(2014)	1430044		
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Centrality	–	a	key	parameter	in	the	study	of	QCD	maNer	at	extreme	energy	densi(es,	
directly	related	to	the	ini(al	overlap	region	of	the	colliding	nuclei.	

The	impact	parameter	(b)	is	the	distance	between	
the	centers	of	the	colliding	nuclei.	

In	ALICE:	use	mul:plicity	distribu:on	in	
VZERO	detector	+	Glauber	model	

Phys.	Rev.	C	88	(2013)	044909	

close	to	0%	à	most	central	events	
closer	to	100%	à	peripheral	events	

Centrality	determina(on	in	ALICE	

à	bimpact,	Npart,	Ncoll,	Nspec	are	not	directly	measurable	and	are	
deduced	from	the	Glauber	model.	

Usual	receipt:		
§  use	distribu(on	of	a	signal	in	some	detector	
§  fit	with	some	geometry-based	model	
§  split	into	centrality	classes	(0-100%)	

VZERO-C	 VZERO-A	TPC	

hNps://indico.cern.ch/event/539093/contribu(ons/2567172/aNachments/1477061/2288568/WPCF2017_EnricoFragiacomo_v7.pdf		
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Let’s	go	to…	bread	and	bufer	

9	



Phys.	Rev.	LeN.	116,	(2016)	222302	

ALI-PUB-104920

hNps://indico.cern.ch/event/433345/contribu(ons/2371200/aNachments/1408893/2154112/QM-Jacazio.pdf		

§  〈dNch/dη〉	at	5.02	TeV:	
increase	of	~	20%	with	respect	to	2.76	TeV	

§  follows	trends	expected	from	lower	energies	

§  pseudorapidity	density	is	measured	over	a	wide	η	range	
for	3	systems	

2	
Charged	par(cle	density	
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10	centrality	classes	from	0%	to	90%		
[arXiv:1612.08966]	

hNps://indico.cern.ch/event/433345/contribu(ons/2358417/aNachments/1407103/2150544/talk1610.pdf		
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Pb-Pb	 p-Pb	

pp			
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ALI-PREL-107296

Nuclear	Modifica(on	Factors	at	√sNN=5.02	TeV		

Uniden&fied	par:cle	spectra:	

hNps://indico.cern.ch/event/433345/contribu(ons/2371200/aNachments/1408893/2154112/QM-Jacazio.pdf		

Pb	 Pb	
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Nuclear	modifica:on	factor:	
RAA	<	1	indicates	parton	energy	loss	



ALI-PREL-107296
ALI-PREL-107300

Nuclear	Modifica(on	Factors	at	√sNN=5.02	TeV		

Compare	values	at	5.02	TeV	with	2.76	TeV:	
§  No	significant	evolu(on	with	collision	energy	is	found	

Nuclear	modifica:on	factor:	

√sNN=2.76	TeV	results:		
Phys.LeN.	B720	(2013)	52-62	

Uniden&fied	par:cle	spectra:	

hNps://indico.cern.ch/event/433345/contribu(ons/2371200/aNachments/1408893/2154112/QM-Jacazio.pdf		

Pb	 Pb	

12	

RAA	<	1	indicates	parton	energy	loss	
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Iden(fied	par(cle	spectra	at	√sNN=5.02	TeV		Pb	 Pb	

maximum	yield	moves	towards	higher	pT	from	peripheral	to	central	collisions	
(the	effect	is	more	pronounced	the	heavier	the	hadron	is)	

)c (GeV/
T

p 
0 2 4 6 8 10 12

-1 )
c

) 
(G

e
V

/
y

 d
T

p
/(

d
N

2
  

d

5−10

4−10

3−10

2−10

1−10

1

10

210

310

410

510

610

710

9
0-5% x 2

8
5-10% x 2

710-20% x 2
6

20-30% x 2
5

30-40% x 2 440-50% x 2
3

50-60% x 2 260-70% x 2
170-80% x 2 80-90%

-
π + +

π

ALICE Preliminary
 = 5.02 TeV

NN
sPb-Pb 

Uncertainties: stat. (bars), sys. (boxes)

ALI−PREL−121387

)c (GeV/
T

p 
0 2 4 6 8 10 12

-1 )
c

) 
(G

e
V

/
y

 d
T

p
/(

d
N

2
  

d

5−10

4−10

3−10

2−10

1−10

1

10

210

310

410

510

610

710

9
0-5% x 2

8
5-10% x 2

710-20% x 2
6

20-30% x 2
5

30-40% x 2 440-50% x 2
3

50-60% x 2 260-70% x 2
170-80% x 2 80-90%

-
 + K+K

ALICE Preliminary
 = 5.02 TeV

NN
sPb-Pb 

Uncertainties: stat. (bars), sys. (boxes)

ALI−PREL−121407

)c (GeV/
T

p 
0 2 4 6 8 10 12

-1 )
c

) 
(G

e
V

/
y

 d
T

p
/(

d
N

2
  

d

5−10

4−10

3−10

2−10

1−10

1

10

210

310

410

510

610

710

9
0-5% x 2

8
5-10% x 2

710-20% x 2
6

20-30% x 2
5

30-40% x 2 440-50% x 2
3

50-60% x 2 260-70% x 2
170-80% x 2 80-90%

pp + 

ALICE Preliminary
 = 5.02 TeV

NN
sPb-Pb 

Uncertainties: stat. (bars), sys. (boxes)
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Measured	with	different	detector	systems	and	techniques	

§  ITS,	TPC,	TOF,	HMPID	were	used	for	spectra	

13	

Reminder:		
≈	98%	of	all	par(cles	are	produced	with	pT	<	2	GeV/c	
≈	80%	are	pions,	≈	13%	are	kaons,	≈	4%	are	protons.	
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π,	K,	p:	RAA	and	par(cle	ra(os	Pb	 Pb	
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§  all	three	species	are	equally	suppressed	at	high	pT	(>	8	GeV/c)	
à	the	energy	loss	is	partonic	in	nature	

Pb-Pb	√sNN=5.02	TeV		

RAA	

14	

was	observed	also	at	2.76	TeV	
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§  all	three	species	are	equally	suppressed	at	high	pT	(>	8	GeV/c)	
à	the	energy	loss	is	partonic	in	nature	
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K/π	 p/π	

§  No	significant	change	between	the	two	energies	for	K/π,	 	 									
small	shi|	of	the	maximum	of	p/π	to	higher	pT	(larger	radial	flow)	

Pb-Pb	√sNN=5.02	TeV		

RAA	
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was	observed	also	at	2.76	TeV	
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Blast-wave	model	fit	at	√sNN=5.02	TeV		

Pb	 Pb	

Simultaneous	fit	to	the	π,	K,	p	with	
the	Blast-Wave	model		
Phys.	Rev.	C	48,	2462	(1993)	
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How	does	radial	flow	change	from	2.76	to	5.02	TeV?	

16	

3	fit	parameters:	
〈βT〉	–	radial	expansion	velocity		
Tkin	–	kine(c	freeze-out	temperature	
n	–	velocity	profile	

collec(ve	radial	expansion	of	the	system	[56].	
This	picture	can	be	tested	in	a	blast-wave	
framework	with	a	simultaneous	fit	to	all	
par(cles	for	each	mul(plicity	bin.	This	param-	
eteriza(on	assumes	a	locally	thermalized	
medium,	expanding	collec(vely	with	a	common	
velocity	field	and	undergoing	an	instantaneous	
common	freeze-out.		
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p−Pb:	Phys.	LeN.	B	760	(2016)	720	
Pb−Pb:	Phys.	Rev.	C88	(2013)	044910	

pp	

p-Pb	

Pb-Pb	

§  Blast-Wave	parameters	for	Pb-Pb	at	5.02	TeV	follow	trends	obtained	at	lower	energy	
§  Larger	expansion	velocity	for	central	Pb-Pb	collisions	
§  Higher	<βT>	for	smaller	collision	systems	at	similar	mul(plici(es	

How	does	radial	flow	change	from	2.76	to	5.02	TeV?	

<βT>≈0.65	

17	

3	fit	parameters:	
〈βT〉	–	radial	expansion	velocity		
Tkin	–	kine(c	freeze-out	temperature	
n	–	velocity	profile	

collec(ve	radial	expansion	of	the	system	[56].	
This	picture	can	be	tested	in	a	blast-wave	
framework	with	a	simultaneous	fit	to	all	
par(cles	for	each	mul(plicity	bin.	This	param-	
eteriza(on	assumes	a	locally	thermalized	
medium,	expanding	collec(vely	with	a	common	
velocity	field	and	undergoing	an	instantaneous	
common	freeze-out.		
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Resonance	producFon	

Hydrodynamics		
RecombinaFon/coalescence	(quark	content	is	important)	

In-medium	energy	loss	

Proper(es	of	Hadronic	phase:	life(me,	density	
Chemical	freeze-out:	par(cle	yields	are	fixed	
Kine(c	freeze-out: 	elas(c	processes	cease,	pT	
spectra	are	fixed	

hNps://indico.cern.ch/event/539093/contribu(ons/2567171/aNachments/1476990/2288458/WPCF_arvind_2017.pdf		

hNps://indico.cern.ch/event/539093/contribu(ons/2567172/aNachments/1477061/2288568/WPCF2017_EnricoFragiacomo_v7.pdf		
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Resonance	producFon	

KineFc	freeze-out	–	elas(c	processes	cease,	pT	spectra	are	fixed	

Chemical	freeze-out	–	inelas(c	processes	cease,	par(cle	yields	are	fixed	

Proper(es	of	Hadronic	phase:	life(me,	density	
Chemical	freeze-out:	par(cle	yields	are	fixed	
Kine(c	freeze-out: 	elas(c	processes	cease,	pT	
spectra	are	fixed	

Hadronic	phase				proper:es:		life(me,	density	

Resonance	
decays	

Regenera(on	 Re-scaNering	

KineFc	freeze-out	

Chemical	freeze-out	

loss	of	signal	increased	yields	

hNps://indico.cern.ch/event/539093/contribu(ons/2567171/aNachments/1476990/2288458/WPCF_arvind_2017.pdf		

hNps://indico.cern.ch/event/539093/contribu(ons/2567172/aNachments/1477061/2288568/WPCF2017_EnricoFragiacomo_v7.pdf		
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Hydrodynamics		
RecombinaFon/coalescence	(quark	content	is	important)	

In-medium	energy	loss	
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Resonances:	invariant	mass	spectra	
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Yield	raFos	with	resonances	

1/3〉η/dNd〈
0 2 4 6 8 10 12

P
a
rt

ic
le

 r
a
tio

s

0

0.1

0.2

0.3

0.4

0.5

1/3〉η/d
ch

Nd〈
0 2 4 6 8 10 12

P
a
rt

ic
le

 r
a
tio

s

0

0.1

0.2

0.3

0.4

0.5

-
/K*0K

-
/Kφ

 
 

Pb-Pb 2.76 TeV

 pp 2.76 TeV 

Pb-Pb 2.76 TeV (PRC 91, 024609)

pp 7 TeV

 
  = 156 MeVchTThermal Model, 

EPOS3 EPOS3 w/o UrQMD

ALICE

ALI-PUB-127770

K*/K:	clear	suppression		
from	pp	and	peripheral	to	central	

Pb-Pb	collisions	
not	observed	for	φ/K	

Possible	explanaFon:	
K*/K:	rescaNering	of	the	decay	daughters	

φ/K:	rescaNering	not	significant	due	to	long	life:me	
	

Qualita(vely	described	by	EPOS3	with	UrQMD.	

τ(K*0)	≈	4	fm/c	
τ(φ)	≈	46	fm/c	
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Yield	raFos	with	resonances	
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 pp 2.76 TeV 

Pb-Pb 2.76 TeV (PRC 91, 024609)

pp 7 TeV

 
  = 156 MeVchTThermal Model, 

EPOS3 EPOS3 w/o UrQMD

ALICE

ALI-PUB-127770

K*/K:	clear	suppression		
from	pp	and	peripheral	to	central	

Pb-Pb	collisions	
not	observed	for	φ/K	

Possible	explanaFon:	
K*/K:	rescaNering	of	the	decay	daughters	

φ/K:	rescaNering	not	significant	due	to	long	life:me	
	

Qualita(vely	described	by	EPOS3	with	UrQMD.	

τ(K*0)	≈	4	fm/c	
τ(φ)	≈	46	fm/c	

p/φ	vs	pT:	fla5ens	in	most	central	Pb-Pb		
and	in	high-mulFplicity	p-Pb	collisions	

spectral	shapes	of	p	are	φ	similar			
à	flow	+	recombinaFon?	

à hint	of	the	onset	of	collec(ve	behaviour	in	p-Pb?..	
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Pb	 Pb	 RAA	of	resonances	
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 norm. uncertainty
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§  high-pT	resonances	can	quickly	escape	the	hadronic	medium	
§  suppression	not	influenced	by	hadron	proper(es	(mass,	baryon	number,	u/d/s	quark	content)	
§  rescaNering	is	a	low-pT	effect	

ρ	meson	

High	pT>8	GeV/c:	same	suppression	for	resonances	as	for	long-lived	parFcles	

Intermediate	pT	(2–8	GeV/c):	

§  K*0	and	φ	are	closer	to	other	mesons	than	to	protons	
§  mass	ordering	different	for	mesons	and	baryons?	
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ReconstrucFon	of	strange	parFcles	
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Long	life(me	of	strange	par(cles		
à	reconstrucFon	by	weak-decay	

topology:	

…	+	invariant	mass	spectra:	

1321	MeV	

1116	MeV	498	MeV	

1672	MeV	
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Strangeness	producFon	in	small	systems	p	 p	
Nature	Phys.	13	(2017)	535	

Enhanced	produc(on	of	strange	and	mul(-strange	hadrons	
now	observed	also	in	high-mulFplicity	pp	collisions!	

Is	the	increase	mass-related	or	strangeness-related?	

25	

§  Remarkable	agreement	between	pp	and	p-Pb	at	same	dN/dη	
§  PYTHIA	doesn’t	reproduce	the	trend,	while	beNer	agreement	

with	EPOS	and	DIPSY	(color	ropes)		

Λ uds	

Ξ dss	

Ω sss	

Κ0 ds	S	
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p	 p	
Nature	Phys.	13	(2017)	535	

Baryon/meson	ra(os	do	not	
change	significantly	with	
mul(plicity.	

Rela(ve	increase	is	more	
pronounced	for	mul(-strange	
hadrons.	

Enhanced	produc(on	of	strange	and	mul(-strange	hadrons	
now	observed	also	in	high-mulFplicity	pp	collisions!	

§  Remarkable	agreement	between	pp	and	p-Pb	at	same	dN/dη	
§  PYTHIA	doesn’t	reproduce	the	trend,	while	beNer	agreement	

with	EPOS	and	DIPSY	(color	ropes)		

à will	we	be	able	to	understand	enhancement	
by	microscopic	modeling?	

Is	the	increase	mass-related	or	strangeness-related?	
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Strangeness	producFon	in	small	systems	

Λ uds	

Ξ dss	

Ω sss	

SSS	

SS	
S	

Κ0 ds	S	
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Unlike-sign	pairs	
pions	 kaons	 protons	

pions	 kaons	 protons	

arXiv:1612.08975	

p	 p	

Like-sign	pairs	

Angular	correla(ons	of	π,	Κ,	p	in	7	TeV	pp	collisions	

27	

Strong	anF-correlaFon!	

Fig.	A.	Zaborowska	
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Unlike-sign	pairs	
pions	 kaons	 protons	

pions	 kaons	 protons	

arXiv:1612.08975	

p	 p	

Like-sign	pairs	

MC	models:	
§  reproduce	mesons	
§  but	fail	for	baryons!	

What	else?	
Coulomb	repulsion?	
Fermi-Dirac	Sta(s(cs?..	

Why?	MC	models	contain	
conserva(on	laws	for	E,	p,	
baryon	number.	

Angular	correla(ons	of	π,	Κ,	p	in	7	TeV	pp	collisions	

28	

Strong	anF-correlaFon!	

Fig.	A.	Zaborowska	



Like-sign	pairs	

Unlike-sign	pairs	
pions	 protons	

pions	 kaons	 protons	

arXiv:1612.08975	

Lambdas	

Lambdas	

p	 p	

kaons	

Check	correla(ons	with	Λ	
(neutral	baryon)	
à	Same	results!	

Angular	correla(ons	of	π,	Κ,	p	and	Λ	in	7	TeV	pp	collisions	
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Unlike-sign	pairs	
protons	

protons	
Like-sign	pairs	

Angular	correla(ons	of	π,	Κ,	p	and	Λ	in	7	TeV	pp	collisions	

arXiv:1612.08975	

Lambdas	

Lambdas	

p	 p	

proton-Lambda	
	

proton-Lambda	
	

…	even	for	pΛ!	
(not	iden(cal	baryons)	

Conclusion:		
observed	baryon-baryon	correla(ons	are	not	
reproduced	by	MC	models.	
No	explanaFon	found	so	far.	
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Anisotropic	flow	at	√sNN=5.02	TeV		Pb	 Pb	

vn	quan(fy	the	event	anisotropy		
v2	–	ellip(c	flow,	v3	–	triangular	flow,	…	

Alexandru,	Thu,	WPCF2017	
hNps://indico.cern.ch/event/539093/contribu(ons/2568089/aNachments/1476557/2287564/dobrin_talkWPCF17.pdf		
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Anisotropic	flow	at	√sNN=5.02	TeV		Pb	 Pb	

vn	quan(fy	the	event	anisotropy		
v2	–	ellip(c	flow,	v3	–	triangular	flow,	…	

Alexandru,	Thu,	WPCF2017	
hNps://indico.cern.ch/event/539093/contribu(ons/2568089/aNachments/1476557/2287564/dobrin_talkWPCF17.pdf		

Integrated	vn	measured	up	to	v6	using	cumulants.	
Constrain	ini(al	condi(ons	and	temperature	dependence	of	η/s.	
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§  use	η	gap	between	par(cles	for	2-par(cle	correla(ons	to	suppress	non-flow	(decays,	…)		
§  v2{4}	uses	4-par(cle	correla(ons	à	reduced	non-flow	
§  difference	between	v2{2}	and	v2{4}	is	sensi(ve	to	event-by-event	fluctua(ons	of	v2	
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Uniden(fied	par(cle	vn	at	√sNN=5.02	TeV		Pb	 Pb	

Alexandru,	Thu,	WPCF2017	
hNps://indico.cern.ch/event/539093/contribu(ons/2568089/aNachments/1476557/2287564/dobrin_talkWPCF17.pdf		

§  v2	>	v3	>	v4	for	pT	<	5	GeV/c	for	all	centrali(es	
§  v2	>	0	up	to	pT	=	50	GeV/c	
§  v2{4}	<	v2{2}	for	pT	<	10	GeV/c	
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–	reduces	non-flow	
(resonances,	…)		

Igor	Altsybeev,	Overview	of	recent	ALICE	results	



Iden(fied	par(cle	v2	at	√sNN=5.02	TeV		Pb	 Pb	

§  For	pT	<	2	GeV/c:	mass	ordering	indica(ve	of	
radial	flow	

§  For	pT	>	3	GeV/c:	par(cle	type	dependence	

§  ϕ	follows	mass	ordering	at	low	pT	and	pion	v2	
at	intermediate	pT	
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Hydrodynamical	calculaFons		
(IP-Glasma)	+	hadronic	cascade	model	(UrQMD):	
reproduce	the	main	features	of	v2	for	pT	<	2	GeV/c	

Iden(fied	par(cle	v2	at	√sNN=5.02	TeV		Pb	 Pb	

§  For	pT	<	2	GeV/c:	mass	ordering	indica(ve	of	
radial	flow	

§  For	pT	>	3	GeV/c:	par(cle	type	dependence	

§  ϕ	follows	mass	ordering	at	low	pT	and	pion	v2	
at	intermediate	pT	

par(cle	produc(on	via	quark	coalescence?	
–	scaling	is	only	approximate	
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Pb	 Pb	 Ellip(c	flow	of	deuterons	

Simple	nucleon	coalescence?	
	–	does	not	describe	deuteron	v2	

	
“Blast-wave”	predicFon		

	–	~	hydrodynamics	parametrisa(on	
	–	parameters	from	fit	to	π/K/p		

à	nicely	describes	deuteron	trend!	
	

à	Similar	produc(on	mechanism	for	strongly-
coupled	hadrons	like	π/K/p	and	very	weakly-

bound	deuteron?	
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Event-by-event	correla(ons	of	flow	harmonics	Pb	 Pb	

PRL	117,	182301	(2016)	

Stronger	constraints	on	the	ini(al	
condi(ons	and	η/s	in	hydrodynamic	

calcula(ons	than	vn	alone.	

SC(m,n)	

Symmetric	Cumulants,	SC(m,n)	–		measures	the	correla(ons	of	vn	and	vm.	 PRC	89,	064904	(2014)	

§  not	sensi(ve	to	non-flow	effects	and	inter-correla(ons	of	various	symmetry	planes		

hNps://indico.cern.ch/event/539093/contribu(ons/2568071/aNachments/1477424/2289289/
YZ_WPCF_v2.pdf		

new	observable	to	study	correla(ons	between	different	harmonics	
sensi(ve	to	temperature	dependence	of	viscosity/entropy	ra(o	
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ALI-PERF-103738

RAA =
N(J /ψ)AA

Nbin N(J /ψ)pp

Phys.	LeN.	B	766	(2017)	212-224	

Pb	 Pb	 J/ψ	suppression	at	√sNN=5.02	TeV		

à	=1	if	yield	scales	as	number	of	binary	
pp	collisions	in	AA	
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nuclear	modifica(on	factor	RAA:	quan(fies	departure	from	binary	scaling	
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hNps://indico.cern.ch/event/403913/contribu(ons/2138427/aNachments/1300119/1940664/SQM_28June16_Biswarup_paul.pdf		
hNps://indico.cern.ch/event/433345/contribu(ons/2358635/aNachments/1408136/2152531/QM17_Charmonium_ALICE.pdf		

§  Very	different	behaviour	between	LHC	and	RHIC	(vs	both	centrality	and	pT)	
	àmost	straigh�orward	explana(on:	c-cbar	recombinaFon	at	LHC!	

§  Results	at	5.02	TeV	à	small	further	increase?	



ALI-PERF-103738

RAA =
N(J /ψ)AA

Nbin N(J /ψ)pp

Phys.	LeN.	B	766	(2017)	212-224	

Pb	 Pb	 J/ψ	suppression	at	√sNN=5.02	TeV		

à	=1	if	yield	scales	as	number	of	binary	
pp	collisions	in	AA	
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nuclear	modifica(on	factor	RAA:	quan(fies	departure	from	binary	scaling	
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hNps://indico.cern.ch/event/403913/contribu(ons/2138427/aNachments/1300119/1940664/SQM_28June16_Biswarup_paul.pdf		
hNps://indico.cern.ch/event/433345/contribu(ons/2358635/aNachments/1408136/2152531/QM17_Charmonium_ALICE.pdf		

〉
part

N〈
0 50 100 150 200 250 300 350 400 450

A
A

R
0

0.2

0.4

0.6

0.8

1

1.2

1.4  = 5.02 TeVNNsPb −ALICE, Pb
-µ+µ → ψInclusive J/

c < 8  GeV/
T

p < 4, 0.3 < y2.5 < 

 (TM1, Du and Rapp)c > 0.3 GeV/
T

pTransport, 
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ALI-PUB-109779

§  Very	different	behaviour	between	LHC	and	RHIC	(vs	both	centrality	and	pT)	
	àmost	straigh�orward	explana(on:	c-cbar	recombinaFon	at	LHC!	

§  Results	at	5.02	TeV	à	small	further	increase?	

Transport	models	can	describe	suppression	for	central	collisions	



ALI-PREL-119009

EllipFc	flow	of	J/ψ	and	D	mesons	

nuclear	modifica(on	factor	RAA:	quan(fies	departure	from	binary	scaling	

40	
Various	approaches	(shadowing,	energy	loss,	CGC)	reproduce	rapidity	and	pT	dependence	

Pb	 Pb	

§  charm	quark	flow	at	the	LHC	energies!	
§  seen	for	J/ψ	and	open	heavy-flavor	D	mesons	

§  should	help	constrain	the	hadroniza(on	mechanisms	with	the	c-quark	

§  open	heavy-flavor	D	mesons	are	also	shown	for	the	same	energy.	

§  difference	between	J/ψ	and	D	at	low	pT	
(different	flow	for	light	and	heavy	quarks?)	

Igor	Altsybeev,	Overview	of	recent	ALICE	results	



J/ψ	produc(on	vs	rapidity	in	p-Pb	at	√sNN=8	TeV		

nuclear	modifica(on	factor	RAA:	quan(fies	departure	from	binary	scaling	

41	

p	 Pb	

Various	approaches	(shadowing,	energy	loss,	CGC)	reproduce	rapidity	and	pT	dependence	

ALI-PREL-123124

§  suppression	in	p-going	direc(on	
§  RpPb≈1	in	Pb-going	direc(on	

§  models	(shadowing,	energy	loss,	CGC)	describe	the	ycms	dependence	

Pb-going	

p-going	

ALICE-PUBLIC-2017-001	

JHEP06(2015)055		
Charmonium	produc(on	measurements	can	
therefore	provide	insight	into	the	so-called	
nuclear	shadowing,	i.e.,	on	how	the	nucleon	
gluon	PDFs	are	modified	in	a	nucleus	

Centrality	dependence	of	inclusive	J/ψ	produc(on	
in	p–Pb	collisions	at	√sNN	=	5.02	TeV	
hNps://arxiv.org/pdf/1506.08808.pdf		

JHEP06(2016)050	
Centrality	dependence	of	ψ(2S)	suppression	in	p-Pb	
collisions	at	√sNN	=	5.02	TeV	
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Main	physics	goals:	
§  dynamics	of	heavy	flavour	and	quarkonia	at	very	low-pT	

	thermalisa(on,	recombina(on	
§  vector	mesons	and	low-mass	di-leptons	

	chiral	symmetry	restora(on,	virtual	thermal	photons	
§  precise	measurement	of	light	nuclei	and	hypernuclei	

ALICE	‘major’	upgrade	

Main	detector	requirements:	
§  high	tracking	efficiency	and	resolu(on	at	low	pT	

	increase	granularity,	reduce	material	thickness	
§  high-sta(s(cs,	untriggered	data	sample	

	increase	read-out	rate,	reduce	data	size	(online	data	reduc(on)	
§  preserve	excellent	par(cle	ID	capabili(es	

	consolidate	and	“speed-up”	PID	detectors	

Upgrade	of	the	ALICE	detector	

42	Igor	Altsybeev,	Overview	of	recent	ALICE	results	



New	Inner	Tracking	System	(ITS)	
•  improved	poin(ng	precision	
•  less	material	à	thinnest	tracker	at	the	LHC	

Time	ProjecFon	Chamber	(TPC)	
•  new	GEM	technology	for	
readout	chambers	

•  con(nuous	readout	
•  faster	readout	electronics	

MUON	ARM	
•  con(nuous	
readout	
electronics	

Muon	Forward	Tracker	(MFT)	
•  new	Si	tracker	
•  Improved	MUON		poin(ng	precision	

Data	Acquisi(on	(DAQ)/																								
High	Level	Trigger	(HLT)	
•  new	architecture	
•  on	line	tracking	&	data	
compression	

•  50kHz	Pb-Pb	event	rate	
TOF,	TRD,	ZDC	
•  Faster	readout	

New	Trigger		
Detectors	(FIT)	

New	Central	
Trigger	
Processor	

Upgrade	of	the	ALICE	detector	

43	
(c)	by	F.An(nori	



Summary	

44	

Upgrade	programme:	installaFon	of	upgraded	detectors	in	2019-2020	

Puzzle	of	ψ(2S)	suppression	in	p-Pb	

Thank you for attention!

Constraints	on	Chiral	Magne(c	Effect	using	Event	Shape	Engineering		
	

§  Hadron	yields	in	Pb-Pb	are	probably	affected	by	rescaferings	a�er	chemical	freeze-out	
§  Strong	suppression	at	high-pT	with	no	dependence	on	mass,	baryon	number,	quark	content	

§  Enhanced	producFon	of	strange	and	mulF-strange	hadrons	in	high-mulFplicity	pp	collisions	
§  Baryon-baryon	anF-correlaFons	in	pp	are	observed,	not	reproduced	by	MC	models	
§  More	hints	on	collec(ve	phenomena	in	p-Pb	

§  Azimuthal	flow	is	described	by	hydrodynamics	at	low-pT,	v2	is	observed	for	deuterons	
§  Measurements	of	e-by-e	flow	harmonics	correlaFons	–	stronger	constraints	on	IS	models	

§  J/ψ	regeneraFon	in	Pb-Pb,	increased	at	5.02	TeV	
§  First	direct	evidence	of	charm	v2	at	LHC	energies	

…	a	lot	of	interes(ng	results	didn’t	fit	into	this	talk.	



Backup	slides	



New	ALICE	Inner	Tracker	System	

3	Inner	Barrel	layers	(IB)	
4	Inner	Barrel	layers	(OB)	
Material	/	layer:	0.3%	X0	(IB),	1%	X0	(OB)	

r	coverage	23-400	mm	
η	coverage:	|η|≤1.22	

beam	pipe	

Inner	lay
ers	

Outer	layers	
7-layer	barrel	geometry	based	on	CMOS	sensors	

12.5	G-pixel	camera	
(~10m2)	

ALICE-TDR-017	
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§  con(nuous	readout	
§  collision	rates	of	50	kHz	in	Pb-Pb	beyond	2019	

§  expected	average	pileup	of	5	events	
§  online	reconstruc(on	and	data	compression	by	a	factor	of	20	

§  Drawback:	higher	ion	backflow	(~1%)	

Upgrade	of	TPC	readout	system	

Main	components	of	the	exis(ng	
TPC	will	be	reused	

Current	TPC:		
§  designed	to	measure	up	to	20000	charged	par(cles	

in	a	central	Pb-Pb	collision		
§  MWPC	readout	
§  Limita(on	from	ion	backflow:		

	max.	readout	rate	is	~3.5kHz	

Upgrade:	readout	chambers	with	Gas	Electron	Mul(pliers	(GEMs)	

50μm	kapton	
5μm	copper	

§  preserve	momentum	resolu(on	for	ITS+TPC	tracks	
§  preserve	par(cle	iden(fica(on	via	dE/dx	

ALICE-TDR-016	



p	 Pb	 Hyperon	resonances	in	p-Pb	
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arXiv:1701.07797	

Results	for	Σ*±	(strangeness	S=1)	and	Ξ*0	(strangeness	S=2)	in	p-Pb	collisions	at	5.02	TeV	
confirm	findings	of	a	strangeness-related	increase	of	yields	in	small	systems.	

hNps://indico.cern.ch/event/539093/contribu(ons/2567172/aNachments/1477061/2288568/WPCF2017_EnricoFragiacomo_v7.pdf		
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ALI-PREL-116310 ALI-PREL-116318

ALI-PREL-116326ALI-PREL-116322

p	 p	 Mul(plicity	dependence	of	strangeness	produc(on	vs	√s			

Strange	hadron	produc(on	with	‹dNch/dη›:	same	scaling	at	different	√s	

Same	for	Ξ	and	Ω!	

Hadronic	chemistry	is	driven	by	
event	ac(vity,	irrespec(ve	of	

the	collision	energy!	

49	

MC	models	poorly	describe	
ra(os	of	integrated	yields		
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Ra(os	of	integrated	yields:	mul(plicity	dependence	Pb	 Pb	

§  Smooth	evoluFon	of	K/π	and	p/π	ra(os	across	different	systems	
§  Same	values	for	high	mul(plicity	pp,	p-Pb	and	peripheral	Pb-Pb	
§  No	significant	evolu(on	in	Pb-Pb	collisions	from	2.76	to	5.02	TeV	

K/π	 p/π	
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Study	of	Chiral	Magne(c	Effect	with	Event	Shape	Engineering	Pb	 Pb	
PRL	110	(2013)	012301	

D.	Kharzeev,	PLB	633,	260	(2006)	
D.	Kharzeev	et	al,	NPA	797,	67	(2007)	
D.	Kharzeev	et	al,	NPA	803,	227	(2008)	
K.	Fukushima	et	al,	PRD	78,	074033	(2008)	
S.	Voloshin,	PRC	70,	057901	(2004)	

Interac(on	of	quarks	with	QCD	domains	and	
magne(c	field	B	
à  spin	alignment	and	induced	electric	field	
à  In	experiment:	charge	separa(on	

perpendicular	to	the	reac(on	plane	

3-par(cle	correlator:	

charge	separa(on	perpendicular	to	the	reac(on	plane:	
Interpreta(on	of	the	experimental	results	is	complicated	by	background	
contribu(ons		
à	use	Event	Shape	Engineering	technique	to	disentangle	them	from	
poten(al	CME	signal	

CME	contribu(on	to		γab	has	been	studied	for	the	first	(me	with	the	
event	shape	engineering	technique	and	ini(al	state	models	
γab	(opp-same)	approximately	scales	with	v2	and	mul(plicity	due	to	large	background	
contribu(on	
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Interpreta(on	is	complicated	by	background	contribuFons		
à	use	Event	Shape	Engineering	technique	to	disentangle	

them	from	poten(al	CME	signal	



Study	of	Chiral	Magne(c	Effect	with	Event	Shape	Engineering	Pb	 Pb	
PRL	110	(2013)	012301	

3-par(cle	correlator:	

Interpreta(on	is	complicated	by	background	contribuFons		
à	use	Event	Shape	Engineering	technique	to	disentangle	

them	from	poten(al	CME	signal	

A.Dobrin,	QM2017	

52	

Interac(on	of	quarks	with	QCD	domains	and	
magne(c	field	B	
à  spin	alignment	and	induced	electric	field	
à  In	experiment:	charge	separa(on	

perpendicular	to	the	reac(on	plane	

Igor	Altsybeev,	Overview	of	recent	ALICE	results	

Event	Shape	Engineering:		
use	classifica(on	by	q2V0C	to	select	with	larger	or	
smaller	v2	within	each	centrality	class	



Study	of	Chiral	Magne(c	Effect	with	Event	Shape	Engineering	Pb	 Pb	
PRL	110	(2013)	012301	

3-par(cle	correlator:	

*dN/dη	(opp-same)	vs	v2		

Difference	is	posi(ve	and	~scales	with	v2		and	
mul(plicity	→	mostly	background	contribu(on	

A|er	studies	of	magne(c	field	vs	v2	in	ini(al	state	models,	
upper	limit	for	CME	frac(on	is	<30%	in	centrality	class	10-50%	

hNps://indico.cern.ch/event/433345/contribu(ons/2358311/aNachments/1407284/2150906/dobrin_talkQM17.pdf		

hNps://aliceinfo.cern.ch/ArtSubmission/sites/aliceinfo.cern.ch.ArtSubmission/files/dra|/dobrin/2017-Jun-20-paper_dra|-cmeESE_v9.pdf		

162	Therefore,	the	observed	dependence	on	v2	points	to	a	large	background	contribu(on	to	γαβ	.	

53	

Interac(on	of	quarks	with	QCD	domains	and	
magne(c	field	B	
à  spin	alignment	and	induced	electric	field	
à  In	experiment:	charge	separa(on	

perpendicular	to	the	reac(on	plane	

Igor	Altsybeev,	Overview	of	recent	ALICE	results	

A.Dobrin,	QM2017	


