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The	ALICE	Collaboration
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40	countries,	173	institutions,	>2000	members



10+	years	of	ALICE	data	
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System Year(s) √sNN(TeV) Lint

Pb+Pb 2010,	2011
2015,	2018

2.76
5.02

~75	mb-1
~800	mb-1

Xe+Xe 2017 5.44 ~0.3	mb-1

p+Pb 2013
2016

5.02
5.02,	8.16

~15	nb-1
~3	nb-1,	~25	nb-1

p+p
2009	– 2013

2015,	2017
2015	- 2018

0.9,	2.76,	
7,	8
5.02
13

~200	mb-1,	~100	nb-1
~1.5	pb-1,	~2.5	pb-1

~1.3	pb-1
~36	pb-1

Run	1 Run	2

397	papers	submitted
as	of mid	August

/records/22789835

https://natlib.govt.nz/records/22789835


The	ALICE	detector	(Runs	1	+	2)
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1. ITS – Inner	Tracking	System
2. V0	&	T0	– Centrality	&	vertex
3. TPC – Time	Projection	Chamber
4. TRD – Transition	Radiation	Detector
5. TOF – Time	of	Flight
6. EMCal – Electromagnetic	Calorimeter
7. PHOS – Photon	Spectrometer
8. Muon	Spectrometer
9. AD	– ALICE	Diffractive	Detector
10. ZDC – Zero	Degree	Calorimeter

ALICE	optimized	for	Heavy-Ions
• Excellent	tracking	at	low	momentum
• Efficient	particle	identification



ALICE	physics:		the	quark-gluon	plasma

• Quark-gluon	plasma	(QGP)	à strongly-interacting QCD	matter
• Aim	to	characterize	the	medium
• Different probes:		hard or	soft (“direct”	or	“indirect”)
• Different	stages:		early	scattering,	late	stage	hadronization,	etc.
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QGP formation



💧 Momentum & 
angular distribution 
modification

🪨 Parton energy loss
🪨 Jet modification

🔥 Thermal	photon	
radiation

QGP:	in	broad,	simplified	strokes
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ALICE-Brochure-2004-001-Eng



(Hot)	Thermalized:	photons
Direct	photons	
produced	in	all	
stages	of	collision
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Photon	production	à investigation	of	medium	evolution

2 31

1. Prompt	photons
2. Thermal	photons	

from	QGP	phase
3. Thermal photons

from hadron	gas

d"𝑁
𝑝#dp#d𝑦

~𝑒$ ⁄&! '"##

• Thermal	photons	probe	QGP	temperature
• Teff from	slope	of	photon	spectrum	



Direct	photons

• Thermal:																
pT <	4	GeV/c
• Consistent	with	
pre-equilibrium	&	
thermal	photons

• Prompt:																	
pT >	4	GeV/c		
• Consistent	with	
pQCD
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𝑅! =
𝛾"#$
𝛾%&$'(

Rg > 1à direct	
photon	signal

Direct	g spectrum	in	Pb-Pb
• 0-10	%	:	virtual	g (ee pairs)	method	
• All	others:		real	g (conversions)method	

ALI-PREL-524121 

ALI-PREL-524126 



Dense:		“energy	loss”
A	way	to	quantify	energy	loss:
Nuclear	Modification	Factor	à RAA

• RAA >	1:		Enhancement
• RAA =	1:		no	medium	effect
• RAA <	1	at	high	pT:		
suppression/energy	loss
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𝑅!! =
1

𝑁"#$$

⁄d𝑁!! d𝑝%
⁄d𝑁&& d𝑝%

pp

Pb-Pb



Quarkonia suppression
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c

c

c

c

J/y y(2S) TAMU:	X.	Du	and	R.	Rapp,	NPA	
943	(2015)	147
SHMc:	A.	Andronic et.	al.,	Nature	
561	no.	7723	(2018)	321

regeneration
Screening/	
energy	loss

• High	pTà stronger	suppression,												
low	pTà increasing	trend
• Explained	by	regeneration	

• y(2S)	more	suppressed	than	J/y

• y(2S)-to-J/y ratio	à no	centrality	
dependence	at	LHC
• Larger ratio at LHC than SPS	

ALI-PREL-511196 

ALI-PREL-523330 



Mass	dependence

• Data	described	well	by	models	
that	include:
• Collisional,	radiative energy	loss
• Recombination

• RAA less	suppressed	for	bottom
than	charm
• “Dead	cone”	effect	à reduces	
small	angle	gluon	radiation	∝	to	
mass
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arXiv:2202.00815

Bottom
- Non-prompt	D0
Charm		
- Prompt	D0

https://arxiv.org/abs/2202.00815


Dead-cone effect	(pp)

• Analysis	of	jets	that	contain	soft	D0

• Reduction	of	small	angle gluon	radiation
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Nature	605	(2022)	7910,	440

Small	
angle

Large angle

First	direct	observation

https://www.nature.com/articles/s41586-022-04572-w


Dense:		jet	modification
Vacuum	fragmentation	(pp)
Sprays	of	hadrons	from	“high-energy”	

quarks	&	gluons
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Cartoon	from	R.	Cruz-Torres

In-medium	fragmentation	(Pb-Pb)
Quenching	àmedium-induced	parton energy	

loss



Jet	quenching	

• Newmethod to	
subtract	underlying	
event	
• Jet	yields down to
low jet	pT
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R	=	0.2

R	=	0.6	/	R	=	0.2

• Possibly	more	suppression	in	larger jet	radius	(R	=	0.6)
• “Lost”	energy	not	recovered



Jet	substructure
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PRL	128	(2022)	10,	102001

𝒛𝐠 =
𝒑𝐓,𝐬𝐮𝐛𝐥𝐞𝐚𝐝𝐢𝐧𝐠

𝒑𝐓,𝐥𝐞𝐚𝐝𝐢𝐧𝐠 + 𝒑𝐓,𝐬𝐮𝐛𝐥𝐞𝐚𝐝𝐢𝐧𝐠
𝜽𝐠 =

∆𝒚𝟐 + ∆𝝋𝟐

𝑹

Zgàmomentum
qgà angle

No	significant	modification	in	
momentum	sharing

The	cores	of	jets	are	
narrower	in	Pb-Pb	

compared	to	pp	collisions
Wide	jets	

suppressed	in	
the	medium



Subjet fragmentation

• Jets clustered with radius R, then re-
clustered	with radius r
• Hint of hardening	at	mid	zr ,	competing	
effects
• Gluon	suppressionà large zr
• Soft	radiation	à smaller	zr

• Turnover as zr goes	to	1
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Neill,	Ringer,	Sato	JHEP	07	(2021)	041	
Kang,	Ringer,	Waalewijn JHEP	07	(2017)	064

𝑧) =
𝑝*
+, -./012

𝑝*
+, 012Leading	subjets

arXiv:2204.10270

https://arxiv.org/abs/2204.10270


Subjet fragmentation
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Neill,	Ringer,	Sato	JHEP	07	(2021)	041	
Kang,	Ringer,	Waalewijn JHEP	07	(2017)	064

𝑧) =
𝑝*
+, -./012

𝑝*
+, 012r = 0.1,	r	=	0.2

• Jets clustered with radius R, then re-
clustered	with radius r
• Hint of hardening	at	mid	zr ,	competing	
effects
• Gluon	suppressionà large zr
• Soft	radiation	à smaller	zr

• Turnover as zr goes	to	1
• Broader jets at larger zr

arXiv:2204.10270

https://arxiv.org/abs/2204.10270


Liquid: flow

• Radial	flow
• Outward	boost	with	common	
velocity
• Particle	pT spectra hardening

• Elliptic	flow	(v2)
• Sensitive	to initial	geometry	&	
event-by-event	fluctuations
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d𝑁
d𝜑 ∝ 1 + 2+

#56

7

𝒗𝒏 cos 𝑛 𝜑 − Ψ#

Coordinate	space:	
Initial	asymmetry

Momentum	space:
Final	asymmetry

Collective	
interaction	pressure

y

x

py

px



Collective	motion	in	Pb-Pb

• Heavier	objects	push	to	higher	
momentum
• Low	pTmass	ordering

• Near-by	partons recombine	to	
hadrons
• Particle	type grouping

• Flow	coefficients depend on
viscosity	of	medium
• Low viscosity	à Large anisotropy
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Low	pT:	
Mass ordering

Intermediate	pT:	
Particle	type	grouping

baryons

mesons

JHEP09	(2018)	006

https://link.springer.com/article/10.1007/JHEP09(2018)006


Collective	motion	in smaller systems
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• Mass	ordering	&	particle	type	grouping	observed	in	p-Pb	&	pp	
• Described quantitatively by	model	(partonic	flow	+	coalescence)



Hadronization:		baryon	or	meson?	

• Lc/D0 enhancement in	Pb-Pb	
collisions	compared	to	pp

• Hadronization	from	
recombination

• Mass-dependent	shift	from	
collective	expansion

• Opposite trend	of	hadronization	
via	fragmentation
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arXiv:2112.08156

Priority measurement	for	run	3	with	enhanced	ALICE	capabilities

https://arxiv.org/abs/2112.08156




ALICE	à ALICE	2	(now	running!)

Apadula - CIPANP 2022 23



ALICE	à ALICE	2
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ALICE 2:		Computing

• Readout	of	detectors	&	raw	
data	processing
• 3.5 TB/sà 0.6	TB/s
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New Readout & Online-
Offline (02) system

First Level Processors (FLP) Event Processing Nodes (EPN)

• Synchronous	processing	&	
asynchronous	reprocessing
• Final	calibration	&	full	
reconstruction

0.6	TB/s	à 0.1	TB/s

Permanent Storage



Commissioning	&	pilot	beam	
• Benchmark	physics	analysis
• Charged	particle density vs h
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Pilot	beam	October	‘21

Good	agreement	with	previous	results Run-3	has	begun!



The	next	generation
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ITS3	&	FoCal:
Extensive	R&D	ongoing
Working	towards TDR

ALICE3:		LOI	
submitted	in	
early	2022	 ALICE3ITS3



Where	we’ve	been…
• Run	1	+	2 physics	with	ALICE:		a	detailed	study	of	QGP properties
• Heavy	flavor,	flow,	jet	modification,	photons,	etc.
• Still	more	to	learn!		

• So	much	more that	couldn’t	be	covered
• Check out the other ALICE talks here at CIPANP
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“Recent	results	on	ultra-peripheral	heavy	
ion	collisions	with	ALICE	at	the	LHC”
Valerii	Pozdniakov	- Fri	@	12:10	pm

“Recent	ALICE	results	on	charmonium	
photoproduction”		

Simone	Ragoni	– Tues	@	1:40	pm

“Measuring	Jet	Constituent	Yields	in	5.02	TeV Pb--Pb	
Collisions	Using	Jet-Hadron	Correlations	with	ALICE”

Charles	Hughes	- Sat	@	2	pm

https://agenda.hep.wisc.edu/event/1644/contributions/25871/
https://agenda.hep.wisc.edu/event/1644/contributions/25865/
https://agenda.hep.wisc.edu/event/1644/contributions/25966/


…where	we’re	going
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• ALICE	à ALICE	2
• New	subsystems,	significant	new	capabilities
• Now taking	data	for	LHC	Run	3

• New plans	for	upgrades	in	the	works!

ITS3

ALICE3

Look	out	for	more	from	ALICE	in	the	near	future!



Backups
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Photon puzzle

Apadula - CIPANP 2022 31

ALI-PREL-504854



Apadula - CIPANP 2022 32



Apadula - CIPANP 2022 33



Apadula - CIPANP 2022 34



Jet	angularities
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