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The “pre-LHC” paradigm 
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 Study of A-A collisions to probe the 
properties of high density and 
temperature nuclear matter.


 Hot Nuclear Matter effects           
(Quark Gluon Plasma)

JACOPO MARGUTTI - CERN-LHC SEMINAR (07-NOV-2017) 8

HEAVY-ION PHYSICS

+

Heavy-Ion Physics: exploring QCD at high temperatures and/or densities

arXiv:1510.04200

Lattice QCD, μB=0

Quark-Gluon Plasma: T>150 MeV, ε>0.2 GeV/fm3
 Study of p-A collisions to 
investigate Cold Nuclear Matter 
(CNM) effects 


 nPDF modifications, 
Saturation, Color Glass 
Condensate 

 Study of pp collisions important 
as reference to compare other 
systems (no CNM, no QGP 
effects expected) 
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NA57 JPG32, 427 (2006)see e.g. Eskola et al. JHEP0904(2009)065  



The “pandora box”
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 = 5.02 TeVNNsp-Pb 
(0-20%) - (60-100%)

ALI−PUB−46269

 Double ridge structures observed 
also in small collisions systems for 
high-multiplicity events.  ALICE, Phys. Lett. B 719 (2013) 29-41  

ATLAS, PRL 110 (2013) 182302  
CMS, PLB 718 (2013) 795 

 Smooth evolution of particle 
production from small to large 
systems vs charge multiplicity 

pp p-Pb A-A

 Where all this comes from?  
 Initial stages effects?

 Better understanding of the 
observables we use in A-A for small 
systems? 

 Common mechanism of particle 
production?

 Final state effects? 

ALICE Coll. Nature Physics 13 (2017) 535-539   
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A Large Ion Collider Experiment (ALICE) 

Central barrel:  
Event 

characterization,Vertexing, 
Tracking, PID, EM Calos  

|η| < 0.9

Muon spectrometer 
µ-tracking and trigger 

chambers:  
-4 < η < -2.5

JINST, 3 (2008), S08002
Phys Rev Lett, 106 (2011), 032301
Int. J. Mod. Phys. A 29 (2014) 1430044

Forward detectors: 
beam-background, trigger, 

centrality, time zero
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ALICE Data samples

 Significant increase in integrated luminosity in pp, p-Pb and Pb-Pb collisions 
→ more precise measurements also for rare probes. 

 Energy and system dependence studies of particle production are possible 

 New results on latest Pb-Pb 2018 sample  

ALICE	at	work	since	2009	

Pb-Pb	

System	 Year	 √sNN	(TeV)	 Lint	
Pb-Pb	 2010-2011	

2015	
2018	

2.76	
5.02	
5.02	

~75	μb-1	

~250	μb-1	

~0.9	nb-1	

Xe-Xe	 2017	 5.44	 ~0.3	μb-1	

p-Pb	 2013	
2016	

5.02	
5.02,	8.16	

~15	nb-1	

~3	nb-1,	~25	nb-1	

pp	 2009-2013	
	

2015-2018	

0.9,	2.76,		
7,	8	

5.02,	13	

~200	μb-1,	~100	μb-1,	
	~1.5	pb-1,	~2.5	pb-1	
~1.3	pb-1	,	~59	pb-1	

•  Energy	and	system	dependence	studies	of	particle	
production	are	possible	

•  Large	statistics	of	pp,	p-Pb	and	Pb-Pb	collisions	at	the	
same	√sNN		
à Precise	comparison	studies	

pp	

p-Pb	

11-06-2019	 3	SQM2019	-	Jacek	Otwinowski	

Quest	for	the	Quark-Gluon	Plasma		



Initial stages and CNM effects 

 Provide data to constrain nPDF 

 Saturation / Color Glass Condensate regimes 

 Understand possible effects on hadron productions 
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see e.g. Eskola et al. JHEP0904(2009)065  



Coherent J/ψ photoproduction in UPC 
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 Coherent J/ψ photoproduction cross section proportional to the square 
of the gluon density in the target 

J/\ photoproduction in UPC

3

• LO pQCD: coherent J/\ photoproduction cross section is 
proportional to the square of the gluon density in the target:

• Mass of J/\ serves as a hard scale:

• Bjorken x ~ 10-2 – 10-5 accessible at LHC:

• J/\ photoproduction in Pb-Pb UPC (lead target): information 
on gluon shadowing in nuclei at low x

– gluon shadowing factor

Evgeny Kryshen DIS 2019

d
d

 J/ψ photoproduction in Pb-Pb Ultra-Peripheral 
collisions allow to access gluon shadowing in 
nuclei at low x 

Shinichi Hayashi, 25/06/19, 15:00 Parallel: nPDF/CNM

1232 M. Walczak

Fig. 1. The EPPS16 nuclear modifications for lead. Largest uncertainty for gluon
distributions is for x < 10�2 and low Q2. This is because of a lack of data in this
region. Dotted lines show different contributions to the uncertainties [1].

of particles (see Fig. 2). In particular the Ultra-Peripheral Collisions (UPCs)

are events, where two hadrons do not collide head on, they pass close to each

other (see Fig. 3). Due to their electric field, they exchange a very energetic

photon. The studies of UPCs allow to set constrains on the theoretical

models in the previously mentioned kinematic region (see Fig. 4). These

photon-induced processes provide a great opportunity to study fundamental

aspects of quantum electrodynamics (QED) and quantum chromodynamics

(QCD) [2]. A photo-nuclear interaction that has attracted a lot of interest

is exclusive vector meson production. In this reaction, only a vector meson

is produced in the final state (Fig. 2 (a)).

Fig. 2. The Feynman diagrams of an UPC for PbPb. Diagram (a) shows photopro-
duction process of vector mesons, (b) is a �� interaction producing two muons, the
main background to the analysed process.

b > 2⇥ rPb
<latexit sha1_base64="DJGIkiYmckEVte5jfvEbT7C/Fkg=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkpSBT1J0YvHCvYDmhA22027dLMJuxuhhHrxr3jxoIhX/4U3/43bNgdtfTDweG+GmXlhypnSjvNtLS2vrK6tlzbKm1vbO7v23n5LJZkktEkSnshOiBXlTNCmZprTTiopjkNO2+HwZuK3H6hULBH3epRSP8Z9wSJGsDZSYB+G6ArVkKdZTBWSQe7JOG+E43FgV5yqMwVaJG5BKlCgEdhfXi8hWUyFJhwr1XWdVPs5lpoRTsdlL1M0xWSI+7RrqMBmoZ9PPxijE6P0UJRIU0Kjqfp7IsexUqM4NJ0x1gM1703E/7xupqNLP2cizTQVZLYoyjjSCZrEgXpMUqL5yBBMJDO3IjLAEhNtQiubENz5lxdJq1Z1z6rO3Xmlfl3EUYIjOIZTcOEC6nALDWgCgUd4hld4s56sF+vd+pi1LlnFzAH8gfX5AzHFlhs=</latexit>

Gluon shadowing from photoproduction data
Nuclear suppression factor:

Impulse approximation: 
forward photoproduction cross section off proton (HERA)

times integral over squared Pb form-factor

Guzey, EK et al. Phys. Lett. B726 (2013) 290
Guzey, Zhalov JHEP 1310 (2013) 207

Experimental cross section in Pb-Pb UPC 
divided by the photon flux

• Nuclear suppression factor S gives direct 
access to Rg(x,µ~2.4 GeV)

• First direct evidence of large gluon nuclear 
shadowing: Rg(x,µ~2.4 GeV) ~ 0.6

• Many complications (skewness, NLO, scale 
uncertainty and higher-twist corrections) 
are likely minimized

18

Guzey et al   Phys Lett B726 (2013) 290  
Guzey, Zhalov JHEP 1310 (2013) 207 
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 Coherent J/ψ photoproduction cross section proportional to the square 
of the gluon density in the target 

J/\ photoproduction in UPC

3

• LO pQCD: coherent J/\ photoproduction cross section is 
proportional to the square of the gluon density in the target:

• Mass of J/\ serves as a hard scale:

• Bjorken x ~ 10-2 – 10-5 accessible at LHC:

• J/\ photoproduction in Pb-Pb UPC (lead target): information 
on gluon shadowing in nuclei at low x

– gluon shadowing factor

Evgeny Kryshen DIS 2019

d
d

 J/ψ photoproduction in Pb-Pb Ultra-Peripheral 
collisions allow to access gluon shadowing in 
nuclei at low x 

 Extract coherent J/ψ fraction using di-muons 
pT spectrum for 6 y bins 


 Photon couples coherently to all nucleons 

 < pT > ~ 60 MeV/c 

ALICE Collab. Submitted to PLB arXiv:1904.06272

Shinichi Hayashi, 25/06/19, 15:00 Parallel: nPDF/CNM

1232 M. Walczak

Fig. 1. The EPPS16 nuclear modifications for lead. Largest uncertainty for gluon
distributions is for x < 10�2 and low Q2. This is because of a lack of data in this
region. Dotted lines show different contributions to the uncertainties [1].

of particles (see Fig. 2). In particular the Ultra-Peripheral Collisions (UPCs)

are events, where two hadrons do not collide head on, they pass close to each

other (see Fig. 3). Due to their electric field, they exchange a very energetic

photon. The studies of UPCs allow to set constrains on the theoretical

models in the previously mentioned kinematic region (see Fig. 4). These

photon-induced processes provide a great opportunity to study fundamental

aspects of quantum electrodynamics (QED) and quantum chromodynamics

(QCD) [2]. A photo-nuclear interaction that has attracted a lot of interest

is exclusive vector meson production. In this reaction, only a vector meson

is produced in the final state (Fig. 2 (a)).

Fig. 2. The Feynman diagrams of an UPC for PbPb. Diagram (a) shows photopro-
duction process of vector mesons, (b) is a �� interaction producing two muons, the
main background to the analysed process.

b > 2⇥ rPb
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New
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 Coherent J/ψ photoproduction cross section proportional to the square 
of the gluon density in the target 

J/\ photoproduction in UPC

3

• LO pQCD: coherent J/\ photoproduction cross section is 
proportional to the square of the gluon density in the target:

• Mass of J/\ serves as a hard scale:

• Bjorken x ~ 10-2 – 10-5 accessible at LHC:

• J/\ photoproduction in Pb-Pb UPC (lead target): information 
on gluon shadowing in nuclei at low x

– gluon shadowing factor

Evgeny Kryshen DIS 2019

d
d

 J/ψ photoproduction in Pb-Pb Ultra-Peripheral 
collisions allow to access gluon shadowing in 
nuclei at low x 

 Extract coherent J/ψ fraction using di-muons 
pT spectrum for 6 y bins 


 Photon couples coherently to all nucleons 

 < pT > ~ 60 MeV/c 

 Results of coherent J/ψ photoproduction: 

 Moderate nuclear gluon shadowing 

 Potentially constrain the gluon 
distributions in global nPDF fits

ALICE Collab. Submitted to PLB arXiv:1904.06272

2015+2018 
Pb-Pb data

Shinichi Hayashi, 25/06/19, 15:00 Parallel: nPDF/CNM

1232 M. Walczak

Fig. 1. The EPPS16 nuclear modifications for lead. Largest uncertainty for gluon
distributions is for x < 10�2 and low Q2. This is because of a lack of data in this
region. Dotted lines show different contributions to the uncertainties [1].

of particles (see Fig. 2). In particular the Ultra-Peripheral Collisions (UPCs)

are events, where two hadrons do not collide head on, they pass close to each

other (see Fig. 3). Due to their electric field, they exchange a very energetic

photon. The studies of UPCs allow to set constrains on the theoretical

models in the previously mentioned kinematic region (see Fig. 4). These

photon-induced processes provide a great opportunity to study fundamental

aspects of quantum electrodynamics (QED) and quantum chromodynamics

(QCD) [2]. A photo-nuclear interaction that has attracted a lot of interest

is exclusive vector meson production. In this reaction, only a vector meson

is produced in the final state (Fig. 2 (a)).

Fig. 2. The Feynman diagrams of an UPC for PbPb. Diagram (a) shows photopro-
duction process of vector mesons, (b) is a �� interaction producing two muons, the
main background to the analysed process.

b > 2⇥ rPb
<latexit sha1_base64="DJGIkiYmckEVte5jfvEbT7C/Fkg=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkpSBT1J0YvHCvYDmhA22027dLMJuxuhhHrxr3jxoIhX/4U3/43bNgdtfTDweG+GmXlhypnSjvNtLS2vrK6tlzbKm1vbO7v23n5LJZkktEkSnshOiBXlTNCmZprTTiopjkNO2+HwZuK3H6hULBH3epRSP8Z9wSJGsDZSYB+G6ArVkKdZTBWSQe7JOG+E43FgV5yqMwVaJG5BKlCgEdhfXi8hWUyFJhwr1XWdVPs5lpoRTsdlL1M0xWSI+7RrqMBmoZ9PPxijE6P0UJRIU0Kjqfp7IsexUqM4NJ0x1gM1703E/7xupqNLP2cizTQVZLYoyjjSCZrEgXpMUqL5yBBMJDO3IjLAEhNtQiubENz5lxdJq1Z1z6rO3Xmlfl3EUYIjOIZTcOEC6nALDWgCgUd4hld4s56sF+vd+pi1LlnFzAH8gfX5AzHFlhs=</latexit>



Coherent J/ψ photoproduction in Pb-Pb hadronic collisions 
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 Excess of J/ψ for pT < 200 MeV/c in 
peripheral Pb-Pb collisions (70-90%) 
RAA ~ 7

〉 partN 〈
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AA
R

0.4
0.5
0.6
0.7
0.8

1

2

3

4
5
6
7
8  = 2.76 TeVNNsALICE, Pb-Pb 

 < 4y2.5 < 

 15.7 %± < 0.3 GeV/c, global syst = 
T
p ≤0 

 15.1 %± < 1 GeV/c, global syst = 
T
p ≤0.3 

 11.5 %± < 8 GeV/c, global syst = 
T
p ≤1 

 6.8 %±Common global syst = 

ALI-PUB-102768

ALICE Coll. PRL 116 (2016) 222301  

 New ALICE results at √sNN = 5.02 TeV 
for both central and forward rapidity 

ALI-PREL-309948

 How can the coherence condition 
survive when both nuclei are broken 
by the hadronic interaction? 

 Coherent photoproduction on 
nuclear fragments? Spectators 
participate in the coherence? 

RAA(pT) =
1

< Ncoll >
⇥ d2NAA/dpT d⌘

d2Npp/dpT d⌘



J/ψ production in p-Pb collisions √sNN = 8.16 TeV 
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ALI-PUB-157575ALI-PUB-157579

Backward-y Forward-y

 At backward and forward-y, RpPb shows a pT dependence, increase from low to 
high pT

 At central-y RpPb is compatible with unity with almost no (or mild) pT 
dependence. 


 Suppression seen at forward rapidity, low pT multiple explanations possible 

 Size of theory uncertainties (mainly shadowing) still limits a more quantitative 
comparison 

ALICE Collab. JHEP 07 (2018) 160 

Central-y

New

Shinichi Hayashi, 25/06/19, 15:00 Parallel: nPDF/CNM



J/ψ production in p-Pb collisions √sNN = 8.16 TeV 
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 Multi-differential studies of J/ψ production in p-Pb collisions at backward and 
forward rapidity 
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ALI−PREL−147266
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ALI−PREL−147262

 QpPb shows a clear evolution vs pT in different centrality classes 

 Backward-y clear enhancement in most central collisions for pT > 3 GeV/c  

 Clear difference between central and peripheral p-Pb collisions

 Forward-y stronger suppression for most central collisions?

 Larger CNM for most central collisions? Final state effects ? 

Backward-y Forward-y

ZN centrality estimator 



D meson production in p-Pb collisions 
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 D-meson RpPb compatible with unity in 0< pT < 36 GeV/c

 Described fairly well by models including CNM effects 

 No evidence of energy loss suppression for intermediate pT

Mattia Faggin, 25/06/2019, 15:20  Parallel: nPDF/CNM

ALICE Coll. submitted to JHEP  arXiv 1906.03425
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Z production in p-Pb and Pb-Pb collisions 

 Electroweak bosons production in p-Pb and 
Pb-Pb collisions at forward rapidity constrain 
nPDF at large Bjorken-x 

 Z-boson RAA measured in Pb-Pb collisions 

 CT14 w/o nPDFs deviates from 
experimental data by 2.3σ
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NLO pQCD with CT14 as pp reference

 = 5.02 TeVNNsALICE, 0-90% Pb-Pb 

c > 20 GeV/µ

T
p < -2.5, 

µ
η, -4.0 < -µ+µ →Z 

ALI-PUB-146539

 Z-boson cross section measured in p-Pb 
collisions at √sNN = 8.16 TeV. 

 Nuclear shadowing effect smaller than in 
Pb-Pb 

 Data comparable with expectations w/o 
nPDFs (CT14) and with nPDFs (EPPS16 
and nCTEQ groups) cmsy
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ALI−PREL−316252

ALICE Collab. Phys.Lett. B780 (2018) 372-383 

New

Nicolò Valle, 25/06/2019, 14:00, Parallel: nPDF/CNM 



Particle production vs multiplicity 

 Study of particle production mechanisms across different collisions 
systems 


 Event activity is the main variable? 

 Which mechanisms enter in the game? 


 Possible connection between hard and soft processes  

 Production at QGP freeze-out. 

 Role of hadronic re-scattering phase  

 Hadronization at high-pT 
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Relative strangeness production in pp, p-Pb, 

Pb-Pb and Xe-Xe 

Initial Stages 2019, 24-28 June 2019                        ALICE Overview                                               D. CAFFARRI (Nikhef)  - 14                                                                      

 Historically a signature of the QGP 
formation 


 No energy dependence observed 

 New preliminary results for            
pp at √s = 13 TeV and                     
p-Pb at √sNN = 8.16 TeV


 Smooth evolution vs multiplicity 
from pp to Pb-Pb collisions


 Including new results in Xe-Xe 
collisions


 Strangeness production driven by 
multiplicity also for different 
collisions systems 

 Role of Multi Parton Interactions in 
small systems? 

ALI-PREL-321075

ALICE Coll. Nature Physics 13 (2017) 535-539 
Phys. Lett. B 758 (2016) 389-401   

New



Particles ratios vs pT  

Initial Stages 2019, 24-28 June 2019                        ALICE Overview                                               D. CAFFARRI (Nikhef)  - 15                                                                      

1 10

5

10

15

20φ
) /

 
p

(p
 +

 

(a)

| < 0.5y = 7 TeV, |s pp ALICE
 = 21.3〉η/d

ch
Nd〈V0M Class I, 

 = 2.3〉η/d
ch

Nd〈V0M Class X, 
(V0M Multiplicity Classes)

1 10

5

10

15

20

(b)

 < 0.5
CMS

y = 5.02 TeV, 0 < NNs p-Pb ALICE
 = 45.1〉η/d

ch
Nd〈0-5%, 

 = 9.8〉η/d
ch

Nd〈60-80%, 
(V0A Mult. Classes - Pb side)

1 10

5

10

15

20

(c)

| < 0.5y = 2.76 TeV, |NNs Pb-Pb ALICE
 = 1601.0〉η/d

ch
Nd〈0-5%, 

 = 55.5〉η/d
ch

Nd〈60-80%, 

1 10

0.2

0.4

0.6

0.8

1) - π
 +

 
+ π

) /
 (

-
 +

 K
+

(K

(d)

1 10

0.2

0.4

0.6

0.8

1 (e)

1 10

0.2

0.4

0.6

0.8

1 (f)

1 10

0.2

0.4

0.6

0.8

) - π
 +

 
+ π

) /
 (

p
(p

 +
 

(g)

1 10

0.2

0.4

0.6

0.8
(h)

1 10

0.2

0.4

0.6

0.8
(i)

1 10

0.5

1

1.5

S0
 / 

K
Λ

(j)

1 10

0.5

1

1.5 (k)

1 10
)c (GeV/

T
p

0.5

1

1.5 (l)

 Similar evolution pattern of 
particle ratios from pp to Pb-Pb 
collisions


 p/ϕ decreasing with pT in the 
three systems 

pp p-Pb Pb-Pb

Highest multiplicity  
Lowest multiplicity  

ALICE Coll. Phys. Rev. C 99, (2019) 024906



Particles ratios vs pT  
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particle ratios from pp to Pb-Pb 
collisions


 p/ϕ decreasing with pT in the 
three systems.

 K/π multiplicity independent 
except for central Pb-Pb 
collisions

 p/π, Λ/K0s show a depletion at 
pT ~0.7 GeV/c and a clear 
enhancement at ~3 GeV/c in all 
systems → Baryon formation 
effect ?

pp p-Pb Pb-Pb
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 Similar evolution pattern of 
particle ratios from pp to Pb-Pb 
collisions


 p/ϕ decreasing with pT in the 
three systems.

 K/π multiplicity independent 
except for central Pb-Pb 
collisions

 p/π, Λ/K0s show a depletion at 
pT ~0.7 GeV/c and a clear 
enhancement at ~3 GeV/c in all 
systems → Baryon formation 
effect ?

 Particle production driven by 
multiplicity + flow + baryons/
recombination at intermediate pT ? 
 Mass ordering, baryons/mesons 
effect present also in the hardening 
of the spectra 

pp p-Pb Pb-Pb

ALICE Coll. Phys. Rev. C 99, (2019) 024906

Highest multiplicity  
Lowest multiplicity  



ϕ production and h-ϕ correlations

Initial Stages 2019, 24-28 June 2019                        ALICE Overview                                               D. CAFFARRI (Nikhef)  - 16                                                                      

2 3 4 5 10 20 210 210×2 310 310×2

 | < 0.5η|〉η/dchNd〈

0.004

0.006

0.008

0.01

0.012

)- π++ π/(φ

ALICE Preliminary
 = 5.44 TeVNNsXe-Xe 
 = 5.02 TeVNNsPb-Pb 

 = 13 TeVspp 

ALICE
 = 2.76 TeVNNsPb-Pb 

 = 5.02 TeVNNsp-Pb 

V0 multiplicity classes
Uncertainties: stat.(bar), syst.(box)

GSI-Heidelberg
 = 156 MeVchT

ALI−PREL−155746

 ϕ/π shows an increase from pp to 
peripheral Pb-Pb, then a different trend for 
Pb-Pb (and Xe-Xe) collisions 

 Use two-particle correlations to investigate 
the origin of the ϕ production (jet or 
underlying event)? 
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 Increase h-ϕ/h-h pairs 
vs multiplicity as ϕ/π 
ratio 

 h-ϕ/h-h in jets is lower 
than the inclusive 
measurement 

 Production tends to be 
dominated by UE 



Heavy Flavour production vs multiplicity
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 D+s/D+ ratio vs multiplicity is flat 
within uncertainties across the three 
different systems 

 A hint of increase is observed for               
4 < pT <12 GeV/c for most central             
Pb-Pb collisions 

pp

p-Pb

Pb-Pb

ALICE Coll. submitted to JHEP  arXiv 1906.03425

10 20
)c (GeV/

T
p

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

10
 / 

D
+ c

Λ

ALICE Preliminary
| < 0.5y = 5.02 TeV, |NNs

Filled markers: pp measured reference
-extrapolated reference

T
pOpen markers: pp 

Pb−10% Pb− 0

Pb−50% Pb−30

pp

 < 0.04yPb, -0.96 < −p

2018  
Pb-Pb data

 Hint of higher Λc+/D0 ratio in Pb-Pb collisions 
w.r.t pp ones  

 Higher Λc+/D0 ratio in pp than in e+e- 
collisions 

 Baryon related effect? Models including 
both coalescence and fragmentation seem to 
reproduce better the data 

Mattia Faggin, 25/06/2019, 15:20  Parallel: nPDF/CNM



-onia production in pp collisions 
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 HF production coming form hard 
scatterings (MPI?)

-onia production increases vs multiplicity 
in pp collisions 


 Linear trend observed for forward-y 
production for all quarkonia state         
J/ψ, ϒ(1S), ϒ(2S). 

J/ψ mid-y

ϒ(1S)

ϒ(2S)
J/ψ for-y

 Stronger than linear at mid-y, when no 
rapidity gap 


 Steeper rise at higher pT for mid-y  

 Qualitative agreement with model 
calculations including Multi Parton 
Interactions (Pythia 8 Monash 2013) 0 1 2 3 4 5 6 7
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ALI−PREL−132858

Shinichi Hayashi, 25/06/19, 15:00 Parallel: nPDF/CNM



Collective effects 

 Common velocity field for all particles induced during the expansion by the 
collision  → Radial flow 

 Azimuthal anisotropies of particles induced by collisions geometry and 
initial nucleon distributions fluctuations → v2, v3, v4, … 

 Investigation of collective like effects in p-Pb and pp collisions.
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Spectra of charged π, K and p in p-Pb 
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 New measurement of identified particles spectra in p-Pb collisions using 
different techniques: ITS, TPC, TOF.

 Mass dependent hardening of the spectra with increasing multiplicity class 


 Indication of radial expansion effect in p-Pb 

 Same origin as for Pb-Pb? Hadronic re-scattering?  

New



System size dependence of vn coefficients 
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 Large systems (Pb-Pb, Xe-Xe)

 Strong multiplicity dependence of vn 

 v2 > v3 > v4 

 Hydro calculations describe reasonably 
the data at intermediate-high multiplicity

 v2{4} ~ v2{6} ~ v2{8} 

 vn ~ flat vs multiplicity 

 v2 > v3 > v4 

 Cannot be explained by non-flow only 
(PYTHIA)


 Observation of long-range multi-particle 
correlations in small systems 

 Small systems (pp, p-Pb)

Vojtech Pacik, 26/06/2019, 15:20 Parallel: Collectivity in small systems

ALICE Coll. arXiv:1903.01790   
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ALICE Collab. JHEP 1809 (2018) 006

 Results of identified particles vn in            
Pb-Pb collisions 


 pT < 2 GeV/c hadron mass ordering  

 pT ~ 2.5 GeV/c crossing between baryons 
and mesons 

 pT > 2.5 GeV/c baryons v2 > mesons v2  

 First measurement of vn(pT) of identified 
hadrons using 4-particle cumulants 
method 

 More sensitive to initial state 
fluctuations, less affected by non-flow

 Similar behaviours observed as for v2{2} 
(mass ordering and baryon/meson 
grouping)  

New

Vojtech Pacik, 26/06/2019, 15:20 Parallel: Collectivity in small systems

Identified particles flow coefficients  
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ALICE Collab. JHEP 1809 (2018) 006

 Results of identified particles vn in            
Pb-Pb collisions 


 pT < 2 GeV/c hadron mass ordering  

 pT ~ 2.5 GeV/c crossing between baryons 
and mesons 

 pT > 2.5 GeV/c baryons v2 > mesons v2  

New

Vojtech Pacik, 26/06/2019, 15:20 Parallel: Collectivity in small systems

Identified particles flow coefficients  

ALI-PREL-156487

New

 New results on v2{2} in p-Pb collisions for 
identified particles 


 Subtraction of non-flow contribution from 
pp collisions 

 Similar patterns as observed in Pb-Pb 
collisions



Non-linear flow modes in Pb-Pb collisions
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 For n>3, contributions from non-linear lower 
order spatial anisotropy enter in the 
definition of the coefficients 

Linear and non-linear response in higher flow harmonics

✤ Magnitude of these non-linear responses in Vn: vn,mk
(n > 3)Vn = V L

n + V NL
n

Linear response Non-linear response

Phys. Lett. B773 (2017) 68

V4 = V NL
4 + V L

4 = �4,22(V2)
2 + V L

4

V5 = V NL
5 + V L

5 = �5,32V3V2 + V L
5

V6 = V NL
6 + V L

6 = �6,222(V2)
3 + �6,33(V3)

2 + �6,24V2V
L
4 + V L

6

v4,22 =
hv4v22 cos(4 4 � 4 2)ip

hv42i

v5,32 =
hv5v3v2 cos(5 5 � 3 3 � 2 2)ip

hv23v22i

v6,33 =
hv6v23 cos(6 6 � 6 3)ip

hv43i

Phys. Rev. C 87, 054901 H. Niemi et al.

v6,222 =
hv6v32 cos(6 6 � 6 2)ip

hv62i
!5Zimanyi school- Naghmeh Mohammadi3/12/2018

 Contribution of non-linear terms larger for 
peripheral collisions  

 New results of non-linear coefficients for 
various identified particles up to v6,33 


 Similar patterns as observed for 
identified particles linear terms 

Poster Jasper Elias Parkkila

New
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New

2018 Pb-Pb 
data

 New, more precise measurement of D meson v2 
in 30-50% 

 Same v2 for D+s and non-strange D mesons 
within uncertainties, down to 3 GeV/c  
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 New, more precise measurement of D meson v2 
in 30-50% 

 Same v2 for D+s and non-strange D mesons 
within uncertainties, down to 3 GeV/c  

 Event-Shape Engineering technique 
allows to select different eccentricity and 
initial conditions for a given centrality class 

 Clear difference of D meson v2 in events 
with small and large q2 

 Charm is sensitive to collectivity of bulk 
light-hadron and initial state fluctuations 

Clear difference of D-meson v2 in events with 
small and large q2 (2nd-order reduced q-vector) 
•  2018 data clarifies effect reported in 

JHEP1902 (2019) 150  
 

D-meson v2 with Event-Shape Engineering  
S. Jaelani 
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Heavy Flavour flow in Pb-Pb collisions 

New

New

2018 Pb-Pb 
data
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ALI−PUB−307195

The Event-shape 
engineering (ESE) 
technique relies on the 
classification of events 
at a certain centrality 
according to the 
magnitude of the 
second-harmonic 
reduced flow vector:

60% smallest q2TPC

20% largest q2TPC

D-meson v2 for different q2 samples: investigate 
correlation between flow coefficients of D 
mesons and soft hadrons  
D-meson pT spectra for different q2 samples: 
study interplay between elliptic flow and radial 
flow (at low/intermediate pT) and in-medium 
energy loss (high pT)

q 2 = | ⃗Q2 | / M

⃗Q2 =
M

∑
j= 1

ei2φj

⟨v2⟩small− q 2
< ⟨v2⟩unb

⟨v2⟩large− q 2
> ⟨v2⟩unb

Event-shape engineering

02/10/2018 Hard Probes - Fabrizio Grosa 13/19

New on arXiv!

arXiv:1809.09371
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Heavy Flavour flow in Pb-Pb collisions 
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(1S), Preliminaryϒ

(1S), TAMU model, PRC 96 (2017) 054901ϒ

(1S), KSU model, arXiv:1809.06235ϒ

 = 5.02 TeVNNsPb   − ALICE   Pb

60% − 5 < 4y2.5 < 

ALI−PREL−314841

 At low-pT π v2  > D-meson v2 > J/ψ v2 > 0 

 charm quarks seems to follow the expansion of the system 

 Recombination with flowing light-flavour quark can enhance the effect ?


 First measurement of ϒ(1S) elliptic flow, compatible with zero              
within uncertainties 

 Open beauty (b → e) v2 > 0 


 3.5σ effect in 1.3 < pT < 4 GeV/c 
 Impact of collisional energy loss and coalescence for beauty? 

New

2015+2018 
Pb-Pb data



Collective effects for HF in p-Pb collisions ?

Initial Stages 2019, 24-28 June 2019                        ALICE Overview                                               D. CAFFARRI (Nikhef)  - 25                                                                      

1 2 3 4 5 6
)c (GeV/

T
p

0

0.05

0.1

0.15

0.2

2v

| < 1.2η∆| < 0.8, |η e, |→(c,b) 
| < 1.6η∆| < 0.8, 0.8 < |ηCharg. part., |

| < 5η∆ < -2.5, 1.5 < |η, p-going -4 < µ

| < 5η∆ < -2.5, 1.5 < |η, Pb-going -4 < µ

ALICE
 = 5.02 TeVNNsp-Pb, 

(0-20%) - (60-100%)

 Azimuthal correlations of heavy-
flavour decay leptons used to extract 
Fourier coefficients in p-Pb collisions

 e,µ from heavy flavour decays show 
v2 > 0 in high-multiplicity p-Pb 
collisions (5σ effects) 

ALICE Coll. PRL 122, 072301 (2019)

D mesons in p-Pb collisions 

14 

•  D-meson RpPb compatible with unity in 0<pT<36 GeV/c 
•  Described by models including Cold-Nuclear-Matter (CNM) effects 

•  Data do not favour “radial-flow”-like peak around 3-4 GeV/c, nor decreasing trend at 
higher pT 

•  Central-to-peripheral ratio around 1.2 at intermediate pT (larger than unity by ~3σ 
in 3<pT<7 GeV/c in 20-40%): pT-trend similar to that measured for charged particles 

Tomorrow on arxiv, CERN-EP-2019-125 
 

P. Dhanker 
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QpPb
i =

dNpPb / dpT( )i
TpPb i

×dσ pp / dpT
QCP

i =
dNpPb / dpT( )i TpPb i

dNpPb / dpT( )60−100% TpPb 60−100%

RpPb =
dσ pPb / dpT
A×dσ pp / dpT

 D-meson central-to-peripheral ratio 
around 1.2 at intermediate pT 


 Qcp >1 at 3σ in  3< pT <7 GeV/c in 
20-40% 

 Similar trend as measured for 
charged particles 

Fabio Colamaria, 26/06/2019, 15:20  Parallel: High-pT probes

ALICE Coll. submitted to JHEP  arXiv 1906.03425



Near side ridge in pp collisions at √s=13 TeV 
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 Long range correlations in high-
multiplicity pp collisions at √s=13 TeV

 Near-side ridge effect observed within 
ALICE acceptance 1.5 < |Δη| < 1.8 

 Per-trigger associated particle yields 
measured for the 0.1% highest 
multiplicity  


 Yields do not change with different pT 
requirements for leading particle in the 
event 

Poster JunLee Kim

New
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 Access pair-particle production and 
collective effects 


 Narrowing of balance functions in Pb-Pb 
collisions → radial flow effects 

 Narrowing in pp collisions described by 
PYTHIA with CR 

Charged particles

Balance Function in pp collisions at √s = 5 TeV 

ALICE Coll. Eur. Phys. J. C 76 (2016) 86
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 New results of Identified Balance Functions:

 show a narrowing for π 

 flat behaviour for p 

 Radial flow-like effects would show a larger 
effect for higher masses particles

 PYTHIA with CR seem to follow qualitatively 
the trend for pions but not for protons New

Charged particles

π

p

Balance Function in pp collisions at √s = 5 TeV 

 Access pair-particle production and 
collective effects 


 Narrowing of balance functions in Pb-Pb 
collisions → radial flow effects 

 Narrowing in pp collisions described by 
PYTHIA with CR ALICE Coll. Eur. Phys. J. C 76 (2016) 86
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 Broad physics program that goes from pp to 
Pb-Pb collisions to investigate different QCD 
effects. 


 New UPC results important to constrain 
nPDF 

 Multi-particle long-range correlations 
observed in small systems. Origin still 
debated. 

 PID results important to investigate mass 
dependent effects for linear and non-linear 
modes  

 Particle production measurements driven by 
multiplicity also for high-Q2 processes? Role 
of MPI? 


  Upgrade program progressing well in 
order to be ready for the higher luminosity 
expected in Run3 and 4.  

construction & commissioning

TPC

! E. Hellbär, Fri 12:24

ITS Inner/Outer Barrel

Half-layer 0 Half-Layer 1 Half-Layer 2

Jochen Klein (INFN) ALICE overview Puebla, May 2019 28 / 30
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- Quarkonia production in pp and p-Pb collisions with ALICE at the LHC - Shinichi  
Hayashi 

- Measurement of electroweak-boson production in p_Pb and Pb-Pb collisions at 
the LHC with ALICE - Nicolò Valle  

- Measurement of open heavy flavour hadron production in pp, p-Pb and Pb-Pb 
collisions - Mattia Faggin  

- Measurement of heavy-flavour jets and correlations and elliptic flow in small 
systems with ALICE - Fabio Colamaria  

- Investigation of collectivity in small collisions system with ALICE Vojtech Pacik  

- POSTER: Higher order flow correlations and their non-linear modes in Pb-Pb 
collisions at √sNN = 2.76 TeV - Jasper Elias Parkilla 

- POSTER: Measurement of long range correlations in pp collisions at √s = 13 TeV 
with ALICE at the LHC - Jun Lee Kim 

construction & commissioning

TPC

! E. Hellbär, Fri 12:24

ITS Inner/Outer Barrel

Half-layer 0 Half-Layer 1 Half-Layer 2

Jochen Klein (INFN) ALICE overview Puebla, May 2019 28 / 30

Thank you! 



Back up
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Study baryon-(anti)baryon interactions 
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 Standard: Use two identical 
bosons momentum correlations to 
estimate the system size at 
kinematical freeze-out  

 Raphaelle Bailhache, LHCC meeting 21

 Measure the system size 

Two-particle wave functions
Interaction known

Source size/shape
unknown

Measured 
correlation

Traditional Hanbury-Brown-Twiss (HBT) measurement:

● Use two identical boson momentum correlation
    to estimate the system size at kinematical freeze-out

 

q: relative momentum
 r: relative distance between the points of emission of the two bosons

● Interaction between two identical bosons given by:
● Quantum statistics (Bose-Einstein correlation)
● Electromagnetic interaction (Coulomb interaction)
● Strong interaction 

p
1

p
2

 Femtoscopy technique used to measure the final state interaction between 
particles in small systems



Study baryon-(anti)baryon interactions  
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 Raphaelle Bailhache, LHCC meeting 24

 Study baryon-(anti)baryon interactions

New paper arXiv:1905.07209

Exclusion plot 
for the Λ-Λ scattering parameters 

Narrow allowed region
compatible with a bound state

● Use Λ-Λ momentum correlation to measure their interaction

 

q: relative momentum
 r: relative distance between the points of emission of the two kaons

● Determine the scattering parameters (f
0
-1,d

0
) defining the interaction

which can described the measured C(q) using the Lednicky model:
● Scattering length:  f

0

● Effective range:     d
0

Measured 
correlation

Source size/shape
known from pp

Two-particle wave functions
Interaction unknown

 New results: 

 Λ-Λ, p-Ξ, p-Σ … interactions 
ALICE Coll. arXiv:1903.06149, arXiv:1904.12198 

 New idea: Use two-particle 
correlations to measure strong 
interaction (mainly among strange 
hadrons)

 Femtoscopy technique used to measure the final state interaction between 
particles in small systems

 High-multiplicity pp collisions at           
√s = 13 TeV. 

 Data shows evidence of an attractive 
strong interaction between p and Ω. 

 Strongly bound states ? 

New
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Direct flow in Pb-Pb collisions 

7.1. INTRODUCTION

Figure 7.1: Charged currents in heavy-ion collisions, due to Faraday’s law (left) and
Lorentz force (right). Purple lines represent the QCD system (dashed: contours in the
x-z plane, continuous: velocity), red ones its EM response.

of anisotropic flow, this corresponds to charge- and rapidity-odd directed flow

v1(+, η) = −v1(+,−η) = v1(−,−η) = −v1(−, η), (7.1)

where ± refers to electric charge. This directed flow would develop perpendicularily to
the magnetic field plane ΨB. Such observable is, in principle, experimentally accessible
and has the important advantage of having clear qualitative features that distinguish it
from known background. An order-of-magnitude estimate of the phenomenon was also
given in [211]: for Pb–Pb collisions at

√
sNN = 2.76 TeV a charge difference ∆v1(η) =

v1(+, η)−v1(−, η) ofO(10−5) is expected for a pT-integrated measurement and ⟨pT⟩ ∼ 0.73
GeV/c (Fig. 4.13). The signal was predicted to strongly depend on pT (Fig. 7.2, left),
because of variations in the relative strength of the two effects, Faraday’s law and Lorentz
force, which have opposite sign (Fig. 7.2, right), and on particle species, not only in terms
of magnitude but also of sign.

This charge-dependent directed flow will manifest itself on top of the known, charge-
independent one, whose origin and characteristics will be discussed in the following. Di-
rected flow in heavy-ion collisions is thought to be driven by several mechanisms, whose
relative importance strongly depend on the collision energy and rapidity range [213, 119].
We will limit the discussion to what is relevant at LHC and top RHIC energies, in the
mid-rapidity range (|η| ≤ 1). Here, the origin of directed flow is thought to be twofold.
The first one is connected to the geometry of the collision and can be ascribed to a tilt
of the initial state in the x-z plane [215], combined with the collective radial expansion
of the system. Hydrodynamical calculations employing this prescription [215] have been
shown to quantitatively describe RHIC measurements in Au–Au and Cu–Cu collisions at√
sNN = 62.4 and 200 GeV [216, 217] and to correctly predict the decrease of vodd1 at LHC

energies [218], contrary to other calculations [219, 220]. The second source of directed

114

Faraday effect Hall effect 
U. Gursoy, D. Kharzeev and K. Rajagopal Phys. Rev. C 89, 054905 (2014)

 Study the properties of high magnetic field in 
heavy-ions collisions.


 Faraday effect - Electric field induced on 
decreasing magnetic field vs time (spectators)

 Hall effect - Lorentz force induced by moving 
charges (QGP expansion)



Initial Stages 2019, 24-28 June 2019                        ALICE Overview                                               D. CAFFARRI (Nikhef)  - 34                                                                      

Direct flow in Pb-Pb collisions 
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Faraday effect Hall effect 
U. Gursoy, D. Kharzeev and K. Rajagopal Phys. Rev. C 89, 054905 (2014)

 D-meson charge-dependent v1 more sensitive 
to early stage E-M field


 Charm formation time is comparable to 
maximum B 

 Relaxation time similar to QGP life time

 Expected larger effect than light hadrons
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Fig. 1. (Color online.) Time dependence of B y and Ex fields for σel = 0.023 fm−1 in 
Pb + Pb collisions at √sNN = 2.76 TeV for b = 9.5 fm at x⊥ = 0. Upper panel: eB y
for different space rapidities η; Lower panel: time evolution of both the magnetic 
field eB y (black) and the electric field eEx (red) at forward rapidity η = 1.0.

η = 1.0. We note that for t < 1 fm/c there is a large difference be-
tween the B y and Ex , although they become equal at later time. 
We will see that this plays an important role in determining the 
sign and the size of v1.

The dynamics of the CQs, with charge q and momentum p, is 
governed by the Langevin equation in the presence of electromag-
netic field, given by

ẋ (t) = p
E

(7)

ṗ (t) = −#p (t) + F (t) + Fext (t) , (8)

where the first term represents the dissipative force and the sec-
ond term represents the fluctuating force F (t) regulated by the 
diffusion coefficient D . The third term in Eq. (8) represents the ex-
ternal Lorentz force due to the electric and magnetic fields. We 
study the evolution with a standard white noise ansatz for F (t), 
i.e ⟨F (t)⟩ = 0 and ⟨F (t) Ḟ

(
t′)⟩ = Dδ

(
t − t′). The ensemble ⟨...⟩ de-

notes the averaging of many trajectories for p each consisting of 
different realizations of F at each time step. To solve the Langevin 
equation for an expanding system one needs to move to the local 
rest frame of the background fluid [3,5], where an element moving 
with velocity v with respect to the laboratory frame will be sub-
jected to both E′ and B′ as determined by Lorentz transformations. 
The Fext in the fluid rest frame will be

Fext = qE′ + q
E p

(
p × B′) (9)

where E p =
√

p2 + M2 is the energy of the heavy quark with mo-
mentum p.

In Fig. 2 we show the resulting directed flow v1 as a function 
of the rapidity of charm black (solid line) and anti-charm quarks 

Fig. 2. (Color online.) Directed flow v1 as a function of the rapidity in Pb + Pb
collision at √sNN = 2.76 TeV for b = 9.5 fm for D meson [cq] at pT > 1 GeV black 
(solid) and anti-D meson [cq] (dashed) line at t = t f .o. (see text). Red dash–dot 
(blue dash–dot–dot) line indicates v1 of D meson at t = 2 fm/c (t = 5 fm/c).

(dashed line). We can see that there is a substantial v1 at finite 
rapidity with a peak at y ≃ 1.75. The flow is negative for positive 
charged particle (charm) at forward rapidity which means that the 
Hall drift induced by the magnetic field dominates over the dis-
placement caused by the Faraday current associated with the time 
dependence of the magnetic field. This is a non-trivial result and it 
is partially due to the fact that the formation time of CQs is very 
close to the time at which the magnetic field attains its maximum, 
causing a large drift due to Hall effect.

We have followed the dynamics up to t = 12 fm/c, but ob-
served that the directed flow saturates already at t ≃ 1–2 fm/c for 
|y| < 0.5–1, and at t ≃ 5 fm/c for |y| < 1.5 (Fig. 2). Therefore, the 
slope dv1/dy|y=0 ≃ −1.75 · 10−2 is determined in the very early 
stage of the collision t ! 1–2 fm/c. The time scale of the satura-
tion of v1 as a function of y follows the persistence of the B y and 
Ex fields with increasing η shown in Fig. 1 (upper panel). There-
fore, the v1, in particular its slope dv1/dy, is mostly formed in 
the very early stage and its sign and magnitude is essentially con-
trolled by the large value of B y for t ! 1.0 fm/c. The predicted 
value of v1(y) for D meson [cq] is quite large and the odd behav-
ior of D/D doubles the effect that can be measured. Also it would 
be a distinctive signal of the electromagnetic field, distinguishable 
from the v1(y) that can be generated by angular momentum con-
servation as studied in [55].

It is important to stress that a main feature of the CQs that 
turns out to favor the formation of a sizable directed flow is the 
relative large equilibration time w.r.t. light quarks. In fact, the re-
laxation time of CQs can be estimated as τ eq

c ≃ 1/# ≈ 5–8 fm/c
which is much larger than the light quark and gluon equilibration 
time, τ eq

Q G P ≈ 0.5–1 fm/c.
In Fig. 3 we show a study of the strong dependence of the 

transverse flow on the interaction strength given by the drag coef-
ficient # and plotted in term of the equilibration time defined as 
τeq = 1/#.

The strong dependence of v1 on # is evident from the vari-
ation of |dv1c/dy| with τeq as displayed in Fig. 3. The quantity, 
|dv1c/dy| for CQ with τ eq

c ≃ 1/# ≈ 5–8 fm/c is at least two orders 
of magnitude larger than the corresponding value for light quarks 
with τeq ∼ 0.6 fm/c [51]. This is due to the fact that the transverse 
kick exerted by the electromagnetic field during the time interval, 
τe.m. on the thermalized light quarks (unlike CQ which is out-of-
equilibrium) is damped by its random interaction in the medium 
with similar durability. However, the lowest points in Fig. 3 may 
not be taken as a realistic estimate for v1 of light quarks, because 
for that we have to keep in mind at least three other aspects: the 
dynamics of light quarks cannot be appropriately studied by us-

K. Das et al, PLB 768 (2017) 260-264

7.1. INTRODUCTION

Figure 7.1: Charged currents in heavy-ion collisions, due to Faraday’s law (left) and
Lorentz force (right). Purple lines represent the QCD system (dashed: contours in the
x-z plane, continuous: velocity), red ones its EM response.

of anisotropic flow, this corresponds to charge- and rapidity-odd directed flow

v1(+, η) = −v1(+,−η) = v1(−,−η) = −v1(−, η), (7.1)

where ± refers to electric charge. This directed flow would develop perpendicularily to
the magnetic field plane ΨB. Such observable is, in principle, experimentally accessible
and has the important advantage of having clear qualitative features that distinguish it
from known background. An order-of-magnitude estimate of the phenomenon was also
given in [211]: for Pb–Pb collisions at

√
sNN = 2.76 TeV a charge difference ∆v1(η) =

v1(+, η)−v1(−, η) ofO(10−5) is expected for a pT-integrated measurement and ⟨pT⟩ ∼ 0.73
GeV/c (Fig. 4.13). The signal was predicted to strongly depend on pT (Fig. 7.2, left),
because of variations in the relative strength of the two effects, Faraday’s law and Lorentz
force, which have opposite sign (Fig. 7.2, right), and on particle species, not only in terms
of magnitude but also of sign.

This charge-dependent directed flow will manifest itself on top of the known, charge-
independent one, whose origin and characteristics will be discussed in the following. Di-
rected flow in heavy-ion collisions is thought to be driven by several mechanisms, whose
relative importance strongly depend on the collision energy and rapidity range [213, 119].
We will limit the discussion to what is relevant at LHC and top RHIC energies, in the
mid-rapidity range (|η| ≤ 1). Here, the origin of directed flow is thought to be twofold.
The first one is connected to the geometry of the collision and can be ascribed to a tilt
of the initial state in the x-z plane [215], combined with the collective radial expansion
of the system. Hydrodynamical calculations employing this prescription [215] have been
shown to quantitatively describe RHIC measurements in Au–Au and Cu–Cu collisions at√
sNN = 62.4 and 200 GeV [216, 217] and to correctly predict the decrease of vodd1 at LHC

energies [218], contrary to other calculations [219, 220]. The second source of directed
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v1(+, η)−v1(−, η) ofO(10−5) is expected for a pT-integrated measurement and ⟨pT⟩ ∼ 0.73
GeV/c (Fig. 4.13). The signal was predicted to strongly depend on pT (Fig. 7.2, left),
because of variations in the relative strength of the two effects, Faraday’s law and Lorentz
force, which have opposite sign (Fig. 7.2, right), and on particle species, not only in terms
of magnitude but also of sign.

This charge-dependent directed flow will manifest itself on top of the known, charge-
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rected flow in heavy-ion collisions is thought to be driven by several mechanisms, whose
relative importance strongly depend on the collision energy and rapidity range [213, 119].
We will limit the discussion to what is relevant at LHC and top RHIC energies, in the
mid-rapidity range (|η| ≤ 1). Here, the origin of directed flow is thought to be twofold.
The first one is connected to the geometry of the collision and can be ascribed to a tilt
of the initial state in the x-z plane [215], combined with the collective radial expansion
of the system. Hydrodynamical calculations employing this prescription [215] have been
shown to quantitatively describe RHIC measurements in Au–Au and Cu–Cu collisions at√
sNN = 62.4 and 200 GeV [216, 217] and to correctly predict the decrease of vodd1 at LHC

energies [218], contrary to other calculations [219, 220]. The second source of directed
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ALI-PREL-306894

ALI-PREL-315645

 Di-electron invariant mass includes 
production of various sources: 


 LF/HF mesons 

 Thermal radiation 

 Photoproduction 

 Low-pT range most sensitive to 
photoproduction 


 No-excess found for 0-40%

 3.7σ excess in 70-90% 

 Hadronic cocktail describes mee spectrum 
when accounting for CNM effects  

1.1<mee< 2.7 GeV/c2



pT spectra compared to Minimum Bias 
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 Hardening of the spectra 
different  for different particle 
species. 


 Mass hierarchy observed at 
low momentum 


 Baryons/mesons grouping 
observed at intermediate-high 
pT


 Resonances follow mass 
ordering at low pT, mesons at 
high pT



pT spectra vs multiplicity
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 Particles ratios studied for a given 
pT bin as a function of multiplicity 
for the three collisions systems


 Very similar trend vs multiplicity for 
all collisions systems 



pT yield vs multiplicity MC comparison
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pT spectra vs multiplicity MC comparison
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p/π, K/π  
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PRC 88, 044910 (2013)
 = 2.76 TeVNNsPb-Pb, 
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 = 5.02 TeVNNsPb-Pb, 

Preliminary
 = 5.44 TeVNNsXe-Xe 

ALICE V0 Multiplicity Classes

ALI−PREL−155907

 New Pb-Pb and Xe-Xe results 

 No significant energy dependence is observed 

 K/π and p/π are consistent for all collision systems at the same 
average multiplicity. 


 K, p production driven by multiplicity in the event. 



Relative resonance production in pp, p-Pb, 

Pb-Pb and Xe-Xe 
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ALI-PREL-316435

 Relative suppression of 
⍴0, K*0, Λ with increasing 
multiplicity 

 Σ*/Λ, Ξ*/Ξ, ϕ/K are 
instead independent of 
multiplicity 

 Similar trend observed in 
all collision systems 

 EPOS3 + UrQMD 
describes qualitatively the 
trend of the data 

 Re-scattering effects seem to dominate with 
respect to (re)combination in hadronic phase.  



Nuclei production in pp, p-Pb and Pb-Pb 

Initial Stages 2019, 24-28 June 2019                        ALICE Overview                                               D. CAFFARRI (Nikhef)  - 42                                                                      
ALI-DER-323787

 Exponential decrease in nuclei rate in 
agreement with thermal model predictions. 


 Factor ~ 300 (Pb-Pb), ~600 (p-Pb) and 
~1000 (pp) per each additional nucleon 

p

d

3He

4He

ALICE Collaboration.  
p-Pb Submitted to PLB arXiv:1906.03136 
pp Phys. Rev. C97 (2018) 024615 
Pb-Pb Nucl. Phys. A 971 (2018) 1

 d/p vs multiplicity 

 Increase from pp to peripheral Pb-Pb 
consistent with coalescence model 

 Different trend for Pb-Pb collisions 
(yields consistent with thermal model) 

 No energy dependence observed. 


 Production mechanism (Thermal vs 
coalescence)? Same or different in 
small and large systems ?



PID v2 in Pb-Pb 
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PID v3 in Pb-Pb 
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PID v4 in Pb-Pb 
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Anti-d v2,v3 in Pb-Pb 
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Heavy Flavour energy loss in Pb-Pb collisions 
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D-meson data vs. models 
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•  Data precision nailing down description of charm-interaction and diffusion in the 
medium at low transverse momenta 

•  Interplay of CNM (shadowing), collisional and radiative energy loss, coalescence and 
realistic medium evolution required to describe data  

S. Jaelani 
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Near side ridge in pp collisions at √s=13 TeV 
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 Long range correlations in high-
multiplicity pp collisions at √s=13 TeV

 Near-side ridge effect observed within 
ALICE acceptance 1.5 < |Δη| < 1.8 

 Per-trigger associated particle yields 
measured for the 0.1% highest 
multiplicity  


 Yields do not change with different pT 
requirements for leading particle in the 
event 

Poster JunLee Kim

New
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Heavy Flavour energy loss in Pb-Pb collisions 
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D-meson data vs. models 
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•  Simulataneous description of Ds
+ and non-strange D-meson RAA and v2 à effective 

tool to constrain interplay of coalescence and collisional energy loss + medium flow 
on D-meson spectra 

•  Similar v2 for non-strange D and Ds
+ mesons expected from TAMU and PHSD models 

  

S. Jaelani, 
C. Zampolli 
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Λc+ in Pb-Pb collisions 
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HF Event Shape Engineering
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New
2018 Pb-Pb 

data
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Transport models describe reasonably q2 dependence of elliptic flow 

No q2 selection Large q2 Small q2 

S. Jaelani 
D-meson v2 with Event-Shape Engineering  

Strangeness in Quark Matter, 10-15 June 2019, Bari 24 

POWLANG:	EPJC	75,121(2015);		LIDO:	arxiv	1810.08177;		DAB-MOD:		PRC	96	064903	(2017)	

HF Event Shape Engineering



What about energy loss in small systems? 

ALICE Coll.  arXiv:1802.09145

 RpPb =1 ⇒ no evidence of energy loss 

 hadron-recoil jet coincidence 
measurements  

 semi-inclusive recoil jet distribution for 
different p-Pb multiplicity classes
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TT
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Syst. uncert.

 spectrum jet shiftc0.4 GeV/

 

 = 5.02 TeVNNsPb −ALICE p

 No significance modifications (ΔE<0.4 GeV)
ALICE Coll. Phys. Lett. B 783 (2018) 95-113  

Constraints on jet-quenching in p-Pb collisions (1)

àSemi-inclusive recoil-jet distribution: 
jets recoiling against high-pT trigger 
hadrons.

àUncorrelated combinations are 
subtracted:

24

Δrecoil = high-pT trigger (12 – 50 GeV) – low-pT trigger (6-7 GeV/c)

high pT trigger
hadron

recoil jet

[arXiv:1712.05603] R. Hosokawa, Wed 18:10
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ψ(2S) production in p-Pb collisions 
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 ψ(2S) suppression in p-Pb collisions is 
stronger than the J/ψ one in particular at 
backward-y 


 Not expected different behaviour for the 
two states 

 Shadowing/energy loss not enough to 
describe the suppression at backward-y 

ALI-PREL-158620



ψ(2S) production in p-Pb collisions 
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 ψ(2S) suppression in p-Pb collisions is 
stronger than the J/ψ one in particular at 
backward-y 


 Not expected different behaviour for the 
two states 

 Shadowing/energy loss not enough to 
describe the suppression at backward-y 

ALI-PREL-158654
 Additional final state effects needed: 


 Soft colour exchanges between cc and 
coming partons 

 “classical” commoner model, with 
break up σ tuned on low energy data 

 Regeneration and dissociation in the 
QGP and hadronic phase 
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-µ+µ →(2S) ψ, ψInclusive J/

 
 (ArXiv:1805.04381)ψJ/

(2S) (Preliminary)ψ More differential studies to clarify the 
mechanisms behind the observed difference


 ψ(2S) RpPb ~ flat at 0.6 up to pT ~ 10 GeV/c  
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