
October 5, 2017                                            Antonio Ortiz, ICN-UNAM       

The LHC era
Collision energies ever reached 

Run II: √sNN = 5.02 TeV (total energy≈1 Peta-eV), 
about twice the energy reached in run I

1

ALICE, the heavy-ion experiment at the LHC 

QGP searches in small systems
Antonio Ortiz
Instituto de Ciencias Nucleares 
Universidad Nacional Autónoma de México

Seminario de promoción 
Octubre 5, 2017
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The ALICE detector
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Similarities among pp, p-Pb 
and Pb-Pb collisions

Hereafter, pp and p-Pb collisions are referred as 
 small collisions systems
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Identified particle production vs multiplicity in pp, p-Pb and 
Pb-Pb collisions exhibits remarkable similarities

Mass dependent modification of the pT spectral shapes going from low to high multiplicities 



October 5, 2017                                            Antonio Ortiz, ICN-UNAM       8

Particle production

1 10

)- π
+ 

+ π
) /

 (
p

(p
 +

 

0

0.2

0.4

0.6

0.8

1
= 7 TeVsALICE Preliminary pp 

= 21.3〉η/dchdN〈V0M Class I, 
= 2.3〉η/dchdN〈V0M Class X, 

(V0M Multiplicity Classes)

)c(GeV/
T
p

1 10

= 5.02 TeVNNsALICE p-Pb 
= 45.1〉η/d

ch
dN〈0-5%, 

= 9.8〉η/d
ch

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

1 10

= 2.76 TeVNNsALICE Pb-Pb 
= 1601.0〉η/d

ch
dN〈0-5%, 

= 55.5〉η/d
ch

dN〈60-80%, 

ALI-PREL-110279

Identified particle production vs multiplicity in pp, p-Pb and 
Pb-Pb collisions exhibits remarkable similarities

ALICE, PLB 736 (2014) 196-207 
ALICE, PRC 93 (2016) no.3, 034913 
A. Ortiz et al., ALICE-ANA-644 
A. Ortiz et al., ALICE-ANA-232
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ALICE, PLB 760 (2016) 720-735
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Milan Stojanovic Initial Stages 2017 23

Multiparticle correlation - collectivity
Two-particle correlations Multi-particle correlations

10

Long-range correlations

Milan Stojanovic Initial Stages 2017 10

Motivation

“Ridge” seen (as expected)
in PbPb collisions 

PLB 724 (2013) 213 PLB 724 (2013) 213

Similar structure seen also in pPb... As well as in high
multiplicity pp collisions!

(c) 

PLB 765 (2017) 193

a

CMS, PLB 724 (2013) 213 CMS, PLB 765 (2017) 193

Less sensitive to non-flow effects

What is the nature of long-range 
correlations observed in small systems?

Two-particle correlations with inclusive charged particles
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Collectivity in

Milan Stojanovic Initial Stages 2017 23

Multiparticle correlation - collectivity
Two-particle correlations Multi-particle correlations

Less sensitive to non-flow effects

CMS, PLB 765 (2017) 193

small systems?
v2 from four- and six-particle correlations in pp at √s = 13 TeV: 

 comparable magnitude to those form two-particle correlations 
 similar to those seen in p-Pb and Pb-Pb collisions
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Collectivity in

Milan Stojanovic Initial Stages 2017 23

Multiparticle correlation - collectivity
Two-particle correlations Multi-particle correlations

Less sensitive to non-flow effects

CMS, PLB 765 (2017) 193

small systems?

Discrepancy with ATLAS results, new 
methods needed for low multiplicity events

Medium effects in low multiplicity events?

v2 from four- and six-particle correlations in pp at √s = 13 TeV: 
 comparable magnitude to those form two-particle correlations 
 similar to those seen in p-Pb and Pb-Pb collisions



October 5, 2017                                            Antonio Ortiz, ICN-UNAM       13
ALI-PREL-134498

First observation of a multiplicity 
dependent strangeness enhancement 
in high-multiplicity pp collisions 

 Enhancement is due to strangeness 
content and not due to mass  
 Multiplicity dependence of the 
enhancement is strikingly similar in pp 
and p-Pb, and approaches values 
similar to those measured in central 
Pb-Pb  
 QCD inspired MC generators fail to 
describe these observations 

Strangeness
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No jet quenching signaturesin small systems
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No jet quenching signaturesin small systems
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Small systems
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Flow-like phenomena in small systems
 Is there a minimum size for the onset of collective 

behavior? 
 Do the systematic variations across beam energies, 

collision centralities, system size and transverse and 
longitudinal momentum support a fluid dynamical 
interpretation?

in the soft-QCD sector from high-energy nuclear collisions
Federico Antinori, Francesco Becattini, Peter Braun-Munzinger, Tatsuya Chujo, Hideki Hamagaki, John Harris, 
Ulrich Heinz, Boris Hippolyte, Tetsufumi Hirano, Barbara Jacak, Dmitri Kharzeev, Constantin Loizides, Silvia 
Masciocchi, Alexander Milov, Andreas Morsch, Berndt Müller, Jamie Nagle, Jean-Yves Ollitrault, Guy Paić, Krishna 
Rajagopal, Gunther Roland, Jürgen Schukraft, Yves Schutz, Raimond Snellings, Johanna Stachel, Derek Teaney, 
Julia Velkovska, Sergei Voloshin, Urs Achim Wiedemann, Zhangbu Xu, William Zajc

Open questions
Thoughts and opportunities

arXiv:1604.03310



October 5, 2017                                            Antonio Ortiz, ICN-UNAM       18

)c (GeV/
T
p

Pa
rti

cl
e 

ra
tio

0 5 10 15 20

0.2

0.4

0.6

 )-π + +π )/( p( p + 

ALICE
 = 2.76 TeVspp 
 = 7 TeVspp 
 = 13 TeV (Preliminary)spp 

0 5 10 15 20

 )-π + +π )/( - + K+( K

ALI−PREL−106414

√s dependence of
𝜋/K/p in pp collisions

The evolution of the “particle ratios” with √s is consistent with 
the expected behaviour driven by the change in ⟨Nch⟩

G. Bencedi, A. Ortiz et al., ALICE-ANA-3034 
Paper in preparation
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Paper in preparation

Hardening of the pT spectra with increasing √s
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ALI-PREL-136996

Inclusive charged pT
vs Nch

Ratios to MB exhibit two 
common features 
 Little or no pT 

dependence is observed 
for pT < 1 GeV/c 
 Strong pT dependence 

for larger transverse 
momenta 
 The trends are well 

described by PYTHIA 
8.212 tune Monash 2013

S. Iga, E. Cuautle, G. Paić and A. Ortiz,  
ALICE-ANA-3450
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ALI-PREL-136996

Inclusive charged pT
vs Nch

proton beam proton beam 

|⌘| < 0.8

Potential biases for high multiplicity events 
selected with mid-rapidity estimators

S. Iga, E. Cuautle, G. Paić and A. Ortiz,  
ALICE-ANA-3450
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ALI-PREL-136996

Inclusive charged pT
vs Nch

proton beam proton beam 

Potential biases for high multiplicity events 
selected with mid-rapidity estimators

H
igh probability for picking up jets

S. Iga, E. Cuautle, G. Paić and A. Ortiz,  
ALICE-ANA-3450
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ALI-PREL-137000

23

Inclusive charged pT
vs Nch

proton beam proton beam 

To study the effect we also performed an analysis 
using a multiplicity selector based on VZERO

S. Iga, E. Cuautle, G. Paić and A. Ortiz,  
ALICE-ANA-3450

Issues: very broad mid-rapidity 
multiplicity distributions, and limited 

average mid-rapidity multiplicity 
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How can we isolate
 the new physics?

High multiplicity pp collisions
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How can we isolate
 the new physics?

Goal: study the extreme high 
multiplicity events ➡ multiplicity 

selection should be done at mid-
rapidity

QGP

“Known” 
physics
jets + 

underlying 
event
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A. Nch and Jet 
Idea: implement a double-differential analysis, i.e., make a 
selection based on the multiplicity and leading jet transverse 
momentum (pTleading) both determined at mid-rapidity 
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EPOS 3.117
corona: string segments with 
high pT escape 
core: lower pT string segments 
used for initial conditions for 
hydro

PYTHIA 8.212
jets + underlying event (UE = 
MPI color reconnected with 
beam remnants, ISR, FSR)

A. Ortiz, G. Bencedi and H. Bello, JPG 44 (2017) no.6, 065001
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Testing the idea (p/𝜋)
Low Nch behave very similar in EPOS and PYTHIA 
High Nch: PYTHIA gives little or no dependence on 
pTleading. Whereas EPOS 3 gives a remarkable increase of 
the ratio with decreasing pTleading

A. Ortiz, G. Bencedi and H. Bello, JPG 44 (2017) no.6, 065001
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B. Nch and spherocity 
Event shapes measure the geometrical properties of the 
energy flow in QCD events and, notably, its deviation from that 
expected based on pure lowest order partonic predictions

A. Banfi et al., JHEP 1006 (2010) 038
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0.069 = 0S
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0.169 = minT
0.048 =F 

At hadron colliders, the event 
shape axis lies in the plane 
perpendicular to the beam 
axis (✕) 
➠The radiation perpendicular 
to the plane defined by the 
event shape axis and the 
beam one should be sensitive 
to soft physics

✕ A. Ortiz, arXiv:1705.02056 (chapter of a book on 
multiple-partonic interactions. In preparation)
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B. Nch and spherocity 
Event shapes measure the geometrical properties of the 
energy flow in QCD events and, notably, its deviation from that 
expected based on pure lowest order partonic predictions

A. Banfi et al., JHEP 1006 (2010) 038

At hadron colliders, the event 
shape axis lies in the plane 
perpendicular to the beam 
axis (✕) 
➠The radiation perpendicular 
to the plane defined by the 
event shape axis and the 
beam one should be sensitive 
to soft physics

✕

A. Ortiz, arXiv:1705.02056 (chapter of a book on 
multiple-partonic interactions. In preparation)



October 5, 2017                                            Antonio Ortiz, ICN-UNAM       

 Spherocity axis (nS) is that which minimises the ratio above 
 For the calculation of spherocity we consider primary 

charged particles, pT>0.15 GeV/c, |𝜂|<0.8 
We proposed for the first time the use of event shapes for 

soft physics studies
30

Definition
Transverse spherocity is an event shape which measures the 
radiation perpendicular to the plane formed by the beam axis 
and that of the main partonic scattering (~spherocity axis, nS)

S0 ⌘ ⇡2

4

 PNch

i |~pT,i ⇥ n̂s|PNch

i pT,i

!2
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keep an eye on this Nch region
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Core-corona separation
The study was conducted using pp collisions at √s = 7 TeV 
simulated with EPOS 3.117
Spherocity integrated Low spherocity High spherocity
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Core-corona separation

Spherocity integrated Low spherocity High spherocity

In low multiplicity events spherocity is very 
sensitive to corona effects. Consequently, it 
allows to control the amount of matter 
related with core (QGP) 
➨ EPOS 3.117 prediction: strangeness 
enhancement (wrt MB) also in low 
multiplicity events (work in progress)

The study was conducted using pp collisions at √s = 7 TeV 
simulated with EPOS 3.117
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Data analysis

36

ALI-PREL-136730ALI-PREL-136726

A. Ortiz,  ALICE-ANA-3321

Implementation, PhD thesis of Héctor Bello H. Bello, A. Fernández, A. Ortiz 
and G. Paić  ALICE-ANA-3959
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⟨pT⟩ vs Nch

37

isotropic

jetty

Implementation, PhD thesis of Héctor Bello H. Bello, A. Fernández, A. Ortiz 
and G. Paić  ALICE-ANA-3959
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isotropic

jetty

Implementation, PhD thesis of Héctor Bello H. Bello, A. Fernández, A. Ortiz 
and G. Paić  ALICE-ANA-3959

Region sensitive to the location of the leading jet
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(⟨pT⟩ vs Nch) vs S0
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Implementation, PhD thesis of Héctor Bello H. Bello, A. Fernández, A. Ortiz 
and G. Paić  ALICE-ANA-3959
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The average pT is calculated considering low pT particles, in 
that regime, most of MC generators describe well the data. 
However, for jetty events we observe some discrepancies
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ALI-PREL-136566

PID
First attempt
using TPC and TOF

High multiplicity events selected 
using the VZERO detector
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ALI-PREL-136566

PID
first attempt
using TPC and TOF

High multiplicity events selected 
using the VZERO detector
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ALI-PREL-136571

PID
first attempt
using TPC and TOF

High multiplicity events selected 
using the VZERO detector
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ALI-PREL-136578

PID
first attempt
using TPC and TOF

High multiplicity events selected 
using the VZERO detector
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More about small systems
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The results using the new tool, S0, show interesting features. 
For the story to be completed, further studies are needed 
(check the S0 dependence at fix ⟨Nch⟩, use the full statistics)

Some comments
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 One needs to check the 
consistency with results 
for different √s. We know 
that the increase of √s is 
accompanied by an 
increase of ⟨Nch⟩. One 
consequence is, for 
example, the increase of 
the strangeness with √s
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ALICE

ALI−PREL−107393

The results using the new tool, S0, show interesting features. 
For the story to be completed, further studies are needed 
(check the S0 dependence at fix ⟨Nch⟩, use the full statistics)

Some comments
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√s dependence of UE

In the context of event simulation the Underlying Event (UE) 
refers to everything that does not originate from the hard 

scatter outgoing partons
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√s dependence of UE

Experimentally we measure quantities which are sensitive to 
UE, however, it is difficult to isolate this component (e.g.  

interaction among coloured objects before the hadonization)

Leading particle
TowardsAway

Transverse

Transverse

Δ" < $
3Δ" > 2

3$

$
3 < Δ" < 2

3$

$
3 < Δ" < 2

3$

Δ"

−Δ"
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ATLAS results

Multiplicity density of primary charged-particles (number 
density) as a function of the largest transverse momentum 

(leading charged particle) of the event
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ATLAS results

√s (TeV)
0.9 7 13

⟨dNch/d𝜂⟩
pT > 0.5 GeV/c 

|𝜂|<2.5

1.306 2.405 2.862
In collaboration with Lizardo Valencia (UNACH, UNISON)
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ATLAS results (scaled)

In collaboration with Lizardo Valencia (UNACH, UNISON)

Interesting scaling of the number density as a function of 
the leading pT. The effect is unveiled once the number 
density is scaled according with the change variation of 
multiplicity wrt pp at √s = 0.9 TeV 
Same factor for regions sensitive to different physics
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The scaling also holds for the summed transverse momentum

ATLAS results (scaled)
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PYTHIA 8.212 (scaled)
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Some comments

 The observed scaling is achieved by considering the 
change in the inclusive average multiplicity. Since we 
consider low pT charged particles (pT > 0.5 GeV/c) to 
calculate the scaling factor, we are dominated by soft 
physics 
 Within 15%, the scaling is well reproduced by PYTHIA  
➡We can test the scaling properties of UE by running an 
event shape analysis 
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Jet-like UE enhanced

Going from pp at √s = 0.2 to 
13 TeV the UE-enhanced 
samples give essentially the 
same Nch/⟨Nch⟩ distributions   
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About the importance of PID



October 5, 2017                                            Antonio Ortiz, ICN-UNAM       57

)c (GeV/p
0.5 1 1.5 2 2.5 3 3.5 4

β
TO

F 

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

e
π

K
p

d

ALICE performance
 = 13 TeVspp 

ALI−PERF−112141

Charged particles in the intermediate momentum range are 
identified in ALICE by the Time Of Flight (TOF) detector. The 
time measurement with the TOF, in conjunction with the 
momentum and track length measured by the tracking 
detectors is used to calculate the particle mass 

Each TOF module 
contains a total of 1638 
detector elements (MRPC 
strips), covering an area of 
160 m2 with 157248 
readout channels (pads)
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The MRPC is a stack of resistive glass plates. A high voltage is applied to the external 
surfaces of the stack. Further out there are pickup electrodes. A charged particle 
ionises the gas and the high electric field amplifies this ionization by an electron 
avalanche. The resistive plates stop the avalanche development in each gap; they are 
however transparent to the fast signal induced on the pickup electrodes by the 
movement of the electrons. So the total signal is the sum of the signals from all gaps 
(the reason for many gaps is to achieve high efficiency), whereas the time jitter of the 
signal depends on the individual gap width (the reason for narrow gaps is to achieve 
good time resolution)

MRPC
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Construction
With the help of 
Bologna’s group we 
have built a chamber at 
CERN
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DC-to-DC converter

Installation

Freon (~98%)
SF6 (~2%)

MRPC
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C
oincidences w

ith 
scintillation counters

The characterisation of the 
chamber is in progress
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In parallel we are building 
our own chambers at ICN 
Arlette Melo, Nelly Solano, 
Viridiana González, Luis 
Díaz, Alejandro Sánchez, 

Brandon Patiño, Diana 
Solano, Diego Garzón, 

José Reyes, Vladimir Ruiz, 
Josef 

Guy, Eleazar, Enrique
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Summary and outlook
 Results from small systems show similarity to those in 

Pb-Pb collisions 
 Still under debate if the hot QGP matter has been 

produced in small systems 
 Precise characterization of pp and p-Pb collisions is 

ongoing 
 New tools have been proposed in order to understand 

the new phenomena 
 New measurements are coming!
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Backup
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Multiplicity classes, pp √s = 7 TeV
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Radial and elliptic flow

70

Transverse momentum distribution 
ALICE, PLB 736, 196

Change from pp to Pb-Pb: 
Increase in mean pT 
Larger effect for larger mass

First indication of collective 
behaviour  

Pressure leads to radial flow 
Same Lorentz boost (𝛽) gives 
larger momentum for heavier 

particles 
(mp<mK<m𝜋)
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The n-th order spatial eccentricity that characterises the 
initial state geometry is defined as

Initial state spatial anisotropies 𝜀n 
are transferred into final state 
momentum anisotropies vn by 

pressure gradients, flow of the QGP

Single event

Sum over many events

Azimuthal anisotropy
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The heavy-ion physics 
program
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Heavy-ion collisions
The main argument to 

convince Herwing Shopper 
(Director General of CERN, 

1981-1988) to bring the 
heavy-ion program to CERN 

was the following: 
“…find the theoretically 
predicted Quark-Gluon 

Plasma (QGP) which played 
an important role in the 

development of the 
Universe…”

73

10-5    seconds: protons are formed 
3       minutes: light nuclei 
3 105 years: atoms
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The LHC era
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Soft physics

75

Studying hadronization in heavy-ion 
collisions is interesting 
The idea is simple (phase transition):  
partonic phase → hadronic phase

Hadron yields are fixed once:
Temperature is low enough that no 

more inelastic interactions occur: 
chemical freeze-out

Tc≈155 MeV

Hadron transverse momenta are fixed 
once:

Temperature is low enough that no 
more elastic interactions occur: kinetic 
freeze-out

The intriguing success of the 
Thermal model to describe dozens of 
particle yields (even nuclei) with very 
few parameters 

Thermal production of nuclei (d, 
3He)? 
Little Bang Nucleosynthesis? 

Collective expansion of the system 
(radial and anisotropic flow) 

How does the QCD perfect fluid 
emerges from the fundamental 
interactions of quarks and gluons? 

Medium modification due to energy 
deposition of jets? 
Strangeness enhancement
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Soft physics

76

Studying hadronization in heavy-ion 
collisions is interesting 
The idea is simple (phase transition):  
partonic phase → hadronic phase

Hadron yields are fixed once:
Temperature is low enough that no 

more inelastic interactions occur: 
chemical freeze-out

Tc≈155 MeV

Hadron transverse momenta are fixed 
once:

Temperature is low enough that no 
more elastic interactions occur: kinetic 
freeze-out

The intriguing success of the 
Thermal model to describe dozens of 
particle yields (even nuclei) with very 
few parameters 

Thermal production of nuclei (d, 
3He)? 
Little Bang Nucleosynthesis? 

Collective expansion of the system 
(radial and anisotropic flow) 

How does the QCD perfect fluid 
emerges from the fundamental 
interactions of quarks and gluons? 

Medium modification due to energy 
deposition of jets? 
Strangeness enhancement
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Soft physics

77

Studying hadronization in heavy-ion 
collisions is interesting 
The idea is simple (phase transition):  
partonic phase → hadronic phase

Hadron yields are fixed once:
Temperature is low enough that no 

more inelastic interactions occur: 
chemical freeze-out

Tc≈155 MeV

Hadron transverse momenta are fixed 
once:

Temperature is low enough that no 
more elastic interactions occur: kinetic 
freeze-out

The intriguing success of the 
Thermal model to describe dozens of 
particle yields (even nuclei) with very 
few parameters 

Thermal production of nuclei (d, 
3He)? 
Little Bang Nucleosynthesis? 

Collective expansion of the system 
(radial and anisotropic flow) 

How does the QCD perfect fluid 
emerges from the fundamental 
interactions of quarks and gluons? 

Medium modification due to energy 
deposition of jets? 
Strangeness enhancement
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Soft physics

78

Studying hadronization in heavy-ion 
collisions is interesting 
The idea is simple (phase transition):  
partonic phase → hadronic phase

Hadron yields are fixed once:
Temperature is low enough that no 

more inelastic interactions occur: 
chemical freeze-out

Tc≈155 MeV

Hadron transverse momenta are fixed 
once:

Temperature is low enough that no 
more elastic interactions occur: kinetic 
freeze-out

The intriguing success of the 
Thermal model to describe dozens of 
particle yields (even nuclei) with very 
few parameters 

Thermal production of nuclei (d, 
3He)? 
Little Bang Nucleosynthesis? 

Collective expansion of the system 
(radial and anisotropic flow) 

How does the QCD perfect fluid 
emerges from the fundamental 
interactions of quarks and gluons? 

Medium modification due to energy 
deposition of jets? 
Strangeness enhancement
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Event characterisation

79

ALICE Public note, ALI-PUB-2877

Geometrical quantities are calculated using a Glauber Monte Carlo, the 
different event classes are classified according to their impact parameter
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Kinetic freeze-out

80

Simultaneous fit to 𝜋, 
K, p pT spectra using 
the Boltzmann-Gibbs 
Blast-Wave model 
E. Schnedermann et al., PRC 48 (1993) 
2462 

Simplified 
hydrodynamics model 
with only three 
parameters: 

 𝛽T: radial expansion 
velocity 
 Tkin: temperature at 
the kinetic freeze-out 
 n: velocity profile 

Tkin<Tch: consistent with the existence of the 
hadronic phase. Results depend on the fit range. 

However, we always observe an increase of 𝛽T with 
increasing multiplicity   

ALICE, PLB 760 (2016) 720 
ALICE, PRC 88 (2013) 044910
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Kinetic freeze-out

81

Simultaneous fit to 𝜋, 
K, p pT spectra using 
the Boltzmann-Gibbs 
Blast-Wave model 
E. Schnedermann et al., PRC 48 (1993) 
2462 

Same color indicates 
~same multiplicities: 

Slightly higher radial 
flow in run II heavy-
ion data 

Small systems also 
compatible with 
hydrodynamic model 

Discussion about small collision systems (pp and p-
Pb collisions) will be done at the end of the 

presentation

ALICE, PLB 760 (2016) 720 
ALICE, PRC 88 (2013) 044910
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RAA √sNN = 5.02 TeV

82

Within systematic uncertainties, all three species are equally 
suppressed at high pT (pT>8 GeV/c)
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RAA √sNN = 5.02 TeV

83

Within systematic uncertainties, all three species are equally 
suppressed at high pT (pT>8 GeV/c) 
Similar results obtained in run I, albeit a small energy dependence is 
observed at low pT (ALICE, PRC 93 (2016) 034913)
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Particle ratios (I)

84

Shift to the maximum of p/𝜋 to higher pT with respect to lower 
energies (ALICE, PRC 93 (2016) 034913)
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Particle ratios (II)

85

No significant change between the two energies 
 (ALICE, PRC 93 (2016) 034913)
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