
2nd year Seminar, Feb 14th 2014Yasser Corrales Morales /37

2nd Year seminar 
Yasser Corrales Morales 

Univ. & INFN, Turin

π±, K±, p(pbar) pT distributions in p-Pb collisions 
measured with the Inner Tracking System of ALICE.
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Outline
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1. Physics motivation - Quark Gluon Plasma 
2. Experimental apparatus - ALICE detector 
3. Analysis 

• Method 
• Results 

4. Conclusions 
5. TODO
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Physics motivation  
"QGP formation in relativistic heavy ion collisions"



2nd year Seminar, Feb 14th 2014Yasser Corrales Morales /45

Physics: QGP

"4

lattice-QCD predicts that nuclear matter under extreme conditions of density 
and temperature undergoes a phase transition into a new state of matter,  

the Quark Gluon Plasma (QGP)



2nd year Seminar, Feb 14th 2014Yasser Corrales Morales /45

Physics: QGP

"4

lattice-QCD predicts that nuclear matter under extreme conditions of density 
and temperature undergoes a phase transition into a new state of matter,  

the Quark Gluon Plasma (QGP)

In the QGP quarks and gluons are not longer confined inside the hadron and are 
free to move over long distance.
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Why heavy ion collisions

!5

Ultra-relativistic  
Heavy Ion Colisions

strongly interacting system 
(large cross-section for hard scattering)

multiple scattering 
(thermal equilibrium)

HIC provide the conditions required to study the QGP system experimentally

In the LHC condition, the nucleons that suffer 
collisions with other nucleons have enough 
energy to move far from the interaction region. 
!
→the system created is characterized by  

a small net baryon content (at midrapidity) 
!
→at vanishing µB, transition is predicted to occur at 

a Tc ≈ 160 MeV and εc ≈ 1 GeV/fm3 
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Hadronization and Hadronic Freeze-Out in Relativistic Nuclear Collisions
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We analyze hadrochemical freeze-out in central Pb+Pb collisions at CERN SPS energies, employ-
ing the hybrid version of the Ultrarelativistic Quantum Molecular Dynamics model, which describes
the transition from a hydrodynamic stage to hadrons by the Cooper-Frye mechanism, and matches
to a final hadron-resonance cascade. We fit the results both before and after the cascade stage
using the statistical model, to assess the effect of the cascade phase. We observe a strong effect on
antibaryon yields except anti-Ω, resulting in a shift in T and µB of the freeze-out curve. We discuss
indications of a similar effect in SPS and RHIC data, and propose a method to recover the bulk
hadron freeze-out conditions.

PACS numbers: 25.75.-q,25.75.Nq,24.85.+p,24.10.Pa,24.10.Nz

I. INTRODUCTION

Hadron production in relativistic A+A collisions is
supposed, since Bevalac times [1], to proceed via two
separate stages. The first, “hadrochemical” freeze-out
fixes the bulk hadronic yields per species which are con-
served throughout the subsequent hadron-resonance cas-
cade expansion. At its end, “kinetic freeze-out” delivers
the eventually observed bulk properties such as pT spec-
tra, HBT correlations, collective flow, etc.. Most remark-
ably, the hadronic yield distributions over species are un-
derstood to resemble grand canonical statistical Gibbs
equilibrium ensembles [2, 3], from AGS up to RHIC and
LHC energies. The two most relevant parameters, tem-
perature T and baryochemical potential µB thus capture
a snapshot of the system dynamical evolution, taken at
the instant of hadrochemical freeze-out.
In relativistic A+A collisions the thus determined T

increases monotonically with
√
s
NN

, saturating at about
170 MeV while µB approaches zero. Systematic statisti-
cal model (SM) analysis reveals the “freeze-out curve” [4]
in the T, µB plane, in which we usually also represent the
conjectured plot of the phase diagram of QCD matter.
Such a plot is given in Fig. 1. It shows two principal

lines, firstly a parton-hadron coexistence boundary line,
inferred from lattice QCD [5] at low µB, and from chiral
restoration theory [6] at high µB. And, second, the SM
freeze-out curve. Remarkably, the lines merge toward
T = 170 MeV, µB = 0. The freeze-out curve thus lo-
cates the QCD hadronization transition temperature Tc:
hadronization seems to coincide with hadronic freeze-out,
here [7]. Equally remarkable, however, the two lines dis-
entangle with increasing µB , becoming spaced by about
30 MeV temperature difference toward µB = 500 MeV

∗now at Yale University, New Haven, CT, USA.

FIG. 1: (Color online) Sketch of the QCD phase diagram,
including the hadronic freeze-out curve (see text).

which corresponds to
√
s
NN

= 5 GeV in A+A collisions.

What are we freezing out from, here? If hadronization
coincides with the parton-hadron transition line at small
µB, and if hadronization involves a statistical equilibrium
of hadron species [8, 9], one could imagine that the suc-
cess of the statistical model in reproducing hadronic mul-
tiplicities in the higher µB region indicates that the chem-
ical freeze-out line marks the transition to the hadron
world from an alternate phase. Indeed, the possible exis-
tence of an alternative QCD phase, so-called quarkyonic
matter [10] has been put forward based on similar ar-
guments [11]. Indicated in Fig. 1 is a scenario in which
the freeze-out curve is identified, tentatively, with a hy-
pothetical quarkyonic matter phase boundary.

Before embarking on this idea a different possible sit-
uation needs to be addressed. Taking for granted that

Time evolution in HIC
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1Università di Firenze and INFN Sezione di Firenze, Italy
2Frankfurt Institute for Advanced Studies (FIAS), Frankfurt, Germany

3Brookhaven National Laboratory, New York, USA
4Institut für Kernphysik, J. W. Goethe-Universität, Frankfurt, Germany

(Dated: April 13, 2012)

We analyze hadrochemical freeze-out in central Pb+Pb collisions at CERN SPS energies, employ-
ing the hybrid version of the Ultrarelativistic Quantum Molecular Dynamics model, which describes
the transition from a hydrodynamic stage to hadrons by the Cooper-Frye mechanism, and matches
to a final hadron-resonance cascade. We fit the results both before and after the cascade stage
using the statistical model, to assess the effect of the cascade phase. We observe a strong effect on
antibaryon yields except anti-Ω, resulting in a shift in T and µB of the freeze-out curve. We discuss
indications of a similar effect in SPS and RHIC data, and propose a method to recover the bulk
hadron freeze-out conditions.

PACS numbers: 25.75.-q,25.75.Nq,24.85.+p,24.10.Pa,24.10.Nz

I. INTRODUCTION

Hadron production in relativistic A+A collisions is
supposed, since Bevalac times [1], to proceed via two
separate stages. The first, “hadrochemical” freeze-out
fixes the bulk hadronic yields per species which are con-
served throughout the subsequent hadron-resonance cas-
cade expansion. At its end, “kinetic freeze-out” delivers
the eventually observed bulk properties such as pT spec-
tra, HBT correlations, collective flow, etc.. Most remark-
ably, the hadronic yield distributions over species are un-
derstood to resemble grand canonical statistical Gibbs
equilibrium ensembles [2, 3], from AGS up to RHIC and
LHC energies. The two most relevant parameters, tem-
perature T and baryochemical potential µB thus capture
a snapshot of the system dynamical evolution, taken at
the instant of hadrochemical freeze-out.
In relativistic A+A collisions the thus determined T

increases monotonically with
√
s
NN

, saturating at about
170 MeV while µB approaches zero. Systematic statisti-
cal model (SM) analysis reveals the “freeze-out curve” [4]
in the T, µB plane, in which we usually also represent the
conjectured plot of the phase diagram of QCD matter.
Such a plot is given in Fig. 1. It shows two principal

lines, firstly a parton-hadron coexistence boundary line,
inferred from lattice QCD [5] at low µB, and from chiral
restoration theory [6] at high µB. And, second, the SM
freeze-out curve. Remarkably, the lines merge toward
T = 170 MeV, µB = 0. The freeze-out curve thus lo-
cates the QCD hadronization transition temperature Tc:
hadronization seems to coincide with hadronic freeze-out,
here [7]. Equally remarkable, however, the two lines dis-
entangle with increasing µB , becoming spaced by about
30 MeV temperature difference toward µB = 500 MeV

∗now at Yale University, New Haven, CT, USA.

FIG. 1: (Color online) Sketch of the QCD phase diagram,
including the hadronic freeze-out curve (see text).

which corresponds to
√
s
NN

= 5 GeV in A+A collisions.

What are we freezing out from, here? If hadronization
coincides with the parton-hadron transition line at small
µB, and if hadronization involves a statistical equilibrium
of hadron species [8, 9], one could imagine that the suc-
cess of the statistical model in reproducing hadronic mul-
tiplicities in the higher µB region indicates that the chem-
ical freeze-out line marks the transition to the hadron
world from an alternate phase. Indeed, the possible exis-
tence of an alternative QCD phase, so-called quarkyonic
matter [10] has been put forward based on similar ar-
guments [11]. Indicated in Fig. 1 is a scenario in which
the freeze-out curve is identified, tentatively, with a hy-
pothetical quarkyonic matter phase boundary.

Before embarking on this idea a different possible sit-
uation needs to be addressed. Taking for granted that

Time evolution in HIC

!6



2nd year Seminar, Feb 14th 2014Yasser Corrales Morales /45

12-09-2013 IS1013                            Francesco Barile 31

Heavy Ion collisions dynamical evolution

Hard Scattering

Thermalization

Chemical freezeout
(particle ratios) Kinetic freezeout

(momentum distribution)

Heavy Ion collisions dynamical evolution

Hydrodynamic flow
(radial and elliptic flow)

ar
X

iv
:1

20
1.

63
49

v2
  [

nu
cl

-th
]  

12
 A

pr
 2

01
2

Hadronization and Hadronic Freeze-Out in Relativistic Nuclear Collisions

Francesco Becattini,1 Marcus Bleicher,2 Thorsten Kollegger,2

Michael Mitrovski,3 Tim Schuster∗,2, 4 and Reinhard Stock2, 4
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uation needs to be addressed. Taking for granted that

Time evolution in HIC
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Chemical freeze-out 
Inelastic interactions cease  
(particle abundances frozen)
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Hadronization and Hadronic Freeze-Out in Relativistic Nuclear Collisions

Francesco Becattini,1 Marcus Bleicher,2 Thorsten Kollegger,2

Michael Mitrovski,3 Tim Schuster∗,2, 4 and Reinhard Stock2, 4

1Università di Firenze and INFN Sezione di Firenze, Italy
2Frankfurt Institute for Advanced Studies (FIAS), Frankfurt, Germany

3Brookhaven National Laboratory, New York, USA
4Institut für Kernphysik, J. W. Goethe-Universität, Frankfurt, Germany

(Dated: April 13, 2012)

We analyze hadrochemical freeze-out in central Pb+Pb collisions at CERN SPS energies, employ-
ing the hybrid version of the Ultrarelativistic Quantum Molecular Dynamics model, which describes
the transition from a hydrodynamic stage to hadrons by the Cooper-Frye mechanism, and matches
to a final hadron-resonance cascade. We fit the results both before and after the cascade stage
using the statistical model, to assess the effect of the cascade phase. We observe a strong effect on
antibaryon yields except anti-Ω, resulting in a shift in T and µB of the freeze-out curve. We discuss
indications of a similar effect in SPS and RHIC data, and propose a method to recover the bulk
hadron freeze-out conditions.

PACS numbers: 25.75.-q,25.75.Nq,24.85.+p,24.10.Pa,24.10.Nz

I. INTRODUCTION

Hadron production in relativistic A+A collisions is
supposed, since Bevalac times [1], to proceed via two
separate stages. The first, “hadrochemical” freeze-out
fixes the bulk hadronic yields per species which are con-
served throughout the subsequent hadron-resonance cas-
cade expansion. At its end, “kinetic freeze-out” delivers
the eventually observed bulk properties such as pT spec-
tra, HBT correlations, collective flow, etc.. Most remark-
ably, the hadronic yield distributions over species are un-
derstood to resemble grand canonical statistical Gibbs
equilibrium ensembles [2, 3], from AGS up to RHIC and
LHC energies. The two most relevant parameters, tem-
perature T and baryochemical potential µB thus capture
a snapshot of the system dynamical evolution, taken at
the instant of hadrochemical freeze-out.
In relativistic A+A collisions the thus determined T

increases monotonically with
√
s
NN

, saturating at about
170 MeV while µB approaches zero. Systematic statisti-
cal model (SM) analysis reveals the “freeze-out curve” [4]
in the T, µB plane, in which we usually also represent the
conjectured plot of the phase diagram of QCD matter.
Such a plot is given in Fig. 1. It shows two principal

lines, firstly a parton-hadron coexistence boundary line,
inferred from lattice QCD [5] at low µB, and from chiral
restoration theory [6] at high µB. And, second, the SM
freeze-out curve. Remarkably, the lines merge toward
T = 170 MeV, µB = 0. The freeze-out curve thus lo-
cates the QCD hadronization transition temperature Tc:
hadronization seems to coincide with hadronic freeze-out,
here [7]. Equally remarkable, however, the two lines dis-
entangle with increasing µB , becoming spaced by about
30 MeV temperature difference toward µB = 500 MeV

∗now at Yale University, New Haven, CT, USA.

FIG. 1: (Color online) Sketch of the QCD phase diagram,
including the hadronic freeze-out curve (see text).

which corresponds to
√
s
NN

= 5 GeV in A+A collisions.

What are we freezing out from, here? If hadronization
coincides with the parton-hadron transition line at small
µB, and if hadronization involves a statistical equilibrium
of hadron species [8, 9], one could imagine that the suc-
cess of the statistical model in reproducing hadronic mul-
tiplicities in the higher µB region indicates that the chem-
ical freeze-out line marks the transition to the hadron
world from an alternate phase. Indeed, the possible exis-
tence of an alternative QCD phase, so-called quarkyonic
matter [10] has been put forward based on similar ar-
guments [11]. Indicated in Fig. 1 is a scenario in which
the freeze-out curve is identified, tentatively, with a hy-
pothetical quarkyonic matter phase boundary.

Before embarking on this idea a different possible sit-
uation needs to be addressed. Taking for granted that

Time evolution in HIC

!6

Chemical freeze-out 
Inelastic interactions cease  
(particle abundances frozen)

Kinetic freeze-out 
elastic interactions cease  
(particle spectra frozen)
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The transverse momentum (pT) spectra of identified hadron is a powerful tool:

Why transverse momentum spectra?

to prove that this is indeed the right picture.
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The transverse momentum (pT) spectra of identified hadron is a powerful tool:

Why transverse momentum spectra?

to study the thermal and collective properties of the system

to prove that this is indeed the right picture.
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Heavy Ion collisions dynamical evolution

Hard Scattering

Thermalization

Chemical freezeout
(particle ratios) Kinetic freezeout

(momentum distribution)

Heavy Ion collisions dynamical evolution

Hydrodynamic flow
(radial and elliptic flow)

Description  
of the system

thermodynamical(SHM)  

Models 
hydrodynamical 

Input
Output

Qualitative 

Quantitative

12-09-2013 IS1013                            Francesco Barile 7

Transverse momentum distributions in p-Pb

Transverse momentum distribution in several VZERO-A multiplicity classes 
(0 < y

CMS
 < 0.5)

● The dotted lines represent individual Blast-Wave fits for low/high p
T
 extrapolation

 K0

S
 were identified exploiting 

their V0 weak decay topology in 
the channel K0

S
 →ππ

arXiv:1307.6796, CERN-PH-EP-2013-135
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Why transverse momentum spectra?

!8

Michele Floris CERN-PH Seminar – March 19th, 2013
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Kinetic freeze out...what do we learn 
from it?

12

• mT scaling in pp

increasing centrality
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Figure 1. Hadron yields from ALICE at the LHC [11, 12, 13, 14, 15, 16] and fit with the
statistical hadronization model. In addition to the fit, yielding T=156 MeV, also results of the
model for T = 164 MeV are shown, normalized to the value for π+. The data point for the K0∗

is not included in the fit.

for the current LHC energy. This leads to a good description of the observed (anti-)proton
yields. However, employing this mechanism, the discrepancy for (anti-)cascades is increased.
Also, it has been noted by the authors themselves [22], that in UrQMD detailed balance is not
implemented for some of the important annihilation reactions. Already in [24] it was argued,
that implementing detailed balance would not lead to a depletion of the antiprotons. The effect
of annihilation alone and of then in addition including the back reactions with full detailed
balance was studied for full SPS energy [25] (and also AGS energy. There it was shown that
the annihilation plus back reaction nearly fully compensate for central collisions reaching the
equilibrium value for (anti-)proton yields. In a more recent study for collider energies it was
shown [26] that properly taking into account the back reactions reduces the effect of annihilation
in the hadronic phase to about one half. Here, (anti-)protons, lambdas, cascades and omegas
are equally affected, making the agreement for the last 2 species worse. Another argument why
one should not put too much trust in the quantitative changes of hadron yields in the hadronic
phase within the UrQMDmodel is the lifetime of the fireball. From 2-pion Hanbury Brown-Twiss
correlations an overall lifetime of the system including QGP phase and hadronization of 10 fm/c
is deduced [27] for central PbPb collisions at the LHC. Coupling UrQMD to a hydrodynamics
evolution the system, the integral time until thermal freeze-out is significantly longer.

Annihilation in the hadronic phase should affect nuclei as well and it can be seen from Fig. 2

SHM

statistical hadronization model

Why transverse momentum spectra?

!8

particle abundance
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Kinetic freeze out...what do we learn 
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• mT scaling in pp

increasing centrality
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Figure 1. Hadron yields from ALICE at the LHC [11, 12, 13, 14, 15, 16] and fit with the
statistical hadronization model. In addition to the fit, yielding T=156 MeV, also results of the
model for T = 164 MeV are shown, normalized to the value for π+. The data point for the K0∗

is not included in the fit.

for the current LHC energy. This leads to a good description of the observed (anti-)proton
yields. However, employing this mechanism, the discrepancy for (anti-)cascades is increased.
Also, it has been noted by the authors themselves [22], that in UrQMD detailed balance is not
implemented for some of the important annihilation reactions. Already in [24] it was argued,
that implementing detailed balance would not lead to a depletion of the antiprotons. The effect
of annihilation alone and of then in addition including the back reactions with full detailed
balance was studied for full SPS energy [25] (and also AGS energy. There it was shown that
the annihilation plus back reaction nearly fully compensate for central collisions reaching the
equilibrium value for (anti-)proton yields. In a more recent study for collider energies it was
shown [26] that properly taking into account the back reactions reduces the effect of annihilation
in the hadronic phase to about one half. Here, (anti-)protons, lambdas, cascades and omegas
are equally affected, making the agreement for the last 2 species worse. Another argument why
one should not put too much trust in the quantitative changes of hadron yields in the hadronic
phase within the UrQMDmodel is the lifetime of the fireball. From 2-pion Hanbury Brown-Twiss
correlations an overall lifetime of the system including QGP phase and hadronization of 10 fm/c
is deduced [27] for central PbPb collisions at the LHC. Coupling UrQMD to a hydrodynamics
evolution the system, the integral time until thermal freeze-out is significantly longer.

Annihilation in the hadronic phase should affect nuclei as well and it can be seen from Fig. 2
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T saturates around sqrt(s) ≈ 7-8 GeV 
at 170 MeV

Are we on the phase transition line?

Baryo-chemical potential decreases 
with increasing energy
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particle abundance
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Figure 1. Hadron yields from ALICE at the LHC [11, 12, 13, 14, 15, 16] and fit with the
statistical hadronization model. In addition to the fit, yielding T=156 MeV, also results of the
model for T = 164 MeV are shown, normalized to the value for π+. The data point for the K0∗

is not included in the fit.

for the current LHC energy. This leads to a good description of the observed (anti-)proton
yields. However, employing this mechanism, the discrepancy for (anti-)cascades is increased.
Also, it has been noted by the authors themselves [22], that in UrQMD detailed balance is not
implemented for some of the important annihilation reactions. Already in [24] it was argued,
that implementing detailed balance would not lead to a depletion of the antiprotons. The effect
of annihilation alone and of then in addition including the back reactions with full detailed
balance was studied for full SPS energy [25] (and also AGS energy. There it was shown that
the annihilation plus back reaction nearly fully compensate for central collisions reaching the
equilibrium value for (anti-)proton yields. In a more recent study for collider energies it was
shown [26] that properly taking into account the back reactions reduces the effect of annihilation
in the hadronic phase to about one half. Here, (anti-)protons, lambdas, cascades and omegas
are equally affected, making the agreement for the last 2 species worse. Another argument why
one should not put too much trust in the quantitative changes of hadron yields in the hadronic
phase within the UrQMDmodel is the lifetime of the fireball. From 2-pion Hanbury Brown-Twiss
correlations an overall lifetime of the system including QGP phase and hadronization of 10 fm/c
is deduced [27] for central PbPb collisions at the LHC. Coupling UrQMD to a hydrodynamics
evolution the system, the integral time until thermal freeze-out is significantly longer.

Annihilation in the hadronic phase should affect nuclei as well and it can be seen from Fig. 2
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T saturates around sqrt(s) ≈ 7-8 GeV 
at 170 MeV

Are we on the phase transition line?

Baryo-chemical potential decreases 
with increasing energy

Chemical freeze out...what do we 
learn from it?

particle abundance

particle/antiparticle is our system at zero net baryon content?
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Why p-Pb collisions at the LHC?

!9

pA collisions are intermediate between pp and AA collisions in terms of 
size and multiplicity of particles.

Heavy Ion reference. 
!

Study cold nuclear matter effects to separate initial and final state. 
!

QCD in  gluon-saturated at low x regime 
• Nucleus enhances saturation 

• x at LHC 2 orders of magnitude smaller than at RHIC

and more …
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LHC experiments have revealed a near-side long-range "ridge" and "double ridge" in two 
particle correlation

New results in 2 particle correlation study

0.0005% of MB 

Somehow expected in p-Pb, but still surprising, in 
particular the amplitude 

pp 
first, observed in high-multiplicity pp collisions by CMS. 

also observed by ALICE and ATLAS.



2nd year Seminar, Feb 14th 2014Yasser Corrales Morales /45

C
M

S
, P

LB
71

8 
(2

01
3)

 7
95

 

3.1% of MB 

!10

LHC experiments have revealed a near-side long-range "ridge" and "double ridge" in two 
particle correlation

New results in 2 particle correlation study

0.0005% of MB 

Somehow expected in p-Pb, but still surprising, in 
particular the amplitude 

Well known feature from Pb-Pb collisions (collective flow)

pp 
first, observed in high-multiplicity pp collisions by CMS. 

also observed by ALICE and ATLAS.



2nd year Seminar, Feb 14th 2014Yasser Corrales Morales /45

– 

0-20% 60-100% 

ALICE, PLB719 (2013) 29 

!11

LHC experiments have revealed a near-side long-range "ridge" and "double ridge" in two 
particle correlation

New results in 2 particle correlation study

Subtraction procedure to “isolate” ridge contribution from jet correlations 
No ridge seen in 60-100% and similar to pp 
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Hydrodynamic flow at final state? initial state effect predicted by CGC model 
with high gluon saturation at low x?
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ALICE, PLB719 (2013) 29 

!12

LHC experiments have revealed a near-side long-range "ridge" and "double ridge" in two 
particle correlation

Why pT spectra in p-Pb collisions

Dusling and Venugopalan (PRD 87, 094034 (2013)) 
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LHC experiments have revealed a near-side long-range "ridge" and "double ridge" in two 
particle correlation

Why pT spectra in p-Pb collisions

Dusling and Venugopalan (PRD 87, 094034 (2013)) 

Why not study other collective flow pattern already observed in Pb-Pb?  
For example, Transverse-momentum spectra of identified particles

Intriguing Results from p-Pb Collisions at the LHC – Jan Fiete Grosse-Oetringhaus 28

Flow Patterns in Pb-Pb
•

 
For many it smells like flow, but does it flow?

•
 

Particle identification allows further tests
•

 
Particle-mass dependent effects emerge

Elliptic FlowRadial Flow

Pb-Pb 10-20%

S

 

K p

pT (GeV/c)
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ALICE detector & p-Pb Analysis technique 
ITS standalone (ITSsa) analysis step by step
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ITS vertexing, 
tracking & PID

TPC  
tracking & PID

TOF 
PID

VZERO 
trigger, multiplicity

!14

Central Barrel 
2π tracking & PID 

|η|<0.9

The ALICE detector

Central barrel detector operates in a 0.5 T solenoid field

the dedicated heavy-ion experiment at the LHC
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ITS detector

!15

Inner Tracking System 
Si detector made of 6 layers of three different types 

- pixel(SPD) ->  240 modules  
- drift(SDD) -> 260 modules 
- strip double-side(SSD) 1698 modules

Aims 
Vertexing 
Primary and secondary (decay particles) vertex reconstruction 
!
Tracking 

- low pT (standalone ITS)  
recover low pT (<200 MeV) tracks that are inaccessible to TPC tracking.  
- high pT 
extend TPC lever arm, improve spatial precision and momentum resolution 
!

PID 
 dE/dx measurement on the SDD & SSD layers

Experiment. Which detector is used for this analysis?
Inner Tracking System
made of six layers of three di↵erent
detector types:
- pixel (SPD) ! 240 modules
- drift (SDD) ! 260 modules
- strip double-side (SSD) 1698 modules

- dE/dx information in the SSD and
SDD for particle identification

- dE/dx range from 0 to 8 MIP
(. maximum value for particle tracked
in ITS)
- total material budget ⇡ 0.07 X

0

res. on x

loc

[µm] res. on z

loc

[µm] occupancy [%]

SPD 12 70 1.5 - 0.4
SDD 38 28 2.5 - 1.0
SSD 20 830 4.0 - 3.3

11 / 42
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p-Pb analysis and multiplicity

!16

Due to the 2 in 1 magnet design at the LHC, 
there is an asymmetric energy/nucleon in 
the beams → shift of the nucleon-nucleon 

C.M.S w.r.t laboratory frame in the proton 
direction with a rapidity of ylab cms = -0.465

In p-Pb collision: 

correlation between proton-nucleus collision 
geometry and  particle multiplicity is not trivial

  

5

p-Pb analysis and multiplicity selection

Roberto Preghenella

Workshop on proton-nucleus collisions at the LHC - ECT* Trento (6
th
 - 10

th
 May 2013)

The correlation between proton-

nucleus collision geometry and 

particle multiplicity is not trivial

We define seven p-Pb multiplicity 

event classes

based on the amplitude of the 

signal of VZERO-A (V0A) detector

(A is the direction of Pb beam)

V0A signal proportional to charged-

particle multiplicity in

2.8 < |η
lab

| < 5.1

from high- to low-multiplicity:

0-5% 5-10% 10-20% 20-40% ...

Analysis performed with p-Pb collision data 

collected in 2013 at the LHC √s
NN

 = 5.02 TeV

asymmetric energy/nucleon in the beams

→ cms moves with rapidity y
lab

 = -0.468

measurement performed in 0.0 < y
cms

 < 0.5

VZERO-A

p Pb

The analysis was performed with p-Pb collision data 
collected in 2013 at the LHC √sNN = 5.02 TeV. 

results obtained in 0.0 < ycms < 0.5
12-09-2013 IS1013                            Francesco Barile 5

pp,  p-Pb and Pb-Pb details  

p
Pb

Centrality/Multiplicity selection:

✔ In pp collisions:
✔ tracklets + tracks estimator

✔ In Pb-Pb collisions:
✔ VZEROM (VZERO-A + VZERO-C)

(ALICE arXiv:1301.4361) 

✔ In p-Pb collisions:
✔ correlation between impact parameter 

and multiplicity is not as 
straightforward as in Pb-Pb (VZERO-A 
chosen)

VZERO (Scintillator hodoscopes)     
trigger, beam-BKG rejection

✔ √spp =    7.     TeV  (2010, 2011)
✔ √sPb-Pb = 2.76 TeV  (2010, 2011)
✔ √sp-Pb =  5.02 TeV  (2012, 2013)

✔ Asymmetric energy/nucleon in the beams → the nucleon-nucleon center-of-mass system was 

moving in the laboratory frame with a rapidity of y
LAB

CMS = -0.465 in the direction of the proton beam 

VZERO-A
 2.8 < η < 5.1

VZERO-C
-3.7 < η < -1.7 

  

4

The ALICE detector

ITS

TPC

TOF

VZERO, T0

ALICE sub-detectors relevant for this analysis:

VZERO trigger, beam-BKG rejection, multiplicity classes
ITS tracking + vertexing
TPC tracking + vertexing + PID (dE/dx)
TOF (+T0) PID (time-of-flight)

p-Pb multiplicity

0-5%
(high)

…

60-80%
(low)

Roberto Preghenella
Workshop on proton-nucleus collisions at the LHC - ECT* Trento (6th - 10th May 2013)

p Pb

y
cms

 = 0.465

VZERO (Scintillator hodoscopes) 
trigger, beam-BKG rejection!



2nd year Seminar, Feb 14th 2014Yasser Corrales Morales /45

p-Pb analysis and multiplicity

!17

12-09-2013 IS1013                            Francesco Barile 5

pp,  p-Pb and Pb-Pb details  

p
Pb

Centrality/Multiplicity selection:

✔ In pp collisions:
✔ tracklets + tracks estimator

✔ In Pb-Pb collisions:
✔ VZEROM (VZERO-A + VZERO-C)

(ALICE arXiv:1301.4361) 

✔ In p-Pb collisions:
✔ correlation between impact parameter 

and multiplicity is not as 
straightforward as in Pb-Pb (VZERO-A 
chosen)

VZERO (Scintillator hodoscopes)     
trigger, beam-BKG rejection

✔ √spp =    7.     TeV  (2010, 2011)
✔ √sPb-Pb = 2.76 TeV  (2010, 2011)
✔ √sp-Pb =  5.02 TeV  (2012, 2013)

✔ Asymmetric energy/nucleon in the beams → the nucleon-nucleon center-of-mass system was 

moving in the laboratory frame with a rapidity of y
LAB

CMS = -0.465 in the direction of the proton beam 

VZERO-A
 2.8 < η < 5.1

VZERO-C
-3.7 < η < -1.7 

  

4

The ALICE detector

ITS

TPC

TOF

VZERO, T0

ALICE sub-detectors relevant for this analysis:

VZERO trigger, beam-BKG rejection, multiplicity classes
ITS tracking + vertexing
TPC tracking + vertexing + PID (dE/dx)
TOF (+T0) PID (time-of-flight)

p-Pb multiplicity

0-5%
(high)

…

60-80%
(low)

Roberto Preghenella
Workshop on proton-nucleus collisions at the LHC - ECT* Trento (6th - 10th May 2013)

p Pb

y
cms

 = 0.465

  

5

p-Pb analysis and multiplicity selection

Roberto Preghenella

Workshop on proton-nucleus collisions at the LHC - ECT* Trento (6
th
 - 10

th
 May 2013)

The correlation between proton-

nucleus collision geometry and 

particle multiplicity is not trivial

We define seven p-Pb multiplicity 

event classes

based on the amplitude of the 

signal of VZERO-A (V0A) detector

(A is the direction of Pb beam)

V0A signal proportional to charged-

particle multiplicity in

2.8 < |η
lab

| < 5.1

from high- to low-multiplicity:

0-5% 5-10% 10-20% 20-40% ...

Analysis performed with p-Pb collision data 

collected in 2013 at the LHC √s
NN

 = 5.02 TeV

asymmetric energy/nucleon in the beams

→ cms moves with rapidity y
lab

 = -0.468

measurement performed in 0.0 < y
cms

 < 0.5

VZERO-A

p Pb

In p-Pb collision: 

We define seven p-Pb event multiplicity 
classes based on the amplitude of the 
signal of VZERO-A (V0A) detector

(A is the direction of Pb beam)

Due to the 2 in 1 magnet design at the LHC, 
there is an asymmetric energy/nucleon in 
the beams → shift of the nucleon-nucleon 

C.M.S w.r.t laboratory frame in the proton 
direction with a rapidity of ylab cms = -0.465

The analysis was performed with p-Pb collision data 
collected in 2013 at the LHC √sNN = 5.02 TeV. 

results obtained in 0.0 < ycms < 0.5
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Particle-identification

!18
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low pT (<200 MeV) only accessible for ITS.  

Good separating power to perform track by 
track PID up to a pT of 3-4 GeV/c 
depending of the particle species.

ITS TPC

TOF
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ALICE spectra analyses

!19

Alice is the ideal detector for low pT PID

Analysis Tracks PID signal p
GeV/c PID approach

ITS standalone ITS Standalone dE/dx Si
π: 0.1-0.7 
K: 0.2-0.6 

  p: 0.3-0.65
Bayesian

TPC-TOF global tracks
dE/dx Gas 

+ 
Time Of Flight

π: 0.2-1.5 
K: 0.3-1.3 
p: 0.5-2.0

#σ cuts

TOF global tracks Time Of Flight
π: 0.5-3.0 
K: 0.5-2.0 
p: 0.5-4.0

unfolding

 We can combine all results, using the systematic errors as the weights.



2nd year Seminar, Feb 14th 2014Yasser Corrales Morales /45

Analysis method

!20

1. Charge particle tracking 
2. Track selection criteria 
3. PID technique (raw spectra) 
4. Corrections (MC simulation) 
5. Secondary subtraction 
6. Systematic errors
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Analysis method

!20

1. Charge particle tracking 
2. Track selection criteria 
3. PID technique (raw spectra) 
4. Corrections (MC simulation) 
5. Secondary subtraction 
6. Systematic errors

I’ll describe each step for the ITS standalone analysis … 
but these are common to other analyses
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1.Charge particle tracking

!21

2 different sets of tracks in the ITS
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1.Charge particle tracking

!21

2 different sets of tracks in the ITS

Leonardo Milano March 5th, 2012 25

1. Tracking
2 different sets of tracks in the ITS

ITS standalone
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ALICE Performance
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ITS stand-alone tracks

 = 7 TeV (2010 data)spp @ 

extends the ALICE tracking (and 
PID) capability at low Pt

ITS standalone

extends ALICE tracking (and PID)  
capability at low pT
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1. Tracking
2 different sets of tracks in the ITS

ITS standalone ITS-TPC
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ALICE Performance
 = 900 GeV (2009 data)sp+p at  

extends the ALICE tracking (and 
PID) capability at low Pt

better momentum resolution

ITS-TPC

improve track parameters 
(impact parameter(d0) and pT resolution) 

better pT resolution
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1. Tracking
2 different sets of tracks in the ITS

ITS standalone ITS-TPC

extends the ALICE tracking (and 
PID) capability at low Pt

better momentum resolution

 [GeV/c] 
t

p1 10
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n
t

R
el

at
iv

e 
p

-310

-210

-110

ITS+TPC
ITS stand-alone

Transverse momentum relative 
resolution for ITS standalone and 
ITS-TPC tracks
!pT/pT  resolution 
ITS standalone 
and ITS-TPC 

tracks
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2. Track selection criteria (ITSsa)

!22
Leonardo Milano March 5th, 2012 27

2. Track cuts (ITS standalone)

• at least 1 cluster in SPD and 3 clusters in SDD+SSD detectors are requested.
• χ2 value is used to reject tracks with bad fit result.
• In order to reduce the fraction of secondary tracks in the sample a 7-sigma cut in the 

Distance of Closest Approach (DCA) calculated in the bending plane is applied.

Pt [GeV/c]
-110 1

m
]

µ
 re

so
lu

tio
n 

[
q

d0
 r

100

200

300

400

500

600

700

800 ALICE performance

10/12/2010

 = 7 TeV (2010 data)spp @ 

Data (LHC10b period)

MC

ITS standalone

Quality of the tracks (reduce fake tracks): 
track properly fitted with kalman filter 
Χ2/(ITSclusters) < 2.5 

!
In order to reduce contribution from secondaries: 

At least one point SPD (also improve d0 resolution)  
Track impact parameter or distance of closest 
approach(dca) d0 < 7σ in the bending plane. 

!
Analysis Requirements 

At least 3 points in SDD+SSD 
(improve PID performance) 

Experiment. Which detector is used for this analysis?
Inner Tracking System
made of six layers of three di↵erent
detector types:
- pixel (SPD) ! 240 modules
- drift (SDD) ! 260 modules
- strip double-side (SSD) 1698 modules

- dE/dx information in the SSD and
SDD for particle identification

- dE/dx range from 0 to 8 MIP
(. maximum value for particle tracked
in ITS)
- total material budget ⇡ 0.07 X

0

res. on x

loc

[µm] res. on z

loc

[µm] occupancy [%]

SPD 12 70 1.5 - 0.4
SDD 38 28 2.5 - 1.0
SSD 20 830 4.0 - 3.3

11 / 42
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3. PID techniques

!23

layer response function 

convoluted landau + gauss

physics interpretation

detector response 
(electronic read-out & charge diffusion) 

Parametrized (data and MC) in two step procedure 

6 F. Barile1, M. Chojnacki2, Y. Corrales Morales3, B. Guerzoni4, R.T. Jimenez . . .

Fig. 1: dE/dx (Truncated mean) distribution as a
function of p, with the Bethe-Bloch parameterization.
The Plot also show the asymmetric bands used for par-
ticle identification.
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Fig. 2: dE/dx (layer 1-SDD) distribution for pions with
momentum 0.224 < p < 0.256 GeV/c and Lan⌦Gaus fit
superimposed
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Fig. 3: Behaviour of the fit for the MPV parameter as a function of p for electrons(black), pions(red), kaons(blue)
and protons(green) in the SDD and SSD detectors

For each particle with momentum p, the conditional probability density function for a vector of sig-
nals S = {sSDD1, sSDD2, sSSD1, sSSD2} is simply the product of the corresponding normalized response
function for each layer.

R(S|i) = ’
SDD,SSD

fNi(s|i) (3)

Finally, we make use of the Bayes’ theorem in order to get the probability for a track with a set signals S
of being of type i:

P(i|S) = R(S|i)P(i)
Ât=p,K,p R(S|t)P(t)

(4)

In this formula P(i) is the prior probability that a particle is of type i, i.e is the relative abundance of the
different particle species in the analyzed sample of events. It can be defined as a function of pT .

P(i; pT ) = lim
x!•

Ni

N
�

�

pT
(5)

Where N is the total number of particles in the sample, Ni is the number of particles of specie i and x
denote the number of iterations.

Prior probabilities depend upon the collision type (pp, p–Pb, Pb–Pb . . . ) and on the event selection.

A particle is assigned the identity of the maximum Bayesian probability. According to MC simulations
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Fig. 1: dE/dx (Truncated mean) distribution as a
function of p, with the Bethe-Bloch parameterization.
The Plot also show the asymmetric bands used for par-
ticle identification.
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Fig. 3: Behaviour of the fit for the MPV parameter as a function of p for electrons(black), pions(red), kaons(blue)
and protons(green) in the SDD and SSD detectors

For each particle with momentum p, the conditional probability density function for a vector of sig-
nals S = {sSDD1, sSDD2, sSSD1, sSSD2} is simply the product of the corresponding normalized response
function for each layer.

R(S|i) = ’
SDD,SSD

fNi(s|i) (3)

Finally, we make use of the Bayes’ theorem in order to get the probability for a track with a set signals S
of being of type i:

P(i|S) = R(S|i)P(i)
Ât=p,K,p R(S|t)P(t)

(4)

In this formula P(i) is the prior probability that a particle is of type i, i.e is the relative abundance of the
different particle species in the analyzed sample of events. It can be defined as a function of pT .

P(i; pT ) = lim
x!•

Ni

N
�

�

pT
(5)

Where N is the total number of particles in the sample, Ni is the number of particles of specie i and x
denote the number of iterations.

Prior probabilities depend upon the collision type (pp, p–Pb, Pb–Pb . . . ) and on the event selection.

A particle is assigned the identity of the maximum Bayesian probability. According to MC simulations

track-by-track Bayesian approach with a parametrized Landau-Gaussian 
convolution.
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ITS Parameterization 

!24

1st step: parametrize in momentum slices the dE/dx distributions for 
identified particles for each layer and fit with a convoluted Landau-gaussian 

high purity sample identified with TPC and TOF PID used for real data

3 Parameters extracted 

● Most Probable Value (MPV)  

● Landau Width     (LW) 

● Gaussian Width  (GW)  

6 F. Barile1, M. Chojnacki2, Y. Corrales Morales3, B. Guerzoni4, R.T. Jimenez . . .

Fig. 1: dE/dx (Truncated mean) distribution as a
function of p, with the Bethe-Bloch parameterization.
The Plot also show the asymmetric bands used for par-
ticle identification.
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Fig. 3: Behaviour of the fit for the MPV parameter as a function of p for electrons(black), pions(red), kaons(blue)
and protons(green) in the SDD and SSD detectors

For each particle with momentum p, the conditional probability density function for a vector of sig-
nals S = {sSDD1, sSDD2, sSSD1, sSSD2} is simply the product of the corresponding normalized response
function for each layer.

R(S|i) = ’
SDD,SSD

fNi(s|i) (3)

Finally, we make use of the Bayes’ theorem in order to get the probability for a track with a set signals S
of being of type i:

P(i|S) = R(S|i)P(i)
Ât=p,K,p R(S|t)P(t)

(4)

In this formula P(i) is the prior probability that a particle is of type i, i.e is the relative abundance of the
different particle species in the analyzed sample of events. It can be defined as a function of pT .

P(i; pT ) = lim
x!•

Ni

N
�

�

pT
(5)

Where N is the total number of particles in the sample, Ni is the number of particles of specie i and x
denote the number of iterations.

Prior probabilities depend upon the collision type (pp, p–Pb, Pb–Pb . . . ) and on the event selection.

A particle is assigned the identity of the maximum Bayesian probability. According to MC simulations

MPV

GL
GW

pion from TPC PID
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ITS Parameterization 

!25

p , K, p analysis in pp collisions at
p

s = 2.76 TeV 7

(a) Landau width (b) Gaussian width

Fig. 4: Behaviour of the fit for the width parameters as a function of p for pions in the SDD

Fig. 5: ITS Efficiency and contamination of kaons for different PID approach.

Bayesian approach using likelihood function provides better performance (i.e lower contamination3) than
NSigma cut PID (Fig. 5). That was the main reason to select the Bayessian as the default PID method in
this analysis. The remaining mis-identification are corrected using MC simulation.

2.4 Priors estimation

Priors were estimated using an iterative procedure similar to the method used in TPCTOF combined
PID[3].

2.4.1 Iterative priors procedure

The priors for all 3 species were determined by an iterative procedure taking into account the following
items:

1. We applied the same analysis track selection.

2. Flat priors used as initial value: P0(e) = P0(µ) = P0(p) = P0(K) = P(p).

3Here contamination, K(i; pT ), is define as the number of particle tagged as i without being of type i over the number of
particles identified as i[2].

6 F. Barile1, M. Chojnacki2, Y. Corrales Morales3, B. Guerzoni4, R.T. Jimenez . . .

Fig. 1: dE/dx (Truncated mean) distribution as a
function of p, with the Bethe-Bloch parameterization.
The Plot also show the asymmetric bands used for par-
ticle identification.

HistdEdx_Pio_SDD_i_0.240
Entries  1819363
Mean    123.3
RMS     51.03

 / ndf 2r  3.49e+04 / 188
p0        0.012± 6.936 
p1        0.02± 96.74 
p3        0.03± 12.23 

0 100 200 300 400 500 6000

20

40

60

80

100
310×

HistdEdx_Pio_SDD_i_0.240
Entries  1819363
Mean    123.3
RMS     51.03

 / ndf 2r  3.49e+04 / 188
p0        0.012± 6.936 
p1        0.02± 96.74 
p3        0.03± 12.23 

HistPio_i

Fig. 2: dE/dx (layer 1-SDD) distribution for pions with
momentum 0.224 < p < 0.256 GeV/c and Lan⌦Gaus fit
superimposed

pt(GeV/c)
-110 1

m
)

µ
dE

/d
x(

ke
V/

30
0 

100

150

200

250

300

350

400
mcMPV_El_SDD

pt(GeV/c)
-110 1

m
)

µ
dE

/d
x(

ke
V/

30
0 

100

150

200

250

300

350

400

mcMPV_El_SSD (a) SDD

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

100

150

200

250

300

mcMPV_El_SDD

pt(GeV/c)
-110 1

m
)

µ
dE

/d
x(

ke
V/

30
0 

100

150

200

250

300

350

400

mcMPV_El_SSD

(b) SSD

Fig. 3: Behaviour of the fit for the MPV parameter as a function of p for electrons(black), pions(red), kaons(blue)
and protons(green) in the SDD and SSD detectors

For each particle with momentum p, the conditional probability density function for a vector of sig-
nals S = {sSDD1, sSDD2, sSSD1, sSSD2} is simply the product of the corresponding normalized response
function for each layer.

R(S|i) = ’
SDD,SSD

fNi(s|i) (3)

Finally, we make use of the Bayes’ theorem in order to get the probability for a track with a set signals S
of being of type i:

P(i|S) = R(S|i)P(i)
Ât=p,K,p R(S|t)P(t)

(4)

In this formula P(i) is the prior probability that a particle is of type i, i.e is the relative abundance of the
different particle species in the analyzed sample of events. It can be defined as a function of pT .

P(i; pT ) = lim
x!•

Ni

N
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pT
(5)

Where N is the total number of particles in the sample, Ni is the number of particles of specie i and x
denote the number of iterations.

Prior probabilities depend upon the collision type (pp, p–Pb, Pb–Pb . . . ) and on the event selection.

A particle is assigned the identity of the maximum Bayesian probability. According to MC simulations

SDD SSD

p , K, p analysis in pp collisions at
p

s = 2.76 TeV 5

2.2 dE/dx ITS likelihood parameterization.

In the ITS, the energy loss fluctuation effects are reduced by applying a truncated mean method: aver-
ages(using a weighted sum) of the lowest two points, in the case of 4(3) ITS PID clusters are measured[1].

Even with this approach the small number of samples results in a residual non-Gaussian tail. The trun-
cated mean distribution cannot be described neither with Gaussian nor Landau pdf. A possible solution
is to consider a convolution of a Gaussian and a Landau (ITS likelihood) function for the distribution
of the energy loss samples (i.e points for all layer). Thus, the dE/dx variable is taken to be the sum
of two random quantities: the Landau variable is the ionization energy loss (physics interpretation) and
the Gaussian one represents the smearing of the signal due to the detector response (charge collection
efficiency during drift difusion and electronic readout effects)[2].

These response functions are described by four parameters: the width and the most probable value of the
Landau distribution, the total area and the width of the convoluted Gaussian function.

A better detector description is considered taking account all ITS information. Thus in this analysis
we take all the clusters signals for each track, rather than a truncated mean approach1 (Fig. 1), and
consequently four signals distributions (2 clusters SDD and 2 clusters SSD) instead of one are fitted.

The ITS likelihood parameterization is performed in two steps:

1. The energy loss distribution for each type of particle (p,K, p) in each layer and in several momen-
tum intervals of width 32 MeV/c (v3–1 times larger than the momentum resolution in the region)
inside the ITS momentum range (0.1, 0.2, 0.3 - 1.6 GeV/c for p,K, p respectively) were fitted with
a Landau ⌦ Gauss pdf (Fig. 2). From the fits the most probable value (MPV), the Landau width
(LW) and the Gaussian width (GW) were extracted.

2. Once the fits are performed, it is possible to fit the plot of the parameters(MPV, LW, and GW) as a
function of p[2]. An empirical ALEPH parameterization of the Bethe-Bloch formula [4] was used
for the MPV (Fig. 3)

fMPV (bg) = p1

b p4

⇣

p2 �b p4 � ln
�

p3 +
1

(bg)p5

�

⌘

(1)

while “ad hoc” functions was used for the Landau and Gaussian widths. The function (Fig. 4)
reasonably interpolating the widths data is:

fWL,WG(p) =
Aw

p2 ln(p)+Bw (2)

The parameters p1, p2, p3, p4, p5, Aw and Bw allow us to compute the pdf(Landau ⌦ Gauss) starting
from the track momentum and mass. The same procedure is repeated in data and MC and two different
set of parameters are extracted2. In the case of data where the real particle specie is unknown we used
a high purity sample (i.e s < 1) of pions, kaons and protons of global tracks identified by the TPC and
TOF detectors.

2.3 ITS identification strategy

For ITSsa PID we applied a Bayesian approach using the likelihood parameterization as conditional
probability. The priors were estimated by iterative procedure (see 2.4).

1Truncated mean parameterization and NSigma asymmetric bands PID approach have been used for QA and for PID sys-
tematic estimation

2All these parameters are stored in AliITSPidParams object, $ALICE ROOT/STEER/STEERBase/AliITSPidParams.{h,cxx}

2nd step: parametrize the 3 fit parameters (MPV, WL; WG) vs. p for each 
detector type and particle species (2 dets x 4 species x 3 parameters functions)
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These response functions are described by four parameters: the width and the most probable value of the
Landau distribution, the total area and the width of the convoluted Gaussian function.
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we take all the clusters signals for each track, rather than a truncated mean approach1 (Fig. 1), and
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The ITS likelihood parameterization is performed in two steps:
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a Landau ⌦ Gauss pdf (Fig. 2). From the fits the most probable value (MPV), the Landau width
(LW) and the Gaussian width (GW) were extracted.

2. Once the fits are performed, it is possible to fit the plot of the parameters(MPV, LW, and GW) as a
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The parameters p1, p2, p3, p4, p5, Aw and Bw allow us to compute the pdf(Landau ⌦ Gauss) starting
from the track momentum and mass. The same procedure is repeated in data and MC and two different
set of parameters are extracted2. In the case of data where the real particle specie is unknown we used
a high purity sample (i.e s < 1) of pions, kaons and protons of global tracks identified by the TPC and
TOF detectors.

2.3 ITS identification strategy

For ITSsa PID we applied a Bayesian approach using the likelihood parameterization as conditional
probability. The priors were estimated by iterative procedure (see 2.4).

1Truncated mean parameterization and NSigma asymmetric bands PID approach have been used for QA and for PID sys-
tematic estimation
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Data/MC response function
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3. Prior probabilities
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ITS PID approach 

track-by-track Bayesian approach with likelihood parameterization, in the 
region of low contamination. (see https://indico.cern.ch/getFile.py/access?contribId=3&resId=0&materialId=slides&confId=251564)!

4 

pid = i /  P(i|S) = Max(P(i|S)).!

Lan-Gau parameterization Priors were estimated by iterative procedure for each CC 

kaons!
protons!

PWG$LF'Mee*ng'June,'24th''

kaons & protons 
normalized to pions

Priors estimated for  each multiplicity event 
classes as the relative abundance using an iterative 
procedure. 

-> equal initial value probability (1st iteration) 

-> same selection criteria used in the analysis 

(representative sample of the data) 

ITS PID approach 

track-by-track Bayesian approach with likelihood parameterization, in the 
region of low contamination. (see https://indico.cern.ch/getFile.py/access?contribId=3&resId=0&materialId=slides&confId=251564)!
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Fig. 1: dE/dx (Truncated mean) distribution as a
function of p, with the Bethe-Bloch parameterization.
The Plot also show the asymmetric bands used for par-
ticle identification.

HistdEdx_Pio_SDD_i_0.240
Entries  1819363
Mean    123.3
RMS     51.03

 / ndf 2r  3.49e+04 / 188
p0        0.012± 6.936 
p1        0.02± 96.74 
p3        0.03± 12.23 

0 100 200 300 400 500 6000

20

40

60

80

100
310×

HistdEdx_Pio_SDD_i_0.240
Entries  1819363
Mean    123.3
RMS     51.03

 / ndf 2r  3.49e+04 / 188
p0        0.012± 6.936 
p1        0.02± 96.74 
p3        0.03± 12.23 

HistPio_i

Fig. 2: dE/dx (layer 1-SDD) distribution for pions with
momentum 0.224 < p < 0.256 GeV/c and Lan⌦Gaus fit
superimposed
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Fig. 3: Behaviour of the fit for the MPV parameter as a function of p for electrons(black), pions(red), kaons(blue)
and protons(green) in the SDD and SSD detectors

For each particle with momentum p, the conditional probability density function for a vector of sig-
nals S = {sSDD1, sSDD2, sSSD1, sSSD2} is simply the product of the corresponding normalized response
function for each layer.

R(S|i) = ’
SDD,SSD

fNi(s|i) (3)

Finally, we make use of the Bayes’ theorem in order to get the probability for a track with a set signals S
of being of type i:

P(i|S) = R(S|i)P(i)
Ât=p,K,p R(S|t)P(t)

(4)

In this formula P(i) is the prior probability that a particle is of type i, i.e is the relative abundance of the
different particle species in the analyzed sample of events. It can be defined as a function of pT .

P(i; pT ) = lim
x!•

Ni

N
�

�

pT
(5)

Where N is the total number of particles in the sample, Ni is the number of particles of specie i and x
denote the number of iterations.

Prior probabilities depend upon the collision type (pp, p–Pb, Pb–Pb . . . ) and on the event selection.

A particle is assigned the identity of the maximum Bayesian probability. According to MC simulations
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Fig. 3: Behaviour of the fit for the MPV parameter as a function of p for electrons(black), pions(red), kaons(blue)
and protons(green) in the SDD and SSD detectors

For each particle with momentum p, the conditional probability density function for a vector of sig-
nals S = {sSDD1, sSDD2, sSSD1, sSSD2} is simply the product of the corresponding normalized response
function for each layer.

R(S|i) = ’
SDD,SSD

fNi(s|i) (3)

Finally, we make use of the Bayes’ theorem in order to get the probability for a track with a set signals S
of being of type i:

P(i|S) = R(S|i)P(i)
Ât=p,K,p R(S|t)P(t)

(4)

In this formula P(i) is the prior probability that a particle is of type i, i.e is the relative abundance of the
different particle species in the analyzed sample of events. It can be defined as a function of pT .

P(i; pT ) = lim
x!•

Ni

N
�

�

pT
(5)

Where N is the total number of particles in the sample, Ni is the number of particles of specie i and x
denote the number of iterations.

Prior probabilities depend upon the collision type (pp, p–Pb, Pb–Pb . . . ) and on the event selection.

A particle is assigned the identity of the maximum Bayesian probability. According to MC simulations

iteration order

track-by-track Bayesian approach with a parametrized Landau-Gaussian 
convolution.
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Fig. 1: dE/dx (Truncated mean) distribution as a
function of p, with the Bethe-Bloch parameterization.
The Plot also show the asymmetric bands used for par-
ticle identification.
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Fig. 3: Behaviour of the fit for the MPV parameter as a function of p for electrons(black), pions(red), kaons(blue)
and protons(green) in the SDD and SSD detectors

For each particle with momentum p, the conditional probability density function for a vector of sig-
nals S = {sSDD1, sSDD2, sSSD1, sSSD2} is simply the product of the corresponding normalized response
function for each layer.

R(S|i) = ’
SDD,SSD

fNi(s|i) (3)

Finally, we make use of the Bayes’ theorem in order to get the probability for a track with a set signals S
of being of type i:

P(i|S) = R(S|i)P(i)
Ât=p,K,p R(S|t)P(t)

(4)

In this formula P(i) is the prior probability that a particle is of type i, i.e is the relative abundance of the
different particle species in the analyzed sample of events. It can be defined as a function of pT .

P(i; pT ) = lim
x!•

Ni

N
�

�

pT
(5)

Where N is the total number of particles in the sample, Ni is the number of particles of specie i and x
denote the number of iterations.

Prior probabilities depend upon the collision type (pp, p–Pb, Pb–Pb . . . ) and on the event selection.

A particle is assigned the identity of the maximum Bayesian probability. According to MC simulations
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Fig. 1: dE/dx (Truncated mean) distribution as a
function of p, with the Bethe-Bloch parameterization.
The Plot also show the asymmetric bands used for par-
ticle identification.
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Fig. 3: Behaviour of the fit for the MPV parameter as a function of p for electrons(black), pions(red), kaons(blue)
and protons(green) in the SDD and SSD detectors

For each particle with momentum p, the conditional probability density function for a vector of sig-
nals S = {sSDD1, sSDD2, sSSD1, sSSD2} is simply the product of the corresponding normalized response
function for each layer.

R(S|i) = ’
SDD,SSD

fNi(s|i) (3)

Finally, we make use of the Bayes’ theorem in order to get the probability for a track with a set signals S
of being of type i:

P(i|S) = R(S|i)P(i)
Ât=p,K,p R(S|t)P(t)

(4)

In this formula P(i) is the prior probability that a particle is of type i, i.e is the relative abundance of the
different particle species in the analyzed sample of events. It can be defined as a function of pT .

P(i; pT ) = lim
x!•

Ni

N
�

�

pT
(5)

Where N is the total number of particles in the sample, Ni is the number of particles of specie i and x
denote the number of iterations.

Prior probabilities depend upon the collision type (pp, p–Pb, Pb–Pb . . . ) and on the event selection.

A particle is assigned the identity of the maximum Bayesian probability. According to MC simulations

iteration order

track-by-track Bayesian approach with a parametrized Landau-Gaussian 
convolution.

pid = i : P(i|S) = Max(P(i|s))
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Bayesian Vs previous ITSsa method
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Fig. 5: ITS Efficiency and contamination of kaons for different PID approach.

Bayesian approach using likelihood function provides better performance (i.e lower contamination3) than
NSigma cut PID (Fig. 5). That was the main reason to select the Bayessian as the default PID method in
this analysis. The remaining mis-identification are corrected using MC simulation.

2.4 Priors estimation

Priors were estimated using an iterative procedure similar to the method used in TPCTOF combined
PID[3].

2.4.1 Iterative priors procedure

The priors for all 3 species were determined by an iterative procedure taking into account the following
items:

1. We applied the same analysis track selection.

2. Flat priors used as initial value: P0(e) = P0(µ) = P0(p) = P0(K) = P(p).

3Here contamination, K(i; pT ), is define as the number of particle tagged as i without being of type i over the number of
particles identified as i[2].
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Fig. 5: ITS Efficiency and contamination of kaons for different PID approach.

Bayesian approach using likelihood function provides better performance (i.e lower contamination3) than
NSigma cut PID (Fig. 5). That was the main reason to select the Bayessian as the default PID method in
this analysis. The remaining mis-identification are corrected using MC simulation.

2.4 Priors estimation

Priors were estimated using an iterative procedure similar to the method used in TPCTOF combined
PID[3].

2.4.1 Iterative priors procedure

The priors for all 3 species were determined by an iterative procedure taking into account the following
items:

1. We applied the same analysis track selection.

2. Flat priors used as initial value: P0(e) = P0(µ) = P0(p) = P0(K) = P(p).

3Here contamination, K(i; pT ), is define as the number of particle tagged as i without being of type i over the number of
particles identified as i[2].

Bayesian approach PID, according to MC simulations provides slightly better 
performance (= lower contamination) than previous approach.
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Bayesian Vs previous ITSsa method
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2.4 Priors estimation
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Bayesian approach using likelihood function provides better performance (i.e lower contamination3) than
NSigma cut PID (Fig. 5). That was the main reason to select the Bayessian as the default PID method in
this analysis. The remaining mis-identification are corrected using MC simulation.

2.4 Priors estimation

Priors were estimated using an iterative procedure similar to the method used in TPCTOF combined
PID[3].

2.4.1 Iterative priors procedure

The priors for all 3 species were determined by an iterative procedure taking into account the following
items:

1. We applied the same analysis track selection.

2. Flat priors used as initial value: P0(e) = P0(µ) = P0(p) = P0(K) = P(p).

3Here contamination, K(i; pT ), is define as the number of particle tagged as i without being of type i over the number of
particles identified as i[2].

Bayesian approach PID, according to MC simulations provides slightly better 
performance (= lower contamination) than previous approach.
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Bayesian approach using likelihood function provides better performance (i.e lower contamination3) than
NSigma cut PID (Fig. 5). That was the main reason to select the Bayessian as the default PID method in
this analysis. The remaining mis-identification are corrected using MC simulation.

2.4 Priors estimation

Priors were estimated using an iterative procedure similar to the method used in TPCTOF combined
PID[3].
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The priors for all 3 species were determined by an iterative procedure taking into account the following
items:
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2. Flat priors used as initial value: P0(e) = P0(µ) = P0(p) = P0(K) = P(p).

3Here contamination, K(i; pT ), is define as the number of particle tagged as i without being of type i over the number of
particles identified as i[2].

Bayesian approach PID, according to MC simulations provides slightly better 
performance (= lower contamination) than previous approach.
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4. Monte Carlo corrections

!29

After the application of PID  requirements we have obtained the raw pT spectra 

Minimum Bias (MB) raw data
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4. Monte Carlo corrections

!30
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4. Monte Carlo corrections

!30

After the application of PID  requirements we have obtained the raw pT spectra 
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4. Monte Carlo corrections

!30

After the application of PID  requirements we have obtained the raw pT spectra 

acceptance + tracking efficiency + PID efficiency …

MC simulation corrections

Raw yieldMC (same approach used on data sample)  

Primary particles generated
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4. Monte Carlo corrections

!31
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4. Monte Carlo corrections

!31

contrary to Pb-Pb No significant “< 2%” multiplicity dependence of the tracking 
Therefore, MB correction (high statistics) was used which includes a 2% systematic 

errors.
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5. Subtraction of Secondaries

!32

We want the pT spectra of PRIMARY particles, we have: 

secondaries from interaction of particles in the detector material  

 secondaries from weakly decaying particles
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5. Subtraction of Secondaries

!32

We want the pT spectra of PRIMARY particles, we have: 

secondaries from interaction of particles in the detector material  

 secondaries from weakly decaying particles

MC doesn't reproduce secondaries correctly 
some weak resonance yields are underestimated (Λ -> p π- , Σ+ -> p π0)

Raw yieldMC (same approach used on data sample)  

Primary particles generated
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5. Subtraction of Secondaries

!32

Data DCA distr is fitted with  

MC templates of:  
• primaries 
• secondaries from material 
• secondaries from weak decays

We want the pT spectra of PRIMARY particles, we have: 

secondaries from interaction of particles in the detector material  

 secondaries from weakly decaying particles

MC doesn't reproduce secondaries correctly 
some weak resonance yields are underestimated (Λ -> p π- , Σ+ -> p π0)
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Systematic Errors

!33

Main source of systematic errors:

Total systematic obtained by summing in quadrature  
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!
1. ITSsa Tracking  

• Track selection criteria 

(varying track cuts inside a reasonable range)!

• Tracking efficiency 

2. PID approach 

(spectra comparison using different PID 
techniques, Bayesian PID/Nsigma PID) 

3. Material budget  

(material budget was varied by ± 7.5%)

ITSsa systematic uncertainties 

5 

Major source of Systematic errors: 

ITSsa Tracking 

1.  Tracking cuts 

2.  Tracking efficiency (low pT bins) 

 
3.  PID approach     Bayesian PID, Nsigma Asymm. 
 
4.   Material budget ( 900 GeV, no energy dependent) 

  DCA cut (5, 7, 10 σ) 
   χ2/ITS clusters (2.5, 5) 
   ITS clusters ( 1SPD + 3 SDD+SSD, 
                                     1 SPD  +  4 SDD+SSD, 
                                     2 SPD + 4 SDD+SSD) 

Systematic estimated from check on 
MinBias. 

PWG$LF'Mee*ng'June,'24th''

p , K and p ITSsa analysis in pA 5

– Tracking Efficiency: This systematic is computed by the ratio of tracking efficiency at lower and106

upper edge of the p

T

bin. It is estimated by a linear interpolation of the efficiency using the p

T

107

bin centers of the current and the immediately lower p

T

intervals. This effects is considered in the108

region mentioned above.109

– PID procedure: Likelihood parameterization results using a Bayesian approach where separately the110

prior variation (standard vs flat) an the method variation (likelihood vs. Nsigma) were compared111

with a truncated mean parameterization and NSigma asymmetric approach one. The ratio of the112

spectra obtained from this check superimposed to the corresponding one found in previous p–p at113

2.76 TeV analysis7 for the 3 species are reported in Fig. 7. The agreement observed in the Fig. 7114

is a new evidence that the spectras are not significantly affected by prior variation8.115

– varying the material budget in the MC simulation: The ITS efficiency was calculated using MC116

production with different material budget. The ITS material budget was varied by ± 7.5%. This117

error is not energy–dependent and the same value evaluated in [7] is used118

The total ITSsa systematic uncertanties calculated as the sum in quadrature of the maximum full spread119

extracted from each systematic sources(in p

T

bin) is reported in Fig. 8, while the higher constribution9
120

for each systematic check is summarized in Table 1.121

Source of systematic (low – high p

T

points)

p K p

DCA cut 0.5% 0.5% 2.0%
c2 cut 1.0% 3.5% 3.5%

ITS clusters cut 2.5% 2.5% 2.5%
Tracking Efficiency 6.0–1.0% 8.0–2.5% 8.0–3.0%

PID procedure 1.0–3.0% 2.0–6.5% 1.5%
Contamination 1.0% 1.5% 1.0%
Material budget 5.0–0.5% 2.5–0.5% 4.0–1.0%

Table 1: Major ITS source of systematic uncertainties

2.4 Results and comparison with TPCTOF spectra122

The spectra10 distribution obtained with ITSsa analysis superimposed to the TPCTOF(only stat. error)123

ones for MB(black) and the 5 CC(rainbow plots) are show in Fig.(9, 11, 13), while the ITSsa/TPCTOF124

ratio are reported in the Fig.(10, 12, 14) for p , K and p respectively.125

7In both analysis the same parameters for the likelihood pdf in the Bayesian approach was used, only the priors were
different.

8the same conclusion was considered in p–p analysis[2] from an different check
9independent of p

T

10error bar =
q

s2
stat.+s2

syst.
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Finally… ITSsa pT spectra

!34

ITSsa pT distributions for π

ITSsa pT distributions for K ITSsa pT distributions for p
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ITSsa/TPC-TOF cross check

!35

ITSsa/TPC-TOF comparison.
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ITSsa/TPC-TOF cross check

!35

very good agreement between ITSsa and TPC-TOF in the common pT range 
for all multiplicity classes 
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Combined Spectra Results
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Transverse momentum distributions in p-Pb
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Transverse momentum distributions in p-Pb

Transverse momentum distribution in several VZERO-A multiplicity classes 
(0 < y

CMS
 < 0.5)

● The dotted lines represent individual Blast-Wave fits for low/high p
T
 extrapolation

 K0

S
 were identified exploiting 

their V0 weak decay topology in 
the channel K0

S
 →ππ

arXiv:1307.6796, CERN-PH-EP-2013-135
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Transverse momentum distributions in p-Pb

The p
T
 distribution shows a clear evolution, becoming harder as the multiplicity 

increases (in particular for p and Λ). Increase of the slope at low p
T
 (similar in Pb-Pb)

This trend is evident looking at the ratios, K/π, p/π, Λ/K0

S 
=(Λ+bar(Λ))/2K0

S  
as a 

function of p
T
 

 Λ were identified exploiting their V0 weak decay 

topology in the channel Λ →pπ
arXiv:1307.6796, CERN-PH-EP-2013-135

➢ pT distribution in several VZERO-A multiplicity classes (0 < ycms < 0.5) 

• The dotted lines represent individual Blast-Wave fits for low/high p
T extrapolation 

➢The pT distribution shows a clear evolution, becoming harder as the multiplicity increases 

(in particular for p).  
➢Increase of the slope at low p

T
(similar in Pb-Pb)  

•  This trend is evident looking at the ratios, K/π, p/π, as a function of p
T

Physics Letters B 728 (2014) 25–38



2nd year Seminar, Feb 14th 2014Yasser Corrales Morales /45

K/π vs pT 

➢ Weak evolution with multiplicity in p-Pb  

→ small increase at intermediate pT with increasing VZERO-A multiplicity  

→ corresponding small depletion in the low pT region 

➢ hint at similar behavior to that observed in Pb-Pb collisions

Particle ratio vs. transverse momentum

!38

systematic errors are largely correlated across multiplicityPhysics Letters B 728 (2014) 25–38
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Particle ratios vs transverse momentum

K/π vs p
T

✔ Weak evolution with multiplicity in p-Pb → small increase at intermediate p
T
 

with increasing VZERO-A multiplicity → corresponding small depletion in the 
low p

T
 region

✔ Similar behaviour as observed in Pb-Pb collisions

arXiv:1307.6796, CERN-PH-EP-2013-135
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p/π vs pT 

➢ show similar behavior as observed in Pb-Pb collisions, but much weaker  

→ significant increase at intermediate pT with increasing VZERO-A multiplicity  

→ corresponding significant depletion in the low pT region 

→ stronger enhancement than K/π 

➢ Pb-Pb generally understood in terms of collective flow and/or recombination?

Particle ratio vs. transverse momentum

!39

systematic errors are largely correlated across multiplicity
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Particle ratios vs transverse momentum

K/π vs p
T

✔ Weak evolution with multiplicity in p-Pb → small increase at intermediate p
T
 

with increasing VZERO-A multiplicity → corresponding small depletion in the 
low p

T
 region

✔ Similar behaviour as observed in Pb-Pb collisions

arXiv:1307.6796, CERN-PH-EP-2013-135
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Particle ratios vs transverse momentum

p/π vs p
T

✔ Similar behaviour as observed in Pb-Pb collisions 
✔ but much weaker: 0.8 in central Pb-Pb vs 0.4 in highest multiplicity p-Pb

✔ Significant increase at intermediate p
T
 with increasing multiplicity → Significant depletion in the low p

T
 

region
✔ Stronger enhancement in p-Pb at p

T
 ~ 3 GeV/c than K/π

✔ pp and Pb-Pb at ~ 8 GeV/c: similar values (p-Pb analysis at higher p
T
: work in progress)

✔ Medium does not affect parton fragmentation (it occours into vacuum)?
✔ In Pb-Pb: collective flow and/or quark recombination?

arXiv:1307.6796, CERN-PH-EP-2013-135

Physics Letters B 728 (2014) 25–38
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Mean pT vs. charged multiplicity
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Mean p
T  

vs. charged multiplicity in p-Pb

 <p
T 
> vs. dN

ch
/dη 

✔ Extrapolation: 0 - 10 GeV/c
✔ <p

T 
> increases with multiplicity (stronger for heavier particles) 

✔ Mass ordering: larger mass → larger <p
T 
> 

✔ Trend already observed in Pb-Pb collisions as a function of the multiplicity

arXiv:1307.6796, CERN-PH-EP-2013-135

<pT > vs. dNch/dη        Extrapolation: 0 - 10 GeV/c 

➢ <pT > increases with multiplicity (stronger for heavier particles) 
Mass ordering: larger mass → larger <pT > 
➢ Trend already observed in Pb-Pb collisions as a function of the multiplicity

systematic errors are largely correlated across multiplicity
Physics Letters B 728 (2014) 25–38



2nd year Seminar, Feb 14th 2014Yasser Corrales Morales /45

12-09-2013 IS1013                            Francesco Barile 16

Blast-wave Parameters

Fit π / K / p / K0

S
/ Λ 

✔ No significant change excluding K0

S
, Λ 

✔ T
fo  

 is similar in p-Pb and Pb-Pb

✔ <β
T
>  larger for p-Pb for same multiplicity

✔ Pb-Pb: possible indication of more rapid 
expansion with increasing centrality

✔ p-Pb: Indicative of stronger collective flow 
for smaller system size?
Shuryak, arXiv:1301.4470 [hep-ph]

80 – 100%

0 – 5%

Caveat BW: the actual values of the fit parameters 
depend substantially on the fit range

80 – 90%

0 – 5%

arXiv:1307.6796, CERN-PH-EP-2013-135

Global Blast-wave fit parameters
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π/K/p Blast-wave analysis Schnedermann, PRC 48, 2462 (1993) 

➢ p-Pb presents similar features as observed in Pb-Pb 

→ parameters evolve with increasing multiplicity:           

larger 〈βT〉, smaller Tfo 

in Pb-Pb: hints at a more rapid expansion with increasing 
centrality. 

→ Tfo is similar to Pb-Pb for similar multiplicity,  

〈βT〉 is larger in p-Pb  

in p-Pb: hints at a strong collective flow for small system size? 

Shuryak, arXiv:1301.4470 [hep-ph]

Caveat: the extracted values of 
the fit parameters depend 
substantially on the fit range

Physics Letters B 728 (2014) 25–38
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Blast-wave analysis

✔ Hydro-motivated Blast-wave model
(assumption: locally thermalized medium, 
expanding collectively with a common 
velocity field and undergoing an 
instantaneous common freeze-out)
Schnedermann, PRC 48, 2462 (1993)

✔ Simultaneous fits to all particles 
with 3 common parameters:
✔ <β

T
>     radial flow

✔   T
fo
       freezeout temperature

✔    n        velocity profile

✔ Global fit performed in the 
transverse momentum ranges:

✔ π    →   0.5 – 1.0 GeV/c
✔ K    →    0.2 – 1.5 GeV/c
✔ p     →   0.3 – 3.0 GeV/c
✔ K0

S
  →   0.0 – 1.5 GeV/c

✔ Λ    →    0.6 – 3.0 GeV/c

arXiv:1307.6796, CERN-PH-EP-2013-135

Global fit performed in the pT ranges: 
same for p-Pb and Pb-Pb
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Blast-wave Parameters

π/K/p Blast-wave analysis

✔ Applied to output from the PYTHIA8 event 
generator with and without color 
reconnection (CR)
(arXiv:1303.6326)

✔ This mechanism is necessary in PYTHIA 
tunes to describe the evolution of mean p

T
 

with multiplicity in pp collisions.

✔ If CR enabled: shows the same qualitative 
behaviour.
✔ This model has no collective flow

→ Other final state mechanisms 
(CR) can mimic the effect of radial 
flow. See talk by P. CHRISTIANSEN

arXiv:1307.6796, CERN-PH-EP-2013-135

Global Blast-wave fit parameters

!42

π/K/p Blast-wave analysis 

!
➢Applied to output from the PYTHIA8 event 
generator with and without color reconnection (CR)  
(arXiv:1303.6326) 

!
➢ If CR enabled: shows the same qualitative behavior. 

→ but this model has no collective flow

➢Blast-Wave fit spectral analysis not yet conclusive to shed light on possible 
collective features (radial flow) predicted in high-multiplicity p-Pb 

→ data do not exclude hydro-like collective behavior 

→ other final state mechanisms (CR) can mimic  the radial flow

Physics Letters B 728 (2014) 25–38
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Physics Letters B 728 (2014) 25–38

DPMJET (Roesler et al, arXiv:hep-ph/0012252) 
Fails at low pT 

Shape right above 1-1.5 GeV/c 
!
Krakow (Bozek, PRC85, 014911 (2012)) 

Glauber MC and 3+1 hydro 
Reasonable for π, K 
Good for p 

!
EPOS LHC 1.99 v3400  

(Pierog et al., arXiv:1306:0121) 

Flux tubes hadronizing as jets or contribution 
to the bulk (hydro) 

Reasonable for π 
Good for p 
Deviations for K and Λ
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Summary and conclusions

!44

About the ITS standalone: 
!
➢ ITSsa has been used to extract identified hadron spectra at low pT in ALICE. 
!
➢ Bayesian approach provides better performance (lower contamination).

About the p-Pb combined spectra:  
!
➢ ALICE has measured the pT distributions of identified hadron in p-Pb for different multiplicity 
events. 
!
➢ to Flow or not to Flow? 

Data are consistent with the presence of radial flow in p–Pb collisions. 
Other final state mechanisms (CR) can mimic the effect of radial flow. 

!
➢ Models incorporating final state effects give a better description of the data. (Krakow & EPOS)
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That’s all …  
Thanks 
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My Work in detail…

!46

up to now 

PHYSICS ANALYSIS  

• ITS PID (all the steps described here)  

• Physics analysis from combined spectra 

p-Pb (final and published) & p-p @ 2.76 TeV (preliminary results) 

!

ITS performance 

• Bayesian approach PID (parameterization, priors estimation…) 

• test on new SDD acquisition card (superCARLOSrx) 

Physics Letters B 728 (2014) 25–38
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Multiplicity dependence of pion, kaon, proton and lambda production
in p–Pb collisions at

√
sNN = 5.02 TeV ✩

.ALICE Collaboration ⋆

a r t i c l e i n f o a b s t r a c t
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In this Letter, comprehensive results on π±, K±, K0
S , p(p̄) and Λ(Λ̄) production at mid-rapidity (0 <

yCMS < 0.5) in p–Pb collisions at
√

sNN = 5.02 TeV, measured by the ALICE detector at the LHC, are
reported. The transverse momentum distributions exhibit a hardening as a function of event multiplicity,
which is stronger for heavier particles. This behavior is similar to what has been observed in pp and
Pb–Pb collisions at the LHC. The measured pT distributions are compared to d–Au, Au–Au and Pb–Pb
results at lower energy and with predictions based on QCD-inspired and hydrodynamic models.

© 2013 The Authors. Published by Elsevier B.V. All rights reserved.

1. Introduction

High-energy heavy-ion (AA) collisions offer a unique possibil-
ity to study nuclear matter under extreme conditions, in particu-
lar the deconfined quark–gluon plasma which has been predicted
by quantum chromodynamics (QCD) [1–4]. The interpretation of
heavy-ion results depends crucially on the comparison with re-
sults from smaller collision systems such as proton–proton (pp) or
proton–nucleus (pA).

The bulk matter created in high-energy nuclear reactions can be
quantitatively described in terms of hydrodynamic and statistical
models. The initial hot and dense partonic matter rapidly expands
and cools down, ultimately undergoing a transition to a hadron
gas phase [5]. The observed ratios of particle abundances can be
described in terms of statistical models [6,7], which are governed
mainly by two parameters, the chemical freeze-out temperature
Tch and the baryochemical potential µB which describes the net
baryon content of the system. These models provide an accurate
description of the data over a large range of center-of-mass ener-
gies (see e.g. [8]), but a surprisingly large deviation (about 50%)
was found for the proton production yield at the LHC [9,10]. Dur-
ing the expansion phase, collective hydrodynamic flow develops
from the initially generated pressure gradients in the strongly in-
teracting system. This results in a characteristic dependence of the
shape of the transverse momentum (pT) distribution on the parti-
cle mass, which can be described with a common kinetic freeze-
out temperature parameter Tkin and a collective average expansion
velocity ⟨βT⟩ [11].

✩ This is an open-access article distributed under the terms of the Creative Com-
mons Attribution License, which permits unrestricted use, distribution, and repro-
duction in any medium, provided the original author and source are credited.

⋆ E-mail address: alice-publications@cern.ch.

Proton–nucleus (pA) collisions are intermediate between pro-
ton–proton (pp) and nucleus–nucleus (AA) collisions in terms of
system size and number of produced particles. Comparing particle
production in pp, pA, and AA reactions has frequently been used to
separate initial state effects, linked to the use of nuclear beams or
targets, from final state effects, linked to the presence of hot and
dense matter. At the LHC, however, the pseudo-rapidity density of
final state particles in pA collisions reaches values which can be-
come comparable to semi-peripheral Au–Au (∼60% most central)
and Cu–Cu (∼30% most central) collisions at top RHIC energy [12].
Therefore the assumption that final state dense matter effects can
be neglected in pA may no longer be valid. In addition, pA colli-
sions allow for the investigation of fundamental properties of QCD:
the relevant part of the initial state nuclear wave function extends
to very low fractional parton momentum x and very high gluon
densities, where parton shadowing and novel phenomena like sat-
uration, e.g. as implemented in the Color Glass Condensate model
(CGC), may become apparent [13,14].

Recently, measurements at the LHC in high multiplicity pp and
p–Pb collisions have revealed a near-side long-range “ridge” struc-
ture in the two-particle correlations [15,16]. The observation of an
unexpected “double-ridge” structure in the two-particle correla-
tions in high multiplicity p–Pb collisions has also been reported
[17–20]. This is flat and long-range in pseudo-rapidity %η and
modulated in azimuth approximately like cos(2%φ), where %η
and %φ are the differences in pseudo-rapidity η and azimuthal
angle φ between the two particles. Various mechanisms have been
proposed to explain the origin of this double-ridge like structure.
Both a CGC description [21], based on initial state nonlinear gluon
interactions, as well as a model based on hydrodynamic flow [22,
23], assuming strong interactions between final state partons or
hadrons, can give a satisfactory description of the p–Pb correla-
tion data. However, the modeling of small systems such as p–Pb

0370-2693/$ – see front matter © 2013 The Authors. Published by Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.physletb.2013.11.020

future work… 

ITSsa analysis on p-p @ 900 GeV Re-Analysis & final results for p-p @ 2.76 TeV  

paper on p-p (comparison for all energy)
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Backup…

!47

  

31

TOF raw yield extraction

Roberto Preghenella
Workshop on proton-nucleus collisions at the LHC - ECT* Trento (6th - 10th May 2013)
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Blast-wave (p-Pb spectra-shape) analysis.
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Blast-wave analysis

✔ Hydro-motivated Blast-wave model
(assumption: locally thermalized medium, 
expanding collectively with a common 
velocity field and undergoing an 
instantaneous common freeze-out)
Schnedermann, PRC 48, 2462 (1993)

✔ Simultaneous fits to all particles 
with 3 common parameters:
✔ <β

T
>     radial flow

✔   T
fo
       freezeout temperature

✔    n        velocity profile

✔ Global fit performed in the 
transverse momentum ranges:

✔ π    →   0.5 – 1.0 GeV/c
✔ K    →    0.2 – 1.5 GeV/c
✔ p     →   0.3 – 3.0 GeV/c
✔ K0

S
  →   0.0 – 1.5 GeV/c

✔ Λ    →    0.6 – 3.0 GeV/c

arXiv:1307.6796, CERN-PH-EP-2013-135

Hydro-motivated Blast-wave model  

(assumption: locally thermalized medium, expanding 
collectively with a common velocity field and undergoing 
an instantaneous common freeze-out)  

Schnedermann, PRC 48, 2462 (1993) 

aims at characterizing spectral shapes in V0A 
multiplicity classes with a small set of parameters 

Simultaneous fits to all particles  

with 3 common parameters:  

<βT> radial flow 

 Tfo thermal freezeout temperature 

 n velocity profile 
!
Global fit performed in the pT ranges: 

!

!
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Physics Letters B 728 (2014) 25–38
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Back Up Pid Syst. 
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Backup…
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Backup…
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Mean p
T  

vs. charged multiplicity

<p
T 
> vs. dN

ch
/dη  (pions and kaons)

✔ Similar behaviour as in Pb-Pb → <p
T
> increases with multiplicity

✔ p-Pb values higher than Pb-Pb for similar multiplicity → harder spectra
✔ relative increase (low/high multiplicity) similar to Pb-Pb

arXiv:1307.6796, CERN-PH-EP-2013-135

ALICE, arXiv:1303.0737 [hep-ex]
STAR, PRC 79, 034909 (2009)
PHENIX, PRC 69, 03409 (2004)
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Back Up, trk cut syst. 

Trk sys. positive particles  

Trk sys. negative particles 

Pion Kaon Proton 


