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I Conclusions and outlook
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Diving into the theory ...

I Standard model: describes elementary particles and their
interactions

I Quantum Chromo-Dynamics (QCD): strong interaction between
partons (i.e. quarks or gluons)

I Interaction potential between partons: V (r) = −A(r)
r + Kr

• small r : "weak" interaction→ asymptotic freedom
• large r : second term is dominant→ confinement in hadrons

I Color screening: appears at high
color charge density
→ the partons are not confined
anymore

⇒ Quark and Gluon Plasma (QGP)
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QGP in practice

I Phase transition predicted at T ≈ 175 MeV et ε ≈ 5 GeV/fm3

(0.4 GeV/fm3 for hadronic matter)

I But what is QGP ?

• Hot and deconfined medium
• In thermodynamical equilibrium
• In a defined volume
• State of the universe ≈ 1 µs after the Big Bang

I Now accessible with accelerators (LHC, RHIC) through ultra
relativistic heavy-ion (Pb or Au) collisions

PhD student seminar - March 24, 2016 A. Vauthier 3/24



Heavy ion collisions: the evolution

Björken scenario:
!
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Parton fragmentation and jet

I Hard process: very high energy taking part in interaction

I Fragmentation: described by the fragmentation function D(z).
z = phadron

T /pparton
T

I Jet: hadrons form a particles jet in a finite size cone
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Effects due to QGP phase

I QGP phase implies final state modifications compared to pp
collisions (i.e in vacuum)

I Relevant observable: Nuclear modification factor

RAA = NAA
<Ncoll>×Npp

• RAA = 1: γ, Z/W±

• RAA < 1: hadrons
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⇒High pT particles suppression is attributed to parton energy loss in
QGP
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Jet quenching

I Angular distribution between particles

I Recoiling jet is suppressed in heavy ion collisions

ΔΦ


⇒What’s the amount of energy lost and where does this energy go ?
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Energy redistribution

I From jet analysis (CMS):
• di-jet momentum imbalance measurement
• In-cone imbalance corresponds to out-of-cone imbalance

�p
‖
T =

∑
i

−pi
T cos(φi − φleading jet) (1)

⇒Energy is not recovered in the jet cone and is redistributed
preferentially with low pT particles
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Energy loss measurement: observable

I Until now: proof of parton energy loss in medium

I Interest: quantify parton medium induced energy loss

γ-hadrons correlations = clean way to measure parton energy
redistribution at low pT
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Energy loss measurement: pp reference

I Aim: Measurement of the Fragmentation Function D(z) using γ-jet
events produced with hard processes
• Compton: q + g → γ + q
• Annihilation: q + q̄ → γ + g

I Initial parton energy known: Eparton
initial ≈ Eγ

I Good approximation of the FF
with the xE distribution

xE =
phadron

T

ptrig
T

cos ∆φ ≈ z (2)
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Energy loss measurement in Pb-Pb

I What we expect to see

• Suppression of high pT particles
• Modification of the xE distribution depending on the medium

properties
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γ-hadrons correlations: Method

I Obtain the xE distribution for isolated photons: f (xE ) = 1
Nγtrig

dNh
dxE

I Need to identify:

• Isolated photons (trigger particles)
• hadrons coming from the opposite

side parton fragmentation
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ALICE and EMCal

I ALICE designed for low pT particles ID
I Charged particles : ITS and TPC
I Neutral particles : EMCal

• acceptance: |η| < 0,7 et ∆Φ = 107◦

• Segmentation in lecture units: towers
(0.014 × 0.014 rad)

• Showers in EMCal = clusters
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Photons background contributions

I Direct photons : isolated and circular clusters
I Several background contributions:

• π0/η → γγ (2 photons merged in one single cluster)
• Decay γ from π0 or η
• Fragmentation photons
• Electrons or hadrons

	
  
	
  
	
  

	
  
	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
   	
   	
   	
   	
   	
  
	
   	
   	
   	
   	
   	
  
	
   	
   	
   	
   	
   	
  
	
   	
   	
   	
   	
   	
  
	
   	
   	
   	
   	
   	
  

	
   	
   	
   	
   	
   	
  
	
   	
   	
   	
   	
   	
  

	
   	
   	
   	
   	
   	
  
	
   	
   	
   	
   	
   	
  
	
   	
   	
   	
   	
   	
  

	
   	
   	
   	
   	
   	
  
	
   	
   	
   	
   	
   	
  
	
   	
   	
   	
   	
   	
  
	
   	
   	
   	
   	
   	
  
	
   	
   	
   	
   	
   	
  

	
   	
   	
   	
   	
   	
  
	
   	
   	
   	
   	
   	
  
	
   	
   	
   	
   	
   	
  
	
   	
   	
   	
   	
   	
  
	
   	
   	
   	
   	
   	
  

Direct	
  Photon	
   Fragmentation	
  Photon	
   Merged	
  Decay	
  Photons	
  

	
  

EM
Ca

l	
  

λ0  
  

λ0  
  

Decay	
  Photons	
  

Co
lli
sio

ns
	
  

λ0  
  

Isolated	
   Non	
  Isolated	
   Non	
  Isolated	
   Non	
  Isolated	
  

PhD student seminar - March 24, 2016 A. Vauthier 14/24



Isolated photons background suppression

Apply cuts on the reconstructed EMCal clusters:
I Leading particle of the event
I Charged particles veto
I Round-shaped cluster (λ2

0 ∈ [0.10,0.3])
I Isolation cut (

∑
pin cone

T < 1.0 GeV/c)
After these cuts some contributions remain (at low pT mostly decay γ )
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Purity

Remaining background contributions (decay photons) have to be
estimated to extract the isolated photons purity

I Purity definition:

p =
direct photons clusters

all isolated circular clusters
=

Sisol
<

N isol
<

= 1− Bisol
<

N isol
<

(3)
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Purity estimate

I First assumption:

B isol
<

B 6= isol
<

=
B isol
>

B 6= isol
>

⇐⇒ B isol
< /B 6= isol

<

B isol
> /B 6= isol

>

= 1 (4)

Proportion of isolated clusters is the same at
low and high λ2

0

I Wrong assumption: bias at low λ2
0 , the double ratio falls around

0.8

I Cannot access B in data: estimate double ratio with simulation
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Purity estimate: 2 methods (p2 and p3)

I p2: only background
• No signal in background regions in data
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⇒Set of cuts defining background regions: [3.0 GeV/c, 0.6]

I p3: signal + background
• Signal contamination in background regions is the same in data

and MC
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⇒Cannot be verified completely: systematic taken into account
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Purity estimate: results

Final results for p2 and p3 (statistical uncertainties only)
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Underlying Event (UE) subtraction

I UE: Some hadrons do not come from the hard process

I In pp collisions: particles production is isotropic in azimuth

I Avoid jet contamination: UE is estimated in cones orthogonal to
trigger particle
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xE distribution

The xE distribution for isolated photons is defined as:

f (xE )γ =
1
p

f (xE )clusters − 1− p
p

f (xE )π
0 − f (xE )UE (5)

I f (xE )clusters: all isolated and circular clusters

I f (xE )π
0
: estimated with isolated high λ2

0 π
0 clusters

I f (xE )UE : estimated in cones orthogonal to trigger particle
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xE distribution: result

I xE distribution for isolated photons using p3
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Conclusions

I The parton energy loss mechanism in QGP is not well understood

I The fragmentation function can be approach with the γ-hadrons
correlations using the xE distribution

I Direct photons identification:

• First set of cuts to remove most of direct photons background
• Purity estimate: need to rely on MC – the two methods developed

give compatible results

I Underlying event subtracted statistically based on the isotropy of
particles production

I xE distribution has been presented
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Outlook for next months

I Analysis in pp collisions:

• Finalize the systematic studies on xE distribution (purity already
done)

• Finalize the related analysis note to be submitted to the ALICE
collaboration as a first step for a paper

• Compare the xE distribution with models

I EMCal calibration: finalize calibration of EMCal and DCal for 2015
data

I Analysis in p-Pb collisions:

• Change of strategy for UE ?
• Besides UE the analysis strategy should be unchanged: should be

faster than pp analysis
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BACK UP



LHC

4 main experiences

I ATLAS and CMS : new
physics searches

I LHCb : matter/anti-matter,
CP violation

I ALICE : hadronic physics
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Nuclear phase diagram

Phase transition: increase T and/or µB
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Surface bias

I The highest momentum particle is taken as trigger particle:
• comes from a parton that did not pass through a lot of QGP
• the opposite side parton passed through a lot of QGP and is

completely attenuated
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Production fraction of hard processes

Dominant processus : Compton diffusion⇒ xE distribution slope
approximate the quark FFAnalyse des corrélations photon/⇡0-hadron dans les collisions proton-proton 147

5

On the other hand, the fragmentation component is usually accompanied by other particles issuing from
the hadronization of the same parent parton (jet). Yet, the isolated cross section measured experimentally
cannot be automatically identified with the direct cross section calculated at the Born level. First, higher
order terms originating in the non-collinear fragmentation of partons also contribute to the isolated cross
sections. Second and most important, although isolation cuts such as Eqs. (2), (3) reduce the d�

frag

contribution, a fraction of fragmentation photons with z � 1/(1 + �h) survive the cuts [16]. The average
z-value for fragmentation photons is hzi . 0.6 at the LHC and hzi ⇡ 0.7 at the Tevatron [13], and a
typical isolation energy cut of �h = 0.1, corresponding to 1/(1 + �h) > 0.9, suppresses about 60 – 80% of
d�

frag
(this value is E

�

T
- and scale-dependent). We see this in more detail in Fig. 3 where we show the

subprocesses contributions to the isolated photon cross section. At variance with Fig. 2 for the inclusive
prompt-� case, we can see that a very significant part of the fragmentation component is suppressed after
applying typical isolation cuts (R = 0.4, �h = 0.1). The Compton process now clearly dominates the
photon yield below E

�

T
⇡ 120 GeV at Tevatron and accounts for about 3/4 of isolated � production for

all ET ’s at the LHC. These results confirm the interesting potential of isolated photon hadroproduction
to constrain the gluon density.
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FIG. 3: Relative contributions of the quark-gluon Compton, qq̄ annihilation and fragmentation subprocesses in
NLO isolated photon production at the Tevatron (left), LHC midrapidity (center) and LHC forward rapidity (right)

obtained with jetphox (CTEQ6.6 PDF, µ = E
�

T
, BFG-II FFs) for an isolation radius R = 0.4 and a hadron fraction

of the photon energy of �h = 0.1 inside the cone.

C. jetphox Monte Carlo

The present study relies on the implementation of the photon NLO calculation of both d�
dir

and
d�

frag
in the jetphox Monte Carlo (MC) programme [32, 34]. The main advantage of the jetphox MC

is that one can easily account for any kind of experimental cuts (e.g. on kinematics and/or isolation)
implementable at the partonic level. In addition, one can match naturally the binning of experimental
data by histogramming of the partonic configurations generated. All the NLO results provided in the
following sections are obtained using5 ↵s(MZ) = 0.118, with up to 5 active quark flavours (the lowest E

�

T

considered in this work is close to mb ⇡ 4 GeV/c2). We switched o� the box diagram g g ! g� in the
calculations because its contribution to the single inclusive spectrum is found to be of just a few percent.
The CTEQ6.6, MSTW08 and NNPDF1.2 PDFs were interfaced to jetphox via the lhapdf (version 5.7.1)

5 Note that although each PDF set uses a slightly di�erent reference value: ↵s(MZ) = 0.118 (CTEQ6.6), ↵s(MZ ) = 0.119
(NNPDF1.2), and ↵s(MZ ) = 0.12018 (MSTW08), the resulting di�erences in the � cross sections obtained using the slightly
di�erent coupling choices are very small.
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Figure 9.1: Gauche : contributions relatives des processus de diffusion Compton qg, d’annihilation
qq̄ et de fragmentation dans la production de photons directs au LHC obtenue avec
Jetphox (CTEQ 6.6 PDF, µ = E� , et BFG-II FF) [181] ; Droite : distribution en xE

pour des événements gamma-jet générés par DIPHOX (points bleus). La distribution
est comparée aux fonctions de fragmentation DSS quark (ligne rouge) et gluon (ligne
noire) utilisées pour la génération des événements.

Stratégie d’analyse

L’analyse présentée dans ce chapitre réunit deux analyses différentes : les corrélations ⇡0-
hadron et les corrélations photon-hadron. Elle fait suite à une analyse préliminaire basée sur
les données des collisions proton-proton collectées au cours de l’année 2010 par l’expérience
ALICE [182] [183]. L’analyse des corrélations photon(⇡0)-hadron consiste à identifier les
clusters produits par des photons (⇡0) dans le calorimètre EMCal, puis à mesurer événement
par événement les corrélations angulaires (��,�⌘) et la valeur du paramètre xE entre le
photon (⇡0) et l’ensemble des hadrons chargés reconstruits dans les trajectographes.

Alors que la pureté d’identification des ⇡0 est proche de 100%, l’identification des photons
est plus compliquée (pureté comprise entre 5 et 70% selon le pT du photon) et impose une
étape supplémentaire dans l’analyse des corrélations photon-hadron. Après avoir identifié
les clusters correspondant aux photons prompts, il est en effet nécessaire de corriger les
corrélations angulaires et la distribution en xE de la contamination résiduelle. La sélection
des photons est tout d’abord réalisée à l’aide d’un critère d’isolation. La pureté (p) de
l’échantillon obtenu est ensuite estimée en comparant la forme des clusters à celle attendue
pour les photons prompts (simulation) et les clusters de bruit (⇡0, hadrons). Comme les ⇡0

constituent la source principale de contamination, la correction consiste alors à soustraire une
fraction des distributions obtenues dans le cas des corrélations ⇡0-hadron. La distribution
en xE obtenue après correction est donnée par la relation :
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EMCal : clusterization

Several types of clusterization to reconstruct particles in EMCal : V1,
V2, NxM, V1+Unfolding
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Neutral mesons kinematics
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Assumption bias

I Paired gamma decays : present only at low λ2
0

I MCC : at high λ2
0
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Background double ratio

Result from simulation as we cannot access the double ratio in data:
bias is quite small
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MC JJ correction

I Estimates the background isolation
fraction ratio at low and high λ2

0 :(
Bisol
< /B 6=isol

<

Bisol
> /B 6=isol

>

)
data

=

(
Bisol
< /B 6=isol

<

Bisol
> /B 6=isol

>

)
MC(JJ)

I Hypothesis:
• No signal in B, C and D areas in data and jet-jet simulation
→ cut at high λ2

0 and anti isolation
• Isolation fractions are constant in high λ2

0 region

p2 = 1−
(

B 6= isol
< /Bisol

<

B 6= isol
> /Bisol

>

)
data

×
(

Bisol
< /B 6=isol

<

Bisol
> /B 6=isol

>

)
MC(JJ)

(6)

PhD student seminar - March 24, 2016 A. Vauthier 9/22

Signal 
+Bkg 

Bkg! Bkg 

Bkg!

Isolation 

λ0#
!

0.5 

0.1 

 

 

0.3 

<
≠isol 

!
>
≠isol 

!

<
isol 

! >
isol 

!



Hypothesis 1: No signal in B, C and D zones 1/2

I Closure test: check difference between ptruth
MC and preco

I preco: found by replacing data term in p2 with a GJ + JJ simulation
I If no signal in B, C and D zones: preco = ptruth

MC

p2,reco = 1−
(

B 6= isol
< /Bisol

<

B 6= isol
> /Bisol

>

)
GJ+JJ

×
(

Bisol
< /B 6=isol

<

Bisol
> /B 6=isol

>

)
MC(JJ)

(7)
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Hypothesis 1: No signal in B, C and D zones 2/2

I When preco very close from ptruth
MC no signal in B, C and D zones
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⇒ A good agreement (less than 2 % difference) is found between the
true purity and the corrected one for the whole pT range for the set of

tight cuts [3.0 GeV/c, 0.6]
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Particles proportions

Proportion of each particle type in background zone B, C and D
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I zone B : close to 10% (grows with pT )
I zone C : close to 5% (grows with pT )
I zone D : close to 0→ we neglect signal contribution in this zone
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Hypothesis 2: Isolation fraction at high λ2
0

I Use of tight cuts: the isolation fractions have to be the same in the
whole range of high λ2

0
if not their evolution have to be the same in data and MC (use of
double ratio)

I Divide the high λ2
0 region into 2 subregions with same statistic
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⇒ Difference is not the same in data and MC: lead to a systematic
(not presented today)
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MC GJ+JJ correction 1/2

Try to get rid of hypothesis 2
(constant isolation fractions at high λ2

0 )

I Assume Bj
i = k j

i N
j
i(

Bisol
< /B 6=isol

<

Bisol
> /B 6=isol

>

)
data

=

(
Bisol
< /k 6=isol

< N 6=isol
<

k isol
> N isol

> /k 6=isol
> N 6=isol

>

)
data

and (
Bisol
< /B 6=isol

<

Bisol
> /B 6=isol

>

)
GJ+JJ

=

(
Bisol
< /k 6=isol

< N 6=isol
<

k isol
> N isol

> /k 6=isol
> N 6=isol

>

)
GJ+JJ

I Hypothesis:
• Assume (k j

i )data = (k j
i )MC(GJ+JJ), i.e. signal contamination in B, C

and D zones are the same in MC (GJ+JJ) and data (new compared
to p2)

PhD student seminar - March 24, 2016 A. Vauthier 14/22

Signal 
+Bkg 

Bkg! Bkg 

Bkg!

Isolation 

λ0#
!

0.5 

0.1 

 

 

0.3 

<
≠isol 

!
>
≠isol 

!

<
isol 

! >
isol 

!



MC GJ+JJ correction 2/2

The hypothesis leads to:(
Bisol
< /N 6=isol

<

N isol
> /N 6=isol

>

)
data

=

(
Bisol
< /N 6=isol

<

N isol
> /N 6=isol

>

)
MC(GJ+JJ)

p3 = 1−
(

N 6= isol
< /N isol

<

N 6= isol
> /N isol

>

)
data

×(1− ptruth
MC )

(
N isol
< /N 6=isol

<

N isol
> /N 6=isol

>

)
MC(GJ+JJ)

(8)

PhD student seminar - March 24, 2016 A. Vauthier 15/22

Signal 
+Bkg 

Bkg! Bkg 

Bkg!

Isolation 

λ0#
!

0.5 

0.1 

 

 

0.3 

<
≠isol 

!
>
≠isol 

!

<
isol 

! >
isol 

!



Comparison p2 vs p3

I Signal contamination in B, C and D zones could be not well
reproduced ((k j

i )data 6= (k j
i )MC(GJ+JJ))

I Compare p3 with p2 to avoid bias from signal contamination
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⇒No signal contamination bias for p3 with set of cuts [1.5 GeV/c, 0.3]
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Purity systematics

I Signal contamination

I k factors

I Smearing
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Splitting method : formula

I Split the background contributions

• Proportion of species
r iso
i,< = N iso

i,</N
iso
tot,< (MC)

• Isolation fraction fi,< = N iso
i,</N

iso+6=iso
i,<

(data)

• Fraction of single gamma decays
δi = Nsingle

i /Nsingle+paired
i (MC)

p4 = 1− Nnon-isol
<

N isol
<

[
f isol
π0,<

1− f isol
π0,<

r non-isol
π0,<

−

 f isol
singleπ0

,<

1− f isol
singleπ0

,<

δπ0 +
f isol
pairedπ0

,<

1− f isol
pairedπ0

,<

(1− δπ0)

 r 6=isol
γ
π0,<

−

(
f isol
singleη,<
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δη +
f isol
pairedη,<
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(1− δη)

)
r 6=isol
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]
(9)
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xE formula

f (xE )γ =
1∑

i piNclusters
trig,i

∑
i

piNclusters
trig,i

{
1
pi

f (xE )clusters
i

− 1− pi

pi

(
rπ0,i f (xE )π

0

i + r
γπ0 ,i

[
(1− δπ0,i )f (xE )

γπ
0

paired
i + δπ0,i f (xE )

γπ
0

single
i

]
+ rη,i f (xE )ηi + rγη,i

[
(1− δη,i )f (xE )

γηpaired
i + δη,i f (xE )

γηsingle
i

])}
where f (xE )j,measured

i = f (xE )j,wanted
i + f (xE )j,UE

i
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xE distribution contributions

UE important at low pT

Ex
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

E
 d

N
/d

x
tr

ig
1/

N

4−10

3−10

2−10

1−10

1

10
clusters

0π
0πCluster - 

UE

PhD student seminar - March 24, 2016 A. Vauthier 20/22



xE systematics

I Tracking system resolution

I Hybrid tracks

I Isolation

I λ2
0
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Estimate of UE in Pb-Pb collisions

I High multiplicity : trigger particle never isolated
I Subtract UE, then apply isolation cut
I Estimate in the same φ band as the isolation cone
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