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QCD matter in high temperature

• Hadron gas to Quark 
Gluon Plasma (QGP) 
phase transition at T ~ 
150-170 MeV 

‣ from Lattice QCD 

• LHC (and RHIC) would 
be able to access such 
high temperature regime 
with ultra-relativistic 
heavy ion collisions 

• Study the properties of 
QGP 

‣ QGP state in a few µsec 
after big-bang
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QCD phase diagram from BNL web site!
http://www.bnl.gov/bnlweb/pubaf/pr/photos/2012/07/RHIC_Graphics_Fig1-HR.jpg

http://www.bnl.gov/bnlweb/pubaf/pr/photos/2012/07/RHIC_Graphics_Fig1-HR.jpg
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Study QGP properties by hard probes

• Probe: hard processes (jets&photons) - calculable in pQCD 

• Strong suppression of high pT hadrons at RHIC & LHC 
‣ parton energy loss in QGP 

• Jet tomography (di-jet, gamma-jet correlations), soft hadron 
production associated with jet
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T. Chujo, 2013 Joint Workshop of FJPPL (TYL) and FKPPL, Yonsei Univ. Seoul, Korea, June 4, 2013

Jet quenching 3

ment non-perturbatively into a set of final-state hadrons. The characteristic colli-
mated spray of hadrons resulting from the fragmentation of an outgoing parton is
called a “jet”.

Fig. 2. “Jet quenching” in a head-on nucleus-nucleus collision. Two quarks suffer a hard scat-
tering: one goes out directly to the vacuum, radiates a few gluons and hadronises, the other
goes through the dense plasma created (characterised by transport coefficient q̂, gluon density
dNg/dy and temperature T ), suffers energy loss due to medium-induced gluonstrahlung and
finally fragments outside into a (quenched) jet.

One of the first proposed “smoking guns” of QGP formation was “jet quench-
ing” [6] i.e. the attenuation or disappearance of the spray of hadrons resulting from
the fragmentation of a parton having suffered energy loss in the dense plasma pro-
duced in the reaction (Fig. 2). The energy lost by a particle in a medium, &E , pro-
vides fundamental information on its properties. In a general way, &E depends both
on the characteristics of the particle traversing it (energy E , mass m, and charge) and
on the plasma properties (temperature T , particle-medium interaction coupling1 ',
and thickness L), i.e. &E(E,m,T,',L). The following (closely related) variables are
extremely useful to characterise the interactions of a particle inside a medium:

• the mean free path ( = 1/()*), where ) is the medium density () # T 3 for an
ideal gas) and * the integrated cross section of the particle-medium interaction2,

• the opacity N = L/( or number of scatterings experienced by the particle in a
medium of thickness L,

• theDebye mass mD(T )∼ gT (where g is the coupling parameter) is the inverse of
the screening length of the (chromo)electric fields in the plasma.mD characterises
the typical momentum exchanges with the medium and also gives the order of
the “thermal masses” of the plasma constituents,

• the transport coefficient q̂≡m2D/( encodes the “scattering power” of the medium
through the average transverse momentum squared transferred to the traversing
particle per unit path-length. q̂ combines both thermodynamical (mD,)) and dy-
namical (*) properties of the medium [7, 8, 9]:

q̂ ≡ m2D/( = m2D ) * . (2)

1 The QED and QCD coupling “constants” are 'em = e2/(4+) and 's = g2/(4+) respectively.
2 One has (∼ ('T )−1 since the QED,QCD screened Coulomb scatterings are *el # '/T 2.

Jet quenching (energy loss of parton in QGP)
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Fig. 15. Invariant +0 yields measured by PHENIX in peripheral (left) and central (right)
AuAu collisions (squares) [89], compared to the (TAA-scaled) pp→ +0+X cross section (cir-
cles) [134] and to a NLO pQCD calculation (curves and yellow band) [119].
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Fig. 16. RAA(pT ) measured in central AuAu at 200 GeV for +0 [89] and . [135] mesons,
charged hadrons [114], and direct photons [136, 137] compared to theoretical predictions for
parton energy loss in a dense medium with dNg/dy= 1400 (yellow curve) [138].

top RHIC energies is very close to the “participant scaling”, (Npart/2)/Ncoll ≈ 0.17,
expected in the strong quenching limit where only hadrons coming from partons
produced at the surface of the medium show no final-state modifications in their
spectra [141]. From the RAA one can approximately obtain the fraction of energy
lost, !loss = &pT/pT , via

!loss ≈ 1−R1/(n−2)
AA , (36)

when the AuAu and pp invariant spectra are both a power-law with exponent n, i.e.
1/pT dN/dpT # p−nT [142]. At RHIC (n≈ 8, RAA ≈ 0.2), one finds !loss ≈ 0.2.

The high-pT AuAu suppression can be well reproduced by parton energy loss
models that assume the formation of a very dense system with initial gluon ra-
pidity densities dNg/dy ≈ 1400 (yellow line in Fig. 16) [138], transport coeffi-
cients ⟨q̂⟩ ≈ 13 GeV2/fm (red line in Fig. 17, left) [78], or plasma temperatures

RAA =
”hot/dense QCDmedium”

”QCD vacuum”
=

dnAA/dpTdy

�Nbinary� · dnpp/dpTdy
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ALICE experiment

• Strength of ALICE; low pT (down 
to pT ~ 150 MeV/c), and various 
PID techniques
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EMCal 
Lead-scintillator sampling calorimeter 

Δη=1.4, Δφ=100o

PHOS 
EMCal based on leadtungstate crystals (PWO) 

Δη=0.24, Δφ=100o

TPC 
Charged particles tracking + PID 

Δη=1.8, Δφ=2π
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Di-jet Calorimeter (DCAL)

• DCAL - extension of EMCal acceptance 
‣ Δη=0.7, Δφ=66o on opposite side of EMCal → allows hadron-jet, di-jet 

measurements in ALICE, with R=0.4, up to pT ~ 150 GeV/c 
‣ Energy resolution ~ 10%/√E 

• Enhance photon, jet trigger capability
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beam view

PHOS

DCAL
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Activities in FY2013, LHC_5

• DCAL 
‣ Installed half of DCAL super modules (C-side) in Nov. 2013 

- see short movie for installation in youtube http://www.youtube.com/watch?
v=91BQB405rkQ 

‣ Firmware preparation for readout electronics since Dec. 2013 
‣ EMCAL, DCAL C-side commissioning in Mar. 2014 

• ALICE Physics analysis and Tier-1/2 workshop at Tsukuba in 
Mar. 2014 

‣ http://indico.cern.ch/event/274974 

!

• Data analysis 
‣ Preliminary results on π0-hadron in p+p and Pb+Pb, π0-jet correlations 

in p+p collisions are presented in Quark Matter 2014 conference last 
week
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ALICE workshop at Tsukuba in Mar. 2014

• France-Japan analysis workshop to discuss ALICE physics, 
ALICE detector upgrades 

• T1-T2 workshop for the status of Grid computing in LS1
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The workshop is sponsored by 
Japan Society for Promotion of 
Science (JSPS), France-Japan 
Particle Physics Laboratory (FJPPL),  
University of Tsukuba, and 
Hiroshima University
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  Away-side suppression (≈ 0.6) 
      1. Energy loss in medium?

EMCal

 
 

Neutral Pion-Hadron and Isolated Photon-Hadron Correlations 
in pp and Pb-Pb Collisions with the ALICE Experiment

 Xiangrong Zhu  (for the ALICE Collaboration)
Institute Of Particle Physics, CCNU; Key Laboratory of Quark & Lepton Physics, MOE, China

Lawrence Berkeley National Laboratory, USA
E-mail: xiangrong.zhu@cern.ch

    ALICE is a multipurpose, large-acceptance detector at the LHC, designed for comprehensive 
measurements in the high-multiplicity environment of high energy Pb-Pb collisions.  The data form 
following detectors were used for p0-hadron and photon-hadron correlation studies:
     EMCAL, a lead-scintillator sampling calorimeter, covering large acceptance 
   (|h| < 0.7  and ∆  = φ 100°) for the trigger particles (p0 and photon).
     Central tracking system (ITS+TPC) covering full azimuth and |h| < 0.9 to 
   detect associated particles and to isolate trigger particles. 
       ®  The ITS can be used to localize the primary and secondary vertices, 
       and to track and identify particles down to p

T
100 MeV/∼ c.

         ®  The TPC can measure the charged particles with momentum up to 100 GeV/c, 
        and also provides particle identification (dE/dx resolution better than 10%).
     VZERO for centrality and event plane determination. 

          ALICE experiment setup    

 

          Motivation      

Time Projection Chamber (TPC)

ElectroMagnetic Calorimeter (EMCal)

 

   Correlations between high-p
T 
photons or leading hadrons and charged hadrons are considered as a sensitive probe for studying medium-induced parton energy loss and jet modification in 

heavy-ion collisions. In this poster, we firstly present the measurements of azimuthal angle correlations and nuclear suppression factors                 on the near-side (|∆φ| < 0.7) and away-side 
(|∆  – φ p| < 0.7) from the correlations between p0 triggers and associated charged hadrons at                          in Pb-Pb collisions.  The jet fragmentation fragmentation approximated by the 
imbalance parameter                                measured by isolated photon-hadron correlations in pp collisions is shown secondly.

   In this poster, we present the measurements of neutral pion-charged hadron azimuthal angle correlations in pp and Pb-Pb collisions at                TeV.  The modification of per-trigger yield 
of charged hadrons is measured in 0-10%, which shows 1.2≈  enhancement on the near side and 0.6 suppression on the away side at p≈

T
 > 3 GeV/c. The measurements at peripheral and 

extending to low-p
T
 are the subject of the further analysis. The jet fragmentation function is approximated by the imbalance parameter                               by the isolated photon-hadron 

correlations in pp collisions at            TeV. The jet fragmentation function in Pb-Pb collisions will be measured and compared with the measurement in pp for studying the medium effects.       
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          EMCal clusterization algorithms          Photon and neutral pion identification     
   The energy deposited by photons and charged hadrons in the calorimeter 
is reconstructed by grouping nearby cells into a cluster. The clusterizer 
algorithm used in this analysis is the following:
 Clustering: add neighboring cells to a seed 

cell with energy larger than Eseed if Ecell > Emin. 
If different particles hit EMCal closely, a single 
cluster might be created. 

single p0 simulation

    In this clusterizer, photons from p0 decay start 
merging at p

T 
> 6 GeV/c. The fraction of merged 

photons increases with p0 energy. It is larger 
than 50% above 10 GeV. 

  Based on the performance of the clusterizer algorithm,  the photon and p0  are identified with the 
following prescription in both pp and Pb-Pb collisions.

 Neutral pion identification:  cluster splitting method
® A cluster with large      is split into two new sub-clusters.
®  Each new sub-cluster is centered around seed cells with local    
 maximal energy and formed with maximum of 3x3 cells.
     ✳ A local maximum cell: 

             E(local maxima candidate) - E(adjacent cell) > DE = 30 MeV

      ENLM seed = 100 MeV in pp and 200 MeV in Pb-Pb

® If cells are common to both sub-clusters, their energy is divided
with the energy of the seed cell as weights. 
® With the two new sub-clusters, the invariant mass is calculated   

 Neutral cluster selection: both neutral and charged particles 
create shower at EMCal
     ® Cluster with                          and                                          are    

     considered from charged particles and rejected.  

® Clusters identified as photon candidates via shower shape 
cut with                  .

EMCal shower

 ® In pp:       Eseed = 100 MeV,  Emin = 50 MeV
 ® In Pb-Pb: Eseed = 300 MeV,  Emin = 150 MeV

○ 1 photon cluster

● 2 photons merged cluster

 Photon identification: 

λ0 (1 )
2 =0.5(δϕϕ+ δηη)±√0.25 (δϕϕ−δηη)

2+ δηϕ
2

δXY=∑
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i
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, (X ,Y=ϕ ,η)

w=Max (0,w0+ log(
Ecell

Ecluster

)) , w0=4.5

 i  is a cell of the cluster 

0⩽ηi< 48, 0⩽ϕi< 24.

Cluster shower shape parameters:

ϕ cluster−ϕ track⩽0.03 ηcluster−ηtrack⩽0.025

0.1<λ0

2<0.27

λ0

2

λ0

2

® p0 is identified with cluster splitting method introduced above
® Charged hadrons are detected by the central tacking system ITS+TPC

® Correlation pairs are made with trigger p0 relative to charged hadrons 

in same events and mixed events

® Per-trigger yield of charged hadrons is 

obtained by subtracting flat background
 (pp, Pb-Pb) and flow background (Pb-Pb)

® Analyze simulation data to extract

 correction factors for the raw results. 

® Estimate the systematic uncertainties.  

Y (Δϕ ,Δ η)=
1

Ntrig

dN pair

d Δϕ d η

          
     p0-hadron correlations in pp and Pb-Pb at 2.76 TeV                      

          Analysis results and discussion

®  Azimuthal angle correlations  
pp Pb-Pb

✳ p0 trigger p
T
 bins: 8-12 and  12-16 GeV/c

✳ Associated hadron p
T 
bins:

 
1-2 and 2-4 GeV/c

Near-side enhancement (≈ 1.2)
1. Change of the fragmentation function?

2. Bias on the parton p
T
 spectrum?

®  Modification of per-trigger yield of charge hadrons in Pb-Pb 

 

          Isolated photon-hadron correlations in pp at 7 TeV      
                 Isolation analysis
 ® Leading photon candidates are selected.
                                                     

R=√(Δϕ)2+(Δ η)2=0.4

✳ Isolation technique

No particles, including 
tracks and clusters, 

with p
T
 > 0.5 GeV/c in

cone radius of

✳ Isolation efficiency and purity

∼80% 

from isolation cluster, p0 and g triggers

Purity (note “p”) is calculated by the two-component binned likelihood 
method with inputs from simulation (signal) and data (background)

Analysis strategy
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          Summary and outlooSummary and outlook     k     
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•  Cell$with$highest$energy$in$a$cluster$must$be$1$cell$$away$from$border$
of$the$calorimeter$

•  Clusters$must$contain$at$least$4$cells$$
•  Removal$of$the$cluster$containing$a$bad$channel$and$exo;c$clusters$
(high$energy$deposi;on$in$a$single$tower$due$to$neutron/an;?
neutrons)$

•  Timing$cut$:$?25$<$;me$<$20$ns$
•  Charged$par;cle$veto$:$track$matching$Δφ$>$0.03,$Δη$>$0.25�

The$width$along$cluster$main$
axis,$λ02,$is$used$to$separate$
merged$photon$clusters$from$
single$photon$clusters$and$as$
seen$in$Fig.5$up$to$20$GeV$the$
separa;on$is$quite$good.$
$
$

1. Select$a$neutral$cluster$with$λ02$>$0.3,$track$
matching$etc.$
2. Find$local$maxima:$cells$inside$the$clusters$with$
higher$energy$than$adjacent$cells.$Used$clusters$
with$NLM$<=2.$
3. Split$the$cluster$in$two$new$sub?clusters$taking$
the$two$$highest$local$maxima$and$aggregate$all$
towers$around$them$(form$a$3x3$cluster).$
4. Selected$clusters$with$sub?clusters$having$an$
invariant$mass$at$most$3$sigma$from$the$π0$
mass.$

Fig.6&Uncorrected&π0&distribu4on&with&NLM&<=2&and&
applied&analysis&cuts.&�

ALI-PERF-29549

�����

Figure 1: A sample parton-level event (generated with Herwig [8]), together with many random soft
“ghosts”, clustered with four different jets algorithms, illustrating the “active” catchment areas of
the resulting hard jets. For kt and Cam/Aachen the detailed shapes are in part determined by the
specific set of ghosts used, and change when the ghosts are modified.

the jets roughly midway between them. Anti-kt instead generates a circular hard jet, which clips a
lens-shaped region out of the soft one, leaving behind a crescent.

The above properties of the anti-kt algorithm translate into concrete results for various quanti-
tative properties of jets, as we outline below.

2.2 Area-related properties

The most concrete context in which to quantitatively discuss the properties of jet boundaries for
different algorithms is in the calculation of jet areas.

Two definitions were given for jet areas in [4]: the passive area (a) which measures a jet’s
susceptibility to point-like radiation, and the active area (A) which measures its susceptibility to
diffuse radiation. The simplest place to observe the impact of soft resilience is in the passive area for
a jet consisting of a hard particle p1 and a soft one p2, separated by a y − φ distance ∆12. In usual
IRC safe jet algorithms (JA), the passive area aJA,R(∆12) is πR2 when ∆12 = 0, but changes when
∆12 is increased. In contrast, since the boundaries of anti-kt jets are unaffected by soft radiation,
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Azimuthal$correla;ons$of$neutral$pions$and$
charged$jets$in$pp$collisions$at$√s$=$7$TeV$

Daisuke$Watanabe$for$the$ALICE$Collabora;on�
Jet$measurements$play$a$cri;cal$role$in$probing$the$hot$and$high$energy$density$mader$created$in$
heavy$ion$collisions$through$parton$energy$loss$via$the$observa;on$of$the$possible$jet$structure$
modifica;on$or$jet$suppression.$
Fig.1$shows$the$posi;on$of$hard$scadering$centers$in$the$transverse$plane$generated$in$qPYTHIA.$
Assuming$no$in$medium$energy$loss$per$unit$path$length$(q$=$0$GeV2/fm),$the$distribu;on$follows$
the$unbiased$distribu;on$of$hard$scaderings,$whereas$for$a$large$q$values$and$high$energe;c$π0s$it$
is$strongly$biased$towards$short$jet$path$lengths.$In$fact,$the$same$effect$maximizes$the$path$length$
for$jet$recoiling$from$a$high$transverse$momentum$trigger$hadron$that$mainly$comes$from$the$
surface$of$the$medium.$
In$this$poster,$we$report$π0?charged$jet$azimuthal$correla;ons$with$high$pT$neutral$pion$triggers$
measured$in$pp$collisions$at$√s$=$7$TeV$by$the$ALICE$experiment$at$LHC.$

TPC�

ITS�

EMCal� The$ALICE$detectors$[2]$were$built$to$exploit$the$unique$
physics$poten;al$of$nucleus?nucleus$interac;on$at$the$
LHC$and$are$capable$of$studying$jet$quenching$effects$via$
par;cle$iden;fica;on$and$jet$reconstruc;on.$This$analysis$
used$two$kinds$of$detectors,$the$central$tracking$devices,$
ITS$and$TPC,$for$charged$par;cle$tracks$measurement,$
and$the$electromagne;c$calorimeter$EMCal$for$π0$
measurements.$The$EMCal$was$also$used$as$a$trigger$
detector$selec;ng$events$with$energy$deposi;ons$larger$
than$4$and$5.5$GeV$(the$threshold$changed$during$data$
taking).$
$

Charged$par;cles$measured$in$the$TPC$and$ITS$were$used$to$
reconstruct$the$jets.$We$u;lized$the$an;?kT$algorithm$[3]$from$the$
FastJet$package$[4].�

$
•  An;?kT$algorithm$
•  Resolu;on$parameter$R$=$0.4$$
•  Minimum$track$pT$>$0.15$GeV/c'
•  Jet$pT$>$10$GeV/c$
•  Jet$pseudorapidity$|ηjet|$<$0.5$$
•  Reconstructed$jet$area$A$>$0.4$

Par;cles$deposit$their$energy$in$several$calorimeter$cells$
forming$a$cluster$with$ellipsoidal$shape.$The$opening$angle$
of$the$neutral$meson$decay$photons$becomes$smaller$due$
to$the$Lorentz$boost$with$increasing$energy$of$the$neutral$
meson.$$
In$the$EMCal,$the$two$showers$of$the$decay$photons$start$
to$overlap$when$the$π0$energy$is$larger$than$5$GeV.�

To#do#list�

ALICE&Physics&Week&in&Padova� ���

•  Study#on#π0#iden-fica-on#by#using#shower#shape.##
# # # # # # # # #(simula-on,#pp#7TeV,#PbPb#2.76#TeV)#

1)par1cle)cluster)

2)par1cles)cluster)

Photon(:(
0.1)<)λ02)<)0.27)

π0(:(
λ02)>)0.5))

7(

•  Try#to#include#the#flow#BKG#subtrac-on#method#for#PbPb.#
•  Comparison#with#pp,#PbPb,#simula-on.#
•  Concentrate#on#away#side#recoil#jet#condi-onal#yield#and#width,##

# # # # # # #and#make#IAA#etc#to#extract#physics#message.#

Mo;va;on�

ALICE$experiment� Jet$reconstruc;on�

π0$iden;fica;on$method$� Cluster&spliBng&method�

Results�

•  π0?jet$correla;ons$have$been$measured$in$pp$collisions$at$√s$=$7$TeV$with$cluster$splimng$method$
•  Two$clear$jet$peaks$are$observed,$indica;ng$that$high$pT$produc;on$is$correlated$with$jet$
produc;on$

•  Both$near$and$away?side$widths$are$decreasing$with$increasing$pT$of$the$trigger$π0.$The$decrease$
is$stronger$for$the$away?side$correla;on$width$

•  This$measurement$provides$an$important$baseline$for$Pb?Pb$data$

Summary�

[1]$ALICE$Collabora;on,$J.$Allen,$et$al,$CERN?LHCC?2010?011,$ALICE?TDR?014?ADD?1$
[2]$ALICE$Collabora;on,$arXiv:1402.4476v2$
[3]$M.$Cacciari,$G.$P.$Salam$and$G.$Soyez$et$al,$JHEP$0804$(2008)$063$
[4]$M.$Cacciari,$G.$P.$Salam$and$G.$Soyez$et$al,$CERN?PH?TH/2011?297$
$
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   Figure 5 shows the azimuthal correlation between p0 trigger and charged 
hadrons in signal+background (black) and side-band (blue) ranges. The 
signal, shown as red points, is extracted by subtracting side-band from 
signal+background.

EMCal

 
 

Neutral pion-hadron correlations in pp and Pb-Pb collisions 
at √sNN = 2.76 TeV with ALICE

 Xiangrong Zhu  (for the ALICE Collaboration)
Institute Of Particle Physics, CCNU; Key Laboratory of Quark & Lepton Physics, MOE, China

Lawrence Berkeley National Laboratory
e-mail: xiangrong.zhu@cern.ch

    ALICE is a multipurpose, large-acceptance detector at the LHC, designed for comprehensive
measurements in the high-multiplicity environment of high energy Pb-Pb collisions. 

 The EMCal is a lead-scintillator sampling calorimeter covering large acceptance (|h| < 0.7  
and ∆  = φ 100°) with good energy resolution. It provides efficient triggering on 

● high energy jets;   
● high-p

T
 neutral pions and photons.

          ALICE experiment setup

        EMCal clusterization algorithms         Neutral pion reconstruction

 

          Motivation 

Time Projection Chamber (TPC)

ElectroMagnetic Calorimeter (EMCal)

 The TPC is a cylindrical gas detector covering full azimuth and |h| < 0.9 with a tracking 
efficiency dependence of track p

T 
(~85% at 1 < p

T
 < 10 GeV/c). It provides 

●  charged particle momentum measurement (0.015 < p
T 
< 100 GeV/c);

●  particle identification (dE/dx resolution ~5.5% at low multiplicity and ~6.8% at Pb-Pb central);
●  two-track separation (resolution in relative momentum below 5 MeV/c).

   The energy deposited by photons and charged hadrons in the calorimeter 
is reconstructed by grouping nearby cells into a cluster. Two clusterizer 
algorithms are used in this analysis. 
 

V1: Add neighboring cells 
to a seed cell with energy 
larger than Eseed if Ecell > 
Emin. If different particles 
hit EMCal closely, a single 
cluster might be created. 

single p0 simulation

    In the V1 clusterizer, the 
decay photons “EM showers” 
start to merge at 6 GeV. The 
fraction of merged photons 
increases with p0 energy. It is 
larger than 50% above 10 GeV. 

V2: similar to V1, but 
stops when E

n+1
 ≥ E

n  
is 

reached. The decay 
photons “EM showers” 
start to merge at 20 
GeV.

  Based on the performance of the two clusterizer algorithms, two 
methods are used to reconstruct the p0 in both pp and Pb-Pb.

 Method 2:  larger shower shape cluster + cluster splitting      
with V1 clusterizer

  Every new cluster is centered around seed cells with local                        
maximal energy and formed with maximum of 3x3 cells. 
 If cells are common to both clusters, their energy is divided
with the energy of the seed cell as weights. 
 With the two new split clusters, the invariant mass is calculated (Figure 3).  

 Method 1:  smaller shower shape cluster with V2 clusterizer

 Build invariant mass of cluster pairs over all clusters, shown 
in the right figure upper. A Gauss+3rd order polynomial is fitted 
to the distribution between 8.0 <  p

T 
< 15.0 GeV/c (Figure 2).

                Neutral pion-hadron correlation methods and results 
   Two strategies are used to extract p0-hadron correlations based on the two p0  reconstruction methods using EMCal triggered events in pp and Pb-Pb. 

Strategy 2: merged-cluster splitting  
   Based on the invariant mass distribution using method 2, p0  candidates  are selected  

Strategy 1: side-band subtraction

   Figure 6 shows the comparison of the neutral pion-
hadron correlation using the two strategies discussed. 
Results are seen to be consistent. Since the merged-
cluster splitting strategy significantly enhances the hight 
pt trigger yield statistics, it is preferred in both pp and 
Pb-Pb analyses.

The signal to background ratio        is obtained 
from fitting the invariant mass distribution. Then 

 

   Di-hadron azimuthal correlation measurements provide a powerful tool to understand the properties of the hot, dense matter produced in relativistic heavy-ion collisions. In this 
poster, we present the azimuthal correlation between a p0 trigger and charged hadrons in                          . The goal is to study the near-side (|∆φ| < p/3) and away-side (|∆  – φ p| < 
p/2 and |∆  – φ p| < p/5) nuclear suppression factors                    and                    in Pb-Pb collisions.           

   Figure 7 and Figure 8 show the real and mixed event in pp 
and 20-40% in Pb-Pb, respectively. 

   In this poster, we present neutral pion-charged hadron azimuthal correlations with neutral pion trigger reconstructed by two methods based on two different clusterizer algorithms. 
In pp, we show that both lead to consistent results. The merged-cluster splitting strategy is used to extract neutral pion-hadron azimuthal correlation in real and mixed event in pp 
and Pb-Pb. For the measurement of nuclear suppression factors                   and                   , the background in Pb-Pb as well as the tracking efficiency needs to be obtained.           
                                                              References:
  [1]  P. Foka et al. (ALICE Collaboration), J. Phys. G 30, 1517 (2004) and J. Phys. G 32, 1295 (2006).
  [2]  A. Adare et al. (PHENIX Collaboration), Phys. Rev. C 80, 024908 (2009). 
  [3]  A. Adare et al. (PHENIX Collaboration), Phys. Rev. Lett. 104, 252301 (2010).   
  [4]  K. Aamodt et al. (ALICE Collaboration), Phys. Rev. Lett. 108, 092301 (2012).
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where    is a cell of the cluster,   
 

i 0⩽ηi<48, 0⩽ϕi<24.

2x(5+1/3) SMs

 Select V2 clusters identified as photon candidates via shower 
shape cut (0.1 < l

0
 < 0.27) and charged particle veto.

trigger yield in signal+background range
trigger yield in side band range
signal p0 trigger yield

YS+B :

YB :

YS :

  Mixed event technique
    In pp and Pb-Pb

●  10 bins in |zvertex | < 10 cm;
●  Only Minimum-bias trigger events in   
 the mixed event pool.

      In pp
●  10 bins in the multiplicity.

  In Pb-Pb
● 3 bins in a centrality bin; 
● 3 bins in the event plane. 

p0∆  =φ  φtrig - φassoc 
hch

V1

   Based on method 1 utilizing V2 cluster, trigger p0 
candidates are selected within two ranges in the 
invariant mass distribution (Figure 4): 
  signal+background (0.12 < mgg  < 0.15 GeV/c2 )
  side-band (background) (0.17 < mgg < 0.20 GeV/c2)

p0 trigger correlation extraction    

 

                Summary and references

   Values for Eseed 
and Emin in this analysis:

 In pp:       Eseed = 100 MeV,  Emin = 50 MeV (V1, V2)
 In Pb-Pb: Eseed = 300 MeV,  Emin = 150 MeV (V1)

Cluster shower shape parameters

 A V1 cluster with l
0 
> 0.5 is split into two new clusters.

V2

E
n

E
n+1

= local maxima

= fired tower

= clusterization direction

V1 clusterization

Figure 1

Figure 2

Figure 3

Figure 6

Figure 4

Figure 5

Figure 7 Figure 8

○ 1 photon cluster

● 2 photons merged cluster

around the mass peak at 0.10 < mgg  < 0.18 GeV/c2 . 
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Proposal for FY2014, LHC_8

• Special emphasis on jets and photons 
‣ by utilising DCAL combined with other ALICE subsystems
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H. Masui / Univ. of Tsukuba

Proposal for FY2014, LHC_8

• Main task in FY2014; detector commissioning 
‣ DCAL installation 
‣ Level-1 photon & jet triggers for DCAL (and PHOS) 
‣ Keep working on Run 1 data analysis
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FJPPL (TYL) application 2014-2015 
Fiscal year April 1st 2014 – March 31st 2015 

Please replace the red examples by the appropriate data in black 

Summary 
of 

Project 

Measurements of Jets and Photons in Heavy Ion Collisions at the Highest Beam 
Energy during the LHC-Run 2 by ALICE 
 
A Quark Gluon Plasma (QGP), de-confined matter in which quarks and gluons can freely move 
beyond hadron’s boundary, is thought to be the primordial state of matter of our universe. From the 
first heavy ion data (Run-1, 2009-2013) at LHC, it has been confirmed that QGP is created and the 
initial temperature reached in the collisions is the highest temperature ever produced in the 
laboratory. However, the fundamental properties of QGP, e.g. viscosity, the degrees of freedom, 
nature of the phase transition, the restoration of chiral symmetry, the dynamics of partons in the 
QGP, are still unknown. Among the various probes to investigate the QGP properties, jets and 
photons are unique and very powerful tools. We propose here to develop physics data analysis 
during the LHC Run-2 (2015-2018) for the quantitative determination of QPG properties at the 
highest temperature. We put a particular emphasis on jets and photons measurements by the 
already existing strong collaboration between Japan and France in ALICE. At the same time, 
Japan-France collaboration work on together for a new detector, called DCAL (Di-Jet 
Electromagnetic Calorimeter), to improve jet and photon measurements in Run-2. 
 By the previous program of FJPPL “LHC_05” from 2010 to 2013, we successfully built a tight 
and strong collaboration between Japan and France, especially on the data analysis utilizing the 
EMCal and PHOS (Photon Spectrometer) in ALICE, as well as building DCAL. We will finish the 
DCAL installation by the end of 2014, and start new physics data taking in 2015. The energy of 
LHC accelerator will be upgraded from sqrt(s_NN) = 2.76 TeV to 5.5 TeV in Pb-Pb, (8 TeV to 14 
TeV in p-p), so that we are about to enter a new era of the physics program at LHC with a newly 
built detector at the highest beam energy ever. To continue and further develop a fruitful physics 
programs by the Japan-France collaboration at the new stage of LHC running, we propose the 
following research plan spanning for four years. 
Research Plan: 
x Year 1 (2014 - 2015): DCAL/EMCAL/PHOS detector commissioning & operation (including 

Level-1 photon and jet trigger development), Jet and photon analysis using Run 1 data. 
x Year 2 (2015 - 2016): 1st year of Run-2, DCAL/EMCAL/PHOS operation and 1st data of DCAL 
x Year 3 (2016 - 2017): 2nd year of Run-2, Data analysis & publications, DCAL/EMCAL/PHOS 

operation. 
x Year 4 (2017 - 2018): 3rd year of Run-2, Data analysis & publications, DCAL/EMCAL/PHOS 

operation. 
 In the first year (2014-2015), we concentrate on the detector commissioning especially on DCAL 
and PHOS (new electronics), and also development of Level-1 trigger for photons and jets by the 
collaboration between Grenoble and Tsukuba. On the analysis part, we will perform neutral pions 
and jets measurements using EMCal, DCal (the first data), PHOS and TPC. We will perform S0-jet, 
hadron-jet and gamma-jet correlation measurements in p-p, Pb-Pb and p-Pb, as well as di-jets 
measurements for the study of QGP path length dependence and energy re-distribution following 
the transport of jets through the medium. The Japan-France ALICE data analysis workshop in 
France in 2014 is also planed. We also utilize the support by JSPS (Bilateral Research, 
CNRS-JSPS, 2013.04 – 2015.03) in order to keep strong this collaboration. 

 



H. Masui / Univ. of Tsukuba

Current activities and future plan

• DCAL commissioning 
‣ Preparation of firmware for Level-1 photon & jet trigger 

- Commissioning at test-bench & at ALICE sometime this summer 

‣ Install other half (A-side) of DCAL super modules (Sep. - Nov.) 
- depending on PHOS installation 

• Data analysis 
‣ Correlation measurement between π0 & photon with hadron & jet in 

Pb+Pb collisions at √sNN = 2.76 TeV to understand parton energy loss 
mechanisms 

• France-Japan ALICE workshop 2015 in Saint-Tropez, France
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Summary

• France-Japan collaboration plays important role on DCAL 
project 

‣ C-side DCAL super modules installed 
- Level-1 trigger commissioning for DCAL will take place in this summer 

‣ Full DCAL will be installed this year (Sep.-Nov.), start physics data 
taking from Run-2 (2015-) 

‣ Physics analysis in Run-1 data proceed well, preliminary results of 
correlation measurements have been presented in QM2014 
conference last week 

• Request for travel support in FY2014 to keep strong France-
Japan collaboration for detector upgrade as well as physics 
data analysis
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back up
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