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•  Can	
  control	
  path	
  length	
  by	
  tagging	
  a	
  recoil	
  jet	
  with	
  triggered	
  π0	
  and	
  changing	
  pT	
  for	
  π0	
  
•  High	
  pT	
  of	
  π0	
  -­‐>	
  longer	
  path	
  length	
  of	
  recoiling	
  jets	
  
•  Direct	
  measurement	
  of	
  path	
  length	
  dependence	
  of	
  “jet”	
  quenching,	
  not	
  by	
  hadron	
  
•  pp	
  analysis	
  is	
  an	
  important	
  baseline	
  for	
  PbPb	
  analysis	
  

(CERN-­‐LHCC-­‐2010-­‐011,	
  ALICE-­‐TDR-­‐014-­‐ADD-­‐1)	


ALICE DCal Addendum to the EMCal TDR June 2010
  
 

 7 

 
 
 

 

II.3 DCal Physics  
 
The RHIC studies presented in the previous section show the detail with which the physics 
of jet quenching can be probed by correlation measurements. Kinematic reach will be vastly 
greater at the LHC, and we now present the major capabilities for jet measurements in 
ALICE that will be enabled by addition of the DCal. We concentrate on those measurement 
channels where the DCal brings qualitatively new physics, namely triggered hadron+jet and 
jet+jet correlations. Inclusive measurements of π0, photons, and non-photonic electrons 
from heavy flavor will also be enhanced by the DCal, However, their rates scale linearly 
with acceptance and the improvement brought by the DCal relative to existing ALICE 
capabilities is not as significant as that for correlation measurements, thus we discuss them 
only briefly in this document.  
 
We present several classes of simulations, to explore the physics capabilities of the DCal: 
 

A. Event generator: qPYTHIA  
B. Detector-Level simulation: detailed Geant model of the ALICE detector and DCal, 

for studying the instrumental response of DCal. 
C. Particle-Level simulation: only detector acceptance is considered, with interactions 

in material. Detector response is approximated by utilizing only charged hadrons and 
photons (including decay photons from π0 etc.) from the generator. 

Event generation  
 
We utilize the qPYTHIA model (N. Armesto, 2009) to investigate the effects of jet 
quenching. This is a modification of the standard PYTHIA Monte Carlo code, introducing 
Salgado-Wiedemann quenching weights in the parton shower and calculating the path 
length in medium using realistic nuclear geometry. Calculations are carried out at √sNN = 5.5 

Figure II.2 Hadron+jet correlations in 200 GeV central Au+Au collisions (M. 
Ploskon (STAR Collaboration) 2009). 

 

(Nucl.	
  Phys.	
  A839,	
  255c)	
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Tracking	
  
ITS	
  :	
  Silicon	
  tracker	
  
TPC	
  :	
  Time	
  projec0on	
  
chamber	
  
|η|	
  <	
  0.9,	
  Δφ	
  =	
  360°	


Photon	
  iden0fica0on	
  
EMCal	
  :	
  Pb-­‐scin0llator	
  
calorimeter	
  
|η|	
  <	
  0.7,	
  Δφ	
  =	
  110°	


•  Data	
  set	
  
-­‐  pp	
  collisions	
  at	
  √s	
  =	
  7	
  TeV	
  with	
  EMCal	
  triggered	
  events	
  	
  
-­‐  Pb-­‐Pb	
  collisions	
  at	
  √s_NN	
  =	
  2.76	
  TeV	
  with	
  EMCal	
  triggered	
  events	




π0	
  iden0fica0on	
  method	
  (cluster	
  splimng	
  method)	
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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.#

ALI-PERF-29549

�����

•  The	
  opening	
  angle	
  of	
  the	
  neutral	
  mesons	
  decay	
  photon	
  becomes	
  smaller,	
  
	
   	
   	
   	
  when	
  increasing	
  the	
  neutral	
  meson	
  energy	
  due	
  to	
  Lorentz	
  boost	
  

•  In	
  the	
  EMCAL,	
  when	
  the	
  energy	
  of	
  π0	
  is	
  lager	
  than	
  5	
  GeV	
  
	
  -­‐	
  The	
  two	
  clusters	
  of	
  decay	
  photon	
  start	
  to	
  be	
  close	
  
	
  -­‐	
  The	
  electromagne0c	
  showers	
  start	
  to	
  overlap	
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Charged	
  jet	
  reconstruc0on	
  (FASTJET)	
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FastJet: sequential clustering algorithms ���
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 Parameters 
    - R size  (= √dϕ2 +dη2) 
    - pT cut of single particle 
    - Jet enregy threshold 

Procedure of Jet Finding 
Calculate particle distance  : dij 
Calculate Beam distance      : diB=kti

2p 

Find smallest distance (dij or diB) 
If  dij is smallest combine particles 
If diB is smallest  
   and the cluster momentum 
                           larger than threshold 
                                     call the cluster a Jet. 

arXiv:0802.1189v2 
 [hep-pn] (2008)�€ 

dij =min(kti
2p,ktj

2p )ΔR
2

R2

p =1
p = 0
p = −1

$ 

% 
& 

' 
& 

kT algorithm 
Cambridge/Aachen algorithm 
anti-kT algorithm 

Cone jet KT jet 

Jet*Reconstruc2on*(FASTJET)�

:**0.4*
:**0.15*GeV/c*
:**10****GeV/c�

2012/Dec./19� TAC*seminar� ���

FastJet: sequential clustering algorithms ���
��������
����
���	�����������������
����

 Parameters 
    - R size  (= √dϕ2 +dη2) 
    - pT cut of single particle 
    - Jet enregy threshold 

Procedure of Jet Finding 
Calculate particle distance  : dij 
Calculate Beam distance      : diB=kti

2p 

Find smallest distance (dij or diB) 
If  dij is smallest combine particles 
If diB is smallest  
   and the cluster momentum 
                           larger than threshold 
                                     call the cluster a Jet. 

arXiv:0802.1189v2 
 [hep-pn] (2008)�€ 

dij =min(kti
2p,ktj

2p )ΔR
2

R2

p =1
p = 0
p = −1

$ 

% 
& 

' 
& 

kT algorithm 
Cambridge/Aachen algorithm 
anti-kT algorithm 

Cone jet KT jet 

Jet*Reconstruc2on*(FASTJET)�

:**0.4*
:**0.15*GeV/c*
:**10****GeV/c�

2012/Dec./19� TAC*seminar� ���

Procedure	
  of	
  jet	
  finding	
  
1.  Calculate	
  par0cle	
  distance	
  :	
  dij	
  
2.  Calculate	
  Beam	
  distance	
  :diB	
  =	
  k02p	
  
3.  Find	
  smallest	
  distance	
  (dij	
  or	
  dib)	
  
4.  If	
  dij	
  is	
  smallest	
  combine	
  par0cles	
  
	
  	
  	
  	
  	
  	
  	
  If	
  dib	
  is	
  smallest	
  and	
  the	
  cluster	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  momentum	
  larger	
  than	
  threshold	
  	
  

	
   	
   	
   	
   	
  call	
  the	
  cluster	
  Jet	


Parameters	
  
	
  -­‐	
  R	
  size	
  (	
  =	
  √Δφ2	
  +	
  Δη2)	
  	
  	
  	
  :	
  0.4	
  
	
  -­‐	
  pT	
  cut	
  on	
  a	
  single	
  par0cle	
  :	
  0.15	
  GeV/c	
  
	
  -­‐	
  Jet	
  energy	
  threshold	
  	
  	
  	
  	
  :	
  10	
  GeV/c	
  
	
  -­‐	
  Jet	
  acceptance	
  :	
  |η|	
  <	
  0.5,	
  0	
  <	
  φ	
  <	
  2π	


M.	
  Cacciari	
  et	
  al,	
  JHEP	
  0804	
  (2008)	
  063	




Calcula0on	
  of	
  BKG	
  density	
  by	
  E-­‐by-­‐E	
  in	
  Pb-­‐Pb	
  collisions	


•  ALICE	
  jet	
  analysis	
  have	
  used	
  an	
  event-­‐averaged	
  energy	
  density	
  per	
  unit	
  area	
  ρ	
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3 Local background energy density r(j)322

As stated in the introduction, the energy of a jet in a Pb–Pb jet analysis comprises both the ‘actual’ jet323

energy and clustered energy from the underlying event (UE). To measure a jet spectrum, the underlying324

event’s energy contribution therefore has to be subtracted on a jet-by-jet basis. Earlier ALICE studies325

[9] have used an event-averaged energy density per unit area, r , as an estimate of the jet background326

energy coming from the underlying event. In this section, this event-averaged r , from here denoted as327

hri, will be described briefly, after which a ‘local r(j)’ will be introduced which takes into account the328

contribution of elliptic flow (v2) and triangular flow (v3) to the underlying event.329

3.1 Background energy density hri330

The transverse momentum of a jet in a Pb–Pb collision will consist partly of underlying event energy331

clustered into jets. To remove this background energy a subtraction based on an event’s energy density332

hri and a jet’s area A is performed jet-by-jet,333

p

sub

T, j = pT, j �hri⇥A

j

(3.1.1)

hri in this equation is estimated event-by-event from the median of the distribution of kT jets divided by334

their area335

r = median{ pT,i

A

i

} (3.1.2)

The kT algorithm is used since it produces jets of stable area A µ pR

2 and pT, where the possibility of336

forming jets with irregular shapes ensures that small jets are not produced, when applied to an event with337

a uniform distribution of soft tracks. To reduce the contributions of hard jets to the background energy338

estimate, the median of the pT,i
A

i

distribution is used in 3.1.1. To suppress the hard jet contribution to the339

background energy estimate even further, the two leading kT clusters are excluded from the distribution340

before evaluating the median8. Figure 8 shows hri as function of centrality and as function of multiplicity341

for both the good and semi-good TPC runs. No difference is observed between the distributions obtained342

from the two data-sets.343

3.2 Local energy density r(j)344

The most challenging part of the study of azimuthal dependence of jet yields is disentangling - one can345

argue if this is even conceptually possible - the contribution of the background flow of the underlying346

event (from here on simply called v

n

) to the azimuthal anisotropy of the jet sample which we want to347

measure. Non-zero v

n

of the underlying event will result in a periodic change in energy density as a348

function of the azimuthal angle j , which manifests itself as a modulation of both the track density (e.g.349

number of tracks in a Dj window) and average track pT. A direct result of this modulation will be the350

fact that hri will systematically underestimate the jet background energy in j regions where v

n

is at its351

maximum, and overestimate it where v

n

is at a minimum, the net result of which will be a significant352

non-zero value of the measured v

jet

n

, which is nothing but the contribution of hydrodynamic flow to the353

jet sample.354

In theory this artificial difference between the in-plane and out-of-plane jet yield can be corrected for by355

performing unfolding - which will be described in detail in section 4 - as a function of Dj . However,356

unfolding has proven difficult in cases where the response matrix is off-diagonal, and secondly, the low357

pT cutoff of the p

rec

T jet spectrum is determined from the width of the d pT distribution [9], so it is desirable358

to reduce the width of the d pT distribution to a minimum to allow full usage of the measured jet spectrum359

at low pT. Therefore, a new estimate for the jet background energy is proposed, which does not have a360

8In the semi-good TPC runs, only the first leading jet is removed from the sample.
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•  Local	
  energy	
  density	
  ρ(φ)	
  
	
  -­‐	
  es0mate	
  background	
  density	
  with	
  including	
  the	
  effect	
  of	
  the	
  azimuthal	
  anisotropy	
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Fig. 9: Example of r(j) and its v

n

harmonics. In red, r(j) is plotted, i elliptic (v2) and triangular (v3) flow. The
green (v2) and cyan (v3) line represent the separate components of the fit. The original hri estimate is plotted
as a dashed magenta line. As an illustration, an event where azimuthal correlation is largely dominated by v2 is
presented (left) as well as an event where both the considered harmonics are present (right).

fixed value for each event, but instead is a function of azimuthal angle j , by which one can account for361

the background flow of the underlying event on an event-by-event basis9.362

This ‘local’ estimate, r(j), is obtained by fitting the first three terms of a Fourier expansion363

r(j) = r0 ⇥
⇣

1+2
n

v

obs
2 cos(2[j �Y2,EP

])+ v

obs
3 cos(3[j �Y3,EP

])
o⌘

(3.2.1)

to the d Â pT
dj distritubion - the distribution of total transverse momentum per Dj window - of an event364

(where the assumption has been made[10] that v2 and v3 are the dominant contributions to the flow signal,365

and therefore higher harmonics can be omitted). In this equation, Y
n,EP

represents the n

th order event366

plan of the collision system, its extraction will be described in detail in the coming sections. Figure 9367

shows two examples of such a fit.368

3.2.1 Implementation and technique369

Equation 3.2.1 is fitted to a histogram filled with a d Â pT
dj distribution event-by-event to obtain v2 and v3370

values. This subsection describes in detail the steps that are taken in this procedure.371

Normalization and r0 Parameter r0 in 3.2.1 - which is the normalization of the Fourier expansion - is372

calculated in the ‘classical’ way, i.e. is the hri estimated from the median of the distribution of kT373

jets, excluding the two leading jets from each event, but is not a fixed parameter and can change by374

fitting. Later on in this section, when equation 3.2.7 is introduced to explain how the energy of a jet375

or random cone can be adjusted, it will become clear that the integral over r(j) is normalized in376

such a way that when integrating over the full azimuth, hri is recovered. Hence, the introduction377

of a modulation can change the local energy density of an event, but the total energy still equals378

hri and is by design unchanged after a transformation to r(j);379

The fit histogram The fit to 3.2.1 is performed on a histogram with a d Â pT
dj distribution, which is ob-380

tained by filling a histogram of the j value of tracks using for each track a weight of pT. The tracks381

that are a subset of the pico track selection:382

– Only ‘soft’ pico tracks (0.2 < pT < 5 GeV/c) are accepted (in the systematic studies of this383

analysis this cutoff is varied);384

9Note that also in this approach, unfolding for statistical fluctuations in the background energy density still has to be
performed in- and out-of-plane separately, but the used response matrices will be by good approximation diagonal.

1.  Calculate	
  ρ0	
  by	
  using	
  median	
  method	
  
2.  Fill	
  a	
  histogram	
  of	
  the	
  φ	
  of	
  sow	
  track	
  (0.2<pT<5.0)	
  
3.  Exclude	
  area	
  of	
  the	
  leading	
  jet	
  of	
  an	
  event	
  from	
  the	
  sample	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  all	
  tracks	
  within	
  the	
  same	
  η	
  region	
  of	
  leading	
  jet	
  are	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  rejected	
  from	
  the	
  sample	
  (|ηtrack-­‐ηleading	
  jet|	
  <	
  R)	
  
4.	
  	
  	
  	
  	
  Calculate	
  the	
  event	
  plane	
  
5.	
  	
  	
  	
  	
  Fit	
  a	
  histogram	
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•  Distribu0ons	
  of	
  median	
  method	
  have	
  the	
  differences	
  between	
  	
  
	
  	
  	
  	
  	
  	
  in	
  and	
  out-­‐of-­‐plane	
  due	
  to	
  flow	
  effect	
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Trigger	
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  dependence	
  of	
  azimuthal	
  correla0ons	
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•  Two	
  clear	
  jet-­‐like	
  peaks	
  are	
  observed,	
  indica0ng	
  that	
  high	
  pT	
  
	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  π0	
  produc0on	
  is	
  correlated	
  with	
  jet	
  produc0on	
  

•  Jet	
  yields	
  of	
  near	
  and	
  away	
  side	
  
	
   	
   	
   	
   	
   	
  increase	
  with	
  increasing	
  trigger	
  π0	
  pT	
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Near	
  and	
  away-­‐side	
  widths	
  as	
  a	
  func0on	
  of	
  π0	
  pT	
  	


2015/03/13	


•  Near	
  and	
  away-­‐side	
  widths	
  decrease	
  slightly	
  with	
  increasing	
  trigger	
  π0	
  pT	
  
•  Almost	
  no	
  difference	
  observed	
  for	
  different	
  jet	
  pT	
  thresholds	
  studied	
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π0-­‐jet	
  azimuthal	
  correla0on	
  in	
  Pb-­‐Pb	
  2.76	
  TeV	


Increasing	
  	
  
jet	
  pT	
  threshold	


Increasing	
  π0	
  pT	
  region	


•  Near	
  and	
  away	
  side	
  peaks	
  increase	
  with	
  increasing	
  trigger	
  pT	
  
•  Away	
  side	
  jets	
  with	
  lower	
  trigger	
  pi0	
  pT	
  regions	
  were	
  emiyed	
  towards	
  	
  
	
  	
  	
  	
  	
  	
  large	
  Δφ	
  angle	

2015/03/13	
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Work	
  in	
  progress	




Recoil	
  jet	
  pt	
  distribu0on	
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Work	
  in	
  progress	


•  Distribu0ons	
  of	
  pp	
  7	
  TeV	
  are	
  strongly	
  biased	
  towards	
  high	
  pT	
  region	
  	
  
	
  	
  	
  	
  	
  	
  with	
  increasing	
  trigger	
  π0	
  pT	




Summary	


•  π0-­‐jet	
  correla0ons	
  have	
  been	
  measured	
  in	
  pp	
  collisions	
  at	
  √s	
  =	
  7	
  
TeV	
  and	
  Pb-­‐Pb	
  collisions	
  at	
  √sNN	
  =	
  2.76	
  TeV	
  	
  with	
  cluster	
  splimng	
  
method	
  

	
  
•  pp	
  collisions	
  √s	
  =	
  7	
  TeV	
  

	
  -­‐	
  Azimuthal	
  yields	
  per	
  trigger	
  π0	
  increase	
  with	
  increasing	
  trigger	
  π0	
  pT	
  
	
  -­‐	
  Both	
  near	
  and	
  away	
  side	
  Gaussian	
  widths	
  are	
  decreasing	
  with	
   	
  	
  	
  	
  
	
  	
  	
  increasing	
  pT	
  of	
  trigger	
  π0	
  

	
  -­‐	
  π0-­‐jet	
  correla0on	
  measurement	
  in	
  pp	
  collisions	
  provides	
  a	
  important	
  
	
  	
  	
  baseline	
  for	
  Pb-­‐Pb	
  data	
  

	
  
•  Pb-­‐Pb	
  collisions	
  √sNN	
  =	
  2.76	
  TeV	
  

	
  -­‐	
  Near	
  and	
  away	
  side	
  peaks	
  increase	
  with	
  increasing	
  trigger	
  pT	
  
	
  -­‐	
  Recoil	
  jet	
  yields	
  are	
  suppressed	
  with	
  increasing	
  trigger	
  π0	
  pT	
  	
   	
  	
  
	
  	
  	
  compared	
  with	
  pp	
  7	
  TeV	
  

2015/03/13	
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Back	
  up	
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Invariant	
  mass	
  reconstruc0on	


2015/03/13	


•  3σ	
  invariant	
  mass	
  window	
  from	
  peak	
  mean	
  is	
  selected	
  as	
  π0	
  

•  We	
  can	
  iden0fy	
  π0	
  up	
  to	
  40	
  GeV/c	
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Jet	
  physics	
  of	
  heavy	
  ion	
  collisions	
  at	
  the	
  RIHC	
  and	
  LHC	
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Jet*Modifica2on�

! Parton*jet*modifica2on*
" Collision*with*quarks*in*QGP*
" Gluon*Radia2on�

Parton'Jet�

Par*cle'Jet�

Reconstructed''Jet�

in'QGP�

STAR*PRL*91(2003)*072304�

4<pTtrig<6GeV/c,2<pTasso<pTtrig�

2012/Dec./19� TAC*seminar� ��

Two	
  par0cle	
  correla0ons	
  (RHIC)	
 Di-­‐jet	
  energy	
  imbalance	
  	
  (LHC)	


•  Mainly	
  par0cle	
  correla0on	
  analyses	
  due	
  
	
  	
  	
  	
  	
  	
  to	
  lower	
  jet	
  cross	
  sec0on	
  at	
  the	
  RHIC	
  than	
  
	
  	
  	
  	
  	
  	
  at	
  the	
  LHC	
  

•  Difficult	
  to	
  extract	
  informa0on	
  	
  
	
  	
  	
  	
  	
  	
  on	
  ini0al	
  parton	
  energy	
  and	
  parton	
  	
  
	
  	
  	
  	
  	
  	
  path	
  length	
  in	
  QGP	
  

る事によるパートンのエネルギー損失についてより詳しく解析することが可能になった。
　本研究では、ハドロン-ジェット相関を用いてエネルギー損失の通過距離依存性の測定を
目的としている。さらにトリガーとなるハドロンを高運動量まで識別できる π0中間子に
限定して解析を行った。

図 1.8 LHC-CMS実験における重イオン衝突実験のイベントディスプレイ [11]

1.6.1 重イオン衝突実験における高運動量の π0中間子生成の抑制
重イオン衝突実験では、高運動量の粒子の収量が陽子・陽子衝突に比べて抑制されるこ

とが観測された。これは衝突初期に生成された高運動量のパートンがQGP中を通過する
際に、エネルギー損失を起こし高運動量のハドロン生成が抑制されることに起因している。
このことは π0中間子にも当てはまると考えられる。
　 ALICE実験では、2010年に行われた √

sNN = 2.76 TeV 鉛・鉛衝突実験のデータを
使って π0中間子の収量についての解析が行われた。重イオン衝突での粒子の収量と陽子・
陽子衝突での収量を比較するために RAA(nuclear modification factor)という量が使われ
た。式で表すと以下のように定義される。

RAA =
1

< Ncoll >

(1/NAA
event)d2NAA

π0 /dydpT

(1/Npp
event)d2Npp

π0/dydpT
, (1.6.1)

< Ncoll >はグラウバー模型から求めた 2体核子衝突の数である。もし重イオン衝突での
収量が陽子・陽子衝突の収量の重ね合わせと同じならば、RAAは１となる。
　図 1.9の右の図は、横軸に π0の pT、縦軸に π0のRAAとなっている。高 pT の π0およ
び中心衝突になるほど RAAの値が１より小さくなっているので抑制が強くなっているの
がわかる。π0も他のハドロンと同様にエネルギー損失による抑制を受けている。

1.6.2 ハドロン-ハドロン相関
RICH-STAR実験 √

sNN = 200 GeV 金・金衝突では２粒子相関を用いた解析で、低運
動量の粒子 (ptrigger

T > 4.0 GeV)をトリガーにした場合、away sideのピークの抑制が観測
された。(図 1.10) しかし高運動量粒子 (ptrigger

T > 8.0 GeV) をトリガーにした場合には、
away sideのピークが再び現れた。(図 1.11)　これは away sideのピークを構成している

14

More	
  detailed	
  measurements	
  are	
  needed	
  
	
  -­‐	
  Ini0al	
  parton	
  energy	
  :	
  γ-­‐jet	
  analysis	
  
	
  -­‐	
  Parton	
  path	
  length	
  :	
  hadron-­‐jet	
  analysis	


4	
  <	
  pT	
  trig	
  <	
  6	
  GeV/c,	
  2	
  GeV/c	
  <	
  pTasso	
  <	
  pTtrig	
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20 ALICE Internal Note 2012

Figures 12, 13, 14 and 15 show the result of the splitting procedure for selected V1 clusters with453

NLM = 1 (2 cases), NLM = 2 and NLM = 5, respectively.454

455

In the next sections, we explain the different selection criteria and then what are the efficiency and purity456

of this method.457
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Fig. 12: Example of what look like the split clusters using the procedure described in the text. The squares
represent the cells energy, being the y and x axis the position in the super-module. Upper plot: V1 input cluster
with NLM = 1 measured in real data, pp collisions

p
s = 7 TeV, coming likely from a p0 (tagging done by the

method described in the note). Bottom plots: sub-clusters formed after splitting. Each plot contains the fraction
of energy measured in a cell of the cluster. In this case the 2 selected maxima are in diagonal, compared to next
figure that are in the same column.
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Figures 12, 13, 14 and 15 show the result of the splitting procedure for selected V1 clusters with453

NLM = 1 (2 cases), NLM = 2 and NLM = 5, respectively.454
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s = 7 TeV, coming likely from a p0 (tagging done by the

method described in the note). Bottom plots: sub-clusters formed after splitting. Each plot contains the fraction
of energy measured in a cell of the cluster. In this case the 2 selected maxima are in diagonal, compared to next
figure that are in the same column.

Overlap	
  cells	


Overlap	
  cells	


1.  Select	
  neutral	
  cluster	
  with	
  λ02	
  >	
  0.3,	
  track	
  matching	
  etc	
  
2.  Find	
  local	
  maxima	
  in	
  the	
  cluster	
  
3.  Split	
  the	
  cluster	
  in	
  two	
  new	
  sub-­‐clusters	
  taking	
  
	
  	
  	
  	
  	
  	
  	
  the	
  two	
  highest	
  local	
  maxima	
  cells	
  and	
  aggregate	
  
	
  	
  	
  	
  	
  	
  	
  all	
  towers	
  around	
  them	
  (form	
  3x3	
  cluster)	
  
4.  Get	
  the	
  two	
  new	
  sub-­‐clusters,	
  and	
  calculate	
  energy	
  
	
  	
  	
  	
  	
  	
  	
  asymmetry	
  and	
  invariant	
  mass	


•  Overlap	
  cell	
  energy	
  is	
  calculated	
  
	
  	
  	
  	
  	
  	
  by	
  using	
  weight	
  of	
  each	
  local	
  	
  
	
  	
  	
  	
  	
  	
  maxima	
  cell	
  energy	




π0	
  iden0fica0on	
  purity	
  and	
  efficiency	
  (pp	
  7	
  TeV)	


Xiangrong Zhu Approval for Technical and Physics Preliminaries 10

p0 reconstruction purity and efficiency in pp

Identification purity Identification efficiency

®  Results from  LHC12f2a (pp 7 TeV) and LHC12a15a (pp 2.76 TeV).

ALICE Simulation

ALICE Simulation

®  Only the splitting mass at mean ±  3s  are considered as the p0 candidate2015/03/13	
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π0	
  iden0fica0on	
  purity	
  and	
  efficiency	
  (PbPb	
  2.76	
  TeV)	


Xiangrong Zhu Approval for Technical and Physics Preliminaries 11

p0 reconstruction purity and efficiency in Pb-Pb

Identification purity Identification efficiency

®  The purity and efficiency are calculated from the HIJING production.

ALICE Simulation

ALICE Simulation

®  Only the splitting mass at mean ±  3s  are considered as the p0 candidate
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π0	
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  spectrum	
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Correc0on$of$π0$and$jet$re$construc0on$efficiency�

03/03/2014� 
�

Correc*on'of'π0'and'jet'reconstruc*on'efficiency�

 (GeV/c)0/
T

p
10 15 20 25 30 35

E
ff

ic
ie

nc
y

0

0.2

0.4

0.6

0.8

1

NLM = 1

NLM = 2

NLM > 2

ALL

 = 7 TeVsMC, pp 

 (GeV/c)part
T,ch jet

p
10 20 30 40 50 60 70 80 90 100 110

Je
t F

in
di

ng
 E

ffi
ci

en
cy

0

0.2

0.4

0.6

0.8

1

 = 7 TeVsPYTHIA pp @ 
LHC12a15f

 > 0.15 GeVtrack
T

 R=0.4 pTAnti-k
10 ALICE Analysis Note 2013

In order to select efficient the p0, we apply a selection of the clusters based on l 2
0 and asymmetry cuts,

plus a cut on the invariant mass. We defined a cut selecting those clusters with mass within 3 s of the
mean mass depending on the energy, and used dependencies are :
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4 Charged jet reconstruction

4.1 Charged track selection

This analysis used the charged tracks reconstructed ITS and TPC with the track momentum range p

T

>
0.15 GeV/c and h range |h | < 0.9. In order to avoid the azimuthally-dependent efficiency due to non-
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– Charged particles veto : There are clusters which is generated by charged particles in all clusters. In
order to subtract these clusters, we apply a cut in the residual angular position between the clusters
and the projection of the TPC tracks to the EMCAL surface, we reject clusters with residuals in h
and f direction of Dh = 0.025 and Df = 0.03.
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5 Corrections208

In this analysis, the azimuthal correlations was calculated by the following function to obtain the associ-209

ated par trigger yields as function of ∆ϕ = ϕπ0 −ϕ jet .210

dNjet

d∆ϕ =
1

Nπ0
trigger

dNpair

d∆ϕ (5)

The azimuthal correlation is obtained in five different pT bins for trigger π0, and three different associated211

jet pT bins. Trigger π0 pT regions were required [8-12] [12-16] [16-20] [20-24] [24-36] GeV/c, and212

associated jet pT thresholds were require [p jet
T,ch > 10, 20, 30] GeV/c.213

5.1 Event mixing214

We selected trigger particles π0 within EMCal acceptance, and associated jets within all azimuthal ac-215

ceptance. In order to correct the effect of detector acceptance, this analysis is used event mixing method.216

We analyzed π0-jet correlation with EMCal triggered events. Such events can not be used to construct217

the mixed event pool due to the limited EMCal acceptance and the trigger, which make most of the time218

the selected associated particles close to the trigger particle in the calorimeter. Fig. 17 shows azimuthal219

correlations of real events and mix events and after applying event mixing.220

– 100 events in the pool221

– z vertex divided by 2 cm step bin size (10 bins) from -10 cm to 10 cm222

– Track multiplicity, 8 bins on multiplicity of hybrid tracks being : [0-5], [5-10], [10-20], [20-30],223

[30-40], [40-55], [55-70], [>70]224

For mixed events we get Nsame
pair (pπ0

T ,∆ϕ) and Nmixed
pair (pπ0

T ,∆ϕ). In order to get the final par-trigger yield,225

we calculate the following formula:226

C(∆ϕ) =
∫

Nmixed
pair (pπ0

T ,∆ϕ)d∆ϕ
∫

Nsame
pair (pπ0
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Fig. 17 shows the azimuthal correlation of real events and mix events and applied event mixing.227
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•  These	
  figure	
  are	
  applied	
  a	
  bin-­‐by-­‐bin	
  correc0on.	
  
•  The	
  correc0on	
  factors	
  are	
  the	
  ra0os	
  of	
  par0cle	
  level	
  to	
  detector	
  level.	
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