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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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•  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	
  	
  
-­‐  Number	
  of	
  events	
  :	
  10	
  M	
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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. 
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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	
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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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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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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	
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•  3σ	
  invariant	
  mass	
  window	
  from	
  peak	
  mean	
  is	
  selected	
  as	
  π0	
  

•  We	
  can	
  iden0fy	
  π0	
  up	
  to	
  40	
  GeV/c	
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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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Fig. 8:

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-

•  π0'reconstruc*on'efficiency'
'$'ΔpT'='1.0'GeV/c'

•  Jet'finding'efficiency'
'$'10~20'GeV':'0.93,'20~30'GeV':'0.97,'30~GeV':'1.0�

��

π0	
  triggered	
  jet	
  azimuthal	
  correla0ons	
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•  Detector	
  acceptance	
  correc0on	
  (event	
  mixing	
  method)	
  
	
  -­‐	
  100	
  events	
  pool	
  
	
  -­‐	
  Z	
  vertex	
  =	
  (-­‐10,	
  10)	
  cm,	
  2	
  cm	
  wide	
  bins	
  
	
  -­‐Track	
  mul0plicity,	
  9	
  bins	
  on	
  mul0plicity	
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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.

5 charged jet reconstruction
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•  Event'mixing'
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Fig. 15: Jet pT , ϕ end η distributions with R=0.4, Aarea > 0.4 and input track ptrack
T > 0.15 (GeV/c), used EMCal

triggered events.

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
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∫
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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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FIG. 6. (Color online) Per-trigger azimuthal jet yields for the most
in-plane, φs = 0–15◦ (solid circles), and out-of-plane, φs = 75–90◦

(open circles), trigger particle selections in midcentral (20%–60%)
collisions for various partner momenta. Insets show away-side
region on a zoomed scale. Bars indicate statistical uncertainties.
Underlying event modulation systematic uncertainties are represented
by bands through the points while the corresponding normalization
uncertainties are shown as dashed lines around zero. Near- and
away-side jet yield integration windows are indicated with arrows.

this source of systematic uncertainty has little correlation
between the centrality and momentum selections.

For central events the near-side suppression is consistent
with a constant as a function of φs within the statistical
and φs-correlated systematic uncertainties. The values are
also consistent with no suppression when considering the
global scale uncertainty that appears on the trigger particle
orientation averaged IAA. On the away-side, there is significant
suppression in central events, as evidenced by the trigger
particle averaged IAA, but the statistical precision with which
to determine the φs variation is limited.

Midcentral (20%–60%) events, have greater eccentricity
and could be expected to show correspondingly larger trigger
particle orientation dependence due to path-length variation
through the collision zone. The same set of representative
per-trigger azimuthal yields is shown in Fig. 6 for the
midcentral selection. Again, the near-side jets for the most

FIG. 7. (Color online) Nuclear jet suppression factor IAA by
angle with respect to the reaction plane φs for near- and away-side
angular selections, circles and squares, respectively, in midcentral
(20%–60%) collisions for various partner momenta. Bars indicate
statistical uncertainties. The shaded band shows the systematic
uncertainty on the reaction-plane resolution unsmearing correction.
Solid points show trigger particle angle averaged results and the
global scale uncertainty.

in-plane and most out-of-plane trigger particle orientations
are consistent with each other, a direct indication of little
variation with respect to the reaction plane. The mid-"φ are
also in agreement with zero, as before, further demonstrating
that the underlying event flow correlations are well described
by Eqs. (6)–(9). In contrast to the near-side, the away-side
measurements (see insets in Fig. 6) change between the
in-plane and out-of-plane trigger particle orientations with
the latter having consistently smaller yield for all partner
momenta.

The integrated near- and away-side per-trigger jet yields
for midcentral (20%–60%) collisions are shown in Fig. 7.
The near-side jet is essentially flat, with negligible suppres-
sion [IAA(φs) = 1]. The away-side jet yield is increasingly
suppressed with increasing φs . This falling trend results in
only small associated particle yield remaining for out-of-plane
trigger particle orientations.
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global scale uncertainty that appears on the trigger particle
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suppression in central events, as evidenced by the trigger
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in-plane and most out-of-plane trigger particle orientations
are consistent with each other, a direct indication of little
variation with respect to the reaction plane. The mid-"φ are
also in agreement with zero, as before, further demonstrating
that the underlying event flow correlations are well described
by Eqs. (6)–(9). In contrast to the near-side, the away-side
measurements (see insets in Fig. 6) change between the
in-plane and out-of-plane trigger particle orientations with
the latter having consistently smaller yield for all partner
momenta.

The integrated near- and away-side per-trigger jet yields
for midcentral (20%–60%) collisions are shown in Fig. 7.
The near-side jet is essentially flat, with negligible suppres-
sion [IAA(φs) = 1]. The away-side jet yield is increasingly
suppressed with increasing φs . This falling trend results in
only small associated particle yield remaining for out-of-plane
trigger particle orientations.
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and φs-correlated systematic uncertainties. The values are
also consistent with no suppression when considering the
global scale uncertainty that appears on the trigger particle
orientation averaged IAA. On the away-side, there is significant
suppression in central events, as evidenced by the trigger
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in-plane and most out-of-plane trigger particle orientations
are consistent with each other, a direct indication of little
variation with respect to the reaction plane. The mid-"φ are
also in agreement with zero, as before, further demonstrating
that the underlying event flow correlations are well described
by Eqs. (6)–(9). In contrast to the near-side, the away-side
measurements (see insets in Fig. 6) change between the
in-plane and out-of-plane trigger particle orientations with
the latter having consistently smaller yield for all partner
momenta.

The integrated near- and away-side per-trigger jet yields
for midcentral (20%–60%) collisions are shown in Fig. 7.
The near-side jet is essentially flat, with negligible suppres-
sion [IAA(φs) = 1]. The away-side jet yield is increasingly
suppressed with increasing φs . This falling trend results in
only small associated particle yield remaining for out-of-plane
trigger particle orientations.
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with a constant as a function of φs within the statistical
and φs-correlated systematic uncertainties. The values are
also consistent with no suppression when considering the
global scale uncertainty that appears on the trigger particle
orientation averaged IAA. On the away-side, there is significant
suppression in central events, as evidenced by the trigger
particle averaged IAA, but the statistical precision with which
to determine the φs variation is limited.

Midcentral (20%–60%) events, have greater eccentricity
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particle orientation dependence due to path-length variation
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FIG. 7. (Color online) Nuclear jet suppression factor IAA by
angle with respect to the reaction plane φs for near- and away-side
angular selections, circles and squares, respectively, in midcentral
(20%–60%) collisions for various partner momenta. Bars indicate
statistical uncertainties. The shaded band shows the systematic
uncertainty on the reaction-plane resolution unsmearing correction.
Solid points show trigger particle angle averaged results and the
global scale uncertainty.

in-plane and most out-of-plane trigger particle orientations
are consistent with each other, a direct indication of little
variation with respect to the reaction plane. The mid-"φ are
also in agreement with zero, as before, further demonstrating
that the underlying event flow correlations are well described
by Eqs. (6)–(9). In contrast to the near-side, the away-side
measurements (see insets in Fig. 6) change between the
in-plane and out-of-plane trigger particle orientations with
the latter having consistently smaller yield for all partner
momenta.

The integrated near- and away-side per-trigger jet yields
for midcentral (20%–60%) collisions are shown in Fig. 7.
The near-side jet is essentially flat, with negligible suppres-
sion [IAA(φs) = 1]. The away-side jet yield is increasingly
suppressed with increasing φs . This falling trend results in
only small associated particle yield remaining for out-of-plane
trigger particle orientations.
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FIG. 6. (Color online) Per-trigger azimuthal jet yields for the most
in-plane, φs = 0–15◦ (solid circles), and out-of-plane, φs = 75–90◦

(open circles), trigger particle selections in midcentral (20%–60%)
collisions for various partner momenta. Insets show away-side
region on a zoomed scale. Bars indicate statistical uncertainties.
Underlying event modulation systematic uncertainties are represented
by bands through the points while the corresponding normalization
uncertainties are shown as dashed lines around zero. Near- and
away-side jet yield integration windows are indicated with arrows.

this source of systematic uncertainty has little correlation
between the centrality and momentum selections.

For central events the near-side suppression is consistent
with a constant as a function of φs within the statistical
and φs-correlated systematic uncertainties. The values are
also consistent with no suppression when considering the
global scale uncertainty that appears on the trigger particle
orientation averaged IAA. On the away-side, there is significant
suppression in central events, as evidenced by the trigger
particle averaged IAA, but the statistical precision with which
to determine the φs variation is limited.

Midcentral (20%–60%) events, have greater eccentricity
and could be expected to show correspondingly larger trigger
particle orientation dependence due to path-length variation
through the collision zone. The same set of representative
per-trigger azimuthal yields is shown in Fig. 6 for the
midcentral selection. Again, the near-side jets for the most

FIG. 7. (Color online) Nuclear jet suppression factor IAA by
angle with respect to the reaction plane φs for near- and away-side
angular selections, circles and squares, respectively, in midcentral
(20%–60%) collisions for various partner momenta. Bars indicate
statistical uncertainties. The shaded band shows the systematic
uncertainty on the reaction-plane resolution unsmearing correction.
Solid points show trigger particle angle averaged results and the
global scale uncertainty.

in-plane and most out-of-plane trigger particle orientations
are consistent with each other, a direct indication of little
variation with respect to the reaction plane. The mid-"φ are
also in agreement with zero, as before, further demonstrating
that the underlying event flow correlations are well described
by Eqs. (6)–(9). In contrast to the near-side, the away-side
measurements (see insets in Fig. 6) change between the
in-plane and out-of-plane trigger particle orientations with
the latter having consistently smaller yield for all partner
momenta.

The integrated near- and away-side per-trigger jet yields
for midcentral (20%–60%) collisions are shown in Fig. 7.
The near-side jet is essentially flat, with negligible suppres-
sion [IAA(φs) = 1]. The away-side jet yield is increasingly
suppressed with increasing φs . This falling trend results in
only small associated particle yield remaining for out-of-plane
trigger particle orientations.
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in-plane, φs = 0–15◦ (solid circles), and out-of-plane, φs = 75–90◦
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region on a zoomed scale. Bars indicate statistical uncertainties.
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by bands through the points while the corresponding normalization
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away-side jet yield integration windows are indicated with arrows.

this source of systematic uncertainty has little correlation
between the centrality and momentum selections.

For central events the near-side suppression is consistent
with a constant as a function of φs within the statistical
and φs-correlated systematic uncertainties. The values are
also consistent with no suppression when considering the
global scale uncertainty that appears on the trigger particle
orientation averaged IAA. On the away-side, there is significant
suppression in central events, as evidenced by the trigger
particle averaged IAA, but the statistical precision with which
to determine the φs variation is limited.

Midcentral (20%–60%) events, have greater eccentricity
and could be expected to show correspondingly larger trigger
particle orientation dependence due to path-length variation
through the collision zone. The same set of representative
per-trigger azimuthal yields is shown in Fig. 6 for the
midcentral selection. Again, the near-side jets for the most

FIG. 7. (Color online) Nuclear jet suppression factor IAA by
angle with respect to the reaction plane φs for near- and away-side
angular selections, circles and squares, respectively, in midcentral
(20%–60%) collisions for various partner momenta. Bars indicate
statistical uncertainties. The shaded band shows the systematic
uncertainty on the reaction-plane resolution unsmearing correction.
Solid points show trigger particle angle averaged results and the
global scale uncertainty.

in-plane and most out-of-plane trigger particle orientations
are consistent with each other, a direct indication of little
variation with respect to the reaction plane. The mid-"φ are
also in agreement with zero, as before, further demonstrating
that the underlying event flow correlations are well described
by Eqs. (6)–(9). In contrast to the near-side, the away-side
measurements (see insets in Fig. 6) change between the
in-plane and out-of-plane trigger particle orientations with
the latter having consistently smaller yield for all partner
momenta.

The integrated near- and away-side per-trigger jet yields
for midcentral (20%–60%) collisions are shown in Fig. 7.
The near-side jet is essentially flat, with negligible suppres-
sion [IAA(φs) = 1]. The away-side jet yield is increasingly
suppressed with increasing φs . This falling trend results in
only small associated particle yield remaining for out-of-plane
trigger particle orientations.
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also consistent with no suppression when considering the
global scale uncertainty that appears on the trigger particle
orientation averaged IAA. On the away-side, there is significant
suppression in central events, as evidenced by the trigger
particle averaged IAA, but the statistical precision with which
to determine the φs variation is limited.
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and could be expected to show correspondingly larger trigger
particle orientation dependence due to path-length variation
through the collision zone. The same set of representative
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angular selections, circles and squares, respectively, in midcentral
(20%–60%) collisions for various partner momenta. Bars indicate
statistical uncertainties. The shaded band shows the systematic
uncertainty on the reaction-plane resolution unsmearing correction.
Solid points show trigger particle angle averaged results and the
global scale uncertainty.

in-plane and most out-of-plane trigger particle orientations
are consistent with each other, a direct indication of little
variation with respect to the reaction plane. The mid-"φ are
also in agreement with zero, as before, further demonstrating
that the underlying event flow correlations are well described
by Eqs. (6)–(9). In contrast to the near-side, the away-side
measurements (see insets in Fig. 6) change between the
in-plane and out-of-plane trigger particle orientations with
the latter having consistently smaller yield for all partner
momenta.

The integrated near- and away-side per-trigger jet yields
for midcentral (20%–60%) collisions are shown in Fig. 7.
The near-side jet is essentially flat, with negligible suppres-
sion [IAA(φs) = 1]. The away-side jet yield is increasingly
suppressed with increasing φs . This falling trend results in
only small associated particle yield remaining for out-of-plane
trigger particle orientations.
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Summary	


•  π0-­‐jet	
  correla0ons	
  have	
  been	
  measured	
  in	
  pp	
  
collisions	
  at	
  √s	
  =	
  7	
  TeV	
  with	
  cluster	
  splisng	
  
method	
  

•  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	
  

•  The	
  decrease	
  is	
  stronger	
  for	
  the	
  away-­‐side	
  
correla0on	
  width	
  

•  The	
  π0-­‐jet	
  correla0on	
  measurement	
  provides	
  an	
  
important	
  baseline	
  for	
  Pb-­‐Pb	
  data	
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7.3 Splitting identification efficiency1239

Different efficiencies can be defined:1240

ePID(E) =
clusters generated by 2g f rom p0 decay identi f ied as p0 f or NLM = X

all clusters generated by 2g f rom p0 ; (10)

ereco⇥PID(pT ) =
clusters generated by 2g f rom p0 decay identi f ied as p0 f or NLM = X

input p0 with g in EMCal acceptance
; (11)

ereco⇥PID⇥Acc(pT ) =
clusters generated by 2g f rom p0 decay identi f ied as p0 f or NLM = X

input p0 in |y|< 0.7
. (12)

In all equations, the numerator is a function of the reconstructed cluster pT or E (E for ePID), in the1241

denominator of the first equation the reconstructed E is used. The denominator of the last 2 equations is1242

a function of the pT of the generated p0. The first equation gives just the identification efficiency of the1243

method for a given reconstructed cluster energy, useful to know clearly where the method starts or stops1244

to produce a significant signal (it is also less dependent on the generation acceptance of the p0 unlike1245

the other definitions). The second equation, corrects for detector resolution effects. The third equation is1246

used to correct the spectra since it corrects also by the detector acceptance. In order to compare different1247

features of the method, one can compare the different efficiencies.1248

1249

Let’s first have a look to the simple case of single p0 simulations the identification efficiency (ePID) in1250

Fig 84 for different single p0 Monte-Carlo productions: flat pT slope, pT slope of p0 spectra in pp col-1251

lisions at
p

s = 7 TeV and pT slope of p0 spectra in pp collisions at
p

s = 2.76 TeV. The efficiency does1252

not change much from one realistic pT slope to the other, the flat pT distribution shows important differ-1253

ences at the lower energies and specially for NLM = 2 compared to the realistic pT slopes, the deviations1254

are different depending on the efficiency definition (not shown). This difference needs to be taken into1255

account when using Minimum Bias (PYTHIA/HIJING) MC generations with added signals, which are1256

generated with flat pT spectra. The analysis is efficient for NLM = 1 clusters from ⇠12 GeV, for the1257

two cuts combinations considered. The shower shape cut decreases the efficiency at high energy down to1258

negligible values at 70 GeV. For NLM = 2 clusters, the analysis is efficient from 8-10 GeV and becomes1259

negligible at ⇠50 GeV due to the shower shape cut, without this cut, the efficiency (PID) stays at ⇠5%1260

depending on the clusterization settings. Increasing the minimum cell energy in the clusters from 50 to1261

150 MeV, makes the analysis less efficient at low energy for NLM = 2.1262

1263

Figure 84 shows the invariant mass cut tightened to 1.5s instead of 3s , this can help later to improve the1264

purity of the measurement but there is a noticeable effect on the efficiency, lowering from 30% to 10%1265

depending on the energy, when only the invariant mass cut is applied, the effect is smaller but still ⇠10%1266

when adding the other cuts. In any case, the lowering is not too strong in the full energy range, and if1267

there are no limitations due to statistics, the tightening of the invariant mass cut is feasible.1268

Now let’s do the efficiency calculation with the more realistic simulations for pp and Pb-Pb collisions.1269

Figures 86 and 87 show the efficiencies ePID and ePID⇥Reco⇥Acceptance when the invariant mass cut at 3s1270

is applied for pp and Pb-Pb collisions. Figures 88 and 89 show the same efficiencies when the invariant1271

mass cut at 3s plus the shower shape and energy asymmetry cut are applied. No correction for the known1272

biases is applied yet in the pp simulations. The following observations can be made:1273

36 ALICE Analysis Note 2012

at pch jet
T,gen = 20 GeV/c and increases to 14% at pch jet

T,gen = 100 GeV/c. For 75% of the jet population
the correction for detector effects is smaller than 25% at low pjet

T and 40% at high pjet
T .

3.4.4 Jet Finding Efficiency

The jet finding efficiency is defined as the ratio between the number of reconstructed matched
jets and the number of particle level jets in the jet acceptance as function of the transverse
momentum of the particle level jet pch jet

T,gen:

e jet(pch jet
T,gen) =

Nmatched

N|hgen|<0.5
particle level

, (18)

in which N|hgen|<0.5
particle level is the total number of jets on generated particle level and Nmatched refers

to the particle level jets matched to a detector level jet. To avoid edge effects in the definition
of the jet finding efficiency only the generated jets are selected to be within the jet acceptance
and no selection is applied on the reconstructed jets. This means that in case the reconstructed
jet migrates outside acceptance, |hrec|> 0.5, it is not counted as lost.
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(a) Jet finding efficiency for inclusive unbiased
jets for pp and Pb–Pb reconstruction settings.
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Figure 20: Jet finding efficiency for jets with radius parameters R = 0.2 and R = 0.3. Data
points extracted from PYTHIA simulation in pT hard bins with pp and Pb–Pb reconstruction
settings. Systematic uncertainties drawn as boxes around data points in the right panel originate
from uncertainty on tracking efficiency.

For a broad range of jet pT, pch jet
T,gen > 20 GeV/c, jet reconstruction is fully efficienct, see Figure

20(a). At low pT the jet finding efficiency is reduced due to migration outside the jet h accep-
tance to an efficiency of 0.93 at pch jet

T,gen = 10 GeV/c. The jet finding efficiency for jets with radii
of R = 0.2 and R = 0.3 differs a few percent at low pT and is the same at high pT. In general the
jet finding efficiency is higher in pp compared to Pb–Pb. When jets are selected by requiring a
high pT leading track the jet finding efficiency is reduced since jets of which the leading parti-
cle is not reconstructed due to tracking inefficiency are lost, see Figure 20(b). With the leading
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