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•  Finite-acceptance effects in pair measurements are 

more complicated than the effects in single particle 
measurements. 

•  Example in 1D (acceptance [-a, a] in x) 

•  Finite-acceptance effects in two-particle correlation 
analysis mean that pairs are not counted depending 
on the correlated particle positions, and we need to 
correct for those missing pairs. 

•  Current per-trigger associated particle yield is 
divided by normalized mixed-event function for 
finite-acceptance correction, but this procedure 
produces a ratio function instead of working as a 
correction.  

•  Correlation functions or per-trigger associated 
particle yields have two dimensions, (Δφ, Δη), but 
we assume full azimuthal acceptance for the 
detector in this study ! Dimension of finite 
acceptance correction is 1, only in Δη. 

•  If yields or Δφ-projections are considered in the 
analysis, ratio function might produce different 
results from the intended per-trigger associated 
particle yields. 

Finite-acceptance Effects 

 

•  Correlation function shapes from p-p collisions are generally 
dominated by di-jet signals.  

•  If η-acceptance is [-2, 2],  

•  If η-acceptance is [0, 4],  
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•  Two-particle pair-wise correlation analysis is based 

on the simultaneous measurement of pairs of 
particles in each event.  

•  Single and pair densities: 

                                    ,                               , 

 

•  Current definition of the correlation function: 

•  Experimentally,  

 ! it is roughly equivalent to the ratio between 
        correlated production and uncorrelated 
        production. 
 

Introduction 
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We apply the new methods onto the Monte Carlo (MC) simulations to check their validity. In the MC simulations, 
we could detect every η of emitted particles, and control the acceptance range freely. 

 

•  Collective Toy MC simulation with Δη-dependent v2 

•  Correlation function’s yield at each Δη-bin works as 
weighting factor in Δφ-projection. Integrated v2, which is 
evaluated after Δφ-projection, depends on correlation 
function yields if v2 is dependent on Δη. 
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•  The current finite-acceptance correction method 
produces a ratio function (=correlated/uncorrelated).  

•  New methods are developed and tested with the MC 
simulations, and they 
"  analytically work for specific cases, (constant trigger 

location distribution over all events or delta-function-like 
trigger distribution …) 

"  work as approximation in more cases. 

•  Analysis concerning yields or Δφ-projection largely 
depends on finite-acceptance correction method. 

Conclusion 
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•  Modeling particle correlations in a jet which 
corresponds to near-side jet structure,  

                                                                            , 

                                                  

"       : Common reference point of trigger and associated 
particle distributions in each event 

"                 : Trigger-particle distribution in a single event with 
respect to  

"                 : Associated particle distribution in a single event, 
with respect to  

"            : Each event has      value, and           represents the 
distribution of X over all events 

"                if                    and               if others 

•  We can find analytic formulas in certain cases.  

   ! 
             
#  If         is constant, 

#  If                is a delta-function, 

•  Modeling away-side structure in di-jet events,  

#  If                        , (pair density depends only on the 
distance between two jets) 

•  There is no general formula which can always 
connect                 and          . But above methods 
can work as approximate formulas and their validities 
depend on the signal type.  

New Method Derivation 
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New methods for finite-acceptance correction in two-particle 
correlations are developed and tested with the Monte Carlo 
simulations. Current correction method, using event-mixing, are 
discussed in along with the previous papers.1),2)  

Abstract 

1)  L. Xu, C.-H. Chen, and F. Wang, Phys. Rev. C88 (2013) 064907 
2)  S. Ravan, P. Pujahari, S. Prasad, and C. A. Pruneau, Phys. Rev. C89 (2014) 024906 



Defining a Jet 

• Collimated spray of particles  
•  Originating from a hard scattering 
•  Radiation of soft gluons and quarks 
•  Hadronization  

• Defined by the jet finder 
•  Anti-kT 

• Useful probe to study QGP 
•  Experimentally and theoretically  
•  Reflects hard scattered parton 

kinematics  
•  Scattering occurs prior to QGP 

formation 
•  Partons traverse the QGP and lose 

energy  

2 

Hard Scattering 
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Jets at ALICE 

Neutral  
particles 

EMCal is a Pb-
scintillator sampling 
calorimeter which 
covers: 

�  |η| < 0.7,  
�  1.4 < ϕ < π	
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Tracking: 
|η|< 0.9, 0<ϕ<2π  
TPC: gas drift detector 
ITS: silicon detector 

Charged  
particles 

Jets in ALICE 



Jets in Pb-Pb 
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p+p	  

A+A	  
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Absorp3on?	  

Particle Production at Large Transverse Momentum 1

1 Introduction

High-energy collisions of heavy-ions enable the study of hot and dense strongly interacting matter [1–5].
At sufficiently high temperature, it is expected that partons (quarks and gluons) are the dominant degrees
of freedom. During the very early stage of the collision, some of the incoming partons experience
scatterings with large momentum transfers. These partons lose energy when they traverse the hot and
dense medium that is formed. One of the major goals of the heavy-ion physics programme at the LHC
is to understand the underlying mechanisms for parton energy loss and use this as a tool to probe the
properties of the medium.

Parton energy loss in heavy-ion collisions was first observed at RHIC as the suppression of high-pT
particle production in Au–Au collisions compared to expectations from an independent superposition of
nucleon-nucleon collisions [6–9]. At RHIC, the particle production in central (0-5%) Au–Au collisions
at√sNN = 200 GeV is suppressed by a factor of 5 at pT = 5–6 GeV/c [8,9], and is consistent with being
independent of pT over the measured range 5< pT < 20 GeV/c [10].

The increase of the charged particle density (dNch/dη) at mid-rapidity from RHIC energies to actual
LHC energies by a factor of around 2.2 [11] implies a similar increase in energy density. However, the
observed suppression of high-pT particle production also depends on the ratio of quarks to gluons due
to their different color factors, and on the steepness of the pT spectra of the scattered partons. At the
LHC the initial parton pT spectra are less steep than at RHIC and the ratio of gluons to quarks at a given
pT is higher [12]. The measurement of high-pT hadron production at the LHC helps to disentangle the
effects which cause the suppression and provides a critical test of existing energy loss calculations [13].
In particular, the large pT reach provides a means to study the dependence of the energy loss on the initial
parton energy.

We present a measurement of the pT distributions of charged particles in 0.15 < pT < 50 GeV/c with
pseudo-rapidity |η |< 0.8, where η =−ln[tan(θ/2)], with θ the polar angle between the charged particle
direction and the beam axis. Results are presented for different centrality intervals in Pb–Pb collisions
at √sNN = 2.76 TeV. They are compared with measurements in pp collisions, by calculating the nuclear
modification factor

RAA(pT) =
d2NAAch /dηdpT

〈TAA〉d2σ ppch /dηdpT
(1)

where NAAch and σ ppch represent the charged particle yield in nucleus-nucleus (AA) collisions and the cross
section in pp collisions, respectively. The nuclear overlap function TAA is calculated from the Glauber
model [14] and averaged over each centrality interval, 〈TAA〉= 〈Ncoll〉/σNNinel , where 〈Ncoll〉 is the average
number of binary nucleon-nucleon collisions and σNNinel is the inelastic nucleon-nucleon cross section.

Early results from ALICE [15] showed that the production of charged particles in central (0–5%) Pb–Pb
collisions at √sNN = 2.76 TeV is suppressed by more than a factor of 6 at pT = 6–7 GeV/c compared
to an independent superposition of nucleon-nucleon collisions, and that the suppression is stronger than
that observed at RHIC. The present data extend the study of high-pT particle suppression in Pb–Pb out
to pT = 50 GeV/c with a systematic study of the centrality dependence.

Moreover, the systematic uncertainties related to the pp reference were significantly reduced with respect
to the previous measurement by using the pT distribution measured in pp collisions at

√
s = 2.76 TeV

[16].

•  Is AA simply a superposition 
of pp collisions? 

• Energy density 
subtracted 
event-by-event 

• Unfold for 
detector effects 
and background 
fluctuations 

RAA=1 implies yes! 
RAA < 1 implies energy loss 

Jets in ALICE Megan Connors  



Jets in Pb-Pb 
Central Pb-Pb collisions 
•  Jet Quenching! 
•  Suppression observed relative to 

Ncoll scaled pp 
•  Good agreement with energy 

loss models  
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• Good agreement between data and models within errors!
➡both models fitted to the single particle RAA

JEWEL: JHEP 1303 (2013) 080, Eur. Phys. J. C74 (2014) 2762!
YaJEM: Phys. Rev. C78 (2008) 034908, Phys. Rev. C84 (2011) 067902
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Motivation for Jets in p-Pb 

• Could some of the suppression observed in Pb-Pb result 
from Cold Nuclear Matter (CNM) effects? 

•  Is multiplicity dependence of particle ratios observed in 
p-Pb present in the jet fragmentation? 

•  Is the fragmentation behavior of jets different in p-Pb?  

LHCP2014 New York | 2014-JUN-05 | Alexander.Philipp.Kalweit@cern.ch

Phenomena in p-Pb collisions

p-Pb running at the LHC
• September 2012 pilot run 

• 4h data taking 
•  µb-1 per experiment 

• January 2013 production run 
• 3 weeks data taking 
• 35 nb-1 delivered to ATLAS, CMS, 

and ALICE  (1.6 nb-1 to LHCb) 
• beam reversal (p-Pb ↔ Pb-p) 
!

• 4 TeV proton beam on 1.57 TeV/nucleon 
Pb beam 

• center of mass energy of 5.02 TeV 
per nucleon pair 

• center of mass per nucleon par 
shifted by Δy = 0.465 in the direction 
of the proton beam 

2

Many more interesting results from this data set 
are available than what can be presented in 

20min. Only a biased selection can be shown in 
this talk…

ALICE p-Pb @ 5.02 TeV 

QM2014, X. Zhang for the ALICE Collaboration 1

Physics Motivation

• enhanced Λ/KS0 ratio"
➡ involving several phenomena:"

➡ radial flow"
➡ coalescence/recombination"
➡ jet fragmentation…"
"

This analysis: Λ/KS0 ratio in jets in p–Pb"
➡ separation of soft and hard 

processes

• double ridge structure"
"

• v2 > 0 and PID dependent

High multiplicity p–Pb and Pb–Pb collisions - similarities

Physics Motivation

talk: L. Milano, Tue. May 20th, 14:40, QM2014

Phys. Lett. B726 (2013) 164

Phys. Lett. B719 (2012) 29

Phys. Lett. B728 (2014)  25

Jets in ALICE Megan Connors  6 



Jets in p-Pb 
•  Motivation: Quantify CNM effects in 

Pb-Pb jet quenching observation  

•  Spread of results from MC references 
shows uncertainty on pp reference 

•  Consistent with no CNM effects 
•  Suppression in Pb-Pb not a CNM effect 
•  Need to reduce uncertainties with pp data 
•  Baseline for Run II Pb-Pb 

7 

20 30 40 50 60 70 80 90

-1 )
c

 (
G

e
V

/
η

d
T

p
d

N
2

d
 

co
ll

N 
e
vt

N
1

-710

-6
10

-5
10

=5.02 TeV
NN

sALICE p-Pb 

syst error

=0.7 kPYTHIA8 4C 

PYTHIA6 Perugia 2011

POWHEG+PYTHIA8

EPS + Uncertainty

CTEQ6.6 + Uncertainty

ALICE Preliminary
-1bµ=51 intL

|<0.5
jet

η=0.2 |R Tkanti-

)c (GeV/
T,jet

p
20 30 40 50 60 70 80 90

D
a

ta
/M

C

0

0.5

1

1.5

2

ALI−PREL−75740

Nuclear(modifica0on(factors(

28/08/2014( J.Otwinowski(|(Panic(2014(

! Par0cle(suppression(in(Pb8Pb(related(
to((final(state(effects(

RpPb =
1
Ncoll

dNpPb / dpT
dNpp / dpT

p8Pb((minimum(bias,(NSD):(
•  No(modifica0on(at(high(pT((RpPb(=(1)(

Ncoll = A ⋅
σ pN

σ pA

= 208 ⋅ 70 mb
2100 mb

= 6.9

Confirmed(by(jet(measurements((
)2c) or mass (GeV/c (GeV/

T
p

0 10 20 30 40 50 60 70 80 90 100

p
P

b
R

 ,
 

P
b
P

b
R

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2
 = 5.02 TeV, NSD (ALICE)

NN
s, p-Pb  ±h

 = 2.76 TeV, 0-10% (CMS)
NN

s, Pb-Pb  γ

 = 2.76 TeV, 0-10% (CMS)
NN

s, Pb-Pb  ±W

 = 2.76 TeV, 0-10% (CMS)
NN

s, Pb-Pb  
0

Z

, Pb-Pb (ALICE)±h

, Pb-Pb (CMS)±h

 = 2.76 TeV, 0-5% 
NN

s

ALI−PUB−75263

6(

ALICE,(arXiv:1405.2737(
No pp data at 5 TeV 
Compare to MC 

Jets in ALICE Megan Connors  



Fragmentation Properties in p-Pb 

•   No modification of the jet 
sub-structure observed 

Megan Connors  8 
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PLB 722 (2013) 262-272 

•  p-Pb ratio consistent 
with pp collisions at 
2.76 TeV  



Λ/K0
s Multiplicity Dependence in p-Pb 

• Multiplicity dependence observed for inclusive  Λ/K0
s  

• No multiplicity dependence for Λ/K0
s ratio in jets 

• Ratio within the jet lower than inclusive ratio 

QM2014, X. Zhang for the ALICE Collaboration 10

Λ/KS
0 Ratio in Jets

p–Pb minimum-bias collisions

• Λ/KS0 ratio significantly lower in jets than inclusive"

• Ratio for different radii is the same within uncertainties"

• Similar observation within uncertainties for high and low multiplicity events

0-10% 40-100%High Multiplicity Low Multiplicity 

Jets in ALICE Megan Connors  9 

Charged Jets 



Λ/K0
s Ratio Compared to PYTHIA 

• Ratio within the jet consistent with PYTHIA  
•  Increased inclusive Λ/K0

s ratio due to UE 

QM2014, X. Zhang for the ALICE Collaboration 11

Comparison with PYTHIA

• PYTHIA8 pp collisions in jets: similar to p–Pb data"

• Consistent picture for pT,jetch > 10 GeV/c and pT,jetch > 20 GeV/c"

• no significant variation of the Λ/KS0 ratio in jets observed

pT,jetch > 10 GeV/c pT,jetch > 20 GeV/c

Jets in ALICE Megan Connors  10 

Charged Jets 



New ALICE Capabilities in Run II 
• New DCal calorimeter 

•  Increased acceptance for jets  
• Allows for di-jet observables 

Δη=1.4,Δφ=60º  Ready for Run II 

DCal 

Jets in ALICE Megan Connors  11 

EMCal 



Summary 

•  Jet quenching observed in central Pb-Pb collisions 
•  p-Pb consistent with model calculations for 5.02 TeV pp  

•  Need 5.02 TeV pp data to reduce uncertainties 
•  CNM effects cannot account for strong suppression of Pb-Pb  

•  Jet substructure or particle ratios in p-Pb collisions 
consistent with pp expectations  

• Energy loss models reproduce Pb-Pb suppression 
•  Additional observables will provide more constraints to energy loss 

models 

•  Looking forward to measuring jets in Run II  
•  Increased energy and statistics 
•  New (di-)jet capabilities with the DCal   
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Jet Cross-Section (pp) 
√s = 2.76 TeV, R = 0.2 
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•  Important reference 
for Pb-Pb collisions 

•  Good agreement 
between data and  
 NLO calculations  
•  Many orders of 

magnitude 
•  Jets are a well 

calibrated probe for the 
QGP 

arXiv:1301.3475 
PLB: 10.1016/j.physletb.2013.04.026 

Hadronization needed for theory-
data agreement! 
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Agreement with Models 

• Good agreement with energy loss models 
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Comparison with Theoretical Models

8ATHIC2014, X. Zhang for the ALICE Collaboration
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• Good agreement between data and models within errors!
➡both models fitted to the single particle RAA

JEWEL: JHEP 1303 (2013) 080, Eur. Phys. J. C74 (2014) 2762!
YaJEM: Phys. Rev. C78 (2008) 034908, Phys. Rev. C84 (2011) 067902
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