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Introduction

Background Toy Model
In order to study the influence of the background subtraction method on the different jet observables, we use a toy 
model for generating particles uniformly in pseudorapidity η and azimuthal angle ϕ, with a distribution in transverse 

momentum pT which smoothly matches a thermal-like spectrum to a power law.

2 Jet observables, background model and jet reconstruction

2.1 Jet observables

In order to study jets in a heavy-ion environment, we will assume that they are fully decoupled.

We will generate the jet signal via pp collisions at
√
s = 2.76 TeV in Q-PYTHIA [39] which is

based on PYTHIAv6.4.18 [49]. We use the DW tune [50], a minimum pT in the hard scattering

of 70 GeV/c (except for the spectrum of jets, where several files of PYTHIA were simulated with

different bins of pT in the hard scattering, from 11 GeV/c to 302 GeV/c) and only QCD physics

processes (MSEL=1, CKIN(3)=70.). We have checked that this minimum pT offers a compromise

between minimizing the CPU time required for the simulations and minimizing the biases in

the distributions (observed in [36]) for the minimum ET of the leading jet that we will use, see

below (put ET1 distribution?). Samples of 10
5
pp events are generated in this way for each set

of parameters.

We will examine the following observables (details of the kinematical cuts will be provided in

section 2.3):

• The inclusive jet spectrum in ET .

• For the hardest and next-to-hardest jets in the event, with transverse energies ET1 and

ET2 respectively, the distribution in azimuthal angle between them,

∆φ = |φ1 − φ2| (1)

and the dijet energy imbalance or asymmetry, defined as

AJ =
ET1 − ET2

ET1 + ET2
. (2)

• The average missing transverse momentum defined as

�
/p
�
T

�
=

�

i

−piT cos(φi − φleading jet), (3)

where the sum runs over all charged particles in the event with transverse momenta piT
and azimuthal angle φi.

2.2 Toy model for the background

Background subtraction is needed in order to attempt to define the jet characteristics when

the jet is produced together with an underlying event. In order to study the influence of the

background subtraction method on the different jet observables, we will use a toy model for

generating particles uniformly in pseudorapidity η and azimuthal angle φ along the full detector

acceptance, with the following distribution in transverse momentum pT which smoothly matches

a thermal-like spectrum to a power law:

f(pT ) ∝
�

e
−pT /T , pT ≤ αT,

e
−α

�
αT
pT

�α
, pT > αT.

(4)

Here α = 6 is a power suggested by perturbative calculations and T is a ’temperature’ which

determines the exponential behavior of the soft part of the spectrum. We generate in this way

N particles with a mean value corresponding to a multiplicity dN/dη = 2100 which is allowed

to fluctuate from event to event following a Gaussian distribution with a dispersion of a 4 % of
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T (GeV) ρ (GeV/area) σ (GeV/area)
0.7 137.0 7.70
0.9 212.6 10.74
1.2 325.5 15.14

Parameters:
α = 6
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In order to get information about the characteristics of the medium produced in high-energy heavy-ion collisions using reconstructed jets, the effect of background subtraction has to be well under control. In this study, we address this issue by 
embedding jets in a heavy-ion event and then considering the influence of the subtraction method and of different backgrounds, characterized by different mean values and fluctuations, on the momentum imbalance and azimuthal distributions 
of the two leading jets in each event. Using a flexible toy model to simulate the background, two subtraction methods - an area-based one implemented by FastJet, and a pedestal subtraction technique using the information in calorimetric cells 
resembling the one employed by CMS - are examined. We also consider the effect of quenching using the Q-PYTHIA Monte Carlo, and some additional background characteristics like elliptic flow. Our aim is to understand the possible differences 
between the results using the two reconstruction techniques, and how they react to the mentioned modifications of the signal and background. Besides, we compare the results of the Q-PYTHIA Monte Carlo with the dijet observables and missing 

transverse momentum.

FastJet vs. CMS-like Jet Subtraction

Jet Quenching with Q-PYTHIA

Conclusions
A comparison between the two subtraction methods is presented: using FastJet, where the estimation of the 

background parameters is made at the jet level, and using a CMS-like method, where the background estimation is 
made at the particle level. It was shown that they present different sensitivities to the background main 

characteristics and as a consequence, the dijet observables will depend on the background subtraction that is used. 
The jet quenching phenomena was investigated by changing the quenching parameter of Q-PYTHIA up to 8 GeV2fm-1. 
A reasonable description of the main features of the dijet observables and missing transverse momentum is achieved 

without the need of additional large angle mechanisms.

JA
0 0.1 0.2 0.3 0.4 0.5 0.6

1

0

1

2

3

4

5

6

0

20

40

60

80

100

120
 = 0.0

3
 = 0.0, v2v

JA
0 0.1 0.2 0.3 0.4 0.5 0.6

1

0

1

2

3

4

5

6

0

50

100

150

200

250

 = 0.0
3

 = 0.1, v2v

In
fl

u
en

ce
 o

f 
th

e 
T 

p
ar

am
et

er
In

fl
u

en
ce

 o
f 

Fl
ow

W
it

h
 B

ac
kg

ro
u

n
d

: 
D

ij
et

 O
b

se
rv

ab
le

s

W
it

h
ou

t 
B

ac
kg

ro
u

n
d

: 
M

is
si

n
g

 p
T

Background parameters affect the dijet asymmetry differently depending on the background 
subtraction that is used. Dijet azimuthal correlation presents small deviations with respect to 
the background main characteristics when using the FastJet, but for the CMS-like subtraction 

the deviation is larger, contrary to what happens with momentum imbalance.

Jet Subtraction and Reconstruction
Two subtraction techniques:

 FastJet (kt-algorithm with R = 0.4)
 CMS-like (variant of “noise/pedestal” method)
1. Estimation of background parameters in η slices
2. Jets found from the subtracted cells (ET* = ET - <ET(η)> - σT(η))
3. New estimation excluding previous list of jets with ET > ETjets

4. Jets found from the new subtracted cells
 Dependency with the cut ETjets

From reference [34], ETjets = 10 GeV. But in order to get a correct background estimation, we
have to free this parameter to better adjust each background scenario. It happens that for our
model, a correct description of the

�
Etower

T (η)
�
and

�
σtower
T (η)

�
will depend on the ρ and σ that

we chose for our simulation, i.e, will depend on the temperature, T . This choice was made using
the dependence of the transverse energy and dispersion on pseudo-rapidity η . An example, is
shown in figure 2 for T = 0.9 GeV. One can see that, although the average values of

�
Etower

T (η)
�

and
�
σtower
T (η)

�
are in more or less agreement with [34], we can only have a satisfactory match

between the background parameters (black dashed) and the final estimation parameters (green
solid) when ETjets = 60 GeV. If this value is smaler, background particles will be removed from
the final estimation of parameters. As a consequence, the final estimation of background would
present underestimated values compared to the ones that we are selecting in the simulation. In
the end, for a T = 0.7 GeV, we found that the most satisfactory cut was ETjets = 40 GeV and
for T = 1.2 GeV, ETjets = 70 GeV.

Another possibility was to increase the minimum cut of the particles, ETmin. But for a better
comparison with data, we choose to fix this parameter and only tune this method through
ETjets.
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Figure 2: Dependence of the background parameters on pseudo-rapidity η averaged over φ for
a simulation using Q-PYTHIA with q̂ = 0 GeV2 fm−1 embedded in a background with T = 0.9
GeV. The red/dotted line corresponds to the first estimation of background parameters and the
green/solid to the final one. The black/dashed line corresponds to the background parameters
when using only background simulated events

3 Influence of Background Parameters

3.1 Fluctuations

As already mentioned before, one of the purposes of this analysis is to understand what is the
influence of the background characteristics on the jet observables that we are interested in. And
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Good compromise between the increasing dijet asymmetry and the dijet azimuthal 
correlation with Q-PYTHIA.

At the same time, a reasonable description of the transverse momentum distribution 
of the event at all angles is also achieved, without a compelling need of additional 

large angle emission mechanisms.

Flow is introduced by modulating the particle distribution in ϕ with a component v2 and v3. A 
strong correlation between the dijet asymmetry and the leading jet azimuthal distribution is 

found. This effect is stronger for the CMS-like method.


