
      	 	 	 	

What does PYTHIA tell us about jets surrounded 
by extremely high underlying event ? 
Antonio Ortiz, Universidad Nacional Autónoma de México

Good isolation of the leading jet peak 
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Motivation 
In central heavy-ion collisions an imbalance in dijet transverse momentum (� ) is 
observed, consistent with jet quenching

Correlations of charged-particle tracks (� ) with jets 
indicate that the momentum imbalance is accompanied by a softening of the 
fragmentation. In-cone excess of high-pT tracks is balanced by out-of-cone low-pT 
tracks [1]

Aj

|η | < 2.4, pT > 0.5 GeV/c

��1,2 <
2

3
⇡, |⌘1,2| < 1.6

pT,1 > 120GeV/c

pT,2 > 50GeV/c
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Jet-hadron correlations in PYTHIA 
How the interaction of the leading jet (“a la Color Reconnection, CR”) with 
surrounding partons could modify its transverse momentum (pTleading jet)?


 pp collisions at 13 TeV were simulated with Pythia (Monash tune)

 Jets were reconstructed using the anti-kT algorithm (R=0.5) implemented in 
FastJet. Background is estimated, on an event-by-event basis, using the median of 
the distribution � . The figures below show results for �𝑝T/A ̂pT = 125 GeV/c
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For small systems, the study of out-of-cone particle production could be interesting. 
This work: using PYTHIA 8.240 [2], jet-hadron correlations in pp collisions with large 
underlying event (UE), i.e. Multiple-Partonic Interactions (MPI), are studied

After background subtraction, pTleading jet vs Number of MPIs (Nmpi) is flat  without CR. 
Contrarily, with CR pTleading jet increases with increasing Nmpi 

Same effect is observed w/o Initial-State and Final-State Radiation (ISR and FSR)

Inclusive case: Compared with pure dijet systems (Nmpi=1), momentum imbalance at 
high Aj is reduced with increasing RR (30%) 

In-cone: The momentum excess is observed in the leading jet direction, it is nearly Nmpi 
and RR independent. The excess is carried by high pT (>8 GeV/c) particles, which 
contribution increases with increasing RR 
The in-cone momentum excess gets more balanced by intermediate-pT out-of-cone 
particles (2-4 GeV/c) when RR increases

Do we see something similar using leading particles? 
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Pythia Monash
�
Associated particles: �
10 < plead. part.

T < 20 GeV/c, |ηlead. part. | < 0.8
0.15 < pT < plead. part.

T , |η | < 0.8

Pythia Monash (no CR)

Pythia Monash (no IS-FSR)

Near side: Low-pT production increases with increasing Nmpi (more UE). High-
pT production is unaffected, but it increases (wrt reference) when CR is on  
UE: Intermediate-pT production increases with CR [3] in events with high Nmpi 

Similar observation if event selection is based on   (see fig. below) dNch/dη

No CR 
No background subtraction

No CR 
Without background

With CR 
Without background

AJ =
pT,1 � pT,2

pT,1 + pT,2
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ΔR = (ϕjet − ϕtrack)2 + (ηjet − ηtrack)2
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Missing pT vs Aj : CR contributes to increase the pTjet (more in-cone high-pT particles). Out-of-cone particles (UE) at intermediate pT increases with increasing CR

 vs : According with PYTHIA,  increases with . Therefore, intermediate-pT production (in UE) is higher in high-multiplicity events 

than in MB. Given the way CR is constructed, the effect should be � -dependent [4]. (What do we expect if we compare pp, p-A and A-A similar �  and same � ?)                                                   

(plead.jet
T > 120 GeV/c, |ηlead.jet | < 1.6)

ρ ΔR( |ηlead.part. | < 0.8, 10 < plead.part.
T < 20 GeV/c) ⟨pled. part.

T ⟩ ⟨dNch/dη⟩
η ⟨dNch/dη⟩ sNNSU

M
M
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Y 

Error bars: statistical error for �8 < pT < 10 GeV/c

Momentum balance in dijet events within a high UE environment: albeit for pp, we 
understand the origin of the dijet asymmetry, it is still interesting to explore its behavior 
at high Nmpi. Strategy: (a) the missing pT of charged particles is projected onto the 
leading jet axis. (b) The particle production both in-cone and out-of-cone regions in 
events with Nmpi=15 and Nmpi=1 is studied. (c) Reconnection Range (RR) is varied

YES: To answer the question, leading-hadron 
correlations are studied in inelastic pp 
collisions at � 

The leading charged particle is determined 
within �  and � 

Associated particles are selected within 
�  and � 


Yields �  are studied as a 

function of  �  

s = 13 TeV

|η | < 0.8 10 < pT < 20 GeV/c

|η | < 0.8 0.15 < pT < 10 GeV/c

(ρ =
Nch

ΔηΔϕ )
ΔR

Momentum imbalance increase
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