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Introduction 

 
Forward-backward (FB) correlations, a robust tool to 

explore both the Long Range Correlations (LRC) and 

the Short Range Correlations (SRC) in high energy 

collisions 

The long range FB correlations (in pseudorapidity(η) 

range, |η| > 1) may be due to the multiparticle 

interactions, originated at very early stages of the 

collisions 

The short range FB correlations (|η| < 1) are mainly 

due to the independent sources like jets/minijets or 

resonances[1, 2] 

FB correlations: the observables[3] 

 
Selection of some F and B quantities in 

pseudorapidity intervals, symmetrically located in the 

forward and backward direction respectively 

Calculation of the FB correlation strength using 

Pearson Correlation Coefficient formula as:  
 
 
 

FB Correlations: Classifications 

 
 n - n, the correlations between charged-particle 

multiplicities  
 𝑝T - 𝑝T, the correlations between mean or summed 

transverse momenta of charged particles  

 𝑝T - n, the correlations between mean or summed 

transverse momenta in one pseudorapidity interval 

and the multiplicity of charged particles in another 

pseudorapidity interval  

Here, we have explored first two 

types of FB correlation strengths 

using Pearson Correlation 

Coefficients: 

Schematic diagram of F 

and B regions of certain 

pseudorapidity width (δη) 

and separated by a 

pseudorapidity gap ((ηgap)  



  
The EPOS3 model[4] 
 

EPOS stands for: Energy conserving multiple scattering; 

Partons, parton ladders and strings; Off shell remnants; 

Saturation 

Universal approach for collision systems: pp, pA, AA 

 Initial conditions: Gribov-Regge multiple scattering 

approach, elementary object => Pomeron => parton ladder 

Core-corona approach to separate fluid and jet hadrons. 

Different regions of interaction => 

o higher string density: core, no jet parton escape 

o lower string density: corona, escape of jet parton 

Core undergoes full collective expansion producing Quark 

Gluon Plasma => a complete 3+1D viscous hydrodynamic 

evaluation applied 

Parton-hadron transition: realistic equation-of-state, 

compatible with lattice gauge results 

Hadronization: using standard Cooper-Frye formalism with 

subsequent hadronic cascade (UrQMD) 
 

Events and Cuts 
 
Minimum-bias EPOS3 simulated events with hydro and without 

hydro in pp collisions at 𝑠 = 13 TeV 

Events are selected with a minimum of two charged particles in 

the chosen kinematic intervals  

  Analysis has been carried out following ALICE[5]  and ATLAS[6] 

kinematics 

ALICE kinematics 

 [following 0.9, 2.76 and 7 TeV cuts] 

 0.3 < pT  < 1.5 (GeV) & |η| < 0.8 

δη = 0.2, 0.4, 0.6, 0.8  & ηgap = 0, 0.4 & 0.8 

 

ATLAS kinematics  

[following 0.9 and 7 TeV cuts]  

pT > 0.1 (GeV) & |η| < 2.5 

δη = 0.5 & ηgap = 0, 1, 2, 3 & 4 

FB correlation coefficients studied for:   

  gap between the FB windows (ηgap) 

  width of FB windows (δη) 

  minimum transverse momentum (p𝑇𝑚𝑖𝑛) 

  different multiplicity classes 
 

Weightage average of FB correlation coefficient:   

  As a function of centre-of-mass energies for 0.9, 2.76, 7 TeV 

(our previous study[7] ) and 13 TeV (this analysis) 

 

 



FB multiplicity and momentum 

correlations [η𝑔𝑎𝑝] 
 

 Correlation coefficient 𝑏𝑐𝑜𝑟𝑟(mult/ 𝑝𝑇) 

decreases with ηgap for both ALICE and 

ATLAS kinematics for EPOS3 

generated pp events at 𝑠 = 13 TeV 

with and without hydro 

0.0 0.2 0.4 0.6 0.8
0.3

0.4

0.5

0.6

0.7

0.8

s = 13 TeV      = 0.4

ALICE Kinematics

 

 

b
c
o
r
r(

m
u

lt
)


gap

 QGSM

 EPOS3 With hydro

 EPOS3 Without hydro

0 1 2 3 4 5

s = 13 TeV        = 0.5

ATLAS Kinematics

 

 


gap

 EPOS3 With hydro

 EPOS3 Without hydro

0.0 0.2 0.4 0.6 0.8
0.35

0.40

0.45

0.50

0.55

0.60

ALICE Kinematics

s = 13 TeV    = 0.4


gap

 

b
c
o
r
r

(p
T
)


gap

 EPOS3 with hydro

 EPOS3 Without hydro

0 2 4

ATLAS Kinematics

s = 13 TeV    = 0.5

 

 

 

 EPOS3 With hydro

 EPOS3 Without hydro

0.2 0.3 0.4 0.5 0.6 0.7 0.8
0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

ALICE Kinematicss = 13 TeV    
gap

 = 0

 
 

b
c
o
r
r
(m

u
lt

)



 QGSM

 EPOS3 With hydro

 EPOS3 Without hydro

0.2 0.3 0.4 0.5 0.6 0.7 0.8
0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

ALICE Kinematicss = 13 TeV    
gap

 = 0

 

 

b
c
o
r
r
(

p
T
)



 EPOS3 With hydro

 EPOS3 Without hydro

FB multiplicity and momentum 

correlations [δη] 
 

 Correlation coefficient 𝑏𝑐𝑜𝑟𝑟(mult/ 𝑝𝑇) 

increases non-linearly with δη for both 

ALICE and ATLAS kinematics for 

EPOS3 generated pp events at 𝑠 = 

13 TeV with and without hydro 

 𝑏𝑐𝑜𝑟𝑟(mult) as a function of ηgap and 

δη are compared to the Quark Gluon 

String Model (QGSM)[8]  
qualitative 

agreement 



FB multiplicity and momentum correlations [𝑝𝑇𝑚𝑖𝑛] 
 

 Correlation coefficient 𝑏𝑐𝑜𝑟𝑟(mult/ 𝑝𝑇) decreases with 

increasing p𝑇𝑚𝑖𝑛 of the charged particles for ATLAS 

kinematics for EPOS3 generated pp events at 𝑠 = 13 TeV 

with and without hydro 

FB momentum correlations [Mult] 
 

 𝑏𝑐𝑜𝑟𝑟( 𝑝𝑇) decreases with the increasing 

minimum multiplicity at a fixed ηgap for pp 

collisions at 𝑠 = 13 TeV showing the fusion of 

strings into core in the EPOS3 framework 
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FB multiplicity and momentum correlations [ 𝑠] 
 

 δη-weightage average of 𝑏𝑐𝑜𝑟𝑟(mult/ 𝑝𝑇) as a function of centre-of-

mass energy shows an increasing trend from lower to higher energies for 

both ALICE and ATLAS kinematics for EPOS3 generated pp events with 

and without hydro 



  
 Summary 
 
 Similar to our previous findings in pp collisions at 𝑠  = 

0.9, 2.76 & 7 TeV using EPOS3 model[7], FB multiplicity 

and momentum correlation strengths decrease with 

ηgap  and increase non-linearly with δη at 𝑠  = 13 TeV 

 

 The FB correlation coefficients decrease with the 

increasing p𝑇𝑚𝑖𝑛 using EPOS3 with and without hydro 

events at 𝑠  = 13 TeV confirming a gradual transition 

from soft to hard processes in high energy pp collisions. 

 

 𝑏𝑐𝑜𝑟𝑟( 𝑝𝑇) decreases with increasing multiplicity at a 

fixed η𝑔𝑎𝑝 and becomes lowest in high-multiplicity 

events 

 

 δη-weightage average of both multiplicity and 

momentum correlation coefficients as a function of 

centre-of-mass energy shows that it tends to saturate at 

very high energy. Such model based observation in pp 

collisions adds more valuable information encouraging 

experimental measurements at the higher energies. 
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