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A STUDY OF THE CONTRIBUTION FROM  
NON-PERTURBATIVE EFFECTS TO DI-JET YIELDS 

 AT FORWARD RAPIDITY 



PROTON-PROTON COLLISIONS 

Two polarized proton beams 
enter the accelerator ring and 

circle around until they reach the 
desired energy. 

When this energy is reached, 
they may collide. 

At the partonic level, many 
different collisions can occur.   

For example, a gluon from one 
proton collides with a quark from 

the other. 



PROTON-PROTON COLLISIONS 

The quark and gluon scatter off 
of each other in a way which is 

analogous to the billiard ball 
collision in classical physics. 

Because of the amount of energy 
the quark gains relative to the 

proton in the collision, it behaves 
for a moment as though it were a 
free quark and goes flying out of 

the proton. 

I’m 
free! 



PROTON-PROTON COLLISIONS 

Due to the strong interaction, the gluon string 

stretches as the quark gets further away from its 

original proton. 

Eventually the gluon string 
“snaps” as the amount of strong 

force becomes too great. 

The energy that is released from the gluon string breaking 

creates a shower of particles known as a jet. The particles that 

make up these jets are observed in the detector.  



INTRODUCTION 

•  The proton’s polarization is known, now to find the gluon’s 
polarization.   

•  It was discovered that the gluon polarization was nonzero in 
the range of 0.05 < x. [1-3] 

•  NNPDF produced polarized parton distribution functions, 
but there was high uncertainty in regions of low x. [3] 

•  Further studies by Dr. Bernd Surrow (Temple University) 
using NLO perturbative QCD calculations showed that di-
jets located at forward rapidity (2.8 < η < 3.7) with 
transverse momenta of 5 and 8 GeV could come from 
partons with momentum fractions in the region where the 
gluon polarization is uncertain. [4]  His study did not 
consider non-perturbative effects that could produce 
background jets. 

NNPDF gluon polarization  
Distribution [3] 

The x distribution sampled by di-jets in 2.8 < η < 3.7 
includes the low-x region where gluon polarization 
is uncertain [4]  



THE PROJECT 
•  Furthers Dr. Surrow’s simulation by determining how many of the 5 and 8 GeV di-jets 

were produced by hard scattered partons, isolating any background and determining 
its cause.  

•  Monte Carlo simulation of a proton-proton collision in PYTHIA, using CDF Tune A at 
500 GeV center of mass energy to provide the parameters for the simulation.  

•  Jets were identified using the anti-kT jet finding algorithm with a radius of 0.5. 

•  The analysis program was written in C++, using ROOT to make histograms to identify 
the jet pairs that fit all of the above conditions, and to handle the large amounts of 
event data from the proton-proton collision simulation. 

•  The program was run over six partonic pT bins: 4-5GeV/c, 5-7GeV/c, 7-9GeV/c, 
9-11Gev/c, 11-15GeV/c, and 15GeV/c - ∞.  



ANALYSIS 
•  The program goes through each event and through a process of elimination determines 

whether it has the desired kinematics. 
•  Analyze the jets that would be seen in the detector 

•  η cut from 2.5-3.8 
•  Selection of the largest and second largest pT, and their 

corresponding pT, η, and ϕ values  
•  Calculate Δη and Δϕ  
•  PT cuts at 5 and 8 GeV/c 
•  Δϕ cut from 2π/3 to 4π/3 

•  Match the jets to the hard scattered partons (PYTHIA analysis) 
•  Get η and ϕ of the initial hard scattered partons (PYTHIA lines 

7 and 8) 
•  Get values of x1 and x2 from hard scattered partons and match 

to 5 and 8 GeV di-jets 
•  x1 and x2 cuts 



ANALYSIS 

The largest values of pT  plotted versus the 
second largest values of pT.  

The Δ ϕ distribution for all di-jets with pT 
values greater than 4 and 6 GeV/c   



ANALYSIS 

The distribution of x1 vs. x2 with no Δϕ cut, and 
a lower pT cut. 

Region of Interest 



ANALYSIS 

The largest values of pT  plotted versus the 
second largest values of pT.  

The Δ ϕ distribution for all di-jets with pT 
values greater than 4 and 6 GeV/c   



ANALYSIS 
By applying a Δ ϕ cut and and by requiring the pT to be greater than 5 and 8 GeV/c, the amount 
of background is reduced significantly, but it’s not eliminated. 

The distribution of x1 vs. x2 when a Δϕ cut is 
applied, as well as a higher pT cut. 

The distribution of x1 vs. x2 with no Δϕ cut, and 
a lower pT cut. 

The region of interest: 
10-4 < x2 < 10-2 and 
0.3 < x1 < 1 



ANALYSIS 
The Δϕ distributions corresponding to parton momentum fractions x1 and x2 inside and outside 
the region of interest  

 The distribution of Δϕ outside the region of interest. It 
shows a fairly flat background which could be subtracted. 

The distribution of Δϕ within the region of interest. It has 
a clear peak at π.  The distribution of Δϕ outside the region of interest. It 

shows a fairly flat background which could be subtracted. 
The distribution of Δϕ within the region of interest. It has 
a clear peak at π. 

 The 
distribution of 
Δϕ outside the 
region of 
interest. It 
shows a fairly 
flat 
background 
which could be 
subtracted. 

The 
distribution of 
Δϕ within the 
region of 
interest. It has 
a clear peak at 
π. 

 The distribution of Δϕ outside the region of interest. It 
shows a fairly flat background which could be 
subtracted. 

The distribution of Δϕ within the region of interest. It 
has a clear peak at π. 

           The distribution of x1 vs. x2 with no 
 Δϕ cut, and a higher pT cut at  

5 and 8 GeV/c. 

Background 

The region of interest: 
10-4 < x2 < 10-2 and 
0.3 < x1 < 1 



ANALYSIS 
When underlying events are turned off, 
there is a substantial reduction in 
background. However, events within 
the region of interest and the peak at π 
in the Δϕ distribution remain.  The distribution of Δϕ outside the region of 

interest without underlying events. 

The distribution of Δϕ within the region of 
interest, without underlying events. 

 The distribution of x1 vs. x2 within the region of 
interest, without a Δϕ cut and without underlying 
events. 



ANALYSIS 
When initial state radiation is turned off, 
a similar reduction in background is 
seen. Since both processes reduce 
some, but not all of the background, it 
can be concluded that it is caused by 
both. 

 The distribution of x1 vs. x2 within the 
region of interest, with a Δϕ cut and 
without initial state radiation. 

The distribution of Δϕ within the region of 
interest, without initial state radiation. 

 The distribution of Δϕ outside the region of 
interest without initial state radiation.  The distribution of x1 vs. x2 within the 

region of interest, with a Δϕ cut and 
without initial state radiation. 

The distribution of Δϕ within the region of 
interest, without initial state radiation. 

 The distribution of Δϕ outside the region of 
interest without initial state radiation. 

 The distribution of Δϕ outside the region of 
interest without initial state radiation. 

The distribution of Δϕ within the region of 
interest, without initial state radiation. 

 The distribution of x1 vs. x2 within the region of 
interest, without a Δϕ cut and without initial state 
radiation. 



CONCLUSION 
•  To summarize, this study expands on Dr. Surrow’s study by showing that the 5 and 8 

GeV di-jets are produced by the initial hard-scattered partons, and therefore would 
provide valuable information about the gluon polarization. It identifies the background 
as being produced by both initial state radiation and underlying events. The 
background is a mostly flat background which could be eliminated via a Δϕ 
subtraction as opposed to a Δϕ cut. This provides a basis for future experiments 
which could ultimately lead to a better understanding of the gluon polarization and 
the proton spin.       
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