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The Physics 
The context behind this experiment is that the electron ion collider, or EIC, will 
potentially allow us to observe some new physics as it pertains to different 
collisions such as electron-proton collisions.

 Different collisions grant us unique pieces information. For example, studying 
proton behavior can give insights on form factors (quantities that help determine 
properties related to charge and current distribution). 

In this particular study, we use different statistical methods and make 
measurements to hone in on elastic collisions at a certain threshold of Q^2  values 
and see what the results tell us about particle behavior and how we should 
approach future problems.





Reconstruction
Reconstruction of kinematics is necessary because there are occasions in which we 
have a dilemma with the scattered electron method usually used to reconstruct desired 
variables. The problem could amount to no detection of a scattered electron at all, 
there was no scattered electron, or it was simply not reconstructed well. We depend on 
the final hadronic state in cases such as these.

There are three methods of reconstruction (scattered electron, Jacquet Blondell, and 
double angle) and we graphed the Q^2  values of these reconstructions against the 
true Q^2. The double angle method proved to give the best reconstruction.

Jacquet Blondell method makes use of only hadronic final state information

The Double Angle method uses both scattered electron and hadronic final state 
information











Statistical Vetoes

•1) Events contain only two particles which are the 
scattered electron and a proton
• 2) The electron and proton are co-planar (phi cut)
• 3) The electron and proton transverse momenta balance
•4) Total energy of detected electron and proton
•5) Total z-component of momentum of detected electron 
and proton



Cuts for Q^2 over 0.5 GeV^2



Pion Production vs Elastic Electron 
Range



Positive Pions and Kaons



Decay electrons and Decay positrons
•We see that in our yield plots for the decay electrons and 
decay positrons, the results lay directly on top of one 
another, indicative of the fact that they are produced at 
the same rate. This realization leads us to apply cuts for 
positrons and with that comes the electrons we see 
produced at the same time. This leaves us with all 
unwanted products out of the equation.



Decay electrons and Decay positrons



Future
•We have published these results in Arxiv and will soon do so for the European Physical Journal C

•As we get to the limit of 18 GeV electrons on 275 GeV protons, we observed that the reconstructed 
plots do not avail us of the same graphical information as previous plots. This is because at this high 
beam setting, we see these  events are at a different area of Q^2  epsilon phase space than usual. 
This leads to very different plotting and will be useful for other studies to further investigate and 
measure. For our studies these appeared mostly flat at zero or just with no image at all and for that 
reason we will not display all those images. Nonetheless, this represents an important guideline for 
future studies for the electron ion collider (this is an example of how observing acceptance ranges 
and reconstruction resolutions tells a lot about the limits and scopes of the EIC going forward).

•This work was done primarily at Brookhaven National Laboratory (BNL) under Professor Deshpande 
(Nuclear Physics Traineeship Program) after finishing the beginning which was part of my senior 
independent research project. I then went on to finish this project as a GEM fellow at BNL. 



MOLLER experiment
The MOLLER experiment is an 
experiment to be conducted at 
Jefferson National Laboratory.

MOLLER stands for 
Measurement Of a Lepton Lepton 
Electroweak Reaction



Physics of MOLLER
Electroweak theory can be probed by electron electron scattering (Moller scattering) 
because the observables in such experiments can be compared to theoretical 
predictions. 

The goal of MOLLER is to measure the Rapid reversal of electron helicity to measure 
Asymmetry which in turns yields weak charge and certain precise angles which should match 
best precision measurements.

Deviations from theory would help us understand new physics dynamics and go beyond the 
Standard Model



Physics Connection: Gas Electron Multipliers for 
MOLLER
You must track angles and ranges of scattered electrons for an experiment of this sort. 

Gas electron multipliers help by 

● first intercepting electrons
●  then use gas avalanche multiplication within small holes (on a scale of 100 µm), etched in an 

Apical polyimide foil with a thin layer of copper on both sides. 
● The avalanche, is then restricted to the holes, resulting in rapid signals on the order of 10 

nano-seconds in rise time. 
● Multiple Gas Electron Multiplier foils serve as stages to amplify and can be cascaded to 

achieve high gain and stability in operation. Data is then readout using Multipurpose Digitizer 
Cards





Cosmic Ray Tracker
Some number of cosmic 
rays (at our elevation, 
mostly muons) pierce 
Earth’s atmosphere and 
are incident upon detector 
systems. To test the 
sensitivity of detectors to 
such particles and identify 
them as such, cosmic ray 
trackers are necessary.



PMT 1
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GEM Prototype



Future Work

The cosmic ray tracker will help in testing sensitivity for GEMs. I will be 
working extensively on hardware and interfaces for data acquisition in such 
cases as well as for other experiments.

Constructed GEMs will be mounted in the MOLLER experiment to aid in 
detection


