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I looked, and there before me was a pale horse! Its rider was named 
Death, …given power over a fourth of the earth to kill by sword, 
famine and plague, and by the wild beasts of the earth.
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Møller Scattering
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• DarkLight performed measurement of 
radiative Møller scattering during 
commissioning beam time

• Data taken at 10, 15, 20, 25, and 30 MeV
• Have event generator on hand from C. Epstein 

and R. Milner
• Other generators exist, can test as well
• Testing in a regime where electron mass is not 

negligible

Radiative Møller diagrams. From https://journals.aps.org/prd/
abstract/10.1103/PhysRevD.94.033004

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.033004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.033004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.033004
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Data for 10 MeV Møller Scattering
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• Showing yield from 10 MeV Møller scattering - 
Right Bottom GEM

• Same trend for all energies, background 
varies depending on beam setting

• Would like to compare to event generator
• Lots of detector artifacts, dead/inefficient 

strips in GEMs, questions about clustering, 
etc.

• This is a combination of ALL Moller data taken 
at 10 MeV on the right arm
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FIRST LOOK AT SIMULATION  
Nominally everything is in a “default” setting

• Run generator in ~beam settings
• 10 MeV

• Leave other settings in default 
configuration

• Luminosity 1e36
• Radiative fraction 0.75
• dE_frac 1e-4

• Apply angular cuts in CoM frame (rads) to 
maximize stats going into detector

•  1.0 <  < 1.5, -0.1 <  < 0.1θ ϕ
Only accept into right side spectrometer - 
Geant4 simulation quirk
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Analyze Simulation

• Put generator output through 
digitization, and then standard 
analysis

• Looking at tracks in GEMs
• Field in simulation and in data not 

matched
• Assumed a central magnet 

momentum of 4.5 MeV, likely correct 
within ~30 %

• Slope in sim and data in same 
direction!
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Simulated Moller Scattering Yield at 10 MeV
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Analyze Simulation
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Simulated Moller Scattering Yield at 10 MeV
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Moller Scattering Yield at 10 MeV

Simulation should contain same material as data. Why is it so much thinner? 
Background clearly not the same in both.



Massachusetts Institute of Technology

We are Getting Ahead of Ourselves

• Before we can think about cross sections we 
need to understand detector performance

• GEM clustering algorithm needs work
• Trigger in-time hits need to be identified
• Overall efficiency of detectors needs to be 

determined
• Detector alignment needs to be finalized
• Decision on determination of beam current
• Do we actually have data that can be used to 

identify radiative Moller events?
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Background in elastic scattering. Extends 
down to ~0 MeV. Can we model this well for 
Moller? Or at all?
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We are Getting Ahead of Ourselves

• To extract a cross-section, we need our 
luminosity

• We believe we can use the other spectrometer 
as a luminosity monitor

• Requires clean selection of known process
• If we believe that we want to use elastic eC 

scattering, we need to select on elastic line 
and exclude background
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Background in elastic scattering. Extends 
down to ~0 MeV. Can we model this well for 
Moller? Or at all?
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What data do we actually have?

• GOOD DOCUMENTATION IS IMPORTANT
• Run list does not list Moller runs, have to do 

elog archaeology 
• Will modify run DB to have all relevant info so 

we can select runs for Moller scattering
• Workfest topic

• Have the good run list for now
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Good Run List

Only 35 runs have explicit mentions of 
“Moller” in run log, did not have Moller 
runtype. We took more than that.

https://docs.google.com/spreadsheets/d/1_Mzkb2YhcKYKOY4Bq5RO_Domjk595yaxTevqMNDggeU/edit?usp=sharing


Massachusetts Institute of Technology

What data do we actually have?
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Triggers in runs 
labeled “Moller”

10 MeV 15 MeV 20 MeV 25 MeV 30 MeV

Left Moller 17 M 5 M 20 M 6 M 3 M

Right Moller 18 M 7 M 6 M* 27 M 25 M

Also trigger on elastic events on other side. 
Only looking at January data, cleanest, but 
missing lots of 10 MeV data. 
*I think I’m missing something here

= No Right Top GEM
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What data do we actually have?
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Estimated Moller 
Clusters

10 MeV 15 MeV 20 MeV 25 MeV 30 MeV

Left Moller 1,020 k 300 k 1,200 k 360 k 180 k

Right Moller 900 k 350 k 300 k* 1,350 k 1,250 k

Roughly 50,000 (60,000) Moller clusters/1 
M events and 34,000 (5,000) elastic 
clusters/1 M events on right (left) arm. 
*I think I’m missing something here

= No Right Top GEM
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What data do we actually have?
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Estimated Moller 
Events

10 MeV 15 MeV 20 MeV 25 MeV 30 MeV

Left Moller 300 k 90 k 350 k 105 k 50 k

Right Moller 250 k 100 k 90 k* 400 k 360 k

Making some assumption of 30 % efficient 
on each GEM for tracking + some 
reduction due to other cuts. 
*I think I’m missing something here

= No Right Top GEM
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NOISE

• When measuring Moller scattering on right, 
left arm might be luminosity monitor.

• Look at tracks that point toward scintillator 
bar with hit over the course of a run

• Concerned about noise levels in GEM left top
• Obviously dead regions are a problem too

• Need to be matched in simulation
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Moller and Elastic Scattering, Run 3815, 
10 MeV
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Massachusetts Institute of Technology

Looking forward

• Low level detector performance is current 
holdup

• Need to have robust clustering algorithm, and 
well-timed trigger hits 

• Need to implement dead/inefficient GEM 
regions into simulation to match data

• In principle higher-level analysis is not 
“complicated”

• Have simulation files for all Moller energies on 
my laptop

• Can move to a central location
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