Optimization of the
Experimental Design for the
MOLLER Experiment
A short review of my progress so far
By: Nick O’Neill
Working with Dr. Aleksejevs & Dr. Barkanova
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Job Description
• My job this summer will be to compile the lookup tables for the
electron-electron and electron-proton cross sections and
asymmetries including internal and external radiation at up to one
loop. The preliminary results will be periodically sent to the Jefferson
Lab experimental team so they would try working it into their
simulation and give feedback.
• I will be working on simulating the relevant scattering processes and
adopting the current state-of-the art radiative corrections developed
by the Canadian MOLLER theory group to the experiment-specific
look-up tables while finding ways to optimize the process.
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Canadian Subatomic Physics Plan 2017-2021
• 7 unanswered questions:
•
•
•
•
•
•
•

What is the nature of physics at the electroweak scale and beyond?
What is the nature of neutrino masses?
What is the nature of dark matter in the universe?
What structures underlie the forces and matter in the universe?
How do quarks and gluons rise to the hadronic properties and the phases of hadronic matter?
How does the structure of nuclei emerge from nuclear forces?
How are the elements formed in the universe?

• Main ideas to answer these questions:
•
•
•
•

Participate in projects (smaller-scale and major) to find new physics
Keep good standing in the international subatomic physics field
Integrate young physicists into research possibilities (undergraduates and graduates)
Increase the subatomic research budget for new projects through groups like NSERC
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Grenfell works in the Subatomic Physics Field
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Introduction to Elementary Particles
By: David Griffiths
• Historical Introduction to the Elementary Particles (photon, mesons, antiparticles,
neutrinos, strange particles, bosons, Eightfold Way, Quark/Standard Model)

• Elementary Particles Dynamics (four forces, QED/QCD, weak interactions involving:
neutral, charged, leptons, quarks; Electroweak couplings, decays and conservation laws,
unified theories)
• Relativistic Kinematics (Lorentz Transformations, Four Vectors, Energy and Momentum,
Collisions)
• Symmetries (Group theory, Conservation laws, angular momentum, spin, flavour symmetries,
discrete symmetries)

• The Feynman Calculus (Decays and Scattering, The Golden Rule, Feynman rules for a toy theory)

• Quantum Electrodynamics (Dirac equation and solutions, Bilinear covariants, photon, Feynman
rules for QED, Casimir’s trick, cross-sections and lifetimes, renormalization)
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MOLLER Experimental Design
(Costs 20 million dollars US)
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Helicity (Spin)
• The projection of a spin vector in the direction of the electron beam’s
momentum vector.
• The helicity can be given up to a flip rate of 1.92kHz to cut down on
time shifts.
• Right-handed electrons if spin vector is pointing in the same direction
as the momentum vector (positive).
• Left-handed electrons if spin vector is pointing in the opposite
direction as the momentum vector (negative).
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How to Carry Out a Parity- Violation Experiment
(MOLLER)
There is parity violation in weak interactions as the left-handed electrons interact weakly while the
right-handed electrons do not react at all!

• Scatter longitudinally polarized electrons off an un-polarized target
(liquid hydrogen).
• Reverse the beam helicity (spin) with the Pockels Cell then measure
the detected signals and currents, which in turn leads to parityviolating asymmetry.
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Polarized Electron Beam
• 11GeV Continuous Electron Beam Accelerator Facility
(CEBAF) polarized electron beam
• Shot with 75μA current and 80% longitudinal polarization at
an un-polarized liquid hydrogen target.
• During scattering processes there is a spin dependence and
to exploit that we can measure the electron scattering rate
(cross-sections) for the two possible helicity configurations.
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Liquid Hydrogen Target
• Must be un-polarized.

• 150cm long
• Capable of handling a heat load of ≈5kW from the beam
• Makes use of computational fluid dynamics (CFD).
• Suppresses the density fluctuations at the timescale of the
helicity flip rate (maintained at ≤ 26ppm at a helicity flip rate of
1.92kHz).
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Detector Systems
• Integrating detectors: retains the asymmetry measurements of both
the signal and background as well as the beam and target.
• Target detectors: used for spectrometer calibration, electron
momentum distribution and background measurements.
• After the beam scatters the toroidal spectrometer focusses the
scattered electrons to a region of detectors then the electrons scatter
at the right/left- handed cross-sections (rate) which in turn develop
the parity-violating asymmetry.
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Parity-Violating Asymmetry
• MOLLER looks for parity-violating asymmetry because the weak force is
parity-violating (as said before). It is the observable quantity in this
experiment of up to 2.4% error.
• It is the defined as the ratio of the difference in the cross-sections for the
two possible helicity configurations to the sum of the two cross-sections
(σ).
• This quantity is proportional to the beam polarization and the beam energy
of the scattering process.
• If the Jefferson Lab team finds from their results that the experimental
asymmetry is above 5σ (probability) from the theoretical asymmetry, then
there could be new physics!
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Mathematica Code #1 : Downloads
• FormCalc_SQ.m
• kin2to2.m
• FormCalc-8.4
• FeynArts-3.9
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Certain Operators we use in Mathematica
• CreateTopologies (t1SE := CreateTopologies[1, 2 -> 2, ExcludeTopologies -> {WFCorrections,
Tadpoles, AllBoxes, Triangles}])
• InsertFields (t2treeG := InsertFields[ t1tree, {F[2, {1}], F[2, {1}]} -> {F[2, {1}], F[2, {1}]},
InsertionLevel -> {Particles}, LastSelections -> {! V[2], ! S, ! U}, Model -> "SM", GenericModel ->
"Lorentz"])
• DiagramDelete (t2SE := DiagramDelete[ t2SE1,
{11, 17, 31, 37, 218. .. 226, 257, 262, 263, 270,
274, 275, 460. .. 468, 499, 504, 505, 512, 516, 517}])
• Paint (Paint[t2SE1])

• CreateFeynAmp (ampztree = CreateFeynAmp[t2treeZ];)
• CalcFeynAmp (stuffSECT1 = CalcFeynAmp[ampSECT1];)
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Parallelization of Code
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Why we should use it?
• Decreases time it takes to calculate your values.
• Calculates several jobs at the same time.
• Works best for:
❖Cells that are independent of each other.
❖Really long functions
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4 Core Asymmetry
Before Parallelization:

After Parallelization:
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4 Core Cross-sections
Before Parallelization:

After Parallelization:
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Conclusions

•We did get the same values using both
methods.
•The parallel computing method decreased the
overall computing time as expected.
•Even a short amount of time saved like this
can make a big difference in the long run.
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The Plot Thickens….

• We then plotted both asymmetries vs. the scattering angle
• Where:

❖Tree diagram (Lowest order of
Feynman Diagram)
asymmetry is blue.
❖ One-loop (The next order
Feynman Diagram) asymmetry
is orange.
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Creating Specific
Look-up
Tables

• First we created a table:

• Then we got rid of the brackets and created some
headers using:

• Then we created a grid and exported it as a data file:
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What we do with the look-up tables….
• We send the tables to the Jefferson Lab.
• They try working it into their simulation and give feedback.
• This will help with making the correct design for the experiment.
• In turn, this could lead to new physics!

• (*Already sent the first batch of look-up tables to the lab and the
feedback was all positive. We are now making a million data point
table as a final draft. Hopefully we find new physics from our data in
the next few years!*)
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Thank you!
• To NSERC for the funding……
• To Dr. Aleksejevs and Dr. Barkanova, and my colleagues for dealing
with me……
• To all of the other presenters and the audience for listening……
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