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The Physics Mystery
• Sakharov conditions for 

cosmic matter-antimatter 
asymmetry 
• Baryon number violation 
• Charge and Charge-Parity 

violation 
• Outside thermal equilibrium 
!

• Neutron EDM sensitive to 
undiscovered CP-violating 
physics

?
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Overview of nEDM Experiment

*Slide from Leah Broussard.

•Major initiative for Physics at ORNL 

•Top priority for Fundamental 
Neutron Physics and prominently 
featured in 2015 Long Range Plan 

•Unprecedented sensitivity to CP 
violating physics 
• dn~10-28 e-cm
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K Leung (NCSU), B Plaster (UKy), L Broussard (ORNL)

nEDM Simulations Framework
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Data Challenge 2.0 
• Experiment runs at Spallation Neutron Source 2020+ 
• We want to have data analysis workflows in place when data 

collection begins. 
• Previous Data Challenge produced 109 simulated events with 

backgrounds. 
• Next iteration will produce 1011 events: 100k Titan node-hours, 

or 1.6M core-hours and 20 TB of data. 

!
Systematic Studies 
• Detailed tracking of spin propagation in magnetic field is 

needed to understand systematic uncertainties. 
• On the order of 108 core-hours and 100 TB required for these 

studies. 
• Stand alone C++ application with ROOT dependency (R. Shmid 

Dissertation)  
• Currently being investigated for GPU vectorization.

Largest Computational Needs
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Prior Runs on Titan
Activation Background Simulations 
• Geant4.9 based simulation with MPI and no 

multithreading. 
• One MPI rank per core. 
• Demonstrated efficient weak scaling on up to 100 nodes 

for tasks longer than a few seconds. 
• Implemented a ROOT based analysis workflow on LENS. 
!
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Preparations for Data Challenge
Titan Build Workflow Completed for Central Detector 
Simulation 
• Geant4.10.03.p01 libraries built for static linking in 

multithreaded mode. 
• Binary built and tested based on previous Central Detector 

Simulation.   
• Timing runs performed to provide estimates of resource needs. 
• Expect to be ready to launch production runs within a month. 
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Expected Science Results
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nEDM Plans for Panda
Minimize extra workforce requirements needed to 
utilize available computational resources. 
• No nEDM collaborators work full time on simulations, but many 

make intermittent contributions.   

Take advantage of fine grained backfill potential. 
• nEDM Central Cell Simulation can utilize as little as 36 node-

seconds in an efficient manner. 
• Results for Data Challenge can be accumulated over time.
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nEDM Collaboration



12

Extra Slides



•Measure change in 
precession frequency with 
parallel vs antiparallel E, B 
fields

 

 

EDM Measurement Technique
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EDM Measurement Technique
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