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Overarching UNM research goals at ATF

Automation, optimization, AI in support of ATF/MUED operations
To reduce the time to materials discovery by increasing sample and user throughput with 

enhanced MUED operation.

ïControl of accelerator and peripherals

ÅThis experiment (UED117), funded by DOEôs EPSCoR.

ÅExperiment by A. Aslam (-), Cornell Center for Bright Beams, funded by NSF.

ïMaterial sciences 

ÅExperiment by M. Fazio (UED110), funded by DOEôs EPSCoR.
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Special Equipment Requirements and Hazards

ÅExperiment requires UED Beam. 

ÅSpecial Equipment:

ïA dedicated computing node for UNM experiments

ÅFor logging of diagnostics data.

ÅAI-controls implemented independently from operations controls.

ÅSpecial Requirements:

ïData storage and data transmission to ALCF.

ïAutonomous control of the machine once the controllers are delivered (pending 

approval, UED117 is currently data-logging only).

ÅHazards:

ïThose existing during accelerator operation: electrical, rf power, laser.
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Experimental Time Request (CY2022)

Experimental Time Request

Capability Setup Hours Running Hours

UED Facility 150 150

CY2022 Time Request

Capability Setup Hours Running Hours

UED Facility 150 150

Time Estimate for Remaining Years of Experiment (including CY2022)
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Two DOE facilities are involved: ATF and ALCF

Accelerator Test Facility (MUED beamline) Argonne Leadership Computing Facility (ALCF)

The combination of machine hardware, advanced computing for 

simulation, and data science for surrogate modelling, training of 

neural networks and data analysis is inspired by our past work and 

our participation on DOE meetings, workshops and reports such as 

AI for Science (https://www.anl.gov/ai-for-science-report).
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MeV-Ultrafast Electron Diffraction System

MUED is a well-established technique to study the crystal structure of solids

ïBrookhaven National Laboratory (BNL) developed a femtosecond time-resolved MeV-class 

electron diffraction instrument.

ïMUED uses a high-gradient electron gun and small number of electrons (~104-6) emitted in a short 

time period.

ïOvercomes space-charge effects dominant in electrostatic electron diffraction systems: 

(TEM/SEM/STEM) .

M.A. Palmer, M. Babzien, M. Fedurin, C.M. Folz, M. Fulkerson, K. Kusche, J. Li, R. Malone, T. Shaftan, J. Skaritka, L. Snydstrup, C. Swinson, F.J. WillekeΣ άLƴǎǘŀƭƭŀǘƛƻƴ 
and Commissioning of an Ultrafast Electron Diffraction Facility as part of the ATF-LL ¦ǇƎǊŀŘŜΣέ tǊƻŎŜŜŘƛƴƎǎ ƻŦ b!t!/нлмсΣ /ƘƛŎŀƎo, IL, USA, 742-744.
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THETA @ Argonne Leadership Computer Facility

Å THETA is a 11.69 petaflops system based on 

the second-generation Intel® Xeon PhiÊ

processor, 281,088 cores.

Å General THETA architecture:

ï Theta has 4392 (KNL) nodes.

ï Each node has 64 physical cores.

ï Each core has 4 hardware threads.

Å We currently use THETA for:

ïElectromagnetic simulations with VSim.

ïOptimization

ïAI, ML, DL, Surrogate models, etc.
THETA is the current ALCF flagship supercomputer. 

https://www.alcf.anl.gov/theta

https://www.alcf.anl.gov/theta
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Vision for advanced MUED controllers

The goal would be electron beam stability for improved quality of data

ïFrom experienced operator, good beam stability is jitter of no more than 6 or 7 pixels in 

the horizontal plane of detector

ïBeam optimization relies on operator expertise

Relevant ñknobsò that control the beam:

1. RF Gun phase 

2. Solenoid

3. Collimator

Å Three different apertures 

Å Two axis control degree

4. Steering magnets

Detector

(downstream)

Solenoid

Sample 

holder & 

collimator

Laser

(covered)
RF gun

Waveguide 

(from Klystron)
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ÅAutomation and task managers reduces operator input in recurrent, time-

consuming tasks.

ïInitialization 

ïLong term stability

ÅAutomation and optimization produce more consistent beam states, even under 

different starting conditions.

ÅTest a surrogate model for experimental runs:

ïLong term stability

Vision for advanced MUED controllers
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Å We are exploring the use of surrogate models for controls of particle accelerators.

ïDifferent ML algorithms can be applied.

Å The surrogate model aims at coding the VSim simulation of the RFQ into a quick ñlook upò 

table-NN that can be used quickly in support of control tasks.

EM simulation (VSim)

Å Physics detailed

Å Computationally intensive

Å Not ideal for real-time controls

Surrogate model

Å Trained NN produces real-time results

Å Training is done offline

Å Training is computationally intensive

Å Training data set requires multiple full VSim

simulations (use of HPC is a must).

x1000s

AI-Controls: Surrogate model of MUED
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ÅVSim for modeling the dynamics in the 

RF gun.

ÅElegant for modeling the rest of the 

beamline:

ïSolenoid

ïDrifts

ïCollimator

ÅA surrogate model can be created for 

fast simulations and online operations.

First section of the MUED instrument as visualized with 

VSim. RF gun highlighted.

AI-Controls: Surrogate model of MUED

ÅUse of VSim and Elegant for a complete model of 

the MUED beamline.
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VSim model of the MUED gun

ÅThe MUED gun fundamental EM mode is 4- ( -́mode)

ï Includes a section of the waveguide.

ÅCorresponding frequency (VSim) close to 2856 MHz.

ïNo tuners modeled yet.

ÅExpected field pattern.

ÅBeam (PIC) simulations now underway

Longitudinal electric field in the 

MUED rf gun.

Longitudinal electric field amplitude 

along the gun axis.


