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Program to Stimulate Competitive Research
(EPSCoR).

Status: Funded.

This material is based upon work supported by the U.S. Department of Energy, Office of Science, Office of
Basic Energy Sciences, Materials Sciences and Engineering Division, Program of Electron and Scanning
Probe Microscopies, under award number DE-SC0021365. This funding was made available through the
Department of Energy's Established Program to Stimulate Competitive Research (EPSCoR) State-
National Laboratory Partnerships program in the Office of Basic Energy Sciences. This research used
resources of the Brookhaven National Laboratory's Accelerator Test Facility, which is a DOE Office of
Science User Facility. This research used resources of the Argonne Leadership Computing Facility, which
Is a DOE Office of Science User Facility.
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. T T THE UNIVERSITY OF
Overarching UNM research goals at ATF DD NEW MEXICO

Automation, optimization, Al in support of ATF/MUED operations

To reduce the time to materials discovery by increasing sample and user throughput with
enhanced MUED operation.

I Control of accelerator and peripherals
A This experiment (UED117) , f und e dEPBGOR.DOE 6 s
A Experiment by A. Aslam (-), Cornell Center for Bright Beams, funded by NSF.

I Material sciences
A Experiment by M. Fazio (UED110) , f und e dEPBGOR.DOE & s
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. . . T T THE UNIVERSITY OF
Special Equipment Requirements and Hazards T New MEXico

A Experiment requires UED Beam.

A Special Equipment:

I A dedicated computing node for UNM experiments
A For logging of diagnostics data.
A Al-controls implemented independently from operations controls.

A Special Requirements:
| Data storage and data transmission to ALCF.

I Autonomous control of the machine once the controllers are delivered (pending
approval, UED117 is currently data-logging only).

A Hazards:
I Those existing during accelerator operation: electrical, rf power, laser.
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THE UNIVERSITY OF

Experimental Time Request (CY2022) NIVL REw s
Experimental Time Request

CY2022 Time Request

Capability Setup Hours Running Hours
UED Facility 150 150

Time Estimate for Remaining Years of Experiment (including CY2022)

Capability Setup Hours Running Hours
UED Facility 150 150
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Two DOE facilities are involved: ATF and ALCF T fewiisics

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

e diagnostics

Spectrometer
Dipole

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
Al for Science (https://www.anl.gov/ai-for-science-report).




THE UNIVERSITY OF

MeV-Ultrafast Electron Diffraction System NI REW NS

MUED is a well-established technique to study the crystal structure of solids
I Brookhaven National Laboratory (BNL) developed a femtosecond time-resolved MeV-class
electron diffraction instrument.
I MUED uses a high-gradient electron gun and small number of electrons (~104%) emitted in a short
time period.
I Overcomes space-charge effects dominant in electrostatic electron diffraction systems:
(TEM/SEM/STEM) .

e" diagnostics
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Deflecting cavity
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M.A. Palmer, MBabzien M. Fedurin C.M.Folz M. Fulkerson, KKusche J. Li, R. Malone, Shaftan J.Skaritka L.Snydstrup C. Swinson, FWillekex a Ly adl € f F G A2y
and Commissioning of an Ultrafast Electron Diffraction Facility as part of tAe ATF! LJA N} RS>Z¢ t N2 OSSRAlISA, 782F4. b ! t ! / Hamc X [/ KAOI 3
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THETA @ Argonne Leadership Computer Facility I iaiiEics

Argon neé

NATIONAL LABORATORY

£ER, U.S. DEPARTMENT OF

A THETA is a 11.69 petaflops system based on
the second-generation Intel® Xeon PhiE
processor, 281,088 cores.

A General THETA architecture:
I Theta has 4392 (KNL) nodes.
I Each node has 64 physical cores.
I Each core has 4 hardware threads.

A We currently use THETA for:
I Electromagnetic simulations with VSim.
I Optimization
I Al, ML, DL, Surrogate models, etc.

THETA is the current ALCF flagship supercomputer.
https://www.alcf.anl.qgov/theta
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. . T T THE UNIVERSITY OF
Vision for advanced MUED controllers IW¥T newwExico

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

I From experienced operator, good beam stability is jitter of no more than 6 or 7 pixels in
the horizontal plane of detector R

I Beam optimization relies on operator expertise
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. N T T THE UNIVERSITY OF
Vision for advanced MUED controllers ITWI newwmexico

A Automation and task managers reduces operator input in recurrent, time-
consuming tasks.
I Initialization
I Long term stability

A Automation and optimization produce more consistent beam states, even under
different starting conditions.

A Test a surrogate model for experimental runs:
I Long term stability
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Al-Controls: Surrogate model of MUED NI REwVEcs

A We are exploring the use of surrogate models for controls of particle accelerators.
I Different ML algorithms can be applied.

A The surrogate model aims at coding the VSims i mul ati on of the RFQ into
table-NN that can be used quickly in support of control tasks.

x1000s
Surrogate model
EM simulation (VSim) A Trained NN produces real-time results
A Physics detailed A Training is done offline
A Computationally intensive A Training is computationally intensive
A Not ideal for real-time controls A Training data set requires multiple full VSim

simulations (use of HPC is a must).
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Al-Controls: Surrogate model of MUED NI REWWEncs

A Use of VSim and Elegant for a complete model of \’SI m

the MUED beamline.

A VSim for modeling the dynamics in the
RF gun.

A Elegant for modeling the rest of the
beamline:
I Solenoid
i Drifts
I Collimator

A A surrogate model can be created for
fast simulations and online operations.

First section of the MUED instrument as visualized with
VSim. RF gun highlighted.
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VSim model of the MUED gun DIVT REW VERicS

A The MUED gun fundamental EM mode is 4- (" -mode)

i Includes a section of the waveguide.

A Corresponding frequency (VSim) close to 2856 MHz.
i No tuners modeled yet.

A Expected field pattern.
A Beam (PIC) simulations now underway

Longitudinal electric field amplitude Longitudinal electric field in the
along the gun axis. MUED rf gun.
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