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Background
- UED
- Beam/Sample tuning usually done by hand
- Automatization could improve efficiency and accuracy

Methods
- MeV-UED pump-probe experiment

- Why MeV electrons
- Beam, sample, THz timing instrument

- Constrained MOBO
- data → model → acquisition function → data
- exploration & optimization
- Turbo

- Figures showing MOBO advantage over NSGA-II and NNs

Results
- Figures

- Hypervolume convergence
- Pareto Front, data points
- Model/Acq. Function visualization

Discussion
-

Future Directions
- For sample tuning, explore other parameters like degree of 

symmetry, balance of peak intensities
- Adjustments to x-position, y-position, pitch, and yaw of the 

sample affect the number of Bragg peaks in the diffraction 
pattern, constrained by total scattering intensity (single 
objective)

BACKGROUND

MeV-Ultrafast Electron 
Diffraction (MeV-UED)

Constrained Multiobjective 
Bayesian Optimization (MOBO)

○ Spatial resolution, 
momentum transfer related 
to quality/resolution of data

○ High elastic scattering cross 
sections → scattering events 
more likely

○ additional benefits: relatively 
large penetration depths (> 
100 nm) and negligible 
sample damage”

○ High spatial resolution (< 0.5 Å)
○ Large momentum-transfer range 

(0.5 to 12 Å-1)
○ High elastic scattering cross 

sections
○ High temporal resolution (< 150 

fs FWHM)

○ data→ model→ acq. function→ tuning 
→ data

Solenoid 2 and XC02 steering magnet

Gaussian fit RMS used for THz width measurements

Distribution in parameter space is 
mostly along a horizontal and 
vertical axis, limiting diversity

RESULTS

CONCLUSIONS AND 
FUTURE DIRECTIONS

GP Model: sol1 vs sol 2, size and pulse length

GP Model: Solenoid 1 and XC00 Steering Magnet

● MOBO obtained a feasible region that informed 
decisions and improved sampling efficiency

● Successful application of two-stage constrained 
MOBO to a challenging practical tuning task

● Potential for broader application to other 
constrained tuning problems at SLAC 

once data is processed, can visualize the process to evaluate the success of the 
experiment
gp visualization tells us how fully we have mapped the space/if the behavior is what 
we expect, the pareto front tells us the trade off, non dominated points are the most 
optimal, if the pf has been a. pushed out and b. well defined, we can securely say the 
system has been optimized. 

DATA ANALYSIS

● Nondominated points in the objective space form the 
Pareto Frontier, which represents crucial trade-offs

● Acquisition function determines optimal next sampling 
points from a Gaussian Process surrogate model

Constrained Expected Hypervolume Improvement (EHVI) 
acquisition function:     (F. Ji 2025)

Noisy EHVI:   (S. Daulton 2021)

● Advantage over NSGA-II and NNs: 
Sampling is expensive, BO’s use of 
surrogate models makes it less 
costly than a genetic algorithm and 
GPs are less data hungry than NNs, 
preserve uncertainty

● Automation of MeV-UED e-beam tuning could 
substantially improve performance and efficiency

● MOBO algorithm recently demonstrated at 
MeV-UED, achieving performance comparable to 
that obtained by experienced human operators

● Constrained two-stage MOBO could dramatically 
improve the valid data efficiency by learning the 
feasible region 

● Increase diversity in the dataset to obtain a more 
complete characterization of the parameter/objective 
behavior

● For sample tuning, single objective BO has been used, 
where adjustments to x-position, y-position, pitch, and 
yaw of the sample affect the number of Bragg peaks in 
the diffraction pattern, constrained by total scattering 
intensity.

● Move into multi-objective for sample tuning, 
optimizing degree of symmetry, balance of peak 
intensities

● Pump-probe scattering technique using MeV 
electrons to study time-resolved, ultrafast 
dynamics in various solid, liquid and gas systems

● Recently deployed THz timing tool (Othman et al., 
2022) enables online shot-by-shot measurements 
of electron pulse duration and time-of-arrival

● MeV electrons in spatial and temporal 
resolution, gentleness

● Photocathode creates electrons from an 
optical pulse, RF field accelerates electrons, 
beam is focused by other optical elements 

● interacts with a sample, produces a diffraction 
pattern

● Adjustments to the gun phase, solenoids, and 
steering magnets of the MeV-UED instrument 
affect pulse length, spot size, q-resolution of 
the beam

THz timing 
structure

● Two stages:

○ Exploration: build up the GP by exploring 
the parameter space subject to specified 
constraints

○ Optimization: using the CBE GPs as a 
starting point and continuing to train these 
surrogate models, the optimization stage is 
looking for points on the PF representing 
crucial trade offs, picking optimal yet feasible 
places to sample the real system based on 
the surrogate models using qEHVI acquisition 
function

Learn more about MeV-UED!

qr code to 
https://lcls.slac.stanford.edu/instrum
ents/mev-ued 

Tuning Parameters Objectives

Spot size (Minimize)
q-resolution (Minimize)

Constraints

Transmission through 
collimator and THz timing 

structure
(Q >= 0.3 fC)

lzm@slac.stanford.edu
leezuckermurray@g.ucla.edu

RF gun phase
Gun solenoid strength
2nd solenoid strength
Steering magnet XC00
Steering magnet YC00
Steering magnet XC01
Steering magnet YC01
Steering magnet XC02

F. Ji et al., 2024

● Pareto Front and Hypervolume convergence 

● Visualizations of Gaussian Process models 

● Pulse length objective with respect to gun 
phase and solenoids 1 and 2

● Charge constraint behavior with respect to 
solenoid 2 and XC02 steering magnet

Transmitted pulse charge (Q)

horzontal axis represents time of arrival on thz on
more descriptive title raw data
thz streaking time of arrival measurement

Q_THz → charge constr

● Spot size and THz streaking arrival time measurements 
from beam images

● Gaussian fitting, RMS fitting for measurement with THz on

● Dataset cleaning/validation, background removal
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