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Disclaimer

THIS BEAMTIME WAS JUST IN 12/2023. 
These slides are limited, however: 

We believe it’s useful to share the experience.



So I met this user…

USER PROPOSAL
• Machine Learning-optimized x-ray and proton 

radiography
• Reliably diagnose laser-generated charged 

particles and x-rays at Hz rep rate
• Simultaneously vary multiple laser parameters, 

informed by ML techniques, to optimize and 
model proton and x-ray sources for improved 
radiographic capabilities

Matthew Hill, hill108@llnl.gov
R. Simpson, K. Swanson, M. Selwood, J. McLoughlin, F. 
Treffert, D. Rusby, B. Djordjević, E. Grace, D. Mariscal, 
G. J. Williams, T. Ma

THIS IS NOT A TALK ABOUT ML itself.
It’s a talk about all the small

things you need to make it happen.



Input – and initial concept
The user wishes to implement a full machine learning feedback loop with his own interaction diagnostics (penumbra and 
PROBIES), combining E4 plasma + laser diagnostics data and controlling an acousto-optic programmable dispersion filter in 
L3 shot-by-shot using his own algorithm. The limiting factors for reprate are yet to be fully understood. The integration of a 
new WFS (Optocraft) is interesting and will be attempted as best-effort, but wasn't part of the proposal.



What it really takes

>30 MEETINGS WITH SUPPORT 
TEAMS FROM BOTH SIDES
Skillset limitations of physicists

MACHINE SAFETY AND 
COMMISSIONING CONCEPT
• Letting an algorithm apply too much 

chirp fries the amplifier
• Laser operators are very nervous 

about that.. Even if you implement a 
feedback loop 

• The laser operator always needs to 
be able to stop the algorithm

Useful initial tool: algorithm requests a batch of parameters; laser 
operator confirms it’s safe, laser is operated in bursts. 

You’ll need start / stop commands for both sides. If 
you are not careful, they will mess up your data.

Repeat command in case something goes wrong..



What it really takes

MAKING DEVICES ACTUALLY FEEDBACK-LOOP COMPATIBLE
• Dazzler are not designed for such feedback loops
• If you have problems with that: Get in touch, it took us some time. 

We’re just discussing the device driver with CLF/EPAC.

SOFTWARE INTERFACES FOR DATA 
EXCHANGE
• The user software somehow needs to be 

able to send commands to the laser and get 
data

• Software definition changed few times; 
there’s no standard solution

Interesting challenge: Our 
experimental side used a different 
CS Integration mechanism.  
We use a multi-model data concept 
for that.



What it really takes

NETWORKS, POLICIES AND CYBERSECURITY CONCEPT
• User networks, policy need to be defined
• Cybersecurity concept needs to be defined – deep system access
• This is about keeping systems from both sides safe

(and that leads to interesting discussions on versions of protective 
softwares between cybersecurity teams..)



What it really takes

TIMING SYSTEMS AND SHOT ASSOCIATION
• Perhaps the hardest part
• User devices need to be synched up to facility 

time
• NTP and PTP require Admin rights
• Verify that all involved devices are REALLY 

linked up to facility time..
• The challenging part is that timestamps aren’t 

enough, timestamps need to be associated 
with shot numbers..



Let’s take it into hard mode: 
The user couldn’t get the 
software through export control.

Doesn’t a spontaneous 
cross-continental feedback 
loop sound like fun?



What it really takes

CYBERSECURITY 2.0
• Access, authentication, firewalls between 

highly vulnerable networks in 2 majors labs

LATENCY
• Turns out cross-continental data communication is 

slow. The speed of light limits the reprate..
• (The actually limiting factors are different, but it was 

an excellent joke during all our prep meetings)



Outcome and further steps

OUTCOME
• Preliminary data processing and early

publication: Optimization was successful
• User wants to come back
• More users want to do the same..

NEXT STEPS
Fail better next time.
• Improved latency and transfer for live

data access
• Solve shot association / data extraction
• Better (and more standard?) interfaces
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