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Machine Learning-Based Beam Optimization
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Virtual Assistant for Scientific and Operational Support

Challenges:

* High entry threshold in some
departments

» High entry threshold for users from

Poland who have never conducted research at a
synchrotron

« Beamtime sessions are short, making it difficult to both
learn the technical intricacies of the beamline and
simultaneously maximize the time for producing valuable
data

* Numerous internal regulations related to university
administration

« A vast amount of manuals, technical documentation, and
procedures

* A large number of requests submitted to the control
systems department for simple tasks, GUI adjustments, or
minor configuration changes, which places a heavy
burden on a team already struggling with staffing issues

...It's easy to feel overwhelmed!



Virtual Assistant for Scientific and Operational Support
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Challenges:
9 Hi, how can | make

your life more
bearable?

« High entry threshold in some

departments
» High entry threshold for users from

Poland who have never conducted research at a
synchrotron

« Beamtime sessions are short, making it difficult to both
learn the technical intricacies of the beamline and
simultaneously maximize the time for producing valuable
data

* Numerous internal regulations related to university
administration

« A vast amount of manuals, technical documentation, and

procedures
- A large number of requests submitted to the control Artificial Dude for
systems department for simple tasks, GUI adjustments, or Retrieval Information,

minor configuration changes, which places a heavy

burden on a team already struggling with staffing issues Assistance and

Navigation
...It's easy to feel overwhelmed! 9
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Any advices or suggestions?
Let’s meet: WEPDO089

20th Intemational Canference on Accelerstor and Largs Experimental Phpsics Cantrol Systerms, Septemiber 2(th-26th, 2026, Chicaga, USA

Leveraging Al and ML for assisted Q_’_/J

experiments,

*ICALEPCS 2025%

and virtual agents SOLARIS
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National Synchratron Radiation Centre SOLARIS, Jagiellanian University, Krakiw, Poland

‘What iz this poster about?

This poster prosents two conceptoal imitiatives developed at the SOLARIS
synchrotron Facility:

# Machine learning-tased boamline optimization

* A virtual assistant powered by large lnguage models (LLMs)
Hoth approaches aim to imp precision,

Background and Literature Overview

Hlecent advances in astificial intedligence ae peshaping beamline control and disgnasties. Reearch
incressingly shows that Al can enbance preciion, automation, snd wer interaction in synchréron
it

Marrs et al. 1] introduced o Bayesion optimimtion framewoek for nuoncmous beamline align-
ment, capable of navigating complex parameter spaces with minimal pricr inpet. In & Bllowup
atudy 3], they showed that cefine learning techniques cutperiarm traditional methods in speed and
sccuracy, ensbling reab-time opsimization. Rebuff e al. [3] developed an AL system foe aligning
mirmo wsing digital eeins and waveErnt semsing, achieving submicron prociian.
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about SOLARIS

* First of Its Kind - SOLARIS is the first synchrotron fudlity
Central Esstern Europel

+ Inspired by Litorature - The name SOLA TS comes from the famous noved by Stanishor
Lem, which expioses the mystery of an alien ocean cpabie of matsrialing human memoties
and emotions—an allegory of the limits of buman understanding and communication

* Science Mosts Play - SOLARIS actively promotes scinoe outreach. As part of this
missian, it created an edisestional board game svailable, belping playees exploee the woeld of
ayncheotran science in 2 fin and interactive way.

* Opera in the Synchrotron - In o unigee cultiral ewnt, the moperimental hall of
SOLARUS hosted a performance of the cpeta *Solaris s part f the Oipera FLATLA
festival—merging scienoe and art in & truly spectaruler seiiing

in Poland and the cnly one n

Machine Learning-Based Beam Optimization

Benmlines: st SOLATIS employ multipke mirrors and monochmmatoes forming & complex cptical
path that requires precise slignment. A proposed machine learning- bused approach & being we-
aidered o addiress iw main goal:

+ Beam Guality Enhascement - maximising inemsity, spatial foom, and erergy rewlutian wing

signaks from & soft X-tay phatodiode

+ Beam Pasition Stabilizaticn - maimaining consistent. beam alignment on the sunple,

manitared via induced casrent on exit slit blsdes

Dtee b physical commtraints, these signaks cannot be s It Iy thersfom, th
imvolves tw independent ML models. The first would predict optimal mirroe and monchromator
aettings for beam quality, while the srcond would mmpensste far enengy-dependent shifts to sia-
bilize B pesitian. Bath models ars intended 10 be intagratsd with the existing Tange Contrals
and Sardana framework, running oo Almalin %, and developed in Python wing libtaries such
as scikit-leam and PyTarch.
The exvisioaed teaining, strategy combines affline intialization with anline incremental updates,
leveraging historical and real-time data. Moded inference & plinned to cocur duting messurement
cycim, ensbling adaptive optimiztion withcert manual interventicn. This approach is expected b
impove expesimental reprecusitility, reduce slignment time, and suppart mare comples protccols.

e et ol 4] applied deep learning 1o estimate alignment errors in Kirkpatrick-Hoes mirmes,
demanstrating that convolutional neural nefworks can extract, meaningfis] featizes from speckle.
modulated X ray imagm. Mathur et al [5] introduoed VISION, o modular AT nssistant that
enabils masural language interaction with beamline systems, simpifying experiment setup and
contral.

Inspieed by these developments, SOLARIS is exploring similar Al-bosed approaches o enable
sutanameus tzning of fs beamlines. The aim i o improwe throughpet and reproducibility by
rediscing manual intervention and aptimizing perfommance in real e

In paralled, SOLARIS is evaluating PLLuM {Polish Large Langmge Universal Model), a lamily of
tratesformer. bnsed models deweloped by Polish ressarch institutices |6][7]. Trained on owe 5D bil
lian Polish Inngisage takens, PLLUM generates noourate, contest mean rsponses noross stentific,
technical, and administrative domains. Tus suppert, for Retrieval Augmented Generation (RAG)
allows nocees {0 external knowledge heses and document repositories —esential for interpreting
manuals, safety protcooks, procsement rules, and experimental logs

Virtual / ant for £

clentific and Operational Support

The SOLARIS synchratran hasis numerous reseach greasps foom acroes Peland, many of wham are
s &0 synochrotron tecniques and unfumilise with beamline cperation. This et a need foe in-
itive, acorssitile suppoet systems o guide wers through complex instrumentation and warkfknes.
A virtus! nssistant is being conceptunlized to support scientists, technical staff, and administrative
pemonned theaugh intelligent, natisral langunge internction acom multiple domeins:
« Scientific Sipport - seisting teearchers in oofiguring and running experiments, interpreting
procedures, and interacting with contral systems:
* Techniral Amistance - providing quick aoess to manals, safty praiools, and
troubleshoating guides 1o reduce ognitive load and impeove efficency.

* Administrative Help - sspporting staff with | , indernal d

and compliante related queries
“The asistant is envisioned Lo integrate with the msting Tango Controls and Sardann Fameworks,
using, LangChain or similar toals to implement Retreval-Augmentsd Generstion (RAG). This
would enable dynamic acoess o imternal @ - . Secum: deplayment, with role-
based aoress control and LA P suthentication & planned Lo ensure data protection. A prototype
i imended to be teted on one beamline before potentiol scsling acrces the Bacility.
“Thiss initistive ims o improve reproducibility, accesibility, and astoncmy in synchrotron research,
while lowering the entry harrier for new wers and enhancing the cverall mer experience at S0
LARIS.
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