IBPT

Institute for Beam Physics and
Technology

Karlsruher Institut fir Technologie

THz Radiation Optimization at Linac using Machine Learning Methods

Chenran Xu*(chenran.xu@kit.edu) and Andrea Santamaria Garcia
on behalf of the IBPT team, Karlsruhe Institute of Technology, Karlsruhe, Germany

FLUTE (Far-infrared linac and test experiment) is a linac-based test facility aimed to create fs-short electron bunches,
and generate intense THz radiation tailored to user experiments.

Goal: Autonomous control of the bunch and THz radiation properties with ML methods.
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Training Data: 10* ASTRA simulations with uniform randomly sampled parameter settings
Training procedure: Min-max norm. of input&output; Adam optimizer, batch size=64, learning rate = 10-3; early stopping 200 epochs
Next Step: extend the NN model to start-to-end simulation

Applications of surrogate model

Bayesian optimization for simulation settings Provide tast training
- _ . environment for
{Bwld GP model | 14,0 [ Acquisition functlonw Q >[Next sample pomts} ) )
initial|_f ~ GP(u, k) ‘ { El J zi = (2}, 7)) reinforcement learning
Parall_el eyaluations using local (X0 Y0) T(Xj,yj) , Tic(1,., Wl control
penallzatlon of ac(. functions { Augment data }({Objective function}6D particle( Run simulations }
(X;-1,Y;_1).append(x;, y;) Yi = O, LU, ... distributionLASTRA, OCELOT : .
environment RL Algorithm O
OngOlng USG Surrogate mOdel (a) Before opt. (b) fOb] Bunch length (c) fObj Peak E-field deSIgn I
. _ o g 313 MeV: g 313 MeV: Hg: 414 MeV
predictions to constrain BO ) o 0.3% st O 3% RSl
search space and reduce the %" }— > < S x RL Environment <
optimization time 3 A
0o A N _ /v . penchmark RL training | evaluation
—-20 (z[fs] 20 40 —20 (E[fs] 20 40 —20 (t)[fs] 20 40 pe rformance
FOU nd Settlngs Wlth 1 7 tlmes - (d) Total bunch SR spectrum (e) E-field of CSR THz pulse

600 — 200 -

higher THz pulse E-field |—
compared to design values
that minimized bunch lengths

p—

3
N
[\

Before opt
E-Field opt
== Bunch length Opt

[S—Y

3
[\
~

SR intensity [Js]

p—

I
[\®]
(@)

= .
S 00 - — et Y Machine
= / 4~ Surrogate
- I N\ 9 EPICS
= g 10 0 10 20 |V|Od6| DOOCS.
0 q== ‘/ -._—-_—-L—lif.sj—- —— L_'i

IIII 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 I I I
1012 1013 1014 1013 —~10 0 10 20 30 40
o [1/s] t [fs]

References: [1]: Surrogate Modelling of the FLUTE Low-energy Section, doi:10.18429/JACoW-IPAC2022-TUPOPTO070
[2]: Optimization Studies of Simulated THz Radiation at FLUTE, doi:10.18429/JACoW-IPAC2022-WEPOMS023

Acknowledgement: This work is in part funded by the Initiative and Networking Fund by the Helmholtz Association (Autonomous Accelerator, ZT-1-PF-5-6).
C. Xu acknowledges the support by the DFG- funded Doctoral School "Karlsruhe School of Elementary and Astroparticle Physics: Science and Technology".

KIT — Die Forschungsuniversitat in der Helmholtz-Gemeinschatft WWW\V. klt.Ed U


mailto:chenran.xu@kit.edu

