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Optimizing accelerator control is a critical challenge in experimental particle
physics, requiring significant manual effort and resource expenditure. Traditional
tuning methods are often time-consuming and reliant on expert input, highlighting
the need for more efficient approaches. This study aims to create a simulation-
based framework integrated with Reinforcement Learning (RL) to address these
challenges. Using Elegant as the simulation backend, we developed a Python wrapper
that simplifies the interaction between RL algorithms and accelerator simulations,
enabling seamless input management, simulation execution, and output analysis.

The proposed RL framework acts as a co-pilot for physicists, offering intelligent
suggestions to enhance beamline performance, reduce tuning time, and improve
operational efficiency. As a proof of concept, we demonstrate the application of our
RL approach to an accelerator control problem and highlight the improvements
in efficiency and performance achieved through our methodology. We discuss how
the integration of simulation tools with a Python-based RL framework provides
a powerful resource for the accelerator physics community, showcasing the potential
of machine learning in optimizing complex physical systems.

Onrtumu3anus ynpaBJeHHs YCKOPUTENISMHM — OJHA M3 KJIOUeBHIX 3aJad IKCIe-
pUMeHTa/NbHOH (DU3UKHM 3/eMeHTapHbIX 4YacTUL. TpaiHMLHMOHHblE MeTOIbl HaCTPOHKH
TpeOyIOT 3HAYMTEJNbHBIX YCHIHH W CYLIECTBEHHO 3aBHUCAT OT OIbITa 3KCIEPTOB, UYTO
OTKpPbIBaeT OKHO BO3MOXKHOCTEH [/1 aBTOMaTH3alKH HUCIIO0/b3yeMbIX MOJXOMOB.

B naHHOM HccieoBaHMM MpejJaraeTcs co3faTh CHMYJSLHMOHHBIN (ppedMBOpK,
MHTETPUPOBAHHBIH C MeTofaMu oOyueHus ¢ nonkpemsnenueM (RL), nnis perenus
nofoOHbIX 3ana4. B kadecTBe finpa cUMynsLUM PabOTbl yCKOPUTE/S HCIOJb30BaJCs
naket Elegant. Jlnsa ynpouienus B3auMoneiictsust RL-aropuTMoB ¢ 3TUM SAPOM OBLT
paspaboran Python-untepdeiic, obecrneunBaiouuil yno6Hoe ynpaBjeHHe BXOAHBIMH
JaHHBIMH, OTPabOTKy CHUMYJNSLHUH U aHA/JIMU3 MOJNydaeMblX pPe3yJ/bTaToB.
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[Tpepnaraemniii RL-bpelimBopk paboTaeT Kak «BTOPOH MNHJIOT» MJs1 (PU3UKOB,
NpeoCTaBsisl HHTEJIEKTyalbHble PEKOMEHAALMH JJIs TTOBBILIEHUS Ka4eCTBa MYYKOB,
T03BOJISAST COKPATHUTb BPeMs HACTPOHKH M YJAYYLIHTb IKCMIyaTALHOHHYIO 3((peKTHB-
HOCTb YCKOPHTeJIS.

B nanHoi paGoTe NeMOHCTPHUpPYETCs ONHCAHHAS KOHLENUHs C NIPHMeHeHHeM OCHO-
BaHHOro Ha RL monxozna k 3ajmade ynpaBieHHS MOJEJNbHBIM My4YKOBBIM TpakToM. [lox-
XOI TIO3BOJIUJ YJIYULINTb 3(P(HEKTHBHOCTD H NPOU3BOLUTENBHOCTb CHCTEMBl. TaKike
06Cy?Ka1aeTcsl BOSMOXKHOCTb TOTO, HACKOJbKO MHTErpalus HHCTPYMEHTOB CHMYJISALHH
nyukoB ¢ RL-¢pefiMBopkoM MOXKeT MOMOYb COOOLIECTBY (PH3HKOB-YCKOPHTEJbLIMKOB
NPH HCIOJB30BAHUM MOTEHLHaNa MALIMHHOTO OOyUeHHs AJISi ONTHMH3aLHMH CJO0XKHBIX
(hM3HUECKUX CHCTEM.
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