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Motivation

m KARA (Karlsruhe Research Accelerator) operated as accelerator test facility

m Beam energy from 0.5 GeV to 2.5 GeV

w Wide range of turn-resolved beam diagnostics tools available
m Available as R&D facility for TNA via Eurolabs [1]

m Simulations allow optimal use of beam time

Integration Requirements

m Easy to use with reasonable defaults

m Allow for customisations

w Periodically updated results available via network
m Easy maintain- and extendabllity

m Additional features should be easily implemented

Structure
Rough building blocks:
m Lattice definition using LatticeJSON [2]
w EPICS-IOC [3] for control
m Ocelot [4] for simulation
m Control panel in CSS [5]
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m Integration mostly implmented in Python

m Intermediate lattice object reads lattice definition

m Creates element objects for each element

m EPICS-I0C creates record for each PV of each element
m Creates additional PVs for in-/output

m Simulation wrapper defines simulation routine

m Fetches magnetic lattice

m Starts simulation with Ocelot

m Writes output to PVs

m Results displayed via CSS
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User Interface

m Entire interface using EPICS
m Control over magnet strength via current (A) through magnets to ease transition to machine
m Graphical user interface using CSS BOY [5]

Ocelot Simulation

Offline Simulation

Run Simulation Bend | 663.419 A 0.393 rad Tune X 6.795 Chroma X 2.443

Simulation Running . Q1 345.155A 2.115 1/m"2 TuneY 2.699 ChromaY 6.318
Q2 367.053 A -2.210 1/m”"2

Status o M.Comp. 9.289E-3
Q3 288.189 A 2.078 1/m”2

Energy | 2.5000 GeV Q4 303.421A -1.907 1/m~2

TWS Res 3000 Q5 329572 A 2.049 1/m~"2 Simulation took 0.462 s
SH 174.205 A 63.560 1/m”3

Perfect Bend |Off I-

—IJ SV 169.506 A -52.080 1/m”3
Run on Update | Off[fiOn| Use Live Values

Optics Functions
30.57:_ -0.78
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Online Simulation

Quadrupole Magnets Outputs
Simulation OFf||-| Benc 665.000 A 0.394 rad Tune X 6.726 Chroma X 2.083
Period 50s Q1 343.600A 2.108 1/m"2 Tune Y 2.942 Chroma Y -1.141
i Ulation Rumm Q2 374.000 A -2.235 1/m"2 e ——
imulation Running @ || 3 288.120 A 2.078 1/m~2 ~-omp- il
Status . Q4 308.300 A -1.934 1/m~"2
TWS Res 3000 Q5 330.100 A 2.051 1/m”2 Simulation took 0.415s
SH 151.400 A 55.316 1/m”3
Perfect Bend |Off |
—l! SV 121.120 A -37.282 1/m”3
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Applications

m Recent studies at KIT aim at machine learning for autonomous accelerators [6]

= Online simulation results can easily be used
= Allows integration of ML algorithms into control system
= Centralised simulation reduces necessary computing power

m Beam optimisations can use simulated parameters instead of time expensive measurements
m Test new optics before actual implementation with easy switch-over
m Setup-free simulations for external scientists and students

Results & Outlook

m Successfully implemented
m Comparison to measurements shows some discrepancies

Measured Tune Simulated Tune

Horizontal 6.77 6.73
Vertical 2.81 2.94

m Lattice and conversion from current through magnet to magnet strength should be improved
m Algorithms to improve these can now be implemented

m No misalignments or fringe-fields implemented yet

m Further features could be implemented such as

= Tracking for e.g. loss simulation
= Simulation of synchrotron radiation properties - potentially with IDs

w Multiple instances can be spawned for multi-user support
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