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Andreas Adelmann 11.4.2021



€ sDScC

””‘[;E]“””““ i PACMAN Particle Accelerators & Machine Learning cpEL

PAUL SCHERRER INSTITUT

Accelerator(s) - _ “A. Adelmann [_j_’:
1. Minimise beam losses (HIPA and LHC) 4 SensﬁData } Cons'f:;tli;n of J
2. Better control of accelerator parameters (HIPA and LHC) = | Acc. Settings Surrogate Model
3. Prevent unnecessary machine interruptions (HIPA) J
. . . ' — SM updat
4. Neural networks instead of particle tracking (LHC) RS‘:LE;G L Tior 2 npaate
. . Applicati f
5. Anomaly Detection on streaming data (HIPA) update Surrogate Model
1s 10 min 10 min
Bending magnet (A)
3,675.4 9.1 ¢ Temperature at dump 2
o local shielding exit (°C)
3,675.2 1504°
@ Beam current at : :
- 48.9 Ring exit (1A) | | : § I:JI::[]’(())‘\H lapping
3 674.8 10068.8 l i T Fov e
o Interlocks Beam current Prediction e Threshold
3,674.6 ' .
50048.6 2019- — :‘::
367244 Bl W e —
8. ]
3,674.2 o f " . .: (a) TP and an earlier detection
08:30 09:00 09:30 10:00 ° " i e SN TR TR B ‘ £
Nov 21,2019 e e e reeewt 4
Information 2021, 12, 121. htps:/ /doi.org/10.3390/info12030121 .
ST =SNG RIS AR SIS ARSI S AR RSN DN AR ARSI AR SR SRR e e o g e e o D B L/ ”/‘ 1',[1(‘1— - o i r -08 .
t 1 s LRl ] L e
) information mopr| | T A LA B B
'\ =T i
‘ Arthle l 201':;-6 —— inol
i A Novel Approach for Classification and Forecasting of Time  § - . . (o) Not detected but with trend
' Series in Particle Accelerators ISy e | —— 1
% i 3 M . "y’w‘ \ b
y — S N L W - \
¢ Sichen Li 1t Mélissa Zacharias 1%, Jochem Snuverink 1, Jaime Coello de Portugal ', Fernando Perez-Cruz ?, | ]
} Davide Reg; ' and Andreas Adelmann '*© o 8 ; o

bR g e o ) S Agn Do Lo boon 22 e e o iR O S et o e T e PSP L aEtes ™% Tim

= 3 ~ o - S - o rey ~ o . s e = A ~



PAUL SCHERRER INSTITUT ETH-zurich

dﬁb Bayesian Optimisation at SwissFEL & HIPA @9

Learning &
Adaptive Systems
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® sate AscentLineBO (move each parameter to find the “best-direction” and then search for the best point in that direction)
® respects bounds & does (save) exploration

® covariance Matrix Adaptation Evolution Strategy (CMAES) used here as baseline

o CM AES does not have Safety COIlStI’aiIltS ?sgltathf97§-l3-t;54lsdo-21%-3 LA, Hambure, Germany doi:10.18429/JACow-JFAEszV1§l-1$LP%6i
. i BAYESIAN OPTIMISATION FOR FAST AND SAFE PARAMETER |
® dim =28 TUNING OF SWISSFEL

; J. Kirschner, M. Nonnenmacher, M. Mutny, A. Krause, Dept. of Computer Science, ETH Zurich \'
2 N Hiller, R. Ischebeck, A. Adelmann, Paul Scherrer Institute ‘



PAUL SCHERRER INSTITUT

— Multiobjective optimization of the dynamic aperture using
irl:_[b surrogate models based on artificial neural networks

® MOGA & ANN is used to find a good dynamic aperture and energy acceptance for the Swiss Light Source upgrade
® a straightforward use of the surrogate model is not good enough for this problem

w the surrogate model is retrained during the optimization.
® compared to a massively parallel implementation of a MOGA an * order of magnitude speedup.

™ include more design parameters in the optimization problem, such as the octupole strengths
™ it allows for the inclusion of a more accurate and more expensive model (includes nonlinear synchrotron oscillation)
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0.10 A —— training loss o » 06
validation loss size of the random sample
Is 30000
ﬁ hyperparameters are: .(F4+Fs;/2=(l'mstabl.e_+un.stab|e.+;)/2 . . ct-fp . . N ' ' . adts.
0.06 - Nlayers 5, Nneurons 64,
Nbatch 128, & RelLU
0.04 .
® early stoping (100 epochs).
" i Multiobjective optimization of the dynamic aperture using
0 D— , , , I surrogate models based on artificial neural networks
0 100 200 300 S ; M. KranjCevic, B. Riemann, A. Adelmann, and A. Streun

epochs Phys. Rev. Accel. Beams 24, 014601 — Published 19 January 2021
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Examined with PIC sims of the AWA injector:

MOGA solution with 6 inputs, 7 objectives
required ~130x fewer simulation evaluations

Surrogate model has 108 x faster execution

£ (MM — mrad)

O
300 - * GA with Physics Simulation
* Random Sample - 500 pts
-8 250 - X Best Known Pareto Frant
—
=
| 200 =
=
é 150 =
b
W
100 -

D5 D6
AE (MeV)

160 -

-

~

-
]

-

N

-
]

—

-

-
]

00
(-
1

| Machine learning for orders of magnitude speedup in

,'{ Phys. Rev. Accel. Beams 23, 044601 — Published 8 April 2020

§ multiobjective optimization of particle accelerator systems

“BPsl" Multi-Objective Optimisation with ANN |

Auralee Edelen, Nicole Neveu, Matthias Frey, Yannick Huber, Christopher Mayes, and Andreas Adelmann

—o— GA with Neural Network
—e— GA with Physics Simulation
x  Best Known Pareto Front

Physics Sim:
~95k core hrs, 66k sims
2246 cores, 36 hours

Neural Network:
~2 mins on a laptop

(500 sims for training)

0.35 0.40 0.45 0.50 0.55 0.e0 0.65
AE (MeV)

In terms of time-to-solution:

~6.4 mins on 8 cores to make 500-point training data

~ | 0 minutes to train on a laptop

~2 minutes to do optimization on a laptop
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dJT-E_[_ Other ML Activities

@ ML Luncheon (with Nicole Hiller)

o Slack channel: psi-ml.slack.com

& OWLE - World Seminar on Machine
Learning in Accelerator Science

https://sites.google.com/view/owle/home

Chantal J Adelmann

The One World charged
particLe accElerator (OWLE)
Colloguium & Seminar Series

Given the impossibility of travel during the COVID-19
crisis the (OWLE) seminar series was established as an
inter-institutional global online colloquium and seminar(s).

The OWLE-Colloquium is aimed at giving researchers a
platform to share research and development results of
very broad interest.

The OWLE-ML seminar series has a topical focus on
machine learning and experimental demonstration of Al-

ML.

Colloquium talks are held via Zoom once a month on the
first Tuesday at 1:30 PM EST (19:30 CET, 10:30 AM PST).

Seminars are held every second and last Tuesdays at 2:30
PM EST (20:30 CET, 11:30 AM PST).

Organizers: Andreas Adelmann (PSI), Kevin Brown (BNL ),
Annika Eichler (DESY), Georg Hoffstaetter (Cornell),
Verena Kain (CERN), Kevin Li (CERN), Tatiana Pieloni
(EPFL), John Power (ANL), Daniel Ratner (SLAC), Andrea
Santamaria (KIT) & Daniel Winklehner (MIT)

Please contact one of the organisers if you would like to
give a 45 minute colloquium or seminar.


http://psi-ml.slack.com

