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Accelerator	related	topics:
• Tuning/optimization/control
• Data	analysis
• Simulation/modeling
• Prognostics/alarm	handling/anomaly-breakout	detection

Advanced control and optimization techniques for accelerators

Improving	accelerators:	
• machine	tuning	and	beam	dynamics,	beam	parameters	extraction,	

dealing	with	noisy	data;
• diagnostics	and	control	of	high	intensity	laser
• virtual	detectors	for	machine	monitoring	purposes
• use	data	more	efficiently

The	goal of	our	project	is	is	to	investigate	and	demonstrate	the	use	of	ML	techniques	for	
advanced	control	and	performance	optimization	of	the	accelerators	and,	in	particular,	the	KEK	
injector.

ML	Techniques	:	
Supervised	Learning	(Regression,	Classification)	,	
Unsupervised	Learning	(Clustering,	
Dimensionality	reduction),	
Reinforcement	Learning.
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Conferences,  papers, workshops, discussions 



Example 1: THOMX project at IJCLAB (discussed here)

Waiting	for	ASN	permission	to	start

ThomX - Compact	source	of	X-rays
Producing	a	compact	source	of	directional	X-rays,	with	high	performance,	
very	bright,	monochromatic	and	with	adjustable	energy	for	application	to	
the	field	of	medical	science	(imaging	and	therapy)	and	social	science	
(artistic	heritage),	technology	and	industry. • Linac and		transfer	line:	find	day	to	day	

repeatable	beam	conditions	
is	challenging	task	(temperature	conditions,	laser	
jitter,	…).		Reproducible	beam	dynamics.	Injection	
matching	with	Ring.

• Ring: Need	to	stabilize	machine,	find	stable	orbit.	
First	turns	– need	to	match	several	parameters.	
There	are	empirical	ways.	Machine	expert	can	do	
(experience).
We	search	for	automatization/	guiding.	Study	
case.	

Example 2: KEK LINAC  (similar ML approach, less discussed here
due to the limitation of number of slides )



RING: Study case. Some details. 

Single particle Trajectory (several turns):
1. Control	parameter:	Corrector	magnets.	12	independent	variables	in	transverse	horizontal/vertical	planes.
2. Physics	simulation.		Accelerator	Toolbox	(MATLAB).	
3. Measured:	trajectory/n-turns/orbit	represented	by	120	variables	(12	BMPs	x	10	Turns).	

In	real	life:	noise	in	measurements,	BPM	readings	at	low	statistics	not	so	good,	etc.	
Once	orbit	is	found:	large	statistics	allows	to	use	well	developed	methods	in	accelerator		physics	(SVD,	optimization,	etc.).

Supervised learning:
1. Prepare	vectors	of	corrector	and	calculate	corresponding	trajectories.

MATLAB	Engine	API	for	Python.	
2. Train	model	to	predict	correctors	based	on	the	trajectory	input.

XGBRegressor +	MultiOutputRegressor,	NN,		Jupyter notebook	at	server	48	threads	~	1	hour.
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Ongoing	studies:
- prediction	of	correctors	magnets	currents
- Trajectory	minimization
- Noise	“filtering”	in	the	data
- Model	robustness
- Beta	function	reconstruction	from	TBT	data
- Optimization	of	injection
- Orbit	classification
- Failure/anomaly	detection
- Inverse	problems

Typical workflow

Methods:
NN,	CNN,	XGBoost

Tools:
Jupyter notebook,	Keras,	pytorch

Hardware:	
Mainly	CPU

1. Formulation	of	the	problem
2. Preparing	dataset	and	“understanding	of	the	data”
3. ML	model:	development,	training,	improvement



Discussion

• Accelerator	physics	could	strongly	benefit	from	machine	learning tools.	
Outcomes:	very	precise	control	of	parameters	and	machine	stability.

• Tests	of	the	models	on	the	live	data	from	the	accelerator	and	analysis	of	the	improvements	of	the	
linac performance.	The	predicted	parameters	then	could	be	inserted	to	the	EPICS	data	channel	for	
the	monitoring	purposes.		In	such	a	way,	we	will	explore/validate	ML	concepts	for	possible	
generalization	and	application	for	particle	accelerators

• This	project	allows	strengthening	the	collaboration	between	our	groups	on	these	items	by	
personnel	exchanges	via	travels	to	the	French	laboratory	IJCLab and	KEK,	where	the	
commissioning	of	the	SuperKEKB accelerator	complex	is	currently	ongoing.	


