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Injector Controller Studies
Continual optimisation of injection in the PSB
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Common problem

 Minimise some gquantity f, dependent on:
* P, parameters, i.e. things we can change
optimiser = p,,, 1
« s, state variables, i.e. things we can't change
* e.g.: machine drifts, stray fields

min fi(p;) = f(pe;s(t)) |

Pt

» Classical optimisers only handle s = {} or s

= Time-varying Bayesian optimisation!] :

[1] Bogunovic et al, 2016 -- https://arxiv.org/abs/1601.06650
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Gaussian process

* Probabilistic model:
f(x)|X,y ~ Gaussian(u(x), o(x))

« For any x, we have a mean estimate 4, and
uncertainty g.

—— truth
X
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Bayesian optimisation

Procedure

1. Pick next point to observe: x
2. Get observation: y

3. Update posterior: 4, o

Picking next point

« Acquisition function:
combine [ (exploitation) and o (exploration)

 e.g. LCB(X) = u(x) - B a(x)
* Minimum of acquisition function = next point
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Time-varying Bayesian optimisation

« In addition to the parameters p, we add
time, t, as a variable of the GP.

« tis a proxy for the state s.

« Choose next point with t fixed to the
next time (e.g. cycle timestamp).

* Avoiding large changes in parameters: biasing constraining
* Proximal biasing
* Proximal constraining ]
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PSB Transverse Painting

* LN4 injects H-, which pass through a
stripping folil, resulting in H*, H°, H-,

« Space-charge losses

* Minimise by sweeping the injected beam
horizontally (painting) with the KSW.

« Match injection location with closed orbit
(orthogonal steering vs KSW bump)
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x' (mrad)
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[2] Renner, 2022 https://cds.cern.ch/record/2843059m
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Results — drift
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Results — jumps
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Conclusion & Future

« TVBO successfully optimises objective vs « TVBO running continually via acc-

slow and fast time-variations in state geoff4ucap
« UCAP device and acc-geoff4ucap agent « Fully configurable and supervised by
developed OP/experts, e.g. via LSA settings

« TVBO available as another optimiser that « Test acc-geoff4ucap on long MD (days,
can be readily used by others perhaps weeks)
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Results — multiple parameters

em iloi
—T"

Machine: |5

Algoesnm,

e v mtistsation ot

AT T T 80
[— . S
Objective function
1
+
eI ImPYl 1A P nd i
G e S anndi Y4 00"‘; 4y
Constrats
-
S P
o “;4*;“; ‘i‘i; - x. 4 fipel #, £t g ] *u‘i fugd
g T, . TR R AP o ey st
¢#~.*,H,‘ﬁm,‘ﬁw+wawﬁ%§ e vmztﬁownﬁi‘i‘um R L
.. R ' e T Yi it
7‘ T e i 1 * na04ns
+ 4 * - Mt
T P S i 8 ++ - |+
0 El i Cl E 0 a0 w [ T 10 = 0 ™ e o 0 e

PEE S T

Machine: |5

e v mtistsation ot

80

AL Rameg

T IR B A T A PESNIRRE |
R Ll o B L (I R | ey O L ey e
“I T 3 Lx3 3
i
2| e F P T T e e S
WM ¥ Fe e
s + . ot -+ + +
L +* TLE K hd Y hey t
+ £y ot S A
o 1 1 it F1Th T T
g E w = L E = ; i e : o =

CERN

Presenter | Presentation Title

05.02.2025

11



