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L7cht o T AU RBREENFIFKRMDOBEET ZHE T 5 DICIERE ICEFTH %,
HATHETZ 1T TR EDDE - HOEME5ND DR EFLH R,


https://scikit-learn.org/1.5/modules/gaussian_process.html
https://scikit-learn.org/1.5/modules/gaussian_process.html
https://scikit-learn.org/1.5/modules/gaussian_process.html

AU ZEREROEE (1) |, e

—RTTEAE DB B, -
SO BHFFE u = 0, DEUS of 21 8
1 20y
@) = e (- 1) ’
= exp| ———
P re, T\ 208 ~ 0
i—a-“\ 1 )ﬁff“’@?“—a D = (yD,xD) h\\gl—%%d)ﬁj\%& O-l% —C“HY'?FE_IEC??“TC t_a_éo XD
x = xp COFRAMOMFHECARSFFNNBET —ROEANWESFHL—HMINILOT,
od 0§ op
IE(¢|D, xD) - —ZyDJ var(<j>|1), xD) = 2
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« COFRDBWIUTDLSICHRSB, 0 ; “0 8 10
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1
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neX) =KpZ5'yp,  Ve(X) = K—KpZ3'Kyp

K(xD'l, xN)
1((XH12;JQV)

K(xD,NDr xN)
GP regression from 10 points

-- Ground truth

Mean
95% CL I
$ Data ,’{"1 ‘+\‘
fﬁ / ;
\\i J*
\\\\ ,io’
0 2 4 6 8 10




2DODZREHNT A HDERDH

° ;kd) 2 9@%%%7]@2%% X1,X2 ODEE%ﬁE‘:OL\—C%i%o

p(x, %) =N ([ﬁﬂ ; [Zﬂ ’ [gi

CDDBHEDEITHDOZITINIE. RDKLSICHR B,

A=3"1=

— A11
A21

A12
A22

l B [—(z

L7cht> T\ FERZHRIILTOEED &4 %,

p(xq,x;)
1

1

e
J@2m)kitkz|g|
1

X

1

p

ex
J@mkatkz g |

exp
J@2m)kitkz|g|

exp
J@2m)kitkz|g|

_5([351 —m]" [x = pl™)

1

(11 — 212257 %50) 71

(A11 A12) (xl —
Azq

Azz Xy — Uy

)
z22 ,

22 — L1271 215) 12y BT

)

Y= [211

lel
z21

z22

—(Z1 — 2:1222—21221)_121222—21]
(Zyy — 227718171

(ep — ) TA 1 (g — ) + (g — ) TAL (e — o) + (o — ) TAG (0 — ) + (e — 1) AL, (x5 — 1)

2

(xy — H1)TA11(x1 — i) +2(x, — HZ)TA21(x1 — ) + (x, — ﬂz)TAzz(xz - Uy)

[x; — py + AZ5 A5, (ep — )] A, [x, — py + AZ3AL, (X — py)]

2

ZIT A RBHBEDOT, ROBGEESES T,
(x; — #1)TA12 (x; —pp) = (x, — #2)TA21(X1 — Hy)

2

+ (2 — )T (A1 — A AS7 A ) (x4 — ﬂ1)]



ST ADMDEIME & FKAT THER

2DDNEEEN T ANHOEREESHN S A5 (Marginal distribution) & Z&4{7 EHESR (Conditional probability)
2B LW TE S,
838453 %5 (Marginal distribution)

p(x,) = jp(xpxz)dxz

exp [_ (1 — 1) T(Agq — AZ1 A3 A1) (X — M1)]
2 jexp ! [x; — py + A3 A5 (g — py)] T A [, — py + AZ3A (X — ﬂ1)]] dx
= — 2
\/(Zﬂ)k1+k2 121111222 — PEP I 2:12| Z
— )’ Ty 1. —
exp [_ (%1 — 1) 221 (g — ) \/ exp [— (%1 — 1) 2211 (%1 — 1)
= (2m)k2|AZ;| = = N (x1; 11, 211)

\/(Zﬂ)k1+k2 12111122, — 21254 lel \/(27T)k1|211|

ST T HEER (Conditional probability)
p(xy,x5) 1 [_ [x2 — pp + A3 A1 ( — )] T AR (X, — py + AS5 A, (X — ﬂ1)]]
p(x1) \/(Zn)kz |A;2 P 2
= N (xz; 1y — A22A21(x1 B1),A32) = N (x5 fy + o1 B (X1 — 1), 2 — 221271 Z15)

p(xzlx;) =




70y 7175 D175 & #1775
v- (¢

- 1753\
M| = |A||S| = |DIIT|
S=D—-CA™1B
T=A—-BD™1C
. H1T5:
M-1 = (A‘1 +AT'BST1CA™? —A-lBs—l)
—S~1ca1 S—1
_ ( T-1 —A—lBS—1>
—S~1ca-1 s-1
_ (T—l 0 )( I —BD—l)
0 S—1)\—cA™1 I

_ ( T-1 —T-lBD-l)
~$~1cA™1 st

. S ¥ T DTS
St=0D-cA By =D '+DcT*BD*'=D"1+D"c(4A-BD1C)"'BD?
T —_

1 =(A-BD ) ' =A4"1+A4"1BS7ICAT =4+ A7'B(D - CA™'B)"1cA?



15

10 1

H ZBRRENED/NATI/IN—INS A —&

CCEFTIEN—x)LE#E L THEEERB K(x,, x,) « exp (—— g — x| ) ZERLTE
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COESGINTA=R%NAIN—/NF X—=4F (Hyper parameter) I3,

EREREZ ANTCHEEERBIIUTOLIICERTE %o
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LCLS (SLAQ) ICH T3 XFEL D /N)L X5

S st

J. Duris et al.,. Phys. Rev. Lett. 124, 124801 (2020)
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HE1T2D XFEL DAY L&

E Mt

E. Iwai et al., ). Synchrotron Rad. 30, 1048-1053 (2023).
I. Inoue et al., J. Synchrotron Rad. 29, 862-865 (2022).

Motor for rotating MPCCD detector
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'ft T. Nishi et al., Proceedings of the 18t annual meeting of particle accelerator society of Japan (PASJ2021), TUOAO3.

T. Nishi, Lecture on ISBA'22.
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KIT-LS TDO ASShERe&x#E1E

Chenran Xu et al., Phys. Rev. Accel. Beams 26, 034601 (2023).

 KIT-LS: Karlsruhe Institute of Technology Light Source, Germany
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« General Gaussian process tools

« Scikit Learn: https://scikit-learn.org/ . eea,’tn

 Plenty of machine learning tools
« BoTorch: https://botorch.org/

 Bayesian optimization tool built on PyTorch ) BOTO rCh

« GPyTorch: https://gpytorch.ai/

 Gaussian process inference tool built on PyTorch ( ) GPyTOI'Ch

« Gaussian process optimizer for accelerators
« SACLA original: E. Iwai et al., J. Synchrotron Rad. 30, 1048-1053 (2023).
 Xopt: https://github.com/xopt-org/Xopt

- Badger: https://xopt-org.qgithub.io/Badger/
» APSopt: N. Kuklev et al., IPAC'24, TUPS50. CX@’C‘ @ Badger

» GeOFF: https://zenodo.org/records/8434513

SM7FE887H Bk Ltk =20 38
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7'5% (policy) & UNZ%= (EFaREN, return)
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c MREEs DY TICITH) a ZENDHER

« FEREE
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n* = argmax f (1)
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51 1 : Bayesian Algorithm eXecution (BAX) IC& D T = v & > ZAIE & &1t (SLAC)

« S.A. Miskovich et al., Mach. Learn. Sci. Technol. 5, 015004 (2024).

Multipoint-BAX: a new approach for efficiently tuning particle accelerator emittance via virtual
objectives

« Also presented at 3@ ICFA Beam Dynamics Mini-Workshop on Machine Learning Applications for
Particle Accelerators
https://www.bnl.gov/mlaworkshop2022/
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« D. Schirmer, “First experiences with machine learning techniques at the 1.5 GeV synchrotron light
source DELTA", 2"d ICFA Mini-Workshop on Machine Learning for Charged Particle Accelerators

« E. Meier et al., WEPPPO57, IPAC"12.
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S.A. Miskovich et al., Mach. Learn. Sci. Technol. 5, 015004 (2024).
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BAX: Bayesian Algorithm eXecution

BAX website
https://willieneis.github.io/bax-website/
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D. Schirmer, “First experiences with machine learning techniques at the 1.5 GeV synchrotron light source DELTA”,
2"d ICFA Mini-Workshop on Machine Learning for Charged Particle Accelerators
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* Ryan Rousell et al., Phys. Rev. Lett. 130, 145001 (2023).
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Accurate & Confident Prediction of Electron Beam Longitudinal
Properties using Spectral Virtual Diagnostics
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AWA: Argonne Wakefield Accelerator
Ryan Rousell et al., Phys. Rev. Lett. 130, 145001 (2023).
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