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Source: https://starship-knowledge.com/wp-content/uploads/2020/10/ML_Al_DL .jpeg
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HEndm Y FE
© INLRFENEIET - ERALT, ANT—40 0 BEEREHHRT 2HRE2E

BEEE., OCRAT 4 v EIE. HR— XY 42— 2 (SVM), REKR., GBM, Bayesian Networks, Ensemble Methods.
B4 X45#888. k-NN. Neural Network, LTSM. Transformer

HEhiE LEE
D SRILERET— AN SHEER I —VERRT A EEEM

HSRRYUYT ., RTBliE. EEIL—ILFE. Spectral Clustering. Isolation Forest, One-Class SVM. LOF. GMM. LDA.
GAN. PCA. SOM. Autoencoder, VAE. Diffusion Models

iR bFE
L BBEHEL. AREERT AL TRMERALT & S HAEELE

Q-Learning., SARSA. REINFORCE. PPO. Actor-Critic. Dyna-Q. Deep Q-Networks (DQN). TD3. HER. IQN. Rainbow
. A3C. Tonic

Others

- $HEHYFE. BCHENHYEE. 2*45—=2)., EERE. £HEFE. #EW7IL3Y
R L, etc.. TNoDEAHEDHE

Novenber 28,2023 REZEMRT MRS EBBEELNEFER~DEE2023



B E D K535

Error Supervised Unsupervised Reward

Learning Learning

Evaluations

=] () =]

| Output

https://starship-knowledge.com/wp-content/uploads/2021/01/unsupervised_supervised_reinforcement.jpeg

Novenber 28,2023 REZEMRT MRS EBBEELNEFER~DEE2023



BHFE IR TE SHH

- @R - EERH
- Efnd HEE T - BEONNEZEE
© %8 - b EE
- EEINATIVICRYSTS - TEIEZFET S
- gk - B VAT LA
e HSRAYLH © A—Y—DORFRMITEDETHR
« T—RRAL+ETIL—TLT S - BASENE
o RITHIE s THERRMT—2DEMBOLERK
. ZE’EE@@'I‘EH&HE?# LizEFzI v - ERFTEH
TILIZT B S

Novenber 28,2023 REZEMRT MRS EBBEELNEFER~DEE2023



Ly < DDVER B ST

Novenber 28,2023 RKEZFIRT HINEZS & EREENECHFBFR~DEE2023



Kain, Verena, et al., “Sample-Efficient Reinforcement Learning for CERN Accelerator Control.”,

https://doi.org/10.1103/PhysRevAccelBeams.23124801
the example of trajectory correction

reward
4 ~ N\ ( )
RL AGENT policy ENVIRONMENT
Ty(s,a)
N action | [ correctors |
HiRadMat ATLAS - ’
| 2011 ] }\m:r) ) %
R SELENA NI ISOLDE parameter 0 BPMS
o /'7; Kiss mREX/HIE \_ Y, . ) - y,
"em =5 ———H East Area observation
e % CLEAR
:
- -
To investigate this approach, continuous model-free 2
reinforcement learning with up to 16 degrees of - J
freedom was developed and successfully tested at 0 20 40 60 80

various facilities at CERN. N I WY ¥ NS T SZ TS Y AT -
E-2
g — final
OpenAl Gym, NAF, TD3, ILQR € _3 —— initial
---- target
0 20 40 60 80
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Scheinker, Alexander, et al., “Online Multi-Objective Particle Accelerator Optimization of
the AWAKE Electron Beam Line for Simultaneous Emittance and Orbit Control”,
https://doi.org/10.1063/5.0003423.

BPM n

; real time feedback on particle
| accelerators.

I Pl — et Online multi-time scale multi-objective
o A /\/\/7\ optimization algorithm that performs
§

BTV 353
BTV 354

--> data pickup
~— feedback

electron - proton

overlap region AWAKE electron beam size at the end of the beamline at
AWAKE electron beam line and the setup jtferent stages of the optimization

step 175 step 512

* Developed and demonstrated an online multi-time-scale 02077 mm ove 081 o

multi-objective optimization algorithm. R o i oz
+ Demonstrated the ability to maintain the nominal trajectory 0 6

Ay [mm]

of the beam while minimizing the emittance within the
electron beamline in CERN's advanced proton-driven
plasma Wakefield acceleration experiment- -5 -10 -05 00 05 10 15 -15 -10 -05 00 05 10 15 -15 -10 -05 00 05 10 15 -15 -10 -05 00 05 1.0 15

Ax [mm] Ax [mm] Ax [mm] Ax [mm]
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Plehn, Tilman et al., “Modern Machine Learning for
LHC Physicists”, 2022’ Detector-level Particle-level
https://doi.org/10.48550/arXiv.2211.01421

~ Data
=
128 page g |\ )%
AN
« The goalis to quickly guide students who
possess a basic understanding of particle Step 1: Step 2:
physics and a great enthusiasm for machine B e |_
learning to applications that are related. Vn—1 = Wn Vn=1 == Vn
* They start with an unconventional - Simulation o \\Cigm; Generation
introduction to neural networks motivated by < vo
the LHC, and covers classification, ;i), g /)i\' o % -

unsupervised classification, generative 1 1 | 1
networks, and inverse problems.
lllustration of the Omnifold method for detector unfolding.

forward

scattering decay QCD shower fragmentation detectors

inverse

lllustrated simulation chain for LHC physics.
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Dorigo, Tommaso et al. "Toward the End-to-End Optimization of Particle Physics Instruments with
Differentiable Programming”, Reviews in Physics 2023, https://doi.org/10.1016/j.revip.2023.100085.

« The construction of a fully differentiable pipeline and
the use of deep learning techniques may allow the

v | | | simultaneous optimization of all design parameters.
e + In this white paper, we lay down our plans for the
design of a modular and versatile modeling tool for the
& anon end-to-end optimization of complex instruments for

Validation

particle physics experiments as well as industrial and

medical applications that share the detection of

Particle- Pattern

Detector Detector  revmm: \Differentiable Analysi radiation as their basic ingredient.

B simulation model Al reconstructed  model

response signals
. — . . . . Cathode and RF gun

Block diagram for the optimization of a generic particle physics detector. @ /RF acce|e,aﬁng cavities
(@) o - (c) i Focusing magnets

80 - seos oo 1o - / / Linearizing cavity ~Chicane (beam compression) Undulator (e- beam to photons)

¢ ¢ T 140 laser / / /
70 t $ ¢4 b g [ v /
= ¢ ;b ytt ¢4 = "4+ photon beam to 7
t — MOBO =100 { mem 7(100) 250 MeV 4.3 GeV 14 GeV * experiment
50 ¢ NN = = 7(200) e stations
40 - ¢ NSGA-Il 80 - wm 7/(500) Y
0 100 200 300 400 500 035 040 0.45 050 055 060 0.65 Main Accelerator Sections
. Observation dE (MeV) . (C)
Input Variables Output Beam Parameters : L T s
S 140 = e & =
e K, K. Exyz » w
" WK - e :
£ g & ¢ 1 1V 1 1 1 S LR
& 100 | e Hyoso Camodel o = ; 50 .
= X[zsm X 1 T e l 50 100 150 200 250
80 - | mmm Husca-1Il AVA Cavity /\ Linac Cavity T W m i oo & ; sy ey T
Solenoids 0 g Lo ¥ o

g : 3 t(fs)
SRS e Example of a linear accelerator and major components (in this case the
Multi-objective Bayesian optimization of the Argonne Wakefield Accelerator Linac Coherent Light Source)
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Z L T. ChatGPTDO &15

OpenAl Playground Assistants APIDEE & Y

User

INEBEYEBZICEITDIEELRMSEZETTLLEZ W,

gpt-4-turbo
IRFYIEZ T, Z<OEINFONREREZEH>TVWE T, UATICZEOW DO ZEITET,

1 E=AL%47} =% X (Beam Dynamics): IIIRFBA THEBA FE—LADHETZ XA T 2L, E—LDHE. &
R, LA, BEEREDEENEENS,

2 B (Electromagnetic Fields): IERR O E—ABIEICER S N 28BS OIS, ChSEBRFZEINRL. B50
PEBZHITTCD, E-LAZERIEZLHICERIND,

3 v 0bk0OYEE (Synchrotron Radiation): fFERI FHIER S 2R, FICHIMEZ#HE < & T ICHRET DS, 15
[CEFINRB|[TEERIRR,

4 hEKERE (Acceleration Mechanisms): FIF = INE T % fz O ICER SN B8R L T, ERINESS CIERFF v ET
4. AEmMERTEI>y7O0ROY, Y270MOYPV TPV IRENH B,

5 1R (Resonance): IIERZFFEZETICE W TEBINZTIHR T, NFOEZEENETNSDANEH L. FO/EREANFDIR
EHIEKRT %,

6 WEAFE—LADRE HELAE—LZEBHDOHANFE—LDOFYE, TIVIVAR, E=LTVIUFZVA, E—LA
Y1 R TRUF2 ket RSN ER R prz0023
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ChatGPT

« 20224 11H30H. OpenAINGETEHL 7V X LT LI\ TChatGPT = #l
RATEA&L28F LT,
* Web LDIFHDIFEAEZEMRLTHMEE LTHD (KIITHZD)
« AR ERAMMDDOMENE EDREERE

« LLM (Large Language Model; e.g. ChatGPT) IZ&EMHZKE< ML S
5

* Noy, Shakked et al., “Experimental Evidence on the Productivity Effects of Generative Artificial Intelligence”,

March 1, 2023, https://doi.org/10.2139/ssrn.4375283

- Ziegler, Albert et al., “Productivity Assessment of Neural Code Completion.”, MAPS 2022,
https://doi.org/101145/3520312.3534864.

« COAFA F#HlEL ChatGPT (GPT-4 Turbo)M H =B Y 1=
- BRREIVOVELTEFE -HRIDHCLzBBRELTHTIELL
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LLMs(E & 5 MEFITEZ HH?

ChatGPTAH EICIERBHMOCa—TFT s o9 D EIZTODNWTHITIEZ L DBEEmTEEF S LHAZIFXELND
Hallucination, /N 7 X EH D, E/EE. HEERFHROMY FKWLITEE,
ANZELCEY BEWRAETHEITS &EEBZL OMNKRS 2k

- &3
248y b, I-SzURELT
AEORERET S

o Y—ILOFER (122731 L T )
ChatGPT, GitHub Copilot, Microsoft Copilot, Google Bard, Claude

o BIZIE, IMEFAFICHELEZI—2 0 b (eg. GPTs)
ED & 5248 % H ? (Custom instructions? Retrieval? Fine-tuning? Distillation?)
MRFD EZMTELEITS
HRE. TOoO0=27. HfTE. EMR. OEZEOMEZEEONEIN?EDKLIITHEZLHIMN?

« Multi-modal LLMIZ ES5#EZ 5 ?
+ Robotics&E DHEHE ?
- BERE - TIILFERRIVBIT -1 ~? (e.g. SuperAGI, MetaGPT) ... Initial AGI

C SEMEQRETLFHAH LU, FRA - BARED EHBRE) £35
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