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* Overview PACMAN
-Research goals and status
* First months HIPA
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= PACMAN
Particle Accelerators & Machine Learning
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Figure 1: Sketch of the application of a Surrogate Model (SM) for particle accelerators. Red lines indicate
real time data transfer.

* Research goals:

1. Minimise beam losses (HIPA and LHC)

2. Better control of accelerator parameters (HIPA and LHC)
3. Prevent unnecessary machine interruptions (HIPA)

4. Neural networks instead of particle tracking (LHC)
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People PSI

PhD supervision Sichen Li working on surr. models (Tier 1)
Research goal 3: Prevent Machine Interruption (Tier 1+2)

Andreas Adelmann
Sichen Li
Anastasia Pentina
Jochem Snuverink
Davide Reggiani
Markus Janousch
Jaime Coello
Marco Schippers

Surrogate model construction (Tier 1)

Pl, data access, transfer surr. models to operation (Tier 2)

Research goal 2: Parameter Control (Tier 2)
Connection operation (Tier 2), adaptation to future acc.
Transfer surrogate models to operation (Tier 2)
Postdoc supervision, general HIPA coordinator

Tier/ | wp

Partner (short name)

Year and Quarter

PSI-Accel 2019 2020 2021
SDSC EPFL-Accel PSI-LSM | PSI-Control 5 3 7] i 5 3 7] i
1 L P P MI1.1 M1.2 M1.3 | M1.4
P L P M2.1 M2.2 M2.3
3 P P P L M3.1 M3.2 M3.3

* Work packages and first milestones: see proposal
- WP 1: Surrogate Model construction
- WP 2: Accelerator Implementation

- WP 3: Adaptation to Future Accelerators
- M2.1: Data access and transfer procedure for WP 1

- M3.1: Generalised data model defined

- M1.1: Data models developed and data sets cleaned
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(== Research goal 1: Minimise beam losses

* HIPA beam intensity limited (to some extent) to the beam losses
- Reduce damage and activation
e Optimisation is now mostly done empirically
* Large potential for automated optimisation and surrogate model construction
- No accurate and fast physics model available
- Needs to be safe
e HIPA status: preliminary tests done on HIPA with safe Bayesian optimisation with
Johannes Kirschner (ETH PhD Student of Andreas Krause) and Nicole Hiller
developed originally for SwissFEL
- Tests and data taking will restart after startup
* We profit a lot from the work at SwissFEL
- Optimisation studies will continue
— New project on how to reuse old model / data
— GUI development by SwissFEL operator
* Open guestion: implementation in OCELOT?
- an optimisation framework with several algorithms used mainly at other FELs
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* Monitor display

Monitoring GUI

4 =3
SwissFEL - Machine Learning Based Optimization 17.03.2019 08:51:35 CET
- Status
Run  20190317_084256 Step # 405 Algorithm ~ SafeAscentLineB0 ~ Starttime  08:42:57
Status [Unkigun I steptype  [GESESPREGNGEEEN CB-Cov. 0.0000
~Target
Current Best predicted
Mean STD Mean STD
Meas 2.1959 0.0000 2.4003 0.0000
Mode| 0.0000 0.0000 2.3702 0.0877
- S
Gzl Number of knobs 29 L
Knob Start value Best predicted  Best measured 1 ,ﬂ|, =
01 sarunoz-perMo70:X-REF-F8  -0.131787 -0.136340 -0.134846 4 ]
02 sarunos-DBPMO70:X-REF-FB  -0.126801 -0.130032 -0.132976 2 TN
03 sarunos-DBrMO70:X-REF-F8 -0.062082 -0.058256 -0.061291 1
04 sarunos-pBrMo70:X-REF-F8 ~0.036002 -0.040722 -0.040875 15
05 saruno7-DBPMO70:X-REF-FB  -0.014528 -0.008779 -0.011369 g 1
06 sarunos-DBPMO70:X-REF-F8 ~0.037670 -0.034530 -0.035605 1
07 sarunos-pepMo70:X-REF-F8  -0.050637 -0.046911 -0.048005 3
08 saruN10-DBPMO70:X-REF-FE 0.011609  0.014008 0.016080 | [
09 sarun11-DBPMO7O:X-REF-F8  -0,004085 -0.001522 -0.003087 1
10 saruni2-oBPrO70:X-REF-FE  0.023973  0.018717  0.018191 0d
11 saruN13-DBPMO70:X-REF-FB 0, 036469 0.039293 0.037334 T T T T T T
12 SARUN1S-DBPMO70:X-REF-FB 0.108003 0.109575 0.110988 08:41:45 08:43:25 08:45:.05 ?I”BI;:Z:AS 08:48:25 08:50:05
13 sarunoz-epmo7o:v-ReF-F8  0.177124  0.174045  0.174900 ) ML TARMODELMEAN
14 saunos-oamoro:v-REF-F8 - 0.139054  0.145197  0.142108 : z:t::::::‘spnswm.mgn : SMLTAR BEST-PRED-MODEL-MEAN
15 sarunos-oepmo7o:v-ReF-F8  0.064532  0.074951  0.075424 ] e LT s e ] )
16 sarunos-DBero70:Y-REF-FE  0.025394  0.021614  0.022889 -
17 saruno7-pepHo70:Y-REF-FB 0.061657  0.062265 0.061658 Steps
18 sarunos-oeero70:v-REF-FE  0.092103  0.089142  0.089844 200 ] i H
19 sarunos-peero70:v-REF-F8 0.041881  0.047062 0.046777 ] ' .
20 saRuN10-DBPMO70:Y-REF-FB  0.019640  0.016872 0.017965 ]
21 sARUN11-DBPMO70:Y-REF-FB  -0.012654 -0.005707 -0.011744 i
22 sARUN13-DBPMO70:Y-REF-FB -0.031581 -0.029680 -0.031811 | 1
23 sARUN14-DBPMO70:Y-REF-FB -0.034236 -0.033684 -0.033442 e 1
24 sarUN15-DBPMO70:Y-REF-FB -0.,052769 -0.059244 -0.060791 &0 S S
25 SARMAO1-MQUA010:I-SET  -5,152992 -5.033741 -4.974115 ]
26 sARMAO1-MQUAOGO:I-SET  11.084255 11.126969 11.143202 1
27 SARMAO1-MQUA0BO:I-SET  4,327416 3.929416  4.090998 100 4
28 SARMAO1-MQUA120:I-SET  -13.444694 -13.607876 -13.710397 ]
29 SARMAOL-MQUAL40:I-SET  9.073929  9.752666  9.600698 ] i i
30 Not selected 0.000000 0.000000 0.000000 0 - = : - :
31 Not selected 0.000000  0.000000  0.000000 084145  08:4325 084505 08:46:45 084825 085005
32 Not selected 0.000000 0.000000 0.000000 Time
33 Not selected 0.000000 0. 999999 (3 (_)9(3(_)99 @ B S-MLSTEP B S-ML:STATUS
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Bayesian Optimisation GUI

* Optimisation settings

MainWindow
figuration

. : Current State: run
Available configuration profiles

[Ayaml | Starttime: 08:43:12
B.yaml|
Manage profiles: SEREL]

more information

test_VA.yaml|
load profile subdomainbo.yaml|
ad'p cma.yam|

delete profile

Interrupt
Manage current config

Set Parameter to.
view current config

Para

Show paramet x_current
save current as profile

Modify settings

modify current config

Eauaian o L S NERRELR ST, o
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(=)= Automatic storage

y Mozilla Firefox 1 [=] B3
File Edit View History Bookmarks Tools Help

[ ELOG SwissFE! X | [A Emittance_me X | [B Emittance_me X | &3 Weekly Opera' X | 7 Swiss_FEL::S' X | ¢} PSIDataAcqu' X | ¢) PSlData Acqu X ‘ sf-dagsync-08:500 X ‘404 NotFound X | 4+

(&) C Q_ sf-dagsync-08:5000/api/data/20190317_084256/plots/0/0/Iteration_10.pdf Q_ search v N @ =
% Most Visited @ Scientific Linux 70 Swiss_FEL :: SwissF... ELOG SwissFEL co... %% Weekly Operation ... {2 PSI Data Acquisition & Google Calendar- ... 2017-11-23_DailyL...
JSON  Raw Data  Headers
Save Copy Filter JSON

hd 58 */api/data/20196317 084256/hdf5"
log: “/api/data/20190317 084256/l0g™
¥ plots:
vo: “/api/data/20190317 084256/plots/0/6/Iteration 1.pdf"
/api/data/20196317 084256/plots/6/0/Iteration 2.
v “/api/data/20190317 084256/plots/0/6/Iteration 3.pdf*
¥3: "/api/data/20190317 084256/plots/0/6/Iteration 4.pdf*
v4: */api/data/20190317 084256/plots/0/6/Iteration 5.pdf*
v5: */api/data/20190317 684256/plots/0/08/Iteration 6.pdf*"
¥6: */api/data/20190317 684256/plots/0/08/Iteration 7.pdf"
vi: */api/data/20190317 684256/plots/0/08/Iteration 8.pdf~"
v8: */api/data/20190317 684256/plots/0/08/Iteration 9.pdf~"
v9: */api/data/20190317 684256/plots/0/8/Iteration 16.pdf"
¥ config:
¥ algorithm:
noise model config: {}
noise model: null

¥ constraints model config:

¥ model:
beta: 2
¥ models.gp:
noise var: 6.1
¥ kernels:
vo:
8: “GPy.kern.Matern52*
v
variance: 8.5
lengthscale: 1
ARD: true
constraints model: “febo.models.gp.GP"

¥ model config:
¥ model:

beta: 2

¥ models.ap:
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({=IJ» Research goal 2: Parameter Control

 Stable and safe operation very important

- Beam parameters and beam collisions need to be controlled to a high level
1. Construct surrogate models of beam parameters from diagnostics data
2. Some safety systems can be slower than other diagnostics data

- Use surrogate models for prediction to enhance safety systems

* HIPA use case and status: target spot size control
- Direct measurement (VIMOS camera) rel. slow (~¥30 ms) and in precarious state
- VIMOS data now stored in consistent way
- Challenges
— Critical area
— Few data with bad measurements; no good image at small currents
— Data not well synchronised
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* First look at data by Jaime

- Temperature sensors in the target

- VIMOS camera data

(== Target spot size

* Goal: try to predict temperature and VIMOS from accelerator data

- Current

- Loss monitors

- Position monitors
- etc.

R VIMOS A8s5Q

VIMOS beim Einbau 2006

Langsdraht (Kettfaden)  0.3mm
Querdraht (Schussfaden) 0.1mm

2018-08-22, J. Welte

""" Bt SINQ: Target-13

Alternative? TBPS (Target Beam Positioning System)

Target Beam Positioning System

2018-08-22,J. Welte
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(FE{J» Temperature prediction

* First look with MLP (single layer NN) and Random Forest
- Loss monitors and current to predict average temperature at a future day

80 1
o
5
|_79'
- 17
g
[a
4 07
((v]
s
_]_- . | | | | | |
Q Q Q Q Q Q Q -1.0 -0.5 0.0 0.5 1.0
Q Q Q Q Q Q Q
\f) \/Qa (/\ ,\/Q; \9 ,]9 ,1,'\, Meas. - Pred.
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Feature importance from Random Forest

p—

B

* As expected current important

e Other loss monitors more important than others

- need to verify with beamline expert (Davide)
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(== Research goal 3: Prevent machine interruption

* See presentation by Asya
* Python API for archive extraction extended
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(== Practicalities

* email list: pacman@lists.psi.ch
* homepage: https://gitlab.psi.ch/PACMAN

PACMAN a

PACMAN (Particle Accelerators & Machine Learning) project. PACMAN is a joint project between the Swiss
Data Science Center (SDSC), the Ecole polytechnique fédérale de Lausanne (EPFL) and PSI

A Global ~
Projects Subgroups Filter by name... Last updated New Project
HIPAInterlock a
HIPA Interlock forecasting project. updated 2 days ago
PACMAN a

PACMAN (Particle Accelerators & Machine Learning) project. PACMAN is a joint project between the Swiss Data Science Center (SDSC), the Ecole polytechnique fédé... updated 2 days ago
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w(==J» Backup
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(5 Data archive

* Online viewer
- https://hipa-data-ui.psi.ch/
* Python API
- https://github.com/paulscherrerinstitute/data_api_python
- The library accesses the data via the DataAPI REST service and (by default) loads
it into a Pandas data frame.

Example:

import data_api as api

import datetime

now = datetime.datetime.now()

end = now-datetime.timedelta(minutes=10)

data = api.get _data(channels=["'ABK1:IST:2'], start='2018-12-10
00:00:00.000', end=now, base url='https://data-api.psi.ch/hipa'")
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