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DESY accelerators highlights

EUROPEAN XFEL

https://accelerators.desy.de

Accelerator ARD such as plasma acceleration
Technology development for future accelerators

FLASH and European XFEL (operation since 2017)
World-leading Free Electron Lasers
providing high-intensity coherent x-ray radiation

HELMHOLTZ __.EmpeanXFEL ,
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PETRA lll is currently the most brilliant hard X-Ray synchrotron

source worldwide
Providing the beams to the majority of DESY photon science users

small & collimated
Xy beam

(Hybrid) Multi-Bend-Achromat
MAX IV, SIRIUS, ESRF-E8S, APS-U, SPring-8-1I

PETRA NI
37 generation SR source
1200 pm rad

Max. brghmess: =1051 -10=
Cohersrca: ~0.1-1% Coherence: > 25%

PETRA IV project to upgrade PETRA to
the diffraction-limited source
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Challenges of 4G light source design

Many tradeoffs to be made (vacuum chamber sizes, magnet strength, etc...) to stay technically feasible
Nonlinear dynamics dominating (many options have close to 0 MA and DA)

IBS and Touschek effects very prominent, need to operate with a lengthening cavity and round beams in
high-intensity modes

18.0 PETR/l! IVH'73A cel// ' MAD-X5.()4.()? 18/ll2/18 /‘7.35.13

B B
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oo
L 0.00s

M L 0.0

524 1048 1572 2096 = 2620
s (m)

More demanding injection, extraction, and beam dumps
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B (m), By (m)
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Challenges of 4G light source commissioning

Users demand 1 max 2 years dark time, tight schedule
Machine extremely sensitive to errors, ~30 ym alignment required

Involved (automated) startup procedures required to store beam and reach target emittance

Dynamic Aperture (line search)

2.0 4

1.5 A

Dynamic aperture after simulated startup procedure for
PETRAIV

0.5 4

Uncorrected machine is typically unstable

0.0
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Challenges of 4G light source operation
Reliability demands grow (95% -> 99%)
But machines are more sensitive with larger number of components

We would like to meet availability goals and provide required beam-hours to users

But at the same time we would like to keep doing accelerator physics and spend dedicated machine time
on studies rather than machine setup

This could only be successful if all standard procedures are highly automated
Startup of components (magnet cycling etc.)

Orbit correction
BBA
Optics measurement and correction

Methods are well understood but (high-level) controls software not designed for autonomous operation
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Big data and operational statistics

= Atypical activity is to figure out what correlates to what through archive mining and try to improve things

" Problems:

B Lengthy manual processing required to arrive at a meaningful dataset
B8 Amount and quality of data after processing could be surprisingly low in comparison to the raw data

40
5
0 : o — ! Typical pull from archive
% A : All temperature sensors, Aug 22-Nov30 2018
2 | ' | Fraction of channel data missing (25%)
15 I Unmatched timestamps
10 | WI I o Data archived on thresholds
5 | , Bad readings/datapoints
0 ne] L L
T Ty ‘ 1 Y M -
Wed Aug 22 WaDSHp A 8F 51009 20 B0 Cra] “* |y ﬁ .4 r+ ] ”
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ML and beam dynamics

Although single-particle beam dynamics well developed, several directions still considered art, such as:
Multi-parameter matching in high dimensions (e.g. MBA. cell design)
Nonlinear aberrations (beyond simple ideas like low-order achromats, reducing sextuple strength, -I)

A common line of reasoning — build fast “surrogate models” based on NN trained on simulated data
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Sanity check — FODO Script uses

OCELOT python

module
In [2): # try to learn FODO stability

import os,sys

from ocelot import *

from pylab import *

QF = Quadrupole(l=0.1, kl=0.1)
QD = Quadrupole(l=0.1, kl=-0.14)
D = Drift(l=1.0)

fodo = (QP:D:QDJQD'DrQF)

lat = MagneticLattice(fodo)

import keras

from keras.models import Sequential

from keras.layers import Input, Dense, Dropout
from keras.utils import to_categorical

from pylab import *

#fixing a duplicate openmp dylib on mac???
import os
os.environ[ 'EMP_DUPLICATE LIB OX'|]='"True’

model = Sequential()

model.add(Dense( 64, input dim=3, activation='relu’))

#fmodel .add(Dropout(0.5))

model.add(Dense(128, activation='relu'))

model .add(Dropout(0.5))

model.add(Dense(l, activation='sigmoid”))

model.compile(loss='binary crossentropy’', optimizer='sgd' ,metrics=[accuracy'])
model.fit(x_train,y train, epochs=i0, batch_size=l6)

Using TensorFlow backend.

Epoch 1/30
10000710000 | ] = 28 21lus/step - loss: 0.3254 - acce:r 0.9241
Epoch 2/30
10000/10000 | === ] = 25 153us/step = loss: 0.2748 = acc: 0.91313
Epoch 3/30

10000/10000 [===sssss== ] - 28 152us/step - loss: 0.2614 - acc: 0.9313
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n_train = 10000

x_train = np.zeros([n_train,3])
y_train = np.zerca([n_train,l])

for i im range(n_train):
QF.kl1 = pp.random.rand()
QD.kl = -np.random.rand()
D.1 = 2.0 * np.random.rand()

x_train[i,0) = QF.kl
x_train[i,1) = QD.k1
%_train(i,2) = D.1
lat.update_transfer maps()
tws = twiss(lat, Twiss())
if tws is None:
y_trainfi,0) = 0
else:
y_trainfi,0] = 1

n_test = 5000

X_test = np.zeros([n_test,2])
y_test = np.zeros([n_test,l])

D.1l = 3.9

for i in range(n_test):
QF.k1 = S5*np.random.rand()
QD.kl = -S5*pp.random.rand()

x test[i,0) = QF.kl
x_test[i,l) = QD.kl
lat.update transfer maps()
tws = twiss(lat, Twiss())
if tws is None:

y test[i, 0] = 0
else:

Yy test[i,0] = 1
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Training set was QF in [0,1] QD in [-1,0] L in [0,2]

Sanity check — FODO

0
_1 |
_2 -
e 1 QD
Stability diagram check on the test set -3 1
QF in [0,5] QD in [-5,0] L=3.9
-4
- o
0 1 2 3 3 5

QF
The trained NN generalizes surprisingly well beyond training set parameters!

However only within a certain range, and validity range needs checks

Practical application not clear
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Summary computing and ML for storage rings

Design of next generation of storage rings is challenging and requires significant computing power to
evaluate performance parameters

GPU computing has potential to speed up storage ring beam dynamics calculations by several orders of
magnitude, open ways to more advanced optimisation and speed-up the optics design process.
Unfortunately, 4th generation light source projects (such as ESRF EBS, APS-U, PETRA IV) are all in late
project phases to benefit from any breakthroughs here

We don’t see much potential of ML for accelerator design or beam dynamics studies

With increasing complexity and sensitivity (to temperature, ground motion etc.) of next-generation
storage rings, we see potential of ML techniques such as reinforcement learning in the area of control

and automation

Proper facility monitoring and technical data curation remains a major challenge
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The European XFEL Accelerator Overview

Injector L1 L2 L3
Vo 1361 =0.16 GV V= 0.65 GV V,=1.85 GV Vy=5.5t0 15 GV
O, ey, = 20° O = 28° O =220 ®=0° Ksase1/2=3.9-1.65 Nominal parameters
Vo,3.96H, = 25 MV Ksases =9-4
D, 56y, =190° 4Modu,es 12 Modules somots o .," o Electron beam energy up to 17.5 GeV
1 Module A3 | A4 | A5 A6} %a
o "R-\' Pulse rep. rate 10 Hz
Dogl o Moo
Gun LH, Dogleg, BCO BCl1 BC2 Collimation o Bunches per pulse 2700
1.3GHz Ry, =-150t0-30 Rs =-120 to -50 Rss=-80t0-20 Ry =0
:6 EIE D I\IIIeV 60? EIEY == ;GeV 6:t° i ?ev : I I Intratrain rep. rate 4.5 MHz
* ? 2 <, <% @, 2
o 2 % “ % % %2 o, %
% % ” N 0@ 0’)) 00) 0% 0@
Bunch charge 0.02 -1 nC

Electron bunches in a single pulse are distributed by a fast kicker system to three SASE undulators

W. Decking et al, “Commissioning of the European XFEL”,
https://doi.org/10.18429/JACOW-IPAC2017-MOXAA1
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The European XFEL challenges

S2E simulation
B Understanding the properties of the electron and photon beams.

» Collective effects play an important role in the electron beam dynamics and in
many cases define the electron beam properties, e.g. energy chirp, emittances,
slice energy spread

B8 Crucial for the operation, e.g. defining compression scenario

B Studies of new FEL schemes (beam dynamics + FEL), e.g. two color with OCELOT
corrugated structure.

B But S2E simulations are time consuming, typically needs complicated software

setup

Optimization of accelerator performance
B FEL performance is highly sensitive to hundreds of free tuning parameters, e.g. the

beam orbit and optics, RF settings, undulator gaps etc,
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OCELOT toolkit overview

Data sets
s and surrogate
el models

- - &
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[\ - v
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>
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Photon field simulation
» FEL simulations (genesis)

Charged Particle Online beam control
Beam Dynamics (CPBD) «  Orbit correction
module « Adaptive FB

(linacs, rings) «  Optimizer

« Spontaneous radiation (ocelot)
« Wavefront propagation
* FEL estimator

Started as simulation project (spontaneous radiation, FEL) at European XFEL. /. Agapov et al., NIM A. 768 2014
Beam dynamics module was developed (linear optics, collective effects, second order effects, optim. techniques).
» S.Tomin et al. doi.org/10.18429/JACoW-IPAC2017-WEPABO031

FEL applications. S. Serkez et al, Journal of Optics, Volume 20, Number 2, 024005, 2018

Turned into more on-line control-oriented development

» Optimizer, orbit correction tool, adaptive feedback

» arXiv:1704.02335, S. Tomin et al., doi:10.18429/JACoW-ICALEPCS2017-WEAPLO7

Everything in Python. Focus on simplicity. Implement only physics

Open source (On GitHub https://github.com/ocelot-collab/ocelot)
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S2E simulation. OCELOT multiphysics simulation toolkit. Motivation

Beam dynamics simulations
Gun Al AH1 Laser Heater Straight Section
ASTRA ASTRA ASTRA CSRtrack ASTRA
I
v
Dogleg BCO L1 . BC1 . L2
CSRtrack CSRtrack ASTRA | CSRtrack : ASTRA
I
|
BC2 ~ L3 | Collimator | TL
CSRtrack | ASTRA CSRtrack : ASTRA
___________________________ -
l ]
FEL simulations ‘| Wavefront propagation
Genesis SRW
2014

I Beam dynamics simulations :
|

I Gun . Accelerator |
I ASTRA ' OCELOT |

FEL simulations
OCELOT/Genesis

Wavefront propagation
OCELOT*

2017
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Beam dynamics for 500 pC, 5 kA

L, L, main linac I projected x-emittance
b1 SASE?2 growth by 37%
o
gunr- i"“"m"J!/:: BC,

N B projected y-emittance
L_Jl growth by 44%

Current Current Longitudinal phase space
20 4000 0.0 -
10 & — 2000 - & 0.2 4
o B 0 L T T T T T T T T T
' ' " Emittances ' ' Emittances Top view
\
— gProj = | — gP=1.15
0.6 / Pl =0.84 _ o8 X
gﬁm} =0.83 'E' g | e Ef"’f =1.21 £
= 0.6 £
0.5 1 £ N E
> w x
0.4 1
0.4
T T T T
' 'Energy' sprea'd ' ' Energy spread
v 1000 A e
1.5 A —_ 4
- < 750 =
£ E) £
1.0 A £ = 500 A =
= o >
>
0.5 1 550 4
. T T T T T T T T T T
o0 6 4 5 0 M 4 6 6 A 5 0 > 2 6 -0.03 -0.02 -0.01 0.00 0.01 -0.03 -0.02 -0.01 0.00 0.01
- - N - - - S [mm] 5 [mm]
s [mm] s [mm]

M Dohlus, S.Tomin and |. Zagorodnov, “Shaping the Future of the European XFEL: Options for the SASE4/5 Tunnels®, December 6, 2018
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OCELOT toolkit: S2E in control room (beta
version)

Reading quads and cavities settings and measured beta-
functions

Tracking 200000 particles with CSR, SC, wakes through
all machine up to undulator section

Total time calculation 20 mins
FEL power Estimator (Ming Xie parametrization). — 0.4 mJ
In reality, we had 1 mJ with nonlinear undulator tapering

Genesis can be used, as well

HELMHOLTZ [ J ] European XFEL 18

Beam slice parameters
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Optimization of accelerator performance

Modern Free Electron Lasers are complex facilities with hundreds of free tuning parameters
B8 Bunch compression, orbit, beam optics, gun optimization, undulator gaps, phase-shifters, etc

Even when the main accelerator systems work well, manual fine-tuning is necessary to get the best
performance and this is time expensive

More automation of the tuning procedures is needed

Longitudinal profile Scan tool
measurement

Zoo of High Level Control tools
Orbit correction

Beam Based Alignment Beam matching

i)

- |
o o



— . HELMHOLTZ s
Automation, optimization and simulation. S. Tomin and I. Agapov, Hamburg, Germany, 16.09.2019 RESEARCH FOR GRAND CHALLENGES “ European XFEL 20

Optimization of accelerator performance. Optimization algorithm

% Optimization algorithms are faster than scanning

8 Optimization methods can be model-independent or model-dependent

2D scanning Optim. algorithm: Nelder-Mead

Objective function
10.0 ! : EEEEEEES t ] 100F ] LA LA ]
| o5l e s i
N ' ' w90 “'°r ' ' : ‘
85k ... .......... .......... .......... ......... 4 35| ki
8O0 S il
<
0 10 20 ) 30 40 50< 2ol
4.0 niter o
ss|l o ] L] o 1 25} :
< < i : : : h ‘
o y H : : :
g g 30kt e o o e _ 20 " ) q
o o : : : : 2.0 2.5 3.0 3.5 4.0
25k ... ,,,,,,,,,, ,,,,,,,,,, ,,,,,,,,, - QL. A
2.0 i i i i
0 10 20 30 40 50
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OCELOT Optimizer

1 sim_device_1

Optimization algorithms are faster than scanning

3 sim_device_3

4 sim_device_4

OCELOT optimizer is a flexible platform for
optimization:
Bl Interchangeable optimization methods
e GUl
» Add/select device or group of devices
» Craft/modify target function
B Infrastructure for testing new methods
B Save/load configs
B Logging

Collaboration DESY, EuXFEL, SLAC

Update reference Uncheck

Add Devices From List: | All

= I. AgapOV et al, aI’XiV.'7 704.02335 Clear Devices [} il
- S. Tomin et al, https://doi.org/10.18429/JACoW-IPAC2017-WEPAB031
- M.W. Mcintire et al, DOI:10.18429/JACoW-IPAC2016-WEPOWO055

Start optimization Logbook

Help/Docs
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Use cases

FEL facilities
# FEL pulse energy maximization:
» Launch orbit and orbit inside an undulator (EuXFEL)
» Phase-shifters (EuXFEL)
» Orbit in low energy sections (EuXFEL)
» Matching quads (LCLS & EuXFEL)
» RF settings (EuXFEL)
B Local dispersion correction (EuXFEL & FLASH)
B8 HOM signal minimization in cavities (FLASH)

Storage rings:

B Injection efficiency optimization (Kurchatov Institute)
B Beam life time (test at BESSY-II)

BN SPEAR3 (SLAC)

MHNIT?

HEL

SEARC Tuning 12 quads starting with 10% of peak FEL

GP, expected
improvement,

Simplex Jan 2018 prior

Gaussian process
kernel parameters
determined by
maximizing marginal
likelihood of GP fits to

batches of historical

European XFEL

22

scans

GP optimizatiory
typically tunes 3
faster than sim

Eupomn EL o, Ot ot snd Wt Lo o Ao Py, 11022010 14

. BCO |y BC1
: . : . . Injector
Generic < local " w51
L
- . MeV_130 Mev 600 Mev
Horizontal spurious dispersion correction with 3 corrector magnets. 0%3"—)2—'
3 3 X

Before correction

Aormaton fors al ha Eropean XFEL

Generic : SASE

Air coils between the undulator cells were
used to optimize the SASE signal

Up to 6 air coils are typically used at the
same time.

More then 4974 optimizations.
2017 - 1554

B 2018 - 2989

B 09.02.2019 - 176

B 20.02.2019 - 431

[ Laser Heater chicane |

Optimization - OCELOT (DES'

Accelerator Controls
optimization

» Driven by last years presentations at
this workshop.

» OCELOT optimizer test: optimize 4
skew quads

» Randomized 4 skew quads

» Run OCELOT optimizer

» Convergence achieved

» Comparable lifetime, loss-rate and
beam size

» Next test planned for March

Generic optimizer: Use cases

Several different customized variants of the optimizer were used
only a few times for different tasks.

Examples for earlier customized setups:

= Minimization of beam losses while keeping a reasonable orbit in
the main dump beamline.

= Orbit distortion compensation with air coils in an undulator
section.

B Minimization of HOM (higher order mode) signal in an
accelerator module (FLASH).

5 SASE maximization (FLASH).

m Dispersion correction (FLASH)

—— European XFEL

rergreooutce Siberia-2,

2016)
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Ocelot optimizer stats
LCLS The European XFEL

OCELOT optimizer stats at EuXFEL

10000 oo

| mOpt.V10 mOptV1l |

8000 3000
6000 - 2500
4000
2000
1000
0 500
2016 2017 2018 .

2017 2018 Jan-Aug 2019

Number of runs
N
o
o
o

Number of Optim
[y
u
o
o

SLAC: Ocelot with Nelder-Mead simplex reduced tuning
times on average by 25% to 50% compared to hand
tuning
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OCELOT Optimizer: Use cases

European XFEL

® FEL pulse energy maximization: o
» Orbit inside an undulator 700
» Phase-shifters
» Orbit in injector
» Matching quads
» RF settings

Phase-shifters

Pulse Energy, uJ
8
o

g

0 100 200 300 400 500

20
1.5

1.0
——— XFEL.FEL/WAVELENGTHCONTROL.SA2/BPS.2295.SA2/GAP.OFFSET added to GAP.RECOMMENDED

——— XFEL.FEL/WAVELENGTHCONTROL.SA2/BPS.2307.SA2/GAP.OFFSET added to GAP.RECOMMENDED
——— XFEL.FEL/WAVELENGTHCONTROL.SA2/BPS.2313.SA2/GAP.OFFSET added to GAP.RECOMMENDED

0.5

A Device

0.0

-0.5

-1.0

-1.5
0 100 200 300 400 500

time, s
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Injector

OCELOT Optimizer: Use cases

European XFEL

6 MeV 130 MeV 600 MeV
# FEL pulse energy maximization: °, %, %
e %
» Orbit inside an undulator
» Phase-shifters ,
e e Before correction
» Orbit in injector .
. S 1 x10 Horizolmal BPM Response
» Matching quads ol o+ =130 mm 1
» RF settings § oleq et " . e
B Local dispersion correction in injector 8 os| e T eortica
3 » s measured
12 ho] _1 | | | | | | | | | |

10r
. 0.8t
=

©
0.6

40 60 80 100 120 140 160 180 200 220 240

After correction

%1074 Horizontal BPM Response

S —
Woal Z
0.2+ E »®
oz0 5 =13 mm ¢
0.15} g
0.10} 6
R oosl 8-2- — theoretical
E k] q
g 000~ = I \1 I I I I I ! ! * #Measure
g oo 40 80 100 120 140 160 180 200 220 240
g —0.10F — CIX.65.1T
—0.15} — CBB.62.11D '\
—0.20+ IX.51.11 H
| . . Laser Heater chicane
) 50 100 150 200

time (s)
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Sequence of optimizations: automatic optimization

W Optimization with small number of actuators (4-6) is more = New version (v1.1) was deployed
efficient than with many due to noise and slow drifts
0 Predefined sequence of optimization
B without operator intervention
B Optimizer monitors machine state — paused
optimization if necessary.

Action 1
(actuators, obj. function,

hyper.)

SASE1 optimization with aircoils

3254 —— SASE actl
3000 — SASE act2
275

2504

225

200 - /\

l 1301 3{'wo Actions in a row w/o operator intervention

W )]

—— CBY.CELL16.SA2 —— CBY.CELL19.5A2

Aircoils

0.31 —— CAX.CELL17.5A2 —— CAX.CELL20.5A2
—— CBX.CELL17.SA2 ——— CBX.CELL20.SA2
Accelerator 0% — cavcersw — aavceiizosar
011 / CBY.CELL20.SA2
T \ ./, P

02 JAL»//\/W\/V\/\/\A

0 50 100 150 200 250 300 350
time [sec]
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Sequence of optimizations: automatic optimization

W Optimization with small number of actuators (4-6) is more = New version (v1.1) was deployed
efficient than with many due to noise and slow drifts
0 Predefined sequence of optimization
B without operator intervention
B Optimizer monitors machine state — paused
optimization if necessary.

Action 1

algorithm of optim.

selection

(ML)

(actuators, obj.
function, hyper.)

SASE1 optimization with aircoils

l 3251 —— SASE actl
300 — SASEact2
275
250
225
DB of A
successful . : :
l 101 3{'wo Actions in a row w/o operator intervention

/ optimizations 125
—— CBY.CELL16.5A2 — CBY.CELL19.5A2
031 — CAX.CELL17.5A2 J\_/\/\_v\/\/\J— CAX.CELL20.5A2
—— CBX.CELL17.5A2 —— CBX.CELL20.SA2
Accelerator 0271 ___ cav.ceLL17.5A2 — CAY.CELL20.SA2

0.14 / A A A CBY.CELL20.5A2
0.0 /\' ) \ BN TN Aac
_0.1.

0 50 100 150 200 250 300 350
time [sec]

W )]

Aircoils
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Model-dependent optimizations

2 Model-dependent optimizations use/construct a regression model which can predict result.
B Mathematical/physical accelerator model
B Model based on data analysis (statistic, ML)

1 Compression scenarios optimization

1 Adaptive orbit feedback Charged Particle Online beam control

Beam Dynamics (CPBD) «  Orbit correction
module * Adaptive FB

(linacs, rings) «  Optimizer
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Bunch compression optimization

Working point (11 parameters of longitudinal beam dynamics)

€5 C5 mMthe first and the second
derivatives of the global
compression

LH
M 3

Gun

DL
Bl energy in BC: £y =130MeV £, =700MeV L5 = 2400 MeV
B Deflection compaction 3 _
factor: | P Rge =7 Rge =7 Rse =7
B compression factor: €1 =7 C, =? (5 = Ifinal/lgun

% Optimizing working point
B Theoretical analysis (+ simulations)
B measurement
B tuning against the FEL performance
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Model-independent and ML methods for control of longitudinal beam dynamics

= Setup
== Target

-400 0

time (fs)

400

gun

L1X

LCLS
XTCAV

L2-linac L3-linac

BC1 BC2
250 MeV 4.3 GeV 14 GeV undulator
0.04 0.04
Initial NN 2= Setup NN initial 2= Setup
~ 0.02 5| Target ~ 0.02 2 5/~ Target
>z S e 2
U = -
9 0 § 1 zf 0 5 1
5]-] 8 0.5 <002 % 0.5
d0.02 : e :
0 -0.04 0
-0.04 -400 0 400 -400 0 400 -400 0 400
<400 0O 400 time (fs) time (fs) time (fs)
time (fs)

Model-independent
algorithm

PHYSICAL REVIEW LETTERS 121, 044801 (2018)

Demonstration of Model-Independent Control of the Longitudinal Phase Space
of Electron Beams in the Linac-Coherent Light Source with Femtosecond Resolution

Alexander Scheinker,l‘* Auralee Edelen,2 Dorian Bohler,2 Claudio Emma,2 and Alberto Lutman’
i 'Los Alamos National Laboratory, P.O. Box 1663, Los Alamos, New Mexico 87545, USA
“SLAC National Accelerator Laboratory, 2575 Sand Hill Road, Menlo Park, California 94025, USA

AE (GeV)

-0.02

-0.04

0.04

Feedback + NN Final

0.02

0 \

-400 0
time (fs)

400
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Current

Model-dependent compression tuning. Simulations

Current 4000
25 g
20- 2 g 20007 Q=500pC, 1=5 kA
2§
15 - S = 0 . . . .
ERe) -0.02 -0.01 0.00 0.01
10 - 20 s [mm]
o X 10000
> O
o Q=500pC, 1=10 kA
0 | <
-6 -4 -2 0 2 4 6 = 50007
s [mm]
o - Ll L] I l T Ll
frn-1 = Ax(Xn-1) _ _ ~0.015 —0.010 —0.005 0.000 0.005 0.010
f = A,(x) non-linear transformation s [mm]
Afpn_1= fo — fn-1 of the RF parameters (x) to compression parameters (f)
In = gn-1+ Bfn-1, I. Zagorodnov and M. Dohlus, Phys. Rev. ST Accel. Beams 14, 014403 (2011).

Xn = A61 (gn) :
|. Zagorodnov, M. Dohlus, and S. Tomin, Phys. Rev. Accel. Beams 22, 024401, 2019.
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Adaptive Feedback

The "Adaptive Feedback” is a statistical optimizer exploiting the orbit jitter and its correlation with a fast
FEL intensity signal (shot-to-shot resolution) to optimize the undulator launch orbit

Correcting the orbit to zero BPM positions does not always mean a straight line for lasing slice

Current

5000 -

4000

Current and top view of the electron beam (250 pC, 17.5 GeV)
in front of SASE2 undulator. Simulation result ‘ z 209

~ 2000

1000 -

0_
M. Dohlus, S. Tomin, and 1.Zagorodnov, “Beam Dynamics at the European XFEL R Top view

up to SASE4/5”, Workshop ,,Shaping the Future of the European XFEL: Options 0.05 dx = 37 pm
for the SASE4/5 Tunnels “

E 0.00
-0.05 n :
> ' : bunch center
G. Gaio, M. Lonza, Automatic FEL Optimization at FERMI, ~0.10 core center
—0.0100 -0.0075 —-0.0050 —0.0025 0.0000 0.0025 0.0050 0.0075 0.0100
Proc. of ICALEPCS2015 o]
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Adaptive Feedback

Logbook entry: /XFEL elog/data/2019/12/23.03 M

) 23.03.2019 08:06 XFEL mscholz, TIS, Artem XFEL_xgmd_sase_viewer.xml
SASE1l 51gnal could be doubles with only starting the adaptive FB

LA

i) SASE VIEWER | SASE1UPSTREAM (2643.T9)"  ALL SA1 SA3 11829 keV 1.05A  fuxon?

flu .

Adaptive Feedback GUI

Ocelot Interface

[WJ] FEL Energy per Pulse 1002.7 wJ (W] Total FEL Oulpu! Power
1100 1.8

- NOM 2843 TRPHOTONFLUX W [W] - Meansd 7880, 50w

w  Adaptive FB N\W

v 17 8:12
WaS Started 23.3.2019 2332019 7332019 2.‘)32619

[bunches] 150 bunc...

160

; XGM.28 ray Length 300

XFEL.FEL/XGM.PREPROCESSING/XGM.2643.TO.CHO/RESULT.TD y Length 7:57 7:59 N 8:0 < £ 8:08 7:17 7:32

23.3.2019 23.3.2019 2 g 3 g 3 : 23.3.2019 23.3.2019 23.3.2019
Intra-Train Pulse Energy

2500

XFEL.FEL/XGM/XGM.2643.T9/INTENSITY.TD

Objective Function  np.mean(np.array(A)(:,1])

+

2000 ..1,.-,-_._.
1750

1500
1250
1000 iz
750
500
250

Apply Fraction 0.60 8

Apply Feedba ys 200 ]@ = startFeedback

0
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0

Ay N SO S L% T e A T | P 1 S N A LN S PN A AR N e
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Adaptive Feedback statistics

Adaptive Feedback has become one of the main tools for
SASE tuning

In some cases the adaptive feedback is used as an orbit
feedback

The soft X-Ray FEL pulse energy signal is not sensitive to

the orbit jitter in the SASE3 undulator.

B artificially induced orbit changes have to be used to catch
correlations

Active search?

run numbers

1201

100 1

80 -

60 -

40 +

20

Statistic of the Adaptive Feedback runs from
March 11 to April 7, 2019

H E L M HO LTZ , 1 | European XFEL 34

Number of runs: 513

Total working time: 43 hours
Average working time: 5 mins

40 60 80

run duration [min]

100
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XFEL simulations and optimizations. Summary

OCELOT is part of DESY/EuXFEL toolkit for beam dynamics and FEL simulations

Model-free optimization methods were widely used during commissioning of the European XFEL and
now it is a part of the daily European XFEL operation

We can apply more automation such as a sequence of optimization without operator intervention. In the
future, ML methods will be used to define the sequence

A model-based method such as the Adaptive orbit feedback proves extremely useful and more
advantageous compared to purely empirical methods.
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Applications of Machine Learning in MSK

Real-time control of photon parameters
B Train neural network at the to control of photon parameter , e.g., pulse energy, center wavelength, pointing stability, pulse duration and

energy chirp
Bl System-on-the-chip implementation on the existing hardware architecture

o< ) <)
[ S <
. IO gl S >-
Quench detection in the RF system: = N

B Hybrid anomaly detection based on a model-based nonlinear parity space approach followed by a classification step using

support vector machines
B Factor graph approach to stochastic model-based fault diagnosis: residual generation by a Kalman filter, residual

classification by a Gaussian mixture model
- Next steps:
- Online implementation of developed algorithms
- Model extension to further influencing subsystems (synchronization system, cryogenics, vacuum, klystron)

Predictive maintenance for the laser-based synchronization system:
BN Health- and performance monitoring of components
BN Fault detection and identification for predictive maintenance

—~  First steps:
- Data Mining: selection of appropriate data channels (long-time archiving), dimensionality reduction, analysis

Courtesy of Annika Eichler




Automation, optimization and simulation. S. Tomin and I. Agapov, Hamburg, Germany, 16.09.2019

HELMHOLTZ - I B W European XFEL 37

Plasma accelerator simulations: Accurate and efficient simulations codes

HIPACE
a Highly efficient plasma accelerator emulation

3D quasi-static Particle-In-Cell code

* Allows ~100x speedup for highly-relativistic beams.
* Dynamic time-step adjustment.

Spectral electromagnetic solver

* High performance FFT-solver.
* No numerical Cherenkov radiation.

Highly parallel & writtenin C

* Fully parallelized and well scalable.

» Suitable for high-performance CPU clusters.

* Interfaces with other PIC and particle tracking codes.

T. J. Mehriing et al., Plasma Phys. Control. Fusion 56, 084012 (2014).

FBPIC

Open source electromagnetic Particle-In-Cell code

Quasi-3D geometry
* 3D accuracy at 2D costs.

Spectral electromagnetic solver
* Highest precision
* No numerical artifacts

Boosted frame

* Accelerate simulations by orders of magnitude

* Instability-free solver

Highly parallel & written in Python
* CUDA GPU acceleration
* Multi-GPU domain decomposition

Courtesy of Alberto M. de la Ossa

R. Lehe et al., Comput. Phys. Commun. 203, 66-82 (2016).
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thank you for your attention!



