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This year: 10-year anniversary of hard XFELs at SACLA

Birth of the first hard X-ray laser
at SACLA (June 7, 2011) LETTERS,.... e

SACLA First Lasing

June 7, 2011 A co?1pact_?(-ray free-electron laser emitting in the
sub-angstrom region
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Hitoshi Tanaka and Makina Yabashi et al.*

Spontaneous X-ray laser
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Thanks for your continuous support!!

It is truly disappointing that we can not
celebrate this memorial year in person, but...

First user experiment (March 7, 2012)

Next year is also a memorial year
2022: 10-year anniversary of user operation

Prof. Shen’s group of Okayama U.



SACLA performance exceeded our expectations

Technical design report (Feb., 2010)
Target values:

Routinely achieved!!

Typical pulse duration: ~6 fs

Wavelength (nm) o m

Photon energy (keV) 9.9 \ {
Bandwidth 9.2e-4

Source size (um, rms) 33

Angular divergence (urad, rms) 0.73

Peak power (GW) 29

Pulse energy (mlJ) \ 0.78 /
Photons per pulse (phs/pls) 5.0ell

Pulse width (fs, FWHM) 30 ) <

/eak brilliance is 5 times greater
than the expected value!!

(http://xfel.riken.jp/eng/pdf/XFEL BL-TDRverT.05.pdf)

New capabilities we did not imagine in the designing phase
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l. Inoue et al., Nature Photon. 13, 319 (2019).


http://xfel.riken.jp/eng/pdf/XFEL_BL-TDRver1.05.pdf

Early results (within 3 years after the start of user operation)

Damage-free PX Nonlinear X-ray interactions with matter

nauure LETTERS

-> Talk by Prof. Iwata (Kyoto U) on Mar. 11 LETTER photonics
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Ultrafast pump-probe 50 papers/year -> 1 paper / 1 experiment

-> Talk by Prof. Ihee (KAIST) on Mar. 11
LETTER Similar to early days of X-ray crystallography ??

doi:10.1038/nature14163
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XFELs are becoming popular tools like synchrotron X-ray sources
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@ XFEL experiments are gradually maturing.

e.g. some kinds of experiments are standardized (SFX, pump-probe).

@ Currently, most researchers are trying to reveal unexplored information about the samples,
rather than carry out the principle-of-proof experiments.

* Improving qualities of XFELs should be a key for maximizing scientific outputs

Now that SACLA team is almost done with initial R&D for the machine and
standardization of experimental set-up.
It’s a good timing to discuss about what direction we should go for next 10 years.



Photon parameters compared to other XFEL facilities

Photon energy Pulse Duration Rep. rate Unique modes
(fundamental) energy (FWHM) P- “
) L @ L @ L
71/ g 1 my L BL2+BL3: Two-color
,J 4-22 keV upto1m 50 Hz in total .Self-seeding
SACLA
IR PN NN s Enhance strong points?-* ';Wﬁ-colzt
(up to 25 keV@ r - 9 Self-seeding
LC LS LCLS-II HE) 5 Overcome weak points: -1l HE) -Attosecond
I 7 kHz Under
24 keV (4.5 MHz for commissioning
SE’F_PE’L > © 0.5-4 mJ intra-train) (two-color, self-seed)
PAUL SCHERRER INSTITU] ~0.5 mJ for 120 fs DUIse Variable *Two-color
L—__— 2-12 keV (proportional to . inally. 120 fs) 100 Hz -Large bandwidth
pUISe duration) , oAttosecond
‘W 1 my Variable 60 H *Two-color
2-15 keV m (10-40 fs) z -Self-seeding
FCHANG ACCELE3ATOR LABORATORY




Moving SACLA forward: short- and long-term development plans

Short-term
(2021~2023)

Maximize performance
of existing machine

Software development

‘Machine learning-based
accelerator tuning

=S This taIk§

Long-term
(5-10 years from now)

Upgrade machine
to make breakthroughes in
photon qualities

Hardware (accelerator)
development

g
‘Pulsed quadrupole(Q) magnets

C-band accelerator
|

Replace Q-magnets

.

N

“Completely decoupling BL2 and BL3 operations”:

-> presented by Takahiro

-

Candidates/ideas for future upgrades

‘New electron gun (pulse energyT)

*THz acceleration (photon energy 1)
Slotted foil (short pulse)

Dielectric assisted cavity (high rep rate)
etc...

J




Short-term development: maximizing machine performance

Issues in present FELs

(

Photon parameters are not reproducible.

— change from beam time to beam time

Parameters sometimes drift with time,
especially for unique operation modes

"‘k.

!

M Small changes in electron conditions

cause big differences in photon qualities.

@ Most parts of machine tuning rely on

operators’ experiences, although number of

accelerator components is huge. Machine
optimization is sometimes inadequate.

Facility activities

Implemented machine learning (ML)
optimizer for maximize the pulse energy

(Bayesian approach using Gaussian processes)

cf. ML optimization at large-scale X-ray facilities

PHYSICAL REVIEW LETTERS 124, | 24501 (2020

Bayesian Opdmization of a Free-Elcctron Laser

1 P, 1. Kennedy < A, Hamiea®, B Shaleekoeac | A Edelen 1 Boeovseiz ' A Erper !

1. Cape,' M. Melzere,” 8. Ermar’ and D, Runes
LC LS Linac Coherent
Light Source

PHYSICAL REVIEW LETTERS 123, 194801 (2019)

ed in Physics

Demonstration of Machine Learning-Based Model-Independent Stabilization
of Source Properties in Synchrotron Light Sources

S.C. Leemann’
Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
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Machine learning based-tuning (optimizing pulse energy)
Project led by E. Iwai (SACLA)

< R&D started in the middle of 2020.
< From 2020 winter, developed optimizers are used for daily machine tuning.

< Already as good as best human operators.

Significant results in 2021: pulse energy reached all-time high!
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As a next step, we are expanding ML technique to more complicated
optimization problems (multiple parameters, beam profile)
towards realizing tailor-made XFELs.



Concept of tailor-made XFELs

Tunable Parameters

(1. Pulse energy \
2. Spectral width
3. Beam size
4. Pointing stability

5. Output of beamline
instruments (e.g. Photo diode
signal, MPCCD signal)

6. Functions using 1-5

ke.g. spectral density=(1)+(2) /

Optimize single

parameter

Optimize multiple
parameters

Boost spectral
density!

QN0

—

Maximize pulse  maximize pulse energy,

energy!

| have target
values for all
parameters (1-4)

while keeping

<50 eV bandwidth

¢

Almost ready to
release!

Questions from facility

Under
development

(will be released soon)

-
‘Any other parameters we should optimize?

~Are there critical photon parameters in each science case?

~

10 md,
10 atto-

[\ “‘/\ seconds...

)
/
)

You cannot request

unrealistic

$ parameters...



Tailor-made XFELs for more demanding users/experiments

Option 1.

Facility provides virtual data set
of XFEL pulses (pulse energy,
spectrum, profile)
prior to the experiment.

Users define

- Which pulses are =

acceptable.

Facility staffs make an
evaluation function (via neural
network).

The accelerator is tuned
using the function.

Option 2. (for extremely demeaning users/experiments)

Users evaluate XFEL pulses
(acceptable or not) during
the beam time.

A

Facility staffs
update evaluation
function.

—>

iteration loop

—>

Accelerator
tuning.

R&D of these schemes for tailor-made XFELs is on-going.




Long-term development plan (machine upgrade)

Photon energy Pulse Duration Reb. rate
// ~ (fundamental) energy (FWHM) P
rd o ~6fs >~ BL2+BL3Z
SACLA 4-22 keV up to 1 mJ

(fixed) 60 i; total

Ideas for improving
photon qualities

electron beam  assisted cavit

Ultrafast Dielectric
acceleration y

THz Xl
[ Novel electron gun

‘How long will it take for implementing these technologies to SACLA?

‘How much the photon qualities will be improved? _
-> Takahiro’s talk

Questions from facility

-
‘Which improvement(s) will be a game changer for your scientific field?

What is the target values for respective parameters? )

Note:

@ Due to the limited budget and man power, simultaneous development of all
technologies is not realistic. We need to define the priority.



