Experimental environment with optical
lasers in 2020

Motoaki Nakatsutsumi
European XFEL, HED instrument
On behalf of HED instrument and HIBEF user consortium

22t Jan. 2019, Satellite meeting:
Early science at HED and status of HIBEF contributions
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Three optical lasers Interaction Chamber 1

W e | Pump-Probe (PP-OL)
> 2(0.2) mJ, 0.1 (4.5) MHz, 15 - 300 fs
(800 nm)
> 40 (1) mJ, 0.1 (4.5) MHz, ~1 ps
(1030 nm)

> =107 W.cm=2

m[_T=1= g Amplitude (High-intensity: HI-QL)
> 7J,40fs, 25 Hz on sample y 4 "
> > 1020 W/cm?2 — multi 100TW N —

B[ =153 DIPOLE (High-Energy: HE-OL) =
> Max. 100 J (w), 2-15ns, 1 — 10 Hz by

IS BN 5% European XFEL Interaction Chamber 2
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Top view

Pickup probe for PAM and probe.
HED-CONTROL Independent compressor

HED-OPT

;

XFEL

High intensity
Pulse Arrival Monitor (H1) laser beam
—> online timing drift
measurement between DiPOLE
HI — Xray laser beam
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High-Energy Density science '_»"’,.

~ View of first part of the HED hutch with IC1
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HI-OL plan
p We are here
2019 . 2020
123455?351!]111212345;5?391D1112
run 3 run 4 run 5 run B
Installation up toiComm: Commissioning with X-ray f timing tool User run

HI Amplitude (A23) P 8 v/ g

IC1 entrance at IC1 CFP & |

Commissioning at sample
location (summer shutdown)

Mid-February

* on-site acceptance test / laser handed over

March-May

» Compressor optics, deformable mirror, wavefront, RGA
» Pickup probe transport, compressor
» Laser diagnostics installation and commissioning
* PAM optics installation
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HI-OL diagnostic bench

HI diags.

HI probe
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HI main

Near & far field
Spectrum
Energy

Pulse duration
Temporal profile
Spectral phase
Wavefront

e, S

Ti’he tOO/ y

Delay lines
Probe compressor
Image relay
SHG/THG e
Probe-main timing drift —

Design 90% done
Purchasing 85%
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HI-OL diagnostic bench

HI main

HI diags.

HI probe
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Near & far field
Spectrum
Energy

Pulse duratic
Temporal progs
Spectral phai@il
Wavefront

Delay lines
Probe comprissts
Image relay § "QJ
SHG/THG [
Probe-main timing dri

Design 90% done
Purchasing 85%




PAM (pulse arrival monitor: time tool)
HI diags.

e ¢ ~10 m upstream
« Before X-ray Att., CRL3
e HI - X-ray or PP — X-ray
« 2 techniques

X-ray

PAM Chamber 2
Spectral encoding

f=200mm
Whaite‘l\ght gereration Beameplitter

ron-polarizeds Delay |ine

Baam expander — =200 —
3mm —>. 20 mi : -

2" collimating cbjective

f=wdiD foiousing lens

PAM Chamber 1
Special encoding

Ultra-long range microscope
WD = 101mm, 15X
1.7 micron resolution

fer 400 collimating lenz

D eS I g ﬂ 100% d O n e Wollastron prismm

Purchasing 95% done
(laser window and sample mount) st iz

2k x 1k pixels

Optic installation starts
I B Y European XFEL 210 — \_ Dtﬂfj‘rg —

_—— Michelsan interferometer

Beamsplitter (non-polarized)
lambda/ plate
1" mirror
Collimation leris

i




PAM (pulse arrival monitor: time tool)
| | ST -. ._ “i Hl diags.
§ | ' — e ~10 m upstream
o Before X-ray Att., CRL3
e HI - X-ray or PP — X-ray
« 2 techniques

f=200mm
White light gereration

Beameplitter (non-polarizeat Delay |ine

2peuial eruvuld U

Ultra-long range microscope
WD = 101mm, 15X
1.7 micron resolution

fer 400 collimating lens

DGSIgﬂ 100% done Wollastron prismm
Purchasing 95% done

_—— Michelsan interferometer

Beamsplitter (non-polarized)
lambda/ plate
~— 1" mirrar

Collimation leris

(laser window and sample mount) Pt s cames ——
.5 mic pitch
. . . 2 1k pixels
Optic installation starts “ ;
2 Irlfinity corrected objective
I B Y European XFEL fez00 = \_ [

Palarization beamsplitter
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Commissioning at IC1 )
Summer shut-down (10 June — 12 July: 5 weeks) 1 user run

2019 2020
1 2 3 4 5 6 7,8 91011{12/ 1{ 2 3 4 5 6 7, 8 910 11{12

run 3 run 4 run 5 run &6

IC1 entrance

Installation up to Commissioning with ¥-ray / timing t User run
HI Amplitude {(A23) 3 \/‘:Fpn'lﬁ g’__/"'{”%—“]"'

1. Focus the beam at sample location. Characterizati  on and optimization (4 wks)
. Place optics, stages. Beam alignment. OAP focus.
. Spot, enerygy, temporal profile, spectral phase
. With fully amplified beam. Eventually in vac.
~7 J on sample, ~40 fs duration, ~ 4 ym FWHM spot with ~0.7 Strehl ratio,

2. Test shots with samples at high power (2wks)

. Particle / optical diagnostics > need help/contribution
. EMP test. Performance of motors.

3. Timing drift measurement between Hl-probe and H I-main (2 wks)
. With optical cross-correlator

In parallel with other activities
L J | European XFEL
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Commissioning at IC1
Summer shut-down (10 June — 12 July: 5 weeks)

1st user run

L 2

run 3

HI Amplitude {A23)

Installation up to

IC1 entrance

2019

1 2 3 4 56 7,8 910 11{12

E Commij ng
(cF

run 4

1

2020
2 3 4 5 6 7

run S

g 910 11

run b

12

|

> User run

PG I
4+

with ¥-ray f timing t

I Call for proposal for run 6

User workshop for day-1 experiment

2. Test shots with samples at high power (2wks)

. Particle / optical diagnostics

- need help/contribution

. EMP test. Performance of motors.

3. Timing drift measurement between HI-probe and H
. With optical cross-correlator

European XFEL

I-main (2 wks)

In parallel with other activities




p VA®

24000 O

large Inside IC1 chamber (top view)
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24000, 0mm

" r‘_f i . _ ] OO
LR N 0 NN 524 Amm — _ -l
ST K /17 j /Mlcroscope objective

/ > - \ 1500, Dm0

Escape route
o for shots i i
B -_lg,:,[.]m [T

100 mm travel range




2400,0mm

In-vacuum component (optics, optomechanics, stages) . 75%
! « Mirrors, OAP ©
e Mirror mounts ©
« OAP XYZ stages ©
e OAP mount ®
« In-vac stages @ Al
e Debris shield ®
* Integration of motors to Karabo ®?

Diagnostics for test experiments: 30%
e Optical diagnostics ®
» Particle diagnostics ® —

M

: 'I Escaperoute
o fors:ots e
E 25, 0mirmi

100 mm travel range

elowe)|--




Example of HI laser transport in IC1

260x190x50
225x190x50

I B Y European XFEL



HED

High-Enengy Sens ty sciences"—

PP laser
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Pump-Probe (PP) laser ,set point’ for HED instrument

A 800nm 1030nm
TFWHM [15.].300fs (nearly transform limited) <1ps or 400ps (chirped)
Set point max. frep [MHZ] Epuise [MJ] @ 800nm Epuise [MJ] @ 1030nm
1 4.5 0.05 1
2 1 0.2 4
3 0.2 1 20
4 0.1 2 40

e 2mJ, 15fs, A =800 nm, <100 kHz
e 40mJ, 1 ps, A=1030 nm, <100 kHz

« A =800 nm at up to ~ 300 fs (by narrowing the bandwidth)

European XFEL




Pump-Probe (PP) laser ,set point’ for HED instrument

40mJ/ 1 ps

- ~ 10 W.cm32

A / @ 5 pume
2mJ /15 fs/ 5 um@ 14 5

TEWHM [[15.].300f S > 1017 W.em?2 -> =210 W.cm

@ 100 pme

Set point max. frep [MHZ] Epuise [MJ] @ 800nm Epuise [MJ] @ 1030nm
1 4.5 0.05 1
2 1 0.2 4
3 0.2 1 20
4 0.1 2 40

e 2mJ, 15fs, A =800 nm, <100 kHz
e 40mJ, 1 ps, A=1030 nm, <100 kHz

« A =800 nm at up to ~ 300 fs (by narrowing the bandwidth)

] | European XFEL



PP-OL transport
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Design 95% done

Purchasing 90 % done
(laser window, focusing optics, stages)

900mm 1200mm

HED-EXP HED-OPT COM - LAS - SA2-LAS
Experiment :  Timing i Manipulation : Laser hutch
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PP-OL commissioning / operation schedule

2019 2020 2021
1234567891011121234556?89101112 2 3 4 5 6 °
run 3 run 4 run s runé run?
. Installation up to {Comm | Commissioning with X-ray / timing tool User run User run
HI-IL (Amplitude)
IC1 entrance {atiICl CFP B

PP laser

NOPA alignment (laser G.)

co

Beam

Installation of optics with align laser up to IC1

End 2019:PP laser handed over to HED.

(m (.:FI:’?. ) |

Comm with X-ray /

timing tool

« Current best guess — in-parallel operation at all SASEs by OL group
« All optics can be placed with alignment laser
« Beam commissioning should be relatively straightforward

European XFEL




Science & Technology HED
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HE laser (HE-OL)
DIPOLE
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Science & Technology
@ Facilities Council
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Science & Technology
@ [acilities Council

The DIPOLE-100X laser
- system layout -
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HE-OL transport to IC

X-ray
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SHG, laser diagnostics
 Far & near field
e Spectrum
* Temporal profile
 Energy
« Wavefront

Delay

N

] | European XFEL



Science & Technology
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HE-OL transport to 1C2

e
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Science & Technology
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VISAR transport
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VISAR transport
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Inside IC1
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170x120x40



Inside IC2

VISAR ®
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HE-OL installation / commissioning schedule (best g uess)
2019 2020 2021 2022
1234567891011121234556789101112123456789101112 2345 6
run3 run 4 run 5 run 6 run7 run 8 run 9
, Installation up to {Comm Commissioning with X-ray / timing tool User run User run User run User run
HI-IL {Amplitude)
IC1 entrance atICl CFP6
Commissi Installation and 4 N
ommiss! ? fetaiatonan Comm Commissioning with X-ray / VISAR User run User run
HE-OL (DiPOLE) oning commissioning (laser hutch) | at \ )
(CLF) {NO laser at A23 | et /12 ~—

Installation of HE-OL?

Pending contract issue should be solved

Be ready to bring the beam to Exp hutch by summer shutdown in 2020

Commissioning at IC1, IC2.
VISAR installation should start soon

European XFEL

N L ® Begin Oct. 2019 ?
HI-OL commissioning shouldn’t be heavily interrupted




HE installation / commissioning schedule (best gues

)

2019 2020 2021 2022
1234567891011121234556789101112123456789101112 2345 6
run3 run 4 run 5 run 6 run7 run 8 run 9
, Installation up to {Comm Commissioning with X-ray / timing tool User run User run User run User run
HI-IL {Amplitude)
IC1 entrance atICl CFP6
Commissi Installation and 4 N
ommiss fetaiaton an Comm Commissioning with X-ray / VISAR User run User run
HE-OL (DiPOLE) oning commissioning (laser hutch) | at \ )
(CLF) {NO laser at A23 | et /12 ~— ‘

First user run with DIPOLE seems to be second half 2021 (CfP autumn 2020)

Precise organizing — in-parallel operation with HI-OL (man-power)
First user workshop?
Laser transport (in-air, IC1, IC2)

Design ©

Optics / optomechanics / stages ©
* Phase plate
» Debris shield

VISAR implementation ®

Table installed




o Missing on picture:
V. Cerantola, C. Pluckthun, J. Kaa, J-P. Schwinkendorf




Thank you

HIBEF laser team

T. Toncian

C. Bahtz

A. Berghauser,
S. Di Dio Cafiso,
M. Hassan,

J. Hauser,

H. HOppner,

D. Mdller,

A. Pelka

M. Toncian
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EuXFEL Laser
Group

E. Brambrink
M. Emons
G. Palmer
G. Priebet
M. Lederer

EuXFEL HED Group

T. Preston

J-P. Schwinkendorf
|. Thorpe

K. Sukharnikov

A. Schmidt

U. Zastrau
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Summary _
Made available to Users:
HI PP HE
2019 2020 2021 2022
123456789101112123455678910111212345678910111212345 6
run3d run4 run 5 run 6 run7 run 8 run 9
, Installation up to {Comm: Commissioning with X-ray/ timing tool User run User run User run User run
HI-IL (Amplitude)
ICLlentrance !atlICl CFP 6
. B?a',“ , Comm with X-ray /
PP [aser NOPA alignment {laser G.) tommissioning — User run User run
i iming too
Installation of optics with align laser up to 1C1 CFP7 -
Commissi Installation and
. om{msm .ns. | .a onan Comm Commissioning with X-ray / VISAR User run User run
HE-OL (DiPOLE) oning commissioning (laser hutch) | at |
(CLF) INO laser a3 | /12 crpg |
CFT: call for proposal
L J | European XFEL




