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SASE 3 Experimental Area
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Pump-probe laser properties ookt
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Synchronized seed laser-oscillator and delay stage for X-Ray — OL overlap

Burst-mode Yb-all-fiber CPA front-end: 2 synchronous outputs, 100kHz, 200kHz, 1MHz and 4.5MHz
White light seed generation in YAG (AA =2 700 — 900 nm) & var. pre-chirp

Burst-mode 3-stage Yb:amplifier chain (Innoslab-technology): up to 40 mJ, 100kHz — 4.5MHz
Arbitrary pulse and burst selection for ,pulse-on-demand® (PoD)

NOPA with 3 working points
Guido Palmer (XFEL Optical Laser Group)
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The pump-probe laser
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™ 10 Hz to each instrument

Moritz Emons (XFEL Laser Group)
I No changeover time
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Pump-probe laser operating

EXFEL X-ray burst

0.6% duty cycle at 10 Hz
1 to 2700 pulses
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Sample Heating Example: FeRh
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Sample Heating Example: FeRh
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Sample Heating Example: FeRh

_ Figure of merit Sample dimension 200 ym diameter
_____ repetition rate Layers: Fe 40 nm, SiN 100 nm, Al 600 nm
----- allowable beamsize (area)
L — O~ )
g efficiency
b . —
i repetition rate 0.15 MHz
'30 pump beam size (FWHM) 200-350 um
l'-,l probe beam size (FWHM) 70-120 pym
é\‘ Vs sample size 200 um
pump fluence (800 nm) 5 mJ/cm?
probe fluence (707 eV) 0.5 mJ/cm?
repetition rate, MHz
The pump beam size is restricted by:

At high repetition rates — beam size becomes too small (<10um)

At low repetition rates — by heating the sample holder and prevention of heat removal
European XFEL
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SCS Instrument Laser Hutch
Beams to SCS EXP hutch

800 nm, 1030 nm, OPA output

1030 nm beam for THz
streaking (XOX) XOX —T—a—
T4 N Beams to Open Port
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-.4_:; . d:,p:rlon control Q4/1 7
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| D camera for pointing stabilization

:| beam dump (water cooled)

800 nm beam for sample pump,
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}‘_Kﬁy' ‘ ‘ d ‘ .
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[ Power meter

' Photodiode (burst monitor, local trigger, shot-to-shot energy)
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Pump-probe laser tuning properties

% 800 nm NOPA pulses and immanent tuning capabilities

Autocorrelation Spectrum
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Conversion results with 800 nm at 100 kHz

N SHG =400 nm, THG = 266 nm

N2:400nm
delay: 800nm Combination
mirror

Switch: THG-BBO
SHG/THG

Separator |

SHG-BBO
SHG Output

Input

THG Output 300 x 300 mm
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Conversion results with 800 nm at 100 kHz
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Conversion results with 800 nm at 100 kHz @Z E%HNLERSI ON

Development in collaboration with Light
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Frequency Conversion: Terahertz

(@)yf (b)
1030 nm, 850 fs 51 ;gu-a
0.1-30mJ ;‘ju_ é 0.3
100 kHz x 600 ps x 10 Hz o

Wu et al., Opt. Lett. 39, 5403 (2014)

Lens 1 Lens 2 THz beam
f; =150 mm f, =75 mm

Mirror

Grating
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Frequency Conversion: Terahertz

Data1011, spherical telescope f = +150 and +75 mm
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SCS Laser In-coupling
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SCS Laser In-coupling (LIN)

Permanent Beamline Components Interchangeable Endstations / Detectors

i

D\ AN VAN VA

' CDI-DET CDI-DET
ALAS DPS-U XGM DPS-D XOX, SAT KBS LIN FFT MOV DSSC IBS
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SCS Laser In-coupling

Beams from ILH
800 nm (+ SHG & THG)
1030 nm (+ SHG & THG)

Beams to
PAM & XOX

800 nm
1030 nm

Quasi-collinear beam
delivery to sample

Vacuum chamber
attached to steel frame
(not granite)

Mirror elevator

Steel frame

Grouted granite

19
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SCS Laser In-coupling

| X-ray beam
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SCS Laser In-coupling
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Laser in-coupling
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THz In-coupling
]Ic.19=n$:| 510 mm If-ze:s}g mm THz beam

Mirror

THz generation in lithium niobate
m 1030 nm, 40 mJ, 800 fs drive

m 0.2% conversion in cooled LINbO; — 80 p

Grating
Separate in-coupling near the experiment

m Also for other wavelengths

Off-axis parabolic mirror in vacuum on 6-axis
manipulator

L J | European XFEL
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Temporal Diagnostics

Transient reflectivity: Photon arrival time monitor
Spatial encoding
Spectral encoding

THz streaking: x-ray — optical cross correlator

Permanent Beamline Components Interchangeable Endstations / Detectors |

e N
i CDI-DET CDI-DET
ALAS DPS-U XGM DPS-D XOX, SAT KBS LIN  FFT MOV DSSC IBS

|

L J | European XFEL
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Spatial encoding

Optical pulse

X-ray pulse

Pump
Dela . .
: Laser J" Path length \ Delay
difference L
compensation 7
LCLS
Phase cavities Experiment

KB-Refocussing

\ Monochromator i
SiN, film ik
CCD camera |:>
/1

-1 0 1 -1 0 1 -1 0 1
Relative Arrival Time (ps) Relative Arrival Time (ps) Relative Arrival Time (ps)

o

Beye et al., App. Phys. Lett. 100, 121108 (2012)
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Spectral encoding

tical Pulse Stretcher
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Fil Mirror ‘ l l X-ray Pulses arrive
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Optical Laser
Chirped Pulse
-‘ . - Optical Specrometer
Spherical Mirror _ Time

B. Li, X-Ray Photon Temporal Diagnostics for the European
XFEL, Technical Report TN-2012-002-01 (2012.)
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Temporal Diagnostics: Photon Arrival Monitor
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J. Liu, F. Dietrich, J. Grunert: “Technical Design Report: Photon Arrival Time Monitor (PAM) at the European XFEL”,
XFEL.EU TR-2017-002 (2017)
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X-ray pick off mirror
I Pick off edge of x-ray beam

I Focus to increase intensity at low X-ray pulse energies

Detector

DAQ

—

AReflectivity

At (xray — laser)

800 nm
beam

I B W European XFEL
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THz streaking of photoelectrons

Set delay between
NIR/THz & FEL pulse
Tizsapphire

AN

!

NIR ! N B

H ‘*“f i Parabolic
999% : mirror

TOF

To user experiment
with measured

timing & FEL profile

— "l )
FLASH FEL pulse . Teflon lens \

]

InTe/
- gas target
| |
Grating
THz generation Grguras et al., Nat. Photonics 6, 852 (2012)

W Pick off x-ray beam
I Solid target
B No residual gas

B High target density
W R&D project with WP74 (X-ray photon diagnostics, Jan Grlnert, Jia Liu)
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Workshop Announcement

Science case for THz — X-ray experiments
Sources to enable them

Laser based

Accelerator / undulator based

L J | European XFEL
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European XFEL Workshop

Terahertz science at European XFEL

01-02 June 2017 /

The ints tion of terahertz radiation with matter excites novel
states with unique properties. These non-equilibrium states will
benefit from ultrafast characterization using the ultrashort and highly
brilliant X-ray pulses available at FELs. With this in mind, we are
pleased to announce a terahertz workshop, with the aim to find the
most scientifically promising strategies to combine teraheriz
radiation with the unique X-ray pulses generated at European
XFEL.

The 2 day workshop will be led by 18 presentations from invited
international scientists. The first day will explore the scientific
motivation for THz - X. periments. The second day will
focus on the two main r to THz generation in the
frequency range from 0.1 0 THz (3 mm to 15 pm): On the one
hand, state of the art laser-based sources; and on the other,
undulator sources based on a second, smaller accelerator. Specific
aspects will be compatibility with the MHz repetition rate of the
European XFEL and novel opportunities for coherent control in the
multi-THz regime. We intend to discuss how individual research
projects can benefit from a combination of these sources.

Registration deadline

https://indico.desy.de/conferenceDisplay.py?confld=16848
Registration opens 01 March-01 May 2017

Places are limited to approximately 90 and will be filled on
a first-come, first-served basis

Organizers

Robert Carley

Andreas Scherz

Peter Zalden

European XFEL, Schenefeld, Germany

Electric Field in kV/cm

European

XFEL

Time in ps

Confirmed speakers

Andrea Cavalleri (MPSD)

Stefano Bonetti (Stockholm)
Dmitry Turchinovich (U Mainz)
Aaron Lindenberg (SLAC)

Max Lederer (European XFEL)
Matthias Hoffmann (LCLS)

Franz Kértner (DESY CFEL)
Michael Gensch (HZDR)

Mikhail Krasilnikov (PITZ@DESY)
Christoph Hauri (PSI)

Andrej Savilov (IAP, RAS, N. Navgorod)
Karsten Holldack (HZB)

Programme Committee

Mikhail Krasilnikov (PITZ@DESY)
Max Lederer (European XFEL)
Andreas Scherz (European XFEL)
Mikhail Yurkov (DESY)

We encourage all participants to submit a poster to
ensure that a broad range of THz - X-ray science can
be discussed.

A workshop dinner will take place on the evening of

Peter Zalden (European XFEL) 1June.

| 0 ENLIGHTENING SCIENCE
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