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Overiew 

Pump-probe laser at European XFEL 
Laser system 

Burst mode operation 

Sample heating 

SCS optical delivery  
Instrument laser hutch 

Frequency conversion (nHG, OPA, THz)  

Laser in-coupling (LIN) 

THz in-coupling 

Temporal diagnostics 
Pulse arrival monitor 

X-ray – optical cross-correlator 

 



3 SCS Optical Laser Delivery Robert Carley XFEL User Meeting 2017 

SASE 3 Experimental Area 

PP Laser SCS  

ILH 

SCS  

EXP 

SQS  

ILH 

SQS  

EXP 

Open 

Port 



4 SCS Optical Laser Delivery Robert Carley XFEL User Meeting 2017 

Pump-probe laser properties 

 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 (Δλ ≥ 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 

 

1030nm  

Soliton  

seeder 

1030nm  

Soliton  

seeder 

Dt = 

0-5ns 

Dt = 

0-5ns 

burst-mode 

all-fiber CPA 

front-end  

burst-mode 

all-fiber CPA 

front-end  

super- 

continuum 

 variable  

prechirp 

 variable  

prechirp 
AOM AOM 

PC PC 

N
O

P
A

 1
+

2
 

N
O

P
A

 1
+

2
 

N
O

P
A

 3
a

 
N

O
P

A
 3

a
 

C
o

m
p

re
s

s
o

r 
C

o
m

p
re

s
s

o
r 

S
H

G
 

S
H

G
 

S
H

G
 

S
H

G
 

S
H

G
 

S
H

G
 

N
O

P
A

 3
b

 
N

O
P

A
 3

b
 sync via fiber 

and OBC 

x-ray-optical  

laser overlap 

sub-ps 

 
1030nm, 1 … 40mJ, 4.5 … 0MHz 

 
500 ps 

800nm,  
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Guido Palmer (XFEL Optical Laser Group) 
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The pump-probe laser 

20 Hz burst mode operation under 

investigation 

10 Hz to each instrument 

No changeover time 

 

SCS SQS 

Moritz Emons (XFEL Laser Group) 
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Pump-probe laser operating modes 

EXFEL X-ray burst 

0.6% duty cycle at 10 Hz 

1 to 2700 pulses 

PP laser burst 

800 nm 1030 nm 

Mode F_rep / MHz Δt / ns F_eff / kHz E_pulse / mJ E_pulse / mJ 

1 4.5 222 27 0.05 1 

2 1 1000 6 0.2 4 

3 0.2 5000 1.2 1 20 

4 0.1 10000 0.6 2 40 

Pulse duration 15-300 fs <1ps or 400 fs 

Lower Frep possible at any pulse energy 

Actual data rate 

Sample heating 
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Sample Heating Example: FeRh 

0.2 MHz 

 1 MHz 

DT 

5mJ/cm2 

Alexander Yaroslatsev 
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Sample Heating Example: FeRh 

Driving an AFM-FM phase 

transition in FeRh 

Pump beam size at 1 MHz and 0.2 kHz 

Heat sink and initial temperature 

selection important to stay below a 

target temperature 

 

Room Temp. 

LN2 Temp. 

Room Temp. 

LN2 Temp. 



9 SCS Optical Laser Delivery Robert Carley XFEL User Meeting 2017 

Sample Heating Example: FeRh 

The pump beam size is restricted by: 

At high repetition rates – beam size becomes too small (<10µm) 

At low repetition rates – by heating the sample holder and prevention of heat removal 
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Figure of merit

 

 

repetition rate

allowable beamsize (area)

efficiency

repetition rate 0.15 MHz 

pump beam size (FWHM) 200-350 µm 

probe beam size (FWHM) 70-120 µm 

sample size 200 µm 

pump fluence (800 nm) 5 mJ/cm2 

probe fluence (707 eV) 0.5 mJ/cm2 

Sample dimension 200 µm diameter 

Layers: Fe 40 nm, SiN 100 nm, Al 600 nm 
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SCS Instrument Laser Hutch 

Beams from pp 

laser hutch 

Beams to Open Port 

800 nm 

1030 nm 

Beams to SCS EXP hutch 

1030 nm beam for THz 

streaking (XOX)  

800 nm beam for PAM 

1030 nm beam for THz pump  

800 nm beam for sample pump, 

SHG & THG and OPA pump  

800 nm, 1030 nm, OPA output 

800 nm 

1030 nm 

Detailed design and 

procurement are 

ongoing 

 

Start installation 

Q4/17 
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Pump-probe laser tuning properties 

800 nm NOPA pulses and immanent tuning capabilities 

M. Pergament et al, Opt. Express 22, 22202-22210 (2014) 

M. Pergament et al, Opt. Express 24, 29349-29359 (2016) 

Autocorrelation Spectrum 

Tuning 
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Conversion results with 800 nm at 100 kHz 

 SHG = 400 nm, THG = 266 nm 

delay: 800nm 

λ/2: 400nm 

Separator I 

Combination 

mirror 

Switch: 

SHG/THG 

SHG-BBO 

THG-BBO 

Input 

SHG Output 

THG Output 300 x 300 mm 
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Conversion results with 800 nm at 100 kHz 

SHG THG 

 
 

 15 fs – pump pulses with 2.37 mJ: 

 

400 nm: ESHG = 475 µJ, ηSHG = 20% 

266 nm: ETHG = 28 µJ, ηSHG = 1.7% 

 

 55 fs – pump pulses with 1.76 mJ: 

 

400 nm: ESHG = 760 µJ, ηSHG = 43% 

266 nm: ETHG = 255 µJ, ηSHG = 17% 
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Conversion results with 800 nm at 100 kHz 

Development in collaboration with Light 

Conversion Ltd. 

TOPAS-prime with extensions: NirUVIS and 

NDFG 

TOPAS results with pump: 

 E = 1.8 mJ, Ø = 8 mm (1/e²) , 55 fs  
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Frequency Conversion: Terahertz 

1030 nm, 850 fs 

0.1 – 30 mJ 

100 kHz x 600 μs x 10 Hz  

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

Grating 

Lens 1 

f1 = 150 mm 

Lens 2 

f2 = 75 mm Mirror 

LiNbO3 

THz beam 

λ/2 
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Frequency Conversion: Terahertz 

13.3 uJ @ 10 mJ 

0.133 % 

 

0.2% conversion in cooled LiNbO3 → 80 μJ 
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SCS Laser In-coupling 

PP Laser SCS  

ILH 

SCS  

EXP 

SQS  

ILH 

SQS  

EXP 

Open 

Port 
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SCS Laser In-coupling (LIN) 
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SCS Laser In-coupling 

Beams from ILH 
800 nm (+ SHG & THG) 

1030 nm (+ SHG & THG) 

OPA 

Beams to 

PAM & XOX 
800 nm 

1030 nm 

Quasi-collinear beam 

delivery to sample 

Mirror elevator 

Vacuum chamber 

attached to steel frame 

(not granite) 

Steel frame 

Grouted granite 
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SCS Laser In-coupling 

X-ray beam 
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SCS Laser In-coupling 

450 mm 

34 mm 

632 mm 

1015 mm 

Interaction  

point 1 

Beam line end: 

Gate Valve (DN 160) 

Laser in-coupling 

mirror 

FEL 

Line of sight for 

a 2" mirror 
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THz In-coupling 

 THz generation in lithium niobate 

1030 nm, 40 mJ, 800 fs drive 

0.2% conversion in cooled LiNbO3 → 80 μJ 

 Separate in-coupling near the experiment 

Also for other wavelengths 

 Off-axis parabolic mirror in vacuum on 6-axis 

manipulator 

 

 

FEL beam 

Laser in-coupling 

THz 

generation 
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Temporal Diagnostics 

 Transient reflectivity: Photon arrival time monitor 
Spatial encoding 

Spectral encoding 

 THz streaking: x-ray – optical cross correlator 
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Spatial encoding 

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

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 

J. Liu, F. Dietrich, J. Grünert: “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 

Pick off edge of x-ray beam 

Focus to increase intensity at low X-ray pulse energies 
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THz streaking of photoelectrons 

Grguraš et al., Nat. Photonics 6, 852 (2012) 

Pick off x-ray beam 

Solid target 

No residual gas 

High target density 

R&D project with WP74 (X-ray photon diagnostics, Jan Grünert, Jia Liu) 
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Workshop Announcement 

Science case for THz – X-ray experiments 

Sources to enable them 

Laser based 

Accelerator / undulator based 
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