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•  Photocathode	  
•  Laser	  heater	  
•  Timing	  synchroniza9on 

•  SX	  Experimental	  pump	  laser	  
•  Laser	  driven	  Source	  genera9on	  
•  XFEL	  Timing	  diagnos9cs	  
•  Timing	  synchroniza9on 

•  HX	  Experimental	  pump	  laser	  
•  XFEL	  Timing	  diagnos9cs	  
•  Timing	  synchroniza9on 

Experimental	  Laser	  systems 
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Experimental halls and end-stations at PAL-XFEL 

Vertical ground motion 

XFEL 

Soft X-ray experimental hall 

Hard X-ray experimental hall 

Hard X-ray laser floor 
: amplitude = 94 nm (rms) 
Velocity = 7.6 um/s (rms) 

Experimental hall 
: amplitude = 7 nm (rms) 
Velocity = 0.4 um/s (rms) 

** Reference: Vibration criteria for research facilities – Colin Gordon & Associates, USA 

Criteria 
Velocity 
(um/s) 

Detail size 
(um) description 

* Detail size : line width of microelectronics fabrication 

Laser	  room 

NCI 
XSS 

OH 

Laser	  
room 
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Laser system specifications 

  Hard X-ray Soft X-ray 

Ti:Sapphire Oscillator Rep. rate 79.33 MHz synchronized to Master RF (S-band) 

Regen. Amplifier 

λcenter 800 nm 

Rep. rate (max) 
120 Hz 1080 Hz 

Synchronized to Event timing system 

Pulse energy  
after compression 12 mJ 7 mJ 

Pulse duration <35 fs or 100~130 fs (dual) <35 fs 

Beam size 
(1/e2) ~15 mm ~10 mm 

Special feature   CEP stabilized 

Wavelength  
conversion 

  

Harmonic generator 400 nm (SHG, <35 %) 

266 nm (THG, <15 %) 

Optical  
parametric  
amplifier  

(OPA) 

pump 800 nm, 3.5 mJ, ~100 fs 800 nm, 3 mJ, 35 fs 

Tuning  
range 240 nm ~ 20 um 240 nm ~ 15 um 

High harmonic generation . <100 eV 
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Hard X-ray laser systems and transportation (laser room) 

Ti:Sapphire amplifier systems at HX laser room 

Beam transportation 
to NCI hutch 

Beam transportation to XSS hutch 
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Optical laser for Hard X-ray end-stations (XSS end-station) 

External compressor 

Optical delay 

OPA 

Harmonic gen. 800nm 

For timing  
diag. 

Compressed 
output 
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Femtosecond Optical laser 
800 nm and its harmonics 
Optical parametric amplifier 
(UV~IR) 
0.1~4.6 eV 
 

Laser driven EUV source 
10~100 eV 

Soft X-ray FEL 
0.3~1.2 keV 

•  Core	  level	  spectroscopy	  

•  Time-‐resolved	  photoelectron	  spectroscopy	  

•  Detec9on	  of	  a	  wavepacket	  on	  a	  dissocia9ve	  state	  

•  Two-‐color	  experiments	  

:	  photoelectron	  spectroscopy,	  pump-‐probe,	  etc..	  

Target for light sources at SX beamline 
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Soft X-ray laser systems and transportation (laser room) 
 

Beam transportation in the SX laser room 

Ti:Sapphire laser system in the SX laser room 
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Soft X-ray end-station 

Optical  
delay 

Hollow 
Fiber 
compressor 
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Soft X-ray end-station (Hollow fiber compressor) 

𝝉𝐅𝐖𝐇𝐌=𝟒𝟎  𝐟𝐬 

𝝉𝐅𝐖𝐇𝐌=𝟗.𝟖  𝐟𝐬 

Input pulse (1.28 mJ at 1080 Hz) 

Output pulse under 2.4 bar Ne (0.69 mJ after compression) 

2016. 9 
Input pulse : 1.9 mJ at 1080 Hz 
Output pulse under 2.4 bar Ne 
  : 800 uJ after compression 

8th XFEL collaboration meeting 



Timing synchronization scheme (for Hard X-ray) 

476 MHz 
(from timing link) 

2.856 GHz 
Dielectric resonator oscillator (DRO) 

2.856 GHz 
To Laser system 

<Timing rack at HX laser room> 

Event receiver (EVR) 
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RF – Laser locking 

~14 fs (1Hz ~ 100kHz)  
residual phase jitter 
(1Hz ~100kHz,  
Out-of-loop measurement) 

Work by Dr. Changki Min at PAL 

PID controllers 
BOM-PD electronics 
& Piezo controller 

<Schematic description> 

Sagnac  
interferometer Detectors 

Laser IN 

RF IN (2.856 GHz) 

Piezo driver 
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M. Harmand et al., Nature Photon. 7 (2013) 215. 

1. Spectral encoding (Time window is on the LASER) 2. Spatial encoding (Time window is on the XFEL.) 

Timing diagnostics between XFEL and optical laser pulses 

Lattice dynamics of Bismuth 
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XSS beamline instruments at PAL-XFEL 

Laser-in 
couple 

Pop-in 

QBPM 

Pulse 
selector CRL Slits 

<Prototype Timing chamber> 

** Fund : 가속기 핵심기술 개발 사업 ; 빔라인 실험기법 개발 (미래창조과학부) 

Timing diagnostics between XFEL and optical laser pulses 
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<Hard X-ray transmission of Si3N4> 

<Membrane manipulator and holder> 

photodiode 

YAG:Ce 

Mirror 

Pin-hole 

SiN 
membranes 

Timing diagnostics between XFEL and optical laser pulses 

•  Picosecond timing  
: GaAs Photodiode (Biased), 30 ps rise 

•  Femtosecond timing 
: Spectral or spatial encoding with Si3N4 membrane 
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Preliminary alignment and test by laser pulses 

Delay stage (for calibration) 

ND 

To be used for spatial encoding 

f=5cm f=7.5cm 

Sapphire window 
t=3mm 

f=25cm 

to spectrograph 

SiN membrane  

400 nm pump 
(for test) 



Schedule for Beamline Laser 
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