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Yesterdays talk by S. Schreiber 

>  Talk by S. Schreiber, 
Monday morning 

>  Cascaded SASE in  
sFLASH and FLASH1 
+ FLASH2 
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Free-Electron Laser 
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FLASH Layout 2015 

>   TESLA type superconducting 
accelerating modules 1.3 GHz >  FLASH1 fixed gap undulators >   3rd harmonic sc module 3.9 GHz 

>  Normal conducting 1.3 GHz RF gun 
>  Ce2Te cathode  
>  Two  Nd:YLF based ps photocathode lasers 

>   FLASH1 Experimental Hall 

>  Extraction to FLASH2 >  FLASH2 variable gap undulators 
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>   FLASH2 Experimental Hall 
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Precondition for parallel SASE operation:  
First Lasing FLASH2 

>  First lasing FLASH2: August 20, 2014  
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FLASH1

FLASH2

>  FLASH1 lasing in parallel  
with 250 pulses 

>  First lasing FLASH2 was also first 
parallel operation 
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>  Transmission 

Parallel operation 

FLASH1

FLASH2

>  Fast kickers 

>  Two injector 
lasers 

>  Long RF pulse trains with separate 
settings for FLASH1 and FLASH2 

>  SASE pulse trains 
(MCP detectors*) 

* MCP detector: microchannel plate detector 
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in Hamburg 
FLASH1 and FLASH2 operation panels 

>  Separate panels for FLASH1 and 
FLASH2 

!  RF settings 

!  Undulator orbit 

!  Slow feedbacks 

!  Lasers… 

FLASH1 

FLASH2 

Main  
timing 
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Bunche train separation timing 
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– Bunch charge FLASH1 
– Bunch chargeFLASH2 
– RF signal (amplitude/phase) 
– Kicker amplitude 
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>  Superconducting accelerating modules 
allow RF pulse lengths up to 800 µs.  
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Slow feedbacks for FLASH1 and FLASH2 

>  Feedbacks for electron bunch compression, beam energy and bunch charge 
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FLASH. 
Free-Electron Laser 

in Hamburg 
Orbit feedback at extraction position 

>  An orbit feedback keeps the electron 
beam’s position fixed at selected BPMs 

>  Stable electron 
beam position at 
the extraction 
point is mandatory   
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FLASH. 
Free-Electron Laser 

in Hamburg 
Parallel SASE operation of both beamlines 

>  Example for parallel 
SASE operation 

>  FLASH1: 2-30 bunches 
at 6 nm 

>  FLASH2: single bunch 
operation, 18.5 nm with 
~100 µJ SASE pulse 
energy. 

FLASH1 GMD 

FLASH2 GMD 

FLASH2 YAG screen 

Transmission 

FLASH2 undulator segments 

RF settings for FLASH1 and FLASH2 
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Achieved photon wavelengths during parallel 
SASE operation 
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Figure 5: Photon wavelengths achieved in the FLASH1 and FLASH2 beamlines during parallel SASE operation in the
period from August 2014 to August 2015. The photon wavelength in FLASH1 is determined — due to the fixed gap
undulator — by the electron beam energy. FLASH2 is equipped with a variable gap undulator and the wavelength can be
varied at fixed electron beam energy by changing the gap size.

were achieved as well. The shortest wavelength produced
by FLASH2 so far, 4 nm, was obtained during an intense
study week in January 2015. Due to installations of photon
beam diagnostics in the FLASH2 tunnel, no parallel SASE
operation was possible from mid January 2015 to June 2015.
After that, further successful runs were carried out in sum-
mer 2015. The maximum photon wavelength at FLASH2,
60 nm, was achieved in June 2015.

The GMD detector, to measure the absolutely calibrated
photon pulse energy, has been available at FLASH2 since
June 2015. Therefore the data shown in Fig. 6 covers only
the period from June to August 2015. The presented plot
shows the pulse energy in both beamlines during parallel
SASE operation for di�erent photon wavelengths. Although
FLASH2 has not yet reached the maximum photon energies
of FLASH1, the achieved pulse energy of about 100 µJ at
di�erent wavelengths between 10 nm and 20 nm is promis-
ing.

For the long wavelengths, the pulse energies reached so
far was rather small. The main reason for this is that for
any given energy, emphasis has been on optimizing the FEL
for shorter wavelengths, which is considered to be the more
demanding challenge.

FLASH2 SASE commissioning continues during the next
months.

SUMMARY AND OUTLOOK

We have had a very successful year with great advances
in the commissioning of the new undulator beamline at
FLASH2. The simultaneous SASE operation of FLASH1
and FLASH2 emphasizes the unique status of FLASH
among the free-electron lasers.

The maximum SASE pulse energy of FLASH2 is still
below the energy of the SASE pulses at FLASH1 but we
are optimistic that FLASH2 can achieve similar level in
the future. The minimum wavelength in FLASH2 reached
so far with saturated photon beam is 5 nm. Simulations
show that for nominal parameters, 4 nm can be reached at
1.25 MeV, and we are confident that we can reach also shorter
wavelengths in the near future. Many tools and diagnostic
devices have been developed or adapted from FLASH1 to the
new beamline, and further tools are under commissioning.
First photon experiments are expected 2016.
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>  Achieved photon wavelength during parallel SASE operation in the period from August 
2014 to August 2015.  

>  Variable gap undulators in FLASH2 allow different photon wavelength at fixed beam 
energies.  
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Achieved SASE pulse energy during parallel 
SASE operation 
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Figure 6: SASE pulse energies per bunch for photon wavelengths delivered by FLASH1 and FLASH2 achieved during
parallel SASE operation in the period from June 2015 to August 2015.
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>  Achieved SASE pulse energy during parallel SASE operation in the period from August 
2014 to August 2015.  
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First simultaneous operation of two SASE beamlines in FLASH 

> Thank you for your attention! 


