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The Free-Electron Laser FLASH consists of a 1.3 GHz 

RF gun and seven 12 m long TESLA type superconducting 

accelerating cryomodules (ACC) with eight cavities each. 

Five RF stations with 5 MW or 10 MW klystrons supply 

cryomodules through a specific waveguide distribution 

system with RF power. 

One goal of FLASH2020+ upgrade is to achieve high 

energies of the accelerator with high reliability. Due to dif-

ferent cavity power requirements individual waveguide 

distribution systems for accelerator cryomodules were pro-

duced, tested and tuned. To create the entire waveguide 

distribution as reliable as possible all sub-systems such as 

klystron-, connecting- and cryomodule waveguide distri-

butions have been customized to the module gradients and 

also to the space conditions in the tunnel. 

 

Figure 1 shows an overview of RF station 1 with its klys-

tron-, connecting- and cryomodule waveguide distribution 

for ACC2 and ACC3. These cryomodules are European 

XFEL type modules with 0-degree phase advance between 

the cavities. This allows easier final measurements for the 

phase tuning.  

 

Figure 1: Overview of klystron- (1), connecting- (2) and 

cryomodule waveguide distribution (3) for ACC2 and 

ACC3. 

Figure 2: Overview of klystron- (1), connecting- (2) and

cryomodule waveguide distribution (3) for ACC4 and 

ACC5. 



 

 

 

 

 

 

The waveguide distribution systems for the cryomodules 
ACC4 and ACC5 transmit the RF power from a 5 MW 
single beam klystron to the cryomodules. 

 

 

 

Especially the phase tuning between the waveguide dis-

tribution systems for ACC4 and ACC5 needs a high level 

of accuracy since different main couplers are used.  Those 

have a specific phase difference, which needs to be consid-

ered carefully. The power distribution between the cryo-

modules will be realized with a tunable 3 dB shunt tee. The 

total power for each waveguide distribution system is ap-

proximately 2.1 MW. 

 

 

 

 

Figure 3: SWR vs. short circuit position of an isolator at 

different power levels. 

Figure 5: Design of the cryomodule waveguide distribu-

tion for ACC5. 

Figure 4: Layout of the cryomodule waveguide distribution for ACC4. 



 

 

 

 

 

Figure 7: Position of the inserted attenuator for cavity 8 of 

ACC7. 

 

   The air flow system for the waveguide distribution for 
the FLASH accelerator consists of two air flow machines 
for the RF gun as well as one machine for every RF station. 

 

 

   A Programmable Logic Controller (PLC) is used to con-
trol the air flow machines. 

 

 

 

 

 

 

 

 

 

 

 


