
REPORT ON GUN CONDITIONING ACTIVITIES AT PITZ IN 2013 

 

 

 

 

 

 

 

 

 

 

 

 The RF system provides 10 times per second a flat-top 

1.3GHz RF pulse of up to ~7MW peak power 

(corresponding to a field amplitude at the cathode of 

~62MV/m) and of up to 830µs temporal length. The RF 

power is supplied by a 10MW multi-beam klystron 

through two equal output ports. The RF waveguide 

distribution setup has been changed recently. The power 

is like before distributed by two separated waveguide 

systems filled with SF6 under absolute pressure of 1.3bar. 

In the previous setup however the gas sides were closed 

by two RF windows just upstream the combining 

waveguide (the T-combiner), then combined in vacuum 

and led into the coaxial coupler of the gun. In the current 

setup the waves are combined in gas and separated from 

the vacuum side by just single RF window (10MW Thales 

window [1]) designed to operate at higher loads. The new 

setup is sketched in the Fig. 1. 

 

 

 

 The RF-gun setups tested at PITZ consist of a 1.6 cell 

1.3GHz normal conducting RF-gun. The RF field is fed 

into the cavity through an RF-window and further via a 

coaxial coupler. The cavity is surrounded by a main 

solenoid and a bucking solenoid for focusing purposes 

and in order to compensate space charge forces. To 

achieve the required ultra-high vacuum conditions the set-

up is pumped via ion getter pumps (IGP) and a titanium 
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sublimation pump. The interlock system which protects 

the RF-components from damages relies on readings of 

detectors like photomultipliers, electron detectors and 

pressure sensors. 

The photo-electrons are generated from a Cs2Te photo-

cathode deposited on a Mo-plug. Cathode exchange under 

UHV is possible because of the usage of a load-lock 

system. The required RF-contact of the cathode to the RF-

gun is made by an RF-contact spring positioned in the 

RF-gun backplane. In the past severe damages on the gun 

cavity occurred during operation at this place (Fig. 2 left). 

In order to avoid these damages a new design of the RF-

contact was developed (Fig. 2 right) and tested with 

Gun4.3 and Gun4.4.  

 

 

 

 

 

 

 

The gun 4.4 was tuned in June 2013. The final 

parameters are summarized in the Table 1. The field 

-mode after tuning is shown in the Fig. 3. 

The field ratio was tuned to be E1/E2 = 1.09.    

 Table 1: Gun Parameters after Tuning Measured in Air

 -  -  

   

-    

E1/E2   

  - 

  

-   

  

 The resonant frequency -mode had to be 

modified by 1423kHz to reach the goal level of 1.3GHz. 

This results in predicted resonant temperature decrease by 

ca. 65K to the final level of 48.3ºC. The measured 

resonant temperature however proved to be not only 

higher and dependent on the average RF power, as usual, 

but also slowly increasing with operation time. The 

possible explanation of the measured resonant 

temperature drift may be either uncertainties in RF power 
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measurements (as high as 10%) and/or by degrading of 

the cathode spring (by loosing some of the little stripes 

providing contact with the cathode plug) and/or by little 

deformation of the gun caused by non-homogenous 

heating and/or by uncertainty of the cathode plug axial 

position after re-insertion.  

 

 

   

 

As many as three RF guns were conditioned and tested 

at PITZ in 2013 and 2014. Besides the above discussed 

gun 4.4 it was also the gun 4.3 (10.4.2013 - 15.7.2013) 

which both are meant to serve as start-up guns for the 

European X-FEL and finally the gun 3.1 (10.11.2012 -

 21.2.2013) which is currently operating at FLASH. The 

gun 3.1 is of the older gun and spring design but dry-ice-

cleaned.    

 

Due to the dry ice cleaning method the dark current 

emitted from the discussed guns was more than an order 

of magnitude lower than for those in the past which did 

not undertake such treatment [7]. For fully conditioned 

cavities and cathodes dark current is in most cases below 

100µA even at high field gradients exceeding 60MV/m. 

For comparison see the representative selection of dark 

current measurements for all three gun cavities in the 

Fig. 4.  
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