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Abstract 
The facility for joint experiments of JINR-IAP RAS has 

been commissioned to investigate the lifetime dependence 
of the CLIC high-gradient accelerating structure on the 
surface damage by repetitive high-power RF pulses. The 
facility is based on the 30 GHz JINR free-electron maser, 
which uses an electron beam of the induction linear 
accelerator LIU-3000. 

Intermediate optical observations of the central ring 
allowed us to control the process of the damage evolution. 
The first damage of the copper surface have been 
observed after 1.6*104 pulses with the pulse heating of 
250ºK. After 6*104 pulses the damage of the surface of 
the oxygen-free copper cavity became strong enough to 
cause regular breakdowns inside the test cavity. 

INTRODUCTON 
The project of the compact electron-positron collider 

CLIC with room-temperature accelerating structure is 
now developed by international collaboration headed by 
CERN [1]. The damage of the wall of the accelerating 
structure due to very intensive cyclic heating by short 
high-power RF pulses can be one of the most severe 
limits on the accelerating gradient or serve as a criterion 
for choice the materials for structure manufacturing [2]. 
Several experimental groups around the world have 
started investigations of this effect using different 
methods. Collaboration of JINR and IAP RAS has 
developed the experimental facility creating the RF pulse 
heating with temperature rise more than 200ºK. The 
expected lifetime of the copper cavity at such high 
temperatures was not more than 2*105 pulses. 

EXPERIMENTAL FACILITY 
The facility is based on the 30 GHz 20 MW free-

electron maser (FEM), which uses an electron beam of 
the induction linear accelerator LIU-3000 [3]. Radiation 
spectrum width does not exceed 10 MHz at pulse duration 
of 180 ns, repetition rate is 0.5-1 pulse per second. 

The Gaussian wave beam from the FEM output 
waveguide is passing through the thin diagnostic film to 
the symmetrical two-mirror quasi-optical transmission 
line. After the oversized waveguide with an input vacuum 
window the radiation is transformed by the input horn 
from the Gaussian distribution into the TE11 mode and 
then – into TE01 mode by a specialized mode converter. 

After the output horn the radiation is monitored by a 
detector with a dielectric waveguide and then it is fully 
accepted by the calorimeter (figure 1). 

A specially designed test cavity- imitator of the CLIC 
accelerating structure - operates at the mode TE011 with 
zero electric field near the wall to prevent the inner 
discharge. It consists of two diaphragms and the inner 
ring with a rather thin edge. The most heated area is the 
inner edge of the ring. The quality factor of the cavity is 
1500. The precise frequency matching of the cavity with 
the FEM oscillator can be achieved by changing the 
distance between the diaphragms. The test cavity module 
has its own vacuum system. 

DATA ACQUISITION AND CONTROL 
SYSTEM 

The distributed data acquisition system was constructed 
several years ago [4, 5] and it demonstrates her versatility 
and reliability. Recently the some new possibilities were 
added. The automatic stabilization sub-system [6], being 
exploited in test regime with local control during 1 year, 
is now installed inside the accelerator hall and completely 
switched to the remote control. The electron beam 
focusing system consists of 12 magnetic lenses along the 
accelerator and beam-line. Each magnetic lens is fed by 
individual stabilized current supply. Controller is 
connected to the PC and current supplies by means of  
RS-485 protocol, allowing controlling the individual 
lenses currents. Another new feature of the control system 
is an active automatic start-times control for the 
modulators of the induction linear accelerator. It means 
the local feedback between the synchronization sub-
system (which was operating previously only in human-
controlled regime) and modulator pulse control sub-
system. The hardware core of the pulse control subsystem 
is a set of fast ADC with memory buffers and input 
multiplexors. The server program is now supplied by a 
module of pulse shape recognition, which calculates a 
time when a flat top of pulse is started. TCP server 
module of this subsystem is ready to send this data to the 
client module in synchronization subsystem. The 
synchronization program calculates the difference 
between measured value and desired one, and then sends 
the correction to the synchronization channel connected 
with corresponding modulator. The list of channels taking 
part in this regime can be corrected by the operator in on-
line regime.  

  ___________________________________________  
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