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Abstract 
Two re-buncher cavities were installed at the Medium 

Energy Beam Transport line of the LIPAc accelerator, pres-
ently being commissioned at Rokkasho (Japan). They are 
IH-type cavities with five gaps providing an effective volt-
age of 350 kV at 175 MHz for a nominal operation of 
125 mA CW deuterons at 5 MeV. After full conditioning 
and beamline integration in Europe, the cavities were in-
stalled in the accelerator with special care given to the 
alignment with respect to the rest of the components. The 
RF line, cooling circuits and instrumentation were also 
mounted. The cavities were operated with a FPGA based 
LLRF system. A re-conditioning of the cavities was per-
formed in first place, followed by tests with a pulsed beam 
with increasing currents. A maximum pulsed beam current 
of 100 mA was reached while operating the buncher cavi-
ties, under which they reached voltages up to 340 kV and 
260 kV respectively. As expected, the beam loading was 
significative, leading to a series of difficulties and required 
strategies for a good operation that are discussed in this pa-
per. The effect on the beam dynamics, measured by beam 
position monitors downstream of the bunchers is also dis-
cussed.  

INTRODUCTION 
The LIPAc accelerator is a LINAC for deuterons in CW 

with an average current of 125 mA [1]. Its purpose is to 
serve as prototype for a future IFMIF facility dedicated to 
the production of high neutron fluxes with which to irradi-
ate and evaluate future candidate materials for fusion reac-
tors. The final energy of the accelerator will be 9 MeV, alt-
hough the work presented here was done during a previous 
commissioning phase at which the energy was 5 MeV in 
pulsed mode. 

Both bunchers are located at the MEBT line [2], which 
also includes several BPMs, quadrupole magnets and 
scrapers. It was completely designed, mounted, aligned at 
Ciemat in Madrid. The bunchers are normal conducting, 
IH-type cavities with 5 gaps each [3]. They operate under 
the 175 MHz working frequency of LIPAc. Each of them 
can provide up to an effective voltage of 350 kV with a 
power consumption of 9.5 kW [4, 5]. 

The cavity vessel is made of stainless steel with an inter-
nal copper coating, with external surface cooling. The 
stems are made of solid copper in one piece, with internal 
cooling (Fig. 1). Each cavity has two plungers for tuning 
automatically operated with stepper motors. The coupler is 
loop-type, custom designed, with a brazed alumina win-
dow.  A pickup signal made from a commercial coaxial 
feedthrough with a soldered copper loop is used to measure 
the cavity voltage and phase. 

Figure 1: Detail of the interior of a buncher cavity. 

The RF power is provided by solid state amplifiers and 
transferred to the cavities with 3 ¼ inches coaxial rigid 
lines. The LLRF system is FPGA-based [6]. It includes 
very fast loops for inter and intra-pulse control of the cavity 
voltage and phase, manages the movement of the tuning 
plungers and includes a very fast RF cut in case of an arc 
detection, which can be triggered both from optical arc de-
tectors or from a sudden increase of the reflected power 
signal. The LLRF system is integrated into the EPICS con-
trol system of the whole accelerator. 

SET UP AND RE-CONDITIONING 
The cavities arrived at Rokkasho site installed within the 

MEBT line. The RF rigid line, water cooling and instru-
mentations were installed and tested (Fig. 2). 

Each cavity includes 8 PT100 sensors (water inlet and 
outlet temperature, plus six metal temperatures on the lo-
cations where higher temperatures are expected). Each 
tuner carries a potentiometer for the position of the plunger, 
plus two limit switches. All those signals were integrated 
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into the MEBT OPI in the EPICS system, together with the 
cavity voltage, forward and reverse powers taken from the 
LLRF. A logic of alarms and interlocks was developed in 
case of excessive temperature or tuners at the end of the 
stroke. The OPI can also be used to operate the tuners man-
ually. 

Figure 2: RF rigid coaxial line connected to the buncher 
cavities installed at the accelerator hall. 

A re-conditioning (the cavities had previously been con-
ditioned at an RF laboratory in Spain) was performed. It 
was done quite fast directly in CW mode. Both cavities 
reached the nominal voltage in less than 10 hours of oper-
ation each. 

BEAM OPERATION 
The results presented here correspond to a phase in 

which the beam was in pulsed mode. At the time of opera-
tion the beam chopper in the injector was not working. This 
produced a highly variable beam along the pulse, with a 
very progressive growth of the beam current from zero to 
a current close to the nominal value during the first 
200-300 µs of the pulse during which the phase of the
bunches varied also in a range of about 80º. After that ini-
tial phase, which probably should be cut when the chopper
is working, the beam quality improved, the bunch phase
was constant, although the beam current still increased in
the order of 25% in that time (Fig. 3).

Figure 3: Beam induced voltage, magnitude and phase dur-
ing a working pulse. 

This poses a very difficult challenge for the LLRF. First 
of all, the beam loading with the cavity perfectly tuned is 
extreme (in the order of 800 kV, more than twice the cavity 
nominal voltage) and of reactive type. A large detuning is 
therefore compulsory to reduce it. The typical required de-
tuning would be between 80 and 300 kHz, corresponding 
to detuning angles of 75 – 86 º. 

Hence the cavity response is reduced by a factor between 
4 and 14 with respect to a perfectly tuned cavity condition 
not only for the beam loading, but also regarding the re-
sponse to the RF power from the amplifier. As it can be 
seen in Fig. 4, the cavity voltage is mostly produced by the 
beam itself, with just a small correction created by the am-
plifier. The cavity works consequently almost as a passive 
component, with 88% of the cavity voltage produced by 
the beam itself. 

Figure 4: Beam loading and LLRF correction for a desired 
cavity bunching voltage of 100 kV and beam current be-
tween 100 and 125 mA. Complex representation (left). 
Amplitude and phase of the correction as a function of the 
beam current(right). 

This happens at an optimally detuned cavity, which was 
adjusted for the middle of the pulse. The deviations of 
beam current (below and above the average) require from 
the amplifier a larger correction and a signal the phase of 
which changes a lot between the beginning and the end of 
the pulse. 

An example of the cavity regulation in such conditions 
in the real world is shown in Fig. 5. An acceptable regula-
tion was achieved, except for the first 300 µs of the pulse, 
which should be eliminated when the chopper is working. 
The LLRF is close enough to achieve an almost constant 
cavity voltage and phase. No dangerous jumps in the for-
ward or reverse signals were observed. 

The reverse power does not reach any dangerous level 
for the amplifiers or the circulators, even at the initial mo-
ments of the pulse during which the low beam current 
makes the cavity detuning suboptimal. Indeed, they are ca-
pable of working with full reflected power for several sec-
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Figure 5: Cavity signals during a typical high beam current 
pulse. 

onds. A feature was implemented in the LLRF system for 
a change in the working frequency when there was no beam 
(while waiting for it), but it created an undesirable jump in 
the cavity conditions at the moment of the frequency 
change that led us to discard that feature for the moment. 

REQUIREMENTS FOR LLRF 
With the accumulated experience, some general require-

ments for the LLRF system, specific for buncher cavities 
under high beam loading have been determined, especially 
in pulsed mode. All of them have been implemented on LI-
PAc LLRF or have been defined for its implementation for 
next commissioning phase. 
 Deal with the angular response to the drive signal. The

large detuning of these cavities produces a response to
the drive signal almost perpendicular between the per-
fectly tuned and the optimally detuned situations. The
PID loop has to take this effect into account when cal-
culating the drive signal from the error one.

 Deal with the big variations in the required drive sig-
nal (both in amplitude and phase), which are neces-
sary to apply with small variations of beam current.

 Deal with drive signals working in different quadrants
at the beginning and end of the pulse. If the current is
slightly growing during the pulse, the phase difference 
between the required drive signals at the beginning
and end of the pulse can in the order of 90º.

BUNCHERS EFFECT ON THE BEAM 
The beam was measured by three BPMs located down-

stream of the bunchers. The bunch length (inversely related 
to the BPM current) decreases when the buncher voltage is 
increased up to a minimum corresponding to the focal point 
located at the centre of the BPM (Fig. 6). 

Figure 6: BPM current measured downstream of the 
bunchers as a function of the voltage of buncher #1. 

A complete map including the voltages of both bunchers 
was performed for the characterization and optimization of 
the beam at the MEBT line.   

CONCLUSION 
The re-buncher cavities were operated at high beam cur-

rent in pulsed mode. The beam loading poses big chal-
lenges, specific to the buncher cavities, that involve a very 
high detuning and special difficulties with the phase regu-
lation. An acceptable optimization of the cavities voltage 
and phase was achieved. Some modifications that will be 
introduced in the LLRF system for the next beam phase 
have been described. The bunching effect of the cavities 
was measured and presented. A complete characterization 
of the beam at the MEBT line was performed. 
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