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Abstract 

The H+, H- linac of the 1NR meson factory 
designed for accelerating of the 0.5 mA 
average current beam to the energy up to 600 
MeV is under tuning in Troitsk near Moscow. 
The results of the tuning of the drift tube 
linac operating at the frequencyof 198.2 MHz 
with the output proton energy of 100 Me’?, 
followed by the four disk and washer (DAW) 
cavities operating at the frequency of 991 MHZ 
with the output energy of 160 MeV, are 
presented. 

The layout and features of 160 MeV 

part of the linac 

Recently the tuning experience of the 
first Alvarez tank with the output energy of 
20.45 MeV was presented in ref ill. 

The first stage of the linac with the 
output energy of 100 MeV consists of the five 
tanks with drift tubes operating at the 
frequency of 198.2MHz. The first stage is 
followed by the four resonant cavities with 
disks and washers operating at the frequency 
of 9Yl MHz, where protons are accelerated to 
the energy of 160 MeV. 

The first four tanks of the first stage 
are 1011g. For example the first of them is 3.8 
longitudinal oscillation wave length long. The 
fifth one is a quarter wavelength long.Besides 
accelerating (from 94 MeV to 100 MeV the fifth 
tank is designed to reduce the phase length of 
bunches by 1.4 times (increasing respectively 
the momentum spread) so that the blunches 
should fit safely in the longitudinal 
acceptance of the second stage of the linac 
121. 

Transition from the first to the second 
stages of the linac is the main feature to be 
taken into account when tuning the 
acce!erator. 

The layout of the first and of the 
opening part of the second stages of the linac 
together with the measuring equipment is shown 
in fig. 1 and fig. 2. .4fter tuning of the 
first stage of the linac the measuring 
equipment, installed at its output, Was moved 
to the 160 MeV output. 

111 the course of tuning the injector was 
driven at 1 Hz repetition rate to avoid the 
excessive activation of the equipment. Tanks 
and resonant cavities were driven at 10 Hz. 

The rf amplitude and phase setting in 
resonant cavities plays the major role in 
tuning process. For rf phase setting in a 
resonant cavity the dependence of the 
accelerated current on the rf phase difference 
between the tuned and the preceding resonant 
cavities I (VP) was used. The dependence was 
calculated and measured experimentally. The 
selection of the accelerated particles was 
mode with the aid of the absorbing foil which 
let pass through it only the particles, 
accelerated in the resonant cavity under 
tuning. Absorbing foils were placed at the 
output of the fifth tank. 

The calculated dependencies I (9) for the 
second tank for different by 5% within the 
range from 0.9 up to 1.1 of the nominal 
amplitude are shown in fig. 3. They may be 
used to ascertain the bucket width at a half - 
height level IAFl. The nominal rf amplitude is 
determined by the nominal bucket width. The 
synchronous phase is found by the nominal rf 
amplitude of the calculated displacement from 
the front curve of phase scanning. 

The aforementioned method requires the 
beam cutoff and may be used only for tuning at 
the small average beam current. Therefore the 
method for rf phase and amplitude setting 
based on the dependence of a certain harmonic 
of a beam current measured by the cavity 
monitor at the output of the accelerating 
cavity under tuning on the rf phase difference 
between this cavity and the preceding one, was 
proposed and used. A beam current harmonic is 
maximal if the bunches fit in the bucket; if 
the bunches exceed the bucket it is reduced 
due to debunching. The caiculated dependence 
of the field level induced in the third- 
harmonic cavity monitor Oil the rf phase in the 
second tank is shown in fig. 4. 

The accelerated beam current beyond the 
foil and its third harmonic were measured. The 
calculated and measured rf bucket width at the 
half-height level in the second tank got with 
the aid of the method based on the beam bunch 
harmonic monitor BHM is shown in fig.5. The rf 
amplitude and phase setting accuracy in the 
third and the fourth tanks with the aid of 
absorbing foils is 1% and 2O respectively. The 
method based on measuring Of the third 
harmonic of the current is a bit less 
accurate. 

The aforementioned r-f amp!itudc and phase 
setting method is out suitable for the fifth 
short tank, in which the beam energy is ,just 
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s!ightly increased and bunches remain compact 
for a wide range of phase changes and slopes 
of the curve I (v) are eroded. Therefore for 
rf amplitude and phase setting in the fifth 
tank another methods ware proposed, which are 
based on the dependence of the transit time of 
particles A0 In the tank on the rf phase in 
it. 

The layout of transit time measurement is 
shown in fig. 6. Results of the calculation of 
functions AO,(@P) for which A0 WILE corresponds 
to the base (BHMZ - BHM3) are shown in fig. 7. 
Rf amplitude ranging from zero to 1.2 of the 
nominal level with the step 0.2 is the 
parameter of the curves. 

Calculated and experimental maximum phase 
swing of the signal, induced in BHMs between 
extremums as functions of the rf amplitude in 
the fifth tank which enable one to determine 
nominal rf amplitude is shown in fig. 8. 

The investigation of the focusing 
conditions was complicated by getting out Of 

order quadrupole lenses in the fourth and the 
ninth drift tube of first tank. To solve the 
problem gradients of the opening eight drif 1. 
tubes were retuned so that the transverse 
phase portrait Of the beam should be nomina! 
in the center of the tenth quadrupole lens. As 
a res11lt the beam in the first stage of the 
linac V?ZlS accelerated practically without. 
losses. The maximum accelerated current was 23 
m.4. The characteristic transverse profile oi 
the beam at the output of the fifth tank is 
shown in fig. 9. 

The loo-160 MeV stage of the linac 

First of all the nominal proton beam 
energy (100.1 to.2 MeV) at the output of the 
first stage of the linac was accurately set by 
fixing the rf amp1 i tude in the fifth tank 
which was roughly caiculated with the bending 
magnet at the 160 MeV output of the linac 
calibrated to the energy of 94,41 MeV at the 
output of the fourth tank. The momentum 
spectrum of the particles at the output of the 
first linac stage is shown in fig. 10. The 
spectrum width at the half-height level is 
0.6%. The phase spectrum of the beam bunches 
at the output of the first stage of the I inac 
measured with the aid of a bunch shape monitor 
[31 is shown in fig. 11. 

Kf amplitudes and phases in the resonant 
cavities NN 6-9 of the second stage of the 
linac were set according to the following 
procedure. The rf amplitude in all the 
cavities was determined by the power 
introduced in a cavity and by its shunt 
impedance. The rf phase setting was based on 
the two simultaneously measured functions: the 
beam current harmonic at the output of a 
cavity under tuning and the beam current 
downstream the bending magnet, both depending 
on the scanned rf phase in that cavity. These 
functions for the seventh resonant cavity are 
shown in fig. 12. 

Summary 

I. The first stage of the linac (output 
energy 100. I MeV, impulse current without 
bumher - 23 mAJ and the opening part of the 
second stage with the output energy 158.6 MeV 
(impulse cllrrent without buncher - 10 mA) have 
been tuned. 

2. Besides traditional methods and 
appliances for tuning were proposed and tested 
new ones: rf amplitude and phase setting by 
phase scanning with the aid of 1) the beam 
current harmonic monitor together with 
magnetic spectrum analyzer and 2) with the aid 
of bunch shape monitor. 

3. At the 100 t 160 MeV part of the linac 
DAW cavities were tested successfully. The 
influence of parasite modes on the beam was 
not registered. 

4. The longitudinal parameters of the 
beam at the output of the first stage of the 
linac (phase length of bunches of 13 degrees 
measured with the bunch length monitor and 
momentum spread of + 0.76% measured with 
magnetic analyzer) are a bit better than 
designed. Therefore the beam losses due to 
longitudinal motion in the downstream part of 
the linac at the designed current of 50 mA are 
likely to benegligible. 
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Fig. 1. The layout of the first stage of the 
linac with the measuring equipment. 
Legend: 
EM - emittance monitor, ws - wire 
scanner, CT - current monitor, BHM - 
bunch harmonic monitor, BPh4 - beam 
position monitor, HS, VS - horizontal 
and vertical slits, HM - halo monitor, 
FC - Faraday cup, BSM - bunch shape 
monitor, BA - beam absorbers 
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Fig. 2. The layout of the loo-160 MeV part of 
the linac 
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Fig.3. The beam C”ITT- 
nt beyond the 
absorber with 
the cutoff eIlH-- 
gY of 43 MeV as 
functions of rf 
phase in the 
second tank 
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Fig.4. The dependence 
of the field 
level induced in 
BHM on the rf 
phase in the 
second tank 

/ Fig 5. The second tank 
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Fig. 9. Beam profiles at the energy of 100 MeV 
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Fig. 10. Momentum spec- Fig.11. Phase spectrum 
trum of the 100 of the 100 MeV 
Mev beam beam 
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Fig. 6. The layout of time of flight 
measurement 
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Fig.12. Phase scan by Fig.13. Phase scan 
using BHM using bending 

magnet 

by 

Fig. 7. The particles time of flight variation 
ElS functions of the rf phase in the 
fifth tank. The A5 value corresponds 
to the phase shift between the second 
and the third BHM 
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