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Abstract

The method and the results of the 100 MeV proton beam
transition from the drift tube linac (DTL) operating at a
frequency of 198.2 MHz to the disk and washer structure
linac (DAWL) operating at a frequency of 991 MHz are
presented. The special features of the longitudinal and
transverse matching are discussed.

1 INTRODUCTION

The INR linac, which accelerates protons and H™ ions to
an energy of 600 MeV with an average current of 0.5 mA
consists of two parts with the transition between two oc-
curing at a beam energy of 100 MeV. The drift tube linac
operating at a frequency of 198.2 MHz, is at this point
replaced with the disk and washer structure linac oper-
ating at a frequency of 991 MHz. The focusing FODO
channel with 1.3 m period turns into a FDO channel with
2.3 m pericd, giving rise to the problem of longitudinal
and transverse matching of the 100-MeV beam. The ini-
tial results of the commissioning of the 160-MeV linac are
presented in the report [1].

2 LONGITUDINAL MOTION

The main feature of the longitudinal matching consists in
the fact that the operating frequency of the second part
of the linac is 5 times as high as that of the first part
and, consequently, its longitudinal acceptance is 5 times as
small. Adiabatic damping of the longitudinal oscillations
of particles in the drift tube linac is not strong enough
to fit the bunches into the longitudinal acceptance of the
DAWL. Therefore the final (fifth) resonator of the DTL is
a quarter of a longitudinal wavelength long which makes
it possible to reduce the bunch phase length by a factor
of 1.4 and thus fit them safely into the acceptance of the
DAWL.

To carry out the longitudinal matching it is necessary to
study the longitudinal parameters of the 100-MeV beam
at the output of the DTL: the phase spectrum, the mo-
mentum spread, and the longitudinal emittance.

The phase spectrum is measured with a phase analyzer
[2], placed at the output of the fifth tank. The phase
spectrum, measured at 10 mA current with the buncher
being turned off, is shown in Figure 1. The bunch phase
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Figure 1: The integrated bunch phase spectrum down-
stream DTL
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length is about 11deg. The spectrum is integral.

A succession of instantaneous phase spectra, measured
within 1 ps with the intervals of 5 us between them, is
shown in Figure 2. The width of the instantaneous spec-
trum is 8°. It is seen a background due to +y-radiation.
A coherent shift of about 3° of the spectrum along the
current impulse is caused by beam loading of the field in
the tank. In the system of the automatic control of the
field amplitude, the feedforward compensation of the beam
loading effect was not realized. Later this coherent shift
will be removed.

The momentum spread of the particles was measured
with the aid of a magnetic analyzer placed downstream
of tank #9. It contains two vertical slits, each of Imm
width, the bending magnet and a current receiving plate
of Imm width. The resolution is 0.11%. The measured
100.1 MeV beam energy spectrum with the buncher turned
off is shown in Figure 3. The momentum spread of +0.8%
slightly exceeding the calculated value practically coincides
with the vertical dimensions of the bucket of the DAW.

The elliptically shaped longitudinal emittance is recon-
stracted according to the three measurements of the bunch
phase length at the output of matching section with a cer-
tain matrix [3]. The fifth tank and following drift space
serve as the matching section. The bunch length was mea-
sured with the phase analyzer placed at a distance of 1.5
m beyond the output of the fifth tank. First the phase
ellipse is reconstracted at the fifth tank input accoerding to
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Figure 2: Stroboscopical bunch phase spectrum downstream DTL for a beam current of 10 mA
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Figure 3: The measured momentum spectrum downstream

DTL

the phase length measurement result at following acceler-
ating field amplitudes: F = 0; E = 0.TE,; E = 1.3E,,
where E, is its nominal value. The transformed ellipse at
the output of tank #5 and at the input of tank #6 are
shown in Figure 4. The longitudinal emittance of beam
{0.75% MeV- rad) is smaller than the bucket of the follow-
ing linac (1.047x MeV . rad).

The calculated energy at the input of the high energy
part of the linac was set by varying the phase of the fifth
tank field and fixed with the aid of the At procedure with
an accuracy of AG/3 = 5 x 1075 [4].

3 TRANSVERSE MOTION

The transverse matching of the beam in the transition re-
gion downstream of the FODO focusing structure with a
period of 1.3 m is carried out according to the original
design with the aid of the four magnetic quadruple lenses
(two doublets) fed from separate power sources. In the
tuning under way now only two lenses are used, the two
others are replaced with beam monitors. Matching is ac-
complished with the aid of the two matching lenses and
the final three lenses of the FODO channel.

One may evaluate the quality of the beam transverse
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Figure 4: Longitudinal beam ellipse on the transition re-
gion input (1) and output (2)

matching by the measured beam transverse parameters
(the beam profile shape, its rms dimensions Xims, Yims,
the centre of weight location Xpos, Ypos). The aforenamed
parameters are measured at each of the sixth tank’s four
sections output.

In the module tuning regime (Figure 5) amplitude of the
coherent oscillations of the beam centre of weight did not
exceed 4 mm in each plane. In the accelerating regime on
the 30.01.91 (Figure 5,6) an especially good matching of
the beam with the focusing channel was achieved in the
X-plane; Xy, was 2.3 mm.

The beam rms dimensions measured with the five wire
scanners are used for its emittance restoration according
to an elaborate method. The method is based on the
joint solving of the equation of the beam envelope with
the phase ellipse equation described by

vzl + 2azz’ + B2% =€

, for five measured points. Here z' = dz/dz; o, 8,7 —
are the ellipse parameters, ¢ — beam emittance. For the
emittance restoration a program, Beampar, was worked
out. Results of the reconstraction of the phase ellipse
paramaters at the input of tank #6 (in the wire scanner
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Figure 5: Measured beam profiles along sixth tank
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Figure 6: Beam envelopes along sixth tank

cross-section) for a certain run are given in Table 1.

The beam profiles in the X and Y planes, measured
along the sixth tank, are shown in Figure 5. After the
ellipse parameters for each phase plane were calculated,
the beam envelope was restored (Figure 6, solid line). The
dotted line corresponds to a matched beam. The rms beam
dimensions measured in this run are marked in points. The
measurement accuracy is not worse than 0.2 mm.

4 CONCLUSION

The measured longitudinal and transverse emittance of the
100-MeV proton beam ( 0.75x MeV- rad, 0.457 cm - mrad
) fit safely in the longitudinal and transverse accep-
tances of the high energy linac part (0.9x MeV.rad,
3.8xcm-mrad). So one may hope to complete success-
fully the commissioning of the next linac part.

Table 1: Phase ellipse paramaters

Plane J¢] o €
cm/mrad x - cm - mrad
X 0.14 0.19 0.11
Y 0.26 0.91 0.075
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