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Abstract

The existing 16 MV XTU tandem will serve as the first
injector of the linac ALPI [1], which is under construction
at Laboratori Nazionali di Legnaro. The dc beam pro-
duced by this machine has to be compressed into bunches
about 100 picoseconds wide, with low longitudinal emit-
tance and with the proper time-energy ratio. This will be
achieved by a pulsing system [2], based on a 5 MHz dou-
ble drift buncher, placed 3.5 m upstream the tandem, and
two superconducting quarter wave resonators located 8 m
and 16 m upstream the linac, working at 160 and 80 MHz,
respectively. A couple of choppers will suppress tails and
dark current transmitted by the low energy buncher, and
a travelling wave chopper will scale down the 5 MHz fre-
quency when needed. A resonant phase detector will be
used for stabilizing the time of arrival of the ion bunches
at the linac.

The system is designed in order to bunch all kinds
of ions; it will be used both for injecting ALPI and for
the pulsed beam experiments where the tandem alone is
needed. The installation, now in an advanced stage, will
be completed during 1992.

1 INTRODUCTION

The longitudinal characteristics of the heavy ion beams
are critical for the injection of the beam in a linac, when a
good beam quality has to be preserved during acceleration.

Two main parameters must be considered: the first is
the linac phase acceptance, which is usually set to 5° |
corresponding to 174 ps for the 80 MHz cavities of ALPI;
the second is the optimal energy-phase ratio (3], that keeps
to minimum the longitudinal emittance growth during the
acceleration process.

The main injector for ALPI is the Legnaro 16 MV Tan-
dem; it is well known that this kind of accelerators pro-
duce beams with low emittance and good energy resolu-
tion. The intensity of the beam reaching the linac, how-
ever, will be typically one or two order of magnitude lower
than the one produced by the source, due to the charge
selection needed after every stripping process; an efficient
pulsing system is therefore required in order to keep the
beam current as high as possible.

A two-stage pulsing system based on a low energy double
drift buncher [4,5] can meet these requirements.

2 STRUCTURE OF THE SYSTEM

The ALPI pulsing system consists of the following elements
(starting from the low energy side, see fig. 1):

1. a pre-tandem travelling wave chopper, whose function
is to scale down, when required by the experiment, the
main frequency of the bunched beam from 5 MHz to
5/2™ MHsz, where n = 1,2, 3, ..., 32; the beam intensity
is reduced by the same factor;

2. a pre-tandem double-drift buncher [6], working at 5
MHz; this device can produce a pulsed beam with a
time width in the nanosecond range; its efficiency is
higher than 70%;

3. a 5 MHz post-tandem chopper of the biased type [7]
(nicknamed buttafuori) located before the analyzing
magnets, capable to eliminate most of the dark cur-
rent with a minimum increase in longitudinal emit-
tance;

4. a 10 MHz post-tandem chopper (postchopper 1) lo-
cated just after the U-bend leading to the linac;

5. a second 10 MHz chopper (postchopper 2), optimized
for higher ion velocities, is located on the line leading
to the experimental hall. The low energy chopper and
the second postchopper, as well as a phase detection
system based on the measurement of the current on
the slits following the postchopper, existed in the pre-
vious pulsing system and were upgraded in order to
meet the new requirements;

6. a phase detector based on a 5 MHz resonant cavity
excited by the pulsed beam; it will be used to correct
the fluctuations in the transit time, typically a few
nanoseconds, observed in ions travelling through the
tandem [8];

7. an 80 MHr superconducting cavity (B, = 0.055)
that will be used as the main high energy buncher
[9]; the time acceptance of this cavity, when used as
a buncher, 1s about 2 ns;

8. a second (160 MHz) superconducting resonator [10};
in ALPI-phase 1, which foresees the acceleration of
ions up to nickel, this cavity will be used as a super-
buncher; in ALPI-phase 2 the 80 and the 160 MHz
resonators will form a telescopic system in the longi-
tudinal phase space that will be able to create a time
waist with optimum energy-time ratio for ions of all
masses.
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Figure 1: Pulsing system block diagram.

3 ELECTRONICS

The reference signal of the pulsing system is generated by
dividing the 160 MHz master signal of the LINAC down
to 5 MHs, from which all other tf signals are obtained:
the phase shift of all higher frequencies, obtained by mul-
tiplying the 5 MHz reference, is then determined without
ambiguity.

The reference signal for every resonator is provided with
a 8 bit programmable delay generator {Analog Devices
AD9500) which covers slightly more than 360° of one cycle,
with 1 ns steps at 5 MHz and 500 ps steps at 10 MHz.

The reference signals of the 10 MHz harmonic of the
double drift buncher, as well as the ones of the postchop-
pers, are equipped also with fine delays that can be set
with an accuracy of 200 ps.

A voltage controlled delay controls the tf reference signal
for the components upstream the tandem. This device is
driven by the error signal produced by the phase pickup

and allows to compensate for fluctuations in the phase of

arrival of the ion bunches at the linac.

The delay cards are mounted on G96 crates together
with cards performing other functions (power switches,
choice of the reference signal source, mechanical actuators,

etc.).

The phase and amplitude stabilization of the resonators
is done by 1f controllers developed at Legnaro [11]; con-
trollers of the same type are used for the ALPI supercon-
ducting resonators.

4 COMPUTER CONTROL

The pulsing system is controlled via computer; this choice
allows future developments and automation.

The computer control system is organized in three levels:
at the first level we have the man-machine interface pro-
vided by a graphic program, based on a hierarchical win-
dow structure; at the second level a concentrator, linked
through an ethernet network to the first level, receives
commands from the console and distributes them to the
third level by means of serial links. At the third level we
have resonator controllers and G64 based controllers for
stepping motor and digital I/O needed by the delay cards.

The two superconducting bunchers are included in the
superconducting linac control program.

All the parameters that are needed for running the sys-
tem in a configuration ( phases, amplitudes, frequency,
etc.) can be saved in a file and recalled whenever the same



beam is to be used. The pulsing system set-up, in routine
operations, takes only a few minutes.

In the future many steps which still need the operator
intervention (like resonators tuning) will be automated via
software.

5 PRELIMINARY MEASUREMENTS

The pre-tandem section, consisting of low energy chopper
and double drift buncher, as well as the the postchopper
2 and the phase detection system of the beam line lead-
ing to the experimental room, is already in operation, to-
gether with the computer control system; the buttafuori,
postchopper 1 and 5 MHs phase detector are still under
construction.

Some tests were performed in order to verify the re-
liability of the system. The beam time at our disposal
was limited and the following results, obtained with a *¢0
beam, should be considered as preliminary ones.

The time measurements were done by means of a mi-
crochannel plate detecting the electrons emitted by a tung-
sten wire hit by the beam; the time resolution of this detec-
tor was about 200 ps. The efficiency was measured with
the following procedure: by means of a Faraday cup we
verified that the d¢ beam current didn’t change by switch-
ing on the double drift buncher; then we measured the
fraction of counts inside the peak (the limits were set at
10 % of the maximum number of counts) over one cycle.

The bunching efficiency of the double drift buncher is
above 75 % in a 3 ns FWHM peak (without phase stabi-
lisation). Switching the postchopper 2 and the phase sta-
bilization system on, the beam resulted in a 1 ns FWHM
peak containing 50% of the DC beam (measured with the
Faraday cup).

Although these results are within the design require-
ments, we think that the performances could be signifi-
cantly improved by reducing the size and the energy spread
of the beam delivered by our old 140 KV injection plat-
form.

6 CONCLUSIONS

The installation of the ALPI pulsing system is near com-
pletion.

The 80 and the 160 MHz niobium superconducting
bunchers were constructed and tested; the latter one is
now being mounted on the beam line, as well as the 5 MHz
chopper. The construction of the 10 MHz postchopper 1
and the 5 MHs phase detector will be completed during
the coming few months.

Double drift buncher, low energy chopper, postchopper
2, phase stabilization system and their electronics, as well
as the control software, are now in operation; according
to the preliminary results obtained with oxygen ions the
system is reliable, user-friendly and satisfies a wide range
of experimental requirements.

The automation via software of some procedures, like
resonator tuning, will make the pulsing system setup even
faster.

1509

The time resolution, which fulfills the design require-
ments for low mass ions, could be significantly improved
by a better quality of the beam delivered by the existing
140 KV injection platform; in order to allow the injection
of high mass ions in ALPI, the construction of a new, high
stability 300 KV platform is foreseen.

7 ACKNOWLEDGEMENTS

It is our pleasure to acknowledge G. Bassato who supplied
the 5 and 10 MHz resonator controllers. We are grateful to
J. S. Sokolowski for his useful suggestions and to H. Jakob
and L. Rohrer for the fruitful discussions. Qur thanks are
also due to M. Lollo, E. Bissiato and N. Dainese of the LNL
mechanical workshop for their work in the construction of
the resonators.

8 REFERENCES

(1] ALPI PROJECT, LNL-INFN(REP)-001/87
2] A.Facco, LNL-INFN(REP)-024/89

(3] 1.Ben-Zvi , Particle Accelerators vol.9(1479)169-186
(

4] W.T.Milner, IEEE Trans. on Nucl
NS26,N.1(1979)1445-1449

[5] S.J.Skorka, Proc. 3rd Int. Conf. on Electrostatic Accelerator
Techn., IEEE(1981)130.

(6] A.Facco, K. Rudoiph, F. Scarpa, LNL-INFN(REP)-024/89
Annual Report 1988 Laboratori Nazionali di Legnaro, Leg-
naro (Padova) Italy.

[7] L. Rohrer, H. Jakob, H. Schnitter, Annual report 1983
Beschleunigerlabor Garching, PP 115-116.

{8] R.N. Lewis, Nucl. Instr. and Meth. 151(1978)371-376
[9] A.Facco, J.S. Sokelowski and B.V. Elkonin, these proceed-
ings.

{10] I.Ben-Zvi, E. Chiaveri, B.V.Elkonin, A.Facco and
J.S.Sokolowski, Proceedings of the 2™* European Particle
Accelerator Conference, Vol. 2 (1990) 1103

{11} G. Bassato, L. Ponchia and I. Ben-Zvi, Proc. of the
4'* Workshop on Rf Superconductivity, Kek Report 89-
21(1990)467

Science  Vol.



