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Introduction

A design of a rf linac is the first stage
in the development of an ICF power facility
with a heavy ion driver based_ on the concep-
tual scheme proposed in ITEP 1. The block
diacran and the main parameters of each sec—
tion of the linac, determined in the result
of calculations carried out, were discussed
gearlier <, It was indicated that in the first
two sections of the linac 6.19 and 12,39 iHz
RFQ's will be used. Some design information
and experimental results obtained at the
start-up of 6m prototype of the first section
were also published 3.

The proposed report includes additional
design information and also some calculated
ard experimental parameters of 12m long
6.19 MHz section after which 12,39 MHz RFQ
structure will be used.

The 6,19 MHz RPQ section

One of the main problems in the develop~
ment of the rf linac for low charge state
heavy ions (as Bi2+) is to provide rather
hizgn normalized acceptance in the initial
part of the linac. At the given value of the
surface field Eg pax (determined in the re-
sult of the sparking limit measurements for
gspherical electrodes in the frequency range
discussed 4) the normalized acceptance of
RFQ section is proportional to the accelera~
ting field wavelength squared. The estimates
of current limits made in ITEP show that in
order to reach BiZ2+ ions current of 50 mA in
one beam line of the first RFQ section at the
chosen Eg magx one should use as low frequency
of the accelerating Tield as 6 Mz, If to use
a worxing frequency of 12 MHz it would lead
to the decrease of current limit by a factor
of four and accordingly to the same increase
of the number of the beams. At the chosen for
the main part of the linac frequency of about
200 Mz this is impossible, The design enersy
of 10 MeV/nucleus at which the icns will be
injected into the RFQ with twice higher freqg-
uency permits to rise the current limit in
cne beam line of the section up to 330 mA.
Such a value of the current limit allows to
funnel the beams by pairs in the longitudinal
phase gpace at the output of the first secti-
on and tc reduce the number of the beam lines
in the sgecond section by a factor of two. As
concerns the prototype, the transition to the
twice higher frequercy of 12.39 Iz is chosen
to be at the Bi2+ ions enersy of 7.5 lieV/nuc-
leus,

An accelerating structure for Bi2* ions is
a resonant system made as symmetric four-wire
line. Each conductor is made as a 12m long
gtiff zirder on which the vanes with alignment
devices are mounted. Copper plated vanes we-
re machined of 40 mm steel plates. The tip
of each vane was milled according to the spe-
cial sine law found by calculations in oxrder
to provide spatial homogeneous focusinpg-acce-
leratins field on the axis of four-wire line,
At the whole length of 12 m the number of
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modulation periods is 80, the number of vanes
- 76, The vanes mounted on the girders were
fixed in the frame by means of 36 spiral-
shaped supporting elements. These elements
are at the same time the inductors that toge-
ther with the capacity of the four-wire line
form a resonant system of the accelerating
structure. Intervane voltage produced by 6.19
Iz rf field is up to 190 kV, Quality factor
is 600, shunt impedance - 6,6 kXOm, rf power
needed to achieve working rf voltage - 3 MW,
The rf supply system consists of GI-27A-1
tube based autogenerator connected in groun-—
ded cathode circuit, The 40 kV, 500 ms pulse
needed for the rf generator is provided by
the modulator with double forming line. The
modulator pulse power can reach 16 MW, Rf po-
wer of about 3 MW is transmitted from the ge-
nerator to the RFQ by 6 parallel coaxial 1li-
nes of 24m long each that corresponds to 3A/%
In order to suppresgss parasite modes the bal-
last resistors at the output of the generator
are installed.

The aperture of the beam line is 30 mm,
the calculated acceptance - 0,25 cmemrad, the
current limit for accelerated BiZ2+ beam -

50 mA,

The tuning was made by pairs of rings
mounted on the vanes and thus providing an
extra capacity. The longitudinal field dis-
tribution measured by high frequency voltme-
ter is reproduced on Fig.l1. The maximum mea-
sured deviation from the average (both axial
and azimuthal) is * 9.5 %, mean and rms
deviations are 3.6 % and 1.3 % respectively.
The maximum deviations from the average were
observed in the points of connection <to the
spirals and tuning rings.
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Fig.1 Distribution of rf voltame along 12 m
structure.

The preliminary tuning was conducted on
the alignment bench and then the tuned acce-
lerating structure was rolled into vacuum
tank (12m long, 1.2 m in diameter). Both the
accelerating structure and tank consist of
two 6m long parts. The works on the accelera-
tion of the beam proceeded itwo stasmes., At
first the beam was accelerated in the first
part of the structure. Then the second parst
wag connected to the first one. The connec-

PAC 1987



Fig.2 Photograph of linac in experimental hall

tion of RPQ's and some other auxilary opera-
tions were made inside the vacuum tank manu-
aly. Fig.2 is the photograph of accelerator
and its equipment in experimental hall,

Injector

At the initial stages of the linac inves-
tigation particulary testing and studies of
acceleratins mode, it was decided to start
with Xe2+ beams, as it is much more conveni-
ent to operate the gas medium source compared
to the metal vapors one, The first version of
heavy ion scurce is a duoplasmatron optimized
to produce Xe2+ ions, The ion optics system
is equiped with control electrode that per-
mits to study the beam by the time-of-flight
technique ~.

The ion optics scheme and measurement
devices are shown on Fig.3 °., The accelera-
ting voltage is applied between the expander
(5) and the grounded electrode (12). In the
apertures of the extracting (9) and control
(10) electrodes tungsten grids are installed.
At the given accelerating voltage the focu-
ging of the beam at the inlet of the matching
channel is provided by the appropriate selec-
tion of potentials of the extracting (9) and
focuging (11) electrodes. Beam current in the
channel is nmeasured by beam transformer BT
(13)., The sensitivity of the 3T is 10 V/A and
its frequency respgnse permits to measure
pulses of 10=4-10=% s with adequate accuracy.
For the purpose of time-of-flight analyses at
the inlet of the linac the opportunity tc in-
stall the PFaraday cup (14) at the distance of
0.95 m from the BT is provided.

When positive voltage (U=200~500 V) is
applied to the control electrode (10) the ion
optics became "non-transparent™ for the beam.
As a result the ions are decelerated in the
area between the extracting (9) and control
(10) electrodes and form a cluster in which
the axial velocities of the ions are low
(virtual emitter (8)). To form the ion beam
the high voltage short front pulse (amplitude

3-15 kV, length 0.4-10 Ms) is used.
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Figz.3 Schematic drawing of ion optics and
measuring devices,

1 - cathode, 2 - intermediate electrode,
3 - magnet coil, 4 - pulse valve, 5 -
expander, 6 - plasma, 7 - ion emission
gsurface, 8 = virtual emitter, 9 ~ ext-
raction electrode, 10 - control elect-
rode, 11 - focusing electrode, 12 -
grounded electrode, 13 - beam transfor-
mer, 14 - Faraday cup.

The charge state of Xe ions was determined
by the flight-of-time technique both at 65 xV
injector output (corresponding to 100 kV for
Bi) and at the linac output. Peaks correspon-
ding to the ions with different charge states
were reliably determined inspite the fact
that each peal represents a ¥el29~ nixture.

Depending, on the operaticn mode the injec-
tor with a duoplasmatron type source can pro-
vide up to 40 mA of Xe2t+ ions, but the exis-
ting matching channel allows to receive only
10 mA at the input of the linac.

Start-up results

At the start-up the ion optics of the sou-
rce wag tuned so that the crossover of the
Xe2+ beam was located at the inlet of the 2 m
matching channel equiped with two electrosta-
tic lenses and two steering devices.

Before the rf power was supplied, the
vacuum tank was evacuated to a pressure of
3-4¢10=0 Torr. The tests showed that the cal-
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culated values of rf field needed for the
acceleration of Xe2+ and Bi2+ ions could be
provided without any difficulties.

In the course of start-up the beam curr-
ent at the input and the output of the linac
and the value of rf vane-to-vane voltage were
measured. After the threshold level of the
rf field was exceeded the main fraction of
Xe2+ peak, measured at the output of the
linac, shifted in time for 15 ms; this cor-
responds to the acceleration of these ions
to the calculated energy of 4.6 MeV (Fig.4).

During the first experiments with 12 m
accelerator the operating mode (U, = 130 kV)
was found at which the output current was
2.5 mA (input current being 5 mA), i.e. the
capture factor was close to 50%. The future
activities will be devoted to the detailed
study and optimization of the accelerated
beam parameters and also of the operating
modes of the injector, the matching channel,
and the RFQ. The results obtained will allow
to be prepared for the transportation of the
beam t0 the next section of the prototype.
The design of this section will differ from
the discussed one because of the twice higher
frequency used there. The experiments on the
acceleration of Bi2+ ion will be held only
at the final stages of the RFQ linac proto-
type activities. Before to proceed to this
work we have to main enough experience in
limitation of metal vapors propagation that
could deteriorate the surface of insulators
during the initial tests of the source.
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Fig.4 Oscillograms of unaccelerated and acce-
lerated beam pulses.
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