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INITIAL TESTS OF A HIGH-GRADIENT 550 kV ACCELERATING TUBE WITH A
DUOPLASMATRON EXPANDED PLASMA PROTON SOURCE

J. Huguenin, F. Malthouse, L. Solinas and B. Vosicki

Cern, Geneva (Switzerland)

(Presented by D. J. Warner)

The general trend in the last few years in the
design of high current high brilliance preinjec-
tors has crystallised towards the use of duoplas-
matron sources combined with short accelerating
columns. This approach facilitates the problems
of space charge repulsion and aberrations but
introduces new problems of matching the beam,
from an ill defined plasma boundary of incons-
tant density to the column, and of HT break-
down in vacuum and in air and X-ray radiation.
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Construction principles and preliminary results
obtained with a reentrant accelerating structurs
are described in this paper (Fig. 1). Anode con-
tains the DP source and the cathode the matching
quadrupoles. Clearance between the two elec-
trodes can be varied between 7.5 to 12.5 cm.
Those two electrodes are carried by a 14 section
porcelain column of classical construction, with
external resistance potential dividers (two paral-
lel chains 2600 mQ each). Porcelain rings are
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protected from bombardment by shielding elec-
trodes which were designed so that they

a) reduce the field at the porcellain/metal
junction {(particularly on the negative side eof
each porcelain ring),

b) are of the form that the secondary electrons,
which are created by the bombardment of exposed
metal surface, cannot reach the nearby positive
protection ring and so cause an eventual break-
down (Fig. 2) and,

c) present small impedance for pumping the
porcelain region (1, 2).

Porcelain rings, stainless steel discs carrying
anticorona rings and shielding electrodes were
assembled by glueing with araldite. Special pre-
cautions were taken to prevent araldite entering
the accelerating column, and the degassing of
araldite was reduced by insertion of an indium
ring (Fig. 3).

The choice of material for the reentrant elec-
trodes and the porcelain protection has attrac-
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ted special attention. After extensive research
(Figs. 4, 5, 6) titanium was selected as the best
material both for its excellent voltage holding
capabilities and its extremely low electron cur-
rents, which give very low Xray radiation le-
vel (3).

Ti, Va, Al and Ti, Al, Mn alloys were better
than pure Ti from the points of view mentioned
above, but they are more difficult to machine,
to bend and to weld. A set of electrodes of pure
Ti were fabricated and tested immediately, and
a set of electrodes made of Ti alloy (Ti 30, Al 6,
Va 4) is being manufactured and will be tested
subsequently.

Tests on the column {(but without the source
and matching triplets) with a gap of 100 mm
were performed. After forming for about two
weeks 640 kV was reached. The breakdown rate
was reasonable and electron current negligible.
After a month’s operation at 600 kV the tube
was opened and inspected. The porcelain rings
were intact. The cathode alone showed some
pitting. After further conditioning which took
three days, the breakdown rate was 1 + 2 per day
at 580 kV. Superconditioning of 50 kV made it
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Fig. 4 - Table of materials tested.
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possible to run for over 24 hours with less than 10
breakdowns (Fig. 7).

Installation of the source and matching triplets
impaired the voltage stand-off and increased the
breakdown rate. The exact origins of this beha-
viour are not yet completely known, but indica-
tion of adverse effects of oil, welding flux, resin
flux and PVC insulating sleeves on breakdown
rate is clearly present.

After removing some of the sources of pollu-
tion mentioned above, conditions improved (550
kV at 85 mm electrode distance, breakdown
rate: 5/hour, conditioning loss 15 kV/h, but they
did not quite attain the values of the column wit-
hout the source and quadrupoles. Full beam
current (0.7 A) did not cause any breakdown
unless the extraction voltage was adjusted so as
to spray the downstream electrode. Above re-
sults refer to the laboratory set up.

When the column and the source were mount-
ed in the Linac it was much more difficult to hold-
off the voltage. The working voltage (540 kV)
could only be maintained when the column was
filled with helium 7 - 10 mm. Probable reasous
for this behaviour are: many greased joints in
the column-Linac space, and also secondary elec-
trons coming from the Linac. Fig. 8 shows the

titanium electrode containing the source, and
Fig. 9 shows the interior of the column with the
protection rings and the grounded electrode con-
taining the matching triplet.

DUOPLASMATRON SOURCE (4, 5, 6, 7)

The DP source is of the plasma expansion type.
This type was adopted as it makes the voltage
hold off easier between the extractor and the
source, and also permits the shaping of the po-
tential field in the region of extraction. It is
known that the density of plasma escaping from
the source is largest on the axis. A flat extraction
electrode opposite the expansion chamber gives
a field which is not intense enough on the axis
to give a smooth plasma boundary. The boundary
is convex in the central region, then concave or
flat. The emittance of a beam coming from such
a boundary is contorted and the brightness of the
beam is low. By making the inside of the expan-
sion chamber conical, Rose et al succeeded in
over-coming this difficulty (4). In the CERN sour-
ce a cone of 15° was used and gave satisfactory
result as far as emittance was concerned. A small
coil is fitted inside the expansion chamber for
shaping of the plasma boundary. Extraction elec-
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trode was made of titanium with a flat grid made
of molybdenum wire (0,1 mm ¢, 1 mm # mesh).
Extraction voltage is produced by a hard valve
pulser (pulse length 50 ns) which has a low in-
ternal impedance so that the voltage does not
drop when beam arrives, and at the same time
has a low stored energy (~ 1 Joule) in order to
prevent excessive damage to the electrodes.

The pulser which supplies the arc current is
hard tube, current stabilised. It can supply up
to 1600 V at the beginning of the pulse to strike
the arc quickly, and up to 80 A of arc current
during 10-25 ps.

The cathode used in this source is made of nic-
kel wire mesh painted with a paste (80% Ni, 10%
BaCO; 10% SrCO: mixed with some amyl-
acetate). This type of cathode can be exposed
to air several times if one takes precaution to fill

Emittance 500keV
Z' (mrad)
40
Duoplasmatron Mork 3
Beam current >250 mA 0 E ~86mm mvad

EHT 480KV 20 =

Fig. 11 - Emittance, 500 keV.

the source with dry N. before exposure. Ca-
thode heating current was stabilised, but a tem-
perature stabiliser would be preferable as varia-
tions in hydrogen pressure during tests, change
the cathode temperature quite mnarkedly. This
will be done in the future.

The pieces of the DP which are parts of the
magnetic circuit were made of Armco steel,
others of stainless steel, and the anode of molyb-
denum. The intermediary electrode and the main
magnetic coil are oil cooled, the heat being re-
moved by an oil-air heat exchanger. Cathode is
easily demountable to facilitate servicing and
a new type of cathode holder with two cathodes
is developed, to increase the time between ser-
vicing (Fig. 10).

TESTS

Tests performed with the duoplasmatron and
the short column have shown that a high cur-
rent (> 700mA) can be accelerated without
breakdown of the column. For a particular set
of parameters (I arc=65 A, B~ 05T, Uextr. =
= 30kV) a beam of > 250 mA was accelerated
with an emittance (normalised) of 0.27 cm m rad
(Fig. 11). The accelerated current at 10 MeV
was only 55mA. To explain this,”the emittance
was transformed back to the entrance of the qua-
drupoles and it was found that the beam had a
neck there, so that proper matching to the Linac
was impossible, By plotting of the electrostatic
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-Fig. 13

field in the column and transforming the beam
back to the extraction grid it was found that
the beam at this place is focused (Figs. 12 and
13). In order to match the beam to the Linac two
solutions are possible: to displace the matching
triplet downstream, or to decrease the conver-
gence of the beam at the source by an appro-
priately shaped expansion chamber.

A further difficulty which was found was that
the beam pulse had a peak in the beginning about

VACUUM TANK AND COLUMN Liquid mitrogen

trap and supply

8001/s

Bottie

———=q
Pup—

sive
trap

/ A 2000 I/s

“Diffusion pump

60m 3/h

©

Fig. 14 - Vacuum system.

twice as big as the rest of the pulse. At the
beginning of the experiments we thought they
were sonic plasma oscillations (f ~ 100 + 150 kHz)
but when the beam pulse was made appreciably
longer (25us) this oscillation did not appear on the
rest of the pulse. We still have not found the
reason for this behaviour.

The voltage hold-off of the column was worse
when it was mounted on the Linac, as already
mentioned, and this we believe is due to many
greased O-rings. The extreme cleanliness in ma-
nufacture, installation and cleaning is of utmost
importance for reliable operation of a high gra-
dient column. A clean vacuum, free from all
organic oils dictated to us the use of mercury
diffusion pumps (2 x 20001/s, after baffling
2x 8001/s) with liquid nitrogen cooled baffles.
The filling of baffles is automatic, and governed
by temperature sensing resistors. This system,
after initial difficulties, has proved reliable
(Fig. 14).
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Remark: A more detailed report will be issued
in due course.
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AN APPROACH TO 200 MHz BUNCH MEASUREMENTS AND LIMITATIONS

ON LONGITUDINAL PHASE PROBES

D. J. Warner

Cern, Geneva (Switzerland)

A. AN APPROACH TO 200 MHz BUNCH
MEASUREMENTS

The aim of this investigation was to find a
simple direct way of studying the form of the
output beam from a proton linac in the longi-
tudinal phase plane. This type of work has been
done previously by a time of flight method (1)
which integrates information from about 2000
beam pulses i. e, requires a high repetition rate
(50 pps) accelerator. Normally, for the Faraday

cup method of beam monitoring the pick-up and -

display system bandwidth is < 5 MHz even on
pulsed accelerators. To study individual proton

10MeV Protons

50.2 mm Al
To *Scope ‘—@2 —=50n Termination
Al
/ M\

50 Line Air

Fig. 1 - Section through beam monitor.

bunches from a linac requires a bandwidth or-
ders of magnitude greater. For example, the
bunch length at 10 MeV is = 35° (= 0.5 ns at
200 MHz) and the simplest shape will require up
to the tenth harmonic of the accelerating fre-
quency to give a good representation of the inci-
dent current pulse. The finer structure of two
or more current peaks in the energy spectrum
which arises from the non-linear nature of the
acceleration process, has been observed (1), even
when no prebunching was used. Thus there is

probably useful information to be obtained up to
10 GHz (50th harmonic) for a 200 MHz accele-
rator. The apparatus was developed to solve
some of the problems set by such a broad band
system.

The design of the current monitor

Basically, protons are collected on the inner
of constant impedance coaxial line terminated
correctly at both sending and receiving ends.
This monitor was installed at 10 MeV on the
CERN linac, was made retractable and was com-
patible with the available low loss matched con-
nectors and cables, These factors had most in-
fluence on the original geometry (Fig. 1). The

N N A
A N ®

Fig. 2 - Recorded signals with vacuum (A) and air die-
lectric (B); 5 ns between main peaks.



