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INITIAL TESTS OF A HIGH-GRADIENT 550 kV ACCELERATING

TUBE WITH A DUOPLASMATRON EXPANDED FLASMA PROTON SOURCE,

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

The general trend in the last few years in the design of high current
high brilliance preinjectors has crystallised towards the use of duoplasmatron sources
combined with short accelerating columns, This approach facilitates the problems of
space charge repulsion and aberrations but introduces new problems of matching the bean,
from an ill defined plasma boundary of inconstant demsity to the colum, and of HT

breakdown in vacuum and in air and X~-ray radiation,

Construction principles and preliminary results obtained with a reentrant
accelerating structure are described in this paper (fig.l). Anode contains the DP
source and the cathode the matching quadrupoles, Clearance between the two electrodes
can be varied between 7.5 $o 12.5 cm, Those two electrodes are carried by a 14 section
porcelain column of classical construction, with external resistance potential
dividers (two parallel chains 2600 M, each), Porcelain rings are protected from
bombardment by shielding electrodes which were designed so that they a) reduce
the field at the porcelain/metal junction (particularly on the negative side of each
porcelain ring), b) are of the foru that the secondary electrons, which are created
by the bomb: rdment of exposéd netal ¢ irface, cannot reach the nearby positive
protection ring and so cause an eventual breakdown (fig.Z) and c) present small

impedance for pumping the pofcelain region, Ref, 1, 2,

Porcelain rings, stainless steel discs carrying anticorona rings and
shielding electrodes were assembled by glueing with araldite. Special precautiors
were taken to prevent araldite entering the accelerating column, and the degassing

of araldite was reduced by insertion of an indium ring (fig.B).

The choice of material for the reentrant electrodes and the porcelain
protection has attracted special attention, After extensive research (fig, 4, 5, 6)
titanium was selected as the best material both for its excellent voltage holding .
capabilities and its extremely low electron currents, which give very low X-ray

radition level, Ref, 3,

Ti, Va, Al and Ti, Al, Mn alloys were better than pure Ti from
the points of view mentiocned above, but they are more difficult to machihe, 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 alcone showed some pitting. After further conditioning
which took three days, the breakdown rate was 14 2 per day at 580 kV, Super-
conditioning of 50 kV made it possible to run for over 24 hours with less than

10 breskdowns. (fig.7)

Instailation of the source and natching triplets impaired the voltage
stand=-off and increased the breakdown rate, The exact origire of this behaviour
are not yet completely known, but indication 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 pullution mentioned above,
evonditions improved (550 kV at 85 mm electrode distance, breakdown rate : 5/hour,con—
ditioning loss 15 kV/h, but they did not quite attain the values of the column
without the source and quadrupoles., Full beam current (0.7 4) dia nof cauge any
breakdown unless the extraction voltagce was adjusted so as to spray the downstream

electrode, Above results refer to the laboratory set up

When the column and the source were mounted 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 7.10-5mm. Probable reasons
for this behaviour are: many greased joints in the column~linac space, and also
secondary electrons coming from the linoc, Fig.8 shows the titanium electrode
containing the source, and fig,9 dhows the interior of the column with the

protection  rings and the grounded electrode contalnlng'matchlng triplet .

Duoplasratron scurce, Ref, 4, 5, Oy Te

The D.P. source is of the plasma expansion type. This type was adopted
as it makes the voltage hold off easier between the extractor aﬁd the source, and
also permits the shaping of the potential fiecld in the region of extraction. It
is known that the density of plasma escaping from the source is largest oﬁ the

axis. A flat extraction electrode opposite the expansion chamber gives a field which
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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 froﬁ such a boundary is contorted and the brightness of the beam is low,

By making the inside of the expansion chamber conical, Rose et al, succeeded in over-—
coning this difficulty. Ref.4. In the CERN source a cone of 15O 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 electrode was
madé 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 ps) which

has a low internal 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 s,

The cathode used in this source is made of nickel wire mesh painted with

a paste (80 o/o Ni, 10 o/o BaCO,, 10 o/o SrCO, mixed with some amyl-acetate),

’
This type of cathode can be expozed to air seeral times if one takes precaution to
fill the source with dry N2 befor:.: exposure., Cathode heating current wés stabilised,
but a temperature stabiliser would be preferable as variations in hydrogen pressure
during tests, change the cathode temperature quite markedly. This will be done in

the future,

The pieces of the DP whih are parts of the magnetic circuit were made
of Armco steel, others of stainless steel, and the anode of molybdenum, The inter—
mediary clectrode and the main magnetic coil are oil cooled, the heat being removed
by an oil-air heat exchanger. Cathode is easily demountable to facilitate servicing
and a new type of cathode holder with two cathodes is develaped, to increase the

time between servicing (fig. 10),

Tests

Tests performed with the duoplasmatron and the short column have shown
that a high current ( > 700 mA) can be accelerated without breakdown of the column,
For a particular sct of parameters (I arc = 65 4, B~ 0.5 T, U extr, = 30 kV)
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a beam of > 250 mA was accelorsted with an enittance (normalised) of 0,27 cm m rad,
(fig.11). The accelerated current at 10 MeV was only 55 mA, To explain this, the
emittance was‘transformed back to the entrance of the quadrupoles and it was found
that the beam had a neck there, so that proper mafching éo the linac was impossible,
By plotting of the electrostatic field in the cclumn and transforming the beam back
to the extraction gridiit was found that the beam at this place is focused (fig, 12
and 13). In‘order to match the beam to the linac two solutions are possible : to
displace the matching triplet downstream, or to decreasc the convergence of the bean

at the source by an appropriately shaped expansion chamber,

A further difficulty which was found was that the beam pulse had 2
peak in the beginning about twice as big as the rest of the pulse, At the beginning
of the expériments we thought they were sonic plasma oscillations (f ~ 100 == 150 kH
but when the beam pulse was made appreciably longer (25 ps) 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 cleznliness “n manufacture, installation and cleaning is of
utmost importance for reiiable operation of a high gradient column, A clean vacur,
free from éll organic oils dictated to us the use of uercury diffusion pumps
(2 x 2000 1/s, after baffling 2 x 800 1/s) with liquid nitrogen coolea baffles.
The filling of baffles is automatic, and governed by temperature sensing

resistors., This system, after initial difficulties, has proved reliable (fig,l4);

Acknowledgenent,

We wish to emphasize our indebtedness to our fellow-members
of the Linac Group and the MPS Design Office, and to the SB amd MPS Workshops,

for their essential contributions to this project,

Remark: A nmore detailed report will be issued in duc course,
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