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which was changed only a little
ing time.'’? The electron rings
at K =~ 20 cm ard are compressed down to radius
of R = Z ¢m with an energy E = 1&t HMeV. By
varying tne times of switching the coil
currents and by changing the axial distance

of the ccils several compression programs
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As main diagnostic tcols magnetic pick

up loops are used to measure the number of
electrons and to detect possible losses
during the inflection and compression process.
Nith a fast icop (working in the nsec-regicn)
it coulc ve snown that up to one half of the

jected electron pulse with a length of
12 nsec could be 1ﬂilec ed. By a sultable
cholece of the compression program nearly
these electrons could be compressed down
% cm. But small losses occured sometimes at
n=0,5, 0.25. In fig.1 a typical signal of
the slow pick up locp is shown. A4 positive
pumgz can be seen in the negstive B signal
due to the ccmpressicn of the electron ring.
Tris bump incéicates a loss of some electrens,
Ihe lcss could be explalned by a blow up
the n = 0.25 rescnance.
iven by the relatively
of the compression
further blow up
the multiple crossing of the
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Jevicusly tne influence of single particle
effects were dcrminant in this set up. Zut the
ccecurence of scme collective effects could not
ce excluded, eapecially in the first compres-
sion stage. ine fact, that signals with the
frequency w = we and » = (1 - vplwe could be
measured, indicated that some azimuthal bunch-
ing ana also transversal deformation existed.
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with synchrotron light) caused mainly ty the
single particle resonances only a holding
power of about 5 MV/m could be reached.
Therefore a new design of the coil system

is made which is described in the following
section.

New coil system

The new coil system (fig. 2) is optimized
with respect to single rvarticle behaviour. The
colls have another winding structure so that
the field distortions are small. To cross the
critical n-values far away from the injection
snout the field index is kKept at a relatively
high value of about 0.4 at the inital stage
cf compression and all the resonances are
crossed at small radii. Moreover this relative-
ly high field index provides a good Landau
damping coefficient for the negative mass
instability during the initial stage when y

is sti111 small. A special "n-coil" is used
+o poross the eritiecal » valueg very fast
tc cross the critical n values very fast.

choosing the parameters of this coil
in a proper way, we can obtaln the second
derivative of the field 32B/3r?= 0 at n = 0.2
5o that the driving force for this rescnance
is made small.

And also,

Further compression is done by coil pair
1T, Coil III and c¢eils IV 1, 2, 3 are planned
for roll out and spill out. A 65 ecm solenoid

should allow for expansion acceleraticn of the
ion loaded ring. B,-coils are used to adjust
the accelerating Bp~field.

Puring the last months the first stages
of this new arrangement were assembled. Coil
palr 1a and 1b are fired in series to o*Pt' the
nearly constant field index. Again about 1012
electrons could be inflected. But it tu rned
out very soon that
a racius R = 1% cm. Only W
electrons survived this
radius the Landau damping coeff1c1ent
AS « E/AE of the first mode of the transverse
radial instability had a small value due to
the behaviour of the field index at this ra-
dius. The firirg of the n=-coil before this
critical uu;“u eﬂough tec
field index share and did not make a sub-
stantial improverent. The -wobservation of a
strong signal of w = (1 - vp)we convinced us
that the loss was due tc the radial instabili-
ty. To get some more information abous this
instability a 3 Q/square foll was installed
4 cm away from the compressor median plan.
this had the
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50 A injectec). It seems to be that we need
more care of the transverse instability in
this first stage of the compression system
even at the intensity of 2 . 1012 electrons.

Field emission tube

Tne main reason for the small current
injected in the compressor is in the poor
beam quality of the commercial field emission
tube of tne FEBETRON 705. In order to im-
prove the beam quality we made some studies
on the electron tube. The new tube works
without magnetic focussing. Therefore the
accelerating gap between cathode and anode
is kept small (3 - 4 cm). To reduce space
cnarge effects, the electron current from
the cathode is macde smaller and the main
current of the Marx generator flows through
a shunted CusUy, resistor. After some problems
to operate a first version of a selfmade
tube at full voltage (2.3 MeV) because of
damages c¢f the epoxy-insulators due to elec-
tron bombardment from the cathecde electrode
we constructed a tube with the geometry
shown in fig. 4. The total output of this
tube is about 600 A, the usefull current is
about 200 A (compared to 6000 A and 40 A
respectively in the commercial tube).
Emittance and energy measurements are planned
prior to assembling the tube in the electron
ring experiment.

Ion loading

Besides the above attempts to improve
the quality of the electron rings an appara-
tus 1s being prepared to carry out ion load-
ing experiments with the aid of the molecu-
lar beam device proposed at the 4th york
meeting on electron ring accelerators.?® To
reach the required vacuum of 19-8 torr or
better a quartz glass chamber has been
developed in cooperation with the industry.
It consists of three viton sealed guartz
pieces. In test runs we could reach a vacuunm
of about 1079 torr.

By use of the proposed apparatus all
gaseous materials can be used for ion load-
ing and ion acceleration. The loading process
can be controlled over a wide range by vary-
ing becth tine loading Llme and the intensity
of the molecular beam. An important pheno-
mencn in the generation process of these beans
is the cendensation of the molecules during
the expansion in the pulsed nozzle source."
This condensation of up to some 10 molecules
forming small drops of a liquid is accompanied
With a partial monocnrcmatisation of tnae bean
and provides good geometrical properties.

Eut no experience 13 available about the in-
teraction of such clusters with relativistic
electrons and especially witn dense electron
rings. Therefcre experiments are necessary
in tnhe future.

Two applications of a electronring-
cluster-beam device are possible =~ supposed
that electron rings with nolding powers of
say 50 MV/m are available.

1. If a sufficient long ionisation time
between ion loading and expansicn accelera-
tion is provided (21 > 100 usec), all
clusters are fully broxen up and the atoms
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are mualtiply ilcnized. In this case the de-
vice can act as an ion accelerator witn a
small loading fraction iiigop/Ny = 1373 -
10-2, Acceleration can be done up to ener-
gies in the region of 10 MeV/nucleon. An
application can te found for exanple in
heavy ion physics or the irradiation cf
materials.

Another possibility is - as pointed out
also by Bottiglioni® - toc accelerate the
cluster as a wnole, each cluster being
ionized only a few times, in order not to
neutralize the electron charge. Even multi-
ply charged clusters are stable as shown
for example by Fenkes® Considerable amounts
of particles can %e accelerated.

Natoms Wt -
(=== = 10 - 100, 1 < “= < 10

e Iy

for hz)
Eecause of the high mass loading the energy
gain is very small, for exanple 10 - 120
keV/atom. An interesting possible applica-
tion of such a device is the injection of
the accelerated clusters of hydrogen mole-
cules in fusion power systems.

upper: remaining ext. field
lower: with ring

Fig. 1: Example of a selfl field measurement
showing a small electrcn lcss a<
n = 0.25
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Fig. 3: Fieldindex n as a function of R in
the old and the new set up
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Fig, 4: Fieldemission tube



