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HIGHLIGHTS

A beam propagation experiment is being prepared to test theoretical pre-
dictions about transverse instabilities in a heavy ion beam with large
space-charge effects in a long quadrupole transport system. The 200 keV
injector which hac the features of variable current density and variable

emittance has been constructed.

+ . .
The Cs pulsed drift tube injector model continues to operate for
studies of beam optics, component testing in ari intense ion-beam environ-

ment, and diagnostics development.

The electron-beam probe has now yielded successful result, on the time-
+
resolved charge density of the Cs dion-beam. It has revealed the

existence of a significant number of electrons surrounding the ion-beam.

The theory of longitudinal instabilities has been advanced. Improvements
to the EGUN and other beam-dynamics codes continue and have yielaed
valuable results. Transport of hign-intensity beams 'n an A.G. octupole

system is under active study.



A.  SINGLE BEAM TRANSPORT EXPERIMENT

1. Construction Progress

Fabrication and assembly continues on the equipment for the transport
experiment described in the previous half-year report]. The purpose of the
experiment is to study the dynamics and stability of a space charge dominated
heavy ion beam in a long periodic focusing charnel. The completed device will
consist of the ion source with associated high voltage and focusing elements,
the matching quadrupole section (for smoothly fitting the round beam from the
source into the alternating nradient transport line), the transport channel
consisting of 82 electrostatic quadrupole lenses in seven vacuum tank sections,
and the associated control and diagnostic systems. A diagram of the first
section is shown in Fig. 1.

The Marx generator for the source and all its power supplies, trigger,
crowbar, ard interlocks are instailed and complete in their oil tank. The
insulator on which the source is to be mounted has been leak tested and mounted
on the tank, and the heater power supply for the source is in place.

The source and its extraction electrodes and emittance grids are under-
going finat alignment betore 1nstallation. Beam positioning 1S expected to be
done witnin tolerance, so only one of the matching quadrupoles is being modi-
fied to allow beam steering near the source, to correct any divergence ot the
beam centerline from the machine axis of the transport channei.

A1l quadrupole faces, supports, and alignment fixtures are 1n iand.

The source vacuum housing {which also contains the first three of the

five matching quadrupoies) 1s undergoing vacuum testing. The first of the

1. Heavy lon Fusion Half-Year Report, April 1981, LBL-12594
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downstream vacuum chambers has been ordered, and tuelivery is expected by late
November.

High voltage supplies for the first three gquadrupoles are installed, and
we have completed atl RC networks for stiffening the guadrupoles against inter-
ception of beam or secondaries. All} voltage monitors for ine high voltage have
also been completed. Giher supplies will be ordered as the budget permits.

Four turbo-molecular pumps are required ;n the vacuum system, of which we
have two in hand. The pump control: are designed and one set is completed.
ready for use when the source and housing are installed, at which time the Marx
generator and insulator will be high voltage tested. The three matching quad-
rupoles were successfully tested at voltage while being flooded with Cs+]
ions from the existing Cs+ injector, as described in the following section.

Diagnostic systems for the experiment have been planned. Detailed design
of the Faraday cup and the emittance measurement slits is underway.
Scintillator plates for envelope and emittance measurements are being
fabricated. The hardware for the source diagnostics should be completed by
mid-November .

The ion source and matching section should be ready for operation by the
end of December. The first of the seven sections of the transport chanrel
should be ready by the end of February 1982 and the complete channel s

expected to be ready by the end of fiscal 1982.

2. Transport Matching Section Electrical Testing

As a test of the design of the electrostatic quadrupoles of the SBTE and
to gain operating experience, the matching section gquadrupcles of the SBTE were

installed in the diagnostic tank of the 2 MV Cs* injector. This allowed



alectrical testing under very adverse conditions. The insulators and elec-
trodes were bombarded by the ion beam. The matchinc section quadrupcles are
shown in Fig, 2.

After some minor modifications to the insulator and electrodes the quad-
rupcle array held 50kV D.C. in vacuum with no Cs+ beam. With the beam on,
however, there was a surface flash of the insulators holding the positive
electrodes. The insulator: did not go into a complete breakdown. Currents
measured on the electrode cables were only a few amperes. The power supplies
driving tne electrodes were protected by megohm resistors so tne electrodes
were isolated by large capacitors and 50 ohm resistors both to damp the con-
necting cables and to insure that the electrode voltage did not collapse during
tne beam pulse of twn microseconds. A complete electrode breakdown would have
produced cable currents of several hundred amperes.

Electron besnm probe measurements suggested that the Cs¥ beam had a “"hale"
of electrons., Ar aperture plate with & 6" diameter hole was installed one
meter upstream. This plate passed the C>+ beam but stopped the electron
halo. After the plate was in place the clectrodes no longer flashed, The
negs*ive current on the positive elertrode cable persisted, as well as positive
currert on the negative electrode cable. It seems clear that when C<+ jons
strike the electroces they knock out secondary electrons which are then mainly
colleciad on the positive electrodes {+50 kV).

A aperture plate to limit the CS+ beam to @ smaller diameter than the
quadrupole electrode bore was then installed just in front of the electrodes,
and the gquadrupoles were cornected to separate cables so that the currents to
each quadrupole electrode could be measurad., The 6" aperiture plate was left
in place. The positive current on the negative «leclrode cable was no lonqger
present, but the negative current on the positive electrade cables was

+ .
unchranged. Clearly, the C5 Dbeam was no longer nroducing secondary eleetrons
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Fig. 2 CBB 814-3646

Matching Section Quadrupoles for the Single Beam Transport Experiment



from the negative electrode but rather from the small-halo aperture plate.
This was verified by current measurements on the plate,

The insulators were able to withstand all such tests. Secondary electren
currents of up to two amperes weve measured with a Cs+ curreat of only 0.25
amperes, which gives a lower limit to the secondary emission coefficient since
not all of the Cs+ beam was striking the aperture plate.

Since the electrode cables were isolated from the stabilizing capacitors
with 50 ohms, the 2 amperes produced a 100 volt drop in the gquadrupole voltage.
This effect can be tolerated since the electron current was measured to

decrease with successive quadrupoles alang the beam path.

B. DIAGNOSTICS DEVELOPMENT

1. Hea v Ion Beam Scintillator Development

A continuing effort has been directed towards the development of a long
lived, fast scintillator for heavy ion beam imaging at high current densities,
As reported in the previous half-year reportw, europium doped calcium fluo-
ride, CaFZ(Eu), works quite well except that the light output diminishes
exponentially with Cs ion dose with a mean lifetime of 900 pulses at a current
density of 0.8 mA/cmz. It would be especially desirable to develap a longer
lived material for use on the Single Beam Transport Experiment because of its
high current density and long pulse compared with the drift tube injector.

The sintered A]ZO3 mentioned in the Jast report has proved to have a
greater resistance to damage ihan the calcium flouride. [ts light output
decreases with a lifetime of 4000 pulses, an improvement of more than a factor
of 4. Quring tnhis reporting period efforts nave been devoted to ciscovering
how to make a successful transparent A1203 ccintillator,

Sapphire (pure single crystal A1203) emits only ultraviolet light. We

have carried out measurements of the pulsed 1ight output of sapphire, sintered



alumina and Can(Eu) using a scanning monochromator. The results are shown
in Fig. 3 . The glass vacuum windows used cut off below 300 nm. We are plan-
ning to extend the measurements using quartz optics.

We have tried to plasma spray A1203 on glass but this appears to he
too ..ick to be transparent. Finally, we have rf sputtered A1203 onto
glass which appears to result in a good quality transparent surface; its per-
formance, however, has not yet been tested in cthe ion beam. We are also exam—
ining the possibility of using wavelength shifters to convert the UV to visible
light. If these attempts fail we may have to rescrt to the use of UV optics;

tnis would present some technical difficulties which we are keen to avoid.

2. Electron Beam Probe

Information on the charge density distribution of the Cs+ ion beam can
be obtained by measuring deflections of a Tow current (5 - 50 yA} thin (< 3 mm
diameter) electron beam passing through the ion beam. The realization of this
is the Electron Beam Probe2 consisting of an electron gun producing the
specifie. ieam at 5 to 10 kV and mounted so that it can be rotated transversely
from 0° (elestron beam aimed vertically down) to 50° inside the diagnostic
tank, see Fig, 4. The t-beam strikes phosphor coated plates and the trace
resulting from the deflection of the E-beam during passage «f the ian-biean is
photograpred using 10,000 speed Polaroid film. An examnie trace is shown in
Fiec. 5. Both trial and error fitting and PIZZA3, an inversion code for

nonlinear problems, 1indicate a radial charge density in the ion beam which

?. Heavy lon Fusion Program Quarterly Report, April - June 1980. FI-FAN-116.
3. Computer Program P1Z27ZA, Richard Sah, May 20, 1980. HI-FAN-107.
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includes large numbers of electrons forming a halo around the Cs’ beam as
shown in Figs. 6 and 7. There is some evidence for partial neutralization of
the core of the ion beam as well. (ongitudinal density distribution has not
yet been examined. Neutralization of the ion beam from secondary electrons is
also observed after the head of the ion beam strikes the end wall of the diag-
nostic tank and creates secondary electron emission.

The electron beam has been successfully chopped into short 50 ns pulses
every 100 ns to give good time resolution of the deflection, see figuress 5b and
5c. This is particularly important for unfolding the data for study of longi-

tudinal charge density distribution and beam neutralization in time.

C. THEORETICAL STUDIES

1. Llongitudinal Stability

A Yorg.tudinal simulation code nas been used to investigate the stabil-
ity of burched beams under the influence of the resistive impedance of the
accelerating modules. Two analytic predictions regerding stability had been
made earlier; one, usirg a square well model5 for containment of the bunch,
indicated stadility while the other one6, starting from a parabolic charge
distribution with no velocity spread, also indicated stability to first order
in the resistive component of the impedance. An analysis of the mathematical
procedure used in the latter case suggested that the criterion for stability
ic tnat the e-folding distance for a space-charge perturbation running along

the bunch should be long compared to the length of the bunch.

4. J. Bisognano, I. Haber, L. Smith and A. Sternlieb, Proc. 1981 Particle
Accelerator Conf., 1EEE Trans. Nucl. Sci. NS-28, p. 2513.

5. K.J. Kim, Proc. HIF Workshop, Oct. 1979, LBL-10301/SLAC-PUR-2575, Sept.
1980, p. 187.

6. P.S. Charnell, A.M. Sessler and J.S. Wurtele, LBL-12107, Feb., 1981,

13
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Although the square-well model represents more accurately a uniform current
density bunch held together by auxiliary accelerating and decelerating voltages
applied to tail and head, which is the anticipated mode of operation, it is
unfortunately a more cdifficult case to study in simulation. For this reason,
the simulation runs made thus far have been for the case of a parabolic charae
distrioution. By varying the resistance through the range suggested by theary,
there does in fact appear to be a gualitative difference in bunch bhehavior
above and below the suspected thrashold; if the resistance i high, a pertur-
bation does not reflect readily from the end of the bunch but rather chews the
bunch apart starting from that end, whereas, with a low resistince, the end is
perturbed but seems to recover as the wave reflects., There 1s much work yet
to be done--for example, is it the e-folding distance that matters or the
absolute magnitude of the disturbance We anticipate that a scuare distribu-
tion wiil be better behaved, as the square-well analysis predicts, but we have
not yet tested the reliability of the code in handling abrupt discontinuities
at the ends.

We have also modeled as realistically as possible two example cases ot full
scale drivers developed for cost and systems studies without regard to this
phenomenon. An earlier version proved to be unacceptable, while a later exan~
ple, involving multiple beams, was acceptable for the specified length of
accelerator.

The simulation program was also applied to the parameters of the single
beam transport experiment to see what might be learned from the deterioration
of the front ana back of the long pulses. It was determined that a slow rate
of cise and fall of the current should be somewhat less disruptive of the ends

tran a rapid rise and fall.

16



2. Two and One-Half Dimensional Simulation

We feel that eventually a fully three-dimensional code will be needed for
a satisfactory modeling of bunch behavior. As an intermediate step an r-z
code is being developed and some results are expected shortly. An immediate
application would be to the problem discussed in the previous section since the
critical region appears to be the ends of the bunch, where the real fields are

obviously described inadequately in a one-dimensional code,

3. Beam Transport Studies

The EGUN code now includes the external non-1linear forces specific to the
electrostatic electrode design adopted for the single beam transport experiment
and a few runs have been made to compare with predictions of the semi-analytic
work previcusly reported7. For modest betatron tune depressions, there is
approximate agreement between the two approaches; more extreme cases are cur-
rently being studied. The code was also used to trace the beam through the
matching s.ction for a few sample cases of different emittances and currents
and showed good agreement with the analytic results obtained by integrating the
envelope equations. We therefore believe that the lens voltages specified by
the analytic work are approximately correct and that the beam should pass
through the matching section without significant disruption.

Since the advent of alternating gradient focusing there has been occasional
speculation on the corresponding properties of non-linear lenses, but little

motivation to pursue the matter because of the mathematical simplicity of

7. E. Close and W.B. Herrmannsfeldt, Proc. 1981 Particle Accelerator Conf.,
op. cit., p. 2425.
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linear systems. Since space charges forces can be highly non-1inear, this
simplicity loses much of its advantage for the transport of intense beams and
it becomes interesting to inquire if there might ba practical gains to be made
by using alternating gradient octupoles, for example, rather than quadrupoles.
This question is being pursued at LANL, LBL and SLAC. [t appears th.: single
particle motion is stable, provided that the amplituuve is not too large; from
analytic work and simulation runs with EGUN, an equilibrium current distribu-

tion appears tou be hollow in the center. Further studies are in progress.
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