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THE EFFECT OF TRAPPED BACKSTREAMING IONS ON BEAM
FOCUS AND EMITTANCE IN RADIOGRAPHIC ACCELERATORS

T. Houck, J. McCarrick, LLNL, Livermore, CA

target, but no plausible scheme for accomplishing this has
Abstract been found. Another technique is to dynamically adjust the

The use of electron beaaccelerators iradvanced X-ray beam and its focusing system to compensate for the
radiography requireshat the beam béocused to a very presence of the ions [1]. However, the most
small spot size on a metallic bremsstrahlwanverter straightforward technique is to inductively [2] or
target. The energy deposition of the besrto a small resistively [3] bias the target t@ounteractthe axial
volume of target material rapidly converts the target intoedectric field produced by the electron beam.

high-density plasma. Thepace-chargedensity of the In the inductive case, aodified acceleratingcell is
focusedbeam sets up a stromgectric field atthe surface placed in front of the converter targetand operated in

of the groundedtarget, which thenacceleratesons of reverse of its normal polaritgreating apotential well in
target plasmaand lighter contaminants into the beamfront of the target which traps ions before tteanform a
These “backstreamingns” form a longchannel which channel of sufficient length (thdisruption length to
partially neutralize thespace charge ofthe beam, defocusthe beam. This is shown in the lower portion of
disrupting the beam focuend degradinghe radiographic Figure 1. Note that during the flattop of the voltage pulse
performance. Oneolution to this problem is te@onfine on the induction cell, a statfeeld model can be used and
the backstreaming ions in a shaftannelwith a self- the concept of a potential is applicable.

biased inductiverap. Such a trap hdseen proposed for
testing on the ETA-Il accelerator. Wewill present
numerical simulations which show tleffect ofthe high
trapped-ion chargalensity on the beam spot size and
emittance.

1 INTRODUCTION

Accelerator systems forX-ray radiographytransport a Beam Potentiap(z)
high-current relativistic electron beam to a final-focus
system,wherethe beam isoncentrated to amall (~ 1

mm) spot size on a metalliconvertertarget. X-rays are g 2) g Trapping Target
produced via bremsstrahlung in the converter material. The :

high energy deposition of the beam into the targpidly

heats it, creating a plasma of target matearal any light z

contaminants. Since the metallic targeid subsequent
plasma form an equipotential surfaeedsince thetarget
system is usuallgroundedthe highspace-charge density Figyre 1. Untrapped (upper) and trapped (lower)
of the electron beam generates a large axial eld@fttin  packstreaming ion configurations.
front of the target. Thislectric field extractdons from
fche target plasman(_jquickly acceleratesthem upstream  gych a cell has beatesigned anavill be tested as part
into the beam, in aprocess referred to as“ion f the ongoing experimental campaign on tEEA-II
backstreaming.” The ion space charge neutralizebe_thm accelerator (see, for example, [4]) to evaluatthis
space charge, so that the beam’'s own magrfelit technology for use in th®ARHT-Il project. Previous
overfocuses the beaand degradeshe X-ray production. modeling [2] of this cell shows that itan confine
This process is shown schematically in the upper portigackstreaming ions, but these simulatigitsnot include
of Figure 1. Simple analytic models diis process [1] the self-consistent behavior of the electron beam as
show that a vergmall supply of ions, partper billion  mqgified by the trappedions. Since the resultshowed
relative to the solid density of the target, is enough $fat the trapped ion density is much higher than the SCL
generate space-chargenited (SCL) ion flow into the yalue normallyused toestimate the disruption length, it
beam, on a fairly fast time scale (10-20ns) relative toj@ not clearthat trapping the ions actuallyreserves the
typical beam pulse (50-60ns) if light ions are present.  peam spot size; it is also possible that suatease ion
The best tactic for avoiding backstreaming iamsuld channelproducesemittance growth, whicegrades X-ray
be to suppress completely the formation of plasma at thgquction. Therefore, we haveerformed fully —self-
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consistent numerical modeling of thisductive ion trap
using DARHT-II beam parameters.

2 NUMERICAL RESULTS

Two types of simulationshave beenperformed of the
inductive ion trap. Time-dependenparticle-in-cell (PIC)
modeling has been donand when it wasobservedthat
the system settles into ateady-flow configuration, a
Vlasov electron model was employed for maecurate
calculation of the beam envelope and emittance.

The geometnandtypical beamand ion configuration,
as used inthe PIC runs,are shown in Figure 2. The
simulation runs for20ns; hydrogenions are emitted in
SCL flow beginning at 1ns, after the beam hamped up
to a steady current &kA and anenergy of20MeV. The
beam hard-edge radius at tlaeget, prior to ion emission,

is slightly over 0.5mm. The voltage across the gap of th

induction cell is 400kV.
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Figure 2. Computational geometry, showing beams,
aperture plate, and induction cell electrode.
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Figure 3. Steady circulation in ion Z-Vz phase space.

Figure 3 shows the z;\phase space dthe ions at
20ns. The ionshavereached asteadycirculation in the
trapping field, suppressing furthemission from the
target plasma. (Note that over the duration obeam
pulse, the target plasmdoes not expand significantly

in unconfinedSCL flow. The ionchannellength isquite
short, however, at about 3.4cm. Figure 5 showshten
spot size and emittance at the target as a functigimef.
Here weseethat the beam spot size is controlledf at
the expense of substantial emittance growth.
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Figure 4. On-axis ratio of ion charge to beam charge.
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Figure 5. Beam envelopeand emittance, at thetarget
plane, as a function of time.

Because ofconcernsthat the PIC code generates
significant numerical emittance growth, tlseady-state
ion density wasfed into a Vlasov electron model to
confirm the degradation dhe beam emittance. Thezam
envelopeand emittance as a function of axialistance
from the targeareshown in Figure 6. It is important to
note that the target plane is at z=0.3cm in thisdel.

These results show less emittance growth than in the PIC

runs butnevertheless a substantial rise over thiial
value of 1200+=mm-mrad (normalized).

Parametric studies have beggrformed toexamine the
variation of spot size contr@ind emittance growth with
cell voltage and gap size. Howeverdue to strong

engineering constraints on combinations of voltage and

gap size that willavoid breakdown irthe presence of an
expandingplasma,and the limit on channellength to

from the original surface.) Figure 4 shows the ratio of ioprévent spot size variation, no significafetparture from
charge density to beam charge density on the axis; they th@ behavior shown here could be attained.

of the sameorder, as opposed tiie ~10% valueeached
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Figure 6. Steady state spatial profile of beam envelope and
emittance from Vlasov model. Note the target plane is at
z=0.3 cm in these results.

3 CONCLUSIONS

A fully self-consistent model of an electron beam and
backstreamingons in aninductive trap has beestudied,

to see the effect of the highappedion chargedensity on

the beam. The beam spot size is controlled successfully as
the ions are confined to ashort channeland reach a
steady-stateonfiguration. However, there isonsiderable
emittance growth in the beadue tononlinear focusing.
Parametric studiegperformed within the engineering
constraints of an induction cell have ngikelded an
alternate design.
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