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Abstract An on-going experimental program at LLNL is

The next generation ohdiographicmachinesbased on studying the interaction _of an elect.ron beam with the x-ray
induction accelerators is expected to genemataltiple, Cconverter [2].The goal is toquantify the effects of the
small diameter x-ray spots of high intensity. Experimenf¥asma plumegenerated athe interaction on thenitial
to study the interaction of the electron beaith the x- and subsequent beam puls:es, and to develop an appropriate
ray converterare being performed at the Lawrence XTay converter configuration. Below we report on
Livermore National Laboratory (LLNL) using the 6-MeV, measurements fronferaday cups incorporatedinto  the
2-kA Experimental Test Accelerator (ETA) electron beanfXPerimental setup toharacterizéhe plasma plume and
The physics issues ajreatest concern can Iseparated determine the existence of backstreaming light ions.
into two categories. The multiple pulse issue involves the
interaction of subsequent beam pulses withetkganding 2 EXPERIMENTAL LAYOUT
plasma plumegenerated byearlierpulses striking the x-  The faradaycups were comprised ofwo, electrically
ray converter. The plumexpands at severahillimeters isolated, concentric cylinders as illustratedrig. 1. The
per microsecondand defines the minimum transverse inner cylinder could be biased up to 1.2 kV with respect to
spacing of the pulses. The single pulse issuanise the groundedouter cylinder. Two geometriesere used.
subtle and involves the extraction of light ions by the The forward cup (refer téig. 2) had an OD of 5 cm and
head of the beam pulse. These light ions miglopagate an aperture of.9 cm while the back cupad an OD of
at velocities of several millimeters per nanosecond 1.3 cmand anaperture of0.4 cm. The low ratio of
through thebody of the incoming pulse resulting in aaperture tocup length was to minimize thescape of
moving focus prior to theonverter. Inthis paper we secondary electrons generated by the impact of the positive
describe Faradagup measurementgerformed to quantify ions with the inner cylinder. Thierward cup waslocated
the plasma plume expansion and velocities of light ions.about 25 cm from the beam/target intersection aaragie

of 3¢ from the beam axis. The back cup wasated
1 INTRODUCTION about 5 cm from the intersection poimd 75 from the

Radiographic machindsased orinduction accelerators 0€am axis. As shown in Fig. 2, the cuperesituated at
produce an intense x-ray spot by focusing a short pulsetB? entrance and exit, respectively, of a solenoid operating
high current electronnto a high Z material. Nominal With an on-axis peak field of approximately 3 kG.
parameters for the electron beam could be 50-100 ns pulsé e inner cupdischarged tayroundthrough the 50Q
width, severalkiloamperesand10-20 MeV. Producing a input of an oscilloscope, permitting thete of charge
small and stable (constantiameterand position) x-ray interception(current) to be measuredhe sensitivity of
spot is essential farmdiographidmagining. Theelectron the cups to ion density, assuming single ionization, is:
beam quality has beetonsiderecthe limitation on the ~ _ Imin h 1
quality of thex-ray spot. For example, the emittance of Amin = ev » Where @
the beamdetermineghe smallest focus sposnd energy n . is the minimum density|.;, iS the minimum
variation combined with transport focusing misalignmentgetectable currend is theaperture areandv is the ion
producesbeam motion. Continuing advancements in velocity. For the forward and back cups, and for a nominal
induction accelerator technology has improvedoeam v of 5 mmjis, n,,, is 2x16 cm?® (I,;, was 40pA) and
quality to a levelherethe interaction of the beam with 5x10°° cm? (I,,;,, was 48QuA), respectively.
the converter may be the limitation for the next generation
of radiographicmachines. Twaareas of concern are the SMA Feedthrough insulating support
emission of light ions [1] thatan “backstreamthrough
the beandue to space charg@otential, and interference
betweenthe beamandthe plasmagenerated byprevious
pulses during multiple pulse operation.

"The work was performed under the auspices of theJ.S.
Department of Energy biLNL undercontract W-7405-ENG-

48. Figure 1: Schematic of the Faraday cup.
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small positive signabetween250-300 ns wasaused by
cable reflections. Thdorward cup produced asimilar
signal, but a factor of 10 to 20 smaller in amplitude.
Estimates for thenergyanddensity of extractedions
from the target are > 250 keV and6ni® nearthe x-ray
converter [3,4]For protons, thissquates to &elocity of
7 mm/nsandcurrents of 20-100 mA at thfaradaycups.
However, the signalswvould arrive within 50 ns of
Beam (2 kA, 5.5 MeV) | Q M electron beam passage. Numerous comparis@nsmade
7| of signals at the cups with and without the x-caypverter

< , . ) ,
Graphite Safety Collimator % Target installed to discern such a signal with no success.
3.2 Plume Velocity

</ Forward Faraday Gu Typical signals from theback and forward cups are
displayed in Fig. 4. The back ciwgnded tohave asingle

peak although the signal to noise ratmuld havemasked
some features. Thierward cup signal normallyexhibited
two peaks with the amplitude of the first peak varying

) ) . . . from about 10% to over 130% of that of the second peak.
Figure 2. Schematic showing relative positions of the

faraday cups with respect to the beam line and target. 1.5

The x-ray convertewascomprised of aotating wheel 1.2
that held several “targets” to pernmtultiple shotsbefore
the x-ray converter had to be replaced. The majority of daé 0.9
was taken for tantalum targets of three thicknesses; 1 m@', 0.6
0.25 mm, and 0.1 mm. laddition, 1 mmthick stainless
steel and 0.25 mm tungsten targets were used. 0.3
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3 MEASUREMENTS 0
The faradaycup measurement consisted of therent 03 0 20 40 60 80 100
(voltage)measured athe input (50Q termination) of an Time (us)

oscilloscope. See Fig. &d 4.Information thatcould be

estimated from the measurements, with qualifications, 20 T T
included velocity, density, and beam radius. A third faraday () CUP8211.207
cup waslocatedapproximately 50 cm upstream of theg 40 - E
converterand recessed tavoid exposure to the plasma g 300 B
plume. This cup wasdirected atthe beam lineandserved & - ]
as a background reference for the other cups. 2 20 - 3
]
0.2:\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\: 010; {
0 aastaaes P : ]
r ] 0 I [EE NI NN R N N N N B R -l
g -0.2 — 7 0 50 100 150 200 250
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g 041 ] Figure 4. Typical output signals from the t@ckand (b)
O -0.6 - forward faradaycups. Beaminteraction with theconverter
08 ; 8194.107 é (1 mm thick Ta) occurred at time 0.
1:””\””\””\”umumummmu: An estimate of the velocitgan bemade byassuming

0 50 100 150 200 250 300 350 400 that the plasma wasjectedpromptly at beam time and
Time (ns) quickly reached terminal velocity. With these assumptions
the velocity would be simply the distance to the respective
cup divided by arrival time at the cwgfter beam passage.
3.1 Prompt Signals (< fis) The velocitycan berelated tospot size assuming self-

A large signal was generated by tlaeadaycupsduring similar, isentropic expansion of a spherical gas cloud:
beam passage. A typical signal from the back cup is 2E ‘\‘d%
shown in Fig. 3 and displays the same pulse shape as the v=164 m = 2-32\§ nrzg , Where 2
beam current monitors installed on the belame. The

Figure 3. Typical output from the forward faraday cup.
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E is the energy depositethto a massm by the beam,
dE/dzis the rate of energy depositiatong the axisr is
the radius ofthe beam spotand p is the mass density.
While approximate,eq. (2) indicateghat the velocity
should vary inversely with spot sizmd beinsensitive to
target thickness. In Fig. 5, the velocity of the leading edg
of the plasma plume at tHferward cup (25 cm/ time of
arrival) is plotted as a function afray spot size for two
thicknesses of Ta targets. Theaay spot sizes shown for
the 1 mm targetsvere measuredising the roll bar A L
technique [5]while for the 0.25 mm targets higher 0.3 0.35 0.4 0.45 0.5
resolution pin holecamera [6]was used. Eq (2) was in 1/spot size (mii)

general agreement with measured velocities and spot sizefyure 5. Velocity of the leading edge of the plume for Ta

The plume velocitymeasured atthe forward cup targets of two thicknesses as a function of spot size.
consistently was faster than measured at the back cup. For
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the distances that the cupse locatedrom the target, the % 3571 C Y R
plasma plumecould be expected to be expanding% 3 F X B
approximately spherically. Thus, the velocity should not§ - 3 ]
be stronglydependent orthe angular locations of the L 5 g = ° .
cups with respect tothe beam. Asecondexplanation el C < ]
suggested by Fig. 6, a plot of the velocity rdieween & 2 - ) % —
the cups as a function of target thickness, is thabtiaen > = ]

) . : , 2 C e % Edge| 7
diameter expands duringansit producing a largesspot 8 1.5 3

. . . o F % ° Peak| 13
size on the back surface. Ratare shown for theleading & 1 B L e el
edge and for the peak signal. 0.01 0.1 1 10
3 .3 Plasma Density Converter Thickness (mm)

Equation (1) can be used to crudely estimate the plasfigure 6. Ratio of the plume velocity at tfeward and
density. Current in the Faraday cups is the combined eff@ack faraday cups as a function of target thickness.
of the collection of ions and electrore)d ofthe ejection
of electrons in reaction to ion impatteavyions like Ta 5 ACKNOWLEDGMENTS
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to the cup signal. Probably of more importance is the
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