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Abstract the worsteffects onthe electron beam’s final focusing if
these backstreaming protons do exist. Single-pulse
Backstreaming ions emitted from an x-ray convelierby experiments at variousradiography facilities and
a tightly focusedintense electron beam cdorm an ion laboratories [2-4] (except at CESTA's PIVAIR linac [5] )
focusing channel and over-focus the electron beam. As lia&e not yet been able to provide atrong evidence of
ions move upstream in time, the net focusing strengtkistence of backstreamingrotons. However, The
increases. The final beam spot size on the tamgedd simulated double-pulse experiments BhA-II indicated a
then change in timandtypically belargerthanintended. differentbackstreaming ion emission mechanism [4]. The
We have developed a model ¢éstimate thebackstreaming space charge field of the electron beam would ipuks out
ions’ neutralizationfactor in apotential sheatmear the of a pre-existing target plasnugnerated byhe preceeding
targetsurfaceandaway from the sheathPerformance of pulse. The ETA-Il results also indicated that the
high resolutionx-ray radiographyfacilities requireshigh backstreaming ion emission follow a ti@hild-Langmuir
current electron beams to Eecused to amillimeter spot law. In this paper, we study the possibility of maintaining
size on arx-ray convertethrough out the entireurrent a constant final spot sizer an entire current pulse by
pulse. Wehave studiedthe possibility of maintaining ausing either a time varying final focusing solenoifizlt
constant final spot size for the entire pulse by usitiger or beam energy variation to compensatetiime varying
a time varying final focusing solenoifleld or beam ion focusing effects. We haveund that therequiredtime
energy variation to compensate thiene varying ion varying rates for both the solenoid#&ld and the energy
focusing effects. variation are too large to be feasible.

1 INTRODUCTION 2 MODEL

Performance ofhigh resolution x-ray radiography =~ To model the backstreamingn effects consistently
facilities requires several kiloamperes of electron beamaith the beanandtarget geometry, we should stutlyis
be focused to a millimeter spot size onxaray converter problem with particle simulations. Typically, tkdectron
target through out the entireurrent pulse. D. Welch beam size at a converter targetailsout 1 mm,and the
claimedthat it would be difficult to maintain thetight beampipe wallradius is about several centimeters. The
focus of electron beams on a converter dutimg entire backstreamingion channel can vary from a few
pulse lengthbecause ofthe existence of backstreamingillimeters at the beginning of an electron beam pulse to
ions[1]. Hestatedthat a highdensity electron beam cam meter at the tail of a pulse. The simulation volume has
heat the targesurface up to 40C and lead to rapidto be large enough to includlee pipe wallandthe entire
desorption of surface contaminants within a fewion channel inorder to model the space charggotential
nanoseconds. These desorbed gases fgslasanalayer on and the backstreaming ion focusieffect properly. At the
the converter surface. Meanwhile, ttleargeredistribution same time, the simulation mesh size has be semalgh
on the target after the electron beam hitsdindace createsto model the backstreamingn emission in a millimeter
a large potential drop and anion diode on the target size A-K gap.These requirements malkxamining time
surface. The space charge fieldtleé electron bearwould varying focusing field and energy with partidenulations
pull ions out of the plasméayer into the beamThese very time consumingTherefore, westudy the feasibility
ions trapped by the electron beam move upstream, fornofanontrolling the electron beam'spot size with a time
ion focusing channel and over-focus the elecieam. As varying final focusing solenoiddiield or beam energy
the ions move upstream in time, the net focusing strengdhiation by solving the envelope equation given as

increases. The final beam spot size on the tangeid kOZO

then change intime andtypically belargerthanintended. R'+—"—5R

The potential backstreaming ioase protons and oxygen B 1)
from the water vapor on the target surface, carbon and 2l 5 E2
tantalum or tungsten from the target itself. The lighter 3 {1— fi(@-fr(29-B }— — =0
ions have a greatepotential todestroy electron beam’s ¥B716R R

final focus since they would travel upstream at a highidrere R and E are the beam’sedge radius and edge
speed andorm a longer ion channel. The ions from tremittance f is the backstreaming ions’charge
target material itselére usually tooheavy to have #arge neutralization factorand f; is the foil focusing effect
effect onthe beam spot sizauring the beam pulséme. provided by the x-ray converter. In our model, all
On the other hand, the backstreaming protwosld have backstreamingons are trappedvithin the electron beam.
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Both the electron densigndthe ion densityare constant limited. We further assume thextractedion current

in radial positions within the beam radius. follows the planar Child-Langmuir law,
= 13/2
_ 1 [2q @)

2.1 Beam Potential near a Target
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Let the x-ray converter target locates at= z At a WheregandM is ion’s chargeand mass, respectively.
location far away from the converter surfagg (z >> a), After leaving the A-Kgap, i.e., z<z; —d, ions move
the radial scale length of the beam is much less theckstream with aelocityv; = /2q|(po|/|v| . From Eq. (3),
longitudinal scalelength, wherea is the beanradius at ., . . .
the z location. Let the wall potential be zero. Hpace it is obvious that the length of the ioshannel would
charge suppressed potential inside the beam at this Ioc&%’r‘?nd O”be'?‘m current, spot size, Wqﬂdm_s and ion
is well known and given by Species. V_Ve‘md that th_e backstreamln_g |_ons§harge
5 neutralization factor outside the A-K gap is given by

|
or,zr —z>>a)=@y + r< )
T % ,Bca2 fi:f% = 50

(10)
where o
| b asz >z - vit . A 5% chargeneutralizationfactor has
%:__Ele'n_D , (3) been observed in the PIC simulations for the
_ _'BC a backstreaming protons [6]. Note that the backstreaming
and is the wall radius. Let's assume that theam jons’ charge neutralization facterithin an ionchannel is

potential is separable in r and z such that independent of beam parameters, wall radius antyjoes.
_ _ A re-entry (beer-canjtarget configuration would help to
®(r.2)=r.zr —z>>a)y(2) ) reduce the spot size blow-upate by reducinghe beam

space-chargepotential, hence the length of the ion
channel. However, the ioharge neutralization factor
remain the same. Caporaso has shown that the
backstreaming ionsthargeneutralizationfactor is 6.4%
in a beer-camodelthat both theelectron beamand the

Substituting Egs. (2) and (4) into Poison equation fimee
that the beam potential is given in the form

or.2) = gr,zr —z>>a)l-e TNy (5

where ion beam fill a beampipe [7].
1=2 1+2|n9 ©) The ions’ neutralization factor variealong the z
2 a location within the A-K gap regionand approaches

is the scalelength of the potential sheath at the targé#tfinity. The neutralization factor averaged over the gap is
Note that the sheath thickness is always atsmveral 4

times of the beam radius regardless of the vealius since fi = 3 % ~14.8% (11)
A varies from 0.& to 1.4% as theb/a value varies from 1
to 50. Theradial, electrostatispace-charge field igiven

by

For thecasethat the wallradius is 5 cmand the beam
radius is 0.5 mm, the A-K gap distarmtés only 2.4 mm.
2l o For a 6 kA beam, backstreaming protons would travel 1.9
E(r,2)=—-——(1-e (zr Z)“‘) . (7) cm, that is much longer than the A-K gap distance, within
per 1 ns. For simplicity, we assume the ioreutralization
0 o
Comparing Eq. (1) with Eq. (7), it is obvious that thfglctor constant (5%) for the entire ion channel.

focusing effect provided by the x-ray converter is given byz  TIME VARYING SOLENOID EIELD
_ o~ (zr-2)/A

fr(@=e 2 . (8) A potential way to compensate for thereasing
backstreaming ions’ focusing strength is reduce the
final focal lens strength in time. For thédvanced
Hydrotest Facility’s (AHF)8] 6 kA, 20 MeV beams with
12000 mm-mr normalized edge emittance, we use a
I,§(9Ienoid focusindield of 6350G to focus beams at a
waist with a radius of 0.5 mm. Figulda) shows that we
need at lease teeducethe focusingfield at the rate of 30
G/ns to compensate the backstreaming protons’ focusing
effects. We have founthat varying the focusindens’
According to Eq. (5), the potentiarop over the o St S B S O e e P
_dlstanced—3}\ from fche target_ls 95% af,. An '9” diode indicatesthat at least 14 G/ns iseeded tomaintain the
is formed acrossthis potential drop. To estimate thepot size for backstreaming carbon. For both cases, the
amount of an ioncurrent could beextractedfrom this required reduction rate ithe final lens’ strengtiwould be
diode, weassume that the ion emission spacecharge hard to achieve due to the pulse power limitation.

By integrate Eq. (8) over z, we finthat the target's
effective focusing length isA, and the effective foil
focusing factor is 1. For theasethat the wallradius is 5
cm andthe beamradius is 0.5 mm, theeffective foil
focusing length is 0.8 mm. For simplicity, we ignore t
target’s focusing effects.

2.2Backstreaming lons
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the requiredsolenoidfield variation rate and the energy
variation rate are quite large.
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Fig.1 The time varying beam radius on a target with
backstreaming (a) protons and (b) carbons and a
constant (solid) and time reducing (dashed)
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focusing field. Fig. 2 The time varying beam radius on a target with
backstreaming (a) protons and (b) carbons for a
4 TIME VARYING BEAM ENERGY constant (solid) and for a time varying beam
energy (dashed).
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