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Abstract was revised. A more important issue involved the solenoid

The next generation afdiographicmachinesbased on fields required to transport the beam from the injeictty
induction accelerators require very high brightness electr§# accelerator.The growth in the beam’dransverse
beams tarealizethe desiredx-ray spot sizeandintensity. centroid motion (instability) is stronglinfluenced by the
This high brightness must beaintainedthroughout the transverse impedance dhe cell and the transport
beam transport, from source to x-regnvertertarget. The Solenoids’ magnetic field strength. See equafign Very
accelerator for the second-axis of the Dual Axis !ow solenoidal fields at the front of the accelerator placed a
Radiographic Hydrodynamid@est (DARHT) facility is S€vere constraint on the maximum impedance.
being designed to accelerate 4-kA, 2-4s pulse of Nearly half of the transverse motion grovettcurred in
electrons to 20 MeV. After acceleratiothe 2us pulse the first 10% of theacceleratorwith the preliminary
will be choppedinto a train of four 50-ns pulses with design. Thus, it waslecided toincreasethe cell inner
variable temporal spacing lbapidly deflectingthe beam radius toreducethe transverse impedancand alter the
between a bearstop andthe final transport section. The gap/insulatordesign toshift the impedancespectrum for
short beam pulses will be focused ontoxamry converter the first eight cells. The new gap/insulattesignproved
target generating fouadiographicpulses within the 2ts to be more compact longitudinallgnd offered some
window. Beam instability due to interaction with the mechanical advantagesser the initial cell design. This
acceleratorcells can very adversely effecthe beam design is now the “current” desigtescribedbelow for the
brightness and radiographic pulse quality. Thispaper first eight larger bore cells and the main accelerator.
describes the various issues considered in the design of the
accelerator cell with emphasis on transverse impedance and 2 INITIAL DESIGN

minimizing beam instabilities. This design evolved directlyfrom the TOS “Long
Pulse” design. Improvementsvere made invacuum
1 INTRODUCTION surface fieldstressestransverse impedance, fabrication
A DARHT SecondAxis Technology Options Study ease, and vacuum integrity. Figure 1 is a schematic of this
(TOS) was initiated in September 1996 determine if initial accelerator cell design.
advances irtechnology since the design tfe first axis . .
induction accelerator warranted a new design foséuoend 2 .1 General Design Criteria
axis. The “Long Pulse” option, an inducti@tcelerator The cross sectionarea ofthe induction cores was set
that would produce a@s, 4-kA electron beam pulse thatby the requiredvoltage,V, pulse durationAt, and core
could be divided into several shorterpulses, was material: V [AT = AB[A[pf , where @
eventually selected to be the basis for a new design [1]. AB is the magnetic flux swingA is the cross sectional
preliminary acceleratorcell design for the “Long Pulse” area, angf is the packing fraction of the core material.
option hadbeenpresented tethe TOS Committee. This  The desired maximum growth in the traveirsstability
preliminary designevolved into the “initial” design andnumber of cells wassed toestimate the maximum
describecbelow asdetailedengineering design work and transverse impedance. A minimum inmadiusconsistent

beam transport studies were accomplished. with this impedancewas then chosen. The following
The principle issues necessitating changes to tlguations are pertinent [2]:

preliminary cell design involved the material for the r_cZD | Ldz q 5

vacuuminterface insulator and the transportsolenoidal 21 1,J0B,’ an @)

magnetfield strengths. Thedielectric constant for the W

currentinsulator is abouthreetimes largerthan that for Z;, =120— 1 (Q/m), where (3)

the original insulator. The cross sectional area also changed My

to accommodatéabrication. These changedteredthe f [ is the number ok-folds of growth, Z is transverse
characteristics of the cell and the mode damping scheme fimpedance] is the cell longitudinal length, is beam
"The work was performed under the auspices of theJ.S. current,l, is 17 kA, L is length of theacceleratorB, Is

Department of Energy byLNL undercontractW-7405-ENG- SOIeno_'dﬂeld Str?ngth’r is beam pipe rad'%‘ﬁw is cel
48, and by LBNL under contract AC03-76SF00098. gap width, andj is a form factor of order unity. Note that
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W is approximately the total energy gain of the acceleratekperiencing an electrical ar€he insulator washanged

divided by number of induction cellsand maximum

to Mycalex to remove any concerndated toinsulator

vacuumsurface electric fielcstress. Constraints on theperformance for long pulses.

length of the accelerator limited flexibility idetermining
the outer radius of the induction core.

Determining the optimunB, involves simulating the
beam transport from source to x-regnverterand requires
information on expected current and energy variation,
location/alignment of componentsnd cell impedance.
This process requires seveligdrations as theaccelerator
design matures. The preliminamgesign assumed the
transportfields would besimilar to thoseplanned to be
used for the first axis accelera@md aconservative value,
12.7 cm, was chosen foy.
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Figure 1. Schematic of the initial accelerator design.
2 .2 Insulator and Field Stress Issues

The insulator has tgrovide a mechanicahterface
between the beam line vacuwandthe cell insulating oil
while withstanding thexpplied voltage pulse of, irthis
instance, about 200 kV. It is highlgiesirablefor the
insulator to behidden from line-of-sight view of the
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Figure 2. lllustration of the insulator and gap in the initial

design. Equipotential lineare shown for the vacuum and
oil regions. Each line represents ~20 kV potential change.

Beam DireCtione——)p»

Design goalswere for vacuum surface electric fields
(negative polarity) to be<s 100 kV/cm and insulator
surface fields< 40 kV/cm. The primary limitation on
positive polaritysurfacesvas to maintairc 100 kV/cm
during pulsed power reversals. fig2 maximumreversed
voltage expected is less than 30% of fhmvard, this was
not adifficult requirement. Care was taken to minimize
electric fields attriple points (vacuum, metal, and
insulator interfaces). Equipotential linegenerated by
Poissonare shown in Fig. 2 for the vacuurand oil
regions of the cell. Maximunfields for the negative
polarity (cathode) side of the gagcurredtowardsthe top
of the gap noseand were about 100 kV/cm. The
maximumfield acrossthe insulatoroccurredtowards the
top and was about 40 kV/cm. Maximum stress on the
positive polarity surfaces was about 130 kV/cm along the
curve surfaces approaching the top of the insulator.

2 .3 Transverse Impedance

The transversempedance ofthe induction cell was
calculatedusing the AMOSCode [4]. Cell damping was

beam. Seeeference [3]for an alternative approach. TheSimulated with ferrite, modeled after the TDK PEldded
simplest design would have been to locate the insulatori&tthe DARHT first axis induction cells, located in the oil

the outerradius of the induction cores. Unfortunately,
insulating materials, e.g. plastics, tltatuld befabricated
with the required large inner radius,presented an
unacceptable gas load due to the large surface area.

A shielded gap design, illustrated in Fig. 2, was used

it permittedthe insulator to b@laced at asmallerradius
(less surface areawhile preventingdirect line-of-sight

regionafter the insulator as shown in Fig. ad on a
small section of the outeadius ofthe core material (not
shown). The simulations results are shown in Fig. 3.

as 3 CURRENT DESIGN

The large radiugndlow B, transportfields needed to
match the beam from the injector into thecelerator

with the beam. Rexolite was initially chosen as thargued for increasing the accelerator bore in the first eight-

insulator materialbased on performance inperating,
short pulse (~100 ns), inductiomccelerators. However,
during long pulse, high-voltage testingerformed at
LBNL, a Rexolite insulatordid not fully recover after

cell block. Increasing the cell inner radius to 17.8 cm was
expected to reduce the impedance by half. See eq. 3.

Desire to reduce the length of the accelerator, while also
including more longitudinal space for beam diagnostics,
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encouragedompactness in the gap/insulator design. Thmakes an angle d80-45 with respect tothe insulator
current cell design, shown in Fig. 4, Haeenadopted for surface [5].The initial cell designtook advantage ofhis

both thelarger borecells andthe mainaccelerator. The phenomena. It isbelieved that the field stress in the
notch in the beam pipe wallownstream othe gap is a current design issufficiently low, < 35 kV/cm for the
recess fodiagnostics. Thiglesignwith diagnosticrecess main accelerator and < 30 kV/cm for the large lomis,

has about the same cross section as the initial design. that insulatorbreakdownwill not occur. All conducting
surfaces have field stress levels below 100 kV/cm.

350 F ‘ , \ \ ]
o Initial i R - 3.2 Transverse Impedance
@ B -‘,'! Current ) ] The transversampedance othe current inductiorcell
_rgcs 250 - R ! ol 71 design was als@alculatedusing the AMOSCode and
L = rY f ‘| Q E modeling the ferrite damping material as TDK PE11B.
E 2005 \ Y ) ,'\ ] The simulations resultare shown in Fig. 3.Modest
8 150 HE ) \ ~  lowering of theimpedance can bgeen at 200 MHz. The
o . o ‘A}\ / ' ] impedanceor the larger, 17.8 cnradiuscell is lowered
% 100 \{)' w)\,r) \ o E by about half, as expected, and shifted in frequency.
= =) N
>0 - /" Current-Large Bore ol 4 SUMMARY
0 “=— : : : : The basic induction cell design for the DAR&cond
0 300 600 900 axis acceleratohasremainedessentiallyunchanged from
Frequency (MHz) the preliminary “Long Pulse” option design. However, the

Figure 3.Calculated transverse impedances, Br the gap/insulator configuratiorevolved asthe engipeering
initial and current designsZor the first eight larger bore design ofthe acceleratormatured, comprehensiveeam

cells using the current design is also shown. dynamics simulationsvere completed and developmental
testing performed.Two gap/insulator configuratiortsave
Ferrite been proposed, a conservative desigth respect to the

Damper electric fieldstress on the insulat@nd alongitudinally
compact design. For both configurations, the first eight
cells have a larger bore, innedius of17.8 cm, than the
main acceleratorcells, inner radius of 12.7 cm. The
compact design is preferred, but the final selection will be
made after high-voltage testing of both designs.

5 ACKNOWLEDGMENTS

Diagnostic
3 | Recess A very large number of peoplassociatedwith the
///////////// o> DARHT program contributetbwardsthe cell design. In
o Solenoid Housing#4 « / particular, we thank D. Birx, R. Briggs, G. Caporaso, D.
PP ISy ) Prono, C. Peters, D. Vanecek, and G. Westenskow.
Cathode Side 6 REFERENCES

Beam Directio) =3

[1] H. Rutkowski, “An Induction Linac for theSecond
Phase of DARHT,” this conference MO2001

[2] Y-J Chen, “Study of th&ransverse Bearvlotion in
the DARHT Phase IlAccelerator,” this conference
TU4033

3 .1 Field Stresses [3] S. Sampayan, et al.‘High-Performance Insulator

Structures forAcceleratorApplications,” Proceedings

1997 ParticleAccelerator ConferencglEEE), New

York, N.Y. (1997).

J. Deford, etal.,, “The AMOS Wakefield Code,”

Workshop on Accelerator Computer Codes Los

Alamos, NM, January 1990.

[. Smith, Proc. First Int. SympDischargesandElec.

Insul. in Vac., MIT, Cambridge MA, 1964, p. 261.

Figure 4. lllustration of the insulat@and gap for the
current design. Equipotential lineare shown for the
vacuumand oil regions. Each line represents-20 kV
potential change.

The first step in arriving at theurrent designwas a
series of electricdield stress calculations usirfgoisson.
The current cell design, with equipotential lines plotted, i[z]
shown in Fig. 4. The angle of the insulator wiespect
to the equipotentials was the most significdeparture
from the initial design with respect to electrical field stres[%
management. Tests with relatively short puldese ]
determinedthat the maximumfield stress across an
insulator can be increased significantly if the eledteid
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