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Abstract 2 CONFIGURATION AND DESIGN
The acceleratorfor the second-axis othe Dual Axis PARAMETERS FOR DARHT I

Radiographic Hydrodynami@est (DARHT) facility will The accelerator iarranged ineleven 8-celblocks with
accelerate a 4-kA, 3-MeV, 2s long electron current pulsepumping portslocated betweermell blocks. About one
to 20 MeV. Theenergyvariation of the beam within the hundredsolenoidsare used taransport the beamThree
flat-top portion of thecurrent pulse is + 0.5%. The different cell configurationswere used inthe transport
performance of the DARHT Phaserddiographic machine simulations. Two configurationare for a beam line
requires the transverse beamotion to be much lesthan aperture 025.4 cmand differonly in the insulator/gap
the beam spot size which is about 1.5 rdiameter on design of the cells. The final configuration hasaaer,
the x-ray converter. In general, theading causes of the 35.6 cm, aperture for the first 8-cell block followed by ten
transverse beammotion in anaccelerator arghe beam 8-cell blocks with a 25.4 cm aperture.

breakupinstability (BBU) andthe corkscrewmotion. We
have modeled the transverse beawtion in theDARHT
Phase Il acceleratorwith various magnetic tunes and
acceleratorcell configurations by using thBREAKUP
code. The predictedsensitivity of corkscrewmotion and
BBU growth to different tuning algorithms will be
presented.

To achievethe performance criteria of x-ray dose and
spot size, thenormalizedLapostolle emittance (95% of
beam current) athe x-ray convertehas to be nagyreater
than 1500m=mm-mr, and the transverse beammotion
should be nogreaterthan 10% of beam radius. The
designed beam parameters are:

1) current of 4 kA in a s pulse with 200 ns rise time,
2) energy at the injector exit of 3 Me¥ 0.5% increasing
1 INTRODUCTION to 20 MeV+ 0.5% at the accelerator exit, and

Transport simulations of the beam from the exit of th®&) emittance (4 x Lapostolle emittance) at the injector exit
injector to the accelerator exit have bemamformedfor the of 500 Temm-mr increasing to less than 10@@mm-mr
second axis of the Dual Axis Radiographigdrodynamic at the accelerator exit.

Test (DARHT) facility [1]. The motivation for

performing these simulations was to estabéslgineering 3 BBU INSTABILITY AND
tolerances and design criteria to ensinag theDARHT-II TRANSVERSE IMPEDANCE

facility meets performancegoals. These goals are to The beam breakuinstability arises from thebeam

produce four 60-ns long pulseseach with a .t|me interacting with theaccelerating cells’ dipole TM modes.
integrated x-ray dose of 1000 R at one meter, with a 1 - . .
T : e transverse impedance is a measurement of the strength
mm time-integrated x-ragpot. Transversanotion of the . . o
; . A ; L . of the interaction. As the beam axis is offset from the
beam is a principle limitation in achieving ttdesired : . :
) cavity axis, thesenodes extract energiyom the leading

accelerator performance. Leading causesheftransverse -
beam motion tvoicallvare the beam breakumnstabilit part of the beanand deflecthe trailing part of thdbeam

ypicallya m y transversely. This instability typically sets the uppanit

driven by injector noise and misalignments,and the L
) L for a transportable beam current and the lower limit for the
corkscrew motion [2] caused by misalignments and facusing field

chromatic aberration of optical elements. In this paper, we
show that bothcorkscrew motion and misalignment 3 .1 Equations Governing BBU
driven beam breakupinstability can be controlled
effectively by using the corkscrewtuning V algorithm The BBU instability is a convective instability. For the
[3].We have alsoexamined growth of beambreakup misalignment driven beam breakupinstability, the
instabilites in these cells for variousaccelerator Maximum number ofe-fold in the beam breakup

configurations. instability growth is given by
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and the peak growth will occur in the pulse after a time
T = 20Q/w, @

where | is the beam current, = 17 kA, Z; is the

transverse cell impedance for tBBU mode frequencyw,.

The gap separation is andthe acceleratodength isL.
For an electron bearpulse with a long rise time, the

rapid increase in magnetic fieklows theBBU growth as
seen in equation (1).

The DARHT-I alignment specifications iexpected to
produce a corkscreamplitude of severahillimeters by
the end of the accelerator without corrective measures. The
“tuning-V” steering algorithm haslemonstrated aworder

beam breakup instability driven by misalignment starts & magnitude reduction in corkscrew othe ETA-II

grow at the head of the puls@admay notpropagaténto

accelerator. Irthe simulationsdescribedbelow, only one

the flat-top portion of the pulse before the beam leaves #i€ering coil per 8-cell block wased toimplement the

accelerator. Therefore, the beam breaiagpability driven
by misalignment is generally not a threat tARHT-II

pulse with long rise time. In contrast, the bebreakup
instability driven by injector noise would appear
throughout the pulse lengtBBU growing from injector
noise a significantconcern for the DARHT-II beam
transverse motion.

3 .2 Transverse Impedance

Three DARHT-II acceleratocell configurationshave
beendesigned [4].The configurationdiffer primarily in
the geometry of the insulat@andaperturesize. However,
only the impedancand frequency ofhe primaryresonant
modesare requiredfor the purpose of thesimulations.
Table 1 lists the pertinent cetlharacteristics for BBU
calculations. Note that = cZ-/w,. “Initial” and “current”
refer to the insulator/gap designs under consideration.

Table 1: Impedances of different cell configurations

Design Frg. (MHZz) Z/Q (Q) Q
Initial 262 34.9 2.0
(25.4 cm ID) 580 1.1 7.2
672 3.9 6.9
Current 200 37.6 1.9
(25.4 cm ID) 535 7.3 3.8
Current 171 25.4 2.0
(35.6 cm ID) 443 4.3 4.2

4 CORKSCREW MECHANISM AND
TUNING STRATEGY

Corkscrewmotion is adifferential oscillation of the
beam centroid between the leademgd trailing portions of
a beam pulsedriven by chromatic aberration of the
focusing elementand misalignment of the machine. The
DARHT-II accelerator'salignmentrequirement is to meet
the alignment specification of the first axis DARHT
accelerator’'s: random 8-magnetic tilt to be 1.9%nrad
andrandom 3e magnet offset to b8.45 mm.There are
about onehundred of solenoids with steering/correction
coils along the DARHT-II accelerator.

The magnetic tune was chosen to focus dfextron

beam from an 8 cm radius at the exit of the injector to a 6

mm radius as rapidly agossible without adversely
affecting the current distribution. The 6 nradius is then
maintainedthrough theremember ofthe accelerator. The

steering algorithm.

5 SIMULATION RESULTS

The BREAKUP code was used to model the beam
centroid’s transverse motion in tiBARHT-II accelerator.
Both motion due tothe BBU instability and corkscrew
motion wasincluded. Three differentonfigurationswere
simulated. The gain factor, a figure of merit for BBU
growth, is defined as BBUamplitude divided by the
injector noise amplitude. The goal ishave again factor
< 20, or 3 e-folds based on an injector noise amplitude of
100 microns. The goal for the amplitude of thensverse
motion, including corkscrew and BBU, is 0.6 mm.

Examples of the simulation results for misalignment
errors are shown in Figuresahd 2. The beam pulse was
simulated for 350 ns including a 200 ns rise time. An
energyvariation of+5% was imposed on the 150 ns of
flat-top to model theeffect of corkscrew orthe longer
2-us pulse. Two observationsan be made from the
results. First is that thBBU motion, the fast oscillation
at the start of the pulse, extends only a sHmtanceinto
the pulseand isinsignificant compared tothe corkscrew
amplitude. Second, the V-tuning steerirmprrection
reducedthe corkscrew amplitude by over arorder of
magnitude. The effects of injector noiaed misalignment
are shown in Fig. 3. The BBU motiaxtendsthroughout
the pulse asxpectedwhile the corkscrewamplitude is
relatively unchanged from the no noise case.

3.6

3.2

N T T T T T T

2.8}
2.4}
2.0f
1.6}
1.2}
0.8F
0.4}
0.0 L.

Transverse Motion Amplitude (mm)

PN ETEE BE EUT SN BEN BN IS S G A BT A G A

220 240 260 280 30 320 34
Pulse Time (ns

Figure 1. Simulated transverse beamntroid motion
driven by misalignments with no steering correction.
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The secondconfiguration modeledconsisted ofeleven
8-cell blocks with anaperture 0f25.4 cmand used the

3
£
o 0.241 “current” cell impedance parameteResultsare shown in
=]
2 220, Table 3.
(o .
g Table 3. BBU growth for “current” accelerator cell design
0.16: - -
5 - Mode Frequency Gain Factor at | Gain Factor at
g 0.12: (MHz) exit of 1st accelerator exit
) block
0
5 0.08
g 200 3.1 34.3
& _
£ 004 535 3.1 34.3
0.00"——— Corkscrew amplitude at accelerator exit is 0.24 mm.
220 240 260 280 300 320 340
Pulse Time (ns) The third configuration modeled consisted d3m6 cm

aperture8-cell block followed by ten 8-cell blocks with
apertures of25.4. All cells used the “current” cell
impedance parameters. Results are shown in Table 4.

Figure 2. Simulated transverse beamntroid motion
driven by misalignments with steering correctiordote
the change in vertical scaling from Fig. 1.

0.24p—+——T——T——————7—— Table 4. BBU with larger aperture first 8-cell block
g — Mode Frequency Gain Factor at | Gain Factor at
< 0.20 { (MHz) exit of 1st accelerator exit
E block
'S 0.16{
E 170 1.9 12.2
5 012 200 1.5 10.7
o |
f 008 1 Corkscrew amplitude at accelerator exit is 0.16 mm.
@ 0.
[ i
2 0.0af | ] 6 SUMMARY
= s ‘ i Corkscrew motion can be kept well within design goals
0.00" : for the expected accelerator misalignments by applying the
220 240 260 280 300 320 340 V-tuning algorithm. TheBBU instability growthrequired
Pulse Time (ns) the lower impedance characteristics associateith the

Figure 3. Simulated transverse beamntroid motion larger apertureells to stay below thdesiredgain factor.
driven by misalignmentsand injector noise. V-tuning A possiblefactor not considered inthe BBU growth is
steering corrections used. loss of the low energhead ofthe beam. Thisvould lead

to a fasterrise time as the pulse travelown the
below. Eor all cases. the simulatioriscluded both acceleratorThe gainfactorwill remain the same, so the
misalignmentand injector noise. The gaifactor at the ISSU€ 1S th_e magmtm_je (.)f the shock e>_<C|tatiqa t_o the
end ofthe first 8-cell block is listed in the results toShort rise time af_‘q mlsallgn_ments. If this excitation is no
emphasize the effect of the low focusing fields at the st{igtorr:gir:hv‘?ir,:hi;hzelsrzjenCto(;alr]SO|se’ tHiEBU growth should
of the accelerator. The first configuration modeled gng '

consisted of eleven 8-cell blocks with aperture 0f25.4
cm and usedthe “initial” cell impedance parameters. 7 ACKNOWLEDGMENTS
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Mode Frequency Gain Factor at | Gain Factor af
(MHz) exit of 1st block| accelerator
exit

Results of thdifferent configurationsare summarized
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