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Abstract of the accelerating cells (Fig.2). Calculations with the
The eigh lerat s for the [TS | ind . code SCHAR showed that the QIF would have a
e eight accelerating cells for the Inéar in UCtIOHegligible effect under the conditions of the design tune

accelerator (LIA) are driven with two - lines at but might lead to significant emittance growth and beam
250 kV for 60 ns. The wall return currents for the 4'k%53&mmetry under other conditions

beam then pass through_ these lines, _generatmg a wea | ACCELERATOR
steady-state quadrupole field of ~ 3 G integrated strength , GAP

on axis, which causes a small asymmetry in the nominally—e=, >
round beam at the linac exit. Beam-dynamics simulationsg (1
with the particle-tracing code SCHAR show that if
uncorrected, this would increase the beam emittance at the
end of the DARHT 20-MeV linac, therefore quadrupoley
corrector coils (QC) were added to each cell, in additian
to the existing dipole steering coils. Measurements of tl
asymmetry of the ITS beam as a function of excitatign |/
current of these corrector coils are in good agreemefit

with simulations, giving confidence that there will be 0 10 20

negligible emittance degradation from this effect for DRIVE ROD cm

DARHT. Fig.2 ITS accelerating cell geometry
INTRODUCTION Our cell uses two drive rods to supply cell voltage.

The DARHT acceleratoris designed to produce a 20-This symmetry eliminates dipole fields produced by the
MeV, 4-kA beam of 60-ns duration, focused to abogtrive rods, which each carry, (+ i)/2, where j=4 kA
1-mm diam on a tungsten target for flash X_ragnd ferrite current ¥ 500 A, both approximately constant
measurements of explosive shots. Focusing (by solenoidgjing the 60-ns pulse. We desighethe cell for
and acceleration are axisymmetric, therefore the be&hnimum transverse impedance and discovered during RF

should always be round. However, in initiameasurement®f prototypeshat the normally degenerate
TM,,slike modes were split by ~ 100 MHz by the rods

coupling into the drive lines, reducing the frequency-
averaged impedance by about half. Four drive rods would
eliminate the QIF but at the cost of higher transverse
impedance.

The integrated strength=bjgdz, with g= V, B, of the
QIF can be estimatély assuming that the wall currept i
crosses the gap w = 1.9 cm, half agfd half at 180 at
=] [ distance D =23.3cm from the axis, leading to
b ~ {Zw/2rncD’ = 0.70 G/KA. Calculatioriswith the 3-D
code BTEC, using ferrite permeability 250, give b
= 1.0 G/KA, or 0.77 G/KA without the ferrites. Each cell
already had a Lambertson-type dipole steering pair for
beam alignment, so we added a quadrupole corrector
(QC) circuit to the printed-circuit foil. Since the
Fig.1 Layout of ITS for quadrupole experiment  quadrupole strength depends only on beam current, which

measurements on the ITS prototype (layout shown f%czn:;inéézrggg?ot:§||lt'ﬂzc@ap single power supply of

Fig.1) we found significant asymmetries after acceleration . : . .
) . : : The single-particle dynamics for continuous
through the first block of eight induction cells, lenoidal field B and d | di f b
. . . splenoidal fie and quadrupole gradient g for a beam
particularly with weak focusing transport. The source of. . . P
. . .Without acceleration give X =ky'+Gx and
asymmetry is presumably a weak quadrupole image fielg _ (k¢ +gy), where k=B/B and G =g/

(QIF) produced by wall return currents into the drive ro%ombining these leads to y™ + %' -Gy =0 and
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similarly in x, the solution to which is exgik), whereQ® these beam parameters. All of the data were taken with
= K+(k*+4G)". Thus, there is exponential growth unlesthe same micro-channel plate gain and on the same Al/K
G =0. With g ~3 G/43cm and B ~ 2 k& ~+1/20 cm, surface. As a result this data is internally consistent.
+i/286 m. The accelerator length L for DARHT is 32.2 m, Contour plots of the electron beam distribution
making the exponential growth factor only ~ 1.linferred from OTR measurements as a function of
Emittance calculated with SCHAR grows very rapidlguadrupole magnet current are shown in Fig.4. The inner,
with quadrupole strength but is low at the nominahtermediate and outer contours correspond to 10%, 40%
strength, in qualitative agreement with this simple modelnd 80% of the peak intensitgeam distribution data at
The QIF changes the beam angle r &y ~ br/Bp per each of the quadrupole currents is analyzed to obtained
cell, which should be made small compared with thtbe rms radius and then the image is rotatet! drtd
thermal spreadd ~ ¢/pyr, leading to beam radiusreanalyzed to obtain the rms radius. This process is
r<< (me,/eb)” = 7 cm for 4rms normalized emittance continued through 165 The result is the rms radius vs

= 0.14r-cm-rad. For DARHT, r varies from about 1 cm a@éngle for a single beam-pulse distribution. The ratio of

injection to 0.5 cm at the exit, well under 7 cm. minimum to maximum of this rms radius vs angle is the

experimental ellipticity, obtained for each QC setting,
EXPERIMENT plotted in Fig.5.

For this experiment, the QC were added to cells #5-8"®

only. The QC location (Fig.2) is close to the accelerating 0% Ty

gap but displaced by one cell, hence in operation the firstys A TS A

QC in DARHT will probably not be used. A field map of / \\(\

the QC in the cell showed that its strength was increased ,/// \

~60% over the air value to 1.1 G/A. We operated a®* [~ |77 N

eight linac solenoids at 140 A, about 500 G peak and lesg /j 4 \ .

than half the design value, to make the beam radius largef,, ] %4~ \

to enhance the QIF effect. All four QC’s were operated in o 7 a5 araton of ity uif e oomecor o) 1 NG

series over the their maximum range20 A. The injector ' [ [ I [ [ g N

was operated at 3.55MeV, 3 kA, and the accelerating®® =~ -~~~ . AR AR NS

cells were operated at 214 kV each, giving 5.26 MeV Quad Corrector Current (A)

final energy. The SCHAR ellipticity at the target (solid curve,

‘A line schematic of the experimental set-up fofjq 5) s slightly higher than the minimum (dashed curve)
optical measurement of ellipticity is shown in Fig.3. Thg fewy cm before the target. In SCHAR we used a
electron beam is focussed on qu@-thick aluminized cajipration for QC of 89% of the measured and for QIF of
Kapton (AI/K) detector that is located 64.2 cm from thg 77 G/kA, 75% of the BTEC-calculated value with
center of the final focus magnet. The beam interacts Wirites. Possibly the properties of the ferrites change in
the foil to produce optical transition radiation (OTR). Thighe presence of the solenoidal focusing field, or on the
visible light is imaged on the photocathode of a gaigf.ns time scale the values are different from those

microchannel plate (MCP). The MCP is gated for 20 Rgsymed. In spite of these differences, the measurements
and timed to be in the center of the 60-ns flat-top of th@em well explained by SCHAR.

beam pulse. A cooled ccd camera interfaced to the MCP
is used to collect the image data. The rms beam diameter CONCLUSIONS

was typically 15 mm. The targets were not damaged f\%e have shown that SCHAR predictions adequately

45 MIRROR match the measured ellipticity of the beam in ITS as a
5 TO GATED CAVERA function of quadrupole corrector current. For the 4-kA
matched tune for DARHT, SCHAR predicts ellipticity at
OPTICAL TRANSITION the target of ~ 0.97 without using the QC and 0.99 with.
1) Emittance growth is <4% in either case. For beams
5.0 7‘““ ybow mismatched by 50% at the linac entrance, ellipticity
b) | decreases to ~0.90 without and 0.96 with the QC.
ram CARBON Calculated emittance growth is then about 6-12%,
. /CRAPHB‘[gCEEAM independent of either the QIF or QC. The dominant
f predicted quadrupole effect is therefore a barely

¥
D ELEGTRON BEAM L

s observable ellipticity.
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Fig.3 Schematic of OTR measurement
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Fig.4 X- and Y-plane beam contours at OTR target vs QC current
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