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Abstract the beam abort, implying that there is no severe constraint

. ._on the fall time.
SBitra]ar;_kt)ransger frgm tgle AGS to. RHIfCth'S Eerforr]meq "tq The risetime requirement suggested the adoption of a
gle-bunch mode. %lose spacing ot the bunches in rEfaansmission line structure. Using a CERN-type “plate-
collider requires an injection kicker with a rise time<090
nsec, suggesting adoption of a travelling wave structur
The required vertical kick of 0.186-m is provided by 4

kicker” is the quasi-standard solutio to achieve fast rise
%'mes[l]. Replacing its lumped capacitors by high-
. permittivity ceramic blocks promised to be simpler, more
magnets, each 1.12 m long with a 4&418.4 mm aperture é;,ompact, and thus more economical. Following con-

and operated at 1.6 kA. The kicker is constructed as a tepts contemplated at SLAC[2, 3], the original design for

cross section magnet, in which ferrite and high-permittivin{he RHIC injection kicker was generated by Forsyth, et
dielectric sections alternate. The dielectric blocks providgI [4]. The kicker R&D program with the results fro,m

Fhe capacity necessary fprthe nommally&’ZBharagtensﬂc half-length models demonstrated the viability of this solu-
impedance of the travelling wave structure, but impose tr}e

ractical imit on the peak voltage. and thus current. achie fon. However, it became evident that the specifications for
P b age, o Yhe RHIC kicker are at the limit of what can be expected
able. Computer studies to minimize local electric field en;

hancements resulted in a configuration capable of holdi fhom this type of kicker; furthermore sharp resonances in
~50 kV, with adequate safety margin over the nominal 4 e coupling impedance made appropriate design changes

. S Jo - mperative[5]. A modified design of the kicker core and the
kV. Equivalent circuit analysis indicated the poss'b'"ty.Of%evelopment of special tooling and fabrication procedures
20 Q) terminations without degrading the pulse shape. I en Tade the prod’}Jctlon. of full-size kickers for operation

: X : ) o In the “Sextant Test” possible.
this paper, the experience gained in the fabrication of the
production units and the results from various single-unit o P
tests and operation of four kickers with beam in the “Sex- - /y//: I

tant Test” are reported.

1 INTRODUCTION . L contanor

The design of the RHIC injection system was dominatec ' e
by the requirements of the strength and risetime of the fas Zi

kicker. The kicker has to provide a vertical deflection of ' N , !
1.86 mrad for beams with a/B= 100 Tm. The available *’ %
R L 4.2 478
N

o

64.1 |
free space for the four kickers limits their effective length to '
1.12 m each. Neglecting any contribution from the electric
field, the deflecting magnet field is required to be 415 G in- )
side the beam tube. This leads, with the horizontal apertur omerFframe e 484 ——{12.0]~—
of 4.84 cm, to the current requirement of 1.6 kA. The kick- Conductor
ers are each powered from a Blumlein pulser which is de-
signed for 50/22, imposing a characteristic impedance of
250 and a nominal voltage @£40 kV in the kicker. Inject- Figure 1: RHIC injection kicker configuration (Dimensions
ing beam from the AGS to RHIC is performed by singlein mm). Only the end blocks are slotted.
bunch transfer into stationary buckets of the acceleration rf
system at 24.15 MHz. Transfer of 120 bunches, as intended
in a design upgrade, requires filling of every third bucket, 2 KICKER CONFIGURATION
spaced 107 nsec apart. The ion bunches are expected to be ) ] o
<15 nsec long, leading to a risetime requirement (1 - 9% he kicker is configured as a “C” magnet with interspersed

of <90 nsec in deflection 045 nsec in current. During ferrite[6] and dielectric[7] blocks as shown in Fig. 1. On
the bunch length, the flat top requirementiid%, easily the top, there are 14 1in. dielectric and 15¢ 2 in. fer-
achieved with the 100 nsec long pulse. At the end of thet€ blocks. The field in the ferrite reaches here 2.13 kG

injection process, a gap efl usec will be left to facilitate @t the nominal 415 G in the gap. The ferrite in the sides,
although in principle continuous, must be assembled from

*Work performed under the auspices of the U.S. Department of Enerdl.5 in. long blocks to avoid eddy currents.
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The design objective of 40 kV across the 1.39 cm thickions and their experimental verification by tests on almost
blocks results in a nominal field of 29 kV/cm. This is belowa dozen half-length models. Tests were done on magnet
published values;-60 kV/cm, for similar dielectrics such cores with dielectric blocks ranging from 1.5 to the original
as sintered titania-rutil[8], or barium titanate[9]. However3 in. width while maintaining the same overall dimensions
the manufacturers of our materials provided no informatioand busbar geometry. The two-dimensional electric field
(or warranty) as to their electric breakdown limits. Thuslines and equipotentials in a cut through the center of the
prior to their assembly, all incoming blocks were tested imlielectric block is shown in Fig. 2.
Fluorinert between parallel plates to 60 kV with millisec
pulses. The test voltage for the dielectric and ferrite blocks 18 - | !
is thus 50% above the nominal design requirement. Ther %4 1 L
is reason to assume, that higher fields can be reached wi ' |
nanosec pulses, especially in the ferrite where eddy cul
rents play an important role.

The nominal electrical field of 29 kV/cm is also signif-
icantly below the reported electric breakdown strengths o
epoxy and RTV £300 kV/cm)[10]. Epoxy is used to form

14 Y -

E - FIELD ENHANCEMENT
o
|
T

6 - , .
the magnet core consisting of the ferrite/dielectric blocks 4 ! s . L
with the busbar (i.e. the inner conductor), and RTV is usec N e |
in the final assembly of the core into the frame. However, A oeLecTrics | Eroxy | FermiE

due to the large ratio afjici/€cpoxy ~ 30, correspondingly 93.03 s 004 —002 000 o002 004

larger fields can exist in an epoxy layer over the dielectric POSITION (CM)
and must be avoided. Prior to its final assembly the kicker

core is machine-ground with a diamond wheel to removeg. e . .
g E|gure 3: Electric field components on a line in beam direc-

any epoxy from th'e surface and to assure direct contact th%n through the dielectric block (at left), the epoxy layer.
an indium layer with the frame.

and the ferrite block (at right).

The boundary conditions of the time-varying electric
components of the TEM mode in the kickers are identi-
cal to those of two-dimensional static electric fields. Thus
the electrostatic field computations with the OPERA-2 pro-
gram provide correct results for the pulsed electric fields at
the center of the blocks, and a good approximation over
a large fraction of the blocks. However, the fields at the
ferrite-dielectric interface are three-dimensional and have
been addressed by separate computations. The electric
field components on a line in beam direction through the
blocks at the location of the peak field is shown in Fig.
3. The results confirmed the assumption that the distur-
bance due to the epoxy layer is highly localized and that the
fields are essentially two-dimensional in the blocks. The
three-dimensional peak field enhancement in the dielectric
blocks of the present design were found to be 3.5 at the

. e . . . corner versus the 2.2 at the center.
Figure 2: Electric field lines in a cross section at the center

of the dielectric blocks.
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3 KICKER PERFORMANCE

Searching for a solution which minimizes local field en-As of today, six full-size production kickers have been
hancements while retaining a maximum capacitance leadbwilt. The first four were assembled with MCT-100 blocks
an extensive experimental and theoretical R&D programesulting in a characteristic impedance of 286 Start-
Electrostatic computations using the OPERA-2d progranmg with kicker #5, MCT-125 blocks were used in order to
were performed to establish the peak electric fields am@duce the impedance t025€).
their location in the core. The design was optimized by Direct measurement of the kicker performance without
focussing on the geometry of the dielectric block and thbeam is effectively limited to the current in the termina-
details of its contact with the busbar, established by a #lon load and the Blumlein charging voltage, but its value
mil indium layer. The obvious ideal condition is a dielec-is not rigorously equal to the voltage at the kicker input
tric block between two infinite parallel plates, but find-end. Half-length models were tested at 50 kV fotM
ing the best approximation required numerous computaulses without degradation, and all production units are
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verified to reach the nominal 40 kV. In the Sextant Test, 4 ACKNOWLEDGEMENTS
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Figure 4: Load current.
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Figure 5: Load current with “after pulse” at 850 nsec.
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