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. INTRODUCTION canachieve a flux of 136 gauss that gap. Tadevelop the
required kick, a magnetic length of 2.5 meters is required.
In order to maximize thefficiency ofthe injection To achieve a reasonable rise time, three 83.3 cm long kicker

processinto the Mainlnjector Ring, thebeam gap required Magnets are used.  The inductance as calculéted
for the extractiorand injection kickers can be reduced. A@perture dimensions is 598 nHThe field propagation time
switching magnet which will achieve full fieldithin 1% on through the magnet can be calculated from the inductance
the order of 30 to 40 nSec is requiredaihieve efficient and the characteristic impedance as:

transfers of beanbetween Boosteand theMIR with the T =L /Z =598/ 25nSec 24 nSec
removal of only one bunch frorthe Boosterring. The P m- o i )
magnet designed to perform this task is 8 2&velingwave N Order to operate as a travelingwe magnet, capacitance
devicewhich reaches its full field of 136 Gauss in 30 nSeflUSt be presemetwegmhe h|ghvoltage conductoand -the
The field isdeveloped across aperture of 102 mm, 51 mm 9f°“”‘?' pIang. To achieve an impedance &,25e required
in width, by a pulse current of 1200 amps. To minimiZ&APacitance Is :

reflections, the termination resistbas become arintegral Cm - |_m/ Zg =598/ 28 nF=. 95F

part of the magnet structure. The magnet parameters are summarized in Table 2

Il. DESIGN PARAMETERS Peak current - 1200 A

Field at peak current - 136 G

6 batches of 8 GEV beam will be injected vertically Impedance - 28
into the MIR from the booster.The trajectory ofthis beam Gap height - 111.1 mm
must be bent upward 1.05 mR to place it on the equilibrium Gap width - 63.5 mm
orbit of the MIR. Riseandfall times arespecified toinsure Magnetic length - 75.8 cm
that the circulatingpeam is not disturbed ke transition Field rise time - <30 nSec
field at the beginningnd end of theulse. Relevant design Inductance - 598 nH
parameters are listed in Table 1. Capacitance - 957 pF

Field flathess on mid planet1%
Beam aperture - 101.6 mm (H) x 50.8 mm (V)

Kick angle - 1.05 mR vertical Table 2

/Bl - 340 g-m

Field rise time - <50 nSec . The magneuses "C" shaped ferrite pole pieces to

Field fall time - <150 nSec efficiently guide the flux into the gap. The material is

Field flattop - 1.60 nSec CMD5005 which was chosen after extensive tedtinghe

Field flatness4B/B) - +1% dimensions have been chosen to minimize the time dependent

Repetition rate - 15 Hz reluctance drop in the ferritand to maximize thélux
penetration into the ferrite material. The propagation

Table 1 velocity of the magnetievave which penetrates the ferrite

poles of the magnet can be calculated for CMD-5005 using:
To meet these requirements, three independent

kicker systems will be employed. Onpaactical basis, the Vi =3x10°/ Jue = 3x10/ 100& 12 2 74 fan Sec
operating voltage fothe magnet is limited by the pealsince the width of thpole piece is 0.75 inches (.0191m), the
voltage to whichthe cable PFL may be reliablgharged in resonance would be 72 MHz which is above the magnet cutoff
order to achieve a reasonable PFL lifetime. We have foureljuency. Nahaping of thepole tips is necessary to obtain
that operating thé®>FL at 60 kV provides longevity of thea field flatness of 1 % on the mid plane.

cables. If we choose a Q5systemthen thepeak current is

1200 amps. With a gap of 111.1 mm between pole tips, we [ll. Magnet Design
* Operated by the Universities Research Association, Inc. Each magnet is made up of 24 feritele pieces 1
under contract with the U.S. Department of Energy. inch wide and spaced .250 inches apart. In order to distribute

the required capacitance along the axis of the magnet, "Z"



plates are installed along thHegh voltage bus extending natural resonanfrequency ofthe

between consecutive pole pieces to foparallel plate

capacitors with the ground plane. Thiskown in Figure 1.

individual cells which
degrades the transient performance of the magnet. To negate
this effect, cross couplingindings have been addedtween

Each of these capacitors in addition to the stray capacitandgcent pole pieces to act as a shotted on thispseudo-
of the high voltage bus provides the required 40 pF per celinducto?. A window is provided in each "Z" plate to

achieve the 28 characteristic impedance..

Ferrite pole pieces with "Z" plates installed
Figure 1

The displacement current whicflows into the
capacitors formed bthe "Z" plates must padsetween two
adjacent ferrite pole pieces which greatly increthgeseries
inductance of this capacitor. This inductance lowers the

Pole pieces with cross-coupling and "Z" plates
Figure 2

accommodate these windings as pictured in Figure 2. The
windings are .002 inchdhesive backed copper foils bonded
to the ferritepole pieces. Copper straps 0.186h in width

are soldered to these foils to providee interconnections.
The effect ofthese windings is striking as seen by comparing
Figures 3aand3b. We have also fourtiatnearly twice the
calculated shunt capacitance is necessary to achieve the
required impedance of 26 without the cross coupling
windings.
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NormalizedBdlI and field with cross coupling
Figure 3a
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Normalized/Bdl and field without cross coupling
Figure 3b

The 2% load consists otwo stacks of 10 - 8
resistive washers clamped in a coaxial housing. The
clamping force of 1500 Ibs.required to interface these
washers is provided by aidch diameteiG-10 rod with 3/8-

16 Keenserts installed witbpoxyinto each end. From a
heat dissipation standpoint, th@rst case operating scenario
is a burst of 6 pulses onewery2.4 seconds.This requires
that175 watts be dissipated in the load. Although foliver
tests have not been performed on this magegpreliminary
heat transfer calculations indicatbat we canexpect a
temperature rise of°@. Thetwo stacks ar&onnected to the
high voltage bususing louvered contact bands as shown in



Figure 4. Wide bandurrentviewing resistorare provided
on each load resistor which have sensitivities of 5 mv/A.

We had originally planned touse commercially
available connectors to couplee RG/22Qablesinto the
magnet, but tests on the figtototypeindicate unacceptable
reflections due toheir highinductance At this point, we are
examining ways to modify these connectors into a low
inductance device.

Proton Injection Kicker magnet
Figure 5
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Load resistor and Resistive Washer
Figure 4 References

The magnet andoad resistor assemblgre potted
with Sylgard 184 clear silicone rubberThis material has
reasonable heat transfer properties, a dielectric strength o
450 volts/mil,and arelative dielectric constant of 2.7. Sinc
the potting compound alserves ashe "Z" plate capacitor
dielectric, the required spacingetween "Z"plate and the
cover is0.260 inches which puts a nominalltage stress of
125 volts/mil in the potting material at full voltage.

The magnet which is shown in Figure Has a
physical length of 40 inches. The B2h ceramic beantube
hasbeen recycled from a previous kickenich has thesame
aperture.

1. Jensen, C. et al., "Comparison of ferrite Materials for
ulse Applications", IEEE Transactions on Magnetics,
Vol. 31, No. 1, January 1995
. Dinkel, J. et al., "A Precise High Field Injection Kicker
Magnet for the Fermilab Tevatron", Ninth IEEE
International Pulsed Power Conference, June 1993



