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Abstract

In this paper, results from impedance measurements on tt
RHIC injection kickers are reported. The kicker is config-
ured as a “C” cross section magnet with interleaved ferrite
and high-permittivity dielectric sections to achieve a trav-
elling wave structure. The impedance was measured us
ing the wire method in which a resistive match provides a
smooth transition from the network analyzer to the refer-
ence line in the set-up. Accurate results are obtained b
interpreting the forward scattering coefficient via the log-
formula. The four kickers with their ceramic beam tubes
contribute aZ/n = 0.22 Q/ring in the interesting fre-
guency range from 0.1 to 1 GHz, and less above. At fre-
guencies above 100 MHz, the impedance is ferrite dom-
inated and not affected by the kicker terminations. Below
100 MHz, the Blumlein pulser with the 75 m feeding ca-
bles is visible in the impedance but makes no significan
contribution to the results. The measurements show that th
kicker coupling impedance is tolerable without the need for
impedance reducing measures.
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1 INTRODUCTION

The RHIC injection kicker is configured as “C” cross

section magnet with interspersed fertitend dielectrié outer F/rame 484 139 <—

blocks as shown in Fig. 1 The deflection properties of the Conductor

kicker are dominated by the magnetic field and thus by the

ferrite properties and its geometrical configuration. The di-

electric blocks provide the capacitance required to achievdgure 1: Geometry of original (bottom) and modified (top)
a transmission line kicker and to reduce the charcteristf8HIC injection kicker design.

impedance so as to match the@2%f the Blumlein pulser.

The longitudinal coupling impedance of a half-size
kicker model was previously measured by Mane €wath
the results raising some concern due to the presence of

sharp.reso.n.ances |n.tr_1e GHz region. A more extensivg,q coupling impedance of the kicker system was mea-
study identified the origin of these resonances as local resQsjred with the existing bench setup for wire measurements
nances in the dielectric blocks exposed to the béamthe previously used and describédyut now using the wire
modified kicker configuration, the resonances were coMathod in which a resistive match provides a smooth tran-
pletely suppressed by removing the dielectric blocks at thgion from the 500 of the network analyzer to the char-
sides and replacing them by ferrite. The two kicker very eristic impedance of the reference line in the sétup
sions are shown in Fig. 1. The advantage of this method stems from the simplicity
In this paper, measured results for the longitudinal cowf its calibration procedure and the fact that a sufficient ap-
pling impedance of a half-size injection kicker model, botfproximation of the results for the impedance in terms of
free-standing as well as part of the kicker system witheal/imaginary or amplitude/phase is directly provided by
Blumlein pulser, are presented. the network analyzer and can be plotted without post pro-
cessing. However the results quoted were obtained using

*\Work performed under the auspices of the U.S. Department of Enerd§?® more accurate “log-formula” appropriate for distributed
t Present address: LBNL, Berkeley, CA 94720 systems.

2 WIRE MEASUREMENT OF THE COUPLING
IMPEDANCE
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The measurements were performed with the Hewlett ., 2. ram re 100 U/ REF 0 U
200 U/ REF 0 U

Packard Network Analyzer 8753C connected to the S [s= . B ]
Parameter Test Set 85078A. The characteristic impedanc* &~~~ A R
of the connecting reference waveguides was measured ¢ “°" | - RN ?
rectly to beZ,.r = 165 €2 by shorting the output port of a T ] ,7" ~
waveguide section, for which the inputimpedance become —— S I O\
N i o \/\
Hid | ~—— Pl N
T f L . g . \%
Zi” = Zreftan 5 CH2 Z: T&M Im 100 U/ REF O U
Taa S RO R BN B ‘ol . '
Matching the 5 of the network analyzer to the 165 _ “’ B W ‘ \"w“ *V,\T
Q of the reference line is achieved by adding at the inpui - R T\d
port, a parallel resistor 0£59.9(2 and a series resistor of i_"i,/'_,l N S R A O
137.7 which provides forward and backward matching. M»f«""ﬂ e NG S B
At the output port, a series resistor of 115 Q provides "¢ = i ; i i S j 3
forward matching. The frequency dependence of the car  sranr .06 c60 mriz " gt6r "3 605,000 008 Mis

bon resistors and stray inductances/capapcitances destroys

the match at higher frequencies, but is corrected by the cal-

ibration procedure. Figure 2: Comparison of impedance of kicker with and
The coupling impedance is obtained from the change iwithout beam tube.

the forward scattering coefficiesh;pyt with respect to

the reference system wit¥y .o = 1 if properly calibrated.

In the case of a single lumped disturbance, the couplir@

impedance is obtained by the well known formula

pedance. It has been verified, that this problem is caused
the use of the hp formula and can be corrected via the
log-formula.

(1 — So1pur/Saires) The results for the kicker system impedance are at fre-
quencies above'100 MHz independent of the port termi-
nations and can be summarized by the impedance values
which as a first approximation can also be used in the casath beam tube of

of a distributed impedance such as the kickdihis for-

mula is used by thép network analyzer and is quite useful |Z/n| = 0.22 Q/ring

in an exploratory study involving distributed impedances.

However, if accurate results are required, at least the “logind without beam tube d¥Z/n| = 0.14 Q/ring, in the

Iy = 27 e
h ! (S21pUT/S21ref)

formula” range up to~1 GHz, but lower at higher frequencies. Note
Ziow = —27,0¢In So1puT that the impedance is resonance free in the measured region
o8 T S trer up to 3 GHz. The low-frequency end is discussed in the

in which the scattering coefficients are complex quantitie@ext section. ) ) o
should be used"? although itself an approximation, it is Overall, one finds that the impedance contribution by the

extremely simple to use and sufficient in the present appﬁojection kicker is tolerable without the need for special
cation. impedance reduction measures such as a low-impedance

(R-square,Rs, ~ 1 — 10 Q) coating. A low-impedance
coating can limit the rise time and cause arcing at higher
fields. A high-resistance coatin@®(, ~ 1M ) will not
reduce the coupling impedance but is required to prevent
The RHIC injection kicker system consists of four sepelectrostatic charging of the beam tube, and will be pro-
arate units, each 1.12 m long with separate pulser. Tivided in the RHIC kicker.

impedance measurements were performed in a half-length

model with pulser and then extrapolated to the totaly | ow FREQUENCY COUPLING IMPEDANCE
systemi® The kicker will operate in air and thus requires a

ceramic beam tube, the dimensions of which are 47.6 mit frequencies below~100 MHz the ferrites have low
0.d. and 41.3 mm i.d. Insertion of the ceramic beam tubl@sses and the kicker acts as a transmission line magneti-
into the kicker increases the capacity b2% and thus cally coupled to the beam. As a result, the kicker termina-
the impedance by only 1%. The coupling impedance dfons and in particular the pulser with the/5 m long con-

the kicker system, that is with the output port terminatetiecting cable become visible in the coupling impedance, as
and the input port connected to the pulser, has been mesgen in Fig. 3.

sured with and without the ceramic beam tube. The hp Nassibian and Sachetérhave theoretically analyzed
impedance for both cases is compared in Fig. 2. Inspethis situation, but their results were limited to fully termi-
tion of Fig. 2 shows an unphysical negative real part of theated kickers and a later report by Nassibfagave only

3 THE KICKER SYSTEM WITH CERAMIC
BEAM TUBE
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expressions for the real part of the impedance. A gendonger the ideal lossless, uniform transmission line and a
alized derivation of the longitudinal coupling impedancemore general treatment, for example based on equivalent
valid at “low” frequencies, is presented in an internakircuits, is required?

report!® The kicker is still treated as a transformer-coupled

uniform transmission line, but the constraints on the ter-e~: z: 1sm A« s u/mer o u 2 4.1517 U
minations are removed. The kicker is defined by its char- R S e
acteristic impedanc&x and the wave numbeétx, both
beam-independent parameters measurable directly on tt ="
magnet. The generalized theory of the coupling impedanc

has two additional free parameters: (1) the mutual in- AR T T e
ductanceM and (2) the “self”-inductance of the beam " I L i
L. The values of these parameters are obtained fror

“wire”-measurements, using the theoretical expressions fo cvz z: tem __ 1m 5u/REF ou & 10.818 U
their interpretation. As intuitively expected, the “self”- ' 285,808 79 Mz

inductance of the beam follows from the results for the I |
kicker open at both ports. The mutual inductance is ex- =" T
pected to be '

1
M = §LK(1 +z/a)

Hid

with L the kicker inductancey the kicker half-aperture START 4 Khz
andz the displacement from the center towards the bus bar.
For a centered beam, one hes= L /2.

The general expression for the coupling impedance Bigure 3: Low frequency coupling impedance of kicker
best handled via the computer program MACSYMA. Thesystem (rapid oscillation) and free standing kicker (smooth
case of one port terminate®,, = Zx, and the input port curve).
represented by the general impedafge= R + j X is of
practical importance, as it reflects the typical situation of

sSTOoP 100 MHz
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