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BEAM COUPLING IMPEDANCE OF FAST STRIPLINE BEAM KICKERS
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Abstract

A fast stripline beam kicker is used to dynamically switch
a high current electron beam between two beamlines. The
transverse dipole impedance of a stripline beam kicker has
been previously determined from a simple transmission
line model of the structure [1]. This model did not include
effects due to the long axial sots along the structure as
well as the cavities and coaxial feed transition sections at
the ends of the structure. 3-D time domain simulations
show that the simple transmission line model
underestimates the low frequency dipole beam coupling
impedance by about 20% for our structure. In addition, the
end cavities and transition sections can exhibit dipole
impedances not included in the transmission line model.
For high current beams, these additiona dipole coupling
terms can provide additional beam-induced steering
effects not included in the transmission line model of the
structure [2], [3].

1 INTRODUCTION

The stripline kicker is designed to spatially separate a high
current electron beam for transport into two separate beam
lines. This system is used in conjunction with a static
magnetic dipole septum to provide an additional angular
kick to the beam. This allows the two beamlines to
diverge sufficiently fast as to incorporate additional
focusing elements for further downstream transport. This
system is shown schematically in Fig. 1.
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Figure 1. Stripline kicker and septum configuration

A high voltage pulse is applied to the downstream ports
of the kicker and the beam is kicked by the electric and
magnetic fields associated with the TEM waves
propagating on the strip transmission lines. The beam is
then directed into the septum magnet with opposite
polarity dipole fields on either side of the plane separating
the two downstream beamlines. All the upstream ports
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and the two downstream ports in the non-kick plane are
terminated in a matched load impedance for the dipole
transmission mode on the structure.

2 KICKER TEM FIELDS

To steer the beam in x, opposite polarity high voltage
pulses are applied to the downstream ports in the y=0
plane. The potential within the kicker plates (r<b) is given

by
\ p 0

where b is the inter|or radius of the klcker pl ates, @isthe
angle subtended by each kicker plate, and V, is the kicker
plate voltage giving a total steering voltage of 2V. The
solution is determined by solving for the potential in the
interior region subject to the boundary condition that the
applied potential at r=b is given by the appropriate
applied plate voltages and the potentia in the gaps
between the plates is zero. The n=1 term in Eqg. 1
represents the transverse dipole force which provides the
beam steering. The beam deflection due to the combined
TEM electric and magnetic dipole forcesis given by
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where A isthe length of the kicker.

3 DIPOLE WAKE IMPEDANCE AND
BEAM-INDUCED STEERING

For intense beam applications, the beam current is
sufficiently large as to induce substantial voltages and
currents on the strip transmission lines. These TEM fields
are introduced on the transmission lines as the beam
traverses the upstream and downstream gaps as well as
from changes in the dipole return current as the beam is
deflected. These fields can than interact with the beam to
cause beam-induced steering. In the limit of ultra-
relativistic stiff beams the strength of this interaction is
related to the dipole wake impedance.

3.1 Dipole Impedance

The n=1 transverse dipole wake impedance for the
structure with an ultrareldtivistic stiff beam centroid
transported through the kicker structure offset form the z
axis by an amount x, is given by [1]
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8cZ, . 1 1. more significant role in the coupling. More will be
Z, (a)) =— l; sin® E@ﬂ}— n’ B@H discussed about this in section 4.
b 02 Mw Oc O
(3) 3.2 Beam Induced Steering
+ jgnél?gposél%\% A detailed model of beam-induced steering has been

previously described [2], [3]. The centroid motion of the
A kicker has been designed and installed on the beam in the kicker is given by [5]

Experimental Test Accelerator (ETA-Il). The ETA-II 0 Sg V. -S4-2)

kicker has the following set of parameters: b=12.86 cm, B_ + = X(Z) =_Pec

R=19.5 cm, ¢=78°, Z=50Q, and A=160 cm where, is Pz c[ Vo

the outer vacuum chamber radius. The structure was 4

modelled wusing the LLNL 3-D time domain 21, O s Sz S,
electromagnetic code, TIGER [4] to determine the dipole +—2 D((z)—2—e° J' x(z’)e ¢ dz'g
z

impedance. Figures 2 and 3 show a comparison of the real | C)\Z O C N
and imaginary parts of the dipole impedance as calculate . :
from Eq. 3 with the numerical results from the 3_Dw?1ere's 's the Laplace transform 'var|abla9,/6.t ~ S
electromagnetic code. andl, is the beam current. The critical currelntis given
by

1500 | | | ] | _n é W31,

[ —_ 1 [ -2

N = Wakeield Code 160A0 Z, sin’(/2)
000l |1 | and the characteristic voltagé,is defined as

A

. VO = IcZk _SnEKD_OH (6)
- 27b 020

500/

(5)

real(Z, ;) (Ohms/meter)

'\ 1 wherel =17 kA andZ=377Q. Equation 4 can in principle

‘\ \ oL be solved numerically for a particular set of conditions. Of
VN N el AL particular interest is the case of an initially offset beam
of VWO NN entering the kicker structure parallel to the beamline axis
without any applied voltage since this solution can be
related to the dipole wake impedance. It has been shown
previously [3], that the asymptotic beam deflection for an
initially offset beam has the form
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Figure 2: Real part of dipole impedance

2000 , ; : 2]
| x(z= At - )= x, coshE /I—bH )
u Wakefield Code , S ¢
= \ TL Model where x, is the injection offset of the beam. For
£ 10007 1 sufficiently small beam currents the asymptotic deflection
é | is related to the dipole wake impedance by
o \
= \ 0 27\ 0
S NAVAWA X(z=At - o) =x,d+H 2 EbZDoD(B)
[ W AR AN v S ~ g ,Z, g
‘ where z_ =Im[z_(w=0)]. By numerically integrating
Equation 4 it is possible to find a temporal solution for the
-1000, e T e beam displacement of the beam leaving the kicker.
Frequency (MHz) Consider an ETA-Il electron beam with 6 MeV energy

these parameters, the critical currentis about 4.2 kA
As can be seen in Figures 2 and 3, there is a godfd the asymptotic deflection given by Eq. 7 is £,51
agreement between the transmission line model and frigure 4 shows the temporal evolution of the beam
3-D code results in the low frequency regime. Theisplacement leaving the kicker from numerical
differences become more pronounced at highdiegration of Eq. 4. Figure 4 shows a quite dramatic
frequencies as the end cavity transition sections associaégm-induced steering effect for a high current beam. The
with the feeds to the extern&0 Q coaxial ports play a time scale for reaching the asymptotic value is on the

1825



Proceedings of the 1999 Particle Accelerator Conference, New Y ork, 1999

order of the round-trip transit time of the structure,
2N c~106ns.
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Figure 4: Temporal variation of beam centroid
exiting ETA-II kicker for initial offset of 1 cm

4 CORRECTIONSTO THE DIPOLE
IMPEDANCE FROM THE CAVITY
TRANSITION SECTIONS

The 3-D code results show that the simple transmission
line model underestimates the low frequency dipole wake
impedance. Measurements of the kicker impedance show
that the structure is not very well matched over a wide
band of frequencies. In an effort to obtain a correction to
the impedance at low frequencies, a simple inductance
was incorporated as a model of the transition section
connecting the strip transmission lines to the externa
coaxia ports. It was found that a 40 nH inductor would
given an input impedance consistent with the experimental
data. Figure 5 shows a plot of the experimental data and
the projected low frequency input impedance.
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Figure 5: Kicker input impedance

The kicker dipole impedance is calculated including the
series inductors to model the transition sections. Figures 6

and 7 show the real and imaginary parts of the dipole
impedance for low frequencies.
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Figure 6: Real part of wake impedance with transition
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Figure 7: Imaginary part of dipole impedance with
transition

As can be seen the transitions can modify the dipole wake
impedance of the structure. In principle, additional
reactive elements can be incorporated to extend the model
to higher frequencies.
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