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Abstract

In the context of the novel multi-turn extraction, where
charged particles are trapped into stable islands in
transverse phase space, the ejection of five beamlets will
be performed by means of a set of three new kickers.
Before installing them into the machine, a measurement
campaign has been launched to evaluate the impedance of
such devices. Two measurement techniques were used to
try to disentangle the driving and detuning impedances.
The first consists in measuring the longitudinal
impedance for different transverse offsets using a single
displaced wire. The sum of the transverse driving and
detuning impedances is then deduced applying Panofsky-
Wenzel theorem. The second uses two wires excited in
opposite phase and yields the driving transverse
impedance only. Finally, the consequences on the beam
dynamics are also analyzed.

INTRODUCTION

The following kickers are installed presently in the PS
machine: 1) Injection kicker KFA45 in Straight Section
(SS)45; 2) Extraction kicker KFA71/79 in SS71 and
SS79; 3) Extraction fast bumper BFA9/21 (pedestal and
staircase) in SS9 and SS21; and 4) Injection kicker for
ions KFA28 in SS28. The following kickers will be
installed for the novel multi-turn extraction [1]: 1) Two
(identical) new kickers KFA13 and KFA21 in SS13 and
SS21 (the modules are similar to those of the extraction
kicker KFA71/79); and 2) One new kicker KFA4 in SS4
(the modules are recuperated from extraction kickers used
in the past for leptons).
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Figure 1: Cross section of the extraction kickers to be
installed (left) in SS13 and SS21, and (right) in SS4.

As far as the electrical properties of the Ferrite are
concerned, all kickers are made with material Philips
8C11 [1]. The Kickers in SS71/79 are based on a delay
line design, i.e. the Ferrite is split longitudinally in 9 cells
for each magnet. Each cell is 24 mm long: 19 mm of
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Ferrite and 5 mm of aluminium. The cross section is
shown in Fig. 1 (left). The kicker to be installed in SS4 is
also based on a delay line design, i.e. the Ferrite is split
longitudinally in 24 cells. Each cell is 24 mm long:
19 mm of Ferrite and 5 mm of aluminium. The cross
section is shown in Fig. 1 (right). The transverse betatron
functions, which are important for the kicker strength and
the effective impedance seen by the beam, are given in
Table 1.

Table 1: Transverse betatron functions for all PS kickers

p-function] KFA45| KFA71| KFA79| KFA13 KFA21 KFA4

Horiz.[m] 228 | 204 | 219 | 221 | 204 | 12,6

Vert. [m]| 118 | 118 | 125 | 125 | 119 | 20.0
MEASUREMENTS

Two measurement techniques were used to disentangle
the transverse driving (also called classical or dipolar) and
detuning (also called quadrupolar) impedances [2], which
are both important for the beam dynamics. The first
consists in measuring the longitudinal impedance, as a
function of frequency f, for different transverse offsets
using a single displaced wire. The sum of the transverse
driving and detuning impedances is then deduced
applying Panofsky-Wenzel theorem [3]. The second uses
two wires excited in opposite phase (to simulate a dipole),
which yields the transverse driving impedance only.

The measured longitudinal impedance vs. transverse
offset, using a single displaced wire in a symmetric
structure, is given by [2,4]

2, (f)=Z0(f)+Z ()6 +2Z,1,(F)ys, (D

where x, and Yy, are the transverse offsets of the wire
from the centre of the chamber. The first term is the
classical longitudinal impedance (in the centre of the
vacuum chamber). The frequency-dependent coefficients
Z,,(f)and Z,,,(f) are linked to the “generalized”
transverse impedances Z, and Z, through Panofsky-
Wenzel theorem by

Zx — Z)((Jriving _ Zdetuning — Y Zl,lx( f )’ (2)
2 f
Zy — ZSriving + Zdetuning — c ZI 1y ( f ) (3)

2r f

Therefore, only the sum of (or difference between) the
driving and detuning impedances is measured with a
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single displaced wire. Note that there is no detuning
impedance for chambers invariant over a 90° rotation, and
that for some asymmetric structures the detuning
impedance can be larger than the driving one [2]. As can
be seen from Egs. (2) and (3), the detuning impedance
can be removed by adding the two equations, leading to

ZX + Zy — Z)t(]riving + Z;jriving . (4)

In the following, the measured longitudinal and
transverse impedances are given for the kicker KFA13
(=KFA21). The results are compared to analytical
predictions by Tsutsui [5, 6] and Burov-Lebedev [7, 8]
using 2D models, i.e. assuming an infinitely long
homogeneous kicker (see Fig. 2). The model of Burov-
Lebedev used here for the vertical plane only consists of
two parallel Ferrite plates, whereas in Tsutsui’s model, in
addition a perfect conductor is assumed outside, which
should be closer to reality. The longitudinal impedance is
normalized by n=f / f ., as it is the quantity of interest
for beam dynamics considerations.
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Figure 2: Measured longitudinal (top), horizontal (2™
plot) and vertical (3" plot) impedances vs. frequency,
using a single displaced wire. The real part is in red,
whereas the imaginary part is in green. The thick full red
line gives the real part of the impedance (only the driving
impedance for the transverse planes) from the analytical
result of Tsutsui [5, 6], and the thick dashed green line
gives the imaginary part. The bottom (4™) picture is the
same as the 3" one but compared to Burov-Lebedev [8].

Examples of the parabolas measured at some
frequencies are given in Fig. 3 (upper) for the horizontal
plane. The sign of the parabola changes with frequency;,
which indicates that the sign of the horizontal impedance
will also change (see Fig. 2). The same parabolas are
shown for the vertical plane in Fig. 3 (lower), where no
change of sign is observed (see also Fig. 2).
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Figure 3: Measured real part of the longitudinal
impedance (red dots) vs. (upper/lower) horizontal/vertical
offset at 200 MHz (left) and 1 GHz (right). The full black
line is the parabolic fit used to deduce the transverse

impedance.

Using Eqg. (4), the sum of the horizontal and vertical
driving impedances can be deduced from the
measurements (see Fig. 4). This gives an upper limit for
the transverse (vertical) driving impedance, which can be
used to estimate the impact of the new kickers on the PS
beams dynamics.

05 Beam Dynamics and Electromagnetic Fields

D04 Instabilities - Processes, Impedances, Countermeasures



Proceedings of EPAC 2006, Edinburgh, Scotland

Zy+ Zy IMQ/m]

0.25
0.2
0.15
0.1
\
0.05
o~ [GHz]
0.2 0.4 0.6 0.8 1

Figure 4: Measured horizontal plus vertical driving
impedances. The real part is in red, whereas the imaginary
part is in green.

Using the two-wire method, the transverse driving
impedances were also measured. The comparison
between the two methods for the real part of the sum of
the transverse impedances is shown in Fig. 5, where it can
be seen that a good agreement is reached for the
frequencies between ~ 400 MHz and 1 GHz. The
oscillation observed on the blue curve (2-wire method) is
due to a residual mismatch. The low-frequency part still
has to be analyzed in detail.
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Figure 5: Comparison between the measured horizontal
plus vertical driving real impedances using the single-
wire (in red) and two-wire (in blue) methods.

Similar results were obtained for the kicker KFA4 [1].
The conclusions from the measurements are that installing
the three new kickers (KFA13, KFA21 and KFA4) will
add to the PS machine a longitudinal broad-band
impedance of ~ 2 Q, with a resonance frequency near
~ 400-500 MHz, and a maximum (upper limit) transverse
broad-band (driving) impedance of ~ 0.25 MQ/m, with a
resonance frequency near ~700 MHz. Taking into
account the betatron functions (see Table 1) leads to a
normalized impedance of ~ 0.2 MQ/m.

CONCLUSION

The installation of three new kickers for the future
multi-turn extraction will add ~10% to the longitudinal
and transverse broad-band impedances of the PS machine.
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The vertical impedance will contribute to the fast
instability observed with high-intensity single bunches
near transition (see Fig. 6), which might require a slight
increase of the Iongltudlnal emittance used to damp it.
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Figure 6: Measured (left) and simulated with the
HEADTAIL code [9] (right) fast vertical instability in the
PS near transition [10]. For the simulations a broad-band
impedance model (R, = 3 MQ/m, f, =1 GHz and Q = 1)
was used. The hole in the longitudinal and horizontal
signals reveals that some particles are lost.

The oscillation frequency of the travelling-wave
propagating in the second part of the bunch (~ 700 MHz)
is very close to the resonance frequency measured in
Fig. 2 for the new kickers to be installed in SS13 and
SS21, which are similar to the ones already present in
SS71/79 but four times shorter. The kickers KFA71/79
together with KFA45 may be the main culprits of this
instability [1]. A more precise impedance model of the PS
is under development.

Finally, 3D simulations with Ansoft HFSS™, a finite-
element electromagnetic simulator [11], will be performed
to crosscheck the measurement results, and study the
effect of the finite kicker length.
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