SLAC-PUB-10578
July, 2004

Direct Measurement of the Resistive Wakefield in Tapered Collimators

P. TENENBAUM
Stanford Linear Accelerator Center, Stanford University, Stanford, CA
D. ONOPRIENKO
Brunel University, Middlesex UK

Abstract

The transverse wakefield component arising from surface resistivity is expected to play a major role
in the beam dynamics of future linear colliders. We report on a series of experiments in which the
resistive wakefield was measured in a series of tapered collimators, using the Collimator Wakefield
beam test facility at SLAC. In order to separate the contributions of geometric and resistive wakefields,
two sets of collimators with identical geometries but different resistivities were measured. The results
are in agreement with the theoretical prediction for the high-resistivity (titanium) collimators, but
in the case of low-resistivity (copper) collimators the resistive deflections appear to be substantially
larger than predicted.
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INTRODUCTION

In contemporary high-performance accelerators, colli-
mators are commonly used to remove large-amplitude par-
ticles from the beam and to protect downstream compgigyre 1: Cutaway schematic of collimator wakefield beam
nents from bunches which are following an unsafe trajegggy apparatus.
tory; it is anticipated that future accelerators will continue
to require mechanical collimators for these purposes. The
transverse wakefields from collimators placed close to th
beam can degrade the high beam quality required by ade—Tl_lEORY OF RESISTIVE WAKEFIELDS
vanced single-pass accelerators such as free electron lasershe theory of wakefields due to resistive vacuum cham-
and linear colliders. bers has been developed by Piwinski [4] and amplified by

The SLAC linac includes a test chamber which permit8ane [5]. For a chamber of lengily half-gapr and con-
direct beam-based measurements of the transverse wal@ctivity o, an electron beam with RMS bunch length
field generated by various collimators [1]. This chambepassing off-axis but near the center of the chamber will ex-
has previously been used to measure the geometric wakgerience a mean wake kick given by:
field of longitudinally-tapered collimators [2], as well as
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pered graphite collimators [3]. We k= Fg~= = ’ (1)
now report on a series of measurements of several col- ™ e* 1\ Zyoo.
limators with identical geometric wakefields and varyingwherex is the kick factor (typically reported in V/pC/mm)
resistive-wall wakes. and I is a geometric form factor equal to 1 for a round

vacuum chamber and equaktd/8 for a flat vacuum cham-
APPARATUS AND MEASUREMENT ber.
TECHNIQUE In the case of a collimator which tapers from half-ggp

to half-gapr; and then tapers back tg, in the case where
The apparatus and measurement technique are describgds- r,, we can rewrite Equation 1:

fully in [1]. The test chamber is a large (5’ long x 2’ wide )

x 1’ tall) rectangular vacuum chamber which can hold up o — Fcﬁremec 1 j_ 1 7 @)
to 4 test collimators at one time. During measurements one ™ e ritana\ Zyoo,

of the collimators is positioned in the path of the beam byyhereq is the taper angle of the collimator.

a remote-controlled translation stage. The wakefield from
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with a full gap in the vertical of 3.8 mm. In order to limit all BPM data obtained during a collimator position scan.
the geometric wakefield contribution, all four collimators After subtraction of the reference orbit, the beam trajec-
included a 335 mrad taper from the maximum full-gap ofories upstream and downstream of the collimator are re-
38 mm to the minimum full-gap of 3.8 mm, and an identicatonstructed using appropriate BPMs, and the reconstructed
taper from minimum to maximum full-gap on the down-orbits are used to determine a deflection angle at the col-
stream end. All of the collimator inserts were carefulljimator position. The reconstruction of the upstream and
machined to minimize any possible impedance from sudownstream orbits are also used to flag noisy BPMs or
face roughness. pulses which are for some reason ill-behaved. In the
The colimator in Slot 1 was constructed of oxygen fre@resent configuration of the SLAC linac the quality of
electronic grade copper and consisted of a taper from maxhe orbit fit begins to deteriorate approximately 50 meters
mum to minimum gap followed by a reverse taper. The codownstream of the collimator wakefield test chamber, so in
limator in Slot 2 was geometrically identical to the collima-general only the first 16 BPMs downstream of the chamber
tor in Slot 1, but constructed from elemental titanium. Theare used for reconstruction of the outgoing orbit.
conductivity of copper i$5.98 x 107Q~'m~!, while the Figure 2 shows the kick angle in microradians as a func-
conductivity of titanium i2.38 x 106Q~'m~!. The latter tion of collimator position in millimeters for a typical scan
is conveniently smaller than the former by a factor of 25.1¢f the Slot 1 and Slot 4 collimators. In both cases the de-
the wakefield theory therefore indicates that a titanium coflection enters the nonlinear (near-wall) regime, and there-
limator should generate a resistive wakefield which is judbre it is necessary to fit a cubic rather than a linear equa-
over 5 times as large as an identical copper collimator. tion to the data. After initially performing a weighted cubic
The collimators in Slots 3 and 4 are similar to the unitsit to the data, the polynomial parameters are rearranged to
in Slots 1 and 2, but each includes a 1 meter flat section gield a solution of the form:
the minimum full gap of 3.8 mm. The long regular section

was expected to enhance the resistive wakefield contribu- y' = As(y —y0)* + B1(y — yo) + Bo, ()
tion while keeping the geometric contribution equal to that o _ _
of the Slots 1 and 2 collimators. whereB; is linearly proportional to the kick factor. Note

The analytic theory of the geometric wakefield for tathat in this formulation the offset between the center of the
pered collimators [6] estimates that the geometric kick faccollimator and the center of the vertical scan rangg.is
tor of all 4 collimators should be 2.5 V/pC/mm. Measurederived from the asymmetry of the curve.
ments of a collimator with identical taper angles reported

in [2] indicate that the actual geometric kick factor is closer * o
to 1.4 V/pC/mm (see the “meas” row of Table 2 in [2], Slot T
3). Table 1 reviews the kick factors expected in the 4 colli- of Tt o
mators. A T
Table 1: Expected kick factors, in V/pC/mm, for the 4 col- Z& e ' o ’ * ! "
limators studied in this experiment. Geometric kick factors <
are from measurements reported in Table 2 of [2] (“Meas” o
values), resistive kick factors are from the theory in [4]. o .
# Rgeom RQ Rtotal °r %inei7ﬂwiewié""9'”'~e e
1] 14 | =~0001]| 14 50 L
2| 14 | ~0.006| 1.4 ” ‘ ‘ ‘ ‘ ‘
3| 14 0.9 2.3 o N ™ Cotiamator vertcal posiion (mm) ! e
4| 14 4.4 5.8

Figure 2: Kick angle vs collimator position. Top: Slot 1
(short Cu). Bottom: Slot 4 (long Ti).

MEASUREMENTS AND ANALYSIS

. . . - RESULTS
In a typical measurement, a collimator’s vertical position
is stepped from -1.4 mm to +1.4 mm in 15 steps of 0.2 mm. Table 2 shows the expected and measured kick factors
At each step all BPMs are read out for 50 pulses, resulter each collimator for an RMS bunch length of 0.5 mm.
ing in a total data set per collimator measurement of 75811 measurements were performed with a bunch charge of
pulses. In order to eliminate the contribution of BPM off-2 x 10'° (3,200 pC). A small set of additional measure-
sets and the nominal orbit of the beam in the SLAC linaanents were performed on Slot 1 and Slot 4 collimators with
100 pulses are measured when the vertical translation staageharge of approximately 1,600 pC to verify charge scal-
is at its center (zero) position, and these pulses are avémg. In both cases the kick factors at the two charge values
aged to obtain a “reference orbit” which is subtracted fromvere within errors of one another, but in the case of Slot



CONCLUSIONS

We have performed a set of beam measurements to es-
timate the resistive wakefields of tapered collimators con-

Table 2: Expected and measured kick factors, in V/pC/mnstructed from elemental copper and titanium. In the case

1 the variation was rather large (0.6 to 2.2 V/pC/mm) and
therefore not very informative.

u o, — 0.5 mm 0, — 1.0 mm the resis_tive _contri_bution is much s_maller than the geomet-
Fexpect Kneas Kexpoct Kmons ric and in this regime the wake kick does not depend on
1 1.4 1.43 + 0.05 11 the collimator material. For longer collimators we found
2 1.4 1.52 + 0.03 1.1 a resistive wake kick which agrees with theoretical expec-
3 23 3.87+0.13 1.7 3.06 & 0.27 tations for highly-resistive titanium, but which is larger by
4 5.8 6.00 £ 0.17 4.2 4.35 4+ 0.38 about a factor of 3 for highly-conductive copper. In both

cases the resistive wake kick scaled as expected with the
bunch length.

As expected, the kick factors for the short Cu and short
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