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Abstract Layout The electron beam is accelerated to a maxi-

High ord des (HOM ted by the int . mum of about 100 MeV by the injector section and a first
igh order modes ( X ) are generate y the interac I0Qccelerating structure [2]. The two next accelerating struc-
of a bunched beam with an accelerator environment. Th

d Vel followi icle bunches. | d%res,specially designed for this test facility, could give the
may act destructively on following particle bunches, lea beam 300 MeV maximum. The first and the second struc-

ing to an increase of the transverse oscillation amplitu 8res are fed through a power splitter by the same klystron

and finally to the deterioration of the emittance. Dipol : :

) .~ 13], while a second klystron feeds a third one.
g‘ggﬁs gave beeln Stgd'ed at the S-BandllTedst Fac'lgﬂﬁallln Fig. 1 the second accelerating structure, is represented
hi ' Pe acce erat|_ng s(;ruqtlrJ]re, speu_z(aj y _eilgne f %getherwithastripline BPM ([4]) which allowed the mon-
this test linac, Is equipped with waveguide pick-ups 0‘rtoring of single bunches, distanced by a minimum of 8 ns.

measuring the HOMs. For one part of the experlments,&kicker and a steering magnet are placed between the first

modulation of the transverse offset of the bunches at ﬂheh the SBTF structures. The current monitors and some

Etrllicturedemran;e r;as been mducgd gtsr:ng a fa_st br(:a_ldlk_J ments that were not used during the experiments are not
ICker and Ine efiect was measured with a precise sthipling, ,, The very fast counter travelling wave kicker [5] can

BPM. No high impedance modes were clearly found in the

structure, which has been detuned and damped by both t*- ;

/ ~ First Fast  Steering Input
tapered geometry of the structure and an absorbing sta structure  kicker - magnet  coupler

SN
less steel coating applied on the iris tips. L] = N
g pp p ==‘-I='= ——  SBTF accelerating structure - —-—-—

1 ===
1 THE S-BAND TEST FACILITY

The very high luminosity] 033 cm~2s~!, required for fu-

ture linear colliders presume high charge, small cross Ségnpart on bunches with 35 MeV energy a maximum kick

tion bunches. The main problem is that these bunches 400 prad, which, in case no HOMs act on the bunches,
strongly interact with theaccelerator environment, lead-\yoyid be seen at the location of the BPM as an offset of 2.4
ing to the excitation of electromagnetic fields, the so-calleghm (the autofocusing was taken into account).

high order modes (HOM). Off-axis bunches excite trans-

Stripline

HOM pick-ups BPM

Figure 1: Experimental setup of the kicker experiment

verse HOMs, generating the transverse wake field: The SBTF accelerating structure and HOMs The 6
s W s m long accelerating structure is a constant gradient one,
W (s) = Z 2k', ; sin(w; ) exp(——l—), (1) working in the 2r/3 mode at a frequency of 3 GHz. The
l ¢ 20 c iris radii are tapered along the 180 cells. In order to avoid

phase and amplitude dependent transverse kicks, the input

wheres > 0 is the distance behind the bunch andk', ;  coupler is symmetric and has a power splitter on top.
andq); are the angular frequency, the transverse loss factor special attention has been given to the HOM attenuation.
per unit length and the quality factor of mode It has been found in simulations that the main contribution

This wake field acts on the following bunches enteringo the transverse wake field is given by the modes in the
the structure, which leads to the deterioration of the beafitst, third and sixth dipole passbands. While the level of
properties, mainly to an increase in the emittance and /g , in the first passband is of the orderi$- 10> V/Cm?,
large energy spread. The modes with a low Q may bi@ the sixth passband a few modes with loss parameters up
damped before the next bunches arrive, so that the mai6.8 - 1012 V/Cm? have been found [6].
contribution to the wake fields will be given only by the The frequency detuning induced by the iris tapering
modes with a higlk', and a high Q. leads to the decoherence of the long range wake field. Due

The S-Band Test Facility (SBTF) was built at DESY into the recoherence effects of the HOMs, damping of the
the framework of a study of a 500 GeV linear collider basedipole modes is also necessary. On the other hand, modes
on the S-Band technology [1]. Based on the experience in the first passband are trapped inside the structure, which
this frequency range (e.g. SLC), an accelerating structureakes the use of a few HOM dampers along the structure
was specially designed for SBTF, paying attention to resot efficient. Instead, damping is achieved by covering the
ducing the HOMs quality factors. The main purpose ofris tips of the cells with a thin stainless steel layer [7, 1].
the here described experiments is to find most dangeroBer the SBTF structures, only the iris tips of cells 1 to 20
HOM s that are excited by using the beam. and 111 to 121 were covered with such a layer. The calcu-
*Home address: NILPRP, Bucharest lations made for the first dipole band for a SBTF structure
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indicate that about half of the modes were damped to @®ming out of the first structure. The offsets; of indi-

less than 5000, while the rest are distributed between 500@ual bunches at the entrance of the second accelerating
and about 14000, which is the Q level for a pure coppesection will be then:

structure. Further damping of the HOMs is provided in the

last cells by a colinear load that replaces the outpupter. dr; = drgsin(iwgty + @), Withi =0+n -1, (2)

The HOM Couplers The first SBTF structure is pro- Wheredz, is the maximum offset at the entrance of the

vided with two HOM couplers with four orthogonal waveg- Structuréw  is the kicker frequency, is the time interval
uides (cutoff frequency 4 GHz) at one cell for measuringetween the bunches andthe phase of the first bunch in
the position of the structure relative to the beam [8] (sel€ train with respect to the kicker signal.

Fig. 2). Two opposing waveguides are used for one polar- N the accelerating structure a bunch will be deflected

ization plane. Azimuthal wall slots are used for couplingdy the transverse wake fields excited by all the previous
bunches. The kick of bunchdx?, is given by:

i—1
€ . . .
dr} = % Z W1 ((7 — j)tse)deosin(jwrts + @), (3)

7=0

whereF andq, are the bunch energy and charge. It was as-
° sumed that the change in offset of burjds much smaller

o thandz; and that the energy gain in the structure is much
. smaller than the initial energy.

A long bunch train will reach a steady state configuration
after the damping length of the highest impedance dipole
mode. A resonance will occur wher, = |mw, — wil,
wherew;, is the bunch frequency and an integer [9]. The

Figure 2: Cross-section of the accelerator structure with@"Plitude of this resonance dependska).
HOM coupler

3 RESULTS

2 EXPERIMENTAL SETUP Single-bunch experiments The spectra of the HOM
Single-bunch experiments A bunch is shot off-axis fields excited by a 1.4 nC bunch have been measured and

through the SBTFaccelerating structures éting wake Special attention has been given to the first dipole band.
fields. The signal from the eight HOM coupler waveg-The frequency range seen from the first waveguides is
uides iS Viewed on both a Spectrum ana|yzer and on &bout 416-4.3 GHZ, Whlle from the Second ones iS 4.28
oscilloscope. In order to better reject the strong fundameri= 4.45 GHz. Interesting to remark is that the fundamental
tal mode and other monop0|e modeS, the two horizonta[lOde could not be seen even before the installation of the
waveguides, as well as the vertical ones, of the first coupl@Pwer combiners. Two unexpected modes have been seen,
were combined through a magic-T hybrid combiner. one from each @upler, at 4.125 and 4.135 GHz, respec-
When sweeping the bunch transversely in the structurvely. They are well separated from the first dipole band
the power of a dipole mode will vary as the square of thand have a much lower Q. Their dipole character has been
bunch offset. A minima will be attained when the beanfieduced. These additional modes come from the couplers
is in the middle of the structure. This can be used to ste§eometry and are localized around these.
the beam in the middle of the structure, or, inversely, to
align the structure with respect to the beam axis [1]. Due |
to the very localized coupling of the modes to the beam, it +
is even possible to detect the local offset of the structureag 15|
a function of the mode frequency. <

10

mplitude

Multi-bunch experiments  When a bunch train is sent E
off-axis through the structure, some modes add coherently, 5

while others are attenuated. The modes that satisfy the re- f=4.217 GHz
lationshipw; = mwy, Wherew, is the bunch angular fre- 0 ‘ ‘ ‘ : : ) :

. ; . 4 8 6 -4 2 0 2 4 6 8
quency andn is an integer, will be strongest excited. Horizontal bunch offset (mim)

Kicker experiment The aim is to excite only one dipole .
mode at a time. By means of a fast kicker, a sine modurigure 3: The amplitude of the mode at 4.217 GHz from

lation is imparted on the transverse offset of the bunchdBe horizontal waveguides as a function of the bunch offset
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For more modes the signal amplitude was measured asay with certitude if a high impedance HOM was excited
function of the beam offset. The curve obtained for a moder if this variation is due to the harmonics from the number
at 4.217 GHz is shown in Fig. 3. The dipole character caaf bunches (1 MHz). During the kicker frequency sweep,
be clearly seen in the linearity of the two sides of the curvave looked in parallel at the spectra between 4.1 and 4.3
At both sides the signal amplitude decreases due to bun@Hz from the first HOM couplers and for many frequen-
loss at the irises. The field minima is not 0 because of thaes at the first and sixth passbands as well. No mode was
misalignment of the structure or a tilt of the beam, meaningeen to be amplified in these frequency ranges.
that this mode is always excited in some cells. A compar-

Tek Run: 1.00G5/s Average
ison of the minimum power positions and the geometrice "~~~ = g o
straightness could not be done due to the missing datat1 { - - - L N xE T Xt
garding cell alignment. / REREEREN EEEREEEEEE b

Multi-bunch experiments The bunch train was lim-
ited to 20 bunches< 24 ns due to the at the date perfor- ' \f A AR
mances of the klystron. The energy at the entrance of tt # , ; 1/ g N\/ _ M(f\ (W Ayl
structure was 65 MeV. For the kicker experiment, the puls W\NWV u F u o UVWW\]
length was prolonged from 065 to 14s (flat top), so that
40 bunchesx 24 ns could be accelerated. In Fig. 4 theug
spectra from the coupled first horizontal waveguides for 2
bunchesx 24 ns is shown. It can be seen that the modes
around 4.125 (the mode induced by the waveguides), 4.1q._7igure 5. FFT of the BPM difference signal for a kicker
4.208 and 4.25 GHz (#w/27) have higher amplitude modulation of 14 MHz
than the other ones. Due to the limited number of bunches
more modes around these frequencies are amplified. 4 CONCLUSIONS

Chi T00mva Vo M 50.0ns TTST6MY 11 Dec 1998

REEZE 10.0dB  5.00MHz 19:32:32

o dBiav By using the beam, HOMs have been excited and viewed

\ by means of HOM waveguide couplers. Some passbands

h lM M‘ could be distinguishes. The dipole character of the modes

WW] in the first passband was deduced. Based on the local cou-

W\' ) pling of the modes to the beam, the local offset of the struc-
[

\)
=

«WWU V\R Ll ture was deduced. The amplification of the modes whose
vw i U\W\N frequencies are at multiples of the bunch frequency has

f v M been observed when using a bunch train. In the kicker ex-
periment, no resonant amplification of the beam offset due
to HOMs could be observed.
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