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Abstract

For the energy recovery linacs, strong damping of
higher-order-modes (HOMSs) is indispensable to avoid
beam breakup instabilities. We studied anew HOM damp-
ing scheme using aradial-line HOM damper with a choke
structure. Both models of the radial-line damper and the
TESLA-type 9-céll cavity were prepared and the HOM
characteristics of this scheme were experimentally inves-
tigated. Measurement results showed a promising perfor-
mance of the radial-line HOM damper.

INTRODUCTION

The Energy Recovery Linacs (ERLS) are very promising
as the next-generation synchrotron light sources since they
can produce highly-brilliant and ultra-short synchrotron ra-
diation pulses. In order to preserve an ultra-low emittance
of electron beamsin the ERLS, it is very important to sup-
press the beam-breakup (BBU) instahilities. Since the pri-
mary source of the BBU is the HOMs in superconducting
cavities, strong damping of them isrequired. A typical re-
quirement for the transverse impedances of dipole modes
is evaluated as (R/Q)Q/f < 1 x 10° (Qem—2GHz ™)
[1, 2], where f is the resonant frequency, @ is the qual-
ity factor, and R/Q) is the ratio of the impedance and the
quality factor.

Severa HOM damping schemes have been developed
for the superconducting cavities. Aiming to achieve higher
performance, we proposed a radia-line HOM damper
which consists of a radial transmission line, a choke fil-
ter and an HOM absorber [3]. This idea was derived from
original ideasin [4, 5]. A concept of this schemeis shown
in Figure 1. The radial-line HOM dampers are attached on
both sides of the cavity. Broadband HOMs can transmit in
the radial-line and can be dissipated by the microwave ab-
sorbers. The characteristic of the choke filtersis very im-
portant since the Q-value of the accelerating mode should
be kept to be higher than 108.

Our initial study on asingle-cell cavity [3] indicated that
this scheme was very promising. Then, our investigations
have been extended to a TESL A-type 9-cell cavity. Results
of low-power measurements are reported in this paper, to-
gether with preliminary results from simulation analysis.
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Figure 1. Conceptual design of the radial-line HOM
damper.

LOW-POWER MEASUREMENTS

Setup for the Measurement

We fabricated a model of the radial-line HOM damper
and that of the TESLA-type 9-cell cavity in order to inves-
tigate the HOM damping performance experimentally. The
choke filter has not been incorporated so far. The model
cavity was made from copper and precisely machined to
reproduce the inner dimensions of the TESLA-cavity [6].

Figure 2(a) shows the completed 9-cell model cavity,
which is equipped with the radial-line HOM damper. In-
side of the damper is shown in Figure 2(b). A microwave
absorber, TDK IRL02 (2 mm thick), was used for the mea-
surements. This absorber was glued in the radial-line and
covers aradial range of 12—20 cm. Since the performance
of HOM damping largely depends on the distance between
the cavity and the HOM damper, the distance was designed
to be alterable by inserting metallic spacers. From simula-
tion analysis, including achoke structure, it is expected that
the Q-value of the accelerating mode can be higher than
108 when the HOM damper is located 3 cm apart from the
end of the cavity.

The resonant modes were observed using two pickups,
locating at vertica and horizontal positions on the end-
cells. Theradial-line HOM damper was attached on a sin-
gle side of the cavity at several distances from the end of
the cavity. The low-power measurements were carried out
under thefollowing conditions: (1) without HOM dampers,
(2) with the HOM damper at a distance of 6 cm from the
cavity, (3) with the damper at a distance of 3 cm, and (4)
with the damper at a distance of 1cm.

Figure 3 shows the mode spectra of the 9-cell cavity, ob-
tained from the transmission coefficients (S2) within 1-3
GHz. The blue and the red lines in the figure indicate the
results under the conditions of (3) and (1), respectively. It
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Figure 2: (a) A low-power model of 9-cell TESLA-type
cavity with a radial-line HOM damper. (b) Inside of the
radial-line HOM damper.

shows that the dipole and monopole modes can be damped
effectively.

The Q-values were measured with the reflection and
the transmission coefficients. Then, the external Q-values
(Qext) Were derived from the measured Q-values, with and
without the radial-line HOM damper, assuming that the mi-
crowave absorption in the HOM damper was ideal. The
resonant modes were assigned from their frequencies, and
were numbered as TM010-1, ... , TM010-9, from lower to
higher frequencies. The measured frequencies agree well
with thosein [6] within 1-2 MHz. We also plan to measure
the field distributions of these modes.

Monopole Modes

Figure 4 shows the Q.. for the TM011 and TM020
modes. The red, green and blue bars indicate the results
under the condition (2), (3), and (4), respectively. Note that
this figure does not include some modes which could not
be measured at a moment due to their small couplings to
the pickup probes. At a distance of 3 cm [condition (3)],
most of the monopole modes can be effectively damped
with their Q-values of about 1 x 10%. At acloser distance
of 1 cm [condition (4)], these Q-values can be reduced fur-
ther by factors of 3-5. On the other hand, the Q-values for
the accelerating mode are 2 x 10° and 3 x 10* under the
conditions of (3) and (4), respectively. In order to keep high
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Figure 3: Mode spectra of the 9-cell model cavity. The
blue and the red lines indicate the cases with and without
the HOM damper, respectively.
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Figure4: Measured Q. for the (a) TM011 and (b) TM020
modes. The red, green and blue bars indicate the results
under the conditions of (2), (3), and (4), respectively.

Q-value of the accelerating mode while strongly damping
the HOMs, the design of the choke filter will be very im-
portant.

Dipole Modes

Figure 5 shows the Q. ¢ for the TE111 and TM110
modes, where both polarizations are included. The TE111
modes can sufficiently be damped with Q. < 10%. Onthe
other hand, some of the TM 110 modes having high mode
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Figure 5: Measured Q. for the (8) TE111 and (b)TM 110
modes. The red, green and blue bars indicate the results
under the conditions of (2), (3), and (4), respectively.

numbers can not be sufficiently damped. This is probably
duetorelatively small leakage of thefieldsto theradial-line
HOM damper, which is under investigation.

Quadrupole Modes

Because of their high external-Q's, precise measure-
ments of the quadrupole modes were difficult. The Qext'S
for the TE211 and TE210 modes are roughly 106 under the
condition (3). It is considered that these Q-values will be
enough to avoid quadrupole BBU instabilities[2].

SIMULATIONS

We also carried out preliminary simulations of the HOM
damping in the 9-cell cavity using the computer code
MAFIA. The Q-values were calcul ated with a perturbation
method, where an electrical conductivity of the microwave
absorber was assumed to be 7 2~ 'm~!. This conductivity
was chosen so that it gave consistent results between the
simulations and the measurements of the HOM damping in
asingle-cell cavity.

The calculation results generaly followed the measure-
ments. The calculated Q-values of monopole modes agree
with the measurements within 30%. The difference for
other modesiswithin afew times. Only some of the TE111
modes, having low mode numbers, show considerable dif-
ference; the calculated values are more than an order of
magnitude lower than the measured ones. Thisissueisun-
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der further investigation. We are also investigating the in-
sufficient damping for some of the TM110 modes because
itiscrucial for the ERL requirement.

DISCUSSIONS

We compared the results of the measurements with those
of the TESLA design where the HOMs are extracted by
TESLA-type HOM couplers [6]. Although the perfor-
mance depends on each resonant mode, we can roughly
say that the performance of the radial-line HOM damper
is comparable to or several times better than that of the
TESLA-type design, at atypica distance of 3 cm [under
the condition (3)]. If we reduce the distance to 1 cm [con-
dition (4)], the Q-values can be reduced further by a few
to ten times magnitude. To this end, more sophisticated
design of the choke filter is required.

Another important issue is to improve the HOM damp-
ing for the TM110 modes. It can possibly be improved
by such means as enlarging the beam-pipe radius, reducing
the number of cells, and optimizing the cell shapes. These
improvements will be studied further.

Search for microwave absorbers and a cryogenic design
of thisHOM damping scheme are also required.

CONCLUSIONS

We have investigated higher-order-mode damping of the
9-cell cavity by means of the radial-line HOM damper. The
Q-values of HOMslargely depend on the distance between
the HOM damper and the cavity. The performance of this
HOM damper is comparable to or better than the TESLA
design at atypical distance of 3cm. The Q. of the mono-
pole and dipole modes are typically around 1 x 10*. The
Q-values of some of the TM110 modes are not sufficiently
damped at present. Further improvements of the HOM
damping performance are expected by locating the damper
close to the cavity, or by incorporating other measures. In-
vestigation of the choke filter is a so important.
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