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PRELIMINARY IMPEDANCE BUDGET FOR THE TPS STORAGE RING
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Abstract

The Taiwan Photon Source (TPS) is anew 3 GeV third
generation synchrotron storage ring which will be built at
the present site of the National Synchrotron Radiation Re-
search Center in Hsinchu, Taiwan. Preliminary results of
ongoing impedance studies of storage ring vacuum compo-
nents for the TPS project are presented in the paper. Wakes
and impedances produced by each component of the stor-
agering have been eval uated by using a 3D electromagnetic
code. Threshold current of the longitudinal microwave in-
stability is estimated.

INTRODUCTION

Single bunch current in the storage ring should be below
threshold of the longitudinal microwave instability aris-
ing from the interaction of a bunch with itself via short-
range wake fields. Short-range wake, in its turn, defines
broad-band impedance and hence maximum value of the
single bunch current depends mainly on the broad-band
impedance. The overall impedance of the vacuum chamber
should be carefully evaluated to estimate threshold current
of thelongitudinal microwaveinstability, which can lead to
bunch lengthening.

NUMERICAL CODE AND TECHNIQUES

A 3D electromagnetic field simulator GdfidL [1] was
used to study wakes in the TPS storage ring. Common
parameters for GdfidL computations for all the structures
described in the report are summarized in Table 1.

Table 1: Parametersfor GdfidL computations

Parameter Value

Mesh size 0.25 x 10~°m
Bunch shape Gaussian
RMShbunchlengtho, | 3.0 x 10~3m
Distancefrombunchs | 1.0m

For structures with resonance behavior of electromag-
netic fields, such as cavities or flanges, a longer distance
from bunch was considered. Bigger transverse mesh size
was considered for structures with big geometrical dimen-
sions, for example, cavities.

Stereolithography (STL) files were used as GdfidL input
data for most of the TPS storage ring components. Wakes,
impedances, loss factorsfor each component were obtained
as aresult of the simulations.
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The type of wake produced by a component (capacitive,
resistive or inductive) can be distinguished from its behav-
ior a very short range after the start of the bunch. Once
classified, an analytic expression [2, 3] can beused to relate
the maximum of the wake from a bunch to the broad-band
impedance Z/n, wheren = w/wq and wy isthe revolution
frequency.

The longitudinal microwave instability was studied with
numerical code ZAP [4].

STORAGE RING COMPONENTS

Beam position monitors, bellows, cavities, flanges, pho-
ton absorbers, pumping slots chambers, and several kinds
of tapers were simulated so far. Fig. 1 shows wakes from
severa groups of elements as well as the total wake. One
can see that the biggest wakes are produced by bellows and
tapers.
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Figure 1: Longitudinal wake as afunction of distance from
bunch for various groups of elements.

Most of the components studied in the paper are com-
mon and have been used in many storage rings. Never-
theless, some studies were performed in order to optimize
impedance of components and to clarify dependence of the
impedance on the geometry of components.

There should be more than two hundreds photon ab-
sorbers with different heights installed in the ring. Depen-
dences of impedance and loss factors on absorbers' height
were studied showing that higher absorbers cause bigger
broad-band impedance and loss factors. This dependence
has an ailmost linear shape.

Titanium bellows are proposed for the TPS storage ring.
Radio frequency (RF) shielding of bellows haslong slot in
its solid part. Two types of bellows were studied: with two
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such slots and with only one slot. Results of simulations
show that there is only minor difference in the shape of
wakes from bellows with two and one slot. This meansthat
the contribution to the impedance from longitudinal dots
in the RF shielding isinsignificant.

Wake produced by the TPS flange systems has fast oscil-
lations along the pipe axis. This happens because electron
bunch excites resonant modes in the gap between flanges
and electromagnetic field can store significant amount of
energy in the structure. Even with RF shielding present,
the gap between flanges represents a very narrow cylindri-
cal cavity of complicated geometry. However, it was con-
firmed that even the lowest resonance mode is not trapped
in such a cavity and hasalow quality factor.

A Superconducting RF (SRF) cavity designed by Cor-
nell University is proposed for the TPS storage ring. SRF
cavity and cavity tapers (transition from circular to ellipti-
cal cross-section) were simulated separately. Only the fun-
damental mode of the cavity has high quality factor and
hence high impedance. The rest of the modes have low
quality factors due to energy leakage to the beam pipes.
Wake fields produced by the cavity tapers are rather big.
Thisresultsin relatively high broad-band impedanceof this
structure.

There are severa kinds of tapers proposed for the TPS
storage ring besides SRF cavity tapers: injection section
tapers, tapersfor both sides of long straight sections, tapers
for insertion devices (ID) chambers. ID chambers were
studied in detail, because this kind of elements is one of
the major contributors to the broad-band impedance of the
storage ring. Tapered structures of TPS 1D chambers were
simulated in GdfidL assuming different dimensions of the
beam-pipe with race-track cross-section (narrow part). Re-
sults of simulations show that dependences of the |oss fac-
tor and broad-band impedance on the width of the beam
pipe with race track cross-section are almost linear. The
smaller is the gap of the ID chamber the higher areitsloss
factor and impedance. In the final design, the slope of the
tapers should be chosen with care to meet the broad-band
impedance goals of the ring.

IMPEDANCE BUDGET

Figs. 2 and 3 display the frequency content of the longi-
tudinal couplingimpedance. It is seen that tapers contribute
to theimpedance mainly in the frequency ranges 5-20GHZ
(real part) and 5GHz (imaginary part), bellows significantly
enhance impedance in the frequency ranges 20-30GHZ
(rea part) and 10-30GHz (imaginary part). BPMs and
flanges are responsible for numerous peaks of impedance
in both real and imaginary parts. Impedance of the SRF
cavity islocalized in the frequency range 500M Hz.

A preliminary impedance budget for the TPS storage
ring is shown in Table 2, where longitudinal broad-band
impedance |Z /n|, longitudinal loss factor k|, transverse
kick factors k, k,, and estimated number of elements in
thering N are presented. Thetotal longitudinal broad-band
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Figure 2: Freguency content of the longitudinal coupling
impedance (real part).
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Figure 3: Freguency content of the longitudinal coupling
impedance (imaginary part).

impedance calculated thus far is 0.3612.

Fig. 4 shows contributions to the total longitudinal
broad-band impedance and total longitudinal loss factor
from different groups of elements. One can see that major
contributors to the total longitudinal impedance are SRF
cavities, flanges, and bellows. Major contributorsto the to-
tal longitudinal loss factor are flanges, bellows, and SRF
cavity tapers.

INSTABILITY THRESHOLD

Total value of the longitudina broad-band impedance
was used to study the longitudinal microwave instability
in the TPS storagering. Potential well distortion was taken
into account. Result of simulations is presented in Fig. 5.
From this figure one can see that with increasing bunch
current its length becomes smaller and only above some
threshold current there is a rather fast bunch lengthening.
The result obtained shows that nominal designed single
bunch current of the TPS storage 0.67A is below thresh-
old of the longitudinal microwave instability.
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Table 2; Preliminary impedance budget for the TPS storage ring

Components |Z)/n], Q2 ky, V/pC ke, V/pC/m | k,,V/pC/m | N
¥ Absorbers (injection section) 9.27x107% [ 1.36 x 1073 [ 4.79x 1072 [ 499 x 10711 | 1
¥, Absorbers (straight sections) 3.62x107° | 6.42x 1073 | 1.78 x 10~ | 6.71 x 10~ | 24
Bellows (straight sections) 3.14x107% | 6.12x 1072 | 7.53 x 1072 | 1.99 x 107! | 144
BPM, primary (long straight sections) 1.72x 1074 | 6.39 x 1072 | 1.26 x 107> | 1.95 x 1076 | 48
BPM, standard (achromatic sections) 850 x107° | 3.35x 1072 | 1.24 x 1073 | 9.00 x 10~* | 168
Flange (straight sections) 3.57x107% | 5.82x 1072 | 257 x 107* | 3.15 x 10~* | 168
Pumping slots chamber (straight sections) | 1.36 x 1075 | 1.17 x 1073 | 2.53 x 10710 | 1.37 x 10~ ' | 96
SRF Cavity (500MH?z) 4.49%x1072 | 3.94x 1071 | 1.66 x 106 | 1.66 x 106 | 4
SRF Cavity Tapers 8.07 x 1073 | 3.68 1.56 x 10~ | 2.78 x 107™° | 2
Taper (injection section) 2.66 x 107° | 1.19x 1072 | 3.08 x 1071 | 7.97x 10713 | 1
Taper (straight sections) 529 x107% | 9.67 x 1072 | 8.99 x 1073 | 6.40 x 102 | 48
Taper, 1D (straight sections) 2.37x107% | 6.92x 107! | 1.49x 1077 | 283 x 1077 | 4
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Figure4: Contributionsto thetotal longitudinal broad-band
impedance and total longitudinal loss factor from different
groups of elements.

The most accurate result for threshold of the longitudinal
microwave instability can be obtained from tracking codes
using the total wake field from all the components in the
storagering.

CONCLUSIONS

The TPS storage ring broad-band impedance and loss
factor have been calculated. Contributions to the total
longitudinal broad-band impedance and total longitudi-
nal loss factor from different groups of elements were
found. Frequency content of the total longitudinal coupling
impedance was studied, and major contributors in differ-
ent frequency ranges were determined. It is confirmed that
nominal single bunch current of the storage ring is below
threshold of the longitudinal microwave instability.
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Figure5: Dependenceof therelative bunch length on single
bunch current obtained with ZAP.
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