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Abstract
2 RESISTIVE WALL IMPEDANCE

We describe the calculatedsistive wallimpedance of the

vacuum chambeand the correspondinggrowth rate of 2.1 Al vacuum duct

coupled-bunchnstabilities for the VSX light source, a . .
Japanese third generation VUV and soft X-ray sowite Almost all vacuum dgcts of the VSX storage ring WI” be
a beam energy of 2 GeV. Timpedancecalculation was made of Alalloy. Figure 1 shows theross-sectional
performedfor the normal Al vacuunduct andthe SiC view of the vacuurrduct for quadrupo!e andsextupole
duct, ahigher-order mode (HOM) absorber tbfe damped magnets. The vacuurduct for bendingmagnets has

RF cavity. Theimpedance othe Al vacuumductwith a almost the same cross section. Here, we approximate all
narrow vertical aperture issufficiently high at low the ring vacuum ducts by a circular Al pipe with a length

frequencies for exciting a transverse coupled-bunchOf the ring cwcumferer_]ce _C (=388.45@nd apipe Fa‘E"“S
instability. On the othehand,the SiC duct does not p(:1.8cm). The _Iongltudlnal_and tran_sverse resistive wall
cause a serious problem abaoupled-bunchnstabilities impedances of this circular pipe are given by

and it gives only a small contribution to tHwoad-band

Al
impedance related to single-bunch instabilities. 27(w) = (1 _j)Zods
n 2b @
1 INTRODUCTION 28'(@) = (1 - 20RO
The VSX light source [1] is a third generation synchrotro\r/1vith b ()

radiation source for producing tEighly brilliant light in
the VUV and soft X-ray region. It idesigned taattain a n =w/wo, 01=4/ 2p1
low emittance of about 5 nmrad for DBA lattice [2] and 16 WHo .
long straight sections (14.3m x 4, 7m x 12) for 14 o
insertion devices, injection magnetsand RF cavities. Here, %, wy, R(=C/21), W, p, andd, are the characteristic
Since smallbore radii ofthe quadrupole andsextupole impedance ofvacuum, the angular revolutidnequency,
magnets and a narrow magnetic gap (less than 20 mm)ti§ averagering radius, the magnetic permeability of
the insertiondevice are requiredhe vacuumchamber of Vacuum, the resistivityand skin depth of Al Both
the storage ring has a smalperture. As aesult, the impedances vary Ilke)'_l’z_and increase at lofequencies.
resistive wallimpedance othe vacuumchamber become The transverse resistive walimpedance reaches to
considerable. Furthermore, thecircular SiC duct is 0-38MQ/m at the revolution frequency 771.8 kHz.
installed on both ends of each RF cavityomder to damp
the HOMs generated in the cavity [3]. The resistive wall
impedance othe SiC duct should be estimatedyecause
the resistivity of SiC, 0.Z2dm, is higher in eighbrders

of magnitude than that of Al. Iaddition, the radiation
dampingforce ofthe ring, adefenseagainst instabilities,

is not strongbecause ofts low beam energyE=2GeV).
Therefore, coupled-bundhstabilities due tothe resistive
wall impedancemay be occur below the design beam
current of 400mA. In this paper, we report thuences

of the normal Al vacuunduct and the SiC duct on the
VSX storage ring in terms of beam instabilities.
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Figure: 1 Cross section of the Al vacuutoct for
quadrupole angextupole magnets. Dimensioag in
unit of mm. A pipe indicated by a dotted circle wased
in the inpedance estimation.
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2.2 SiC duct The resistive walimpedance othe SiCduct is
Figure 2 shows the cross section of the 8i@€t. This obtained bysqlving th? Mawell equati_ons ana!ytically
duct consists of an inn&iC layer and anouter Al layer, [4].  The longitudinal ipedance othe SIC duct with a

which werejoined by sintering. The total length of the length of L is given by
SiC duct is 90 cm for three RF cavities.
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glere,Jo, J., N,, N, are the Bessel functions and b, dgg;,

p, andd, arethe insideradius and thickness of the SiC
layer, thespeed oflight, the permittivity of vacuum, the
resistivity and skin depth of SiC. The transverse
impedance isalso given by an analytic expression [4].
However it is not shown here, because it is too long. The
calculatedlongitudinal and transverse impedances of the

'8
g Re[Z (1] SiC duct are shown in FiguresaBd 4. The real parts of
L.

Figure: 2 Cross section of the SiC duct (b=7cm, d=1cm
A 0.1

RS Im[Z (n] theseimpedances areot remarkable alow frequencies,
though they have broadpeak athigh frequencies. Each
impedance can be approximated byraad-bandesonator
model with a Q-value of 0.3-0#nd aresonanfrequency
-0.15 of 4-5GHz. In addition, onean find arough connection
10* 10° 10° 107 10° 10° 10% 102 between the longitudinal and transverse impedance¥, Z

Frequemcy(Hz) ~ (2¢/Bw)(Z,5n).

. L . . 3 COUPLED-BUNCH INSTABILITIES
Figure: 3 Longitudinal resistive wailinpedance of the

SiC duct. 3.1 Longitudinal growth rate

2,000 The growth rate of longitudinal symmeticoupled-bunch
modep for a beam with the number of bunchgsakd the

1,000 bunch current,lis given by [5]

g = Etkolo +z (wh—wsf e {‘%ﬂ} [Zl(wlp)]

ATEWs p&=w n
Re[Z ] @)
-1,000 m[Z) Wh = (Pkp+H+V)Wo ,  Ws =VsWo

-2,000 a, v, and o, are the momentum compactiofactor,
synchrotron tun@ndbunch length. Th@arameter values
of the ring usedfor the calculationare summarized in

Traasverse lnpedance(ohn/m)

=3,000 i ——— reference [2]. For the beam current of 400mA=@48, |
10° 10" 10" 10° 10" 10" 107 10 =0.62mA), thecalculatedgrowth rates of thesircular Al
Frequency(Hz) pipe and the SiC duct are less than 0.1 sex negligible

as compareavith the longitudinalradiation dampingate
Figure: 4 Transverse resistive wall impedance of the (81 sed).
SiC duct.
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3.2 Transverse growth rate

The growthrate of transverseymmetric coupled-bunch
mode is given by [5]

u — _ €kolpwoPt
4TE

+oo ’o|2 - 2‘
3 5N Relzeh)

p=—00

Ot
®)

wWp = (Pko+p+V)wo,, g = Ed/a)wo,

The transverse growth rate of the SiC duct is also
calculated and found to be veligw ( < 0.1 seg) like the
longitudinal one because of its broadpgdancespectrum.
The SiC duct cause neither transversmupled-bunch
instabilities nor longitudinal ones.

4 SINGLE-BUNCH INSTABILITIES

The resistive wallimpedance ofthe Al vacuum duct
decreasewvith the frequency and it iiot considerable at
high frequencies. Thus the influence of the Avacuum

Here¢,, v, andp, are the chromaticity, betarton tune, andiuct on single bunch instabilities is probably small. The

betatron function at the vacuum chamber.

From Eqg. (8), wecalculate the vertical growthate
of the Al pipe for kl,=400mA. The maximum growth
rate (1=638) is estimated to be about 390satb=18mm
and =0, and it is much higher than theransverse
radiation damping rat¢41 sed). Thereforethe vertical
coupled-bunch modewill be excited inthe ring if no
other damping mechanisms exist. In Figures 5 and 6,
the dependences othe maximum growthrate on the
betatron tune, and the chromaticit§, areshown. These
figures suggest that the growtsite can beeduced by a
smaller fraction of the betatron tune odaager positive
chromaticity.
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Figure: 5 Chromaticit dgpendence of thgrowth rate.
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Figure: 6 Betatron-tunedependence othe growthrate.
The arrow indicatethe datapoint for the presendesign
value of betaton tune(=9.55).

longitudinal andtransversédroad-bandmpedances of the
SiC duct is estimatedrom the approximatedbroad band
resonator model to be fZ/nFE~0.1Q and |Z°PB~
3kQ/m. Both of themare nuch smaller than thiroad-
band impedances dhe ordinary storage rings, which are
usually donmated by discontinuities of thevacuum
chamber such as bellows and transitions.

5 CONCLUSIONS

The resistive wall impedance othe Al vacuumchamber
in the VSX storage ring wilexcite a transverseoupled-
bunch mode with a growthate ofabout 390 set while
it never causesongitudinal coupled-bunchinstabilities.
We need toprepare atransverseeedbacksystem with a
damping rate ofibout 1000 set taking account of the
insertion device vacuum ducts which is notonsidered
here. The calculated impedance of 8i€ is conpletely
negligible for coupled-bunchinstabilities and it is not
substantial for single-bunch instabilities.
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