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Abstract 

The broad band impedance of the vacuum chamber 
of the Spring-8 storage ring was estimated with several 
analytical equations and the numerical simulation with 
MAFIA T2. The estimated value of the total impedance 
is a few lo-‘R. 

The vacuum chamber consists of the beam chamber and 
the slot-isolated antechamber. The effect of the obsta- 
cles in the slot is estimated numerically, which shows that 
the designed shape is effective to reduce the impedance of 
them. 

I. INTRODUCTION 
The broad band impedance of the vacuum chamber 

of the Spring-8 storage ring, which is a SGeV elec- 
tron/positron ring for a high brilliance light source, should 
be low enough to get the design current of 5mA/bunch 
with less than 2 times higher value of the energy spread 
than the natural. To meet this requirement, the vacuum 
chamber is carefully designed to reduce the discontinuities 
in the beam chamber. 

The estimation of the impedance is performed with some 
theoretical and approximated equations and with the sim- 
ulations by R4AFIA[2] T2. 

In numerical simulation with h4AFIA T2, the approxi- 
mation that the beam chamber has round shape of 2Om11 
radius while the real shape is ellipse of 20mm x 35mtn, 
and several models of the wake factions such as cavit,ylike, 
inductive and resistive are assumed. 

There exist obstacles in the slot and antechamber such 

as absorbers, pumping holes and NEG stripes. The effect 
of them are also estimated numerically with MAFIA T3 
and S3. 

II. MODEL WAKE FUNCTIONS 
The rnodels of the wake functions adopt.ed here are cav- 

itylike, inductive and resistive. 

A. cavztylike 

A cavitylike element is a groove with a larger gap and 
depth compared with the wave 1engt.h of t,he wake field of 
Interest. 

The theoretical impedance of a. cavit,ylike element of irl- 
ner radius u and gap g is[3, 4, 51 

z=$-; 2(1+i) J- (1) 

,where Zo = 3770. 
The impedance can be obtained with M.4FIA T2, as- 

summing above frequency dependence of the impedance, 

Elclllcllt~s Number 
Total Impedance %[0] 

Lquations h4AFlA T2 

RF cavities 32 1.5 x lOj-!-+ 71 fi 1.3 x 105* 
nJ;; 

weldments 2000 -0.005i -0.OOGi 

t1anges 700 -0 005i -0.005i 
cdfscts 2700 -0 013i -0.019i 
BP\lS 300 360 - 

-K- 

]““llp slots 6000 
-2. 2 - 

n 
t~C~llows 400 -0.04oi 
val V(‘S 100 -().(]:ji - 22; - n 

t-2 

BP\Is 300 1 2 
-L- - 

ID sections ‘10 -0 Ol8i -0.012i 
resistive - , qlri - 

‘$7 
Wall 
syilchrotroii - i).O’Lti - 

radiation 

‘I’able 1: Impedance of SPring-S storage ring 

with[G] 

z = ,jl,41j 2fi JT;Ll% 
4 T 

,whcre 0 is the bunch lengt!l(r.m s.) and 1;1 is the loss 
parameter which MAFIA T2 cxl calculate. 

El. 27lducfive 

‘I‘he impedance of c1emr~nt.s \vllich have the discontinu- 
itlrs of the scale smaller than tile wave length of the wake 
field of interest are inductive. 

The theoretical impedance of a s~nall rectangular groove 
is[7, t;] 

z = -iw& SC6 - a) 
2nc a 

, where 6 is an outer radius of the groove. 
The impedance of a pair of shallow transitions is approx- 

imat,ed with the formula[9] 

z = -iw~a(6- a)’ 20 : 

2TC 62 7 ( > 

,where 0 is the tapering angle. 
The impedance can be obtained with MAFIA T2, as- 

suming above frequency dependence, with[G, IO] 

z = -i~2E&m,, 
C? 

, where c and LVm,, are the bunch length(r.m.s.) and the 
maximum value of the wake function which MAFIA T2 
can calculate, respectively. 
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C. reststzve 

The simulation with MAFIA T2 shows that a groovc~ 
which is deep compared with the wave length of the wake 
field of interest has resistive impedance of the form 

z = II t(j) 

and with this impedance, R can bt, obtained with RI.4 I‘]:\ 
k.2 with[G] 

R = 2fi3 (7) 

III. THE IMPEDANCE OF ELEMENTS 
A. An RF cautty 

An RF cavity has the beam pipe of 5Omm radius and 
the acceleration gap of 220mm wide. The wake funct,ion 
obtained with MAFIA T2 shows that it has a cavitylike 
impedance as expect~ed. 

13. A flange 

The gap of a flange is shielded with RF contact fingers. 
The residual discontinuity is a triangle groove of 0.5mm 

wide x lmm deep. The wake function calculated with 
MAFIA T2 shows that its impedance is inductive and t.lle 
value of the impeda.nce obtained with the Eq.(5) is almost 
half of the theoretical value of the impedance of the rect- 
angular groove of 0.5mm wide x lmm deep, obtained with 
Eq.(3). 

C. A weldment 

A weldment is designed to be a rectangular groove 
smaller than 0.2mm wide x Imm deep. 

D. An offset 

The offset at the flange or at the weldment arc designed 
to be less than 0.5mm. This is modeled as a step change 
of the radius of the beam pipe and estimated analytically 
with Eq.(4) and numerically with Eq.(5). 

E. AIL tnserizon devtce se&on 

A insertion device(ID) section consists of a pair of 5 de- 
gree taper transitions which connects t,he norlmal section of 
351111~1 radius and the ID section of 1Omm. The impedance 
is estirnated analytically with Eq.(4). The wake funct.iou 
calculated with MAFIA T2 shows that the impedance is 
inductive. 

F. A pump slot 

The pumping slot is a longitudinal slot of 2mn-1 wide 
x 9mm long. The theoretical impedance is inductive and 
estimated with [3] 

(6) 

, where w is the width of the slot. 

G. A value 

The gap of a valve is shielded by RF contact fingers. 
The valve consists of a t.riangle groove of 3mm wide x 

lmm deep, a deep groove of 0.5mm wide and 30 longi- 
tudinal slots of 0.5mm wide x 1OOmm long between the 
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Figure 1: Cross section of tile vacuum chamber. 

RF contact fingers. the impedance of the triangle groove 
is est,imat.ed with Eq.(3) as in the case of the flange and 
the impedance of the slot is estimated with Eq.(S). and 
the slots is The wake function of the deep groove calculated 
with 14AFIA T2 s11ows that its impedance is resistive. The 
total impedance is estimated by the sum of them. 

II. Shzelded bellou~~ 

I3ellows are shielded with RF contact fingers. The shape 
of shielded bellows consists of an outward taper transition 
of 105mm long and 41lun higIl, an outward step of lmm 
high and an inward taper transition of 50mm long and 
5mm high. 

The wake function calculated with MAFIA T2 shows 
that the impedance is Inductive. 

I. A beam posztzou monzlor 

The butt.on beam position monitor( BPM) is coaxial line 
wit11 0.5mm wide gap. This struct,ure is modeled with a 
deep groove of 0.5mm wide The upper limit of the effect 
of BPM can be estimated with this model. 

The wake function obtained with MAFIA T2 shows that 
its impedance is resistive and obtained with Eq.(7). 

J. Resisltve wall 

The resistive wall impedance is estimated with the equa- 
tion 

l--i6 
z = zo-- 

2 6 
(9) 

,where 6 = d- is the skin depth 

Ii. Syncht-afrau radzaizon 

The synchrotron radiation impedance is estimated with 
tlie equation 

Z I I -= 
71 

300; (10) 

,where 6, R is the radius of the vacuum chamber and the 
average radius of the machine. 

IV. EFFECT OF OBSTACLES IN 
SLOTS AND ANTECHAMBERS 

III the slot, there exist absorbers and pumping holes. 
The effect of these obstacles in the slot and antechamber 

is est.imat.ed numerically with MAFIA T3 and S3. 
The typical crosssection of a vacuum chamber are shown 

in Fig.1. 
The structures used in this simulation with MAFIA T3 

and S3 are shown in Fig.2 and Fig.3 ,respectively. 
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Figure 2: Model structure for MAFI.4 T3 

Figure 3: hlodel structure for hIAFIA S3 

With MAFIA T3, which solves in time domain, the wake 
function was calculated for a test obst,acle, which is a hole 
of 1Omm long x 1Omm deep x slot height high opened to 
the end wall of the slot. 

The disturbance of the wall current. causes the wake field 
hence the strength of the wake field can be estimated with 
the strength of the wall current.. 

With S3, which solves the elect.ro-static problems, the 
wall current flowing at the end wall of the slot was calcu- 
lated. The charge are placed at the beam axis and the in- 
duced charge on the end wall of the slot, was ca.lculated for 
several height and depth of the slot. This induced charge 
is proportinal to the wall current. 

The result for several height of slot( lOmm,12~nm,14mn~) 
are shown in Fig.4. The relative st,rength of the wake field 
is parameterized by the peak value of the wake functions. 

This result shows that the strength of the wake field and 
the wall current both depends only on rl = dept/r/heigllt 
and the strength of the wake held and the strength of the 
wall current are proportional to l/d2 and l/d, respectively. 

V. CONCLUSION 
The total impedance of the Spring-8 storage ring is es- 

timated to be of the order of lo-‘R for n = w/wpe,, N 
(c/a)/w,,, - 2 x 104. 

The numerical simulation shows that the obstacles in 
the slot should be at least 2 x height apart from the beam 
chamber surface to reduce their effect and the design of 
the vacuum chamber fulfills this requirement. In this de- 
sign, the width of the slot fulfills height/widt.h > 4, which 
is enough that the effect of the pumping syst.em in the 
antechamber is negligible. 
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Figure 4: Relative strength of the wake functions(left) 
and the wall current on the ct~d wall of the slot(right). 
Depth/Height is the depth from the beam chamber nor- 
malized by the slot height. 

[II 

PI 

131 

[41 

[51 

WI 

PI 

IS1 

PI 

[lOI 

REFERENCES 
\V Watanabe, et al., “Vacuum Chamber and Crotch 
Absorber for the SPring-S Storage Ring Vacuum 
Chamber,” this conference 

11. Iilat t anti T. \Veiland, “\Vake Field Calculations 
with ‘I’hree-Dilllcnsional BCI~” Proc. of Linear Accel- 
eral.or Conference. SLAC, (1986) 282. 

S. Ileifets, “Rroatl Band Impedance of Acceler- 
ating Struct.ures Perturbation Theory,” SLAC-PUB- 
5792( 1992). 

G. D. Dome, “Wake Potentials of a Relativistic Point 
Charge Crossing a Beam-Pipe Gap:An Analytical 
Approach >” IEEE Tmw. Nucl. Sk., NS-32, No.5, 
X31( 1985). 

It. L. Gluckstern, ‘iIligh-frequency behavior of the lon- 
gitudinal impedance for a cavity of general shape,” 
Phys. Reu. D 39, X73(1989). 

S. Heifets, “Broad Band Impedance of The B- 
Factory,” SLAC/AP-93( 1992). 

I<. L. F. Bane and M. Sands, “Wakefields of Very 
Short Bunches in an Accelerating Cavity,” SLAC- 
PUB-4441( 1987). 

E. Keil and B. Zotter, Parlicle Accelerulors 3 
ll( 1972). 

I<. L. F. Bane, “Bunch Lengthening in The SLC 
Damping Rings,“ SLAC-PUB-5177( 1990) 

M. Takao, T. Higo and I<. L. F. Bane, “Estimation 
of the Longitudinal Impedance of the ATF Damping 
Ring,” Conference Record of the 1991 IEEE Particle 
Accelerator Conference, Vol. 2, pp.506-508. 

3466 
PAC 1993


