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Abstract

The longitudinal and transverse broad-band
impedance of the vacuum chamber of the SPring-8
storagering is estimated by simulations assuming several
modd impedance and the relation between |ongitudinal

Figure 1 , Figure 2, Figure 3, Table 1 and Table 2
show the shape of discontinuities of the inner wall of the
beam pipe of the storagering[1].
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Figure 1. Dimension of two-dimensional models of
elements

Table 1. Dimensions of two-dimensional models of elements of the vacuum chamber.

dimension [mm, rad]
element b b’ d=|b-b| O, o, 0, 0,
RF cavity 50 250 200 220 220 90 90
weldments 20 22 2 0.2 0.2 90 90
flanges* 20 23 3 0.5 0 90
offsets 20 20.5 0.5 - 0 0 90
IDT section 20 5 15 - - 5 5
transition at RF section 20 50 30 - - 10 10
absorbers at RF section 50 35 15 - - 10 10
BPMtt 20 - - 0.5 0.5 90 90
t:ID islnsertion Device, 11: BPM isBeam Position Monitor,  *:with RF contact finger
RF shielding fingers
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Fi gure 3. The shape of abel low ows.

Tabel 2. Dimension of slots

t: DIP is Distributed lon Pump

Table 1 shows the dimemensions of dements for
which two-dimensiond simulation byMAFIA T2 is
applied.

Table 2 shows the dimension of various slots. The
impedance of these slots are estimaed by three-
dimensiona simulation by MAFIA T3.

dot sizefmm] height | length | depth 2 LONGITUDINAL IMPEDANCE
between RF contact fingers 1] 1~100 1 The impedance is estimated with simulations by
to antechamber 10~12 -l >20 MAFIA. With simulations, we can easily obtain the
to DIPt 2 50 4 shgpe and parameters of wake potentids such as loss

parameter k, and the maximum and minimum of wake
functions Wi, Wi or wake potentials V! ;., VIl ...
Theese parameters of wake functions are compared
with the wake functions based on several modds of
impedance which ae shown in Table 2[3,45].



Table 2. Longitudinal impedance modelsand W, k; [3,4,5]

Model cavitylike inductive resistive
Z' Frequency 7 i ol R
dependence ¢ Jw
Z'withw!_ for 1 mlo 1+i [f
max 1 omioga 1t o 00T\l Verwl
Gaussian bunch 12824 2 W Vo iy 2ne " W max 7'[ e
Zlwithk, 1 o 1+ 2\,/719 K
for Gaussian bunch r(1/ 4) 2\ ¢ Jow - c
4
. y 1
Wake function W, 7e\/ 2|22 () L2 ag(z) Rcd(2)

3 TRANSVERSE IMPEDANCE

By the Panofsky-Wenzd theorem, m-th moment of
longitudinal and transverse impedance, Zm(w) and

Z" (w), havethe relation ;
c
ZDm((A)) =BZ“m(w) . (1)

The same impedance models can be applied to obtain
Z!, from wake potentidsV!,. Then Z", isobtaned from
Z', using Eq. (1). But this schemeis not used here.

On the other hand, with a dimensiond analysis, we
have a relation between Z'\(w) and Z%(w) ;

Z'jl(w) =d22—(;)Z”0(w) )

,where d is a constant of the dimension of length and
w=nw,,; W, isthe angular frequency of revolution.

For the resistivewdl impedance and cavity
impedance based on the diffraction model, thisrelationis
strictly valid if we set d=h.

With equation (1) and (2), we can get the relation

2
Zlh(2)= pH Zly(2) _ ©)
The corregponding relation between wake functions
W,'(2) and W,'(2) is
W@ = & W2 )

In teems of the wake potentids a (x,y)=(x,0),
produced by achargeat (x',y)=(a,0), thisrelationis

V”1(Z) 2_\/II0(Z) ®)
If we set a—x—b, this becomes
2
Vii(2) = Z%VHO(Z) _ (6)

And if we set d=h, which isthe case of resistive wall
impedance or cavity impedance based on the diffraction
model, the equation (6) is

Vii(z)=2vls(2) . 7)

Eqg. (6) or Eg. (7) show that, with comparing theshape
of Vly(z) and VI (z), we can test the vaidity of equation
(2) and find the value of d.

This comparison is very intuitivdy because the
function shapes and magnitude of V!=-W, and V! =-
b?W,' are almost same.

For three-dimensonal structures, Z”; are defined for
each transverse direction x and y. We assume tha the

corresponding equation to (2)
~ 2 c I
(W) = Z'o(w)
Zin dy, " (8)

is good approximation even in three-dimensiond
structure, where d, and d, is defined for each directionto
x andy, individually.
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Flgure 2. The wake functions for a frange. The bunch
lengthis3mm(r.m.s.). The shape of two wake functions,

Vl=-W, and V!,=-b®W,', are the same and scaleis factor

2. From Eq. (4), this result showsEq. (2) isvdid for the
impedance of frange and d=b.

CW,, -bPW; [x10° V/C]

4 SIMULATION OF CONVEX SHAPE

The ID sections and the RF absorbers have convex
shape likethe shape | in Figure 3. It is difficult to get
stable simulatin result for these convex shapes because
the indirect method can not be gpplied in such shapes
with MAFIA T2 and T3.

But the simulations show that the impedance of the
shape Il, to which the indirect method can be gpplied,
have weak dependence on the lengthL. Thisresult shows
tha the interf erence between the wake of the section A
and the wake of the section B is smdl and they can be
treat individually. Based on thisfact, it is assumed that
the interference is dso smdl in the shape I. Hence the
shape Il is used for simulation instead of the shagpel in
the smulations for ID sections and RF absorbers.
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Figure 3. The shapefor smulauan Shapel |sactual
convex shape a |ID sections or absorbers. Shape Il isfor
the smulation




Table 3. Impedance of the SPring-8 storagering

Number Total Impedance

of Theory Simulation d/min{b,b}
Elements Elements Zn[Q] Zn[Q] Z" [MQ/m] [mm/mm]
RF cavities 32 1_5><1o51_";I 13x10° 1+ 2_8><;|_041_";I 50/50

n/n n/n n/n

weldments 2000 - 0.005i - 0.006 i - 0.007i 20/20
flangest 700 - 0.005i - 0.007i - 0.008i 20/20
offsets 2700 - 0.013i - 0.020i - 0.023i 20/20
bellowst 400 - - 0.060i - 0.068i 20/20
BPMs 300 - 360/n 410/n 20/20
transitions at RF sections 4 pair - 0.007.i - 0.006i - 0.007.i 20/20
absorbers at RF sectionst 8 - 0.007.i - 0.003i - 0.003i 35/35
ID sections 40 -0.020i -0.020i -0.002i 10/5
valvest 100 - 140/n-0.003i 46 /n-0.003i 20/20
pumping slots 3000 - - 2x10°5 | - 2x107% | (20V2) 135
slots to antechamber 500 - - 0.001 -0.001i (20V2) 1 35
slots between RF fingers 24000 - - 0.001i -0.0011i (20/V2) 1 35
resigtive wall (b=20mm) -1 19(1-i)/Vn - 2.2(1-)/+vn 20/20
synchrotron radiation - 0.026 - - -

T : These elements have RF shielding fingers.

5 RESULT

The impedance of the SPring-8 storage ring is shown
inTable2 Thetotal impedanceis

I ;
Z - 01271 + 290 L 13x 105 1L o
n n n/n [€Q]
456 1+i
Zz9=0213i + =— +28x10* ——
gl nin [MQ/m].

Thistransverse imedance Z" isfor vertical direction.

Thesevaues are valid at w < c/d where d isthedepth
of the structure shown in Figure 1[2].

The loss parameters are shown in Table 3 and the
parasitic loss power & a single dement a a one of the
operation mode, 100mA=5mA bunchx20 bunch, ae
shown in Table 4. The expected naturd bunch length is
3.5-5mm and the bunch length including potentid-wdl
distortion and instabilities caused by this impedance is
7mm at the bunch current 5mA/bunch[6].

Table 3. Loss parameters of asingle element

BunchLength loss parameters[V/C]

[rm.s] 3 mm 5mm | 10 mm
an RF cavity 8.07E11 | 6.43E11 | 4.82E11
aweldment 5.02E09 | 2.78E08 | 1.88E07
aflange 6.61E08 | 8.09E07 | 7.58E06
an offset 2.81E09 | 8.69E08 | 1.21E08
an ID sectiont 6.93E10 | 1.11E10 | 1.36E09
atransition at RF 8.57E11| 1.56E11 | 1.16E10
an absorber at RF 2.56E11| 1.22E11 | 3.87E10
bellows 9.81E10 | 4.14E10 | 9.57EQ09
avalve 1.50E10 | 6.04E09 | 9.60E08
adot to antechamber || 9.65E08 | 1.08E08 | 1.88E06
Total (OneTurn) 8.28E13| 3.69E13]1.77E13

Table 4. Parasitic loss power of asingle elements
at the stored current of 1700mA=5mA/bunchx20 bunch

Bunch Length Parasitic L oss Power [W]

[rm.s] 3 mm 5mm| 10 mm
an RF cavity 1932.7 | 1539.9 | 1154.3
aweldment 12.02 0.67 0.05
aflange 1.58 0.19 0.02
an offset 6.73 2.08 0.29
an ID section 16597 | 26.58 3.26
atransition at RF 20525 | 373.6 27.78
an absorber at RF 613.11 | 292.19 92.69
abellows 23495 99.15 22.92
avave 35.92 | 1447 2.30
adot to antechamber 2.31 0.26 0.00
Total (OneTurn) 1.98E5 | 8.84E4 | 4.24E4
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