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Abstract

The  l ongi tudi na l and t ra nsve rs e  broa d-ba nd
i m pedanc e of t he vac uum  cha m ber of t he S Pri ng- 8
storage ring is estimated by simulations assuming several
m odel  i m pedanc e and t he re l at i on bet we en l ongi tudi na l
and t ra nsve rs e  i m pedanc e.  The se  as s um pt i ons ar e
confiremed by the simulation.

1  DIMENSION OF STRUCTURE OF
BEAM PIPE

F igur e 1 ,  F igur e 2,  F igur e 3,  Ta ble  1 and Ta ble  2
s how t he s hape  of di s cont i nuit i es  of t he i nner  wa ll  of t he
beam pipe of the storage ring[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| g1 g2 θ1 θ2

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

ID† section 20 5 15 - - 5 5

transition at RF section 20 50 30 - - 10 10

absorbers at RF section 50 35 15 - - 10 10

BPM†† 20 - - 0.5 0.5 90 90

      †: ID is Insertion Device,     ††: BPM is Beam Position Monitor,      *:with RF contact finger
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Figure 2. Shape of a valve
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Figure 3. The shape of a bellows.   
Tabel 2. Dimension of slots

slot size[mm] height length depth

between RF contact fingers 1 1~100 1
to antechamber 10 ~ 12 - > 20

to DIP† 2 50 4

†: DIP is Distributed Ion Pump
Ta ble  1 s hows  t he di m em ens i ons  of el e me nt s  for 

whi ch t wo-di m ens i onal  s i mul a ti on byM AF IA T2 i s 
applied.

Ta ble  2 s hows  t he di m ens i on of var i ous s l ots .  The 
i m pedanc e of t hes e  s l ots  ar e es t i m at ed by t hre e-
dimensional simulation by MAFIA T3.

2   LONGITUDINAL IMPEDANCE
The  i m pedanc e i s  es t i m at ed wi t h s i mul a ti ons  by

M AF IA.  Wi t h s i mul a ti ons ,  we  ca n ea s i ly obt ai n t he
s hape  and par am et e rs  of wa ke pot ent i al s  s uch as  l os s 
par am et e r kl  and t he m axi m um  and m i nim um  of wa ke
functions W||

min, W
||
max or wake potentials V||

min, V
||
max.

The es e par am et e rs  of wa ke func t ions  ar e com pa red
wi t h t he wa ke func t ions  bas e d on s eve ra l m odel s  of
i m pedanc e whi ch ar e s hown i n Ta ble  2[3, 4,5] .



Table 2. Longitudinal impedance models and W||
max, kl [3,4,5]
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3  TRANSVERSE IMPEDANCE
B y t he P anofs ky- Wenz el  t heor em , m -t h m om ent  of

l ongi tudi na l and t ra nsve rs e  i m pedanc e,  Z||m (ω ) and

Z⊥
m(ω), have the relation ;

Z ⊥
m (ω ) = c

ω
Z ||

m (ω )  . (1)

The same impedance models can be applied to obtain
Z||

1 fr om wa ke pot ent i al s  V||
1.  The n Z⊥ 

1 i s  obt ai ned fr om
Z||

1 using Eq. (1). But this scheme is not used here.
On t he ot her  hand,  wi t h a di m ens i onal  ana l ys is ,  we 

have a relation between Z||
0(ω) and Z⊥

1(ω) ;

Z ⊥
1(ω ) ≈ 2c

d2ω
Z ||

0 (ω ) (2)

, where  d i s  a cons t a nt of t he di m ens i on of l engt h and
ω=nωrev; ωrev is the angular frequency of revolution.

F or t he re s is t i ve- wal l  i m pedanc e and ca vi ty
impedance based on the diffraction model, this relation is
strictly valid if we set d=b.

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

Z ||
1(z) ≈ 2

d2 Z ||
0 (z)  . (3)

The  cor re spondi ng re l at i on bet we en wa ke func t ions 
W1'(z) and W0'(z) is

   W1′(z) ≈ 2
d2 W0′(z) (4)

In t er ms  of t he wa ke pot ent i al s  at  (x, y)= (x, 0),, 
produced by a charge at (x',y')=(a,0), this relation is

V z
ax

d
V z|| ||( ) ( )1 2 0

2
≈   . (5)

If we set a=x=b, this becomes

V ||
1(z) ≈ 2

b2

d2 V ||
0 (z)    . (6)

And i f we  s et  d= b, whi ch i s  t he ca s e of re s is t i ve wa ll 
i m pedanc e or ca vi ty i m pedanc e bas e d on t he di ffr ac ti on
model, the equation (6) is

  V ||
1(z) ≈ 2V ||

0 (z)  .  (7)
Eq. (6) or Eq. (7) show that, with comparing the shape

of V||
0(z ) and V||

1(z ),  we  ca n t es t  t he val i di t y of equa t ion
(2) and find the value of d.

Thi s  com pa ri s on i s  ver y i nt uit i vel y bec aus e  t he
func t ion s hape s  and m agni t ude of V||

0= -W0'  and V||
1= -

b2W1' are almost same.

F or t hre e- dim e nsi ona l s t ruct ur es , Z⊥ 
1 ar e def i ned for 

ea ch t ra nsve rs e   di re ct i on x and y.  We  as s um e t hat  t he
corresponding equation to (2)

 
   Z x, y

⊥
1(ω) ≈ 2 c

dx, y
2ω

Z ||
0(ω)

(8)
i s  good appr oxi ma t ion eve n i n t hre e-di m ens i onal 
structure, where dx and dy is defined for each direction to
x and y, individually.
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F igur e 2.  The  wa ke func t ions  for  a fr ange . The  bunch
l engt h i s  3m m (r. m. s .) . The  s hape  of t wo wa ke func t ions , 
V||

0=-W0' and V||
1=-b2W1', are the same and scale is factor

2.  F rom  Eq.  (4) , t hi s re s ult  s hows  Eq.  (2)  i s  val i d for  t he
impedance of frange and d=b.

4  SIMULATION OF CONVEX SHAPE
The  ID  s ec t ions  and t he R F abs or bers  have  conve x

s hape  l i ke t he s hape  I i n F igur e 3.  It  i s  di ffi c ult  t o get 
s t abl e s i mul a ti n re s ult  for  t hes e  conve x s hape s  bec aus e 
t he i ndi rec t  m et hod ca n not  be appl i ed i n s uch s hape s 
with MAFIA T2 and T3.

B ut t he s i mul a ti ons  s how t hat  t he i m pedanc e of t he
s hape  II , t o whi ch t he i ndi rec t  m et hod ca n be appl i ed, 
have weak dependence on the length L. This result shows
t hat  t he i nt erf ere nce  bet we en t he wa ke of t he s ec t ion A
and t he wa ke of t he s ec t ion B  i s  s m al l  and t hey ca n be
t re at  i ndi vidua l ly.  B as ed on t hi s fa ct , i t  i s  as s um ed t hat 
t he i nt erf ere nce  i s  al s o s m al l  i n t he s hape  I.  He nce  t he
s hape  II  i s  us ed for  s i mul a ti on i ns te ad of t he s hape  I i n
the simulations for ID sections and RF absorbers.
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F igur e 3.  The  s hape  for  s i mul a ti on.   S hape I i s  ac t ual 
conve x s hape  at  ID  s ec t ions  or abs or bers .  S hape II  i s  for 
the simulation



Table 3. Impedance of the SPring-8 storage ring
Number Total Impedance

of Theory Simulation d /min.{b,b'}

Elements Elements Z||/n [Ω] Z||/n [Ω] Z⊥  [MΩ/m]  [mm/mm]

RF cavities 32 1.5 ×105 1 + i

n n
1.3 ×105 1 + i

n n
2.8 ×104 1 + i

n n
50 / 50

weldments 2000 - 0.005 i - 0.006 i - 0.007 i 20 / 20
flanges† 700 - 0.005 i - 0.007 i - 0.008 i 20 / 20
offsets 2700 - 0.013 i - 0.020 i - 0.023 i 20 / 20
bellows† 400 - - 0.060 i - 0.068 i 20 / 20
BPMs 300 - 360 / n 410 / n 20 / 20
transitions at RF sections 4 pair - 0.007 i - 0.006 i - 0.007 i 20 / 20
absorbers at RF sections† 8 - 0.007 i - 0.003 i - 0.003 i 35 / 35
ID sections 40 - 0.020 i - 0.020 i - 0.092 i 10 / 5
valves† 100 - 40 / n - 0.003 i 46 / n - 0.003 i 20 / 20
pumping slots 3000 - - 2×10-5 i - 2×10-5 i (20/√2) / 35
slots to antechamber 500 - - 0.001 i - 0.001 i (20/√2) / 35
slots between RF fingers 24000 - - 0.001 i - 0.001 i (20/√2) / 35
resistive wall (b=20mm) - 1.9 (1-i) / √n - 2.2 (1-i) / √n 20 / 20
synchrotron radiation - 0.026 - - -

† : These elements have RF shielding fingers.

5  RESULT
The  i m peda nce  of t he S Pri ng- 8 s t orage  ri ng i s  s hown

in Table 2  The total impedance is
Z
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This transverse imedance Z⊥  is for vertical direction.
These values are valid at ω < c/d where d is the depth

of the structure shown in Figure 1[2].
The  l os s  par am et e rs  ar e s hown i n Ta ble  3 and t he

par as i t ic  l os s  powe r at  a s i ngle  el e me nt  at  at  one of t he
oper at i on m ode,  100m A= 5mA /bunc h×20 bunch,  ar e
s hown i n Ta ble  4.  The  expe ct e d nat ur al  bunch l engt h i s 
3. 5-5m m and t he bunch l engt h i ncl udi ng pot ent i al -w el l 
di s tor t ion and i ns ta bi li t i es  ca us ed by t hi s i m pedanc e i s 
7mm at the bunch current 5mA/bunch[6].

Table 3. Loss parameters of a single element
BunchLength loss parameters [V/C]

[r.m.s.] 3 mm 5 mm 10 mm

an RF cavity 8.07E11 6.43E11 4.82E11
a weldment 5.02E09 2.78E08 1.88E07

a flange 6.61E08 8.09E07 7.58E06

an offset 2.81E09 8.69E08 1.21E08

an ID section† 6.93E10 1.11E10 1.36E09

a transition at RF 8.57E11 1.56E11 1.16E10

an absorber at RF 2.56E11 1.22E11 3.87E10

bellows 9.81E10 4.14E10 9.57E09

a valve 1.50E10 6.04E09 9.60E08

a slot to antechamber 9.65E08 1.08E08 1.88E06

Total (One Turn) 8.28E13 3.69E13 1.77E13

Table 4. Parasitic loss power of a single elements
at the stored current of 100mA=5mA/bunch×20 bunch

Bunch Length Parasitic Loss Power [W]
 [r.m.s.] 3 mm 5 mm 10 mm

an RF cavity 1932.7 1539.9 1154.3
a weldment 12.02 0.67 0.05

a flange 1.58 0.19 0.02

an offset 6.73 2.08 0.29

an ID section 165.97 26.58 3.26

a transition at RF 2052.5 373.6 27.78

an absorber at RF 613.11 292.19 92.69

a bellows 234.95 99.15 22.92

a valve 35.92 14.47 2.30

a slot to antechamber 2.31 0.26 0.00

Total (One Turn) 1.98E5 8.84E4 4.24E4
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