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Abstract

We evaluate the power lost by several mechanisms
in the SSC as function of bunch length. The items
considered are: RF cavities, inner bellows, sliding-
contact bellows, beam position monitors plus kickers,
resistive wall, and coherent synchrotron radiation

1 Introduction

We assume that the beam has M bunches, each with
an electric charge Ne, moving in an orbit of length
2πR with frequency f0. As these bunches circulate
around the machine they lose power due to the re-
tarding effect of the longitudinal impedance Z‖(ω).
For gaussian bunches the power loss is given by [1]

P = MI2
b

∞∑

p=−∞
ReZ‖(pω0) e−(pω0σz/c)

2

(1)

where σz is the rms bunch length, ω0 = 2πf0 and
Ib = Nef0 is the bunch current.

In practice we replace the summation by an integral
in the above formula. This replacement is a valid
approximation provided that [2]:

1. ω0σz/c¿ 1, and

2. Z‖(ω) varies little (and smoothly) over a fre-
quency interval of size ω0.

Since the average radius is given by R = c/ω0,
condition (a) is equivalent to σz ¿ R, which is very
well satisfied by the SSC parameters. Condition (b)
is very well satisfied by all non-resonator impedances
considered here. For a resonator impedance, condi-
tion (b) translates to ωr/ω0 À Q, which is approxi-
mately satisfied by the RF impedance parameters in
Table 1 below, and very well satisfied by all other
resonator impedances in this note. Thus our starting

formula is

P = MI2
b

∞∫

−∞

dω

ω0
ReZ‖(ω) e−(ωσz/c)

2

(2)

which, for a simple resonator form for the impedance,

Z‖(ω) =
RS

1 + iQ

(
ωr
ω
− ω

ωr

) (3)

yields [2]

P = MI2
bRS ×

(
C

σz

)
× Re(zw(z))√

4Q2 − 1
(4)

where w(z) is the complex error function [3] and

z =
ωrσz
2Qc

(√
4Q2 − 1 + i

)
(5)

In what follows we use certain assumed forms for
the impedances for the different structures, and then
use Eq. (4) to calculate the power loss. We also as-
sume nominal SSC values for the parameters, namely
a cricumference C = 82944 m, corresponding to an
average an average orbit radius R = C/2π = 13.2 km,
a revolution frequency f0 = 3.61 kHz (corresponding
to ω0 = 2πf0 = 2.27 × 104 rad/s), and M = 17280
bunches per ring, each having N = 7.3 × 109 pro-
tons. These parameter values imply a bunch current
Ib = Nef0 = 4.2 µA. All results presented for the
power loss are per ring.

2 Impedances

2.1 RF Cavities

The impedance of each of the 40 RF cavities is as-
sumed to be represented by a superposition of 19 res-
onator modes with parameters as given in Table 1.
These parameters correspond to a PEP cavity design
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Table 1: PEP cavity parameters.

n fr [GHz] RS [MΩ] Q
1 0.3589 11.84 42900
2 0.5072 2.03 36500
3 0.8302 0.025 44400
4 0.8834 0.532 54500
5 0.9261 1.482 35800
6 1.1671 0.622 50600
7 1.2157 0.332 61900
8 1.4401 0.434 91500
9 1.4474 0.555 60700
10 1.5330 0.018 53500
11 1.5860 0.238 70800
12 1.6685 0.282 55300
13 1.7377 0.298 56300
14 1.8522 0.017 58300
15 1.9589 0.302 77800
16 2.065 0.794 71500
17 2.077 0.130 72100
18 2.153 0.046 83600
19 2.290 0.116 68900

obtained from URMEL [5] (fr = ωr/2π is the reso-
nant frequency of mode n).

In practice, due to cavity construction errors and
temperature variations, the resonant frequencies vary
slightly from cell to cell, effectively broadening (“de-
Qing”) the resonant peaks. We take this effect into
account by the making the replacements

RS → 40RS for n = 1

RS → 2RS for n = 2, · · · , 19

Q→ Q/20 for n = 2, · · · , 19

(6)

to the parameter values in Table 1, and then using
Eq. 4 for each mode.

2.2 Inner Bellows

These are represented by a superposition of two res-
onators [4] with parameters given by Table 2, and the
power is computed from Eq. (4). The values of the
shunt impedances RS take into account the total of
4.54× 105 corrugations for the whole ring.

2.3 BPMs and Kickers

The 850 BPMs and two kickers (one for injection plus
one for abort) are collectively represented by one sin-

Table 2: Inner bellows parameters

fr [GHz] RS [MΩ] Q
12.3 6.1 4
49.0 1.6 20

gle broad-band resonator as per Table 3 [6].

Table 3: Parameters for BPMs plus kickers.

fr [GHz] RS [MΩ] Q
2.9 0.12 1

2.4 Sliding-Contact Bellows

The impedance for the 5000 units is represented [7] by
the superposition of two resonators plus a frequency-
independent term. The resonator parameters are pre-
sented in Table 4 (the values of RS include the ap-
propriate factor of 5000.)

Table 4: Sliding-contact bellows parameters

fr [GHz] RS [MΩ] Q
6.2 0.10 6
16 0.15 1

The resonant contribution to the power is com-
puted from Eq. (4). The frequency-independent part
of the impedance is

ReZ‖(ω) =
Z0

2π
log

(
b+ ∆

b

)
' Z0

2π

(
∆

b

)
(7)

where Z0 = 4π/c ' 377 Ω is the impedance of the
vacuum, ∆ = 0.1 mm is the gap size, and b = 1.65
cm is the pipe radius. From Eq. (2) we get the con-
tribution to the power loss per unit,

P = MI2
b

Z0√
π
×
(

∆

2b

)
×
(
R

σz

)
(8)

which is then multiplied by 5000.
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2.5 Resistive Wall

Here the impedance is [8]

Z‖(ω) = (1− i) R

bσδ(ω)
(9)

where σ = 1.6 × 1019 s−1 is the cold copper conduc-
tivity, and

δ(ω) =
c√

2πσω
(10)

is its skin depth. From Eq. (2) we get

P = Γ( 3
4 )MI2

bZ0

(
δ(ω0)

2b

)(
R

σz

)3/2

(11)

2.6 Coherent Synchrotron Radiation

The power radiated by M bunches in a circular orbit
of radius ρ in the absence of any shielding is [9]

P0 =
πΓ( 2

3 )

31/3Γ( 1
3 )
MI2

bZ0σ
−4/3
φ

' 1.101MI2
bZ0σ

−4/3
φ (12)

where σφ = σz/ρ is the angular rms bunch size. This
expression must be modified to account for the shield-
ing provided by the vacuum chamber and for the fact
the the orbit is not a perfect circle. This last mod-
ification is approximately accounted for by a factor
ρ/R where ρ = 10.1 km is the radius of curvature
of the orbit in the dipole field magnets (the factor
ρ/R ' 0.765 can be thought of as the fraction of the
orbit that is circular). Thus the appropriate expres-
sion is

P = P0 ×
( ρ
R

)
× S (13)

where the shielding factor S is given by [10]

S = 3−1/6 2−1/3 b

(ρσ2
z)1/3

(14)

This last expression is presumably pessimistic be-
cause it is obtained from a simplified geometry in
which the shielding is provided by two infinite paral-
lel metallic plates. A pipe presumably provides more
shielding, hence the true value for S is presumably
smaller than that obtained from Eq. (14).

3 Results and Comments

Results for the power loss per beam are presented
in Fig. 1. For short bunch lengths (σz ∼< 5 cm), the

power loss is dominated by the contribution from the
BPMs plus kickers. For longer bunch lengths (σz ∼> 5
cm) the power loss is dominated by the power lost
to the fundamental mode of the RF cavities. We
have not made allowance for the change in N that
must accompany a change in σz in order to maintain
a constant luminosity. This would not change our
numbers significantly.
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Figure 1: The various contributions to the power loss per beam. “RF (fund.)” is the power lost to the
fundamental mode of the RF cavities (Eq. (4) with parameters corresponding to n = 1 in Table 1, modified
as in Eq. (6)). “RF (HOMs)” is the aggregate power lost to the higher-order modes (Eq. (4) with parameters
corresponding to n = 2, · · · , 19 of Table 1 modified as in Eq. (6)). “IB” is the power lost to the inner bellows,
Eq. (4) with parameters as in Table 2. “BPMs+Ks” is the power lost to the BPMs and kickers, Eq. (4) with
parameters as in Table 3. “SCB” (res.) is the resonant power lost to the sliding-contact bellows (Eq. (4)
with parameters as in Table 4). “SCB” (nonres.) is the power lost to the frequency-independent part of the
impedance, Eq. (8)). “CSR” is the power loss due to shielded coherent synchrotron radiation, Eqs. (12–14).
“total” is the sum of all contributions.
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