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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 
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1. Introduction 

We assume tha.t the beam ha.s M bunches, ea.ch with a.n electric charge N Be, 
moving in an orbit of length 211" R with frequency / 0 • As they circulate a.round the 
machine they lose power due to the retarding effect of the longitudinal impedance 
Zn(w). For gaussian bunches the power loss is given by1

'
1 

+oo 

P = M(NBe/0 )
2 L Re[Z11(pw0 )] exp (-p2w~u!/c2) (1.1) 

p=-oo 

where O"z is therms bunch length and w0 = 211"/0 • 

In practice we replace the summation by a.n integra.l in the above formula. 
This replacement is a. va.lid approximation provided: a) that Zn(w) varies little 
(and smoothly) over a. frequency interva.l of size w0 , and b) that w0 uz/c < 1. 
Since the a.vera.ge radius is given by R = c/w0 , this la.st assumption mea.ns that 
O"z < R, which is well-satisfied in practice. As for condition a.), we assume it to 
be valid. Thus our starting formula is 

+oo 

P = M(NBe/0 )
2 j dw Re[Z11 (w)] exp (-w20"!/c2

) (1.2) 
Wo 

-oo 

A particular expression for the impedance, which is often used for many 
structures, is tha.t of a. simple resonator, 

z, (w) = Rs 
II 1 + iQ (!!!A - ..!!!...) ., .,,. 

in which ca.se Eq.(1.2) yields,t•I assuming that WR/w0 > Q, 

where 

p = M(NBe/0)2 Rs (21fR) Re(ziu(z)) 
u,. v'4Q2 -1 

(1.3) 

(1.4) 

(1.5) 

In Eq.(1.4) w(z) is the complex error function 1' 1 and !R = WR/211". In the limit 
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when Q > 1, Eq.(1.4) reduces to 

(1.6) 

In what follows we use certain assumed forms for the impedances for the 
different structures, and then use Eqs. (1.2) or (1.4) to calculate the power loss. 
We also assume nominal SSC values for the parameters, namely M = 17, 280 
bunches per ring, NB = 7.3 x 109 particles per bunch, a revolution frequency 
/ 0 = 3.62 KHz (corresponding to w0 = 2.27 x 104 sec-1) and an average orbit 
radius R = c/w0 = 13.2 km. The charge of the proton is e = 1.6 x 10-19 C. 
Note that the factor NBe/0 = 4.2 x 10-6 A, which appears squared in these 
expressions, is the average bunch current. All results presented for the power 
loss are per ring. 

2. Impedances 

2.1 RF CAVITIES 

Each one of the 40 RF cavities is assumed to be represented by a superposition 
of 19 resonators with parameters as given in Table (1). 1' 1 In practice, due to 
cavity construction errors and temperature variations, the resonant frequencies 
vary slightly from cell to cell, effectively broadening the resonant peaks. A crude 
way to take this effect into account is to make the following changes to the 
numbers in Table (1): 

Rs--+ 40Rs 
Rs--+ 2Rs 
Q--+ 2~Q 

for n=l 
for n=2, ... ,19 
for n=2, ... ,19 

and then use Eq.(1.4) for each mode. We evaluate the power loss for the funda­
mental mode (n=l) separately from the others (n=2, ... ,19), which are added 
together. 
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2. 2 INNER BELLOWS 

These are represented by a superposition of two resonators 1' 1 with parameters 
given by Table (2), and the power is computed from Eq.(1.4). The values of the 
shunt impedances Rs take into account the total of 4.54 x 105 corrugations for 
the whole ring. 

2.3 BEAM POSITION MONITORS AND KICKERS 

The 850 BPMs and two kickers (one for injection plus one for abort) are 

represented by one single broad-band resonator as per Table (3). 1
•
1 

2.4 SLIDING CONTACT BELLOWS 

The impedance for the 5,000 units is represented1' 1 by the superposition of 
two resonators plus a frequency-independent term. The resonator parameters 
are presented in Table (4) (the values of Rs include the appropriate factor of 
5,000.) The resonant contribution to the power is computed from Eq.(1.4). The 
constant part of the impedance is 

z. (b+ Ll) Re[Zn(w)] =
2

'11" log - 6-

<==Zo (Ll) 
2'11" b 

(2.1) 

where z. = 4'11" / c <== 311 n is the impedance of the vacuum, Ll = 0.1 mm is the gap 
size, and b = 1.65 cm is the pipe radius. From Eq.(1.2) we get the contribution 
to the power loss per unit, 

. P=M(Nsefo)2 z0 (Ll) (R) v'1i 2b u,, 
(2.2) 

which is then multiplied by 5,000. 

2. 5 RESISTIVE WALL 

Here the impedance is 1' 1 

(2.3) 



where u = 1.6 x 1019 sec-1 is the cold copper conductivity, and 

c 
6(w) = . tn=::: 

y211'UW 

is its skin depth. From Eq.(1.2) we get 

where 60 = 6(w.) and r(i) ~ 1.23 is the gamma function. 

2.6 COHERENT SYNCHROTRON RADIATION 

(2.4) 

(2.5) 

The power radiated by the bunches in a circular orbit of radius p in the 
absence of any shielding is 1"1 

(2.6) 

where u; is the angular rms bunch size. This expression must be modified to 
account for the shielding and for the fact the the orbit is not circular. This last 
modification is approximately accounted for by a factor pf R if we identify p to 
be the radius of curvature of the orbit in the dipole field magnets, p = 10.1 km 
(the factor p / R ~ 0. 765 can be thought of as the fraction of the orbit that is 
circular). Thus the appropriate expression is 

( )

-4/3 

P = 1.101 M(NBef0 )
2 Z0 :• x (~) x shielding factor (2.7) 

The shielding factor~ given by 1
'

01 

shielding factor= 3-1/ 6 2-1/ 3 b 
(pu~)l/3 

(2.8) 

This last expression is in fact an upper bound since it is obtained from a very 
simplified geometry in which the shielding is provided by two infinite parallel 
metallic plates, which is less effective than a pipe. 
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3. Results and Comments 

Results for resonant power loss are presented in Fig.(1). Here RF{fund) cor­
responds to the cavity's fundamental mode, RF{higher) is the sum of all higher 
modes contributions, IB corresponds to inner bellows, SOB to sliding contact 
bellows (resonant), and BPMK to beam position monitors plus kickers. Nonres­
onant losses are presented in Fig.(2), where SCB corresponds to sliding contact 
bellows (nonresonant), RW to resistive wall, and CSR to coherent synchrotron 
radiation. In all cases we have not made allowance for the change in the num­
ber of particles per bunch which must accompany a change in bunch length in 
order to maintain a constant luminosity. This would not change our numbers 
significantly. 
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APPENDIX: RESONATOR PARAMETERS 

Table 1. PEP cavity parameters l•I 

mode n IR [GHz] Rs [Mn] Q x 10-3 

1 0.3589 11.84 42.9 

2 0.5072 2.03 36.5 

3 0.8302 0.025 44.4 

4 0.8834 0.532 54.5 

5 0.9261 1.482 35.8 

6 1.1671 0.622 50.6 

7 1.2157 0.332 61.9 

8 1.4401 0.434 91.5 

9 1.4474 0.555 60.7 

10 1.5330 0.018 53.5 

11 1.5860 0.238 70.8 

12 1.6685 0.282 55.3 

13 1.7377 0.298 56.3 

14 1.8522 0.017 58.3 

15 1.9589 0.302 77.8 

16 2.065 0.794 71.5 

17 2.077 0.130 72.1 

18 2.153 0.046 83.6 

19 2.290 0.116 68.9 
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Table 2. Inner bellows parameters 

fR [GHz] 

12.3 

49.0 

Rs [Mn] 

6.1 

1.6 

Q 

4 

20 

Table 3. BPM's plus kickers parameters 

fR [GHz] Rs [Mn] Q 

2.9 0.12 1 

Table 4. Sliding contact bellows parameters 

fR [GHz] 

6.2 

16 

Rs [Mn] 

8 

0.10 

0.15 

Q 

6 
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