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The radio-frequency acceleration system of the SSC is to satisfy the following conditions:

1. fgp=hfy=374741 MHz(D)
f, =Bc/2rR = 3.6144..kHz (revolution frequency)

(circumference = 82.944 km)
103,680 (harmonic number)

h
beam velocity in units of ¢ (= 1.0 - 4.4x10°7 at 1 TeV)

B

2, accelerating ramp = 1,000 seconds

E = 1-» 20 TeV (beam energy)
thus AE = 5.26 MeV per turn

3. beam longitudinal emittance € (= og'0) = 0.035 eV-sec at 1 TeV
and 0233 eV-sec at 20 TeV(®

4. o, (= Scot) = 7 cm at 20 TeV

5. Ratio of RF bucket area to rms beam longitudinal phase-space area Ry =

Apg/ €, ) 2 18 is desirable during storage at 20 TeV in order to suppress
longitudinal emittance growth due to RF noi's.e.:.s This is an approximate rule
based on observations at the SppS at CERN 0B)

The 1-TeV longitudinal emittance (specified in the RDS because of the transverse
mode-coupling instability) now is conservative by a factor of 5 because the present
SSC design has a smaller peak current and different lattice parameters. The 20-TeV
longitudinal emittance (specified to control transverse-emittance growth due to intra-
beam scattering) is probably about right because the smaller peak current here is com-
pensated by the smaller transverse emittance due to radiation damping, which was not
invoked in the RDS estimate. The 1-TeV longitudinal-emittance specification should be
reviewed and possibly modified.

1. SSC-N-117, Rev.
2. RDS, p.165. Careful! RDS uses "95% area emittance”. Le., €ppg = 6m g
3. RDS, p.139



The pertinent equations are:
1. bucket half height (AE/E)gy

(AE/E)gy = _g_gy__;lm Fgg) W
nhn ER
where  F(dg) = | cos g - (W2 - g) sin o 12 (12)
#g = synchronous phase = sin™* (AE/ eV)
V = peak RF voltage
T = slippage factor = (dff f)/ (dp/ p)
=0 - 7'2 = o
¢ = compaction factor = 2.227 x 104 (SSC-N-139)

2. bucket area Apgy

Agg = 48 [2eVE 12 M@y (eV-sec) @)
nfgp { ®hn
where M(g,) = moving-bucket factor, plotted in Figure 1.

(Tabulated in UCID 1030, F.T.Cole and
P.L.Morton, Sept. 1964)

The rms bunch length G, (= fic o) and energy spread G can be expressed in
terms of the rms longitudinal emittance and/ or the RF bucket parameters:

3. o, =[g 2|2 1 1/ . (a)
: 1 fo 2xhEeV cos g
or = 2h, [BM@) 172 (3b)
T T Rpy cosl/2 B
and 4. ofE =[82f,g |12 [2mheV cos g ] 4 (4a)
: E
. E nE ]
or = |8 &3 M(g.) eV cos 1/2ﬂ 172 (4b)
Rpyk %2 NEh



where Ry, is the bucket-to-beam area ratio:
Rpg = Agg/ g 5)

Equations (3) and (4) follow from the basic synchrotron oscillation equation
for the rate of change of the phase g relative to the synchronous particle:

Pmax =1 hzg (AEE)pay = Vg O APrmax ©)
B

where the synchrotron tune v, (phase oscillations per turn) is given by

v = hneVcosd, Q)
2nE

Since the desired increase in longitudinal emittance at 20 TeV, relative to that
at 1 TeV( a factor of 6.66), is not too far from the increase in bucket area in going
from 1 t0 20 TeV at constant voltage (V20 = 4.47), a linear increase in emittance

plus a constant 20 MV peak RF voltage turns out to be a satisfactory arrangement.
In this scenario

E(TeV) = 1+19t, O<t< 1 (t=time in units of 1,000 sec) (8a)
€ (eV-sec) = 0035 + 0.198t, O0<t <1 . (8b)
g, = 0 , t<O0 and t> 1 (injection and storage) (8c)

= sin"] (5.26/20) = 15.24°, 0<t <1 (during acceleration)
F(0) = 1 ; F(15.24% = 0.789
M(0) = 1 ; M(15.249) = 0.582

v, = 854x 103 VEev) , 9,=0 — (8d)
8.39 x 1073/ VE(Tev) , g = 15.24°

ABK(GV-SBC) = 2.53 Meﬂ y ¢s =0 (80)
= 1474 VE(TeV), g =15.24°

(AE/E)gy = £7.45x 104/ VETev) , o#,=0 (89)
= +5.88x 104 /VE(Tev) , g = 15.24°



G m) = 0320 [€ V-] 2 [Een] 14, g =0
0.323 [e (ev-sec) 2 [Erev)) 14 |, g = 15240

o,/ E

9.35 x 1074 [e, (ev-se)] 12 [E(revy] 34 , g =0
= 927 x 1074 e (v-rec] V2 [BTewy 34 , g = 15240

(8g)

(8h)

The parameters following from this scenario during injection, acceleration, and storage are
listed in the following table and plotted in Figures 2-a, -b, and .

4+ E
103sec TeV
<0 1.0
ot 1.0
005 195
0.1 29
02 48
0.3 6.7
04 8.6
0.5 10.5
0.6 124
0.7 14.3
0.8 16.2
09 18.1
100 200
>1 20.0

£L
eV-sec
035
035
0449
.0548

0746

1142
1340
1538
1736
1934
2132
23

233

Table of RF and Longitudinal Phase-Space Parameters

during Injection, Acceleration, and Storage

ApK_
eV-sec
2,53
1.47
2.06
251
323
3.82
432
478
5.19
5.58
593
6.27
6.59

11.3

Aprimy, Yy
x 103

23.0 8.54
13.4 8.39
14.6 601
14.6 493
138 383
12.9 324
12.1 286
114 2.59
10.7 238
10.2 222
98 2.08
94 197
9.0 1.88
15.5 191

&

Hz
309

303
217
178
13.8
117
10.3
9.36
8.61
8.02
7.53
7.13
6.78
6.90

(AE/B)px gplE
x10% x104
1745 1.75
5.88 1.73
421 119
345 0.98
2.68 0.78
22 0.6
20 0.63
1.81 0.58
1.67 0.55
1.56 0.53
1.46 0.51
1.38 0.49
132 047
1.67 048

g,
cm
5.99
6.04
5.79
579
5.96
6.17
6.37
6.57
6.75
6.92
7.09
7.23

7.37

7.31

AEgylap
4.26
3.38
3.53
3.53
343
N
322
311
3.03
297
239
282
277

3.49



The conclusion is that the proposed RF scenario (linear increase in longitudinal
emittance and constant RF voltage of 20 MV) is probably satisfactory, in that the bucket
area is always at least 9 times the beam area during acceleration and 15.5 times the beam
area during storage at 20 TeV. Although the ratio of 15.5 is somewhat less than the
approximate empirical factor of 18 quoted in the RDS, the difference is probably within
the uncertaintics involved. Since the longitudinal emittance requirement at 20 TeV was
derived for a different set of parameters in the RDS, this analysis should be redone for
the present parameters before iterating on the RF system.
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Figure 1. Plot of M(g), the Moving Bucket Factor
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