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1. Introduction

The S5C (Superconducting Super Collider) iy suppased to
operate with bunched beams asd the energy radiated by syn.
chrotron radiation is replaced by the if-system having a syn-
throncus pbase angle slightly 2ifferent from 180°. Bere the
case of operaling the S5C with a coasting beam is considered.
In particular the poeeibility of replacigg the radiated energy
by pbase displacement acceleration s ipvestigated.

2. Basic Theory of Phass Displacement Accelerstion'?

Ip phase displacement acceleration ap emply rf-buckaet is
moved through the beam from the high to the low energy side,
This displaces the beam to higher energies by an amouat which
is equal to the area A, of the bucket (iv AL, ¢) divided by 2r.
The cuergy guit per sweep is therefore

v
su=t_ h,/;ﬂf o(F)= Alhall) (1)

Here V =tf voltage, £ = beam cpergy, & = momentum
compaction factcs, & = harmenic number and I' = sin @,
where ¢, is the synchrozous phase angle. The function ofI") is
the ratio between of area of moving and the stationary (T = 0)
bucket stown in Fig. 1. The energy gain per sweep AU for
vanisking T is delermined zompletely by the f bardware apd

the choice of ¥V
1% f E
ath = TA'TTY

while o(F") ¢au be ckanged by the choice of the synchronous
phase angle 4.. For Lhe derivation of (1) the ultra-relativistic
case way assumed (f =3 1).

The cnergy balf-beight of the buckes is

2:\5

AE= ‘f\/znn Y(I) = atp¥(r) ()
where Y (T') is a fuaction plotted in Fig, 3.

In order 10 replace Lbe energy loss U, per turn due to syp-
chrotron radiation by phase displacement acceleration a num-
ber @ of sweepa per scccnd is pecessary

) Y
BT = Bla(l) %)

where f, is the revolution frequency.

sweeing an empty bucket Lhrough the beam leads 1o bn
increas= of the energy spread.
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Fig. 1. a{T") and Y({) as 3 ivoction of T' = sin(d,), {Ref. 3

If (5,/E} ia the relative yms energy spread before the
sweep itc vaive (o, /E),,, thereafter is given by

(o), = () (552

Since a pumber # of aweeps per second are necessary the
energy spread will increase with time t from ita igitial value
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The total frequency excursion &1, of the sweepipg rf- bucket
has 1o be sufciently large 1o sepsrate the beam from the
bucket includiag its beight AF sod assumizg a ball-spread
of the energy in the beam of No,
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The rate of change of the tf-frequency is

d/J. - AflaeV T
ra E

The time r necensary for oue gweep is therefore

as,  2(Na.+ TR YINAY)
T TeVT

The fraction r of time spent to sweep bucketa through the beam
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r=1rn= A"u“.,r.,.‘,;r) ()
Obviously r bas to be smalter than 1. This li...its the maximum
energy spread of 3 hean which can still be accelerated by phase
displacement with a given ri-eyetem
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3. Application to the SSC

The above equaticns are now applied (o the compecsation
of the energy Joss due to synchrotron radiation by phase dis-
placemer: acccleration in the SSC. The following para: .etern
for this machipe are assumed:

E =20TeV, f,=33kHr, a=128x10"¢
U, =122x10%V, £, = 356 MHz, A = 1.08 x 10°

V =20MV, (¢, /E)o = 5x10°%
This gives for the maximum energy gain Al per sweep
{1), Alig = 5.46 GeV.

The energy acceptance of the machine is of 1be order of
+3 x 107", Assumipg thal 4 rms widtbs bave to 6it into this
we gel

(%)nlrhnr s Thx 10"

For the maximum energy apread in the beam (6) which can
stii] be acceleraled by pbase displacement wilh the available -
voltage one finds

-3
() e 222107 pexi0?
« 4 /phase deplacrmeom N

During tke actual phase displacement the background in
usually large and data takiog could be difficult for many exper-
iments. We will ig the following assume at least 80% efficiency
for physica and demand r € 0.5. This gives for the maximum
ewergy spread
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(F) < 4axi0”
oblained with I’ = 0.4). Equation (4) indicates that the energy
blow-up is fast for large values of I'. It is therefore desirable to
cperate with a I which is 2s small as possible but still allows
acceleration with r = 0.5. As time goes on the energy spread
increases and " bas to be increased 1o satisfy (6). Using suct
a program one finds that for tbe available rf-parameters the
phase displx:ement acceleration can only be maintained for
~ 40 min. This is obviously not irteresting except for some
trials.

The situation can be improved by increasing the rf-voltage
beyond the 20 MV foreseen for the S§C. Chooting rather arbi-
*rarily V,, = 80 MV and Xkeepiog I' = 0.05 fixed one can main-
tain acceleration for about § hours while the fractional time r
used for acceleration goes from r = 0.05 at the beginning and
r = 0.38 at the end of the mp. By varying I during the run
one could easily maintain acceleration for over 10 hours.

4. Copclosion

With the present ri-system the energy of a beam of 20 TeV
in the SSC could only be kept conslant by phase displacement
acceleration for l=gs than one hour. Increasing the ri-voliage
by a factor 4 could increase Lhis time to cver 10 bours. The
energy spread it the beam will increase slowly due to phase
displacemnent acceleration. The time spend fot acceleration is
sizable and can probably not be ueed for physics data takiog.
A problem not treated here i3 the life time due to quantum
jumps into the f-bucket. I is probably long but should be
checked. In general the compensation of the energy loss due
to synchrotron radintinn by phase displacement acceleration
does not look atiractive. It might be better to decrease the
magoetiz field in the magnets to follow the decreasing beam
energy.
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