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The regulation of accelerator temperature to within ¢ % degree of
sone tempe;ature mppears to be accepted as a reasonable gpecification for
Froject M. Eut‘the definition of the standard temperature has still not
been accomplished. The operating frequency, mechani-al differences et reen
pipes, average rf power level, beam loading and water-flov rate all appear
to be involved in determining the proper water temperstures. On the othzr
hand, the purpose of regulating temperature is to obtain synchronism
peitween the beam and the wave in the accelerator. If the wave velocity

can be determined directly, the proper tewmerature can imr-~?fetalv be

found.

I neve previocusiy propofesd that the vl power entering and leaving
an accelerator section be sampled and compared in a phass: detector. By

cold test procedures, the phass

i

detector can be adjusted for mull outpub
wihen the accelesrator section is operating exactly in ths QﬁfB mode.
During opsration it is then only necessary to adjiust the accelerator
tamperature to restore mull output from the phase detector. Ths main
difficulty with this system is that il uses two rf signals originating
in the accelerator tunnel and therefore must either use rf destectors

ia the tunnel or two low-power rf transmission lines per seotion.

:

It is possible to use the electron beam instead of cold tests to
determine when the wave is synchronous. Assume a sguare beam pulse
with vise- and dvay-time small compared to the filling time of the
aceslerator and pulse-length significantly longsr than the £illing time.
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uniform accelersvor operating al the wrong temperature, the plase varies

® - .

progressively, 28 indiecated in Fig. 1. During the initial trinsient, the
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Tirst Signel 1 1is unatienuated, in phase with the besm. To % ig then

addad & slightly abtenuated simn

(31}
£
=
e

7ith a few degrees p
vectors 0-3, O-4 vepresent furiher growth and 0-5 represent) the stesdy-

et s N ) - I, e oA m a e
state radiation from the beam. The large sigual from the ‘oad end iz the

If the phase detachor is adjusbed for null oubpui
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signal O0-5 in Fig. 1, itz output during the transient vill be just pro-

portional to the vectors 8., S,. drawvn perpendicular to 0-5. This vector

2

{te

8 jJust S = E sin ﬁ wviere E and J are the instintaneous phase and

A%
. . . o - Pl - -
amplitude of the signel. In Fig. 2 ere plobted E, /0 and the phasse

detector cutput S asz functions of tine,

By ingpection of Fig. 1 it is obviecusg that the so:ond trensient

-y

in Fig. 2 4 is exactly minus the first transient, regardless of the
the section. It comtaing no informe-
tion not contained in the first nalf, but does meke the bime average

of S egual to zero if the phase detector is set Por the proper null.

If the »f input to the accelerator is reasonably 'ree of phase modulations,

the first transient is as easily abserveble with lhe rf power on as is

the steady~state phase errvor. This scheme iz thus compatible with eithe:
of the currently favored plans for using beameiocading for phasing the
acczlerator{I: phase of beam-induced =¥ vs accelertiion pover,
II: phege of loaded rf output ve unloaded rf output).

For a numerical example, let us refer again to Fig. 1. This diagram
is plotted to scale Tor & wiform accelerator with IT = 0.6 snd a

46 degree tobtal phase slip bebween the wove and the beam. This corresponds
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to approximately BOC temperature ervor for & 27-wavelength copper section
with C/?g a~ 80 . In operabtion at oplimum phasing, the input phase error
®will be about 200, the output phase ~160, and the maximm error signal
during the Tronsient will be equivelent in magnitude to a steady-state error
of 6°. The energy loss due to 8lip is sbout 1.8 per cent, vhe same as
would be obtained with a constent phase error of 11 degrees.

In genersl, this scheme will allow the tobtal slip to be held to a

[

value no greater than eix timens the detecteble phase error of the steady
besm+ L the phase errer cen be held to 1.5 degrees and the total slip
t0 9 degrees, the ensrgy losses will be approximetely equal for each

eryor and will be under one tenth per cent. The teoperature will be
e’

within 3/5°C of the best value.



Figure 1, Vector addition of radiatiéd signal eloments.

7 l a; Beam pulse current
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b, Magnituda of radiated
wave
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0. Phase of radiated wave
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d. Observed ocutput from
phase detector.,

Figure 2. Time-variation of signals,
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