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ABSTRACT

Present maximum beam intensity at full energy is 2.3)&1012 prbéons

-'pér pulse; this is reached with about 10-mA injectorl current, Greater ine

beam. Amplitude of the initially captured beam reaches a lirxiit of 8)(1012 :

. : , ' . |
protons. At this intensity, one observes a spontaneous bunching of the :

coasting beam before rf is applied. This bunching occurs at about thei‘ - |

‘predicted longitudizial space charge limit for growth of perturbations in

the coasting beam. At high intenéity. the accelerated beam bunches con= -
tain more fine structure; also, beam losses dux?ing acceleration are gi‘e_é.ter. <
than at lower beam amplitude. Studies directed toward increasing the intensity

8

are in progress. -
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With the completion of the new 20-MeV mjectxon system, the beam

amplitude of the Bevatron has been increased to a level at whxch one may

\

| expect space-charge and beam-loadmg effects to be detectable. The :present

performance wiu be described with particular reference to ;ntensity-dependent

[

[
The dependence.of beam amphtude upon injected current is shown in .

"»effecte. - A Co o

Fig.l' 1. The upper curve gives the beam captured and accelerated through '
the first. millieecond., The lower curve is the amplitude accelerated to full

| energy. It is ew.dent that the fraction of beam lost« during acceleration is
‘greatest at high intensxty. This loss, at any beam level, appears as a

smooth attenuation during the first 50 msec of acceleratzon. up to 70 MeV,
after wh1ch there is no further loss. It is of interest that the bearn amplitude |

at full energy is limited at about 2.4)(10‘12

protons per pulse independent of
an increase in intensity at the start of acceleration. Capture efficieecy at
low itztens_ity is abeut 20%, -a reasonable capture for the Bevatron with no

- xrf pre~‘bunching. The 'overail captured-beam amplitude .ia nonlinear above

. 4x1012 protons, although not so dramatically limited as the lower cur;re.m

.*This work was done under the auspices of the U.S. Atomic Energy

) . Commission.

tPa.per presented at the 1963 International uonference on digh Energy

- Accelerators, Dubna, U.S.S.R., 1963,
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Present measurements are insufficient to determine the sources of
these nonlinearities of Fig, 1; nevertheless, it may be of interest 'to.d'iscv,:;.as

some of the effects that have been considered, -

The conventional transverse and longitudinal space-charge limits ‘léa.fve
been calculated. The intensity that would shift the betatron frequency to the

13 protons in a bunched accelerating beam. .

nearest resonance is about 1.8X10
Very few observations pertaining to transverse instabilities have been made.
Longitudinal instability to small perturbations in a smooth injected beam with
13

an energy spread of 1.2% should occur at an intensity of 5.4X10" "~ protons. 1 '

y:N 'bunching factor of four would make this number 1.3)(1013

protons in an
_ accelerating beam. |
| Spontaneous bunching of the injected beam has been observed ixi:' the .
Bevatron and is 2 function of intensity and of energy spread. 2 This i':vr"rqgular
longitudinal disturbance which appears during the injection period mas}_‘becqme
. as large as #20% medulation of the average azimuthal intensity. Figui-e' 2
| shows this modulation as a function of the circulating-beam amplitudé;" Energy "
spread of the .beam. AE/E, was varied by means of a debuncher following thé :
injector linac. Normal 6peration with no debunching gives the curve {or 1.4%
energy spread. At a spread of <0.4%, the effect arises at an intensity whi‘éh
‘is smaller by a factor of about 20.' The shift expected from a dependence bn
| AEZ would be a factor greater than 12, ﬁere the uncertainty in the measure- -
ment of the smailer energy apre#d prevents a more quantitative comparisoh.

A reversal of the debuncher to increase AE shifts the instabilities be;}ond

the maximum current available from the injector. For refarencg, the in-
_ stability limit for each value of AE/E is noted in E‘i.g. 2. The inéidexsc_é of-

bunching below these limits is not unreasonable if we consider the uncertainties



- in the calculations and the possibilities for disturbances arising from

)
|
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actions with various structures electrically exposed to the beam. For Fig; 2,

| T

the amplitude of the circulating beam was assumed proportional to the"\inje;c;ed

- current'. If the amplitude were lees in the presence of strong distur‘bax\;ceé‘.

this would remove the apparent fall-off of the relative modulation.
Observation of capture and acceleration in the presence of the longi-
tudinal disturbances suggests that no losses arise from these effects except
at high intensity, where the associated increase in energy spre.ad can be suf- -
ficient to carry particles out of the ’aperture or outside the rf bucket.
In an atfempt to change conditions at the start of acceleration, the

rf was turned on at low amplitude during injection to provide pre~bunching

of the beam. Accelerating voltage at 20% of normal amplitude was applied

with a short frequency sweep, then increased to full voltage at the end of

t

" injection. This resulted in an increase of 15% in the captured beam. At

high intensity, we could attain 9)(].012

protons captured, -but found no in-
12 ) ‘ |

~ crease in the final beam of 2.4x10"" protons.

It has been observed that the bunch density modulation arising from

| motion in synchrotron phase space occurs at a 15% greater frequency at high

_‘mténsity. A calculation of the effect of longitudinal space~charge fields yields .

only 3% incx:ease from this cause alone. An analyeis of possible beam-loading

effects in the accelerating rf has not been completed,

" Experiments are in progress to determine the nature of the loss during

acceleration, and to increase the beam intensity.
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Fig. 1. Amplitude of accelerated beam versus injected current. The

dashed curve gives the amplitude of the captured beam. The solid

o~

curve is the intensity at full energy.

g, |
k4 WA 2

: b
§ Fig. 2. Spontaneous azimuthal modulation of the circulating beam at the end
¥

‘of the injection period. The curve.at the right applies to injection

with 1.4% energy spread; at the left, injection at < 0.4% spread.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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