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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ABSTRACT

An extraction system employing betatfon reeonéhce at VR

been studieq'for'the Bevatron. A single perturbing magnet coincident

= 2/3 has

in azimuth with the first septum will be used. The usable growth fate
of the radial amplitude is limlted by vertical growth thfough the
cohpling‘at 2vz - Vg = 1. This limitation, together with the general
behavioi of the beam, was first studied through a linear theory then
checked Ey compute; Ealculétions. An energy loss target may be used
in combination with the resonance process to aid in 3umpiﬁg the first

septum. A trial systeﬁ is installed in the Bevatron and results of tests

will be reported.
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A more efficient extraction system for the Bevatron is desired
in order to reduce irradlation of the accelerator and to provide more beam
for experihents. The ﬁ—value of 2/3 occuré at a convenlent radius in the
aperture and we have started the development of a resonant extraction system

'employing that resonance.

THE PERTURBATION

The extraction'systeﬁ studled has a local perturbatibh magnet introduced
on the‘plunginé méchanism carrying the first magnet of the existing energy—
loss extraction system. The C—shaped magnet has three windings: (1) a
septum winding 1 cm wide; (2) gradient windings to produce a rising field
at the lnner—radius side ov the circulating beam; and (3) a small bump coilyv
to control the region of stable betatron motion. The fields of the latter -
two coils are shown in Fig, 1. Note that with the closed—orbit placed in
the region of the bump, the linearly-rising field that produces the growth

of betatron amplitude is confined to one side of the orbit.

CALCULATIONS
This asymmetric perturbation with a linearly-rising region permits a
.simple linegr_cglculation of the betatron motioﬁ of particles that pass
through that region once each three turns. Assuming that particles are
in unperturbed field two of the three passes, the motlion is that of a
three—turn trajectory with betatron frequency‘3§ perturbed by a single
quadrupole. - The quadrupole strength is characterized'by & constant y

defined by

ax’
2y = ﬁx dx



~2- " UCRL-17604

where By is the radial betatron funétionfgnd dx'/dx 1s the angular defléction .
per unitvdisplacement produced by the»pefturbatibn. For a given unpertufbed
closed orbit position and deviation from'resonance Ay =y ~-2/3, a three—
turn orbit through the.unstable fixed point is defined apd the métion about

that orblt is linear. The transformation for three—turns 1s:

/ x _ cosh p Bvainh 0 \ X \

. ' 1 .

B, X ' — sinh p cosh p B, X

R Bp : : R
n+3 : n
where
) cosh w' = cos 65 v_+ysin 6 x v
R R
Pp 8inh p .= sin 6 x Vi

Using this model, the growth of radial displacement froﬁ'ﬁhe'fixed point
at the pgrturbation may be calculated and this 1s plotted for negative Av
in Fig. 2. |

Tﬁe three—turn linear model is not applicable if the particle passes
twice through ﬁhe perturbation in three turns. When this occurs, the
resonant exponential growth is arrested aﬁd.reverses at a finite amplitude.
The limiting conditions beyond which this takes place may be calculated
from the slope of the asymptotes of the linear motion about the unstable
fixed point} that 1imit is shown in Flg. 2 and it restricts the usable
conditions for extraction.

To study this limiting behavior and other non—linear effects we used
a computer program having the actual perturbing—field shape. 1In ﬁhe usable
region of Flg. 2 this produced typilcal phase diagrams such as that in Fig. 3.

An example of the arrested growth outside the usable region is shown in Fig. k4.
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Fof v greater than 2/3 this limitation on growth rate is lesB severe
and at first sight extraction with positive Av seemed more attractive than.
the negative side- of resonance. 1In this case in the Bevatron, however, a
serious interference is introduced by the non;linear coupling resonance at
y : :

7 " VR = 1. This non—linear coupling also was analyzed using the three-—

turn linear model. With the radial motion in resonance at v, = 2/3, the

R
coupling. resonance océurs whenrthe vertical motion is near 2—1/2 osci;latione
per three turns. in this -case the width of the stopband and the vertical '
growth rate may be calculated from the gquadrupole strength y of the pérturbation.
The occurrence of this resonance has been checkeq by the computer program and

confirmed later by experiments in the Bevatron where vertical blow-up of the

beam occurred during the radial resonance with Av > O.

SPILLOUT CONTROL
A gmall time—programmed bump was added to the perturbafion near the

stable closed orbit in order to control the advance of the unstable fixed
point into the circulating beam dﬁring spillout wifhout altering the large—.
amplitude trajectofies near the extraction septdm, In the Bevatron it is
particﬁlarly importantvto keep the closed orbit stationary during spillout
because of a significant radial variation of v—valﬁe, It is also expected
that this control of the spillout will be useful to suppress unwanted time—

variation and ripple modulation in the extracted beam.
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AUXILIARY ENERGY-LOSS TARGET
The plobability of - only marginally adequate radial growth per three
vtu;ns mqy be partially offset by uslng a thin energy—-loss target to 1ntercept
particles that would strike the septum. vThis target would be located one—
half oscillation upstréam and on the sidé opposite the septuﬁ. To assure
that particles of all momenta are deflected beyond the septum, the thickness
- of this target must absorb a momentum APt equal to the momentum sﬁread of

the beam AE% plus that needed to defleét the particles. across the septum

- width w.

The target may be tapered radially to provide an eppropriately smaller

energy-loss tdlihcident partiéles of larger smplitudes. .

FIRST EXPERIMENTS .

Tﬁe test perturbation and septum magnet has been insﬁalled in the
Bevatrbn and resonant growth with v = 2/3 — 0.02 has been produced. A
gold foil irradiated at the first septum has indicated that all the beam
grows to a 5—inch amplitude and has a Jjump per turee turns of about 3/k |
inch. Thése,results are in satisfactory agreement with our calculations.
Therefore, we are encouraged to continue work on this system as a feasiBle

improvement  of the Bevatron beam extraction.
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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.








