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Summary

[he encrgy of heavy ion beams‘From the 25 MV
“rolded" randem now being acquired®s? will be increased
by additional acceleration in the Gak Ridge [sochronous
Cyvelatron (OR1C). bBeams of ions up to A = loU, with
energy sufficient to overcome the Coulomb barrier on
tead, will be produced. The beams will enter the cy-
vlutron through the dee stom, be directed by a magnet
through the fringe and main fields to a stripping foil
which lies on the appropriate orbit for acceleration.
A strapping foil holder, an injection magnet, and beam
transport clements wifl be requived in addition to
modifications of the ORIC vf system. Central ray data
fur several bewns are presented.  An analysis of the
offects of finite beam size ane_emittance ave presented
elsewhere 1n these proceedings.?

Energy and Intensity Pertformance

he are 1n the process of procuring a 25 WV
"folded" tandem electrostatic accelerator. This ma-
chine will be used as a stand-alone heavy ion acceler-
ator and also to injset inte ORIC for further energy
bousting. The enerygy performance for the most abundant
charge states iIs shown in Fig. . Somewhat higher ener-
gles van be achieved at the sacrifice of intensity by
accelerating ions that are ofi the equilibrium charge
state. The maximum energy increase achieved in the
cyclotron is about a factor of 4 with gas stripping in
the terminal of the tundem and foil stripping inside
the c¢ycletron,

The maximum energy gain of the tandem-cyclotron
combination when compared with operatiaon of the tandem
alone with pas stripping in the terminal anid foil
stripping in the high energy tube is a factor of Vv 2,
in this wmode of operation the intensities of the tundem
and the tandem-cyclotron combination ave comparable. A
typival beam intensity from the tandem with only gas
stripping ia the terminal will be ~ 1 particle-micro-
ampere {pud) with v 60% of the beam bunched to x 3 rf
degrees.  With the design pressure of 5 x 10-7 torr in
the injection line more than 95% of this beam will be
transmitted to the cyclotron. About 20% of the beanm
passing through the stripping foil in the cyclotron
will be in the charge state required for acceleration.
Of this beam, 95% will survive to extraction radius if
the average pressure in the cyclotron is 1 x 1078 torr,
Because of the low emittance (19 1 mm mrad) and the
narrow phase width of the injected beam, virtually all
uf the beam that reaches full radius will be extracted.
Whon these losses are accounted for, the expected in-
tensity 1s v 0.1 pud tor most beams.

Injection System

The principal items of equipment that must be
added to GRIC for beam injection are: (1; a conven-
ticnat beam transport line (Fig. 2) extenuing ~ 36
meters from the tandem to ORIC and equipped with the
appropriate beam bending, {ocusing and diagnostic
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devices, (2) a movable inflection magnet located in

the dee stem (Fig. 3), and (3) a foil positioner which
will be supported from a modified radial ion source
support tube. A "magazine” of several foils (5 in the
present design} will be mounted on the positioner so
that individual foils can be quickly changed without
breaking vacuum. Complete foil magazines will be re-
placeable in ~ 30 minutes--also without breaking
vacuum. In addition, the dee and trimmer of the rf
system must be redesigned to allow passage of the in-
jected beam through slots in their peripheries (Figs.
3, 4). In typical operation, as shown in Fig. 3, beam
from the tandem (225 MeV 127[8* in this example) enters
the cyclotron parallel to the axis of the dee stem.

The beum passes through the yuadrupole, the inflection
magnet, and is bent by the cyclotron magnetic field to
the injection point where it is focused to a small spot
(v 1 x5 mm) ona thin {v 1020 mg/em?) carbon foil,
The foil is positioned so that after changing charge
the desired charge state {in this example 132+ 204

is in an orbit suitable for acceleration.

tentral Ray Trajectories

Calculations for a variety of heavy-ions have been
made to determine the location and characteristics of
the new devices mentioned above. The trajectories were
obtained from a computer code based on the original
general orbit code (GOC).* The original GOC has been
the basis for severul codes which have evolved in dif-
ferent directions for different uses.®>:5:7 The present
code {evolved from the Hopp version) emphasizes injec-
tion and extraction studies with, of course, special
attention te the peculiar reauirements of ORIC. The
details of this code will be reported elsewhere.®

The trajectories were obtained by defining the
beam at the foill-stripper position and then integrating
the equations of motion forward for in-machine studies,
or integrating the equations of motion backward with
the pre-stripped charge state to obtain injection tra-
jectories. TFinite emittince injection studies are
reported elsewhere in these proceedings.3

Figure 4 shows trajectories for a variety of
initial conditions. The ORIC ficld strength for all
calculations shown is for an energy constant of Eg =
90 MeV. Gas-stripping in the tandem terminal followed
by foil-stripping in ORIC is assumed. All charge
states used represent the peak of the post-stripping
charge state distribution (excepting carbon, which is
two units of charge lower than the predicted egquilibri-~
um charge state after tandem gas-stripping.]9

Several design constraints are satisfied by the
calculated trajectories shown. (1) The foil stripper
is located between the dee and the horizontal mid-line,
i.e., within the second quadrant. (2) The injection
paths miss the extractor mechanism, shown schematically
in Fig. 3. (3) The range of motion of the center of
the iafiection magnet is restricted to the range 2.34
to 3.55 meters, measured from the center of ORIC, and
(4) The maximum ficld required for the inflection mag -
net is 15 kG.
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The Lighter mass heavy ions (i.c., those of

lower magnetic rigidity) are sharply bent by the cy-
clotron field and constcaints (1), {(2), and the mini-

mum value of (3) become Limiting,

The heavier mass

heavy lons i.e., those of higher magnetic rigidity)
are only siightly hent by the ORIC field and a trade-
of £ between constraint (4) and the maximum value of
constraint (3) becomes limiting.

Fig. 2.
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Cross section of 25 MV tandem-cyclotroq sys-
tem showing injection beam transport line to
ORIC.
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Fig. 1. Maximum cnergy at full intensity obtainable
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from ORIC with an internal ion source, the

25 MV tandem, and from the combination of the
two accelerators. In the two curves involv-
ing the tandem, gas stripping in the terminal
is assumed, plus foil stripping in either the
high-energy tube (tandem alone), or in ORIC
(tundem + ORIC) so that the intensities for
these two curves will be comparable,
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Fig. 3.

Cross section of ORIC with a 225 Mev 127p8*
beam from the tandem stripping to 32" and
accelerating to 725 MeV. The inflection
magnet and the quadrupole are movable to
accommodate the full range of beams,
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