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Summarx

.. A novel guide-magnet configuration has been devised

that makes possible the acceleration of all charge-to-mass‘~'

ratios from 0.04 to l. A concentric storage ring, with the ff"

associated beam-switching equipment, allows for the exten-.

~sion of beam duty factor‘to,essentialiy 100%. The storage
~ring can also be used in a bootstrap acceleration of heavy

‘ions’ in which the ions are injected at low e/m, accelerated

to a moderate velocity, stored while the accelerating ring
returns to minimum field, stripped to maximum e/m, and re-
injected for further acceleration. With a pressurized 3.0-

MV Cockecroft-Walton injector, the proposed system is capa-

ble of accelerating all ions from protohs to uranium == to f _.ff*

;;1energies up to 1.5 BeV for protons and 0.3 to 0.5 BeV/nu-~

12 13

to 10

‘nucleons/sec. for the lighter ionsf(M < 128) are antici-.

pated. The heavy-ion chargé—exchange probabilities deter-

mine the vacuum requirements of this system. To minimize
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these requirements and to increase beam ihtensity, a 60
‘cps cycling rate has been chosen.. The vacuum requirements
and the special rf resonator and beam-switching problems .

attendant with the high cycling rate are discussed.

Introduction

i '~;3 . [_ - The energy range of primary interest for heavy ions

used in nuclear chemistry is determined by the excitation

_ required‘for the formation of compound nuclei, 5 to 7
MeV/nucleon. The principal source of thesé ibné during
the past 9 years at Berkeley has been the lleavy Ion Linear
v " ©© ' Accelerator (Hilac); thisvacceleratér produces a ‘maximum
: ';:, :l energy of 10 MeV/nucleon. With the completion of presently"_’
N "‘planned'improvements to the Hilac,_beams of argon (M=40)
adequate for all.needs will be,available. It is also ex~-
‘pected that éignificanﬁ beams of krypton (M=84) can be
accéierated,
During the past few years, increased interest has.
‘ff‘developed in ultra—hea&y ions ]M_§m24Q)Ain this energy o
. range. The.principal problem of producing these heavier
.- ions is indicated in Fig. 1, which shows the relative
.abundanée of kryéton and xenon ions of various charge-to-
" ' mass ratios (€) availébie from the cold-cathode PIG ion
; c ' source used at‘the'ﬁilac. Although extensive development

of heavy-ion sources has been'carried on over the past 10
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Yearéf at the:Hilac and by a nuhbér of other'investigators,_
significant improvement over thié source has not been
achieved, either in total current or in the enhancement of
the higher éharged states. The extremely small currents

of ions with relative charge-to-mass ratio € = 0.125, the
minimum ratio for Hilac injection, precludes the possibil-
ity of using this accelerator for the pgoduétion of ultra-
heavy ions.

In'addition to the nuclear chemistry demand for the
extremely heavy ions in the lowfenergy range, biophysics
studies at the Hilac, combined with the highly promising
results achieved with medium-energy charged-particle medi--

cal therapy, have created a high degree of interest in the

. use of heavy (M=40) ions in this field. The general re-

quirement for these iohs is the ability to producé a pre=- -
cisely controlled dose in a precisely defined region of
tissae at depth ranging up to 15 cm. These requirements,
when transformed into beam specification, demand a high-
quality beam wiﬁh a continuously variable and precisely

controlled energy. The maximum energy is determined as

" that required to produce a 10 cm range for argon ions,

' “L approximately 400 MeV/nucleon. - . o   {? o

This latter requirement is particularly difficult
for the heavier particles in that their efficient accelera~--

tion and containment in a magnet field of reasonable
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- dimensions demands the use of fully stripped ions. Present

* techniques (passége_ofvthé ions through a thin foil) re-

quire argon ion velocities of about 0;15 ¢ (10 MeV/nucleon)
'for‘reasonable étripping efficiency. The accelerator sys-
tem designed to produce these high-energy heavy ions must
provide for stripping at an intermediate energy.

j5 ?37 B . . The magnetic field.capable‘of containihg a fully

: stripped 400 MeV/nucleon argon ion'wili also contain a
.'500 MeV alpha or a 1500 MeV proton. Since these energies
’ falI well within the range of interest for medium-ehergy

ﬁ”; physics and light-ion medical.physics,'we have added as a

‘basic accelerator design requirement modest intensities of .

{.-"= .- ;% these ions.

In addition to the variety of particles and the ener{f;ifﬁlif

'jgies,noted,‘all of the research programs demand a high

" beam duty factor ® 50%), completely variable energy and,‘
- in some cases, a high energy resolution. A summary of the
§3f © <. minimum requirements of the various research programs is ,

~ given in Table I,

fo . Table I. Omnitron beam requirements.

« o : o Nuclear Biophysics/ Physics
R o - chemistry Medical _ '
Mass number 40 - 240 1 - 40 1 _ R
‘ Energy range 3 - 10 50 - 400 > 1000 MeV/nucleon .
' Energy resolution = 0.5% - < 0.5% < 0.5% _ '
. : 11 12 : 12
Intensity : 2> 10 107" M=1 > 5 x 10
lo11 M=2 particles/sec
1010 mM=40

- Duty factor

tv

50% > 50% ., 50%



. In designing an accelerator to satisfy these require-

ments the following general restrictions should be noted:

(1) Conventional PIG ion sources are capable of re-

..moving electrons with ionizatién potentials up to about.

.'?120;V. The injection charge-to-mass ratio in the low-

energy section of the accelerator should not be such that
any of the ions to be accelerated require charge stateé

where this. figure is exceeded. Since the nuclear chemistry s

_groups require the acceleration of elements with mass up to

240, the accelerator injection charge-to-mass ratio is
restricted to 0.04 < ¢ < 0.06.

(2) The stripping oﬁ'high—z ions is extremely inef-
ficient}éxcept for c;mpleﬁe stripping at high velocities.-‘
If possiblé, the complete acceleration cycle of the ultra-<“ .
heévy ions should be accomplished without stripping. |

Figure 2 shows the magnetic guide field necessary to

(3}

contain particles of various energies and various ¢, over

the entire range of interest. With a maximum guide field

of 3 x 106 G-in., an ion with ¢ = 0.05 can be accelerated~

to approximately 7 MeV/nucleon. With this field the high-

enerqgy biophysics ions (alpha, carbon, nitrogen, oxygen,

and neoﬂ) can be accelerated to 500 MeV/nucleon with ¢ = 0.5,
and argon will reach 400 MeV/nucleon with ¢ = 0.46. |
Protons can be accelerated to a maximum of' 1500. MeV.

The figure also indicates the minimum guide field,



9vx,1]'04 G-in,. (300 G in the magnets). Protons require an

energy-bf 2.5 MeV to be injected into this rihg and, since f@

~all other _'s can be injected with this voltage, this spe-

€
“cifies the maximum injectdr potential.

The synchrotron ring with these parameters is thus
' capable of satisfying the energy requirements of all of

‘the research groups, butvunlgss flat~topping of. the guide

“*,'magnets is used, the duty-factor requirement cannot be .

"met. " In addition, an auxiliary medium-energy injection

. system is necessary to provide the high charge states

“reqﬁired to achieve high-energy heavy ions for biomedical‘z
~uses. v |
Both the intensity requirements and the probléms of
vwcharge_exchange for the multiply-chérged beams indicate
the‘necessityvof cycling the system at the maximum pos~
" sible rate. For the Omnitron the cycling rate has been
chogén at 60 cps,'limitea primarily by the rf voltages |
required td achieve the high acceleration rate. The
cost of providing a flat-topping power supply for a magnetE':
: system cycling at this rate, as comparéd with that. of an |
~auxiliary dc storage ring, is onl? slighfly'in favor of
‘the flét-top supply. The storage ring has the significant'
- advantage that it will not only provide for the high duty
| factor, but will also make possible the utilizatipn of the

synchrotron as its own injector for ions that must be
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stripped at high velocities to achieve the maximum required

- energy. In this mode of operaticn the heavy ions are in-

jected in a low charge state, accelerated to an intermediate
energy, stored while the synchrotron magnetic field returns
to minimum, completely stripped, reinjec¢ted into the synch-

rotron, and accelerated to high energy: (see Fig. 3).

Although the overall cycling rate of the system is decreased

by a factor of 2 in this process, it is preferred to all
other methods of injection, since the longitudinal distri-

bution of the beam is maintained constant during the low-

energy acceleration cycle and the entire beam can be

transferred back into the. synchrotron.
The storage ring must be capable of storing beam of

the maximum Bp, so that its parameters are essentially the

' same as those of the synchrotron. The diameters of the two

ringﬁ have been chosen as nearly equal as possible, to
avoid the problems of multi~turn injection in either ring
during beam transfer.

The proposed accelerator consists of a 3.0 MV dc_in-“ :
jector, én,alternating—gradient synchrotron covering the
range 9 x lO4 to 3 x lO6 G-in., a dc alternating-gradient
storage ring concentric with the synchroﬁron, but with
slightly larger diameter, and the necessary ring-to-ring
beam-transfer equipment shown in Fig. 4. The various
components‘of this system and the estimates of beam cur-

rents are discussed below.



- Synchrotron and Storage Rings

‘Both the synchrotron and storage rings consist of 64

guide magnets arranged in 16 FOOFDOD cells, as shown in

'Fig. 4.

The synchrotroh magnets have a profile parameter of
3.86/m, operate with guide fields between 0.3 and 10.0 kG,

and provide a usable elliptical aperture with major and

: minor axes of 10 and 4 cm. Both focusing and defocusing

magnets are approximately'0.7 m in length. In the chosen

“configuration these provide 3.25 radial and 4.25 vertical

. betatron oscillations in the 110 m circumference. The

sixteen 2.2 m straight sections between focusing magnets

contain the injection and extraction systems and the eight

xf resohators. The 1.0 m separation betwgen defocusing

magnets contains correction lenses, beam monitoring equip-
ment, etc.

The arrangement of the concentric storage ring is
identical to that of the synchrotron except for sligh£ 

adjustment of the magnetic gradient and magnet lengths

"and spacing necessary to produce similar betatron oscil- -

. lations in the ‘larger circumference (118 m). The usable

aperture of this ring is a 4 by 8 cm ellipse.
In these rings, the particle motions produced by
magnetic forces only are independent of ¢, and are there-

fore identical for all éartidles. The synchrotron motion

o



" produced by combined maénetic and electric forces, however,
depeﬁds both on ¢ and on the'ﬁf harmonic number; tﬁe synch-
.rotron frequencies and amplitudes, the injecfion bucket
size, etc. éil vary with ¢ énd h. Studies of particle
motion with the aid of SYNCH and APERT, IBM 7094 computer
codes, indicate that for thefconfiguration chosen, all of
these parameters fall weil within prac%icalyoperating

limits over the range 0.04 < e'§§l. In addition, the 3.0

.MV injection potential allows wide latitude in the choice

of harmonic number for the lower €, so that the synchrotron-'.'

" . motion can easily be adjusted for optimum operatioh.

The design of the guide magnets has been facilitated

1 computer program combined with

‘by the use of the TRiM
PISA.,2 JThésé programs will:designate the steel profile
necessary to produce a specified magnétic field configura-
-tion. The technique involves the introduction, by the
compﬁter, of perturbations ofvthe steel profile, the cal-
“ culation of their effects on the magnetic fields, and,
subsequently, the calculation of the magnitude of pertur—ov
lbations necessary to pfoducé the specified field'configur—
ation. Since TRIM will handle both finite and infinite
permeabilities; the steel profile can be optimized to
produce minimum_deviation from the specified field config=-
uration over the entire operating range. A prototype guidef

- magnet has been constructed and the actual magnetic field

is in excellent agreement with that predicted by PISA.
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" ‘Acce1erating'System

 The acceleration rate required for the synchrotron is':‘.:Wj:‘“

-Enerqgy gain/tﬁrn = Vée sin L =v2fR§é%L =‘2anBee

where V is the total voltage per turn, 27R is the mean or- LT

bitiéircumference, Qs is the synchronous phase angle, and

p is the particle momentum. The total voltége per turn
requi:ed for the pérticlés to follow the'chgnge in'magnetic‘
field is thus independent of e,

- The accelerating frequency is.

£ = hf = heeB
S T

i where B is the ‘mean orbit magnetic field, h is the harmonic -
" number, and e and m are the proton charge and‘mass. The
~ accelerating frequency is'therefore‘pfoportional to €; how- 5r:

. ever, by adjustment of the harmonic number the frequency

e program can be made identical for all ioné, except for

e

ﬁff;~f ,q}' relativistic effects. "With the 3.0 MV injection (Fig. 2)

';ﬂtpglmaximum frequency swingiof about 15.5:1 is required

“'ﬁfjv~for}alphas (e = 0.5), with a 6.5:1 swing:required for ioné:f
v'  with ¢ = 0.04. A wide latitude in choice of the harmonic
):A;' f> ffv_ number is thus-possible‘for the heavy ions. ‘*f  ?:;?};

- The rf system chosen for the Omaitron is similar to L
”?f' 3f' ;J,.vthat of the Princeton-Penn accelerator® and consists.of |
N " " two biased ferrite resonators, one tuned to cover thé

' range 1.6 to 7.0 Mc/sec and the other 7.0 to 30 Mc/sec,.
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., with a‘midrahge créssover.
| ‘:>“With‘the magnets. operating withaa.GO c§s‘5iaséd sine
;—‘{;-ane~ever>the rahge 0.3 tole.O.kG, é.ﬁaximuh énergy gain.
| per turn of 150 ¢ keV is required; With the synchr6nous
‘'phase angle at 40.deg,_the total gap voltage must be 240
” kV.  This will be provided by four resonator systems (each
with a gap voltage of 60 kV)rsituated symmetfically around

_the ring. Since these systems will be operated in phase,

divisible by four.,

The close spacing of the slow ions at high harmonic
Anuﬁbers requires that each resonator voltage be applied
across a single.gap; rather than the double-gap systems
 f;t" : normally used with proton accelerators. With this excep-
- ;“ } - tion, and that of the wide frequéncy range, the resonator
éu,f L“f - - and rf control system will closely follow present-synchro—»

O .

tron practice.

Ion Source and Injection - g

The synchroﬁron space chargellimitvis.given by tﬁe

i:] B - expression Q =.6 X lO-lSV coulombé, where V is the injec-

N tion potential; If the system is operated for all ions at
3 MV, the siﬁgle~turn injection time is 1 = 4.5 Ye(u sec).
From these expressions it is apparent that the peak current

- from the ion source required to reach the space change

the allowable harmonic numbers will be restricted to those _:T'
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llmlt w1th s;ngle-turn 1n3ectlon is 3 6 /e(mA), varylng

*f'from O 80 to 3.6 mA over the entire range of 1ons to be

(%*”accelerated.u These modest requirements are exceeded by

the Hllac lons source for all gaseous elements up to xenon.

A ten—turn injection system will be provided that will make

p0551ble the saturation of the synchrotron with ultra-heavy i.ff 

°  ions (e = 0.05) for whlch the peak ion source current is as-

low as 80 wA. For all other 1ons thevmax1mum 1ntensxty of

 ﬁthe accelerated beam will be limited by the lon-source‘

_output.

Two 3 MV injectors will be provided to make possible

the acceleration of different ions on alternate accelera-

-

:,tion cycles. Thevhigh-voltage.generators will be 100 kHz,

shunt-fed Cockcroft-Walton supplies utlllzlng fast solid- .
state diodes. The stack constructlon .and characterlstlcs
will be similar to the Hilac injector,4 except that the

entife high-voltage generator and terminal will be operated
in an atmosphere of sulfur hexafluoride. Rapid access to

the terminal will be provided to facilitate ion source ser-

- vicing.

The calculated capacity of the terminal and the Cock-
croft-Walton stack characteristics are such that ripple and
terminal sag during the beam pulse will be negligible. .

Regulation will be about 1 kV (1:3000).
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Ejection and Extraction
J.-Extraétion from the FOOFDOD magnet configuration is

carried out in two adjacent long straight sections. Fast

: éjection from the synchrotron is accomplishéd with a ferrite:‘
kicker that rises in approximately 0.l?usag;£qja maximum of

| 33 kG~-cm, providing a 0.1 deg deflection. This small radi-.

al impulse in one straight section produces a pronounced -

-radial displacement in the next adjacent straight section
 ’in which is located a thick (1.5 cm) septum magnet operated
‘. at 12 kG. The deflected beam is transferred to the storage’;f’fn:'#.4
i ring through a 22.5 deg bending magnet located between the

“'rings and a complementary. fast injection system in the

storage ring, shown in Fig. 5.

Fast transfer of the beam from the storage ring back . L}J-"'ﬁi"“”?
- to the synchrotron is accomplished through a similar sys-'“:” g

tem. The magnetic requirements of the synchrotron injec-

O

tion system's thick septum and fast kicker are considerably

relaxed, however, since the beam charge-to-mass ratio will

hl

have been increased by stripping.

Slow extraction from the storage ring will be accom-

-plishedvby a resonant system in which the beam will be

expanded radially toward a thin (0.04 cm) septum magnet

located at the center of one straight section. A thick

- septum magnet located in the next straight section deflects

the beam from the ring. Magnetic properties of both the
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. thick“and thin.septums;ére‘approximatély the same as fhose“fzjﬁﬁf.;r,ffh

- of :the fast extréction'system,'and the beam characteristics '

‘_fi‘through>the extraction systéms arevessentially identicél;

The beam is'extracted'from'the-synchrotron as indi-

‘;?.éated'abdvé.- By ‘slight adjustment of the bending magnet .

u”fthe beam can be diréctédveither toward the entrance of thetn
:;}storage rihg septum magnet;'or directly through the ceptef 5:
tibf the storage ring_straigﬁt séqtién;- This straight sec-uw
i tioﬁ~a1so containé the slbw-ektraétion thick septum, so.
{?that.the system élléws thé aeliveryiof_beam to the«ﬁarget,”f;”
}; areé;either by fast e{traction frbm the synchrotron or by
:Vislow_extractibn from the storage ring. Two identical ex=. .
'fftfaction Systems aré'proQided,-éhé for the low-energy ex-
;iﬂpegimental areavand tﬁe_othér:fof'the high~energy area.’ In;}
-;.thé_case'of the high-energy extractor,‘a crosséover trénSj'“

v'pbft system provideé fof the'delivery 6f beam.from eitherA:,Tﬂ?
.riqg‘tO'either of two experimental areas, biomedical or A‘}f;j';#;?fj .

physics, The usé of two injectors allows the acceleration *

| of two different ions to any desired energy on alternate(;'g:]jig'fx
'cycles, one of which can be delivered by fast extraction
_-¥i§.7vfrom the synchrotron to one area and the other by slow
extraction to éither-of the other two areas. This 6apabi1-;'

ity is particularly advantageous,inAthat‘biomedical irradi—:_}'

ﬁ'jxations are generally of short duration or utilize low

a.ﬂ;,intensity.
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Vacuum System

The investigation of beam losses due to intéraction
with residual:gasviﬁ the.vacuum chamber ‘indicates that for
all ions and charge states the most severe prbblem occurs
in the low-energy heavy-ion acceleration cycle, and that
scattering will be at least an order of magnitude less im-~
portant than charge exchange. The losses to be anticipated
from charge exchange'haVe been estimated from‘data avail-:

5,6

able in the literature and from recent measurements at

1l and 10 MeV/nucleon at the Hilac. The beam attenuation

due to charge exchange is

7

n/n, = exp - (102 P'fgo(s) 8 dt),

where P is the pressure in torr, o(8) is the total charge=-
exchange cross-section in cmz,_t‘is the acceleration
period, and B = v/c.

o The product o¢(B)B remains fairly constant at approxi=

17

mately 10 cm2 over the range 0.01-¢ B < 0.07. the low-

energy cycle of the Omnitron. The attenuation for this

[

case is thus

10

n/nO = exp(-10 Pt).

In'order to achieve reasonable transmission the product
Pt must be maintained at less than 10—10. The presence of
the accelerating period in this expression emphasizes the

importance of the fast cycling of the -accelerator. Fox the

‘e
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60 cps rate chosen the vacuum must be maintained with an

8 torr, helium equivalent.

average preésure at less than 10~
The éharge—exchangé,cross—sections are dependent on
.'the chargeIState of the particle and its velocity and on -
t,vthe composition of the residual gas. The composition of
the residual gas is in turn dependent on the outgassing
éharacteristics of the chamber material, the system con-
:L ductance for the various gas species,'and_on the pumping
‘.characteiistics and history of the applied pumps. These-
. factors complicate considerably the detailedvanalysis of
~the vacuum system requirements. Investigation has shown
that no single pumping system. can provide optimum vacuum
'vconditions. Several combinatidns have been considered, ali
,i°f which appear capable of providing beam transmission in S
 ;ex§ess of 0.9 for the low-energy cycle with ions up to mass ]
{ .126_(xénon). Preliminary estimates for these systems indi- '
cate”no partiéularly advantageous combination with regard
to cost. |
A proposed pumping system consists of 4.5°K cryopumps
"1ocated between each magnet, cooled by a tube‘carrying 4°K

helium completely around the rings. In operation the sys-.

£¢fﬁ tem will be raisedbto 20°K periodically (weekly) to purge

- the cryosurfaces of accumulated gases which will be pumped .

" from the system by an oil diffusion pump equipped with a
chilled porous meter baffle. Tiris pump will also be used

- for roughing the system.
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the chamber must be of an insulating material; an investi-.

‘materials hasiindicated the superiority of a-alumina for

this purpose; ~These will be elliptical cylinders, lightly
- metallized on the inner surface to prevent the build-up of
' charge, and metal-bonded to stainless steel flanges. These
. sections will be heliarc-welded in place to the stainless

steel tube comprising the remainder of the vacuum cﬂamber; 

Prototype segments of this system have been fabricated~j'

and measurement of the outgassing rates of the various sur-
faces have been made: These measurements indicate that mean -

10 torr (helium equiva-

effective pressures in the low 10~
lent) can be expected in both rings. Total beam losses dué_
’€ﬁ”;il‘."-'Avto charge exchange will thus be limited to a few percent
Euligl., ;:ﬁ for goth'the acceleration and storage eycles of the low ¢
&“€1  _— beams.

e With a vacuum system of this complexity, in situ

\

G

baking is impossible. Preprocessing, including high-tem-

perature vacuum degassing, of all chamber components, and

extreme care in- the assembly of the system will be neces-

sary. Rapid-closing valves, supplemented by acoustic

3  ‘ .>‘ delay tubes, will be used between the accelerator and the
cave areas, to prevent disaster in the event of experi-

menter error.

.. In the. vicinity of the”fapidly varying magnetic fields,u,.  

-lgation of the vacuum properties and strengths of available. .
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Shielding and Cave Facilities

At the'pressdresArequired_forvthe acceleretioh of par—_flff;*l

ticles of lew chétge—to—maSs ratios;_§as_scattering losses
will be negligible for the high—eﬁergy, fullygstripped
ions. ln-addition} fer those ions Witﬁ 'sbzno.z,’the
charge exchange'becomes negligible. The loss of high-
energy beams innthe’fast transfer from the synchrotron to

-a storageying .can be eliminatedfby emptying a series of

SRS e ‘ o L
L buckg&@ at low energy, or by rebunching the fully accel-

[ . L : .
erated beam at a low harmonic number, to accommodate the . .

ejection-magnet rise time. Thus extreme radiation prob-
lems in the rings can be eliminated except in the region
of the slow—extraction system on the storage ring.

13 particles/sec

A maximum beam of approximately 10
can be accelerated, Wlth an expected'lb% loss'on extrac-
tion. The modest cost of increasing the‘proton-injection
eneféy by a factor of 10 or more with a lineer accelerator,
| and the probable increased dehand for mesons for both med-
ical therapy and mediﬁm—energy physics:reseafch, make it v
mandatory that the permaneht shielding aroﬁnd the acceler-
ator be designed. in such a manner as not to preclude )
eventual increase in proton currents to 10 to lSvuA;

The high-energy cave system coneiSts of a long cenﬁral
alley parallelfte an existing hill that can sexrve as a beam

dump. Beams can be deflected into a series of caves along

,,,,,,
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. 3 MV, space charge will limit the accepted beam to 1l.2/n x.10

_'19 -

itsvenﬁire length;‘ Alteration of this system to accommo-

- date increased beam currénts will consist primarily of the "

addition of shielding to the caves.

The low-energy cave system is locatedfapp;oximately ”3 
180 deg around the ring, opédsite the high-énefgy extrac- - -
tion system. This area consists of a central alley from
which the beam can be deflected in both directions into
the caves which require only 1-2 ft of concrete.‘

, The.magnetic transport equipment is identical for:

both experimental areas, since they are both required to:

-handle full-momentum beam (3 x 106 G-in.).

’

Beam Estimates

In estimating the beam intensities that can.be pro-

: g ducéd by theiQPQifEéééthe following assumptioné have been

3] ) . ‘ ' -

1) The calculation of sPace‘charge'limitslas comparede.

. with the Hilac ion source output indicate that, over the

range 1 < M < 132 for gaseous elements and for injection at
’ ' 13

particles/sec (n = charge number);k

2) For the operating pressures considered feasible,

‘total beam losses due to charge exchange during the accel--

‘eration and storage cycle will not exceed 10%.

3) Ring-to-ring transfer efficiency is (1 —.rfo),



:».'{tv‘”'"}.- . o : L = 20 -

wherévr=is'the fast kiCkervrise time, here assumed'to_Be.
80 nsec, and £, is the ion orbit freqﬁenpy;y,

v._4)‘ Fifty percent of an argon beam can be fully
Vstripped at 10 MeV/nucléori,7 and this-figure is.used in
estimating all beams requiring multiple acceleration. In
addition to this loss, it should be noted that for multiple
acceleration the system operates at a repetition rate of' ;'ﬁ}
30 cps. |

5) A slow extraction efficiency of 90% is estimated {Wfi”;g; ﬁff7j

on the basis of calculated radial gain per turn and thin

e - 4

t;y % septum dimensions, through comparison with the performance
(’ﬂf';,_ j '~ of similar operating systems.
Various beam intensities estimated by using these

i#z'ﬁlfvf ~~ assumptions are shown din Table II.

' Estimates of intensities of ions heavier than xenon - i =

- or'nonfgéseous elements are problematical in that ion
;y‘:];%v i,_ : sourae output of the required charge states are unknown. 

| It should be emphasized, however, that for ions for whichf»
the space charge limit exceeds the ion source output, ®
| multiple-turn injection can be utilized up to a total of
- 10 turns. For the very heavy ions, stripping at 3 MV be-" ' ’__' 7 e,

fore injection can be used to achieve the necessary

 charge states.
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' Table II. ‘Omnitron beam intensity.?

b Energy . - S .
[“.i': ' (MeV/nucleon) . = 5 =10 ~ 50 - 100 ~ 100 - 500° 500 - 1500

‘Protons .. . 1.0 10 - 10 10

Alpha - o .5 o 5 5 --

u VCarbon S R - I e 5 . B ——

. Neon . :i*f‘:?f¥'gﬂ5~: . 5;; --

‘ Krypton & % 2 0.8 . --
- 5 . . -

~ Xenon .. R l

2a11 valﬁes'times 10l2/sec{

oy

G
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Figure Captibns )

/ Fig,:l.~Hilac ion~source- output.
Fiq{ 2. Bp Vs energy per nucleon.
' Fig. B;QQ@éitfoﬁ7acce1eration cycle.

© 'Fig. 4. Omnitron layout.

'Fig. 5. Omnitron beam transfer and extraction.
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ACCELERATING RING PARAMETERS

EXTRACTION KICKER 2 Required
Ferrite magnet
Aperture :10x4cm

Lengthz25in. .

Peak fieid: 650 gauss

Rise time ASAP
INFLECTOR  1.Required
um  Electrostatic

Radws of turvature z2.3m
MULTI-TURN INJECTION ELECTRODE 2 Required
O insige pumpouts

Electrode separationz10cm

Electrode length =4¢em

Peak voitage = 46kV

Fall time 50-500 wsec adjustadle
HORIZ CLOSED-ORBIT DEFLECTORS 16 Required
B inside pumpouts in FF space

Lengthzdcem:

Electrode separation:10 c¢m

Height: 6em  «

Peak voftage:2kV o
PICKUP ELECTRODES thoriz & vert)AND VERTICAL
CLOSED ORBIT DEFLECTOR IN PUMPOUTS
16 Reguired in D-D spaces

REINJECTION KICKER 1Required
Same as Extraction kicker, but with } field

REINJECTION THICK SEPTUM 1 Required
E==3same as Thick septum except 52 in. lony
STEERING MAGNEY 4 Required
f] Replaces Pumpout chambers in F- D space
in sectors 3,511, MB
Flat field
Aperture 10x acm
Length 10em
Peak fiekf 2 kG
Pise time 500 usec
THICK SEPTUM 2 Required
£=3 1 inch Septum . .
Field:=112xG
Length=54 in.
Verticatzaperture 2cm
Radialt aperture 5cm
THIN SEPTUM 2 Required
=== 1mm Septum
Field=1000 gauss
Length 24 in.
Vertical.aperture: 2cm

TUNING SEXTUPOLES BRequlreu
Aperturezi0em (round)
Paletip field 400 gauss:33G/4m?
Iron lengthz & in,
Rise timez1msec
Includes extra DC windows for
Skew Quadrupole.

TUNING QUADRUPOLE 16 Required

1 Gradient- 500G/em
fren lenghts 6in.

Rise time=

Apertures 10 <m {round)

LF-¢ 86.61in.
(%3 27.59in
-0 15.75in.
tp 28.37%in.
Lp-p 3937i in
Radius

Diameter

B 34 84 n.

Circumference=108.44m: 4305 65m.

PUMPCUT CHAMBER

ﬂ May also include other components
as indicated.

«ACCELERATOR MAGNET ELECTRICAL
CONNECTIONS.

¢ ACCELERATOR MAGNET COOLING
WATER CONNECTIONS
{The location of electrical and water
cornections shown in sectors 445 is
typical tor accelerator)

scale

[ =a——— -
Q E] 10 15 - 20feet -

X8L 679 2076
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Combined Beam Transfer and Extraction

XBL 679-4860
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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

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.






