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A CHARGE SEPARATING SPECTROMETER FOR ANNULAR ION BEAHS‘

W. B. Herrmannsfeldc
Stanford Linear Accclerator Centet
Stanford University, Stanford, Califermia 94305

The need for very high currents of low-velocity heavy ions requirce some
new appronches to the transport and acceleration problem. Qae such approach,
deseribed in reference 1, would use a configuration of alternating azcelera-
ting and decclerating fields applied by raile or rings to the ion beam, which
is configured in thin sheets in order to make this method of focusing affec-
tiva. The annular ring configuration of the focuping ctructure is attractive
because of che abseuce ¢ end effects. In applying this system to a hoavy
dion injoctor for a linear induction accelerater (LIA), it is noted that it
may be desired to accelerate multiple - charged ions in order to reduce the
length and cost of the accelerator. The same conclusion can be drawn for the
drift tube linac, which could be very long if oaly 1 or 2 MeV are galned par
section, Thus, in the example parameters showm in refereace 1, it 15 sug~
gested that a rtrippiog and charge~ state scparation system be loecated st the
4 MeV point between tanks No. 2 and No. 3. This report will describe an
annular spactrometer mystem for the cherge separator.

The nropozed system consists of a gas- filled cell through which the
sfogly - crarged dons pass to strip off some additione) electrons. This beam,
econststing of several charse states, is then passced through a spectrometer
which selects only that charge state chosen for further acceleration. The
spectrometer 1s depigned to use an annular - gap magnet which matches the
gecuatry of the beam. Preliminary caleculations for the acceptance and reso-
lution of the spectrawmeter will be shown below.

‘" The sunular ring focusing system will comtinue up until che entrance
aperture to the stripping cell. Within the cell, it is evpected that the
spaca charge effects will be neutralized by the plaama. A stream of elec-
trons will 1ikely be pulled along with the fons into the bending magaet to
neutralize the excessive space charge there caused by the larg. oumber of
muliiple - charged lons. Howaver, since these clectrons cannot pase through
the magunet, the beam emerging from the magnet will have o great desl of space
charge. It may be useful to include one or more grid screens to camcel out
some of the space charge, These grids covld be part of a system of diffex-
ential pumping baffles. .
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The type and pressure of the gas in the cell will be the subject of gtu=
dy and experiment. However, o promising lead is offered by A, W, Wittkower

H. D. Betz? who report that the cquilibrium charge digtribution of heavy
1one guch as uraniws passing through heliun has a peak ot about g = 4, At
ion kinetic energies between 2 Mev and 15 MeV, the percentage of q = &4 ione
exceeds 25 percent, so that as much q = 4 curreat would result as the q = [
current which is injected to the stripping system. In Fig. !, we have repro-
duced a curve from rcference 2 showing the equilibrium charge distributiona
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Pig. 1. Equilibrium charge state distributions of
uwranium ions in helium and oxygen at 2 and 6 MeV.
Repraduced from reference 2.

for uranium beams in helium and oxygen. Although helium is distinctly more
effactive in producing a higb charge state at moderate kinetic energy, the
differcncos between target gasses is not 80 Breat as to rule out sodething,
euch as Ny or 0;, which may be pumped more easily. Both N; and Op have more
than 20 percent q = 4 from 2 to 10 MeV. Very similar results are rapotted
for othar beavy ion species such 4s tantalum.

The charge - separating spectrometer uses a pair of amnular gaps with
equal - strength, oppoeitely—directed radial magnetic fields. The annular
ehaped beanm 15 Eirst directed radially inward at a szall angle, e.g.,

10 milliradians, so that it has a radial slope as it is bent in tue Eirst
magnet gap. The bend, waich should be several times the radial slope, is in
the ozimuthal direction. The spectromecter *esolution results from the fact
that any straight traje-tory.vhich enters the side of a eylindor must even-
cually re-emerge at the initial radius. The distance in the axial direetion
between the point where the trajectory enters and leaves the cylinder is de=
termined by the berding angle in the azimuthal magner, and thus by the chacge
atete, assuming toat all the particles have the same nominal eedtal sloje be-
fore hending. Within the limits of radial phase space, this rcquiremsnt is
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met by locating the atripping gas cell after the elements which deflact the
beanm radfally fuvard, f.e., jmmediately ahead of the bending magnet.

In Pig. 2, three views of the spectremoter sre phown to 1llustrate the

S—t—.

Strippi
Ceit

o —
[P

=}

2
F ]

o

P.g. 2, Annular Chnge Traj with

a radially ieward slope mg, are deflected in thc rodial magnetic
-f1e3d by en angle ¢. They then on a path

the second gap, which must be located the correct distance £ mmy
from the first gep for the trajectory zo pase through the gop and
emerge with slope ap after an azimuthal shift of zgn. Trajectory
path betwcen maguet poles is but 1ic in the
projection to the r~z plane in cylindricnl coordinates.

lbovn discussion, The projected angle ¢ in the end view ia given by

~1f sina ‘as
(- wt(g2)

vhere o £s the initial radial angle afcer the particle is bent by an angle 6.
The path of the trajectory between the gaps Ls a straight line, but projected
on_the r-z plane in radial coordinates, it is parabolic with a minimum value

Todn RBBP cas ¢ . @
If the half langth betweon centers of the gaps is /2, then

Reup - Fotg = 0/4. »
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Por the smnll angles anticfpated in the system axicg, but for larger angles
ten ©
-1
a = o (Teu) @

vbare og 1s ihe tnctdent radial angle. From (2) and (3)

Bo 4 - - 1- .
h\l.snp )/ laRBW( con ¢)/a )
Z 1a "™ le," i.c., not than tho dinmen:r. for - 3F % IOu, where
ag = 10 williradians. A series of ray d 3n

Pig. 3 ghovs tho radial path token by three charge autem q a3, 4, and 3.
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Fig. 3, Compiated ray- tyace plota of two trajectorias at eadh 08,
three fndicated chacge states. The beading field 1a 0.28T for

4 MeV cesium fons entecing with an initial slope ay=-0.0! .

With subscquent aperture baffles set for a symmecric configuration, the
cape shown in Pig. 3 would tronsoir q = 4 and eliminave all other charge
states within a couple of meters drift. The next accalerating gap would then
be installed just down beam of the aperture baffles. The haffles axe proba-
bly just a of the a . Not yat included
in the calculation of Fig. 3 is the effect of space charge on the beam drift-
ing bhetween the pole gaps. It is assumed that the spaco charge effecta there
will he severe and that focusing rings will have to be installed within the
drift space between the magnet poles. Part of the space charge could he e= |
1liminated if atoms with the wrong q value, particularly + 2 or moxe from the
desired level, could be eliminated earlier. This might be done by gome
slanted baffles in the first magumet gap. Such baffles would also aid the
differential pumping system and help ns supports for the inner iron eylinder.




5=

Prcliminary results of the ray tracing etudies show that energy spread
ond yvodial divergence do not particularly affect the conclusions suggested
above and shown in Fig. 3. In fact, the spectrometer appears to have come
oixihg effect on radial and transverse phase space which £9 probably bena-
ficial since radial aberrations will have Increaged the radial emittance by
this point in the system.
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