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ABSTRACT

A sigple snouting arrangemegt for a cyclotron 5eam is described. The
begmnig brought qut from thevfringipg fiéld of the magnet through an ircn
snout which'reduces the field.sﬁffi@iently to straighten out the beam path.
A method of collimating to produce a fairly homogeneous beam is shown and

some preliminary results are presented.
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, Iq order phat certain physical experiments can be performed using the
exte;qalxpeamfef,a eycletroﬁ,'it'is freqeently:pecessary to bringxthe
beamvte a‘point_seme disfance_from the magent. _Various methods are employed
tofaehieve'this with the primary reeuirement being to bend the beam qgﬁ ef _
the‘ﬁriqging magnetic field. Some cyclotrons are designed in such a way . |
that the beam is directed away from the magnet, se‘that.the,extractiohA_
problea is quite;simple.l Othefs require a steering magnetﬁof somerkind
which can also be used to focus the beam. The situation with therég-inch:
Cyelot;on;in Crocker Laboratery at Berkeley is such that‘the installation
of aﬁepeee%ng magnet would limit the space available for other types of
expefiments near the cyclotron and would reduce fhe versafility of the
'instrumentolehus, the probiem Qas approached from still another direction,
that of previding.sufficient‘shielding of fhe eeam_fromitﬁe magnetic field
to brlng 1t out past the magnet yokes | |

Fundamentally, he beam path had to be essentially stralghtened out .
at the standard target p031tion° To do this, an iron snout was,de31gned‘.
to reduee‘the field a;ong the beam axie to as low‘a value as:possiblev
'without inpredueiag a perturbation in the fieldvthat—would;affeet the

. @
circulating beamo2

1. Po Gerald Kruger et al,, Reve Scio Insto _2, 333 (1944)

2o The ba51c de31gn for the snout was suggested by Dro Wo Mo Powell
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Flgure 1 shows the basic design of the snouto %Sﬁééaia disturbing
the field, it was neoessany to keep the snout dimensions small enough so
that a large amout of iron was not neoes a“yOV The field at the entrance of
the snout is in the nelghborhood of 9,000 oersteds and it falls off to zero
at about six feet from the targetov It was assumed that the iron to be
used would w1thstand a flux of the order of 18 000 gauss without too much
leakage due to stauratlono Therefores the dlmen51ons of the snout were
made such that the half=w1dth of the opening was of fhe order to twice the
thlokness of the iron on top and bottom (ioeos b= 2a) as shown in Figure
1. Then 1t would be expeoted thats of the flux that would normally pass
LLrough the portlon of the gap w1thout the snout a major portlon would be
essentlally byapassed through the iron reduolng the fleld w1th1n the snout |
to a low value° By holding the snout to these dimens1ons, ‘the amout of
iron neoessary and, hence, the dlstortion of the field eould be kept to
R mlnlmnm,:n . IR SR SR SR R i .
e The beamiddmenelons at the entrance of the snout are 1/4 1nch by
approx1mately lml/A 1noheso. The enout dlmeneions were(accordlngly set at
1/2 inoh x 1-1/4 1nch 1n51de with 5/16 1neh of iron top and bottom and
1=L/2 1nches on each 31de° Meeeurements w1th a portable F1 uxmeter in-
dloated the fleld w1th1n the snout was redueed to approx1mately 800 oer-
stedso. To allow for an expected Spreadlng of the beam as it passes down
h the snout the clearanoe for the beam.was 1noreased by tapering the snout
to a cross section of 1-1/2 inches x 3 inches at the exit end, a distance
of appféiimaﬁelj'fivé”feeto Sinoe ‘the field falls off rapldly with dis-
tance along the snout the dlmen51on for shleldlng are only crltical

near the 1nput end in the hlgh fJ.eld° Henoes the tapering of the snout



-5 UCRL~1827

1

would presumably not affect its shielding propert:.es° Figure 2 is a plan
view of the cyclotron and the beam snout show1ng the exten31on tube which
is used to brlng the beam outside the water shielding tanksob With this ex-'
ten31on tube, the beam is brought to a point approximately 17 feet from the
vstandard external target positiono The "Iron Target Snout Exten31on" shown
in the figure is a separate section extending into the ex1st1ng target |
chamber, The addition of this short sectionymoved the beam at the end of
the extens1on tube approximately three feet away from the magneto In Ficure

3 the iron snout and the p031tioning structure to hold 1t in the magnetic

field are shown with a nuclear scattering cham.ber3 set up for an experimento

F

For the work w1th the scatterlng chamber, the beam was collimated to '.
a dlmension of 1/2 1nch x 3/4 inch at the ex1t of the snout and approxima—r
tely O 50 microampere of molecular hydrogen was obtained for 20 micro—
amperes inputo The beam through the scatterlng chamber was collimated
further to a 3/16 1nch diameter and was of the order of 10 -8 amperes.

kt In an attempt to obtain a monoenergetic external beam, an internal
collimating slit was set up recently on the standardwcjclotron probeo‘
The slit was located at a point about midway between the deflector and
the entrance to the snout as shown in Figure 20 By selecting a 1/8 inch %
portlon of the beam at that point a more hcmogeneous beam was directed
down the snout° The beam was found to spread from a dlmen31on of approx-'
1mately 1/4 1nch high by 1/8 inch wide to approx1mate1y 1/2 inch by l/A
1nch at the end of the iron snout and only slightly larger at the end of

the extension snouto The magnitude of beam available with this arrange~

ment was l to 2 microamperes for 25 tc 30 microamperes on the probe slits.>

3. J.C. Alired, L. Rosen, P K. Tallmadge and J° 'H, Willﬂams, o
Rev. Scis Insto 22, 191 (195%). ... 4. o . -
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and with no measurable beam striking the iron or brass snouts;:;i”“:
Flgure 4 shows the results of a measurement of the range of the deu-ih
teron beam in aluminum taken at the end of the exten51on tube../+ The ratio
of beam pass1ng through the absorber into a Faraday cup to the total beam |
(cup plus absorber) is plotted agalnst the thickness of aluminum in mg/cm °
Plotted in the same figure are the range distributlon curve.’differentlal
range curve) and the calculated range dlstribution due to straggling in the‘
absorber for a monoenergetlc beamo The latter was assumed to be 8 gau3s1an
distribution, the dlstorted distribution glven by Lew1s5 would have been » :
negligibly different. The value for the mean square fluctuatlon in ranren
was calculated to be 11.3 (mg/cmz)2 for 20 Mev deuterons. Comparison of
these two curves can be taken qualitatlvely to 1ndicate that the energy
dlstributlon con31sts of a falrly sharp peak with a low energy tail. The
caleulated distributlon was adjusted to the experlmental curve so that the f
mean values approximately coincided. The skew shape of the upper portlon
of the experlmental curve is probably due to instrumental difflculties.
Because of this 1t is not possible to determine the actual energy distrib—
ution in the beam. It would appear, however, that the energy spread 1s
less than one percent. Further measurements w111 be made to determine
thlSo. Also, further work on the collimatlon of the beam and the allgnment
of the snout may eliminate some of the low energy tall." From the experi-
mental curves, ‘the most probable range would appear £o be between 336 5 and’
337, 8 mg/cm (20.1 Mev) the extrapolated range appears to be 341 mg/om

(20,2 Mev), the mean range from the dlfferentval range curve is 336 mg/cm?

(20°O Mev)o

4o This measurement was made by J. Wo Hadley and M, LaMStevensonf'

5. Ho Wo Lewis, Phys. Rev. 85, 20 (1952)
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~ The development of this snouting system has been a group project re-
sulting from_ the contribution and work of the design, mechanical maintenance

and the operational*sta‘ff of the 60~inch Cyclotron in Crocker Laboratoxy.
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Figure 1

Basic design of iron beam snout,



Figure 2.

Cyelotron and snout arrangement.
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Figure 3.

Beam snout and cyclotron showing positioning structure in magnetic
field. A nuclear scattering chamber is shown attached to the snout.
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Figure 4.

Absorption curve of deuteron beam in aluminum. Solid curves are the
experimental integral and differential range curves. Dashed curve
is the calculated range distribution for a monoenergetic 20 lev
deuteron beam. Ordinate for differentail curves has been divided
by factor of ten.



