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A SIMPLIFIED CYCLOTRON BEAM SNOUT 

T .. M .. Putnam 

Crocker Laboratory9 Department of Physics 
University of California» Berkeley 

ABSTRACT 

UCRL-1S27 

A simple snouting arrangement for a cyclotron beam is described.. The 

beam is brought out from the fringing field of the magnet through an iron 

snout which reduces the field ~uf'f'itJiently to straighten out the beam pat.ho 

A method of collimating to produce a fairly homogeneous beam is shown and 

some preliminary results are presented .. 
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.A _SIMPLIFIED CYCLOTRON BEAM SNOUT 

T. M,. Putnam 

Crocker Laboratory, Department of Physics 
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In order that certain physical experiments can be performed using the 

exte;r~l .b;am of a cyclotron, it is frequently 11ecessary to bring, the 

beam to a, point some distance from the magent. Various methods are employed 
. . 

to a.chieve this \d th the primary requirement being to bend the beam o,ut of 

the fringing magnetic fieldo Some cyclotrons are designed in such a way. 
\·•··; "t t 

0 
·." 

that the bea..'11 is directed away from t(le magnet. so that the. ex;traction. 
'. 

proble~ is quite. simpleo1 Others require a .steering magnet of some kind 

vrhich can l'llso be used to focus the beam.. The situation with the 60-inch .. : . 

Cyclotron in Crocker Laboratory at Berkeley is such that the installation 

of a s;teering magnet would limit the space available for other types of 

experiments near the cyciotron and would reduce the versatility of the 

instrqment. Thus, the problem was approached from still anot}l.er direction, 

' that of providing sufficient shielding of the beam from the magnetic field 

to bring it out past the magnet yoke .. 

Fundamentally, the beam path had to be essentially straightened out 

at the .standard target position.. To do this, an iron snout was designed 

to reduce the field ~ong the beam axis to as low a value as.possible 

without introd-q_cing a perturbation in the field that _would .affe:ct the 

circulating beam .. 2 

lo Po Gerald Kruger et alo, Rev:o Scie Insto 1.2., 333 (1944)o 

2.. The basic des_ign for the snout was suggested by Dr .. W. M. Powell 
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•• -~- •. ~·: •• h •••• , •• -~ ·'\ ~-·· • .,.. __ •' '";-~-: :-·:-···.\·"·' 

Figure 1 shows the basic design of the ·sriorit.o ·To ·a.voiCi disturbing 
• ·;::'1· ..... · :::- -~_..... ·.;. .. 

the field, it was necessary to keep the snout dimensions small enough so 

that a large amout of iron ,was :~otD:~::ce~~a""~o ~ \rhe,.f~eld at' .the. entrance of 

the snout is in the neighborhood of 9,000 oersteds and it falls off to zero 

at about six.feet from the.targeto It was assumed'that the iron to be 

used would withstai'ld a flui of the order of i.~,ooo ~auss without too much 

leakage due to staurationo Ther~fore.~> the dimens.ions of the snout were 
. . . . . 

made such.that the half=width of the opening was of the order to twice the 
I ' . 

thickness: of the iron o~ top and bottom (ioeo.ll,b • 2a) as shown in Figure 

lo Then it would be expected that,\) of the fl~that wmild normally pass 

t,1·,rough the portion of the gap 'without the s~out.ll a major portion would be 

css3ntially by-passed through th~ iron reduci~g· ·the fleld within the snout 
;·_ ; 

to a low valueo By holding the snout to these dimensions .11 the a.IJ!.OUt of 
'· .. _-.. ; ;, .. ,. . ~ . ' .. 

iron necessary and, hence, the distortion of ·the. field~ coUid be kept to 
_:· 

a minimumo 
\; . '- ., ._._ .. ,. 

The beam dimensions at the entran:ce of the. snout are 1/4 inch by 
.- .. :' 

approximately 1.:,_1/ 4 inches o . The si'lout dime:nsf"ons were 'accordingly set at 

1/2 inch x 1-1/4 inch inside with 5/16 ··i~~h of iron top and bottom and 
. : -~ 

1=1/2 inches .. on e.ach side., Measurements with a portable ffuxmeter in-

dicated the field within the snout was reduc~d to approximately 800 oer·· 

stedso To· allow for an expected s~reading of fhe beam as it passes down 

the snout, the clearance for the beam was increased by tapering the snout 

to a cross section of 1=1/2 inches X 3 inches at the exit end,· a distance 

of approximately rive feeto· Sihce the field'falls off rapidly with dis-

tance along the s~out, the dlrnensio~s for s:hieiding a~e only critical 

near 'the input end in the,high fieldo 
- : ·' • I.' ,;>• .: .• ·:. • 

Hence»·· the tapering· of the snout 
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would presumably not affect its shielding propertieso Figure 2 is a plan 

is used to bring the beam outside the water shielding tanks o With this ex-
: , -~ : ', • • • •: .''! r... . . > . .": -~-- :. . . .. ! ... · ~ 

tension tube, the beam is brought to a point approximately 17 feet from the 
.. ~ . ~-· · .... - . . . . ' ·:. . . . . . . ; .; . . ' : ;' : ,' . . . ' 

.standard external target positiono The 11 IronT'arget Snout Extension" shown 
'(' .f.' 

in the figure is a separate section extending into the existing target· 

chambero The addition of this short section moved the beam at the end of 

the extension tube approximately three feet away from the magneto In Figure 
~ : -~ : .. 

3 the iron snout and the positioning structure to hold it in the magnetic 
.. ·.! ·, ;·. 

field are shown with a nucl~ar sc~ttering chambez3 set up for an experimento 
' .. :· '\ 

For the work with the scattering chamber, the beam was collimated to 

a dimension of 1/2 inch x 3/4 inch at the exit ... ~f the snout and approxima-
·,.i 

;.:. t·; •, :·;; 
tely·Oo50 microampere of molecular hydrogen was obtained for 20 micro-

. ' .... ",:', ... 

amperes inputo The beam through the scattering chamber was collimated 

f;~h~r\o :~; 3/16 inch diaDleter and was of th~· orde·~ of: 10-8 amperes'.'. 
,. . 

~ ' .~ ' .. ' :':: ; .' : '' .. 

In an attempt to obtain a monoenergetic external beam, an internal 
:~· 'o •" ,:" . ' I • .. ·I :! • • , \ ,-, 

collimating slit was set up recently on the st~ndard cyclotron probea 
.. . .... ··· ;• 

The slit was located at a point about rrddway between the deflector and 
. .-; / 

. ,, ~ ,· 

the entrance to the snout as shown in Figure 2o By selecting a 1/8 inch 

portion_of the beam at that point, a more homogeneous beam was directed 

down the snouto The beam was found to spread from a dimension of approx-
.. ' .·· 

; 

imately 1/4 inch high by 1/8 inch wide to approxfmately 1/2 inch by 1/4 
. 

inch 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 1 to 2 microamperes for 25 to 30 microamperes on the probe slits 

3o. J~·c·o Aiired,··L:R.osen~ F .. ·Ko Taiimadge. and·y~··Ho Williams,p 
Revo S.cio Insto ~.P 191 (i95ll), . : . · \. ·· 

'. ;; . .' 
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' . t ·~ 

and with no measurable beam striking the iron or brass snouts. 
; ·_;: ..... · 

Figure 4 shows the results of a measurement of the range of the deu-
, ' ··, .·· . ··., .. .: 4' ·; _ .. ' 

teron beam in aluminum taken at the end of the extension tube. The ratio 

of beam passing through the absorber into a Faraday cup to the total beam 

(c~p plus absorber) is plotted against the thi~kness of alumimun ~n 'mgjcm2• 
' ' ' . ~ ~ . . . 

Plotted in the same figure are the range distribrttion curve. (differential 

rang~ cul:'V~) ,and the-calculated range distribution due to straggling. in the 

absorber for a monoenergetic beam. The la~ter was assumed to be a gaussian 

distrib~tion; the distorted distributi~ngiven by Lewis5 woul~ have been 
{. ~- ' . 

negligibly different. The value for the mean square fluctuation in range 

~. :. 

these two curves can be taken qualitatively to indicate that the energy 

distribution consists of a fairly sharp peak with a low energy tailo The 

calculated distribution was adjusted to the experimental curve so that the 

mean values approximately coincided. The skew shape of the up~er portion 

of the experimental curve is probably due to instrumental difficulties. 

Because of this it is not possible to determine the actual energy distri~-

ution in the beam. It would appear, however, that the energy spread is 
., ,, . 

less than one percent. Further measurements will be made to determine 

this. Also, further work on the collimation of the beam and the alignment 
"i 

of the snout may eliminate some of the low energy tail. From the_~xperi-

mental' cunes, the most probable range would appear to be between 336.5 and 

337.8. mg/cm2 (20.1 Mev); the extrapolated range appears to be.341 mg/cm2 

c2o .. 2 I1~-v) ;. 
. ' . ... . . ' . ' ' ' .. 2 

the mean range from the differential range curve is 336 mg/cm 
1 . .. .•. 

(20.,0 Mev)., 
. ' .. 

. ,, .... :.,,' .. :....,~. ·. 

4o This measurement was made by J. \.J. Hadley and :H. 1., .Stevenson. 

5o H. W. Lewis, Phys. Rev. ~~ ~0 (1952) 
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The development of this snouting system has been a group project re­

$ulting from the contribution and work of the design, mechanical maintenance 

and the operational staff or.· the .60-~noh, Cyclotron in Crooker Labor.ato:cy. 

-

) 
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PLAN 

CROSS SECTION 

Figure 1 

Basic desiGn of iron-beam snout. 
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?igure 2. 

Cyclotron and snout arranf~ement. 
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Figure 3. 

Beam snout and cyclotr on showing positioning structure in magnetic 
field. A nuclear scattering chamber i s shown attached to the snout. 

ZN73 
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Figure 4~ 

Absorption curve of deuteron beam in aluminum. Solid curves are the 
experimental integral and differentia! range curves. Dashed curve 
is the calculated range distribution for a monoener~.:;etic 20 r:ev 
deuteron beam. Ordinate for differentail curves has been divided 
by factor of tene 


