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STARS FRODUCEZD IN WUCLEAR EMULSIONS BY CARBOW. IONS FROM THE CYCLOTRON

James F, Miller

Crocker Laboratory, University of Calllornla
Berkeley, California

June 14, 1951 .

-Carbon ions accelerated in the 60-inch cyclotron at Crocker

Laboratoryl’z’Bih’5 have been used to expose nuclear emulsione, and a stddy

of salient features is being made. This note states early results‘on the

observetionboftinelaetic'nuclear events with the atoms of the emulsion,
I1ford E-1 dnd_D—l nuclear emulsions were nsedof In the E-1 emulsion, the
track of a cahbon ion has a solid core, covered with electron spﬁrs less'
than 2 microns lOng in the early part of the track and none in the later
part...The treck te ers appreciably and may have gaps near the end. ln thev
D~l>emulsion the track is less dense and the tapefing less noticeable;"

| The plateo are exposed in the cyclotron vacuum to. the external

beam w1th nothlng 1nterposed between them and the beam. A set of three

'SlltS over a length of 26 inches serves to exclude all but a few extraneous

charged pertlcles; " The plates are inclined so that the‘trecks'd;g-lntolff

12 ~L3

the emuleiOnaat:en'anglevof five degrees; Both ¢ and (™~ .ions, complétely

. Stripbed, have,been ﬁeed° Carbonlz-ions of 120 Mev energy have a ‘range in"'
”.thé'émnlsion.of}175 microns, ClB,ions of 130 Mev have a range of'l901microns.

'Carbon'ions ionized twice, rather than six times,; can be accelerated in the

cyclotron, u81ng the cyclotron frequency as the third harmonlc of thelr

orbltal frequency° These C2+ appear in great quantlty in the 1nternal

vcyclotron beam, and of these a small ‘fraction is often lound in the external

6+

beam;, Their energy is one-ninth that of the C- and thelr range‘ln the

emuls:Lon 1s about 2.5 microns,

Inelaotlc events in which charged particles are emitted are the

only kind that can be definitely identified, and only these are included here,
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From these events can be calculated a composite cross section for all the
elements of the emulsion. In Ilford emulsions, the stated oomposition gives,
"out of 100 atoms, approximately 13 atoms eaoh of silver, bromine, oXygen, andb
.17.of carbon, 41 of hydrogen, and 3 of mioor constifuents.

In calculating»a cross section, the hydrogen atoms have been included
hero as capable of producing'a star in contrast to the usual procedure when
bombardment is with protons or neutrons. The fuil length ofvthe carbon ion
track has bsen used in the calculation, With ClzoiOHS, 102 evehts'have been

found out of 181, OOO tracks; with ¢13, 108 events out of 188,000, These

correspond to cross sections of 0.40 % .03 tarns for Ct2, 0.37% .03 barns for

cl3. There follow a tabulation of the.number of_emergent prongs from the

stars, Two-prong stars are included only when they could not have been elastic.

Prongs 2 3 A 5 6 7 Total
¢ 23 49 2 3 2 1 102
¢332 4k 30 2 o o 108

A feature‘of the stars is the high'percentéve of alphas emerging.
of protonb emerging from carbon stars, the longest track lying wholly in the
emulsion was 1046 microns, corresponding to an energy of 14.2 Mev., No "haniner
tracks™ from Li8 have as yet'boen observed, ‘

The mosaic of Figure 1 shows -a CY? ion stopped in Ilford 100m 5-1.
emulsion without a nuclear reaction ond one whichaéntﬂféd another nucleué,
with seven emergent pronzs. The Cl“ don had traveled ‘3 mlcron when'it
entered the target nﬁoléﬁs and accorolngly had about 90 Mev kinetic ehergy
re maining. The séﬁenth.prong is’hidden in thevméih mosaio sinco it is short
and goes downward. Its presence is shoﬁn by thebthfee pictures at the upper

rizght, taken at increasing depths.



Fig. 1
6" ion tracks in Ilford E-l emulsion. One stopped without

nuclear event, the other produced a seven=pronged star.
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