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ABSTRACT

A fipe-grain emulsion has been found whieh is sensitive only to the
densely ionizing fission fragments. This emulsion has been soaked in uranyl
acetate and exposed to slow neutrons. The renges in the emulsion of about
four~hundred flasion fragments have been measured o‘ The resulting distribution
shows a gherp maximum at 23 mierons of emulsion, No ternary Tissions or large-

Ao
angle scatteri of Tragments were observedo, it
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RANGE OF 20 TFISSION FRAGMENTS IN PHOTCGRAPHIC EMULSION

Photographic emulsions which record protons and .alpha particles,

{6og. Ilford Helftone Plates and Eastman Fine Grain Alpha Plates) are not suited
for examination of fission frasments because theré is not a sufficient dif-
ferentiation hetween fission rragmegt tracks and the concmitant alrha tracks
from the fissionable material. This lsck of differentiation may seem surprising
since the specifis lonization along the two tracks is vastly differento Pree
sumably the explanation is that the alpha particle already has a high~snough
specific ionlzation to render developable every AgBr grain through which it
passes.

in generzl the smaller the 4agBr grein size, the "slower™ ls the
emulsion, This "slowness" also corresponds to a higher threshold of ionlzstion
in the grain befors the grain bscomes developable, Hence the extremely fine-
grain emulsions were examined in hopes of find-ing one which was sensitive only
+0 the high specific ionization of the fission fragments. The Bastman 548-0
spectrogecpic plate was the most satisfactory Of any sxamined l)o The AgBr
grains in this emulsion are so small that they are only visible under dark-field
illumination. The linesr grzin density was high enough that the tracks vere
essentially continucus lines.

Since there were wany backgroupd grains developable On an unexposed
plate, it was necessary to remove thege by the method which Liebsrmarn and
Barschall 2} have described., This method consists in developing the unexposed
plate to reduce the developable AgBr grains to metallic gilver. This metallic

silver is then removed by a photographic "reducer” which dissolves the A4g

without affecting the agbr.

1} Ilford R~1 plstes are supposed to record slphas but not protons., Tne batch
we veceived fTailed to give alpha tracks but did give fission fragment tracks

but of rather poor guality. The lipnear grain density in particular was low
o compured to the Hastmen 548-0 emulsion,
2) 1,N, liebermann end H.H. Barschall, Rev. Sei. Ins., 14, 89 (1943). CENNNNNg<
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I¥PREGNATION WITH URANIUN AW ExpcsURE (it

The plates were impregnated with ureniuvm by soaking them for ten wine
utes in an alcoholic uranyl acetate sclution (1,5 gm/100 cc of 50 percent
ethyl alcohol) and then wsre exposed t0 slow neutrons by placing the plates in

a paraffin block near one of the electrostatic generators.

RESULTS

The traated.but unexposed plates showed no trscks while the rlutes
exposed t0 slow meutrons showed tracks. The ranges of 400 of these were
measured and the range distribution is shown in Fig. 1. Only thosse tracks
were measured which were all in focus &t ome time. This requiremeant insuved

that the track made = negligibly small angle to the plane of the omulsion,

DISCUSSION AND CONCLUSION

One should be reminded that the range measured here is the sum of the two

{fission fragment ranges and hence should be a function of the totsl energy relessed.
If the fisslon process alweys occurs in the sama manner with the release of a
definite quantity of ensrgy we should expect the ranges (except for straggling)

t0 be the ssme., One expects congiderablo range straggling of fission frsgments
bvecause of the importance of nuclear collisions in the slowling-down process 5)0
However, there are reasoms for belleving that the width of the group in Figo 1

iz pot the result of range straggling. In the first plece Bohr, 3541 has shown
that almost all of the range straggiing should origipate very close to the and

of the range. TFor the rest of the range the elecironms ars chiefly responsible

for the slowing down and hence for this region, renge stragegling is practically

3) No.Bohr, Fhys. Rev. 58, 65&¢ (1940). R
2) W. Bobr, Phgso Rov. 55, 270 (1941). L e (‘E\\\;Q\,F\%b‘{\‘\i%
: )
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negligible, Bohr's predictions ars verified experimentally in the cloud chamber
pictures of Brostrom, Boggild and Lauritsen 5”6)o

The photographic emulsions used in the present stuvdy are, however, in-~
sensitive to the fission fragments near the end of the range. This is attested
by the lack of apppeciable deflection of the tracks, the zbsence of the delta
tracks which would be csused by the recoil €, Ag, Br, ete, nuclel struck dy
the fission fragments and by the fact that the eguivalent air range of the pesk
of Fig. 1 1is only about three centimeters, whereas the expeorimental observed
sum for two fission fragments is between 4 and 5 contimetsrs. Hence we
ccnclude that the distributigh in range of Fig. 1 corrgsponds 0 a similar dis-~
tribution in totul energy of the fisslon process znd whils there is g most
rrobuble Tission energy, perhaps S50 percsnt of the fissions show large de-
viations from this energy.

For the part of the range which the emulsion records the raage is
directly proportional to fragment velocity 85405,6) and hence to the square roo%
of the enargy. Thus'if we ldentify the peuk of the renge curve with .160 MHev

7,8,9)

85 the average total energy {(from ionization chamber meacurements) , then

the highest Obgerved energy of fission would correspond $0 Aul1lS35 Mev and the

1owest t0~11D Mev, Thess limits of the totrl energy of fission correspond quite

c¢losely to those observed in ionization chambers 7°8"9)a

No ternary fissions were Observed nor were any large-angle scatbterings

of the frzgments oObszerved.

£) K.Jo Brostrom, J.K., Boggild apd 7T, Lauritsemn, Phys. Rev., 53, 651 {1940},
6) J.K. Boggild, K.J. Brostrom and T. Lauritsen, Phys. Rev. 59, 275 (1941).
7) 4.H. Keuner and HoH, Barschall, Phys. Rev. 57, 371 (1%40).

8) W, Jentschke and F, Pronkl, Zeit. fo Physik 118, 696 (1942).

9) Flewmersfeld, Jensen and Gemtner, Zeit. T. Phisiki 120, 450 {1943).
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It would be interesting t0 use this method to look at the total cnergy
distribution from other fissionable materials, e.g., 02, 49, 23, 11, and 28,
If e source of very high-crergy neuirons wers available, then the intermediste
nucleus would be much more highly excited and one might expect that the fission
might occur in a different mannor. Ternary fission might bs observed under

such cirecumstances.
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