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ALPHA PARTICLES FROM FISSION AS RECORDED BY PHOTOGRAPHIC EMULSIONS 

By L. Marshall 

ABSTRACT 

Eighty long-range alpha particles coincident with U^^S fission have been observed in photo
graphic plates. There is a tendency for the alpha particles to emerge with greatest energy at an 
angle slightly greater than 90 degrees from the heavy fragment. In accordance with previous ob
servers, it is found that most alpha particles emerge approximately perpendicular. It Is also found 
that the majority form an angle slightly obtuse to the heavy fragment. The energy of the alpha 
particles is found to be derived largely from the kinetic energy of the fission fragments. The alpha 
emitting fissions have approximately the same mass ratio as do normal fissions. 

INTRODUCTION 

The alpha particles coincident with fission were first observed during the war by L. W. Alvarez 
(see first paragraph of reference 2). Independently the same particles were observed in photo
graphic plates by Green and Livesey who reported them at the Physical Society Conference at 
Cambridge in July 1946, and by San-Tsiang, Zah-Wei, Chastel and Vigneron,^ who were apparently 
the first to publish it in the open literature. 

At approximately the same time, Demers,' knowing of Alvarez' discovery, published an anal
ysis of fissions observed in photographic plates. In an examination of 1500 fissions he found 6 fissions 
emitting alpha particles, a frequency of 1 in 250 fissions. Using a special emulsion consisting of a 
thin layer of a uranium salt sandwiched between two layers of emulsion, he was able to observe a gap 
in the fission track corresponding to the point at which the fission occurred. From the coincidence 
of the gap with the point of emission of the alpha track he calculated that the alpha particle was 
emitted less than 2 x 10-14 seconds after fission. The maximum energy observed for the alpha par
ticles was about 19 Mev. 

Farwell, Segre', and Wiegand,^ in a publication of work done during the war, give the frequency 
of alpha emission in U235 as 1 in 250, a figure based on good statistics. By bombarding a film of 
U235 in an ion chamber with neutrons they were able to measure the bias and absorption curves for 
the alpha particles so produced and thus to identify them positively. The resolving time of their 
electrical circuits allowed them to ascertain that the alpha coincided with fission within 5 x 10-6 
seconds. The maximum energy observed was about 16 Mev. 

A study of alpha particles from fission observed in photographic plates was made by Wollan, 
Moak, and Sawyer* on twenty individual events. These particles were found to emerge at ap
proximately right angles to the fission tracks. From this fact the authors conclude that the alpha 
particle is released at the instant of fission and not from either fission fragment. The maximum 
energy observed was 22.1 Mev. 

A more extensive investigation using photographic plates was made by Green and Livesey.* 
In an examination of 25,000 fission tracks, they found 1 light particle emitted in every 80 fissions. 
Most of these were of short rai^e and many emerge at angles less than 70 degrees to the fission track. 
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In view of the criterion to be discussed herein it would seem probable that a large number of these 
light particles are protons of the emulsion knocked on by the fission fragments, even though such a 
possibility has apparently been discarded by the authors. 

EXPERIMENTAL DATA 

In the present research, an examination of approximately 18,500 fissions has been made in 
Eastman Kodak emulsion NTB. Among these, 80 fissions were found which emitted long-range alpha 
particles. Approximately 150 fissions were found from which emerged tracks of protons of the 
emulsion knocked on by the fission particles. A criterion has been foimd by which to distii^uish the 
knock-on protons from the true long-range alpha particles emitted in fission. An analysis has been 
made of the energies and angles of emission of the observed alpha particles and of the total length and 
of the separate lengths of the fission fragments of the alpha emitting fissions. Comparison has been 
made with the corresponding quantities of normal fission. 

r^astman Kodak Nuclear Research Emulsion NTB, 50 microns thick, was soaked in uranium 
acetate for 5 minutes and while wet, exposed for a few seconds to a flux of thermal neutrons from 
the Argonne heavy water pile.. The emulsion was developed for 20 minutes in full strength D-19 and 
fixed. Control plates were made, both with uranium acetate, unexposed to neutrons, and without 
uranium acetate, exposed to neutron^—*^-

The plates were scanned at about lOOOX magnification, using a microscope projection table. When 
a fission track coincident with a light fragment track was found, the image of the event was traced at 
1950X magnification. The different parts of the track were brought successively into focus and the 
height of the objective above the emulsion at each significant point was noted. The thickness of the 
emulsion was measured by finding the heights of the objective when the top and bottom grains of the 
emulsion were in focus. This last data measures the amount by which the emulsion has shrunk during 
development. 

From the tracing, and the data on the depth of the track at various places, the true geometry of 
the event as it occurred in the emulsion at its original thickness has been calculated. Examples of 
such tracings are reproducecTin Figure 1. 

EXPERIMENTAL RESULTS 

Approximately 18,500 fissions were examined. Of these about 230 fission tracks had light particle 
tracks emerging from them. Since it is easy to confuse tracks due to knock-on protons with those due 
to alpha particles emitted at the instant of fission, some criterion is necessary by which this distinc
tion can be made. 

In order that the long-range alphas might be sorted out, the following method was used. From 
the range-energy relation as determined by Lattes, Fowler, and Cuer for protons in emulsion of the 
same high silver bromide content, the velocity of each light particle, assuming that it was a proton, 
was calculated for its measured range. Since the mass of the proton may be neglected in comparison 
with the mass of a fission fragment, the approximate relation is valid: 

Vp = 2 Vj, cos e (1) 

where Vp and Vp are the velocities of proton and of fission fragment, and where $ is the angle between 
their trajectories. 

From this relation the velocity of the fission fragment was calculated and plotted against the 
range of the fission fragment measured from its end to the point where the light particle emerged at 
an acute angle. The range velocity plot of the points so obtained is given as Figure 2, except for a 
considerable number of points, correspondii^ to particles of loi^ range, which lie off the top of the 
figure. A large fraction of the points below 18 x 10^ cm/sec cluster in a region compatible with a 
raMe velocity relation for fission fragments. 
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It has been foimd experimentally by various investigatorsB,';' that the range of fission is propor
tional to the velocity, in accordance with the Bohr relation. The constant of proportionality can be 
calculated for the emulsion used here from the average length of normal fission in the emulsion to
gether with the average masses and energies of the fission fragments. The average light fragment, 
with a mass of 93 and an energy of 96 Mev has a velocity of 14 x 10^ cm/sec. The heavy fragment of 
mass 141 and energy 64 has a velocity of 9.3 x lO^ cm/sec. The average total range for normal fis
sions in this emulsion (see Figure 5) is 27.0 microns. 

27.0 microns = K (14 + 9.3) x 10^ cm/sec 

K = 1.160 X 10-8 microns sec/cm 

It may be seen that this line lies well in the cluster of those points of Figure 2 which lie below 18 x 10^ 
cm/sec. 

The possibility that the light particle tracks were carbon, nitrogen, or oxygen recoils was also 
considered. In order to obtain the velocity of the particle from its range, assumii^ its mass to be 
about 14, the experimental rai^e-velocity curves of Blackett and Lees^ for nitrogen and oxygen to
gether with the theoretical extrapolations of Knipp and Telleri° have been used. 

The relationship in equation 1 must now be modified by the reduced mass. It becomes 

^N = 2 V F { i ; i ; ? ^ } c o s , (2) 

where Vĵ  and Mjj are velocity and mass of the nitrogen atom, and where Vp and Mp are velocity 
and mass of the fission fragment. The angle between the initial trajectory of the fission fragment and 
the trajectory of the nitrogen is g. Knowing Vĵ  and cos g, one calculates Vp. Several of the shorter 
light particles when treated in this way as fragments with mass ~ 14, yielded satisfactory points on 
the range-velocity plot of Figure 2, and are plotted thereon. 

The dozen farthest outlyii^ points to the southeast and the northwest are probably accounted for 
by a few excessively large experimental errors. The maximum velocity on the average for a fission 
fragment; namely, that for a fragment of mass 93 and energy 94 Mev, is 13.9 x 10^ cm/sec. This sets 
an average upper limit by which one can decide which points refer to proton recoils and which points 
refer to proper alpha particles. However, in applying this limit it must be remembered that the lack 
of resolution due to straggling in the nonhomogeneous emulsion and due to errors in measurement 
may allow points corresponding to true proton recoils to lie above this limit. 

The light fragments corresponding to all points lying above 18 x 108 cm/sec are considered to be 
true alpha particles. The fact that 90% of the points below 18 x 10^ cm/sec cluster in a region suitable 
to a range velocity curve for fission fragments, and that the remainii^ 10% lie aroimd the edges of 
this region means that almost all of the corresponding light fragments are proton coils, and some few 
are recoils of carbon, nitrogen, and oxygen. Quite probably none of these points, even those which lie 
outside the cluster, correspond to alpha particles, since, if this were the case, one could expect an 
equivalent sprinklii^ of points in the regions away from the rai^e-velocity region. Although it is 
possible that some few alpha particles are not counted by using this criterion, it is not believed that 
they can represent more than 10 to 15% at the most. 

Using the criteria discussed for distii^uishing the ture alpha particles from the knock-on protons 
and knock-on C, N, and O of the emulsion, there remain 80 long-rai^e alpha particles from 18,500 
fissions. This gives a frequency of 1 in 230, a figure which agrees with the frequency noted by Farwell, 
et al.^ These are then the light particles corresponding to points above 18 x 10^ cm/sec in Figure 1. 
Most of these points lie off the top of the graph by a large distance. 

Out of 80, 31 alpha tracks end in the emulsion. For the purposes of this analysis the remainder 
are not useless because they provide data on length of the total fission track, ratio of the lengths of "the 
2 fission fragments, and angle of emergence of the alpha particle. 

In Figure 3 the energy of alpha particles is plotted vs. angle of emission showing both those 
alphas which leave the emulsion and those which stop in the emulsion. The angle of emission is the 
angle between the heavy fragment track and the alpha particle track. The energy of the alpha has been 
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obtained from the range energy curves of Lattes, Fowler, and Cuer for alpha particles in high density 
silver bromide emiilsion. There is a slight tendency for the more energetic alphas to be emitted at 
an angle obtuse to the heavier fragment, although the statistics are poor and the effect is probably 
within the statistical accuracy. Also the greater number of alphas are emitted at angles slightly 
obtuse to the heavy (short) fragment. Both effects, if real, are in agreement with the greater coulomb 
repulsion of the heavy fragment. 

In Figure 4 is plotted the ratio of lengths of long to short fragment against the number of alpha 
emitting fissions showing that ratio. Within the experimental error the average ratio for alpha 
emitting fissions is equal to the average ratio observed by Demers for normal fissions. Even if those 
ratios greater than 1.7 are considered as anomalous errors and are omitted, the ratio is 1.24, still 
equal to the ratio for normal fission well within the limits of error. 

Since the ratio of the ranges of the fragments of a given fission is proportional"''^'" to the ratio 
of their masses, in principle if straggling were small enough. Figure 4 could be interpreted as a 
chemical yield curve. The ordinate would then be proportional to per cent of fission into the mass 
ratio given by the abscissae, for alpha emitting fissions. Because the error due to straggling in the 
nonhomogeneous medium is so large, it is not possible to tell positively whether the width of the 
curve derives from a single type of fission or from all the types and frequencies of splittii^ observed 
for normal fission. Therefore, this curve unfortunately cannot be used as a chemical yield curve. 

One may conclude, however, that alpha emitting fissions either have approximately the same 
chemical yield curve as normal fissions or else approximately correspond to those types of splittii^ 
most abundant among normal fissions. 

There is no obvious correlation either of angle or of energy with length of either fission fragment 
or with total lei^th. 

According to Figure 5, the average total length of the alpha emitting fissions is about 94% of the 
average total length of normal fissions. This is equal to the decreased total range calculated, as
suming a 16 Mev alpha particle emitted in such a way that 8 Mev subtracts from the kinetic energy 
of each fragment. Therefore, the energy of the alpha particles seems to be obtained at the expense 
of the kinetic energy of the fission fragments on the average. 

From Figure 5 there can also be obtained some idea of the error due to stragglii^ caused by 
inhomogeneity of the emulsion. It has been shown " that the total range in air of the two fission 
fragments of normal fission has practically the same value for all mass ratios. However, one sees 
in Figure 5 that the lengths of normal fissions as measured in photographic emulsions rai^e from 
less than 20 microns to more than 32 microns. This must be attributed to the fact that as the fission 
fragment goes through the emxilsion it travels through regions of gelatine, and through erratically 
distributed grains of silver bromide in which it is slowed much faster than in the gelatine. 

Figure 6 shows the actual energies observed for those alpha particles which stopped in the 
emulsion. In order to find frequency of emission as a function of energy these various energies must 
be weighted by the corresponding probability to leave the emulsion, shown as the dashed curve. There 
are few alpha particles emitted with low energy, the frequency of emission going through a maximum 
which is ill-defined due to the poor statistics of the observation. 

In any given fission, one of the fission fragments is nearly always shorter than the other. In 
Figure 7, three curves are given: (1) the lengths of the short fission fragments are plotted against 
number, (2) the same is done for long fission fragments, aM (3) finally a third curve gives the sum of 
the first two curves. These three curves all apply to alpha emitting fission only. One sees from 
Figure 7 that the curve for all the fission fragments from alpha emitting fission shows a single peak; 
that is, that the peaks of the curves for long and for short fragments are not markedly separated. 
This is in contrast to similar curves given by Demers' for normal fission. The peaks of his curves 
for the loi^ and for the short fragment are distinctly separated because they are much narrower 
(the average positions of the peaks have the same ratio as those for alpha emitting fission), and con
sequently the curve which is the sum of the first two shows two well-defined maxima. 

However, Demers' curve for total length of the normal fission vs. number shows approximately 
the same spread as that observed here for normal fissions. Therefore, the widening of the range-
number curves for long and for short fission fragments of alpha emitting fissions would not seem to 
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be due to a less homogeneous emulsion but rather to the alpha emitting process itself. Probably it 
relates to the fact that the alpha particles come out with a wide range of energies. It may perhaps be 
repeated that the ratio of the average lengths of loi^ and short fragments is not changed by alpha 
emission (although the average lengths themselves are decreased). This fact and the spread in alpha 
particle energies together with the apparent broadening of the range number curves of the fission 
fragments gives separate evidence that the energy for the alpha particle subtracts from the kinetic 
energy available to both fission fragments. 

It shovdd be pointed out that a curve, analogous to Figure 7, is given for alpha emitting fission by 
Green and Livesey.^ Their range number curve for all fission fragments together shows, however, 
two distinct peaks, apparently corresponding to the raises of light and heavy fission fragments in 
emiilsion. But the possibility exists that more than half of the light particles observed by them are 
proton recoils. Such an event does not divide the fission track into the lengths corresponding to the 
true ranges of the fission fragments. Consequently, their curve must be considered with this dif
ficulty in mind. 

In the same way in the collection of data for the present paper, the knock-on protons were at first 
confused with true alpha particles. The differences in grain densities of the two kinds of tracks are 
not marked, at least not with the methods of development used here, although such critical development 
methods can probably be found with a little care. In the course of plotting the data, it became obvious 
that a large number of the shorter light fragments were emitted at an angle acute to the heavy fragment, 
and also in such a way that the ratio of long to short fission fragment, measured from the origin of 
the light particle track, was unusually large. These facts are difficult to explain if the light fragments 
are alpha particles, but they are quite in keeping if the light fragments are knock-on protons. Con
sequently the criterion previously discussed was used to distinguish the knock-on light particles 
from the true loi^ range alpha particles. 

In Figure 8 are shown tracings of two events which on first sight appear to be the emission of 
two alpha particles at the instant of fission. However, of the two events, the shorter light fragment of 
one fits very well in length and direction the requirements for a knock-on proton. In the second case 
the shorter light fragment has the range and angle for a knock-on C, N, or O fragment. In both cases 
the long-light fragment is a true long-range alpha particle, and in both cases it emerges at slightly 
more than 90 degrees from the long (light) fission fragment. Two such events were found in 18,500 
fissions. Also 80 loi^-range alpha events were found and about 150 knock-on protons, and knock on 
C, N. and O. The probability of the double events should be, therefore, of the order of 1/150 x 1/80 
or 1 in 12,000 in agreement with what has been observed. 

CONCLUSIONS 

The frequency of emission of long-range alpha particles in u235 fission was found here as 1 in 
230, in agreement with the previous investigators.^'*' The maximum energy of loi^-rai^e alpha particle 
observed here is 26.4 Mev. There is a slight tendency for the alpha particles of highest energy to be 
emitted at an angle slightly greater than 90 degrees from the heavy fission fragment. Furthermore, 
the majority of alpha particles emerge at an angle slightly obtuse to the heavy fragment. The energy 
of the alpha particle is derived largely from the kinetic energy of the fission fragments. The mag
nitude of the ratio of average range of normal fission to average range of alpha-emitting fission checks 
well with that calculated, assuming a 16 Mev alpha particle to be emitted in such a way that 8 Mev 
subtracts from the kinetic energy of each fission fragment. The stragglii^ of the fission fragments 
due to the nonhomogeneity of the emulsion is too great to allow the evaluation of a chemical yield 
curve for alpha emittir^ fissions. It can be concluded, however, that the alpha-emitting fissions have 
approximately the same mass ratio as do normal fissions. 
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