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A study has béen made of stars in photographic emulsions initiated by
alpha-particles from the 184-inch Berkeley cyclotron. These stars are similer
to stars initiated by deuterons, which were described in an earlier paper. Eastman .
NTA plates were used. Plates from the emulsion number used will record alpha-particles
of ensrgy about 200 Mev and lower and protons of‘aboutnlo Mev end lower. The contri-
£ution of thg high energy protons may be missing from the results given. The everage
number of prongs observed is close to 3. The ratio of the number of prongs in the
three sectors in the forward direction of the beam to the number in the three backward
sectors is about 6. The cross section for the forﬁatibn of stars has heen estimated -
by counting sections of alpha-particle tracks and the stars associated with these
tracks. For alpha particles of energy 130 lMlev we obtain a value of the crosé éection,
-25

averaged over all of the atoms in the emulsion, of 3 x 10 with an estimated

uncertainty of 30 per cent.

STARS IN PHOTOGRAPHIC EMULSIONS INITIATED BY ALPHA-PARTICLES

By: Eugene Gardner, Radiation Laboratory, Department of Physics, University of
California.

To be published in the Physical Review,.

Contract No. W-7405-eng-48.
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STARS IN PHOTOGRAPHIC EMULSIONS INITIATED BY ALPHA-PARTICLES
Eugene Gardner
Radiation Laboratory, Department of Physics

University of California

l; Introduction

A study has been made of stars in phobogrephic emulsions initiated by

alpha-particles from the 184-inch Berkeley cyclptronlo The method of bombarding

1 v
W. M. Brobeck, E. 0. Lawrence et al., Physe Rov. 71, 449 (1947)

photographic plates in the cyclotron has been described in a paper on stars initiated

by deuterons®. The stars initiated by alpha particles are similar to those initiated

2 .
E. Gardner and V. Peterson, Phys. Rev. (to be published)

by deuterons; however, in the case of the alpha-particle stars we were able to see
the traclks pf the initiating particle, and hence to get an estimate of the cross
section for the formation of stars.

The photographic pletes used were Eastman NTA plates of emulsion thickness
35 micronse. All were fromthe same batch, Emulsion No. 340,387. This is the emulsion

number used in a study3 of alpha-particle and deuteéron tracks, in which it was found

SR. L. Brock end B. Gardner, Rev. Sci. Inst. 19, 299 (1948)

that alpha~particles of 200 Mev and lower and protons of 10 Mev and lower can be 
followed easily. Tracks of higher energy protons may be missed. We are not able

to tell from the experimental data how many proton tracks are missed for this reason.
It is hoped that the data of the following sections will give useful qualitative

information ebout the alpha-particle stars even though the contribution of the protons
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above 10 Mev is all, or in part, missing. Plates are now available which are much
more seénsitive than the plates used iﬁ this study. With the new plates it would
be possible to see proton tracks at all energies which one would be likely to en-
counter in stars initiated by alpha-particles from the 184-inch cyclotron. Also
it would be possible to extend the study to 380 Mef, the full energy output from
. the cyclotron. We hope at some time in the future to do a étudy of alpha-particle

stars using the new Eastman NTB plates or one of the new Ilford typese.

2. Numbers and Directions of Star Prongs

A group of stars initiated by alphe-particles 6f energy abéut 100 Nev
is shown in Fig. 1. Stars initiated by alpha-particles at other energies were also
observeds +the full study included about 450 stars at energies from about 50 to
200 Mevs The numbers of prongs per star and the directions of the prongs with
respect to the beam direction were remarkably similar for all energies studied,
no differences being observed which were significantly larger than the statistical
probable errorsov In presenting the data here, stars from all energies have been
lumped fogethero ‘The frequency. distribution of stars.of various numbers of prongs
is shown in Figo. 2. It is similar to the corresponding curve for stars initisted
by deuterons®. The direction of the prongs with respect to the beam direction is
shown in Fig. 3. The directions do not refer to the directions in three dimensions
as the stars are originally formed in the emulsion, but to the projected directions
as seen through the microscope. The field of view of the miﬁroscope was divided
into 60° sectors, and a tabulation was made of the ﬁumber of pronés in the verious
sectors. The ratio of the number of prongs in the three sectors in the forward
direction of the beam to the number in the three backward sectors is about 6. This

is to be compared with a ratio of 3 found for stars initiated by deuteronsze
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3s Cross Section for Formation.gﬁ Stars

In the photomicrographs shown in Fig. 1 the tracks of the direct alphé—
parﬁicle beam can be seen as straigﬁt sections which are approximately paralle;o
Occasionally one of the trecks terminates in a star. By counting sections ofibracks
end the stars originating on these tracks, it is possible to get an estimate ;f ‘the
mean path length for formation of stars. The number of sections of tracks was found
by counting tracks in sample sreas. The number of sections actually counted was
about 10 times the numbef of starse. The length of track was found by multiplying
thevnumber of sections of track by the diaméter of the field of view of the microscope.

Since we have nof been able to tell which elements in the emulsion were re-
sponsible for the stars observed, we are not able to find the cross sections aessociated
with the different elements. All that we are eble to give is an aversge over all of
the elements in the emulsion, calculated by using the total number of atoms per cce
The number of atoms per cc, as found from the chemical composition of the NTA emulsion,
is shown in Teble l. The figures given in Teble 1 apply to the dry emu.sion, no
_correction having been made for moisture picked up by the plates. The avefége oross

section is shown in Table II and in Fige. 4»

4, Deuteron Contamination

Oné factor which prevented us from meking a more accurate determination of
the cross section was the ﬁresence of deuterons in the alpha-particle beam. Even after
helium has been run in%o the. ion source continuously for severeal days it is still possible
to find deuterons in the besm. The number of deuteron tracks in the photographic plates
veried from a few per cent of the number of slpha-particle tracks to approximately as
many as the number of alpha-particle trackse. Although deuteron tracks are not ordinerily
seen at the emergies at which we were working, they seemed to contribute enough developed
grains so that there was some uncertainty in the count of the alphe~particle tracks.

Different observers counting the seme tracks have reported alpha-perticle track counts
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Table I, Composition of Eastman NTA Emulsion

_Per Cent Weight Atoms/cc

Element Composition (Grems/cc) x 10723

Ag 47,1 1700 0.0950

I 1449 0,054 0.0026

Br - 33.90 1.220 0.0920

0 4.80 0,173 '0.0651

N 3406 0.112 0.0482

' C _ 847 0,305 | 0.,1530
. H 1,17 0,042 0.2509

Total, | 3.606  0.7067
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which differ by 30 per cent. This introduces an uncertainty in the cross sections
given in Table II and Fige. 4. There is little confﬁsion between stars initiated by
elpha-particles and stars initiated by deuterons sir}ce,_“:'gt is ordinarily easy ‘i.',"o tell

whether an alphe-particle track ends at the star.
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Teble II., Average Cross Section for Formation
of Stars by Alpha-Perticles
- Meen Path Average
Energy No.of Total Path Length Crogs Section
(Mev) Stars Length (cm) (cm/ster) (cm?) x 1024
50 12 2060 170 0.08
95 102 6870 67 0.21
130 138 6620 48 0.29
170 115 7650 67 0,21
210 99 9500 96 0.15
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Figure Captions

Figo 1.

Figo “,2 .

Figo 3

Fige 4.

Group of stars initiated by alphe-particles of energy about 100 Mev.

Frequency distribution of stars of various numbers of prongs. Graph gives
per cent ~f stars of a given number of prongs as & function of the number of
prongs. Stars from all energies (about 50 to 200 Mev) have been lumped to-
gether. Errors shown are statistical probable errors.

Anguler distribution of prongs. Histogrem gives per cent of prongs per 60°
sector as a function of angular position of sector. Stars from all energies
(ebout 50 to 200 Mev) have been lumped together.

Avereage cross section for formation of stars by alphe-particles as a function
of the energy of the initiating alpha-particle.
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