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DISCLAIMER -

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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THE RATIO OF PLATEAU TO MINIMUM GRAIN DENSITY FOR ELECTRONS

R. P. Mlchaehs andC E Vlolet

Rad1at10n Laboratory, Department ef Physics
Un1ver51ty of Callforrua, Berkeley, California

March 4 1953 -

Recent experimental and theoretical WOrk concerning the rela-
tivistic increase in ionization of a chafge,d particle moving through matter is
discussed elsewh_ere.'l- The purpose of the p,’.r_e,sf_e.’r_lt- study was to compare the
grain density at saturation ionization (plat-e.a_.u)' with that at minimum ioniza-
tion for negative electrons in G5 emulsion.

A single 1 in. x 3 in., 200 micre‘h_ Ilford G5 emulsion was ex-

_ posed to 300 Mev and 3 Mev electrons The 'for'me:r were obtained by mag-
netic analysis of pairs produced from a tantalum converter in the brems-
strahlung beam of the Berkeley synchrotron. The latter were obtained by
magnetic analysis of an electron linear a_cc,ele,retor beam. Primary elec-
trons entering the emulsion at~5 degrees to the emulsion ‘air surface pene-
trated the emulsion in opp051te directions and formed two adjacent bands

of electron tracks. Grain counts were record" ‘ ":m terms of a standard

reticule unit, which, under the magn1f1catlen used (~2500x) was 32 microns -
in length. For the purposes of comparing gram counts at the two energies,

the following criteria were adopted:

(1) A grain was cou_nted as one unit'rega.rdless of
size. _ ) |

(2) All grain counts were taken in a layer of developed
emulsion between 40 and 10 microns from the
emulsion-air surface. ' |

(3) Track sections were accepted for grainv counting
only if their dip angle was in the same sense as

would be expected from ‘the._‘e"xp_'_ds‘ure set-up.
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(4) Consistent with (3), only portions of traék were grain
counted where the angle of dip in the developed

emulsion was between 0 and arc tan 0. 059,

The grain density determined on the basis of criterion (1) is es-
sentially proportional to that _obfaine,d when clumps are resolved into indi- -
vidual grains for the thin tracks used here. The fourth criterion allows one
to neglect the erfor in track length due to the uncertainty in the shrinkage
factor. By grain counting tracks of ~300 Mev electrons as they penetrated
the emulsion, the gr“adient of development in the acceptable layer (criterion
(2)) Was found to be less than one percent. Because of the large multiple -
scattering of ~¥3 Mev electrons, and in light of criterion (4), it was not |
feasible to grain count successive intervals of these tracks. Instead, the
following "field of view" method was adopted: Grain counts per standard
unit were taken for all portions of ~3 Mev tracks in a field of view lying
- within + 22. 5 degrees of fhe mean entrance angle, Tracks of ~ 300 Mev elec-
trons were first grain c‘our,_tted by taking successive intervals of given tracks
(7207 grains). Then the ~3 Mev tracks were grain counted by the 1field of
view' method. Finally, ~300 Mev tracks were grain counted by the latter
method (7197 grains). The means and standard deviations of the two sets of
~ 300 Mev data agreed within the statistical errors. The error in track
length due to multiple scattering over a stéﬁdard unit is negligible. All counts
were taken by one observer whose reproducibility was found to be better than
.one percent. ' |

Our results are given in Table I. The two sefs of ~ 300 Mev data
are comblned The mean-energies have been calculated tak1ng into account

2 and ionization. 3 The

the energy loss in the acceptable layer due to radiation
ionization of 2. 8 Mev electrons differs from minimum 1qn1zat10n by less than

one percent. 3

TABLE I.
Mean Gr. Density Ratio of Mean
Mean Energy No. of Grains With Std. Error  Std. Deviation Gr. Densities
(Mev) Counted (grains/32p.) (grains/32.p.) With Std. Error
293 14404 . 8.6l £0.05 2.13 S
1.087 = 0. 010
2.8 7002 7.92% 0.06 _ 1.95

Assuming proportionality between grain density and ionization, the

ratio in Table I is also that of saturation to minimum ionization.
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We are indebted.to Dr.. W. H. Barkas for suggesting this problem
to us and for his many helpful discussions, The assistance of Dr. R. S.
‘White, Mr: J. W, McLeod?_ Mr._, George C. M‘;(:Farland,_ and.the synchrotron

crew is grate.fully- acknowledge.

‘References ,

(1) M. Huybrechts a_,nd_.M_, S_chonberg, Nuovo Cimento 9, 764 (1952)
(2) D. R. Corson, Phys, Rev. 80, 303 (1950} |

(3) R. M. Sternheimer, Phys. Rev. 88, 851 (1952)





