pm—

JX -23

RETATIVISTIOC INRCREASE IN TRACK BLOB DENSITY IF VARIOUS
NICLEAR EMUTSTONS

A,d, Herz and R, Stiller

7.8, Naval Research Taberatory, Washingbton, D. C, 7,8,4,

Sentember 1064



X =29
The advent in 1948 eof nuclear-research emulsions sensitive to

relativistic singly-charged varticles put at the disposal of the

experimenter an indicater ef rate of energy less that has a fairly
high density and centains a mixture of heavy nuclei, It was rea=
sonable to hope at the time that the emulsions weuld be sufficiently
homegeneous to allow the relativistic rise in the rate of energy
loss to be demonstrated, and it was shewn soon that this can indeed
be done, Values of the magnitude of this rise were pubdished by
geveral groups,

Since then, a number of studies, both theeretical and experi=
mental, have been made of the rate of energy loss and of the blob
(or grain) density in the relativistic region, it being assumed,
usually, that these two guantities are linearly related to one
another in the region of interest,

An examination of the data available te us, both published
and unvublished, convinced us that there still remained a need
for experiments to answer the following guestions:

a) Whatbis the magnitude of gplfgmin? I$ i% the same in all types
of smulsion? Does it change from emulsion batch to emulsion
batch?

b) Ts the "plateau" flat or is there evidence for a maximum
around @/mc? = 100?

In the exveriment we report here we succeeded in obtaining in=
formation to answer much of cuestion (a), but an experimental mis=
hap prevented us from investigating the region of E/m02 = 100,

The emulsion types examined were Ilford G5, ¥5 and T4, Kodak TTB4,

NIXPT BR and BM, and Cevaert 715,

Nuclear-research emulsion is a comnlex inhomogeneous material,
sensitive to temperature and humidity, which undergoes complicated
chemical processing between the exposure to charged particles and
the observation of the tracks they produced, and in which latent

images fade at a rate which again depends on temperature and humi=
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dity. There are thus very many sources of variations and fluc=
tuations in track density, and it ig clearly necessary to eli=
minate these if one is to be able to detect asmall differences
in rates of energy loss, and small differences between the res=
ponses of various emulsion types to changes in the rate of ener=
gy loss,

We eliminated variations in temperature and humidity which

would have led to varistions in sensitivity and the rate of

plastic and keeping this package continuously at the temperature
of melting ice from about 12 hours before thevbﬁginning of the
first exvosure until they were processed, One may thus assune
that gradients in temperature and water content were absent,
and that all exposures took place at the same emulsion tenpe=
rature and humidity.

an%g, 1 we show details of the exposures, The geometry was
arranged in such a way that the beams overlapped in & small
region of the erulsion, and all the measurements were made in
that régisn ir order to reduce as far as possible the effects
of any sensitivity gradients that may have been present, The
three electron exposures were obtained in a single night shift
at the Stanford Linear Accelerator, the pion exposure was made
at the synchrocyclotron at Berkeley about two days later, and
processing of the emulsions began another two days after that.

The tracks fra% which our reguitg were obtained were thus
produced in the same physical conditions and, for each emul=
sion type, in the same small volume of emulsion., The physical
conditions in which fading could have taken place before pre=
cessing were the same for all the tracks, also, with the single
exception that the duration of the period during which fading
could occur was about two days less for the pions as compared

to the eslectrons,
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A fifth exposure, to electrons of 75 lleV/c (~&z = 146) failed

because a beanm of sufficient intensity could not be obtained,

blobs were counted to arrive at an estimate of the blob density.
In each case the blobs were counted in groups of 200, and the
distributions of the blob densities derived from the fifty 200~
~-blob samples were tegted for consistency with a Gaussian dis=
tribution with the expected standard deviation, 411 the 10008~
blob samples proved acceptable,

In order to avoid effects of saturation, we tried to keep
the blob densities fairly low - rather lower than what can be
obtained with some of the ermlsions used, They are shown in
Table 1, Qnebof the emulsions, Gevaert 715, had a very large
spread of blob sizes, as well as the highest blob density, so
that the results obtained with it are subject to some doubts,

The values of the ratio g/gmin (the "normalized blob density")
obtained in this way are plotded in fﬁg. 2 as function of

= E/ﬁcz. Prom inspection of this figure we may conclude the
following: ﬂ
a) For all the emulsions except Tlford T4, the three points at

¥ = 293, 752 and 1953 are consistent with what would be

expected for sanmples from a distribution with standard
deviation 1%, and the tf&nﬁs exhibited are different in dif=
ferent smulsions, We have thus no evidence that the rates

of energy loss at the three values of \* considered are not

the same, We cannot explain the behavior of the T4 emulsion,
b) As the points to which the measurements are normalized ére

themselves distributed with e standard deviation of about

14, the distributions of the normalized blob densities for

fixeé>x» but different emulsion types should hsve a standard

deviation of about 1.4% if the magnitude of the telativistic
rise were the same in all emulsions, This does not appear

to be the case,
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In @%gﬂ 2 we plot all the normalized blob densities obtained
and compare them with 2 Gaussian of the same mean value and &
gtandard deviation of 1.4%, Tt is clear that the data do not
fit the curve, A better fit is obtained if the doubtfuld aata
obtained with Gevaert 715 emulsion are omitted,

We have looked for systemntic trends in the wvarintion of the
relativistic rise with smulsion ftype, but we have not succeeded
in finding any, In Table 2, for example, the data are ordered
by unprocessed grain diameter, but no trend is arpparent,

It may be noted that the over-all average value of the relas
tivistic rise obtained in this experiment is rather Jowser than
what haa been found in many sarlier experiments, It is concei=z
vable that this is due to the fact that the pion tracks from
which the minimum blob densities were derived faded for twe
days leas than the other tracks, It should be noted that it is
also posasible that some of the values of the magnitude of the

relativistic rise obtained by earlier workers msgesdso have been

tions might be due to differences in the fading behavior of the
emulsions, However, it is also possible that the differences
were caused by batch~to-batch and emulsion-type-to-emulsion~-type
variations,

We conclude then, that our data are consistent with a plateaun
in the rate of energy loss, flat to within about 17, in the
range of g = 263 to = 1953, ?hﬁ‘ﬁ?ffﬁﬁaﬁ&%% between the mix
gnitudes of the relativistic rise observed may be due to diffes
rences between the rates of fading, or to differences in emuls=
sion response, or both, The average relativistic rise obssrved
wags about 107, rather less than is commonly found; if it can be
eatablished that rapid fading takes dlace during the first few
days after exposure even if the emulsions are atored at 0°C this
could be dus to fading, otherwise it must be the result of wvarias
bility in the response of nuclear emulsions, Nete that fading

could also have affected some esarlier experiments,
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DETAILS OF EXPOSURES
TEMPERATURE OF EMULSIONS: 0°C

w7, BIS MeVie, y=4
j &, 1000 MeV, y= 1953

/

e
% e @, 385 MeV, y=75BZ
o
REGION™" 1
OF H ~g
MEASUREMENT
F;ﬁé A

—ILFORD K5

o-—KODAK NTB4

4% “y—NIKF| BM
~~NIKFI BR

4%

! o—ILFORD G5

T-GEVAERT 715

% —ILFORD L4

s NI R R B R | %

293 752 1000 1953

s i ¥

V%% 2




10O RS
Fiq 3
1O
. /wmf}»@%*’%
S - \
| z i s .
1.00 1.02 1.04 .06 1,08 .10 iz 14 116

e NORMALIZED BLOB DENSITIES
(GEVAERT EXCLUDED)

Mc@ 4



SUMMARY TABLE OF AVERAGE BLOB DENSITIES

Bmulsion | UnProcessed

Type Diameter y=4 | 2838 752 | 1953
-Kodak NTB4 ~ (3,4 19.68 | 21,74 | 21.85 | 21.64
NIKFI BR 0.28 22,56 24,44 |24.83 | 24.63
Iford G5 0.27 20,65 | 22,59 | 22.37 | 22.28

| lford K5 0.20 18.575] 20.695 | 21.036| 20.637
Gevaert 715 0.15 31.00 | 32,62 | 32.76 | 33.38
NIKFI BM 0.14 22.32 | 25.09 124.87 | 24.44
Iiford 14 0.14 19,06 | 21.36 [ 21.08 | 19.86

TARLE A

SUMMARY TABLE OF NORMALIZED BLOB DENSITIES

o s Unprocessed 4
”ﬁ?ib;{ . Grain Average
M Diameter (u)|4| 293 | 752 | 1953

Kodak NRDB4 0.4 11 1.,105| 1.110) 1,100 | 1.105
NIKFI BR 0.28 1]1.083] 1,101} 1,092 | 1.092
Iiford Gb 0.27 111.094] 1,083 1.079 | 1.085
ilford X5 0.20 11,1141 1,182] 1.111 | 1,119
Gevaert 715 0.15 1] 1,052 1.067| 1,077 | 1.062
NIKFI BM 0.14 11,124 1,114 1,085 | 1.111
Ilford 14 0.14 11,1211 1,106] 1,042 | 1.090
Average -

(a1l data) 11,0991 1,100 1,085 | 1.095
Average ‘ . ,
(Gevaert 111,107 1,108] 1,087 | 1,100
excluded)

TABLE 2
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