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The problem of simultaneity in the creation of close-pair stars has been studied by means 
of moving photographic plates. It is shown that the so-called ''associated" stars are pro
duced at different moments of time. 

I T has been observed in a number of papers 1" 11 

that emulsions which have been exposed to cos
mic rays contain a larger number of close-lying 
pairs ( r << 1 mm) of nuclear disintegrations (stars) 
than is to be expected on the basis of a random 
spatial distribution. The excess of ''close pairs" 
suggests a clue as to the origin of this effect. It 
is true, however, that this same effect can arise as 
a result of a number of experimental factors (cf. 
Refs. 3, 6, 9, 12 ) which cannot be evaluated 
quantitatively without a great deal of difficulty. 

The question of whether a close-pair effect does, 
in fact, exist is therefore of great interest. An 
approach which would seem capable of resolving 
this question and which is free from the difficulties 
referred to above has been indicated in Ref. 10. It 
is assumed that the close-pair stars differ from 
stars which are accidently produced in close proxi· 
imity in that the former are created simultaneously 
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while the latter are created at different moments 
of time. Hence an investigation of simultaneity 
would appear to be crucial in the identification of 
true close-pair stars. In the present work this ob
jective has been realized through the use of mov
ing emulsions as proposed in Refs. 13 and 14. 

l. Description of the Method 

The work was performed with type P emulsions 
100 11 in thickness mounted on glass plates with 
dimensions 58 x 86 ( ± 0.05) mm. 

Two plates were superposed with the emulsions 
lying between them. A clockwork mechanism was 
used to move the lower plate with respect to the 
upper one with a velocity of 1 em in 4 hours. The 
transverse displacement in this motion did not ex
ceed 100 11. After a total travel of rv 1 em the 
clockwork mechanism was shut off automatically. 

Consider a star produced while the instrument 
is in operation : if the star has prongs which ex
tend to the surface of the plate, these prongs should 
have extensions in the other plate. If the distances 
between the points of egress of the prongs in one 
plate and the points of entry in the other plate are 
the same for two close-lying stars, then these 
stars have been created simultaneously. If this 
condition is not fulfilled, then the stars have 
been created at different times and consequently 
are not related. 

The search for prong extensions in the second 
plate was performed in the following manner. The 
plates were placed together on the stage of the 
microscope in exactly the same position they oc
cupied in the holder of the clockwork mechanism 
before it was set in operation. Both emulsions 
were scanned together; this is possible at small 
magnifications ( 7 x 10 x 1 .5 or 7 x 20 x 1.5). 
\Vhen a star of interest was located one of the 
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prongs which extended to the surface of the plate 
was moved to the center of the field in view. 
Then a strip 500 f1 in width and l em in length 
( in the direction of relative motion of the plates) 
in the other plate was scanned to find a track run
ning in the same direction as the prong. 

For the single-particle density which was ob
served ( 690 cm- 2 ) the probability of an acciden
tal coincidence is small. If tracks which are true 
extensions are neglected, the scanned strip should 
contain"-' 0.05 tracks running in the appropriate 
directions ( in the plane of the emulsions and 
depthwise). The possibility of a false coinci
dence is reduced further if the ionization of the 
prong is compared with the ionization due to the 
extension in question. In the case of stars with 
several ( 2 or more) prongs which extend to the 

where n is the number of sections, N. is the num-
1 

ber of stars in the ith section and ai and b i are 
the sides of the ith section. 3 Expression (l) is 
valid only if the edge effect can be neglected, i.e., 
for r << ai , bi; this requirement is easily met in 
the present case. Substituting in (l) the values of 
the appropriate quantities, we obtain p stat = 69 
for r = 1 mm. Thus there is an excess of close 
pairs for distances less than or equal to l mm. 
The size of this effect can be judged from 

surface, chance coincidences are virtually impos
sible. 

We now consider the resolving power ( with 
respect to time) of this scheme. When a star has 
been selected and the extensions of its prongs 
located, then upon aligning the prongs with the 
extensions, a picture similar to that shown in the 

figure is observed. There is a gap t Let¥. een each 
prong and its extension caused by the space d be
tween the emulsions; the ma~nitude of d can be 
easily determined from the dip an~les of the tracks 
and the gaps t. 

lve now consider two neighboring stars which 
might be considered sintUltaneous on the basis of 
a preliminary inspection. Having determined the 
magnitude of d at the site of the first star, it should 
be possible to predict the points. of incidence of 
the tracks of the second star in the other plate if 
both stars have been produced simultaneously. The 
accuracy of this prediction is determined by the 
length of the track and possible variations in d 
in going from the site of one star to the other.* 
Lnder the conditions of the present experiment this 
prediction could be made with an accuracy of sev
eral ( < 10) microns corresponding to a resolving 
power of (lO / l 0,000) x 240"' 0.25 min. 

2. Experimental Results 

. In 34 plates exposed at a height of 9 km, 2126 
stars** with prong-number n ~ 2 were found. A strip 
6 mm wide at the edge of the plates was not 
scanned since large distortions are possible in this 
region. The remaining area of the plate was di
vided into sections l x l ern in size in which the 
number of stars was counted. Then all stars lying 
closer together than r == l mm were counted. The 
number of such stars was found to be 113. 

For a random spatial distribution the expected 
number of pairs of stars is 

(1) 

The quantity Pex -psta is 44 for r=lmm; i.e., 
statistical analysil of our ~ata exhibits a close 
pair effect approximately the same as that found in 
Hefs. 3 and 6. The existence of this effect has 

*This applies only when the stars are produced si
multaneously since the magnitude of the space between 
the plates and the amount of transverse displacement 
can change during the movement of the plates. 

**So-called radioactive stars were not considered. 
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been shown still more conclusively in Ref. 10 in 
which not only ''doublets" but also ''triplets" 
of close-lying stars were examined. In this work 
it was shown that two stars separated by a dis
tance less than 300-400 /l were accompanied, as a 
rule, by a third star located significantly closer 
than would be expected for a random distribution. 
Statistical analysis indicates that the probability 
of obtaining these results on the basis of a random 
distribution is less than 0.001. 

The formation of close pairs may be due to one of 
the neutrons emitted from the primary star which 
interacts with a nucleus of the emulsion at a dis
tance r ~ 1 mm, thus creating a secondary star. In 
order to evaluate this effect quantitatively, a 
count was made of the total number of double stars 
connected by an ionizing particle ( excluding stars 
which were connected by rr- mesons which had 
come to rest). In the plates exposed in this work 
two double stars were observed out of 2126. In 
other plates 200, 400, and 600 /l in thickness, which 
had been scanned for other purposes, there were 
5 double stars out of 3828 stars. Converting these 
figures to hundred-micron plates*** 3.25 double 
stars were found for 5954 stars, i.e., approxi
mately one double star for every 2000. Thus it follows 
that one pair of neutron-produced stars is found 
for approximately 1800 single stars. In this con
nection it has been assumed that the proton is the 
connecting particle for all the double stars and 
that the ratio of the number of neutrons to the num
ber of protons in the elements of the emulsions is 
1.2. 

The test for the close-pair effect was carried 
out in 14 pairs of plates containing 2078 stars 
with prong-number n ~ 2. Determination of the 
time of creation of the stars requires that at least 
one of the prongs extend to the surface of the 
emulsion, i.e., that there be an extension in the 
other plate. 1600 such stars were observed. Not 
all of these could he used, however, since a frac
tion of them ( S1 %) had been created prior to the 
exposure of the plates in the apparatus and there
fore had no extensions. In addition, some of the 
stars were produced while the apparatus was be
ing elevated, before the clockwork mechanism was 
set in operation, and so were not useful in this 
work ( 38% of the stars with extensions). The 
final number of useful stars, i.e., those having ex
tensions and formed while the machine was in 
operation was :found to be "' 480. 

Using the method described in Sec. 2, a search 

***This calculation was performed under the assump
tion that the probability of creation of a secondary star 
is proportional to the thickness of the emulsion. 

was made for extensions of all stars lying within 
a distance of 1 mm of each other. Not one pair 
of simultaneously created stars was found.+ 

3. Discussion of the Results 

As has been indicated earlier, statistical analy-
sis shows that the quantity p -p is ecrual 

exp stat · 

to 44 for r = 1000 /l and 18 for r = 500 !l· These data 
converted to 1000 stars are compared below with the 
results of other authors ( the last column refers to 
the present work) : 

(r-< 0.5 M:-1) 

7.4 

(r-< ],() ~IM) 

20 

The number of stars(produced while the instru
ment was in operatior.'lwhich have extensions is 
480; hence if the close-pair effect does, in fact, 
exist, the number of simultaneous pairs should be 
"' 9 if our data are used and"' 7.2 if the data of 
Refs. 3 and 6 are used. 

In this experiment not one simultaneous pair of 
stars was observed. The probability of such a 
result if an effect of the size given above does 
really exist is r-v 10-3 and r-v 10-4 depending on 
which data are used. 

The number of close pairs to be expected from 
trivial causes ( cf. Sec. 2) is 0.27, which does 
not contradict the results of the experiment. 

It should be noted that in calculating the number 
of stars under our experimental conditions we have 
not taken account of the change in the prong-num
ber with height. It is known, for instance, that 
the average number of prongs in a star will in
crease with height ( cf. Ref. 15 ). If this effect is 
taken into account the original number of single 
stars ( "'480) should be increased to some extent. 

These results show that if the close-pair effect 
does exist its magnitude is much smaller than is 
to be expected on the basis of a statistical analy
sis. This finding agrees with the results of an 
investigation of the effect carried out with scin-

+The large number of stars produced before the machine 
was set in operation and the possibility of a transverse 
displacement of the plates can lead to the appearance of 
false close-pair stars. In the present case this is of no 
concern since no simultaneous pairs were found. 

15 Powell, Cameron, eta!. Usp. Fiz. Nauk 40, 76 
(1950) (Russian translation) 
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tillation counters, 16 although a detailed com
parison of the present results with those would be 
difficult. 

In the above we have proceeded from the entirely 
reasonable requirement that close-pair stars should 
be created simultaneously. To be perfectly logi
cal, however, we have not ruled out the possibility 
that the close pairs are formed with a delay time 
which is beyond the resolution capabilities of this 
method. This question can be resolved when a 
considerably greater amount of experimental data 
is accumulated. In the event of a negative result, there 
would seem to be a fundamental contradiction between 
the statistical analysis and the results of the present 
work; this would seem to indicate the presence of some 

16]. B. Harding. Nature 169, 747 (1952). 

methodological error in the statistical analysis. 
In this connection factors such as nonuniformity of 
exposure, inhomogeneities in the amount of AgBr, 
differences in the thickness of the emulsion in dif
ferent parts of the plates., and the higher counting 
efficiency in the vicinity of neighboring stars as 
compared with single stars should be considered. 
A detailed analysis of these and similar effects 
should be the subject of a special report. 

The authors are indebted to their colleagues at 
l\IFTI for assistance in performing this work and to 
A. A. Mizel' kovskii and R. l\1. Gryzunov who 
scanned the plates. The authors also wish to 
thank Prof. N. A. Dobritin for taking part in the 
discussion of the results. 
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We study a generalization of the kinetic equation of L. Janossy for the case where the 
physical quantity t"(t) does not remain constant between two consecutive jumps, but 
changes in accordance with some causal law. The equation that is introduced can be 
successfully applied to various problems concerning stochastic processes in cosmic 
radiation. 

I N the present paper we consider some problems 
of the theory of stochastic processes, which 

play a very important role in nuclear physics and 
in the theory of cosmic radiation 1• We shall not 
touch upon concrete problems, since there are a 
large number of papers in this direction in the litera 
ture 2 ; however, a unified treatment of these prob
lems is lacking. 

For the stochastic description of an arbitrary 
physical process (energy loss, scattering, etc.) we 
must first of all determine the distribution function 
of the physical quantities which play a decisive 
role in the given process. If it is known that the 
value of some physical quantity t"(t) at the instant 
of time t is equal to x, then in certain kinds of 
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26, 386, 518 (1954). 

2 A. Bekessy, L. Janossy and L. Pal, Magyar. Fizikai 
Folyoirat (in press). 

stochastic processes (processes without after
effect*) it is easy to determine the rrobability that 
the value of the random variable t"(T) is greater 
than y at any instant of time T?: t. Let us desig
nate this probability [the distribution function of 
the random process t"(t)lby F(t, x; 7; y). As is 
well known, the function F(t, x; 'T, y) is determined 
by two integro-differential equations, introduced 
by Kolmogorof£ 3 and Feller4. 

Let us denote by P(t, x; y) the probability that 
the random process t"(t) discontinuously changes 
its value to~ (t + 0) <=: y under the condition 
that a jump occurred at the instant of time t, and 
that immediately before the jump t"(t- 0) was 

* Processes without after-effect are often called Markoff 
processes. 

3 A. Kolmogoroff ,Math. Ann. 1 04, 415 (1931). 

4 W. Feller, Math. Ann. 113, 113 (1936). 

233 


