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An examination has been made of the statistical method of investigating nuclear trans
formations and of determining their al:isolute yield and mechanism. The method is based 
on measurement of the magnitude of the correlation function between the observed trans
formations of various types. The correlation function and its dispersion have been 
calculated ( in the absence and in the presence of background), and the question of the 
accuracy of the method has been examined. The well-known method of coincidences is a 
special case of the correlation method, which is also applicable for longer time intervals 
between related transformations at high radiation intensities. 

l. INTRODUCTION 

0 NE of the important methods of experimental 
physics of the last few years has been the 

method of coincidences, based on the recocding 
(by means of special circuits) of nuclear particles 
emitted in an individual nuclear transformation or 
in several successive transformations separated 
by very short time intervals. Coincidence cir
cuits are used both in those cases when an angular 
correlation exists between the recorded pa-ticles, 
and also in the absence of such a correlation. In 
particular, the recording of the coincidences per
mits one to detmnine the absolute number of 
such transformations independently of the ef
ficiency with which they are recorded. An ex
ample of such a kind is afforded by the well-
known method of {3y and yy coincidences 1 which 
may be illustrated by the following very simple 
case. 

If in the course of the radioactive decay 
of an atom of a given isotope ( for example, 

A1 2.!!- Si 28~ Si 28 ) one {3- particle and one {3- y 

y- quantum are emitted, then, if M individual dis
integrations occur in the course of the experiment 
in the absence of background, the {3- counter will 
record 

{3- particles, (l) 

while the y- counter will record 

y- quanta (2) 

and the coincidence circuit will record 

1 A. C. G. Mitchell, Rev. Mod. Phys. 20, 296 (1948). 

(3) 

x ( l - gy) M2 coincidences. 

Here g/3 and gy are unknown efficiencies of re
cording ,and TIS the resolving time of the coinci
dence circuit. The first term in Eq. (3) character
izes the recording of true counts, the second term 
characterizes the recocding of chance coincidences 
determined by the disintegration being investi
gated. In a practical application of the method of 
{3y and yy coincidences the quantity Tis 
usually chosen to be so small that the second 
term in Eq. (3) is negligible, and 

(4) 

From Eqs. (l)-(3) it follows that the true number 
of individual radioactive disintegrations may be 
determined from 

(5) 

Knowing the value of M, one can then determine the 
efficiencies of recording the disintegrations, and 
also the cross section of the nuclear reaction 
leading to the formation of the given isotope if 
the flux of the activating radiation is known (or, 
conversely, one c'an determine the flux of the 
activating radiation from the known cross section 
of the nuclear reaction). 

The recording of coincidences is also utilized, 
as is well known, for the investigation of the 
mechanism of nuclear disintegration. A number 
of appropriate examples is given by Mitchell 1 . 

The above illustrates sufficiently clearly the pos
sibilities of the method of coincidences because 
of which it has received wide acceptance. 
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Let us now tum to a description of the essence 
of the method of cotrelations in which, instead of 
measuring the number of coincidences, one should 
measure the correlation function between the 
counts of the various radiations being recorded. 
This method can yield exactly the same results 
as the method of coincidences and represents an 
alternative experimental possibility of obtaining 
quantities which are presently determined by 
means of coincidence circuits. 

However, it is important to note that in the 
method of correlation the time interval between 
successive disintegrations may be in principle 
arbitrarily !large. Its allowable magnitude is 
determined only by practical considerations, and 
may be as large as one second. This circum
stance provides the main advantage of the method 
of correlations which allows it to be used even 
in those cases when the method of coincidences 
is quite inapplicable because of the overloading 
of the coincidence circuit. 

2. GENERAL BASIC ASSUMPTIONS. DEFINITION OF 
THE CORRELATION FUNCTION AND THE 

CORRELATION COEFFICIENT. THE THEORY OF 
THE METHOD. 

Let us consider the chain of dau~ter prodm:ts 
B, C, D, . . . L, the first of which is formed 
either by the decay of a radioactive substance A, 
the amount of which practically does not change 
during the experiment, or as a result of a nuclear 
reaction occurring when a target is irradiated 
externally by particles of some kind. Then the 
probability P b c ••• l of finding at some instant 
of time t, nb, nc' nd . . . nr atoms, respectively, 
of the various types is determined by the many
dimensional Poisson law: 

-7i-nb e--=c-cnc -L-nz p _e B e L 
bc .•• l - nb! --riT · · · ---n;1 (6) 

where I is the mean number determined by the 
laws of radioactive decay of atoms of the kind I 
which exists at the time t for a given intensity of 
the primary radi!tion. 

From (6) follow the relations between the dis
persions and the mean values of the products: 

D (~L n;) = ~L D (n,), (7) 
!=B !=B 

IT (n,) = IT (n,), 
i=B ... L i=B ... L (8) 

where ni is the number of atoms which are found 

at the given instant of time in the state i. 
The many-dimensional Poisson distribution in 

this case follows physically from the complete 
statistical independence of the decay of the 
individual atoms; each of the atoms may he found 
at the time t in some one definite state inde
pendently of the behavior of the others, and in 
virtue of the lack of limitation on the total number 
of atoms of the original substance, the presence 
of a certain number of atoms in one state does not 
impose any restrictions on the possible quantities 
of atoms in other states. The complete statistical 
independence of the decay of individual atoms 
which makes it possible to apply Eqs. (6} to (8) is 
realized, in particualr, in an equilibrium r·adio
active mixture. 

Let us now turn to the relations between the 
disintegrations of various kinds observed in such 
mixtures. Let us denote by mi the actual number 
of disintegrations of the i th type during a certain 
time interval, and by ri the recorded number of 
such disintegrations, with 

(9) 

where g. is the efficiency of recording the dis
integrat1ons of the i th kind. Evidently each of 
the quantities m. and r. is distributed in accord-

' ' ance with the one-dimensional Poisson law, but 
relations of the type (7) and (8) are no longer 
applicable, for here the events are no longer 
independent--the s~me atom may, during the 
course of the experiment, undergo disintegrations 
of the ith, ( i + l )th, .•. kth type. In this 
case 

(lO) 

(lO') 

The last terms in (lO) and (lO ')--the so-called 
correlation functions--play a determining mle in 
the proposed method. Thus the problem arises of 
the calculation of the correlation functions 

(ll) 

or of the correlation coefficient 
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Rz11.-
r 1rk-rl"rll. 

V D(r1)D(rk) 
-

r1r~~.-rrrll. (12) 

VTz~ 
Bee ause of its importance for the following let 

us begin with an examination of the case when 
gl = gk = 1 which is seldom met with in practice, 

but which demonstrates the principle most clearly. 
It is evident that the correlation functions and 

the correlation coefficients are essentially differ
ent in the cas~s when the radiation of the l th and 
k th type (i.e., the disintegrations of the l th and 
k th type) occur independently of one another, or 
when on the contrary radiation of one type (for 
exam~le of the l th t;pe, or the l th disintegration) 
is necessarily accompanied at the same instant or 
later by radiation of another kind (for example, of 
the kth kind, i.e., by the kth disintegration). 

If the emissions of the l th and the k th radiation 
are independent of one another (for example, in the 
parallel disintegration in a radioactive chain), 
naturally 

IDz11. = Rz1t = 0. (13) 

A different situation will exist in the case of 
related disintegrations. Let us suppose for the 
sake of simplicity that the length of the chosen 
time interv~l t for the measurement greatly exceeds 
the mean time interval between the related dis
integrations of the l th and k th type ( in the case 
of a chain of radioactive transformations). 

It 

~ "A~t <{::: 1. 
i=l+l I 

(14) 

Then each disintegration of the l th type is neces
sarily accompanied by a disintegration of the k th 
type, and conversely" i.e., ml = m" = m. It then 
follows that 

siderable intervals of time. However, for the 
sake of generality of treatment, we shall consider 
in the following the case of two related disintegra
tions, the l th disintegration (emission of particles 
of the l th type) preceeding in time the k th dis
integration (emission of particles of the k th type ). 
Let us now examine the case when gl and gk dif
fer from unity. H the l th and the k th disintegra
tions are independent, then evidently Eq. (13) re
mains valid. However, if these disintegrations are 
related, then among the rl disintegrations of the 
l th type recorded in the time interval under con
sideration there will be registered kr such dis
integrations which also give rise to Jisintegrations 
of the k th type within the same interval ( irrespec
tively of whether these disintegrations are recorded 
or not) and r{ such disintegrations which are not 
followed by disintegrations of the k th type. 

In its turn the number r k of recorded disintegra
tions of the k th type may be divided into zT k --the 
number of disintegrations of the k th type originat
ing from the disintegrations of the l th type ( ir
respectively of whether they were recorded or 
not) which occurred in the same time interval, and 
r {-the number of disintegrations of the k th type 
which were not preceded by a disintegration of the 
l th type within the given time interval. If one 
denotes by kml not merely the recorded but the 
total number of disintegrations of the l th type in 
the given time interval which were followed by dis
integrations of the k th type, and by lmk the total 
number of disintegrations of the k th type within 
the given interval which were preceded by dis
integrations of the l th type, then it is evident that 

(17) 

(18) 

(18') 

IDtll = mzm11.- mzmk = m2 -(m)2 =m =/= 0, (15) In the expressions 

(16) 

which could have been written down immediately 
since we are dealing with completely correlated 
.random variables. 

Thus it is evident that the measurement of the 
correlation coefficient allows one to distinguish 
between the cases of mutually unrelated and 
related disintegrations. The related disintegrations 
may be either simultaneous, or separated by con-

(19) 

and 

(19') 

only the terms ,.rl and z'k are mutually dependent, 
while all the others are independent of one another. 

From all the above we obtain 

<I> lk = rz rk- rzi;. = krllrk- krt l~ = (20) 
-2 - -

= grgk mhr- grgh (mkr)2 = grgkmltl, 
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since for the quantity mkl we have 

(21) 

In what follows below we shall take the length 
of the time interval t such that Eq. (14) is satis
fied, and then in the absence of branching between 

disintegrations of the l th and k th type 

(22) 

from which we obtain for the correlation function 
and the correlation coefficient 

<l>zn .:._ gzgnm, (23) 

Rzn = gzgnm/Vgzm gnm = V gzgh, (24) 

We note that the expressions for the correlation 
function and for the number of true coincidences in 
a given time interval are the same. It may be 
easily shown that the corresponding expressions 
are analogous also in the presence of an angular 
correlation of the radiations. 

Thus, if, instead of determining the numbers of 
disintegrations Ml and Mk that have taken place in 
the course of the whole experiment, and the 
number of coincidences M lk , we determine the 
average number of disintegrations rl and r k re
corded during one interval, and the correlation 
function <I>lk' we can solve all the problems which 
can be solved by the method of coincidences; in 
particular we can retermine the absolute number 
m of disintegrations during one interval from the 
relation 

(5 ') 

wholly analogus to Eq. (5). This constitutes the 
essence of the correlation method. 

In examining the practical applicability of the 
correlation method two questions arise. First of 
all w~ must determine the accuracy with which the 
correlation coefficient can be measured. If gl 
and gk are small, then the question of the accuracy 
of determination of Rlk becomes particularly im
portant,for the quantity Rlk' in accordance with 
Eq. (24), cannot differ appreciably from Rlk = 0 
which corresponds to the case of two mutually 
independent processes. The second important 
question is the elucidation of the role which ~he 
background plays in measurements using the cor
relation method. Therefore, let us turn now to the 
examination of the accuracy of the correlation 

method both in the absence and in the presence of 
background. 

3. DISPERSION OF THE CORRELATION FUNCTION. 
COMPARISON OF THE CORRELATION METIIOD WITH 

THE METHOD OF COINCIDENCES. 

In accordance with the definition (ll) of the 
correlation function its value obtained as a result 
of measurements inN intervals is: 

N N N 

2} rz{l<, ~ rzi ~ rk; (25) 
<l>zn = "=] i=l i=l 

N -~~ 

It is evident that 

- ~ rz.rn. ~rz; ~ rk; (26) 
<1>//( = I I 

N N2 

<l>~k = 
(~ rz; rh;t (27) 

N2 

2 ~ rzi rk; ~ rzi ~ rk, (~ rr; ~ rky - ~ + ~ . 
(here and in the following, in writing the summation; 
signs we shall omit the summation index i = 1, . 
• . N ). For further calculations we shall need 
the following equations 

(31) 

+ N (N-1) [rzrzr~ + rnr"r~ + (rzr")2 ] 

+ N(N-1)(N- 2) rz. r" rzr,; 

(~rz1 ~r"1Y = Nr~r~ + iV(N-1)r~ r~ (32) 

--il --2 --· + 2N(N- 1) [rz rzrn + rkrkrz+(rzrn)2]. 

+ N(N-1) (N-2) (N-3)(rz)2(r~t)2 

+ N (N-1) (N-2) [r~ (r")~ 

+ r~ (rz)2 + 4f.1 rn rzr,]. 
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Equations (28)-(32) are considerably simplified 
if the disintegrations of the l th and k th type are 
independent, for in that case, 

and 

rz rzr~ = (rz)2 r~; 

rllrnr~ = (r,.)2 r~; 

In this case ~lk = 0, and 

-2 N-1 -- - - - -
<l>z" = 1r [r~ r: - (rz) 2 r: - (r,.) 2 r2 

(33) 

(33 ') 

(33 ") 

(33 '") 

(34) 

:- - N-1--+ (rz) 2 (r11)2] = "JiJ2 rz rk. 

Thus the dispersion of the correlation function in 
the case of independence of disintegrations of the 
l th and k th type is given by 

D ("' ) m2 N- 1 - - (35) 
indep 'VII! = -vzk = ~ rz r" 

In the case of related disintegrations (we shall 
assume here that there is no branching between 
these disintegrations) it follows from (22), (26), 
(28) and (29) that the average value of the cor
relation function is equal to 

- N-1- -- N-1 ......, 
<l>ut = -yr (rzr,.- rzr,.) = -w- g 1g 11 m. (36) 

For N-+ co we obtain the "theoretical" mean 
value gl gk m. For the determination of the mean 

square value~ we must obtain the values ---- --
rzri· ri rk and ri r i. We shall explain the method 

Let the values of r at a time t at the end of the 
interval be, respectively, rl and rk. Let us add 

an infinitesimal time dt at the beginning of the 
interval. Then we shall have the probability adt, 
wher.e a is the equilibrium activity of all the 
members of the series, that during this in
finitesimal time a disintegration of the type l 
will take place necessarily followed by a dis
integration of the type k within the interval, 
whilel-!adt gives us the probability that a dis
integration of the type l will not occur. Tlierefore, 

- - drr2 

r1r: (t + dt) = r1r: (t) +1 jl dt (37) 

= ( l- adt) r1r~ + adt {gzg11 (r1 + ·1) (rk + 1.)2 

+ gz (I -gn) (rz +I) r:+gn (1-gz)rz(r,.+ 1)2 

+ (l-gz) (I -gli)rzr~}· 

From this it follows that 

dr1r~ - 2 
dt"" = 2ag,.rzr,. + agzr,. 

Similarly 

dr11r~ - 2 
----,u = 2agzrzr,. + ag,.rz 

(38) 

(39) 

+ agzr,. + 2agzg,.i; + ag1g", 

(40) 

of obtaining these quantities by using Integration of Eqs. (38)-(40) gives 

rz r i as an example, and by noting first of all rzri = g~g 1 (m)3 + 2g~g1 (m)2 (41) 
that for the determination of the correlation func- " 
tion we are interested only in those disintegrations 
of the lth type which are followed by disintegra- + gzg,. (m)2 + gzg11m, 
tions of the k th type in the given interval, and 
only in those disintegrations of the k th type which - -) 2 -) (42) 

rkr2 =gig,. (m s + gig,. (m 2 are preceded in the given interval by disintegra- _ 
tions of the l th type. In satisfying condition 
(14) we can consider, neglecting distortions near + g1g,. (m)2 + g 1g"m, 
the boundary of the interval, that each disintegra-
tion of the l th type necessarily leads to a dis- - - -
integration of the kth type in the smne interval. r2r~ = gigi_ (m)4 + 4gig~(m)3 + (43) 
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+ g~glt <iii)3 + g,g: (m)3 

+ 2g~g~ (m)2 + 2g~gk (m)2 

+ 2gzg~ (m)2 + g,gk (m)2 + g,gkm. 

We can nowturn to the direct calculation of the 
mean square of the correlation function which 
gives 

- N-1 -
ct>;,. = ---w- gig~ (m)2 (44) 

The dispersion of the correlation function is 
given by 

D (ct>zk) = ct>;k- (<f>,h)2, (45) 

where N is the number of intervals in which 
readings are taken, m is the mean value of dis
integration of each kind during one interval. The 
relative error in determining <lllk is 

(46) 

H i'li » 1 and N » 1, then 

(46 ') 

If, on the other hand, ;;i « 1, then 

1 
(46 ") 

where M is the total number of disintegrations of 
each kind during the experiment. 

We may compare the expressions which charac
terize the general content and the accuracy of the 
correlation method and the method of coincidences. 
The effective length of. one interval of measure
ment iu the method of coincidences is obviously 
equal to 2T. The mean number of coincidences 
during one interval slk in the case of gz « 1 and 
gk « l, which is the most interesting one prac
tically, is equal to 

It is evident that for m << l, when the chance 
coincidences are negligible, 

Sz" =<I>,,.. (47 ') 

The relative error in the determination of the 
correlation function is given in this case (for 
N » l) by the relation (46 "), i.e., it is equal 
to the relative error in counting the number of 
true coincidences in the course of the whole 
experiment. 

Thus for m ~ 0 and N ~ oo, the correlation 
method is identical with the method of coincidences. 
This circumstance has a clear physical si~i.fi
cance •. Indeed, form<< 1 a fortiori r; « 1 and 

r,. « l, and hence <I>zk ="1"'i"k-rz -;:,. .. rzr,.. The 

quantitYT7,.is either zero if one of the r is zero, 

of unity if rz = rk = 1. But in the first instance the 
coincidence circuit would not record a coinci
dence; it would record a coincidence in the second. 
instance. This shows that the two methods a-e 
identical if the counters are not heavily loaded. 
Of course we are discussing the equivalence of 
the methods only in principle, and not in practice, 
even in the region m << 1. 

If m l ~ 1, i,e., if the chance coincidences can
not be neglected, then in the method of coinci
dences the second term in Eq. (47) is measured oc 
calculated by one means or another, i.e., in fact 
the correlation function is determined indirectly. 
However, with a further increase of m when m 
~ 1/ yglgk , i.e., Szk.<; l, the method of co
incidences can no longer be used because of the 
large number of counts being lost. In the correla
tion method no limitations exist in principle for 
large values ofm. This means that for a given 
intensity of the primary radiation a one may in
crease the length of the interval t durfng which 
measurements are made, i.e., one can investigate 
related processes separated by long time inter• 
vals. The possibility of such investigations is 
limited only by the total length of the experiment 
and by the desired accuracy of results, which in
creases with increasing number of intervals in 
accordance with Eq. (46). 

As has already been shown,the minimal error of 
the correlation method for a given duration of the 
whole experiment [retaining condition (14) ], is 
attained for i'li ~ 0 and N ~ oo~ and is determined by 
(46 "). As the number of intervals is decreased 
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(and, correspondingly, m is increased ),the rela
tive error of the correlation method for glgk « l 
increases in accordance with 

B = Bm in VI + iii. (48) 

Thus, for a given duration of the experiment, the 
accuracy of the method begins to diminish appreci
ably only form» l, when the method of coinci
dences begins to become completely unusable. 
By increasing the duration of the experiment, one 
can also achieve in this region any desired degree 
of accuracy in the determination of the correlation 
function. However, it should be noted (this was 
not emphasized in our short preliminary communica
tion 2 ) that if the intensity of radiation a can be de
creased so that, for a given large t, the condition 

m « [glgk J~ is satisfied, then measurements by 
means of coincidence circuits become possible 
and, for the same dlll'fttion of the experiment, give 
the same accuracy as the correlation method. Let 
us now turn to a comparison of the effect of back
ground in both methods. 

4. THE ROLE OF BACKGROUND IN THE 
CORRELATION METHOD. COMPARISON WITH THE 

ROLE OF BACKGROUND IN THE METHOD 
OF COINCIDENCES 

In the presence of background the total number 
of counts recorded by each counter in a certain 
time interval will be given by 

(49) 

(49 ') 

where r (and r{ are the counts associated with 
the process being investigated, and r('and r{' are 
the background counts statistically independent 
of the former. It follows from Eq. (49) that 

(50) 

(50') 

and also that 

(51) 

2 V. I. Gol'danskii and M.I. Podgoretskii, Dokl. Akad. 
Nauk SSSR 100, 237 (1955). 

and 
(51') D (r1) = D (r~) + D (r~). 

Insofar as -;i and rk may usually ~measured 
separately, the quantities r( and r{ which were
quire may be determined easily. The correlation 
function is given by 

(52) 

If the background counts of the two counters are 
statistically• independent, as is most frequently 
the case, then the second term in Eq. (52) is 
equal to zero, and the correlation·function in 
which we are interested is identical with the one 
measured directly. In the opposite case (if, for 
example, both counters may be set off by the 
same particle) it is necessary to subtract from 
the measured correlation function the correlation 
function of background counts which is obtained by 
a separate experiment. 

Thus the presence of background does not intro
duce any noticeable complications with respect to 
the speed of counting or the mean value of the 
correlation function. The presence of background, 
however, may increase the fluctuations of all the 
measured quantities, thus reducing the accuracy of 
measurement. The effect of background on the 
accuracy of measuring r [and r{ is easily taken 
into account. Let us examine the more compli
cated question of the effect of background on the 
accuracy of measurement of the correlation func
tion assuming that the background counts of the 
two counters are mutually independent. Using 
equations analogous to Eqs. (26)-(32), we obtain 
for the dispersion of the correlation function in the 
presence of background the expression 

N-1 [ N-1 
D (<llzk) = ~ 1 + gzgk+ Nm (53) 

+ ock + ocz + ockocz J gzgk (m)2 , 

where a.z and a..k are the ratios of the background 
to the desired counts of the l th and k th counters. 
The relative error in the determination of ~lk is 
given by 

(54). 
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While in the method of correlations the back
ground merely increases the fluctuations without 
changing the average value of the correlation func
tion, in the method of coincidences the background 
also affects the mean value of slk which, in ac
cordance with Eq. (47), becomes equal to 

(55) 

Thus in the presence of background for 
m .?( l + O.z + a.k + a.l a.k )- 1 chance coincidences 

have already become important, while for 

m: > [gl gk x ( 1 + o.z + a.k + o.z a.k) ]-Y. the method 

of coincidences becomes inapplicable in practice 
because of missed counts. It is evident that in 
the correlation method, as before, om in ( <l>lk) for 

m .... 0, N .... "" is determined by Eq. (46 "), and for 
arbitrary iii, 

(56) 

Consequently, in the presence of background, 

and form [ l + O.z + a.k + O.z a.k] » l, i.e., in the 

region in which the method of coincidences is no 
longer applicable, the error of the correlation 
method increases not faster than ~. 

For a very high background count ( a.l » l, 

a.k » l) we obtain from Eqs. (46 ") and (56), 

a2 (<lltlt):::::::: rxtrx,JgtgkN. (57) 

Consequently, for the required number of intervals 
of measurement, which is determined by the condi
tion o ( <I>lk ) « 1, we have 

(58) 

and if we are dealing with the region in which 
m K, 1/ O.z a.k, then we obtain for the required total 
number of disintegrations in the course of the 
whole experiment 

Vivm = V M ~ I/V gtgk. (59) 

Let us now turn to an examination of concrete 
examples of possible applications of the correla
tion method .. 

5. EXAMPLES OF POSSIBLE APPLICATIONS OF THE 
CORRELATION METHOD 

It has already been mentioned above that, in 
principle, the correlation method can be used to 
solve all those problems which are solved by the 
method of coincidences. Therefore, we shall not 
examine in detail those examples for which both 
methods are applicable. Let us just note briefly 
that above we were everywhere comparing the 
correlation method with that variant of the method 
of coincidences in which gl and gk are unknown, 
and for the determination of M it is necessary to 
record not only the number of coincidences but 
also the number of counts in the individual chan
nels. 

Frequently, however, this is not necessary, and 
only the number of coincidences is recorded. In 
such cases the method of correlations may become 
inapplicable, because in this method the counts in 
individual channels must be determined, and be
cause of the presence of background they may be so 
large as to become difficult to record. Therefore, 
it may become necessary to reduce the intensity 
of radiation a when the correlation method is 
used, i.e., to increase the length of time of taking 
measurements in using the correlation method in 
comparison with the method of coincidenc«~s, and 
the correlation method may turn out to be the less 
advantageous one. 

Let us now turn to typical problems, the solu
tion of which at high intensities is possible by 
means of the correlation method, but impossible 
by the method of coincidences. 

a) Determination of cross sections of nuclear 
reactions. 

If, when the target A is bombarded by particles 
a, a nuclear reaction c takes place with the eniis
sion of particles b and the formation of a radio
active isotope B : A + a .... b + B, then, from ob
serving the correlation between the emission of 
particles b at the instant of formation of, B and 
the subsequent radioactive disintegration of B, one 
can determine the rate of formation of B under 
equilibrium conditions, and consequently, for a 
known flux of particles the cross section of the 
nuclear reaction which leads to the formation of B 
(one can of course also formulate this question 
in the opposite direction). Example: 

0,82 sec 
Be9 + n--;. a.+ He6 ----;. Li6 ( a.f3 correlation). 

{l-

It is clear that at high intensities the method of 
coincidences is not applicable to the solution of 
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this and many similar problems. Indeed, for long 
resolving times the circuit will be missing counts 
almost continuously, and for short resolving times 
!it, the efficiency of recording would be reduced 
by a factor of order 11 t / T, where Tis the me an 
lifetime of the isotope formed. 

In such cases the only way of obtaining by the 
coincidence method the same accuracy and the 
same duration of the experiment as in the corr~la
tion method is to reduce the intensity of radiation 
(without increasing the original ratio of back
ground to desired counts). However, this does not 
turn out to be possible in all cases, and coin
cidence circuits with resolving times greater 
than 10-4 - 10-3 sec usually cannot be used be
cause of missing counts. 

The correlation method permits one to determine 
the cross section of the indicated reaction on the 
basis of the determination of the correlation func
tion for the ex and f3 counters for some one arbitrary 
relative orientation of the two counters. For 
processes separated by large time intervals angular 
correlation is generally absent. Therefore, the 
cross section of the reaction under consideration is 
determined independently of the angular distribu
tion of the ex- particles, and it therefore becomes 
unnecessary to measure the angular distribution 
in this problem. Any compet1ng reactions ac
companied by the emission of ex- particles [for 
example, Be 9 ( n, 2n) 2 He 4 ] are of no importance 
for the determination of the cross section. 

Another example of the same kind is the reac-
tion 

P(ij) He6~ Li6 • 
~-

By studying the yf3 correlation for one arbitrary 
relative orientation of the two counters it is pos
sible to determine the cross section of this re ac
tion without knowing either the efficiency of the 
y- counter or the cross sections of competing reac
tions. 

b) Identification of the products of nuclear reac
'tions. 

If when the target A is bombarded by some given 
particles several nuclear reactions can take place: 

b +B 
/ 

A + a __,.b' + B' 
~ 

b"+B" 

with the formation of different radioactive iso
topes then by a suitable choice of various operating 
conditions of the counters one can determine with 

which particular radioactive decay one or another 
type of secondary particles b is correlated, i.e., 
one can ascribe definite radioactive properties to 
definite isotopes. 

Example: 

/d + He60·~~ Li6 (£~up to3,7 mev) 

Li 7 +n 
~ + L' 8 0,88 sec 2H 4 1 1 ----;J-__,. e (E~ up tol2 mev) 

It is evident that, for example, by varying the 
thickness of filters in front of the counters or the 
characteristics of the counters (we do not exam
ine these possibilities in detail, because the 
same is done also in the method of coincidences as 
is described, for example, in reference 1, one U:ay 

select the more penetrating f3- particles or dis
tinguish between y and d and to identify the re
sulting isotopes by this means. Still another pos
sibility of separating effects produced by differ
ent isotopes is connected with the variation of the 
length t of the intervals of measurement which 
leads to a violation of condition (14). 

c) Determination of half-lives of decay. 
The correlation function for disintegrations of 

the lth and kth kind in an equilibrium radioactive 
mixture is defined by the general relation (20). Up 
till now we used assumption (14) because for 
intervals of length much greater than the half
lives of decay of all the substances formed be
tween the l th and k th disintegrations the cor
relation is the most marked. However, assumption 
(14) is by no means compulsory. In the general 
case, for example, if the l th and k th decays are 
adjacent we obtain from Eq. (20) and from the 
laws of radioacti:ve decay 

where at == m, and A k is the decay constant for the 
disintegration of the k th type. 

It is evident that if we know <I> ( t) for at least 
two values of interval length we can determine the 
half-life of the k th member of the radioactive 
family without knowing the quantity of the k th or 
of the other substances, or the half-lives of the 
other substances, and independently of a, gz and 
gk. 

Knowing A z.• we can then determine in a way 
analogous to what was done before the quantities 
a, gl and gk' and also the equilibrium number of 
atoms of the k th type. Indeed 
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(61) 

It is evident from (61) that the determination of 

A k must be carried out in such a way that at 
least one of the values of t utilized is of order 
l/ A k' since for A k t « l the correlation functions 
approach zero, while for A k t » 1 they approach 
the constant value utilized in all the above cal
culations. The determination of the half-lives of 
decay by the correlation method may be ca-ried 
out, naturally, not only for adjacent decays, but 
for arbitrarily related decays (including those 
separated by branchings of the chain), but the 
corresponding relations will be more complicated 
than (61). 

The number of examples could be easily multi
plied, but we have set ourselves for the present 
merely the problem of the general illustration of 
the possibilities of the method. For the same 
reason we shall not here dwell on the different 

3. For a given duration of the l:neasurement 
interval t the accuracy of the correlation method 
is the same as the accuracy of the method of 
coincidences. However, form> [gz gk ( 1 + a.z) 

x ( l + a.k) ]-~ the method of coincidences can no 
longer be used because of missed counts, while 
the correlation method continues to be usable. 

variants of the correlation method which can dif
fer appreciably from the one described above. 

6. CONCLUSIONS 

l. The determination of the correlation func
tion between the recorded number of decays of 
the l th and the k th type : 

permits one to find the absolute yield of nuclear 
transformations. 

2. The mean value of the correlation function 
of consecutive related disintegrations in the 
absence of branching in between and with the 
length of the interval during which measure
ments are taken considerably larger than the mean 
time interval between these disintegrations is 

- N-1 
equal to 4> lk = T g z g m and does not depend on 
the background. The re1ative error in the determina-

tion of 4>lk in the general case ( in the presence 
of background) is equal to 

4. The applicability of the correlation method 
for large m is particularly important for the study 
of nuclear transformations the individual stages of 
which are separated by relatively great time
intervals (of the order of I0- 3 - l sec). 

Translated by G. M. Volkoff 
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