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We present a method of the calculation for intensity of cascades of transitions at decay of radioactive nuclei. The
decay scheme of radioactive nucleus and branch coefficient of transitions are used.
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1. INTRODUCTION

Intensities of cascades of transitions at decay of
radioactive nuclei are the nuclear-physical constants
describing as process of transformation of one nucleus
in another, and, basically, structure of a nucleus-product.

Intensity of cascades of transitions can be used, for
example, for simulation spectra Y-y-coincidences,
necessary at detection radioactive nuclei with the help of
a multidetector spectrometer, and also for testing of their
contents in complex mixes on structure. Such nuclear-
physical constants are of interest for studying of
structure of states of atomic nucleus with the help so-
called "a spectroscopic method".

As the cascade of transitions we shall understand
group of consistently let out y-quanta (0- and [3-
particles). We shall identify steps of the cascade as
consistently let out y-quanta.

It is obvious, that besides emission of y-quanta at
transition of a nucleus from an initial state in another
can be let out internal-conversion electrons. However,
the probability of their emission, as a rule, is much less
than probability of emission of y-quanta. Therefore
terms both "intensity of y-transition", and "intensity of
transition" can to be used. Intensities (probability) of
transitions are the characteristic of a nucleus, while
intensities of y-transitions (electrons) are the
characteristic of external emission in relation to a
nucleus. Thus, radioactive decay can be characterized as
a set of intensities of cascades.

The method of calculation for intensity of cascades
is based on balance of population of levels of a nucleus
and the sum of transitions intensity at their decay. The
nuclear-physical constants from last version of evaluated
nuclear data [1] and also results of monographs [2] are
used at the calculations of intensity of cascades.

The decay scheme of a radioactive nucleus is its
basic physical characteristic. It includes the energy
scheme of levels with their quantum characteristics and
intensity of transitions between these states.

The basis of construction of the scheme of y-
transitions of a nucleus is Ryts’s method, i. e. a method

of coincidence of the sums of values of energy of
cascade Y-transitions between the states. Demerit of

Ryts’s method is the opportunity of casual coincidence
of the sums of values of energy of y-transitions. It leads
to false levels and wrong order for the decay of y-
transitions in some cases. A method y-y-coincidence as
well as a method of summation of amplitudes of
coincident pulses from y-quanta are used for reliable
order of the y-transitions taking place in the cascade.

Obviously, that the strict balance between energy of
levels and the sum of energy Y-transitions and balance of
intensity of transitions for each level is observed for
correctly made scheme. It allows drawing up the table of
intensity of transitions cascades accompanying decay of
a radioactive nucleus based on the scheme of transitions.

As it is told above, as the cascade we shall
understand the Yy-quanta emitting consistently at
transition of a nucleus from higher state in lower or
basic "simultaneously", i. e. within the limits of
resolution of the circuit of gate of a spectrometer. The
table of intensity of cascades includes a consecutive set
of y-quanta’ energy and their frequency of emanation
per one decay of a parent nucleus.

Intensities of cascades are interested in, first of all, at
the analysis of the contents radioactive nuclei in samples
of complex composition by  y-y-coincidence
spectrometers.

2. DESIGNATIONS OF THE PHYSICAL
QUANTITY USED AT THE ANALYSIS
DECAY SHEME

We shall enter definitions of physical quantity and
give their formulation before to pass to the equations to
analyze decay scheme. Let ¢ mean number of a level of
a daughter nucleus. Numbers of the excited levels
change from 1 up to Q; E, is the energy of a level with
number ¢; P, is the probability of formation of a
condition with energy E, at decay of a parent nucleus;
W, is the probability of decay of a state with energy E,
per one decay of a parent nucleus; Z, is the part of a-, 3-
, €-decay of a parent nucleus falling a level ¢ of a
daughter nucleus; 7,,' is the probability of transition of a
nucleus from a state ¢’ in a state g. Population of level
P, make up from -, B-, e-transitions of parent nucleus
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Z, and the sum of probabilities of transitions 7,,, with
more high-energy state ¢' on a level ¢

Y
P=Z+ Zq

q

Iqu'”’ (1)

+

T,, is the intensity of transition from a level ¢"on a g.

3. MODEL DECAY SHEME OF A NUCLEUS

We shall accept the following nucleus decay
schemes according to the file ENSDF. Decay from one
level (basic or metastable one) of a parent nucleus is
considered in each scheme only. Thus decay can yield
two daughter nucleus. The factor of decay in each of
daughter nucleus is given so that the sum is equal to
unit. The sum of transitions from one level of a parent
nucleus on two daughter ones is equal to unit. B-decay
of a nucleus does not take into account in comparison
with y-transition to lower level. Decay of metastable
level is considered as disintegration of a separate
nucleus at considerable probability of [-decay in
comparison with y-transition.

Emission of internal-conversion electrons is
competing process in relation to y-transitions. Process of
internal conversion is taken into account by a factor of
internal conversion a.

ae:%. )

Here f. and f; is the numbers of electrons and y-quanta
emitted at transition of a nucleus from one state in
another one.

From balance of population ¢ level and its decay

Pq = Wq (3)

it is possible to receive an expression containing
intensity of transitions
0 q-1 4
Z,+yT,= 3T, (4)
q’: qt1 q': gtl
The probability of transition 7, consists of intensity of
y-transition and transition with emission internal-
conversion electron

Tq'q - Iq'q(l t aq'q)' (5

4. PROBABILITIES OF CASCADES
OF TRANSITIONS CALCULATION

We shall designate probability of the cascade of
transitions from a level ¢ containing & steps multiplicity
and having number n as Xy

To get the required information — intensity Y-
cascades - we shall transform the usual scheme
containing total probabilities of transitions between
levels (Fig. @) to the cascades scheme (Fig. ). The
scheme from Fig. a shows that all levels of an daughter
nucleus (¢=1,2,..., Q) are occupied by transitions at
decay of parent nucleus for completeness of the analysis.
It also shown that every possible transitions between
levels can be carried out. As a rule it is not realized and
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is only some abstraction allowing simplifying the
decision of the problem.
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The schemes of transitions of a nucleus:
a - in a usual state; b - as cascades

The analysis of the decay scheme (Fig. @) shows that
the level with number g decays up by cascades of
transitions with different multiplicity from =1
(transition in the basic condition). The number of
cascades of identical multiplicity rises with £ achiving a
maximum and decreasing up to unit (transitions with
participation of all excited levels) g. The numbers of
cascades given in Table 1 are binomial factors. The sum
of cascades for a level g is determined by the formula

Nq =291, (6)

The sum of all cascades of a nucleus for the scheme with
QO of levels calculates as the sum of members of a
geometrical progression

N(Q)= SN =20
2 N ()

Let's note that number of transitions in the circuit
submitted on Fig. la is equal

M(0)= ZQ M, (1+2Q)Q- ®)

1

Table 1. Number of cascades of identical frequency
rate for level k (given in upper row), their sum N, for
level q (left column) and the common number of
cascades for level O (Ny)

q [
I; 11213 |4 ([5]6 N,,=;N‘,A Ng:;Nq
1 1 1
21111 2 2
31121 4 7
41113] 3 1 8 15
511141641 16 31
1 1
6|1]5 ol o 511 32 63
Table 1 shows the dependence of number of

cascades of identical frequency rate on number of a
level g.

Probability of transition between levels (see Fig. a)
we shall designate as Ty~ i. €. Tn



qu,ETm. (9)

The probability of decay of a level ¢ the cascade of
radiations of multiplicity & having number n X, is equal
to probability of occurrence of one of steps of this
cascade (for example, transition between levels ¢' - ¢”)
. We shall redefine this probability as

X = Xn' (10)

It is possible to write down the following equality
compared the decay scheme from Figs. la and 15,:
X =T m=12,...M.

m?’

lin

(11
Values N and M can be calculated by formulas (7) and
(8) (see Table 1). Expression (11) represents system of
the linear algebraic equations with M unknowns.
Since Q=3 the number of cascades becomes big
numbers of transitions and system (11) — not
predetermined. The missing equations can be received
using values of branching factor of the top level. So for
0=3 (M=6, N=7) the system looks like

07, = X, + 0+ X, + 0+ X, + 0+ X,

ST,z 0+ X, + 04040+ X, +0

A7,=0+0+ X, + 0+ X, + 0+ X,

%T4:0+ 0+0+0+ X,+0+ X,
%TS:O+0+O+O+X5+0+O
H7,=0+0+0+0+ 0+ X, + X,.

qhkn

(12)

We shall write down missing 7-th equation from a
condition of proportionality of the relation of probability
of 6-th cascade to 7-th one to the relation of
probabilities (branching) of transitions from lower levels

Xﬁ - TZ

X, - E (13)
Whence

I, X,-T,X;=0. (14)

In case O=4 (N=15; M=10) the missing 5 equations
we shall receive by factors of branching of lower levels:

DX6:£ X10:T72 X14:£

§X7 3 X, T s 1

[IXlz :Q X, - ta (13)
ﬁXw T Xyt X T

Feature of a technique of drawing up of the missing
equations is usage of proportionality of known factors of
branching (7/T:) of lower levels to the relation of
probabilities of cascades for more high levels.

Probabilities of cascades of transitions X, (n=1,2,...
,N), which design procedure is given, are the decision of
system of linear algebraic equations of N-th order.

As an example of calculation of probabilities of
cascades are chosen radioactive nuclei, formed in
reactions to thermal neutrons on nucleus of the most
widespread in an earth's crust in present work.
Corresponding probability calculation of cascades for
transitions “’K are presented in Table 2.

Table 2. Probabilities of cascades of transitions K

LKOA - $Ca, T,,=1236h

k Ey -~ E,— E,, keV p, T

1 1564 0,821

2 5102424 0,000211

882,0 1525 0,175

3 700,8 - 312,7 » 1525 0,0032
510-899 - 1525 0,000516
67 - 1922 - 1525 0,000412

Probabilities of cascades for transitions of some
natural and the most widespread in technique
radioactive nuclei are calculated also.
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HMHTEHCUBHOCTHU KACKAZIOB ITIEPEXOJIOB ITPU PACITAJIE PAJIMOHYKJINIOB

C.K. Anopyxoeuu, A M. Xunemanosuu, b.A. Mapuyvinxeeuu

IIpencraBnen meron pacueTa MHTEHCUBHOCTEH KacKaJoB MEPEXON0B PaIUOHYKIUIOB. lJIs 3TOro UCIONb3yeTcs
CXeMa pacrajia PaAnoOHYKINIOB, a TAKkKe KO (GUIIEHTHI BETBICHUS IEPEXOI0B.

IHTEHCHUBHOCTI KACKAIB IIEPEXOJIB ITPU PO3ITAJI PAAIOHYKJIIAIB

C.K. Anopyxoeuu, A.M. Xinomanoeuu, b.0. Mapyunkeeuu

IIpencraBneHO METON PO3PaXyHKY IHTCHCUBHOCTEH KAaCKaJiB TIEPEXO/IiB PAIIOHYKIIiiB. I IIbOr0 BUKOPHCTAHO
CXeMy PO3Maay PaliOHyKIIIIB, a TAKOXK KOCQIIIEHTH PO3ralyKSHHS IEPEXOJIIB.
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