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Mocrpoenre cxeM pacrnafja aTOMHBIX fAep C NOMOHMIbLIO
3BM Ha ocxoBe peaynbTATOB NO ramMma-ramMma CopnafdeHHAM

Mpennaraercs Merod NMOCTPPEeHHS CIIOKHBIX CXeM pacllaga ATOMHBIX
sfep Ha OCHOBe peady/bTATOB 110 FaMMa-ramMma CoBlafeHH sM. MeroagyauTsiBaer
NMONHEIe HHTEHCHBHOCTH M 9Hepruu ramma-nepexoaos, Ilpeanaraercs xatop
OCHOBHBIX NpAaBHI, KOTOPLIM YOOBIETBOpdeT GONbWHHCTRBO ONYGIAMKOBaAHHBIX
cxem pacnana, Ha ocHope Takux npapun pa3dpabaTbipaeTCd METOO CIIOXEeHHd
KacKanooe, yao6Hblli B ciydae HoNHo# HHPopMamuu o coBnadeHusaX,u obobuwaer—
cq Ang pealnuCcTHYeCKuX HabopoB naHHbIX., [IporpamMma, manucaHHasg Ha OCHOBe
npeAbiAymero Meroga, 6blila HCNONMb3aopaHa O/ NMOHCKAa lleCTHAJUATH
CXeM pacnaJoB aTOMHBIX sadep. [lonyueHHble peaynsTaThl CoBManawT ¢ ony6/an-
KOBaHHBIMA CXeMaMu pacnaga {2Hepruu . YpoBHeHl M paaMmewleH:He MepexonOB)
B 85-100% cayusaes.

Pa6ora BumoaxHena B JlaGonaTopuu adepHboix npobinem OHAU.

[penpunr O6beauHEeHHOro KHCTHTYTa daepHbIX uccnenopanufi, [y6ua 1978

Hons Z. E6 - 11819
Computer-Building of Gamma-Ray Decay Schemes on the
Basis of Gamma-Gamma Coincidences

A method is given for building gamma-ray decay schemes
based on gamma-gamma coincidences. This method takes into
account total intensities and energies of gamma transitions. The set
of initial rules which satisfy the predominant majority of the pub-
lished decay schemes is formulated. The composing cascade method
convenient for complete coincidences is given and its extended
version for a general case of realistic data is suggested. A com-
puter programme based upon this method has been used for deter-
mining sixteen decay schemes. The obtained results show 85-100%
agreement with the published ones in the transition placement and
the energy levels.

The investigation has been performed at the Laboratory
of Nuclear Physics, JINR.
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1. INTRODUCTION

At present, the experimental apparatus and procedures
of y-ray spectroscopy allow one to observe hundreds
of y-transitions and their numerous coincidences. In
these cases y -ray decay scheme construction can be
a tedious process. To be able to use computer aid, it is
necessary to formulate as accurately as possible the
rules permitting us to suggest an algorithm of decay
scheme construction on the basis of currently available
experimental data.

The so far published papers take as a basis the
transition energy balance above all, eventually calculate
and evaluate the probabilities of the accidental occur-
rences of the found levels’!~9/ Only Rester’'’’has em-
ployed coincidence. The knowledge of a decay scheme
fragment has been required in many cases’1-19/.

The coincident measurement yields relatively the most
complete information which is necessary for constructing
a decay scheme. Therefore the present method is based
on yy-coincidences above all, taking into account the
total intensities and energies of the 1 -transitions. The
knowledge of a decay scheme fragment is not required,
though it can be utilized.



2. INITIAL RULES

After studying numerous published decay schemes,
we have come to a conclusion that the predominant majo-
rity of them satisfy the following rules:

1) the most intensive transition of the placed ones
populates the ground state of the decay scheme;

2) transition energy equals, within corresponding er-
rors, the difference of the level energies between which
the transition is placed,

3) the transitions coinciding with each other are ar-
ranged in cascades;

4) none of the transitions is placed twice in the decay
scheme;

4) the level energies do not exceed a decay energy
value.

3. COMPOSING CASCADE METHOD

The set of the above rules would be almost sufficient
for constructing the decay scheme if observed transitions
created an ideal scheme ’?/ and if observed coincidences
were complete and their intensities measured, only the
precising of the third rule is necessary to make in this
case. The whole procedure is as follows:

1. Choose among the observed transitions the most
intensive coinciding one and denote it by P. Denote by
Mp the set of the transitions coinciding with P and the
Cp set of relevant coincidences. We shall construct all
possible cascades created by Mp on the basis of Cp , so
that

a) the lowest cascade transition is P,

b) all the cascade transitions coincide with each
other,

c) the order in which the cascades are constructed
is determined by their length (number of transitions),

d) the transition order in cascades is determined by
the decrease of coinciding intensities in the upward
direction.
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2. The composition of the cascades is performed so
that the levels with the identical energies occuring in
various cascades merge. It yields an initial fragment
of the determined decay scheme.

3. To find the final decay scheme, it is sufficient to
repeat the abobe method till the set of coinciding tran-
sitions is empty and to compose the obtained fragments
according to 2.

Another way is to look for transitions coinciding with
some of the already placed on {denote it by P’ ), create
cascades from these transitions in agreement with the
b) and c) conditions and attach the cascade under the
already placed relevant transition. The lowest transitions
of the cascade populate the ground state of the initial
decay scheme fragment.

The results of single data processing (Tables 1,2)
by the composing cascade method (CCM) are shown in
Fig. 1. The 530 transition can be placed according to
the 2 rule.

Table 1
Summary of the y-ray data for illustration of CCM

Energy Total Intensity
30%/ 60

1300/ 15

150%/ 25

180Y/ 30

2202/ 100

250 80

280"/ 20

310b/ .5

400 5

530 6

a) P transition, b) transitions creating the Mp set.

(3]



Table 2

Quantitative coincidence relationships among 7y -rays,
which are given in Table 1

Energy 30 130 150 180 220 250 280 310 400

30 272 107% 602/ 8.6%
130 63 75 102% 3.6 13
150 107* 143
180 ' 302/
220 8.6~ 05%
250 114
280
310
400
a) coincidences creating the Cp set.
- . — 5%
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Fig. 1. The results obtained, when the data of tables 1
and 2 were processed by the CCM. The first, second and
third paris of Fig. 1. show the set of obtained cascades,
the initial decay scheme fragment and final decay sche-
mes, if the first, second and third steps of the CCM are
applied, respectively.

6

4. UTILIZATION OF CROSS-OVER FOR
ESTABLISHING THE TRANSITION ORDER
IN CASCADES

Suppose that coincidences are complete but their in-
tensities cannot yield the right transition order in cas-
cades (a case of relatively great errors of coincidence
intensities or only yes-no coincidences). To find the
correct transition order in the cascades we employ
the existing cross-overs for creating an individual cas-
cased; the transition order with the greatest number of
cross-overs will be accepted; only the cross-overs non-
coinciding with parallelly placed transitions will be con-
sidered.

5. METHOD OF DECAY SCHEME CONSTRUCTION

In case of realistic data neither observed transitions
usually create ideal level scheme nor coincidences are
complete. Consequently, the following difficulties appear:
the cross-over criterion is not always unambiguous,
the first step of the CCM can yield an incorrect ground
state position and the third step of the CCM does not
affect all possible cases. Since the incorrect transition
order in the cascade can cause incomplete utilization
of Cp coincidences (see Fig. 2), the number of unused
coincidences can be accepted as a criterion for re-
moving possible ambiguity of the cross-over criterion.
The final modification of the d rule of the first CCM
step is as follows:

d,) the transition order in a cascade is determined
by the number of cross-overs non-coinciding with paral-
lelly placed transitions;

dy;) if the above rule does not determine the unam-
biguous transition order in the cascades (alternative
initial decay scheme fragments are created), the frag-
ment with the smallest number of unused coincidence is
chosen as the initial one;
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Fig. 2. Incorrect order of 150 and 30 transitions of the
220-150-130-30 cascade is the reason of incomplete uti-
lization of Cp coincidences; namely, 30-280 coincidence
cannot be used, if the rules of the first step of the CCM
and the initial rules are respected.

d3) even if the d, condition is not sufficient for the
unambiguous selection of initial decay scheme fragment,
the original c) condition is respected (in case of yes-no
coincidences the more intensive transition is placed
lower).

Now consider a case, when the ground state of the
found initial decay scheme fragment is, as a matter of
fact, the first excited state (e.g., it is an isomeric state).
By applying the third step of the CCM, we obtain a level
with negative energy, provided the real ground state is po-
pulated by a coinciding transition. Transition depopulating
the first excited state must be also observed.

An analogous situation can occur, if a correct ground
state position is found, but some excited levels are iso-
meric. Consequently, when cascades are attached un-
der P’, their lowest transitions, if they feed those iso-
meric ones, may not hit the ground state, even they may
not feed any till now established levels.

The rule modifying the third step of the CCM can be
formulated as follows:

A relevant cascade will be attached under P’ if its
lowest transition populates either the ground state or
some of the earlier established states. If a new level or
a new ground state is created, it is required to observe
a corresponding non-coinciding transition which depopu-
lates the new created level or the original ground state,
respectively. In the opposite case, a cascade will be pla-
ced above P’ in accordance with the rules of the modified
first step of the CCM.

To take into account the intensity balance of parti-
cular levels and with respect to coincidence incomple-
teness, it is necessary to divide transitions coinciding
with P’ into two subsets: the first one contains more
intensive transitions than P’, the second one contains
the left transitions. The transitions of both subsets are
processed separately. Call the CCM modified by theabove
rules the modified CCM/MCCM/. Note: ifa decay scheme
fragment is known before the construction begins, it can
be used as an initial decay scheme fragment. It must
contain at least one coinciding transition.

6. PROBLEM OF TOTAL COINCIDENCE
UTILIZATION

The decay scheme found by the MCCM satisfies not
only the fundamental rules declared at the beginning of
the present paper, but shows one more property: every
transition placed there has been completed on the basis
of its coincidence with a transition already placed in the

scheme (except the transitions not coinciding at all).
Sometimes it is possible to distribute coinciding tran-
sitions into few sets so that transitions in one set do not

coincide with those in another one. In such a case the
construction procedure is repeated until all coincidences
are exhausted. For every subset of coinciding transi-
tions one decay scheme is obtained.



If we complete unplaced non-coinciding transitions,
energies of which are equal to the difference of some
level energies within the corresponding errors in parti-

cular decay scheme fragments, the same transitions,

which occur in several fragments simultaneously, be-
come a starting point for their fusion.

7. COMPUTER PROGRAMME

A computer programme based on the described method
has been realized. The efficienticy of the programme
strongly depends on the completeness of coincidence infor-
mation, especially when the initial decay scheme frag-
ment is not involved in input data. The programme output
allows to evaluate the correctness of the found decay
scheme because intensity balance results and coinci-
dence intensities derived from the scheme are presented.
Possible modifications of the found decay scheme are
also suggested. The programme is proposed for maxi-
mum 499 y-transitions -and maximum 79 coinciding
ones. Typical running times vary around tens of seconds
on the CDC 6500 computer.

8. CONCLUSION

Although the described procedure may not always af-
fect a rich diversity of problems being connected with the
decay scheme construction, the hitherto experience with
processing of sixteen nuclei (e.g.,/11-15/ ) is surprisingly
good: 85-1009% agreement in the transition placement and
the found levels with the published ones has been ob-
tained (only the parts of decay schemes confirmed by co-
incidences have been evaluated, of course). Therefore
the programme could facilitate considerably the process
of decay scheme building.

I would like to thank J.Adam, L.Hlavaty, M.Honusek
and J.Liptak for numerous consultations and comments,
that contributed to the solution Qf this problem.
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