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Abstract

STATISTICAL CALCULATIONS OF NEUTRON CAPTURE RADIATION, The capture gamma-ray
spectrum, the multiplicity, the population of the levels (isomer ratio) and the line density is calculated
with a computer program using formulas for the level density and transition probability. With parameters
for the level density and for the transition probability from other experiments good agreement is achieved
in many cases. The number of detected lines in a spectrometer is expected to increase with about the
square root of the sensitivity of a spectrometer,

1. INTRODUCTION

Measurement of thermal neutron capture radiation is used in most
cases to develop the lower part of the level scheme of the final nucleus.
But more information can be gained from neutron capture radiation. The
numerous lines from the capture state to the intermediate levels and from
the intermediate levels to the discrete low levels depend on the level
density and transition probability. I would like to discuss the difficulties
and some results of calculations which relate the level density and the
transition probability to the whole measured capture radiation.

There are several thousand levels between the compound state and
the ground state in heavier nuclei. Since most of these levels, their sSpins
and parities or even the respective transition probabilities are not known,
statistical assumptions on level density, spin distribution and transition
probability must be used to calculate the neutron capture spectrum. It
is obvious that the formulas for level density and transition probability,
which are also not so well known, are a rough simplification. All special
relations between levels are neglected, such as exist, for instance, in
rotational bands. The K quantum number is not used. Anomalies in the
capture spectrum cannot be explained by statistical calculations such as
the 'gold bump' at 5 to 6 MeV, discussed by Bartholomew [1], orthe strong
transitions from the capture state in '4cd [2] and 185Dy [3] to levels
near 3 MeV. But it should be possible to get some information on the
usefulness of a statistical model.

The publications on a statistical model for neutron capture radiation
discuss two questions: (1) isomer ratios and (2) calculation of the neutron
capture gamma spectrum, especially of the unresolved part above 2 MeV.

Huizenga and Vandenbosch [4, 5] describe a simple model to calcu-
late isomer ratios. This model has been used and improved by many
authors [6-9]. Ponitz [10] suggests a cascade model for the calculation
of isomer ratios. Several publications apply this or similar models
[10-15].

* Part of a Habilitationsschrift, Technische Hochschule, Munich, 1968,
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ABSTRACT

The very precise spectrometers for (n,y) and (n,e) reactions
at the ILL, Grenoble, and the high resolution Q3D spectrograph at
the Munich Tandem Accelerator yield very detailed information on
nuclear transitions and excitations. These results allow the
establishment of level schemes which are rather complete in a
given spin and energy region and which contain frequently more
than 70 levels with spin and parity information. Recently the
nuclei 2°F, #%Na, 298] -3 6c] oy vl eyl 1h0ds 1 3hes s 1 S og,
1%y, 155 6d, '¢! Dy, '®%Dy and several actinide nuclei have been
investigated. The limits of this method and the possibilities to
identify nuclear structures will be discussed. In particular the
mixing of single particle and vibrational excitations in deformed
nuclei will be treated. A statistical analysis of these extensive
level schemes gives information on the level density, on the
strength of gamma transitions and on gamma multiplicities of
levels. A systematic survey of gamma multiplicities of low spin-
‘levels shows that these multiplicities increase only slowly after
the first 20 levels while the spread seems to decrease. Level
density parameters for the constant temperature and Bethe formulae
are determined. These formulae reproduce nicely the experimental
level densities.

“The distribution of the E1 and M1 strength of.primary
transitions is compared with theoretical predictions. The energy
dependence of digole transitions in the Cl ang K isotopes agrees
better with an E” proportionality than with E” observed for
heavier nuclei. Non-statistical distribution of M1 strength in the
sd shell nuclei was seen and might be explained by nuclear

structure effects. :

*permanent address: Shiraz University, Shiraz, Iran



Simple models for the Nuclear Level Densities

Back-shifted Fermi Gas (BSFG)

ez /a(E—El)

Prsec = a, E; : parameters
12+/2a*(E - E,)* :
Constant Temperature (CT)
1 (E-Ep)IT
Pcr = ?e T, E, : parameters

Both models describe well the level density at least up to the neutron
binding energy



1)

2)

3)

Our approach:

Determine empirically the two parameters for both BSFG and CT
models, by fitting the low energy known levels and the mean level
spacing at the neutron binding energy, for 310 nuclei between 18F and

251Cf

Find correlations between the empirical parameters and various
nuclear structure observables (masses, pairing energies, etc.).

Deduce simple formulas that describe the empirical parameters of
all 310 nuclei, and can be used to extrapolate to other nuclei.

Phys. Rev. C72(2005)044311
Phys. Rev. C80(2009)054310
loP Conf. Ser. 338(2012)012028



Cumulative number of levels

Experimental Cumulative Number of Levels N(E)
Resonance density Is included in the fit
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Level density parameters predicted with mass table 2012
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‘Normalized’ a-parameter (BSFG) predicted from the mass table 2012
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‘Normalized’ T-parameter (CT) predicted from the mass table 2012
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Measured and extrapolated masses in 2012 mass table
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‘Normalized” a-parameter predicted from 2012 mass table

I
table 2012
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‘Normalized’ a-parameter predicted from mass table 2012
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‘Normalized” a-parameter predicted from Moller-Nix table
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‘Normalized’ a-parameter predicted from HFB21
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STATISTICS
Nr. of nuclei with experimentally determined level densities:

Mass table 2012
Nr. of nuclei with tabulated mass :
with measured masses :
with extrapolated masses :
Nr. of nuclei with normalized-a within 1 £ 0.1 :
below 0.9
above 1.1

Moller-Nix mass table
Nr. of nuclei from mass table (8<Z<111, N<182):
Nr. of nuclei with normalized-a within 1 £ 0.1 ;

HFB21 mass table
Nr. of nuclei from mass table (8<Z<110, N<182) :
Nr. of nuclei with normalized-a within 1 £ 0.1 ;

310

3348
2433
915
2031
1037
994

6400
2980

6091
2892



