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PROPOSED CHANGES TO THE NDS INTRODUCTORY MATERIAL
(for the IAEA Advisory Group Meeting

Vienna, Austria, Dec. 4-7,2000)

Revisions to the earlier version of this document
C.W. Reich (dated 10 November, 2000)

The following version of the previously submitted document of the
title shown above includes some of the comments received after it
was put on the web. Please read this revised version carefully and
compare it with the previous version.

As before, sections unchanged are included with no associated
comments. Sections which have modifications have the proposed new
comments, along with enough of the pre-existing information to help
you see how it fits in. It will be helpful to have a copy of the
previous version available to help identify the specific items.
Prepared in the format of the relevant sections of the Introductory
Material of the NDS.

It will be helpful to have available a copy of this Material to be referred to as you read the following.
Briefly, the proposed changes are as follows:
In "beta transitions", sections 7a and 7b have been combined and rewritten. The last log ft comment
has been augmented. The delta-pi comments have been changed from +,- to yes, no.
The title "Deformed Regions - -Band structure" has been changed.
The last sentence in item 30 has been modified.
In the "Weak Arguments" section: Item 5 has become item 4; item 6 has been combined with item
5; the small-lettered paragraph in item 4 has been eliminated; item7 has been modified; item 11 has
been deleted.

(From page vii) *****

GENERAL POLICIES - THEORY

a-Decay Hindrance Factors

The a-hindrance factors (the ratio of the measured partial half-life for a-emission to the

(1947Prl7). The nuclear radius parameter for each even-even nucleus is determined by defining,

For odd-A and odd-odd nuclei, the radius parameters are chosen to be the average of the radii
for the adjacent even-even nuclei (1998AkO6). In the few cases where only one of the adjacent even-
even radius parameters is known, the extrapolated/interpolated values are used in calculations. A
survey for dependence of a-hindrance factors upon asymptotic quantum numbers and variation of
a-hindrance factors within rotational bands is summarized in 1972E121.
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PROPOSITIONS ON WHICH STRONG ARGUMENTS ARE BASED

Ground States

Gamma Transitions

b Froml979En04
cFrom 1981EnO6
d Deduced from ENSDF by M. J. Martin
Note: In super-deformed bands, the E2 transitions can have F-JFw values > 1000.

Beta Transitions

7. If log/? < 5.9, the transition is allowed: AJ=0 or 1, An:=no. Superallowed (AT=0) 0+ —> 0+
transitions have log/7 in the range 3.48 to 3.50. Isospin forbidden (AT=1) 0+ —» 0+ transitions have
log/r > 6.4.
8
9
10
11. values corresponding to a shape factor (p2 + q2), then the transition is first-forbidden
unique (AJ=2, Air=yes).

See "fi-Decay Rate Probabilities " on page vii.
Note that logflut = log ft + 1.079.
Note that, for nuclei at, or very near to, closed shells, these values may be smaller. For example, in
the mass region aroundZ=82, the upper limit of 5.9 given in # 7 (i.e., lower limit for logft of a first-
forbidden transition) could be 5.1.
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yy Directional Correlation

Py Directional Correlation

py Polarization Correlation

Reactions
19...
20...
21...
22...
23...
24. If the vector analyzing power for a single-nucleon transfer reaction shows a clear preference

between J=L+l/2 and J=L-l/2 and if the L value is known, then the J value is determined. _

Magnetic Moments

Regions of Strong Nuclear Deformation

The systematic occurrence of rotational-band structure in the strongly deformed nuclides can be a
considerable help in making JTT assignments, since one can also use the level energy as one of the
considerations. This frequently makes it possible to assign a JTC value to a level with confidence from
data which, absent such structure, might yield an ambiguous assignment.

29. Level-energy considerations. If the couplings among the states are not too strong, the energies
of the lower members of a band can be expressed by the relatively simple relation (see, e.g.,
1971 Bui6 and references therein):

E(J,K) - Eo = AX + BX2 + CX3 + ...+ II etc.(See eq. (12) of 1971Bul6 for this term ) , (1)

where X = J(J+1)-K2 •

The inertial parameter, A, exhibits a systematic behavior in the various regions of strongly
deformed nuclei, which can be helpful in assigning levels to rotational bands. In some instances
(such as strong Coriolis coupling) where the A values depart significantly from systematic trends,
this observation can itself can be useful, since it can help establish the presence of such effects and,
hence, provide evidence for the relevant nucleonic configurations.

For the case of K = Vz bands, the decoupling parameter, a , which is characteristic for each such
band, is given by the ratio Ai/A. Establishing a value for the decoupling parameter of a proposed
band can be useful in assigning a nucleonic configuration to it - and vice-versa.

30. Allowed-unhindered beta transitions. Beta transitions having log/? values < 5.0 are classified as



- 96 -

"allowed unhindered" (au). Such transitions take place between one-quasiparticle orbitals having
the same asymptotic quantum numbers. In the "rare-earth" region (90 < N <112, 60 < Z < 76 ), four
such orbital pairs are known: [532], near the beginning of this region; [523], near the middle of this
region; [514], above the middle of this region; and, at the high end, [505]. Observation of an au
transition is definitive evidence for the presence of the particular orbital pair, from which reliable
Jn and configuration assignments can frequently be made.

31. Coulomb excitation. If a sequence of levels having "rotational-like" energy spacings is found
to be excited with enhanced probabilities, this is evidence that this sequence (at least below the first
"backbend") forms the ground-state rotational band for the nuclide involved. If the transition
quadrupole moments involved are large (tens of Weisskopf units or larger) and comparable to each
other, then this is definitive evidence for both a band structure and the sequence of Jjr values,
assuming one of the spins is known.

32. Alpha decay . Observation of a "favored" a transition (HF < 4) indicates that the two states
involved have the same nucleonic configuration. If a sequence of levels having "rotational-like"
energy spacings is associated with the level fed by this favored transition and these levels have HF's
that vary according to the established trend within rotational bands (1972E121), then this sequence
can be considered to form a rotational band whose nucleonic configuration is the same as that of the
alpha-decaying state. If the Jn value of this latter state and its configuration are known, then the
corresponding quantities can be considered to be known for the band in the daughter nuclide.

33. Single-nucleon-transfer reactions (light-ion-induced). For a single-nucleon transfer reaction
induced by light ions (4He and lighter), the characteristic pattern of cross sections among rotational-
band members ("fingerprint") can be used to assign a set of levels as specific Jn members of a band
based on a particular Nilsson configuration, if the fingerprint agrees well with that predicted by the
Nilsson-model wave functions and is distinct from those expected for other configurations in the
mass region. (This method is even stronger if angular distributions giving unique L values, or vector
analyzing powers, support the assignments for one or more of the levels.)

34. High-spin states. In the decay of high-spin states, commonly produced in heavy-ion induced
compound nuclear reactions or in highly excited nuclides created as products of nuclear fission, the
multipolarities of the deexciting y transitions and the relative spins and parities of the levels are
generally determined from angular distributions, angular correlations (DCO ratios), linear
polarizations and internal-conversion coefficients. In addition, relative energy-level spacings nd the
increase of y intensity with decreasing excitation energy are important clues. Since the
considerations involved in determining Jn values for the strongly deformed nuclides are not
significantly different from those used for nuclides in other regions of the nuclide chart, the reader
is referred to the Section on "High-Spin States" (********) for a discussion of these considerations.

Alpha Decay

35. The hindrance factor for an a transition from the ground state of an even-even nucleus to the
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ground state of the daughter nucleus is 1.0 by definition. For odd-A and odd-odd nuclei, the
hindrance factors are <4 for favored a transitions which connect the states having the same spin,
parity and configuration.

36. For a decay between two states

(Refer to page, x)
PROPOSITIONS ON WHICH WEAK ARGUMENTS ARE BASED

4. The spin and parity of a parent state may be inferred from the measured properties of its assumed
isobaric-analog resonance, and vice versa.

5. Low-lying states of odd-A nuclei have shell-model spins and parities, except in regions where
deformations appear. In regions of nuclear deformation, the Nilsson model can be used to limit the
possible spins and parities. These arguments are much stronger when supported by expected cross-
section strengths in single-nucleon transfer reactions.

6a. For low-lying states of odd-odd spherical nuclei, the Nordheim rules (1950NolO) may be helpful
in obtaining the ground-state spins and parities, if there is supporting evidence.

J = JP + jn, if jp = 1P ± Vi and j „ = ln ±
 lA;

J = I jp-jn I, if j p = lp± Vi and j n = ln_1/2.

6b. For low-lying states of strongly deformed odd-odd nuclei, the Gallagher-Moszkowski rules
(1958Ga27) may be helpful in deducing the relative positions of the two two-quasiparticle states
formed by the two different couplings of the quasiparticle constituents, if there is supporting
evidence. Here, the state corresponding to the parallel alignment (£=1) of the projections (=1/2) of
the intrinsic spins (V2) of the two odd particles is expected to lie lower than that produced by the
antiparallel (2=0) alignment. This can be particularly useful in establishing the ground state JTI
values and nucleonic configurations for these nuclei.

(In the strongly deformed even-even nuclei, the opposite is expected to obtain, i.e., the L=0 coupling
should lie lower than that with 2=1. In these nuclei, however, this is generally less helpful since the
two-quasiparticle excitations occur at or above the pairing gap, where the level densities are high
and couplings to vibrational excitations can affect the two two-quasiparticle states differently.)

7. Statements similar to 5 and 6 based on other models.

8. Statements based on interpolation or extrapolation of regional trends, such as shown in 1971Bul6,
1972E121, 1977ChAA, 1990JaAA and 1998JaAAfor the rare-earth and heavy-mass regions.
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9. All statements

10. Rules extracted in the survey by 1972E121 for unfavored a transitions can be used to deduce the
configuration of the parent or the daughter level, if one of them is known.
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