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Experimental energy-dependent nuclear spin distributions
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A new method is proposed to determine the energy-dependent spin distribution in experimental nuclear-level
schemes. This method compares various experimental and calculated moments in the energy-spin plane to obtain
the spin-cutoff parameter o as a function of mass A and excitation energy using a total of 7202 levels with spin
assignment in 227 nuclei between F and Cf. A simple formula, > = 0.391A%7>(E — 0.5Pa’)*3'2, is proposed
up to about 10 MeV that is in very good agreement with experimental o values and is applied to improve the

systematics of level-density parameters.
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I. INTRODUCTION

Nuclear-level densities represent the basic statistical infor-
mation on nuclei at low and especially at higher energies. The
formulas for the level density are usually separated in a part
with the total level density p(E) increasing exponentially with
the excitation energy E and a function for the spin distribution

F),
p(E, J) = f())p(E). 6]

Here a possible dependence on the level parity is neglected.
Two formulas are frequently used for the description of the
total level density, the back-shifted Fermi gas formula (BSFG)
(11,
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with the free parameters a and E, or the constant temperature
formula (CT) [1],

PBsrG(E) = ()

1
per(E) = eI 3)

with the free parameters 7 and E. It was shown previously that
these two level-density formulas are equivalent in many cases
at excitation energies below 10 MeV [1-5]. The parameters
a and T exhibit a significant shell dependence. However, this
shell dependence is expected to decrease with the excitation
energy. Therefore, Ignatyuk er al. [6] suggested an energy-
dependent formula for a. Because various experiments and
calculations show that this variation of @ does not play a major
role below 10 MeV and because our investigations concern
mainly energies below the neutron binding energies, we
neglect here the energy dependence of a. The spin distribution
is generally proposed to be given by the formula [7]

2J + 1671(J+1/2)/202

e~ UTDY20%
202

f(J, O_) — 87‘12/2(72 _
“)

with a single free parameter o. It is predicted that the spin-
cutoff parameter o increases with the excitation energy E, and
different energy dependencies have been used [1,6—17].
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It is a task for experimental nuclear physics to de-
termine these free level-density parameters, to investigate
their systematics, and to compare them with the theoretical
predictions. Level-density parameters can be obtained at low
excitation energies by counting the levels in energy bins of
complete level schemes. Another method is the fit of the
integrated level-density formula to the cumulative number
of levels (see Fig. 1). If no additional information (e.g.,
neutron resonances) is included, more than about 40 levels
are required to get meaningful level-density parameters. Close
to the neutron binding energy level densities are available
by counting neutron resonances that have, however, only
a small spin window. At higher excitation energies various
nuclear reactions can be applied to determine level densities.
But these methods require some theoretical assumptions and
calibration procedures. In our investigations we are using
complete low-energy level schemes of 310 nuclei between
F and Cf (see Table I in the Appendix) and in most cases also
their neutron resonance densities; this is essentially the same
database that we used to determine experimental level-density
parameters of formulas (2) and (3) [4] and the average
low-energy spin distributions [18]. The estimation in Ref. [18]
for the completeness of this set in the given energy and spin
range was that 90-95% of the levels are correctly assigned.
In some cases questionable spins were also accepted. Because
wrong spin assignments are purely accidental, no systematic
error is introduced, in particular due to the large number of
used nuclei.

For the determination of the total level density p(E)
we applied a special method. The calculated level spacings
D(E)=1/p(E) are fitted to the individual experimental
spacings S; = (E;+; — E;), including the average neutron
resonance spacing Dy (for details see Refs. [3,4]). This
method avoids some problems of simple counting of levels
in energy bins, because there is no binning and the final
error of the parameters is well defined. It requires the range
of the included spins but not all individual spins of the
levels. In Ref. [4] in the BSFG case a dependence of the
spin cutoff parameter o on the level-density parameter a and
excitation energy was chosen according to a formula proposed
in Ref. [11]. For the CT case only an A dependence was
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FIG. 1. (Color online) Complete level scheme of ''°Sn up to an
excitation energy of 3.9 MeV [24,27]. The representation in the (£, J)
plane and the projection on the two axes help to illustrate the method
employed in the present work to deduce the dependence of the spin-
cutoff parameter ¢ on the excitation energy.

assumed for o, as determined from limited experimental data
in Refs. [2,3]. For the experimental, empirically determined
level-density parameters a, E| and T, E( we proposed simple
parametrizations that use shell effects and pairing energies
provided by mass tables [4].

The experimental determinations of o are rather sparse,
and in particular at higher excitation energies (above 10 MeV)
there are no such determinations. At low excitation energies
o can be determined by fitting Eq. (4) to experimental spin
distribution functions directly determined by counting the
known discrete levels. Another method, especially useful at
higher energies, is to determine o from the anisotropy of
the angular distributions of particles evaporated in various
reactions such as (p, n), (a, n), (n, o), etc. There is a number of
such determinations. Thus, for various nuclei between ¥V and
037n, o was determined from the (p, n) and («, n) reactions
at excitation energies generally between 3 and 10 MeV
[9]. Similar measurements with the («, n) reaction were
reported for nuclei from *Cr to ''8Sb [19]; with the (n, )
reaction for several Cr and Fe isotopes [20] and for 28Si [21];
for earlier determinations see Refs. [22,23] and citations of
Ref. [9]. Systematic determinations of o from discrete level
counting were made for nuclei with mass between 20 and 41
in Ref. [14] and mass between 20 and 110 in Ref. [15], while
for isolated nuclei one can give the examples of ''°Sn [24]
and '"?Cd [25] and some determinations made in the present
study. The potential of methods should be mentioned, devised
to determine the spin values of the neutron resonances, such
as the measurement of the multiplicities of the y-ray cascades
following neutron capture [26]. The o value can be determined
at the neutron resonance energy from the ratio of the numbers
of resonances with two spin values.

In a recent publication [18] we evaluated the experimental
spin distributions, i.e., determined the spin-cutoff parameter o
as a function of the mass number A by counting the levels in
the spin groups of each nucleus. We used the same database
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of 310 nuclei as in Ref. [4]. In this case we neglected the
energy dependence of o to find its gross dependence on A.
We observed a strong even-odd spin staggering in the spin
distribution of even-even nuclei and proposed a simple formula
to describe it [18]. Accordingly, the formula (4) has to be
modified for even-even nuclei in the low-energy region to

fee(J,0) = f(J, o)1 + x), &)

with the staggering parameter x (x = +0.227 for even spin,
x = —0.227 for odd spin and x = +1.02 for zero spin). This
effect, very probably due to pairing interactions, is predicted to
disappear at higher excitation energies [16,18]. In Ref. [18] we
also give a two-parameter formula that describes the A depen-
dence of 0. However, this method is not suitable to observe the
energy dependence of o, because there are not enough levels
in each spin group to separate it additionally in energy groups.
Therefore, the o values determined in this way [18] are only
average spin-cutoff parameters at low excitation energies.

The main issue of this work is the presentation of a new
method devised to allow a determination of the energy depen-
dence of the spin-cutoff parameter o from experimental level
schemes. We propose a simple formula for the dependence
of ¢ on the mass number A and excitation energy E. The
next two sections present this method and a comparison of
its results with experimental values and with other predictions
for the dependence of o on the mass number and excitation
energy. Finally, this new prescription for o is employed in
formulas (1)—(5) to determine new level-density parameters
for all 310 nuclei. The description of these new parameters by
simple, global formulas is re-evaluated.

II. MOMENT METHOD TO DETERMINE THE
SPIN-CUTOFF PARAMETER

As mentioned above, neither the method of counting levels
in energy bins nor the fitting of formulas to the experimental
level spacings is adequate to determine systematically the en-
ergy dependence of the spin-cutoff parameter. Consequently,
a new method had to be developed.

Nuclear level schemes can be presented as two-dimensional
graphs in the energy-spin plane (E, J). An example is given in
Fig. 1 for 116514 [24,27]. The level scheme is shown in the lower
left graph, its projection on the energy axis, the integrated level
density, is drawn in the right side graph, while the projection
on the spin axis, the spin distribution, is drawn in the upper
graph. In this level scheme plane one can define momenta and
compare experimental momenta with calculated ones to fit the
energy-dependent spin-cutoff parameter.

Individual experimental momenta for each nucleus k are
calculated with the levels i in the given energy and spin range
(see Table I) with

MES® = Z (JED). (6)

i
For each nucleus k we are using the following nine momenta:

J,J% I3 JE, J?E, JE, JE?, J?E?, J3E®.  (7)
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The momenta E, EZ, and E> are not included, because it is

assumed that the total level density p(E) is known from our

previous investigations and is not fitted in the present study.
The x? quantity to be minimized is defined as

2

3
=200 Do [(Mys - i) famt T @)
k

m=1 n=0

The calculation of the theoretical momenta M is more
complicated, because only average level densities and average
spin distributions are available. Therefore for each nucleus the
given energy range was divided into 20 equidistant pseudolevel
groups, each of them containing pseudolevels with all spins
of the given spin range. Consequently, the (E, J) plane is
homogeneously filled with pseudolevels. For each of these
pseudolevels the level density px(E, J, o) is calculated and
normalized in such a way that the sum of all level densities
in one nucleus is equal to the number of used levels in that
nucleus (see Table I). The calculated momenta are obtained
with the formula

M =" p(E, J,0)J"E", ©)
E,J

where the sum goes over all pseudolevels in nucleus k. The
level density px(E, J, o) is calculated with the CT formula (3)
using T and E, parameters that are newly fitted to the 310
nuclei (see Table I), with the fit procedure described in Ref. [4],
and somewhat simpler formulas that describe the average
behavior of these parameters:

1 ,
Pr(E, J,0) = f(J,0)(1 4 x) e 7P/ (10)
k

with

T, = A~*/3/(0.0570 + 0.00193S;) and
S, = Sk +0.5Pa;. (11)

The term (1 + x) represents the even-odd spin staggering in
even-even nuclei, Eq. (5), as determined in Ref. [18] (x =0
for odd-mass and odd-odd nuclei). Because this staggering is
expected to decrease with increasing excitation energy [16], it
is assumed that x = 0 at the neutron resonances. The shell
energy S; is described and tabulated in Ref. [4] and also
given in Table I; it is the difference between the masses
calculated with the Weizsicker-type formula of Ref. [28] and
the experimental atomic masses. Pa, is the deuteron pairing
energy, but with a different sign definition compared to the
previous value Pa; (Ref. [29], see also the clarifications in
the erratum of [4]): Pa}c = —(—1)? Pay. With this definition,
Pay, is equal in value to Pay tabulated in Ref. [29] and used as
such in our article [4] but has reversed sign in the case of the
nuclei with even Z. The use of this quantity allows us to write
our formulas in a more compact and symmetric form. Pa; is
calculated from mass or mass excess values M (A, Z) of the
mass tables [30] with the formula:
Pa, = {[M(A+2,Z+1)—2M(A, Z)
+MA-2,Z—-1)]. (12)
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The spin distribution f(J,o) is characterized by the
parameter o that is now considered as a function of A and
E. Inspection of Fig. 1 shows that both the level density and
the spin distribution do not start to increase at £ = 0 but at
an energy shifted by the pairing energy. Again we employ the
deuteron pairing energy Pa;, which has a behavior resembling
in a natural way that of the energy backshifts of both BSFG
and CT models, and use the following expression:

E'=E —0.5Pd. (13)

We tested also whether the best pairing shift is really —0.5 Pa;,
and found from fits a value of —(0.4 £ 0. 1)Pa,’{, so that we let
it at —0.5 Paj,. We made the assumption that o2 is given by

o= p APE'™ (14)

with three free parameters p;, p,, and ps.

The definition of the experimental errors is difficult,
because all momentum values are correlated. A good error
definition should give normalized x? values close to 1.0 and
deviations from the calculated values equally distributed to
positive and negative values. We obtained best values with the
following definition

dM* = [ZZ (JimE;l)l'ST.S. (15)

m,n i

Other definitions of the error gave similar results but worse
x? values or unequal distributions of the deviations.

III. ENERGY DEPENDENCE OF THE SPIN-CUTOFF
PARAMETER

For the determination of the energy dependence of the spin-
cutoff parameter we used the same data set of 310 nuclei
employed in our previous study [18]. Compared to our data
set of Ref. [4] it was revised with new information [31] and
sometimes reduced, because only levels with spin assignments
were accepted. The whole set of 310 nuclei is given in Table I
where one can see the energy and spin windows considered
for each nucleus, as well as other quantities of interest. The
procedure described in the previous section was applied only to
nuclei with at least 18 levels with spin assignments (to ensure
a meaningful spin and energy information) that gave a total of
7202 levels with spin assignment in 227 nuclei.

The result of the fit with the procedure described above,
for the parameters in Eq. (14) is p; = 0.391 £0.025, p, =
0.675 £ 0.014, and p3 = 0.312 £ 0.011, that is:

02 =0.391A%75(E — 0.5Pa")"". (16)

We made the similar fit for only even-even, odd, or odd-odd
nuclei and found essentially the same parameters, confirming
that this parametrization is independent of these structure
differences. In our previous investigation of the spin-cutoff
parameter without energy dependence [18] we obtained the
result 02 = 2.61A%28. The reason for the previously weaker
A dependence is the fact that our data set contains many light
nuclei with levels up to high excitations (and large positive
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FIG. 2. (Color online) Comparison of experimental spin distributions and o values with those provided by the empirical formula (16)
and formulas (17) and (18), for three nuclei with mass ~20. For the even-even nuclei, at low excitation energies, we employ the odd-even
spin staggering evidenced in Ref. [18] (see text). The left-side graphs show spin distribution functions for different excitation energy ranges
determined from the known complete level schemes [31], and the right-side graphs the resulting o values (symbols) compared to the predictions
(curves). The horizontal dashed line shows the low-energy o value provided by our empirical formula from Ref. [18]: 0> = 2.61A%28,

pairing shifts for odd-odd nuclei) where the energy dependence
plays a major role, thus increasing the average o values. As
it will be shown in the figures that follow, these average low
energy values are also in good agreement with experiments.

Due to the nucleon orbitals near the ground state there is
sometimes a strong preference of one parity at low excitations.
However, the total level density increases relatively smoothly
because the nuclear potential depends mainly on mass number
A and less on the shells. Consequently, in looking for
smooth functions of the level density it is not meaningful
to include a parity dependence and we neglected it in the
present work. Also, on the basis of a microscopic BCS
Hamiltonian approach, a dependence of o on the shell structure
near the Fermi energy was claimed [32]. We checked an
additional shell-dependence term of the type [1 4 pa(S +
0.5Pa’)] in our formula (14) and the resulting value of py4
was found zero, consequently the shell dependence is very
weak.

Most of the theoretical predictions for the spin-cutoff
parameter o are based on the expression derived by Ericson [7]
within the Fermi gas model

where g is the density of single-particle states, related to the
level-density parameter a by g = 6a/m>; t is the temperature,
related to the excitation energy E by t = /(E — 6)/a; and
(m?) is the average of the square of the spin projection
on the z axis for the single-particle states near the Fermi
level. One of the most common predictions, based on a
statistical mechanical calculation of (m?) using appropriate

single-particle states is [33]

02 =0.1461/a(E — 8)A*>.

Another frequently refered to formula is based on the as-
sumption that the nucleus is a rigid sphere of radius R =
1.25A'3 fm that yields [9]

0% =0.0145,/(E — 8)/aA>>.

Reference [15], which continues and develops the work
of Ref. [14], studied systematically the variations of the
parity ratio and of the spin cutoff parameter with the mass
number and excitation energy. In this work, level densities

a7
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6 6
4 4
2f 2 F
0 0
6 6
o4 14
2C -2 -2
O Ok ‘ ‘ 1 ‘ \A 0
6 6 6
4 4 4
2 2k -2
Okl l 1 l 1 l lA Okl l 1 l 1 l lA Okl l 1 l 1 l lA
0 5 10 15 2000 5 10 15 20 0 5 10 15 20
E [MeV]

FIG. 3. (Color online) Similar to the right side of Fig. 2 for o
values of various A ~ 60 nuclei from Ref. [9]. The triangles are
determinations from Ref. [19].
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FIG. 4. (Color online) Similar to Fig. 2 for o values determined from low-energy level schemes of !'°Sn [24] and !'2Cd [25].

were studied within the BSFG model for nuclei mainly in
the mass range 20 to 110 (several nuclei up to mass 140
were also included) by looking at the known low-energy
levels. Several simple parametrizations were proposed for the
level-density parameter a as a function of A and Z, and for
the energy shifts as a function of the shell correction. As for
the spin-cutoff parameter, both formulas (17) and (18) were
checked, and it was found that they fit reasonably well the
existing data, with numerical constants (resulting from fit)

close to the theoretically expected ones of 0.1461 and 0.0145,
respectively. For example, by fitting the data with the “rigid
body”-type of formula (18), o = ct(E — 8)"/*A%/%q=1/* the
values determined for the parameter ct are found to decrease
with A, in average, like ¢t = 0.10578 — 0.000202A. This
indicates o values slightly smaller than the rigid body values
(18) especially at the higher masses.

The main result of the present work, that is Eq. (16), will
be compared now with different experimental measurements
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FIG. 5. (Color online) Similar to Fig. 2 for o values determined from complete low-energy level schemes of three A ~ 160 nuclei.

054310-5



T. VON EGIDY AND D. BUCURESCU

of o and other theoretical predictions. In the figures that
follow we compare first the predictions of formula (16) with
different experimental determinations. In all these figures
the predictions of Egs. (17) and (18) are also shown for
comparison. They were calculated by using for the parameters
a and § (the energy backshift E£) values obtained in this work
(from level-density fits, Sec. IV) and given in Table II or
calculated with the average formulas (19) and (20) outlined in
Sec. IV; these values do not differ much from those previously
published [4]. Figure 2 shows three light nuclei (A =~ 25) with
experimental o values determined by us from level counting.
We emphasize that in the case of the even-even nuclei there is
an even-odd spin staggering in the spin distribution function
at low excitation energies [18]. Figure 3 shows a comparison
with experimental o values deduced from evaporated particle
angular distributions for nuclei in the A &~ 60 region [9,19].
Figure 4 presents the o values determined from the level
schemes of '%Sn [24] and ''>Cd [25]. In Fig. 5 three nuclei in
the A ~ 160 region are shown. For these nuclei we determined
experimental o values from their complete low-energy level
schemes up to the excitation energies indicated in each case.

From Figs. 2-5 one can see that in most cases formu-
las (16), (17), and (18) give similar predictions at the lower
excitation energies, in reasonable agreement with the available
experimental data. At higher energies, Eq. (16) starts to
differ from the predictions of formulas (17) and (18), the
latter two showing generally similar trends. The statistical
model formula (17) seems to be closer to the data than the
“rigid-body” formula (18). Equation (16) of the present work
appears to describe better the existing data for the lighter mass
nuclei. This is especially obvious in Fig. 6 where the three
formulas are compared to experimental data for 28Si [21] and
2*Mg [34]. In both cases, predictions of microscopic Fermi
gas calculations using appropriate single particle levels near
the Fermi level, are also shown in Fig. 6 (similar predictions
are compared with experimental data for many nuclei with
mass between 20 and 41 in Ref. [14]). In the same figures (2
to 5) one can see that formula (16) gives o values in good
agreement with the ones determined in our previous work [18]
(02 =2.61A%%).

For higher excitation energies (above 10 MeV) we can
compare formula (16) only with other theoretical predictions.
Figure 7 shows such a comparison with microscopic calcula-
tions of o for '32Sm based on a static path approximation
representation of the partition function for a pairing-plus-
quadrupole interaction model Hamiltonian [13]. Figure 8
shows the same type of comparison, with the SMMC (shell-
model Monte Carlo) calculations [16] for the nuclei > Fe,
%Fe, and ®Co. The two predictions are rather comparable
in the low energy region (below about 7 MeV) and start to
differ at higher energies. Rather conspicuously, the SMMC
results are very similar to those calculated with formulas (17)
and (18). Next, we show a comparison with results of very large
scale shell-model calculations, as calculated with the method
outlined in Ref. [35]. Figure 9 shows this comparison for 2Si,
as calculated in the sd-shell model space [36]. Both the results
of exact calculations and of an approximate (zeroth-order)
approach [36] are shown. At higher excitation energies Eq. (17)
is the closest to the “exact” calaculations, while Eq. (16) is
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3 T N T N T N T N T N T N
2 —
T+ + Exp., level counting
A Exp., (0,n) ang. distr.
1 —— Calc. ref. [20] —
— - eq.(16)
i — eq.(17) |
eq. (18)
o 0 ——F———"F—+———F—+—"F—+—F—+—
3 —
2 —
1 + Exp., level counting |
—— Calc. ref. [32]
L — eq.(16) A
0 1 l 1 l 1 l 1 l 1 l 1 l

E [MeV]

FIG. 6. (Color online) Comparison of the predictions of
formulas (16), (17), and (18) for 2Si and 2*Mg, with experimental data
(symbols) and microscopic Fermi gas calculations with appropriate
single-particle states (dashed curves). Experimental data are from
Refs. [21,34]. The dashed curves were extracted from Ref. [21] for
2884, corresponding to the curve labeled “Seeger-Howard” in their
Fig. 3, and from Ref. [34] for *Mg, corresponding to the curve
labeled “Seeger-Perisho” in their Fig. 2.

closer to the approximate SM calculation; however, at the
lower energies, Eq. (16) describes best the data (as remarked
before, Fig. 6). We are not aware of other predictions of o
values that could be directly compared to our experimental
formula.

One should note that the present result, represented by
Eq. (16), offers an alternative to the “classical” formulas (17)
and (18), for the determination of the spin-cutoff parameter.
The later formulas depend on the knowledge of the BSFG
level-density parameters, therefore for nuclei for which these
cannot be determined from experimental data one must rely on
different types of prediction for these parameters. By contrast,
the approach presented in this work provides the empirical
formula (16), which contains a direct dependence on mass A
and excitation energy E, and, through the backshift utilized
(0.5Pa’), also an implicit dependence on the type of the
nucleus (even-even, odd-A, or odd-odd), thus distinguishing
between isobars. Due to the scarcity of experimental data we
cannot make a general statement concerning the performance
of formula (16) proposed in the present work, but, because it
is based mainly on low-energy discrete levels, we can say that
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FIG. 7. (Color online) Comparison of formulas (16), (17),
and (18) for '*2Sm with predictions of microscopic calculations with
a pairing+quadrupole interaction Hamiltonian [13]. The rectangle
symbol at low energy is an experimental determination of o from the
complete level scheme up to 1.77 MeV.
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FIG. 8. (Color online) Comparison of formulas (16), (17),
and (18) with shell-model Monte Carlo predictions (symbols) [16]
for 3°Fe, °Fe, and ®°Co.
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FIG. 9. (Color online) Comparison of formulas (16), (17),
and (18) with large shell-model calculations for 2Si ( [36]). The
experimental data from Ref. [21] are also shown.
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FIG. 10. (Color online) The deuteron pairing Pa’ [formula (12)]
and the shell correction S (difference between the mass calculated
with the Weizsidcker-type formula [28]) and the experimental mass
for the 310 nuclei as given in Table I. Note that the quantity Pa’
[Eq. (12)] differs from Pa used in Ref. [4] and tabulated in Ref. [29]
by a factor of (—1)%*!.

at energies up to about the neutron binding energy it may be
one of the most realistic proposals.

IV. RE-EVALUATION OF THE LEVEL-DENSITY
PARAMETERS

In our previous work [4] we determined the parameters a
and E; of the BSFG model [Egs. (1) and (2)], and T and E,
[Egs. (1) and (3)], by fitting experimental level spacings and
the average neutron resonance spacings for the 310 nuclei in
our data set (the level density at the neutron binding energy
did not exist for only 14 light nuclei—see Table I in the
Appendix—but we still considered these nuclei in the fit
because their complete level scheme was known up to rather
high energy). For the BSFG, we used an expression for the
spin-cutoff parameter o that was proposed in Ref. [11], which
contained a certain dependence on the excitation energy. For
the CT model, however, we used an older prescription [3] for o
that depended on the mass number but actually did not contain
any energy dependence.

In the present work we propose the empirical formula (16)
for the dependence of o on both mass and excitation energy,
which was derived from the experimental data on the nuclear
level schemes of 227 nuclei from our set that had at least 18
levels with known spin. Using this experimental determination
of the spin distribution function (4), we found now new
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level-density parameters for the BSFG and CT models for from those of Ref. [4]. Following the lines of our previous
all 310 nuclei from our data set, revised as given in Table I article [4] we have described these empirical parameters
(Appendix). The procedure is identical with that described  with simple formulas, which emphasize strong correlations
in Ref. [4], except that for o in Eq. (4) we use the values between these parameters and quantities such as the shell
given by the empirical formula (16), and for even-even nuclei correction and the deuteron pairing. Figure 10 displays these
we include the term (1 4 x) [see Eq. (5)] to take care of the two basic quantitites: the deuteron pairing Pa’ and the shell
even-odd spin staggering [18]. correction. Especially the deuteron pairing defined by Eq. (12)

The level-density parameters thus obtained are given in is remarkably similar to the backshift energies empirically
Table II from the Appendix. They are only slightly different  determined.

3
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2 + " # fits with formulas (21) and (22).
s bW
S0 e o
= [ o
- ¥
4 §

- 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 1 I 1 I 1 I 1 I 1 I 1
60 50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
A

054310-8



EXPERIMENTAL ENERGY-DEPENDENT NUCLEAR SPIN ...

I T T T T T I
-0.791 —

T=5.164a

E, [MeV]

2 1 —
E,=E,-0623 |

4

E, [MeV]

FIG. 13. (Color online) Correlations between the newly deter-
mined level-density parameters (Table II) of the BSFG and CT
models. The line drawn in the lower graph is the straight line resulting
from relations (20) and (22).

Thus, for the BSFG parameters, we propose the following
formulas:
a=(pi + p2S)A” = (0.199 + 0.00965)A%8°  (19)

with §' = S + 0.5Pa’, and p; = 0.199(7); p> = 0.0096(4);
p3 = 0.869(7).

Ei =g +0.5Pa’ = —0.381 +0.5Pd/, (20)

with g; = —0.381(14).

The experimental values of a and E; and their fits with
formulas (19) and (20) are shown in Fig. 11.

For the CT parameters we obtain the following formulas:

T = A3 )(p1 + p2S") = A7*3/(0.0597 4 0.001985"),

2D

with  §'=840.5Pa’ and p; =0.05972); pr=
0.00198(10).

Ey=q) +0.5Pa’ = —1.004 + 0.5Pd’, (22)

with g; = —1.004(21). Separate fits for even-even, odd, and
odd-odd nuclei gave very similar results. In the very simple
approximations for the backshifts E; and Ey [Egs. (20)

PHYSICAL REVIEW C 80, 054310 (2009)

and (22)] we neglected the term dS/dA used in Ref. [4],
because this was only a very rough approximation of the
fluctuations of E; and Ej in odd and odd-odd nuclei.

The experimental values of 7 and E, and their fits with
formulas (21) and (22) are shown in Fig. 12.

It was shown in Ref. [37] that there are very compact
correlations between the parameters of the BSFG and CT
models. The newly determined parameters are also well
correlated, as shown in Fig. 13. The fit in the upper graph
corresponds to the relation

T =5.164a7 07", (23)

while for the energy backshifts a linear relationship results
from Egs. (20) and (22):

Ey = E; — 0.623, 24)

which is seen to describe reasonably well the observed
correlation (Fig. 13). These relations are similar to those
obtained [37] for the old parameters from Ref. [4].

V. CONCLUSIONS

We determined for the first time the empirical mass
and energy dependence of the spin-cutoff parameter ¢ in
a broad mass range from F to Cf. A surprisingly simple
formula [Eq. (16)] with only three parameters was found that
reproduces the existing experimental o values rather well.
Both the mass dependence and the energy dependence of
o are significantly less than the theoretical predictions. The
formulas (17) and (18) yield for 6> an A dependence of
about A2 and an energy dependence of about (£ — Epain-ng)o'5 s
while our investigation gives exponents of about 0.7 and 0.3,
respectively.

With the new formula for o> the level-density parameters
of the BSFG and CT models were determined again for the
set of 310 nuclei used in Ref. [14]. These new parameters
are very similar to the ones obtained previously [14]. This
indicates that the extraction of level-density parameters is
largely independent of the assumed spin distribution. The
BSFG and CT formulas reproduce the experimental level
densities at low excitation energies and at the neutron binding
energy equally well. Voinov et al. [5] stated recently that for
Ni and Co nuclei the CT formula works better up to 20 MeV.

For the newly extracted level-density parameters a, E;
and T, Ey) we determined, as in Ref. [4], global formulas
[Egs. (19)-(22)] that describe them as functions of Z and
A. These global formulas reproduce the empirical parameters
reasonably well and use only quantities from mass tables. This
fact indicates that the statistical properties of excited nuclei are
determined by few parameters and that the ground-state masses
of nuclei already contain the basic properties.
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APPENDIX

TABLE I. Experimental data used for the determination of the spin-cutoff parameter o (Secs. II and III) and of the level density parameters
(Sec. IV). The third column concerns the spin window for the low-energy levels (within the energy range specified by the second column) and
gives the range of the completeness. The values in columns 2 to 4 differ sometimes from those in the similar Table I of Ref. [4], because only
levels with spins were accepted and new data was available. Also, the deuteron pairing given now is that defined by formula (12). The spin of
the neutron resonances is restricted in a window, usually J £ 1/2, where J is the spin of the neutron capturing nucleus (for an £ = 0 captured
neutron). Some of the light nuclei (with mass below 40) for which the neutron resonances either were not measured or cannot be measured
(with blank columns 8 and 9) were nevertheless used in our fits because their level schemes are well known up to high excitation energies.

Nucleus Energy Spin Number Deuteron Shell n binding Spin Density
range window of levels pairing Pa’® correction S energy (n) (at n binding energy)
(MeV) ) (MeV) (MeV) (MeV) (per MeV)

18R 6.88 04 47 —6.763 1.586 9.149

YR 7.94 1/2-11/2 52 —1.781 1.792 10.432

WR 4.09 04 21 —4.384 4.131 6.601 0-1 6(2)

20Ne 13.97 0-6 104 4.886 —3.358 16.865

BNa 6.95 1/2-9/2 30 0.068 0.174 12.419

%Na 4.57 04 32 —3.700 2.854 6.960 1-2 11(3)

“Mg 11.19 0-4 44 5.237 —4.325 16.531

BMg 7.51 1/2-9/2 51 —0.170 —0.339 7.331 1/2 2(1)

Mg 8.58 04 48 3.580 —1.503 11.093 2-3 23(9)

Mg 5.18 1/2-7/2 20 0.800 0.726 6.443 1/2 4(1)

BA] 8.19 0-5 160 —5.501 0.305 11.366

Al 7.59 1/2-11/2 54 —0.347 —1.256 13.058

BAl 5.01 1-4 37 —3.473 1.206 7.725 2-3 22(7)

BSi 11.59 0-6 65 5.287 —6.129 17.180

»Si 8.00 1/2-9/2 41 1.076 —2.943 8.474 1/2 5(2)

08Si 8.99 0-4 51 3.855 —3.133 10.609 0-1 3(1)

3op 6.00 0-5 41 —3.552 —2.060 11.319

3p 7.15 1/2-9/2 44 0.200 —2.564 12.312

32p 4.21 0-4 25 —2.877 0.132 7.936 0-1 13(4)

328 8.35 04 36 3.694 —5.181 15.042

B3 4.95 1/2-11/2 22 —0.141 —1.877 8.642 1/2 712)

S 6.49 04 25 3.018 —2.470 11.417 1-2 37(14)

38 3.81 1/2-7/2 10 —0.203 0.332 6.986 1/2 5(2)

*Ql 3.97 1-3 21 —2.801 0.848 8.580 12 44(11)

Bl 2.76 0-3 12 —-3.052 3.523 6.108 1-2 67(18)

BAr 6.78 0-6 40 3.186 —1.557 11.838

YOAr 4.50 0-6 22 2.630 1.510 9.869

4 Ar 1.88 1/2-5/2 6 —0.129 3.901 6.099 1/2 14(4)

WK 3.49 14 32 —3.094 2.287 7.800 1-2 67(22)

4K 3.59 1/2-9/2 34 —0.266 2.594 10.095 7/2-9/2 400(43)

2K 1.38 1-6 16 —3.231 4.603 7.534 1-2 67(22)

40Ca 8.12 0-6 48 4.385 —4.209 15.643

4Ca 4.10 1/2-11/2 26 0.140 —0.168 8.363 1/2 31(4)

BCa 2.62 1/2-7/2 14 0.095 2.459 7.933 1/2 50(13)

#Ca 3.67 04 11 3.079 1.076 11.131 34 556(93)

%Ca 2.53 1/2-7/2 11 0.349 2.628 7.415 1/2 41(6)

43¢ 2.08 2-5 31 -3.219 3.554 8.761 34 769(59)

4ITi 2.80 1/2-9/2 23 0.420 0.945 8.880 1/2 40(7)

BTy 4.11 04 21 2.998 —0.562 11.627 2-3 570(80)

“Ti 2.67 1/2-7/2 12 0.292 0.680 8.142 1/2 55(9)

SOTi 4.95 04 13 3.458 —1.570 10.939 34 250(50)

SITi 3.24 1/2-7/2 12 0.527 0.088 6.372 1/2 8(4)

Sy 3.39 1/2-9/2 16 0.280 —0.309 11.051 1/2 430(110)

Y 2.40 14 20 —2.738 1.277 7.311 34 240(40)

S1Cr 3.02 1/2-9/2 21 0.126 —1.124 9.261 1/2 75(7)

3Cr 3.00 1/2-7/2 14 0.327 —0.902 7.939 1/2 23(2)
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TABLE 1. (Continued.)

PHYSICAL REVIEW C 80, 054310 (2009)

Nucleus Energy Spin Number Deuteron Shell n binding Spin Density
range window of levels pairing Pa'"® correction § energy (D) (at n binding energy)
MeV) (h) MeV) (MeV) (MeV) (per MeV)
MCr 4.13 04 20 2.757 —1.527 9.719 12 130(13)
3Cr 2.72 1/2-9/2 17 0.438 0.694 6.246 1/2 16(2)
3Mn 1.39 1-3 16 —2.633 1.013 7.270 2-3 430(80)
3Fe 2.61 1/2-9/2 15 0.463 —3.274 9.298 1/2 56(7)
STFRe 2.70 1/2-9/2 28 0.209 —1.293 7.646 1/2 39(4)
BFe 3.91 04 21 2.874 —1.882 10.045 0-1 154(24)
PFe 2.17 1/2-7/2 15 0.470 0.395 6.581 1/2 39(8)
Co 2.23 2-5 35 —2.799 0.805 7.492 34 800(96)
¥Ni 2.54 1/2-9/2 16 0.490 —3.637 8.999 1/2 75(5)
ONi 3.89 04 21 3.150 —4.020 11.388 1-2 500(180)
8INj 2.60 1/2-9/2 23 0.315 —1.460 7.820 1/2 73(5)
O2Ni 3.53 04 18 3.209 —2.274 10.597 1-2 480(34)
ONi 1.46 1/2-9/2 9 0.430 0.098 6.838 1/2 63(12)
Nj 1.93 1/2-9/2 12 0.546 1.143 6.098 1/2 51(8)
%4Cu 1.61 0-3 26 —2.397 0.903 7.916 1-2 1050(100)
Cu 1.98 0-3 28 —2.293 2.138 7.066 1-2 770(70)
8Zn 1.96 1/2-9/2 22 —0.318 0.103 7.979 1/2 280(13)
Zn 1.79 1/2-9/2 21 —0.415 1.601 7.052 1/2 216(26)
87n 3.50 04 21 2.423 0.407 10.198 2-3 2500(380)
7Zn 2.09 1/2-5/2 18 —-0.312 2.425 6.482 1/2 180(14)
"Zn 242 1/2-5/2 14 —0.391 2.936 5.834 1/2 140(15)
Ga 1.27 1-4 17 —2.386 3.349 7.654 0-1 2860(490)
2Ga 0.86 04 15 —2.904 4.389 6.520 12 2630(420)
Ge 1.61 1/2-7/2 29 —0.234 2.778 7.416 1/2 1120(300)
3Ge 1.16 1/2-9/2 27 —0.289 3.395 6.783 1/2 667(130)
"Ge 3.06 04 36 2.983 1.562 10.196 4-5 16100(3900)
3Ge 1.43 1/2-9/2 23 0.048 2.967 6.505 1/2 330(110)
Ge 1.39 1/2-9/2 15 0.163 1.999 6.072 1/2 220(70)
5As 0.69 04 40 —2.933 4.518 7.328 12 13000(1350)
3Se 1.21 1/2-9/2 29 0.073 3.070 8.028 1/2 2940(690)
Se 1.01 1/2-7/2 16 0.049 3.240 7.419 1/2 1540(240)
8Se 2.96 0-6 30 2.935 1.425 10.498 0-1 9100(2500)
Se 1.39 1/2-9/2 30 —0.028 2.709 6.963 1/2 500(125)
81Se 2.19 1/2-9/2 23 0.065 1.334 6.701 1/2 500(200)
83Se 1.72 1/2-5/2 15 —0.231 —0.099 5.818 1/2 200(100)
80Br 0.78 1-5 38 —2.918 4.029 7.892 1-2 21300(2300)
82Br 0.98 1-5 20 —2.599 2.672 7.593 1-2 9500(1400)
PKr 1.18 1/2-11/2 33 0.096 2.712 8.334 1/2 4000(1300)
81Kr 1.45 1/2-9/2 25 0.122 2.608 7.873 1/2 3570(770)
84Kr 343 0-5 21 2.309 —0.659 10.521 4-5 5000(2500)
85Kr 2.51 1/2-9/2 23 —0.323 —0.030 7.121 1/2 1000(100)
8Rb 1.83 0-5 25 —2.429 0.445 8.651 2-3 5900(1000)
88Rb 1.80 04 20 —1.993 —0.123 6.082 1-2 560(90)
858r 1.99 1/2-9/2 29 0.054 0.996 8.530 1/2 3100(1200)
87Sr 3.07 1/2-9/2 31 —0.054 —0.823 8.428 1/2 385(118)
88Sr 4.31 0-5 18 3.303 —3.489 11.113 4-5 3400(1000)
898r 3.14 1/2-9/2 18 0.738 —1.787 6.359 1/2 42(5)
Ny 1.82 0-3 14 —1.700 —-0.992 6.857 0-1 270(30)
N7zr 2.94 1/2-9/2 25 0.435 —2.163 7.195 1/2 167(39)
27r 3.30 04 23 2.026 —2.071 8.635 2-3 1820(330)
3Zr 2.19 1/2-5/2 12 0.552 —0.454 6.734 1/2 286(65)
%7r 2.71 0-5 12 2.058 —0.689 8.221 2-3 6250(590)
S7r 2.38 1/2-5/2 11 0.743 0.482 6.462 1/2 310(80)
7r 2.27 1/2-9/2 10 1.178 1.293 5.575 1/2 77(18)
%Nb 0.93 2-5 17 —2.256 0.733 7.228 4-5 12500(1600)
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TABLE 1. (Continued.)

Nucleus Energy Spin Number Deuteron Shell n binding Spin Density
range window of levels pairing Pa’ correction § energy (n) (at n binding energy)
(MeV) ) (MeV) MeV) (MeV) (per MeV)
%Mo 2.55 1/2-9/2 19 0.477 —3.057 8.070 1/2 370(70)
%Mo 1.38 1/2-7/2 11 0.493 —0.984 7.369 1/2 758(103)
%Mo 2.60 0-4 18 2.394 —1.149 9.154 2-3 9520(910)
Mo 1.57 1/2-11/2 30 0.486 0.653 6.821 1/2 950(180)
%Mo 2.63 0-6 34 2.300 0.279 8.643 2-3 13300(3600)
Mo 1.27 1/2-9/2 26 —0.005 2.276 5.925 1/2 1000(200)
101Mo 0.99 1/2-9/2 34 0.049 3.433 5.398 1/2 1250(230)
100T¢ 0.72 2-5 31 —2.587 3.014 6.764 4-5 83300(9000)
100Ru 2.60 0-6 32 2.616 —0.994 9.673 2-3 40000(6400)
102Ry 2.05 04 13 2.615 0.397 9.220 2-3 55600(9300)
18Ry 0.78 1/2-11/2 29 0.168 2.360 6.232 1/2 1820(500)
105Ru 0.85 1/2-7/2 26 0.197 2.962 5.910 1/2 3330(830)
104Rh 0.61 1-3 33 —2.550 2.837 6.999 0-1 31300(3900)
105pq 0.95 1/2-9/2 20 0.199 0.785 7.094 1/2 4170(520)
106pq 2.48 0-4 23 2.625 0.006 9.561 2-3 97100(4700)
107pq 0.79 1/2-11/2 16 0.083 1.922 6.536 1/2 3700(1200)
108pq 2.43 0-6 22 2.613 0.826 9.228 2-3 90900(7400)
109pq 0.68 1/2-7/2 20 0.063 2.490 6.154 1/2 5490(1000)
1ipq 0.59 1/2-9/2 13 —0.018 2.678 5.726 1/2 6700(2200)
108 Ag 0.69 04 29 —2.524 2.260 7.271 0-1 45500(8300)
HoAg 0.39 1-3 15 —2.590 3.093 6.809 0-1 66200(6100)
107¢d 1.29 1/2-7/2 19 0.206 —1.177 7.924 1/2 7410(1920)
1¥¢q 1.18 1/2-7/2 15 0.108 0.193 7.327 1/2 8300(2100)
g 1.28 1/2-7/2 24 0.211 1.016 6.976 1/2 6450(830)
2¢cd 3.09 0-6 70 2.564 0.003 9.394 0-1 50000(10000)
113¢d 1.29 1/2-7/2 29 0.169 1.538 6.540 1/2 5260(690)
4cd 2.82 04 36 2.582 0.271 9.043 0-1 40300(4200)
15¢d 1.10 1/2-7/2 18 0.100 1.614 6.141 1/2 4260(630)
7cq 1.36 1/2-7/2 18 0.078 1.256 5.777 1/2 2560(590)
141n 0.91 2-5 14 —2.482 1.870 7.274 4-5 76900(17700)
161 0.90 34 19 —2.588 2.150 6.785 4-5 105300(5500)
1380 1.87 1/2-7/2 21 0.633 —0.775 7.743 1/2 6370(2110)
1158n 2.00 1/2-7/2 13 1.027 —0.453 7.546 1/2 3500(1300)
1168p 3.98 0-4 65 3.242 —1.397 9.563 0-1 21700(6600)
178n 1.68 1/2-7/2 15 0.891 —0.022 6.943 1/2 2630(900)
1188n 2.75 0-4 14 3.317 —1.324 9.327 0-1 18200(1700)
1198n 1.36 1/2-7/2 11 0.798 —0.068 6.484 1/2 2080(390)
1208 2.47 04 11 3.323 —1.717 9.108 0-1 11100(2500)
1218n 0.96 1/2-7/2 7 0.738 —0.702 6.170 1/2 610(74)
1238n 1.08 1/2-7/2 7 0.772 —1.885 5.946 1/2 600(180)
1258n 2.20 1/2-7/2 35 0.835 —3.551 5.733 1/2 200(48)
1228b 0.65 1-5 25 —2.483 1.065 6.806 2-3 76900(11800)
124Sb 0.53 2-5 19 —2.383 —0.006 6.467 34 41700(5200)
123Te 1.57 1/2-7/2 31 —0.044 0.416 6.929 1/2 7580(860)
124Te 3.11 04 64 2.404 —1.301 9.424 0-1 58800(10400)
125Te 2.19 1/2-7/2 71 —0.081 —0.432 6.569 1/2 5260(550)
126Te 2.90 0-6 41 2.385 —2.370 9.114 0-1 26300(3500)
1271Te 2.20 1/2-7/2 71 —0.098 —1.739 6.288 1/2 1820(330)
129Te 2.20 1/2-7/2 46 —0.069 -3.516 6.082 1/2 1350(270)
BlTe 2.59 1/2-7/2 40 —0.048 —5.739 5.929 1/2 670(220)
1281 0.43 1-5 23 —2.235 —0.144 6.826 2-3 66700(13300)
1301 0.39 2-5 22 —2.202 —1.641 6.500 34 33300(3300)
12Xe 1.00 1/2-9/2 20 0.174 —0.733 6.909 1/2 4000(1600)
130Xe 2.37 0-6 19 2.433 —2.568 9.256 0-1 26300(3500)
BlXe 1.04 1/2-9/2 13 0.128 —2.005 6.605 1/2 4350(1130)
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TABLE 1. (Continued.)

PHYSICAL REVIEW C 80, 054310 (2009)

Nucleus Energy Spin Number Deuteron Shell n binding Spin Density
range window of levels pairing Pa’ correction § energy () (at n binding energy)
MeV) ) (MeV) (MeV) (MeV) (per MeV)
132Xe 3.09 2-6 34 2.367 —4.021 8.937 1-2 20400(6300)
133Xe 1.36 1/2-7/2 13 0.130 —-3.778 6.434 1/2 1330(420)
135Xe 2.12 1/2-9/2 16 0.199 —6.046 6.364 1/2 625(230)
B37Xe 1.72 1/2-9/2 9 0.134 —6.414 4.026 1/2 77(36)
134Cs 0.63 2-5 26 —2.193 —1.847 6.892 34 47600(4500)
135Cs 0.62 5/2-7/2 4 —0.099 —3.807 8.762 7/2-9/2 62500(11700)
131Ba 1.17 1/2-9/2 20 0.186 0.023 7.494 1/2 17240(3000)
133Ba 1.36 1/2-7/2 20 0.198 —-0.912 7.190 1/2 9090(2900)
135Ba 0.99 1/2-7/2 9 0.263 —2.292 6.972 1/2 2700(260)
136Ba 2.44 0-5 18 2.179 —4.237 9.108 1-2 25000(3800)
37Ba 2.36 1/2-7/2 16 0.313 —4.220 6.906 1/2 826(81)
138Ba 3.25 04 22 2.930 —6.142 8.612 1-2 3850(740)
139Ba 2.23 1/2-7/2 24 0.170 —4.406 4.723 1/2 53(8)
¥La 1.79 1/2-9/2 16 0.651 —4.184 8.778 9/2-11/2 31250(5860)
) 0.80 0-5 23 —-2.079 —2.536 5.161 34 4500(800)
37Ce 1.19 1/2-5/2 10 0.140 —1.243 7.482 1/2 20000(8000)
llce 2.21 1/2-9/2 23 0.286 —3.026 5.428 1/2 320(50)
142Ce 2.40 0-5 20 2.000 —3.268 7.170 34 15400(4700)
43Ce 1.23 1/2-9/2 14 0.325 —-1.712 5.145 1/2 910(410)
142py 0.75 1-4 12 —2.125 —1.389 5.843 2-3 9100(1600)
143Nd 2.50 1/2-9/2 48 0.360 —2.243 6.124 1/2 1160(110)
144Nd 2.70 0-5 33 2.125 —2.445 7.817 34 28600(4100)
45Nd 1.60 1/2-9/2 27 0.376 —0.816 5.755 1/2 2220(250)
146Nd 2.29 04 35 2.117 —1.225 7.565 34 58800(10400)
4INd 0.99 1/2-7/2 16 0.300 0.416 5.292 1/2 3450(590)
148Nd 1.69 04 20 2.253 —0.203 7.333 2-3 286000(139000)
19Nd 0.80 1/2-7/2 23 —0.044 1.257 5.039 1/2 6450(830)
5INd 0.69 1/2-7/2 18 0.082 0.912 5.335 1/2 6060(550)
148pm 0.22 1-2 4 —2.122 1.788 5.895 34 192000(44000)
145Sm 2.20 1/2-11/2 27 0.398 —2.024 6.757 1/2 1490(130)
148Sm 2.40 0-6 39 2212 —0.734 8.141 34 196000(19000)
1498m 1.06 1/2-11/2 27 0.288 0.995 5.871 1/2 10000(2000)
150Sm 2.11 0-6 42 2.174 0.384 7.987 34 476000(68000)
151Sm 0.54 1/2-9/2 32 —0.140 1.943 5.596 1/2 21700(3800)
1528m 1.78 0-6 33 2.093 0.625 8.258 34 962000(139000)
153Sm 0.49 1/2-9/2 23 —0.044 1.484 5.868 1/2 20800(2200)
155Sm 0.99 1/2-5/2 19 0.121 0.543 5.807 1/2 8770(1150)
2By 0.35 1-4 64 —2.489 3.157 6.307 2-3 1370000(131000)
153Bu 0.74 1/2-9/2 22 0.044 1.870 8.550 5/2-7/2 1790000(320000)
I4Eu 0.49 1-5 74 —1.911 2477 6.442 2-3 910000(165000)
I55Euy 1.11 1/2-9/2 29 0.126 1.164 8.151 5/2-7/2 1087000(142000)
I56Eu 0.39 0-5 27 —1.486 1.455 6.340 2-3 232600(81100)
153Gd 0.69 1/2-9/2 41 —0.067 2.087 6.247 1/2 71400(15000)
155Gd 1.09 1/2-5/2 32 0.005 1.713 6.435 1/2 69400(7200)
156Gd 2.13 0-6 67 1.931 0.333 8.536 12 588000(69000)
157Gd 0.80 1/2-9/2 25 0.147 0.920 6.360 1/2 33300(6700)
158Gd 2.06 0-6 56 1.727 —-0.276 7.937 1-2 204000(21000)
19Gd 0.88 1/2-9/2 26 0.099 0.319 5.943 1/2 12200(900)
161Gd 0.84 1/2-11/2 16 0.185 —0.282 5.635 1/2 5000(500)
160T, 0.39 0-5 27 —1.597 1.274 6.375 1-2 238000(17000)
57Dy 0.57 1/2-7/2 18 0.131 1.725 6.969 1/2 208000(70000)
YDy 0.64 1/2-11/2 21 0.185 1.202 6.833 1/2 45500(23000)
161Dy 0.87 1/2-5/2 20 0.098 0.695 6.454 1/2 37000(6900)
182Dy 1.90 0-6 44 1.770 —0.547 8.197 2-3 417000(35000)
16Dy 0.96 1/2-7/2 26 0.200 —0.062 6.271 1/2 16100(1300)
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Nucleus Energy Spin Number Deuteron Shell n binding Spin Density
range window of levels pairing Pa’"® correction S energy (n) (at n binding energy)
(MeV) ) MeV) (MeV) MeV) (per MeV)
164Dy 2.01 0-5 36 1.594 —1.161 7.658 2-3 147000(13000)
165Dy 0.81 1/2-9/2 24 0.172 —-0.512 5.716 1/2 6700(500)
166Ho 0.65 0-7 45 —1.408 0.297 6.244 34 238000(28000)
163Ey 0.71 1/2-9/2 25 0.103 1.121 6.903 1/2 125000(31000)
165Ey 1.01 1/2-9/2 38 0.062 0.553 6.650 1/2 47600(9100)
167y 0.90 1/2-11/2 30 0.204 —0.233 6.436 1/2 26300(2100)
168y 2.10 0-6 65 1.556 —1.234 7.771 34 238000(17000)
19y 0.86 1/2-11/2 23 0.176 —0.659 6.003 1/2 10000(1000)
T By 0.71 1/2-9/2 13 0.192 —1.001 5.682 1/2 6800(930)
10Tm 0.47 0-6 23 —1.326 0.177 6.592 0-1 118000(10000)
7Tm 1.04 1/2-9/2 19 —0.025 —0.626 7.486 1/2-3/2 256000(66000)
199Yb 0.84 1/2-11/2 26 0.179 0.367 6.867 1/2 125000(47000)
110vh 2.05 0-6 41 1.739 —0.742 8.470 34 625000(16000)
7lyh 1.09 1/2-13/2 35 0.229 —0.191 6.615 1/2 30300(5500)
12Yb 1.76 0-6 33 1.572 —1.237 8.019 0-1 173000(14000)
Yb 1.13 1/2-9/2 15 0.363 —0.820 6.367 1/2 14200(530)
174Yh 1.64 04 11 1.564 —1.686 7.465 2-3 128000(15000)
5Yb 1.13 1/2-9/2 21 0.375 —1.092 5.822 1/2 6200(700)
7Yb 1.00 1/2-9/2 16 0.299 —1.229 5.566 1/2 5400(560)
7Ly 0.86 0-7 58 —1.308 —0.046 6.288 34 333000(45000)
7Lu 1.11 1/2-9/2 24 —0.197 —0.601 7.073 13/2-15/2 364000(112000)
1SHf 1.00 1/2-13/2 27 0.179 0.025 6.708 1/2 55600(15400)
THE 0.93 1/2-13/2 27 0.121 —-0.370 6.383 1/2 33300(7800)
18Hf 1.95 0-6 53 1.282 —1.196 7.626 34 417000(52000)
19Hf 1.29 1/2-9/2 36 0.055 —0.676 6.099 1/2 17500(1800)
180 f 1.44 04 18 1.400 —1.623 7.388 4-5 217000(14000)
IBIHf 1.41 1/2-9/2 33 0.230 —1.053 5.695 1/2 10600(1700)
181y 0.63 1/2-11/2 9 0.022 —0.809 7.577 1/2-3/2 833000(139000)
182Ta 0.79 2-5 35 —1.313 —0.332 6.063 34 238000(17000)
183Ta 0.58 5/2-9/2 7 —0.103 —0.900 6.934 9/2-11/2 286000(57000)
18w 1.00 1/2-9/2 21 0.165 —0.621 6.681 1/2 50000(17500)
18w 1.06 1/2-11/2 25 0.235 —1.067 6.191 1/2 16700(1700)
184w 1.54 0-6 25 1.524 —1.840 7.412 0-1 83300(6900)
185w 1.40 1/2-9/2 51 0.132 —1.129 5.754 1/2 14300(1400)
87w 1.10 1/2-7/2 37 0.216 —1.368 5.467 1/2 11800(1100)
186Re 0.70 1-5 35 —1.490 —0.466 6.179 2-3 323000(31000)
188Re 0.53 1-5 26 —1.590 —0.740 5.872 2-3 244000(18000)
870s 0.69 1/2-11/2 23 0.079 —1.085 6.290 1/2 34500(3600)
18805 1.97 04 25 1.794 —2.244 7.990 0-1 250000(38000)
1890s 0.61 1/2-7/2 18 0.024 —1.506 5.920 1/2 21300(2700)
19005 1.49 0-6 17 1.780 —2.809 7.792 1-2 294000(35000)
P10 0.64 1/2-9/2 22 0.136 —2.245 5.759 1/2 14300(2000)
19305 0.55 1/2-7/2 12 0.373 —3.234 5.583 1/2 8700(800)
92[r 0.30 0-3 21 —1.900 —1.483 6.198 12 400000(80000)
1931y 1.09 1/2-7/2 28 —0.061 —2.837 7.772 1/2 1429000(408000)
194r 0.68 04 57 —1.733 —2.649 6.067 1-2 142900(40800)
193py 0.61 1/2-7/2 17 —0.161 —2.449 6.255 1/2 45500(17000)
195pg 0.70 1/2-7/2 20 —0.041 —-3.719 6.105 1/2 5000(2000)
196py 2.10 0-6 50 1.590 —5.292 7.922 0-1 55600(9300)
197py 0.60 1/2-7/2 14 0.030 —4.949 5.846 1/2 2860(820)
199py 0.65 1/2-7/2 12 0.056 —6.157 5.556 1/2 2940(780)
198 Au 0.68 0-3 27 —1.492 —4.920 6.512 1-2 60600(3300)
19Hg 0.76 1/2-7/2 12 0.385 —6.211 6.664 1/2 9500(3200)
20Hg 2.20 0-3 28 1.721 —7.703 8.028 0-1 12500(4700)
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Nucleus Energy Spin Number Deuteron Shell n binding Spin Density
range window of levels pairing Pa'"® correction § energy () (at n binding energy)
(MeV) (h) MeV) MeV) (MeV) (per MeV)
WHg 0.65 1/2-7/2 11 0.235 —7.556 6.230 1/2 1540(360)
W2Hg 1.91 04 25 1.538 —9.090 7.754 1-2 11100(3700)
20411 0.69 04 15 —1.218 —8.932 6.656 0-1 3600(640)
2061 2.00 0-6 24 —0.966 —10.818 6.504 0-1 182(50)
205pp 2.26 1/2-9/2 29 0.862 -9.699 6.732 1/2 500(125)
207ph 3.52 1/2-11/2 15 1.412 —11.869 6.738 1/2 31(6)
208pp 5.30 0-10 71 3.226 —13.137 7.368 0-1 26(6)
209pp 3.69 1/2-15/2 34 1.168 —11.126 3.937 1/2 3(1)
210B4 1.48 2-17 19 —1.267 -9.173 4.605 4-5 250(44)
2Ra 0.53 1/2-5/2 16 0.103 1.271 4.561 1/2 32300(6300)
29Th 0.49 1/2-7/2 20 0.050 1.147 5.257 1/2 200000(120000)
230Th 1.20 0-6 27 1.556 0.306 6.794 2-3 1613000(312000)
BITh 1.09 1/2-7/2 48 0.303 1.006 5.118 1/2 104000(16000)
23Th 0.79 1/2-7/2 38 0.389 1.019 4.786 1/2 60200(2200)
23Ppa 0.50 1/2-11/2 28 —0.121 0.979 6.529 3/2-5/2 1330000(270000)
234pa 0.20 04 8 —1.392 1.530 5.220 1-2 1670000(280000)
By 0.60 1/2-9/2 19 0.315 0.575 5.762 1/2 217000(33000)
By 1.50 0-6 37 1.515 —0.147 6.845 2-3 1818000(165000)
3y 0.96 1/2-13/2 61 0.261 0.545 5.297 1/2 83300(5600)
BSy 1.17 0-6 27 1.452 —0.144 6.545 34 2326000(108000)
By 0.68 1/2-13/2 25 0.428 0.456 5.126 1/2 66700(4500)
B8y 1.16 0-6 22 1.520 —0.100 6.154 0-1 286000(65000)
»y 0.90 1/2-7/2 25 0.376 0.562 4.806 1/2 48100(700)
ZNp 0.76 1/2-11/2 29 —0.118 0.470 6.580 1/2-3/2 1670000(170000)
Z8Np 0.40 1-5 36 —1.168 0.923 5.488 2-3 1754000(92000)
ZNp 0.37 1/2-11/2 16 —0.138 0.519 6.215 3/2-5/2 2440000(600000)
2Py 0.83 1/2-9/2 21 0.313 —0.001 5.646 1/2 111000(12000)
240py 1.32 0-6 29 1.334 —-0.512 6.534 0-1 455000(10000)
2py 0.79 1/2-9/2 23 0.287 0.141 5.242 1/2 80600(4600)
242py 1.19 0-6 18 1.379 —0.402 6.310 0-1 1370000(150000)
#3py 0.93 1/2-11/2 29 0.325 0.202 5.034 1/2 74000(8200)
245py 0.58 1/2-9/2 8 0.409 0.314 4.771 1/2 52600(8300)
22 Am 0.51 0-6 39 —1.179 0.565 5.538 2-3 1724000(119000)
23 Am 0.35 3/2-13/2 13 —0.195 0.176 6.365 1/2-3/2 2500000(500000)
2 Am 0.59 04 42 —1.211 0.659 5.366 2-3 1370000(113000)
#Cm 0.14 1/2-9/2 6 0.192 —0.265 5.693 1/2 71400(15300)
Cm 1.19 0-3 9 1.265 —0.878 6.801 2-3 1333000(267000)
#5Cm 0.80 1/2-11/2 25 0.327 —0.340 5.520 1/2 84700(8600)
25Cm 1.72 0-3 32 1.362 —0.867 6.458 0-1 769000(118000)
#Cm 0.59 1/2-9/2 14 0.339 -0.217 5.156 1/2 33300(5600)
#8Cm 1.31 04 12 1.579 —0.750 6.213 4-5 714000(150000)
29Cm 0.59 1/2-9/2 18 0.441 0.094 4.713 1/2 35700(6400)
0Bk 0.24 1-6 20 —1.238 0.549 4.970 34 909000(83000)
Bocf 1.40 0-6 28 1.515 —1.321 6.625 4-5 1429000(204000)
Bice 0.73 1/2-11/2 26 0.297 —0.462 5.108 1/2 83300(14000)

*Quantity Pa’, as defined by Eq. (12).
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TABLE II. Experimental level density parameters for the BSFG TABLE II. (Continued.)
and CT models [Egs. (1)—(5)], determined from fits to the data sets
specified in Table I (Appendix), by using the energy-dependent spin- Nucleus BSFG CT
cutoff parameter defined with the empirical formula (16). a (8a) E, GE)) T (5T) Eo (5Eo)
(MeV™) (MeV) (MeV) (MeV)
Nucleus BSFG CT
a (8a) E, SE)) T (8T) Eo (SE,) ZZFe 5.90(23) 0.62(32) 1.29(7) —0.09(49)
(MeV—1 (MeV) (MeV) (MeV) Fe 6.41(37) —0.80(35) 1.15(9) —1.40(58)
Co 6.89(20) —1.55(24) 1.17(8) —2.60(54)
18R 2.63(44) —2.25(154) 2.29(42) —2.23(180) ¥Ni 5.69(18) —0.76(34) 1.34(8) —1.53(69)
YR 2.21(37) —2.98(182) 2.88(56) —3.70(246) ONj 5.80(35) 0.54(36) 1.34(9) —0.24(55)
Wp 3.01(42) —2.41(118) 2.16(41) —3.03(180) 8INi 6.30(17) —0.76(27) 1.22(8) —1.54(53)
20Ne 2.29(24) 1.69(126) 2.85(31) 0.87(146) 2Ni 6.12(18) 0.60(32) 1.27(6) —0.13(51)
Na 3.13(76) 0.10(188) 2.06(54) —0.38(231) ONi 6.84(36) —0.73(37) 1.10(9) —1.29(62)
%Na 3.03(36) —2.70(105) 2.04(51) —2.75(224) 95Ni 7.77(39) —0.17(31) 0.96(7) —0.67(47)
“Mg 2.86(41) 2.94(124) 2.25(28) 2.53(120) %4Cu 6.84(20) —2.00(28) 1.21(6) —3.22(56)
BMg 2.68(37) —1.83(131) 2.48(44) —2.68(196) %Cu 7.55(22) —1.37(24) 1.07(5) —2.28(41)
Mg 3.25(40) 1.19(89) 2.01(29) 0.69(122) 07n 7.44(24) —0.87(32) 1.08(6) —1.69(57)
Mg 4.93(58) 1.25(64) 1.37(19) 0.68(81) 77Zn 7.94(23) —0.83(22) 1.00(6) —1.54(45)
BAl 2.86(28) —3.20(106) 2.39(22) —4.18(128) 87n 7.95(24) 0.99(22) 1.01(4) 0.35(35)
Al 2.95(39) —0.89(114) 2.16(32) —1.19(145) 97Zn 8.56(27) —0.54(24) 0.91(5) —1.16(40)
BAl 3.50(22) —1.91(66) 1.97(19) —2.74(107) Zn 10.21(40) 0.36(23) 0.76(4) —0.15(35)
BSi 3.07(46) 3.21(115) 2.07(24) 3.05(104) Ga 9.49(38) —0.94(23) 0.89(5) —1.72(41)
2Si 3.27(53) 0.62(111) 2.20(40) —0.58(168) 2Ga 9.36(32) —1.40(23) 0.88(6) —2.16(50)
0si 2.75(33) 0.22(117) 2.34(34) —0.12(153) Ge 9.40(40) —0.88(19) 0.90(5) —1.82(33)
op 3.05(32) —1.79(101) 2.14(26) —2.14(126) BGe 9.00(33) —1.32(20) 0.94(5) —2.34(38)
3p 3.45(63) 0.10(127) 1.82(33) 0.03(135) "Ge 9.70(31) 0.71(15) 0.90(3) —0.21(25)
32p 3.62(33) —1.69(072) 1.89(31) —2.30(143) Ge 8.73(55) —1.00(24) 0.92(7) —1.79(40)
23 3.19(59) 1.39(135) 1.93(34) 1.48(134) Ge 9.05(58) —0.68(24) 0.86(7) —1.22(40)
33 3.99(32) 0.09(61) 1.69(22) —0.33(103) 5 As 9.60(20) —2.23(17) 0.95(3) -3.71(31)
#s 3.91(35) 1.32(62) 1.72(21) 0.99(93) Se 9.74(30) —1.07(16) 0.91(5) —2.19(38)
33 4.56(70) 0.33(83) 1.38(23) 0.38(96) 7TSe 9.69(26) —1.00(20) 0.88(5) —1.93(44)
¢l 3.96(31) —1.63(66) 1.78(26) —2.39(136) 8Se 9.74(35) 0.79(16) 0.89(3) —0.04(206)
Bl 6.33(55) —0.13(45) 1.07(14) —0.31(73) Se 8.70(39) —1.24(21) 0.97(5) —2.26(37)
BAr 4.36(57) 1.61(80) 1.45(18) 1.61(80) 81Se 10.42(36) 0.10(16) 0.77(4) —0.46(29)
YOAr 4.80(78) 0.69(84) 1.30(20) 0.72(83) 83Se 9.44(39) —0.66(24) 0.84(5) —1.24(40)
“Ar 5.57(53) —0.64(63) 1.23(17) —0.96(97) 80Br 9.96(20) —1.92(16) 0.93(3) —3.29(32)
oK 4.61(23) —1.61(46) 1.56(21) —2.33(120) 82Br 10.05(27) —1.23(19) 0.86(3) —2.11(33)
4K 5.37(11) —0.64(27) 1.44(08) —1.70(62) Kr 9.72(42) —1.18(17) 0.92(5) —2.39(32)
2K 3.99(40) —3.73(88) 1.89(28) —5.14(157) 81Ky 10.66(33) —0.58(15) 0.82(3) —1.43(27)
40Ca 4.40(65) 2.58(84) 1.39(19) 2.80(79) 84Kr 8.57(30) 1.05(20) 0.97(4) 0.44(32)
4Ca 5.62(23) 0.39(33) 1.26(10) —0.02(58) 8Kr 11.49(38) 0.53(15) 0.71(3) 0.09(27)
BCa 5.78(37) —0.48(40) 1.26(11) —1.08(65) 8Rb 8.83(26) —0.77(19) 0.96(4) —1.56(33)
#Ca 5.97(26) 1.24(41) 1.26(7) 0.72(56) 8Rb 8.85(34) —0.78(22) 0.88(5) —1.25(36)
$Ca 6.31(34) 0.04(42) 1.15(9) —0.50(61) 88r 10.16(54) —0.30(17) 0.85(5) —1.08(29)
46Sc 5.69(15) —2.29(31) 1.43(9) —3.72(71) 87Sr 8.60(40) 0.24(20) 0.94(7) —0.39(38)
YTi 4.89(24) —1.29(43) 1.55(13) —2.37(83) 8Sr 8.48(39) 1.95(23) 0.96(5) 1.48(34)
BTi 5.56(19) 0.76(33) 1.39(7) —0.12(54) 8Sr 8.63(38) 0.70(25) 0.84(5) 0.50(35)
“T74 6.09(30) —0.14(39) 1.20(9) —0.60(66) Ny 7.91(30) —0.92(30) 0.99(6) —1.48(49)
OTi 5.95(31) 2.14(40) 1.23(9) 1.74(63) NZr 9.12(44) 0.41(23) 0.85(5) 0.03(33)
SITi 5.47(81) 0.02(64) 1.21(21) —0.08(84) 27y 9.09(31) 0.89(20) 0.88(4) 0.37(30)
Sty 6.84(31) 0.78(32) 1.17(6) 0.01(46) 37r 9.91(47) 0.12(24) 0.80(5) —0.36(38)
2y 6.00(28) —1.27(34) 1.24(9) —1.91(59) HZr 11.70(32) 1.35(20) 0.71(3) 0.92(27)
S1Cr 5.57(19) —-0.57(34) 1.36(7) —1.36(55) SZr 10.97(58) 0.50(24) 0.71(5) 0.21(35)
3Cr 5.30(25) —0.49(44) 1.36(10) —1.01(69) 77r 10.67(64) 0.68(25) 0.68(5) 0.61(33)
HCr 5.46(22) 0.70(38) 1.36(8) 0.05(56) %Nb 10.52(27) —1.24(19) 0.83(3) —2.10(35)
3Cr 5.93(29) —0.53(35) 1.21(12) —1.01(69) %Mo 8.92(33) 0.19(22) 0.90(5) —0.29(41)
3Mn 5.96(31) —2.37(44) 1.33(10) —3.49(77) %Mo 9.78(27) —0.42(22) 0.84(6) —0.98(47)
>PFe 5.27(20) —0.80(40) 1.43(11) —1.56(76) %Mo 10.27(19) 0.71(16) 0.82(3) 0.13(30)
STFe 5.50(21) —1.31(33) 1.38(8) —2.26(57) Mo 10.55(34) —0.55(15) 0.80(4) —1.32(29)
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TABLE II. (Continued.) TABLE II. (Continued.)

Nucleus BSFG CT Nucleus BSFG CT

a (8a) E\ (8Ep) T (8T) Eo (§Ep) a (8a) E, (8E1) T (8T) Eo (§Ep)

MeV~h) (MeV) (MeV) (MeV) MeV~h (MeV) (MeV) (MeV)

%Mo 11.28(40) 0.66(14) 0.77(3) —0.07(23) 37Xe 14.76(50) 0.56(21) 0.49(5) 0.51(27)
“Mo 11.65(40) —0.66(15) 0.72(3) —1.33(26) 134Cs 12.38(21) —1.55(14) 0.75(4) —2.62(35)
101Mo 12.24(40) —0.97(13) 0.71(3) —1.80(25) 135Cs 11.40(41) —0.79(33) 0.80(5) —1.52(64)
100 13.29(31) —1.37(13) 0.71(2) —2.49(24) BIBa 13.99(32) —0.38(11) 0.66(2) —1.04(22)
100RYy 11.38(25) 0.68(12) 0.79(2) —0.1121) 133Ba 13.61(56) —0.33(13) 0.66(3) —0.97(24)
102Ru 12.41(26) 0.77(15) 0.72(3) 0.19(28) 135Ba 12.26(31) —0.42(19) 0.70(3) —0.93(35)
103RYy 11.28(47) —1.22(16) 0.79(4) —2.27(30) 136Ba 12.34(28) 0.83(14) 0.72(2) 0.31(25)
105Ru 12.96(48) —0.93(13) 0.69(3) —1.80(25) 37Ba 12.20(32) 0.49(17) 0.68(3) 0.09(26)
104Rh 12.39(23) —1.79(14) 0.78(4) —3.10(37) 138Ba 11.02(35) 1.17(16) 0.76(3) 0.71(25)
105pq 11.83(26) —0.79(15) 0.75(3) —1.63(29) 139Ba 10.84(52) —0.07(21) 0.70(5) —0.35(32)
106pq 12.83(14) 0.85(11) 0.71(2) 0.17(22) 39La 11.60(31) 0.05(17) 0.77(4) —0.58(41)
107pq 12.52(56) —0.73(16) 0.70(4) —1.45(29) 140 a 12.32(38) —1.17(16) 0.69(5) —1.79(37)
108pq 13.43(20) 1.01(12) 0.68(2) 0.33(19) 37Ce 14.48(69) —0.23(16) 0.63(3) —0.78(30)
109pq 13.36(34) —0.93(14) 0.68(4) —1.81(32) 1lce 13.50(47) 0.47(14) 0.59(3) 0.18(21)
1Ipq 15.04(66) —0.62(14) 0.59(3) —1.22(27) 142Ce 14.40(53) 0.94(12) 0.59(3) 0.57(21)
108Ag 13.23(29) —1.29(13) 0.72(3) —2.32(30) 143Ce 14.87(95) —0.01(16) 0.57(7) —0.44(40)
10Ag 14.18(26) —1.43(16) 0.68(4) —2.48(42) 142py 12.73(66) —0.98(32) 0.68(9) —1.53(72)
17Cq 11.88(40) —0.52(15) 0.76(3) —1.31(28) BNd 14.17(29) 0.47(10) 0.60(2) —0.04(16)
109¢cq 13.01(44) —0.38(14) 0.68(3) —1.01(27) 144Nd 14.17(27) 0.96(10) 0.62(3) 0.43(22)
licq 13.07(27) —0.48(12) 0.69(2) —1.23(22) 1Nd 15.03(33) 0.03(11) 0.58(2) —0.49(22)
12¢q 13.61(28) 1.02(07) 0.69(2) 0.17(16) 146N d 15.11(35) 0.64(09) 0.60(2) 0.02(16)
13cd 13.43(29) —0.52(11) 0.67(2) —1.29(21) 4TNd 15.93(44) —0.35(11) 0.55(2) —0.81(21)
l4cq 13.90(18) 1.05(9) 0.67(2) 0.30(17) 148Nd 18.27(90) 0.62(10) 0.51(3) 0.11(17)
115¢q 13.98(35) —0.43(13) 0.63(2) —1.02(23) 199Nd 17.06(37) —0.60(10) 0.53(2) —1.19(18)
7¢cd 14.16(52) —0.22(12) 0.60(3) —0.67(23) BINd 16.07(31) —0.67(11) 0.56(2) —1.31(21)
H41p 13.52(38) —0.72(16) 0.68(4) —1.43(34) 148pm 16.95(70) —1.05(27) 0.56(4) —1.75(50)
161y 14.13(22) —1.09(15) 0.67(3) —2.09(35) 145Sm 13.18(27) 0.38(12) 0.64(2) —0.04(22)
1138n 12.85(55) 0.12(15) 0.69(3) —0.54(24) 148Sm 16.30(22) 0.88(07) 0.58(1) 0.27(13)
1158n 13.00(65) 0.53(18) 0.66(4) 0.04(27) 1498m 16.47(44) —0.33(09) 0.55(2) —0.90(17)
1165 13.03(40) 1.66(9) 0.69(2) 0.89(15) 150§ m 17.69(29) 0.72(07) 0.55(1) 0.06(12)
1178 13.00(60) 0.15(16) 0.66(4) —0.36(27) 51Sm 17.02(35) —0.93(09) 0.56(3) —1.79(22)
1185 12.88(24) 1.32(14) 0.68(2) 0.87(25) 132Sm 17.84(24) 0.53(07) 0.55(1) —0.16(14)
1199 13.26(43) 0.06(17) 0.64(3) —0.40(29) 153Sm 16.43(26) —0.91(10) 0.58(2) —1.75(24)
1208 12.40(39) 1.19(17) 0.70(3) 0.78(29) 155Sm 16.03(32) —0.53(12) 0.57(3) —1.1931)
1215n 11.43(41) —0.29(24) 0.71(5) —0.71(52) I32Ey 18.39(20) —1.54(7) 0.58(3) —2.80(27)
1238n 12.26(65) —0.03(25) 0.67(7) —0.45(54) 153Ey 16.24(26) —0.63(9) 0.63(3) —1.53(29)
1258n 10.62(49) —0.29(18) 0.76(4) —0.87(29) 4By 17.85(31) —1.36(7) 0.58(3) —2.54(23)
1228b 13.68(27) —1.19(12) 0.69(3) —2.08(30) 5By 16.68(24) —0.35(8) 0.60(2) —1.14(21)
1245p 12.89(27) —1.42(16) 0.72(4) —2.36(36) 156Ey 16.23(65) —1.23(12) 0.61(3) —2.19(23)
123Te 13.73(25) —0.34(10) 0.66(2) —1.06(19) 153Gd 17.89(38) —0.78(7) 0.55(2) —1.66(19)
124Te 13.87(29) 0.98(8) 0.68(2) 0.09(14) 155Gd 18.08(32) —0.50(10) 0.54(2) —1.31(21)
125Te 14.22(24) —0.10(8) 0.64(2) —0.90(14) 156Gd 17.19(19) 0.50(5) 0.58(1) —0.34(13)
126Te 13.36(24) 1.04(9) 0.68(2) 0.35(16) 157Gd 16.99(41) —0.5509) 0.56(2) —1.26(20)
127Te 12.64(38) —0.38(11) 0.69(3) —1.16(18) 138Gd 16.62(11) 0.44(6) 0.58(1) —0.32(13)
129Te 12.97(46) —0.10(12) 0.65(3) —0.69(19) 19Gd 16.21(24) —0.57(9) 0.57(2) —1.24(22)
131Te 12.89(43) 0.27(12) 0.64(3) —0.20(18) 161Gd 15.80(31) —0.41(11) 0.56(2) —0.89(21)
1281 12.97(33) —1.57(15) 0.73(4) —2.64(37) 160Th 16.74(23) —1.20(10) 0.59(1) —2.14(19)
1301 11.88(24) —1.95(18) 0.79(6) —3.18(55) 57Dy 18.54(62) —0.59(10) 0.54(2) —1.38(20)
129%e 12.34(66) —0.72(16) 0.72(4) —1.47(29) 9Dy 16.29(88) —0.66(12) 0.59(3) —1.43(23)
130x%e 13.00(25) 0.89(13) 0.69(2) 0.34(22) 161Dy 16.89(35) —0.60(10) 0.57(3) —1.36(24)
BIxe 13.51(49) —0.36(15) 0.64(4) —0.85(31) 12Dy 16.75(19) 0.41(7) 0.58(1) —0.33(13)
132xe 12.18(57) 0.98(13) 0.72(3) 0.32(21) 16Dy 16.01(24) —0.57(10) 0.59(2) —1.31(18)
133Xe 12.19(59) —0.32(18) 0.69(4) —0.77(31) 164Dy 16.35(27) 0.48(8) 0.58(1) —0.16(14)
135Xe 12.55(74) 0.44(18) 0.65(4) 0.12(26) 165Dy 15.58(25) —0.66(10) 0.59(2) —1.34(21)
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TABLE II. (Continued.) TABLE II. (Continued.)

Nucleus BSFG CT Nucleus BSFG CT
a (8a) E, (BE)) T (6T) Ey (8Ep) a (6a) E, BE)) T (6T) Ey (BEp)
(MeV—) (MeV) (MeV) (MeV) (MeV~1) (MeV) (MeV) (MeV)
166 o 16.8527)  —0.97(8) 0.58(1) —1.83(15) 198 Ay 14.4920) —1.37(12) 0.67(3) —2.39(30)
163y 17.9047)  —0.58(9) 0.55(2) —1.36(17) 19Hg 14.79(61)  —0.58(15) 0.62(3) —1.22(29)
165y 16.92(39)  —0.56(8) 0.57(2) —1.33(15) 200Hg 13.24(22) 0.16(12) 0.70(3) —0.57(25)
167y 16.6122)  —0.52(8) 0.57(1) —1.23(16) 0iHg 12.21(47)  —0.99(20) 0.73(4) —1.72(39)
168y 16.51(18) 0.39(6) 0.58(1) —0.38(12) 202Hg 12.52(51) 0.01(14) 0.72(3) —0.63(25)
'“Er 15.9324)  —0.54(9) 0.58(2)  —1.16(21) 204 11.3837) —14321)  0.79¢4)  —2.27(37)
'"Er 16.1437)  —0.48(12)  0.552)  —0.98(23) 2067 8.58(49)  —0.90(25)  0.93(6)  —1.30(39)
"Tm 16.7724)  —0.96(10)  0.58(2)  —1.76(19)  205pp 1112500 —0.13(16)  0.754)  —0.66(25)
"' Tm 16.89(47)  —0.28(10) 0.57(2) —0.89(19) 207pp 9.65(46) 1.2925)  0.79(7) 1.08(44)
'Yb 18.28(66)  —0.41(8) 0.53(3) —1.09(20) 208py, 8.47(52) 1.7726)  0.86(6) 1.70(31)
YD 16.96(22) 0.55(11) 0.58(1) —0.16(17) 209pp 8.03(36) 0.42(55) 0.84(1) 0.56(59)
iZYb 16.71(37)  —0.39(8) 0.57(2)  —1.05(17) 210B; 9.79(46)  —0.96(24)  0.80(1)  —1.28(63)

Yb 17.26(15) 0.42(7) 0.56(1) —0.24(16) 27 _ _
13D 16.7233)  —0.11(14)  0.54(2)  —0.55(26) zzg%i ;?Zgg?; _8'225?(9,; 8‘1%8 _ i ' igﬁg
75YD 16.2432)  —0.25(10)  0.552)  —0.75(18) iy 24.44(39)  —0.18(4) 040()  —0.76(11)

Lu 18.78(60)  —0.18(8) 0.52(2) —0.77(16) 234 _ _
17Hf 17.41(60)  —0.34(8) 0542)  —0.92(16) mff‘ ;i:gggg; _8:2;18)1 ) 811(3)8 _(],;;gg

17THf 17.5247)  —0.38(9) 0.54(2) —0.99(16) 234
I8HF 17.86(16) 0.43(6) 0.55(2) —0.27(18) 2353 2;28;3 8';?8; 8’14318 _g'gggi
IM9Hf 17.4024)  —0.25(7) 0.542)  —0.86(16) 26y 38419 028(6 0.4(1 025013
1809f 16.94(25) 0.27(11) 0.56(3) —0.29(34) 237 -84(19) -28(6) A2(D) —025(13)
I8 18.04(40)  —0.04(8) 0.51(1) —0.57(14) mU igﬁ(gg) _8??(6) g'i;(l) _8'72(3)
18Ty 18.72(45)  —0.26(11) 0.52(2) —0.73(24) mU 31032) A1) 42(1) —0.16(13)
182 17.68(22)  —0.81(8) 0.55(1) —1.60(15) 237U 24.3122) - —0.16(6) 0.39(2) —0.62(18)
183 16.71(45)  —0.52(16)  0.57(3) —~1.09(32) mNp 22.56026) - —0.35(6) 0.46(1)  —0.97(12)
sy 17.6869)  —0.28(10) 0.54(3) _0.86(22) Np 23.51(20)  —0.82(6) 0.44(1) —1.58(15)
83y 16'98(26) _0'31(8) 0'54(1) _0'86(16) 29Np 22.91(55)  —0.56(8) 0.45(1) —1.20(17)
- ‘ ' : ' 29py 22.77(45)  —0.20(9) 0.43(1) —0.67(17)
w 17.24(23) 0.31(8) 0.55(1) —0.25(15) 210

185y 17.91026)  —0.25(6) 0.52(1) _0.87(12) Pu 23.08(16) 0.33(6) 0.43(1) —0.18(12)
&7 241py 23.44(26)  —0.24(6) 0.41(1) —0.70(12)
w 17.83(28)  —0.45(8) 0.52(1) —1.12(15) 2i2py 26.7026) 04707 0.38(1) 0.07(11)
186Re 18.1925)  —0.82(8) 0.54(1) —1.59(15) 2p 2472025 0.08(5 03901 05010
Re 1826025 —0.909) 0531  —le417) Y 7235) - —0.08(5) 3o =0.50(10)
19700 173407 —0.6009) 0.55(1) 129(18) 242Pu 25.14(56)  —0.07(9) 0.37(1) —0.32(18)
150s 18.72(33) 0.73(8) 0.52(1) 0.12(14) 243Am 23.9221)  —0.65(5) 0.43(1) —1.32(13)
1905 17.1034)  —0.73(11)  056(2)  —ladn ~ Am o 23526470 —0.51E) 044(1y  —LI11(17)
1931r 20.84(71) _0’21(7) 050(2) _0‘92(14) Cm 2522(41) 055(5) 040(1) 000(10)
194Ir 16.60(58) _1.29(10) 0.60(2) _2.31(19) 247Cm 21.62(48) —033(9) 0‘44(2) —0.78(17)
193p¢ 17.68(74) —0.70(12) 0.55(3) —1.40(22) 28Cm 23.32(57) 0.49(0) 0.41(2) 0.16(25)
195p¢ 14.01(73) ~1.01(16) 0.66(4) —1.85(29) 29Cm 23.28(52) —0.34(7) 0.41(1) —0.79(15)
196pg 15.91(27) 0.40(7) 0.60(2) —0.29(15) 2Bk 23.64(35)  —0.84(8) 0.43(1)  —1.50(15)
197pg 13.64(58)  —1.00(17)  0.66(4) —1.75(34) »0cf 23.07(31) 0.42(6) 0.43(1)  —0.08(14)
199py 14.61(58)  —0.77(15)  0.61(3) —1.36(29) »icf 23.86(46)  —0.27(6) 0.41(1)  —0.74(12)
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