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Abstract

The nuclear level density parameter a in non Equi-Spacing Model
(NON-ESM), Equi-Spacing Model (ESM) and the Backshifted
Energy Dependent Fermi Gas model (BSEDFG) was determined for
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106 nuclei; the results are tabulated and compared with the
experimental works. It was found that there are no recognizable
differences between our results and the experimental a-values. The
calculated level density parameters have been used in computing the
state density as a function of the excitation energies for *®Fe and

2°Cm nuclei. The results are in a good agreement with the
experimental results from earlier published work.
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Introduction

The levels of the nucleus can be divided
into two energy regions, namely the low
energy and high-energy excitations. The
low-lying nuclear excited levels are small in
the number, well separated, and rather
simple in structure. With increasing
excitation energy, the spacing between these
levels is progressively reduced and the
nature of the excitations becomes very
complicated. The most relevant quantity
describing the statistical nuclear properties is
the level density of the systemw(E),

expressed asa function of angular

35

momentum, excitation energy, number of
protons and neutrons or simply the mass
number. Nuclear level densities are some of
the most important quantities in nuclear
physics, especially, for nuclear reaction
models. The first major study of level
densities was conducted by Hans Bethe in
1936 [1], then many experimental
calculations for nuclear level density have
been made [2-5]. These calculations are
based on the formula introduced by
Bethe[1]. The most important quantity that
is required in calculating the nuclear level
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density is the level density parameterd. The
main challenge in this work is the
determination of the level density parameter
a which affects the value of the nuclear
level density w(E) .

Fermi Gas Model

The simplest system, which does not
have equidistant levels, is the Fermi gas
system, where the single-particle level
density increases with the square root of the
kinetic energy of the particles. In this model
the nucleons are treated as freely moving
non-interacting Fermions in a spherical
potential well whose size corresponds to that
of the nucleus, and its depth adjusted so that
the Fermi energy raises the highest nucleons
up to the observed binding energy usually
near 8 MeV. In this model, the difference
between neutron and proton single particle
spacing is neglected, and the particles are
supposed to occur with equal probability.
The nucleus is considered as a free Fermi
gas of neutrons and protons where both are
move in a nuclear volume V.

The level density parameter (a) is related to
the mass number A and Fermi energy Ex by

the relation [6]:

2
T

a=-9 (1)
where g is the single particle level density
and for equispacing model (ESM) it given
by [7]:
3A
— 2
9o 2E, )

For the non-equispacing model (NON-ESM)
it is given by:

a(e) :go\/EZ 3)

where £ is the single particle energy

measured from the bottom of the potential
well.
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Therefore, the only difference between the
equidistant and Fermi gas model expressions
is the value of the level density parameter a.
There have been a number of ideas about
the value of a, which affects the value of the
nuclear level density. One of these ideas is
the back shifted Fermi gas level density
parameter.

The level density parameter in BSEDFG
model

The level density parameter in BSEDFG can
be represented as [8]:

S(z,N)-A

a(E,z,N)=a 1+ 4)

where d is the asymptotic value of a,
S(z,N) is the shell correction and it defined
as [8]:

S(Z!N):Mexp_MLD ®)
M,,, is the experimental mass taken from

ref. [9] and M,,is the liquid drop mass
estimated using the liquid drop formula:

M5 (N,z2)=NM, +zM, —E—zb
C

f(E-E,)

where M, is the proton mass, M, is the
neutron mass and Ep is the binding

energy[8]:
2 _ 2
E, =—{-15.65x A +17.63A"" +::_)izzA’V3 +A(27.72—15.6A’V3{¥) }

I’0
(6)
where N, z and A are the neutron number,
proton number and the mass number

respectively, e is the electron charge and
1y, = 1233 fm.

The pairing term was not included in Eq.(6),
therefore, it was subtracted from the shell
correction, Eq. (4), and it has deferent values
depending on whether the nuclei is even-
even, odd-odd or odd mass, it was calculated
using[8]:



Iragi Journal of Physics, 2013

+0.5P,
A=4 0
—-0.5P,
The function f(E—-E,) can be calculated
as:
f(E-E,)=1-¢7& ™ (8)
where E, is the back shift energy and
y = 0.06 MeV™* [8].
The back shifted energy E; is defined as [8]:

(7)

P,-0.5P, +P, a5z N) even - even

S R L) T )
p,—05p, +p, BEN) odd - odd

With

P, =—0.477,P, =—0577,P, =—0.231and P, =0.442

The asymptotic value of the level density
parameter was calculated using:

a
A=RRA (10)

with P, =0.127and P, =—9.05x10° and
the deuteron pairing Py is given by [8]:
P, :%(—l)“[sd(A+2,z+1)—28d(A, 2)+S,(A-2,2-1)] (11)

Sq is the deuteron separation energy.
The level density parameterd, resulting
from the fitting procedure done in this work,
for the experimental results [10], in case of
the effective moment of inertia 1e=0.5 g,
where lig is the rigid body moment of inertia
for different nuclei, is given by :
a=032x2° +0.75xZ* ~067xZ* -29x2* +39xZ +15 (12)
where:
S _ A-1.4x10?
55

Results, Discussions and Conclusions

As shown in Eq.(12), an empirical
formula for the level density parameter has
been formulated and tabulated in Table (1)
for even-even, odd-odd and odd mass nuclei
starting from z=18 to z=96 for about 106
different nuclei, except for the 209-230

(13)
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mass nuclei due unavailable experimental
data. Table (1) includes the values of the
level density parameter taken from the
experimental calculations [10], polynomial
value of the parameter-a which refer to it as
@,oynomar 1S Calculated in this work. The

ESM parameter-a, the energy dependent
level density parameter (where the single-
particle energy value was taken to be 100
MeV and the Fermi energy is 38 MeV) and
Finally, BSEDFG level density parameter,
are tabulated in Table (1) and sketched in
Fig.1.

30 L} 1 L} L} 1 ! L} ! L} 1

_ 5 4 3 2
apo‘ynom,aI = 0.32*20 + 0.75*2O - 0.67*20 - 2.9*20 + 3.9*10 +15 m

| where 2)* (A - 1.4e+002)/55

. even-ewen

Sihdegree
B ommes

A wo
L L L L L L L

00 120 140 160 180 200 220 240
A (mass number)

10 L} L] L} L} L] L] L} L] L} L]
residuals

0

5F

10 L L L L L L L L L L

60 8 100 10 140 160 180 200 20 240
Fig.1: The level density parameter a extracted
from the data tabulated in ref.[10] with the
polynomial fitting of the data.

To give a preliminary survey Fig. 2 shows
the level density parameter a as a function
of the mass number for even-even, odd-odd
and odd-mass nuclei, where the results of
the present empirical evaluations are shown
as triangles, squares and circles, the full line
shows the fitting of these experimental
results. The dashed line represents the
energy dependent level density parameter,
the dashed dotted line gives the results for
the case of energy independent level density
parameter, and finally the back shifted
energy dependent level density parameter.
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Referring to this figure one can pointed out
no recognizable differences between the
experimental and BSEDFG a-values for
even-even, odd-mass and odd-odd nuclei,
due to the pairing correction Py that was
added to the calculations. Also, we will find
no recognizable differences in the a-values
for even, odd-mass and odd nuclei; Even the
slight decrease of the a-values at masses
between 150 and 185. Fig. 2 is expected as
the result of the decreased single particle
level density with increasing deformation.
An error may be noticed in the figure come
from the contribution of strong p-levels to
the number of observed resonances even at
low neutron energy in those mass ranges
where the p-wave strength considerably
exceeds the s-wave strength
(A=90,A=140andA = 240) the level

density parameter calculated using Egs. (2
and 3) give a linear dependence on the mass
number.
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Fig.2: The level density parameter as a
function of the mass number for even-even,
odd-odd and odd mass nuclei taken from the
experimental results of ref.[10] compared with
the energy dependent level density parameter
with £ = 100 MeV, the energy independent level
density parameter and the BSFG ED level
density parameter calculated in this work and

taken from Table 1.
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For the case of including the single-particle
energy, the increasing of the particle energy
increases the level density parameter, while
the energy independent level density
parameter gives a constant value for each
nucleus, which may give unacceptable
results. The level density parameter that
calculated in this work which depends on the
incident particle energy gives accurate
results and close to the experimental results,
this is clear and can be seen when applying
the level density parameter value calculated
in this work in the estimation of the state
density as seen later in Fig. 3.

For the purpose of making sure the present
calculations are matching with the
experimental works of others, Fig. 3 shows
the detail of these comparisons with
experimental results for the state density,
taken from ref. [8], and that estimated by
using the level density parameter values in
Table 1. The following form of the total
state density was adopted [10]:

1 eXp[Z[a(E_A)%ﬂ (15)

E)=
(&) 1242 ca*a(E—A+t)4
With:
it
o = ut = 0.0150A75t (16)

The values of A and t are 0.66 [12], and

1.0114 [13] respectively for **Fe and equal
0.2 and 0.5721 for #**Cm. A close agreement
IS seen between our results and the
experimental results of the state density as a
function of the excitation energy for
energies up to 25 MeV. Using the energy
independent level density parameter gives
results very far from the practical results,
that is why it is preferable not to use the
energy independent level density parameter
in the calculation of the state density in
order to get the correct results.
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Fig.3: The state density calculated for **Fe and **°Cm as a function of excitation energy with different
values of the level density parameter taken from Table 1. All the results are compared with the
experimental data of the state density [11].

Table 1: The level density parameter-a calculated in this work for various 106 nuclei using different

methods.
Even- | A a a . z° 2 a
even exp. polynomial a= (ngo a= (EGJQO /5/ EF BSFGEDt k
lei I = (present work)
nuc [10] (present U, =3A/2E; | £=100MeV
work) E, =38MeV
»Ca 44 5.29 4.69747832 2.85409474 4.629953043 5.50148736
2T 48 5.37 5.17900673 3.11355789 5.050857865 5.52146137
50 5.26 5.4116378 3.24328947 5.261310276 6.02975355
24Cr 54 5.28 5.86514761 3.50275263 5.682215098 5.76140283
ssFe 58 5.98 6.30810296 3.76221579 6.10311992 6.3415782
2gNi 62 6.48 6.74561987 4.02167895 6.524024742 6.65503324
30ZN 68 7.25 7.40020635 4.41087368 7.155381975 8.00875581
32Ge 74 9.96 8.0606976 4.80006842 7.786739208 9.09099973
uSe 78 9.66 8.50683111 5.05953158 8.20764403 9.254572
38Sr 88 8.75 9.6442271 5.70818947 9.259906085 9.83765017
2021 92 9.92 10.1060055 | 5.96765263 9.680810907 10.6224629
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eE\\//::_. § ?exp; 05l .. ol o [7;2]90 " (ijgo\/ﬁ (?)?SeriEth work)
nuclei [{f(;] rioid (present g, =3A/2E. | £=100MeV
work) E. =38MeV
Mo 96 10.37 10.5693824 | 6.22711579 | 10.10171573 11.0340466
98 | 11.05 10.8010097 | 6.35684737 | 10.31216814 11.4501553
wRu 100 | 10.85 11.0321965 | 6.48657895 | 10.52262055 12.0379756
102 | 12.02 11.2626176 | 6.61631053 | 10.73307296 12.2459708
4Pd 106 | 13.35 11.7197779 | 6.87577368 | 11.15397778 12.8785042
4sCd 112 | 135 12.3907793 | 7.26496842 | 11.78533502 13.6744365
114 | 14.36 12.6089769 7.3947 11.99578743 14.0274351
505N 118 | 13.28 13.0348032 | 7.65416316 | 12.41669225 13.3750416
120 | 12.96 13.2416427 | 7.78389474 | 12.62714466 13.1627797
sple 124 | 13.53 13.6412326 | 8.04335789 | 13.04804948 15.0849397
126 | 13.77 13.8332288 | 8.17308947 | 13.25850189 14.9903118
54 Xe 130 | 13.46 14.1998244 | 8.43255263 | 13.67940672 14.7373784
132 | 13.59 14.3737486 | 8.56228421 | 13.88985913 15.0480592
seBa 136 | 13.54 147013029 | 8.82174737 | 14.31076395 15.1558631
138 | 11.76 14.8543806 | 8.95147895 | 14.52121636 14.8659909
soNd 144 | 15.31 15.2680614 | 9.34067368 | 15.15257359 16.2113957
146 | 16.47 15.3901835 | 9.47040526 | 15.363026 16.2228746
625Mm 148 | 15.63 15.5042121 | 9.60013684 | 15.57347842 17.11393
150 | 17.72 15.6100793 | 9.72986842 | 15.78393083 17.8295009
152 | 17.04 15.7077585 | 9.8596 15.99438324 17.9051928
64Gd 156 | 16.79 15.8786673 | 10.1190632 | 16.41528806 17.6566381
158 | 16.42 15.9520718 | 10.2487947 | 16.62574047 17.5527322
Y 162 | 16.44 16.0755968 | 10.5082579 | 17.04664529 17.8704107
164 | 15.23 16.1262057 10.6379895 17.2570977 17.9941847
esEr 168 | 16.58 16.2067705 | 10.8974526 | 17.67800253 18.0873278
720Yb 172 | 17.3 16.2627243 | 11.1569158 | 18.09890735 19.2029519
174 | 16.9 16.2828158 | 11.2866474 | 18.30935976 18.9371323
7oHf 178 | 18.06 16.3105234 | 11.5461105 | 18.73026458 19.4614311
180 | 17.76 16.3196784 | 11.6758421 | 18.94071699 18.4981708
724W 184 | 18.08 16.3330176 | 11.9353053 | 19.36162181 19.5080585
760s 188 | 18.07 16.3465804 | 12.1947684 | 19.78252664 20.9440512
190 | 18.37 16.3563343 | 12.3245 19.99297905 20.9111294
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Even- | A ) 2 2
even ?exp; 05l .. ol o (2]90 " (ngo\/ﬁ (?)?SeriEr?t work)
nuclei ]T) rioid (present 0, =3A/2E; | £=100MeV
[10] work) E. =38MeV
2gPt 196 | 17.95 16.4135013 12.7136947 20.62433628 21.5174676
soHg 200 | 14.86 16.4901024 12.9731579 21.0452411 18.4552726
202 | 14.68 16.5450396 13.1028895 21.25569351 19.2160412
aPb 208 | 8.53 16.7995572 13.4920842 21.88705075 16.3075695
90Th 230 | 23.62 19.8127868 149191316 24.20202727 23.3804865
U 234 | 23 20.9152557 15.1785947 24.62293209 24.6700114
236 | 24.58 21.5549377 15.3083263 | 24.8333845 25.2157611
9aPU 240 | 24.72 23.0314807 15.5677895 25.25428932 25.0089065
6CM 246 | 22.61 25.8046002 15.9569842 | 25.88564656 27.6892429
Odd- A = Byoiynomial T’ 2 & sspezo(MeV ™)
odd IE‘,-J,: = 0.5/, 514 (bre}sent @ (?)3“ a:(’%]go\/ﬁ (present work)
Nuclei [10] work) go = 34/2F | £ =100MeV
E. =38MeV
21SC 46 572 49412812 2.98382632 4,840405454 459567797
2V 52 5.24 5.6400768 3.37302105 5.471762687 6.35421687
xMn 56 5.83 6.0875981 3.63248421 5.892667509 6.33120716
27Co 60 6.41 6.5272652 3.89194737 6.313572331 7.36658187
2CU 64 7.55 6.9636352 415141053 6.734477153 7.32868565
66 7.94 7.1817162 428114211 6.944929564 7.76507802
21Ga 70 8.53 7.6193901 454060526 7.365834386 9.41714445
72 8.68 7.8394958 4.67033684 7.576286797 9.02410688
33AS 76 9.78 8.2831181 4.9298 7.997191619 9.48550276
3sBr 80 9.94 8.7318633 5.18926316 8.418096441 9.86274546
82 10.72 8.9581975 5.31899474 8.628548852 10.2368361
37Rb 86 7.84 9.4144962 5.57845789 9.049453674 9.77488798
39Y 90 7.93 9.8747974 5.83792105 9.470358496 9.63092983
uNb 94 11.42 10.33762 6.09738421 9.891263318 11.0268624
sRh 104 | 13.35 11.491930 6.74604211 10.94352537 12.6915937
47Ag 108 | 13.49 11.945789 7.00550526 11.3644302 13.814527
110 | 14.39 12.169586 7.13523684 11.57488261 14.0946985
200N 114 | 14.46 12.608976 7.3947 11.99578743 13.5640243
116 | 1453 12.823783 7.52443158 12.20623984 14.3401311
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- a 2 2 - Malr 1y
id | | 1on, | S o T | ao{ T lonTE | o
Nuclei [10] \(,\%?E()en g, =3A/2E, | £=100MeV

E, =38MeV
aSb [ 122 | 13.72 13.443913 | 7.91362632 | 12.83759707 14.8739111
124 | 12.99 13.641232 | 8.04335789 | 13.04804948 14.7635785
o] 128 | 1373 14010541 | 8.30282105 | 13.46895431 14.626706
=Cs | 134 | 1295 14541004 | 8.69201579 | 14.10031154 14.8392116
La | 140 | 1268 15 9.08121053 | 14.73166877 15.6008468
WPr | 142 | 1419 15137952 | 9.21094211 | 14.94212118 15.3496082
oEu | 152 | 19.66 15707758 | 9.8596 15.90438324 18.4297763
154 | 19.55 15.797266 | 9.98933158 | 16.20483565 18.1883277
oTb | 160 | 17.46 16.017642 | 10.3785263 | 16.83610288 17.0033118
Ho | 166 | 16.74 16.160799 | 10.7677211 | 17.46755011 18.5551002
oTm | 170 | 17.68 16237571 | 11.0271842 | 17.88845494 18.6096719
2Lu [ 176 | 1827 16.298504 | 114163789 | 18.51981217 20.0597577
oTa | 182 | 18 16.326854 | 11.8055737 | 10.1511694 10.7648887
Re | 186 | 18.64 16.339215 | 12.0650368 | 19.57207423 20.7978174
188 | 18.92 16.346580 | 12.1047684 | 10.78252664 21.1246786
T 192 | 1956 16.369787 | 12.4542316 | 2020343146 21.2498897
194 | 17.99 16.388343 | 125839632 | 20.41388387 20.4985626
AU | 198 | 1626 16.446855 | 12.8434263 | 20.83478869 19.8182868
Tl | 204 | 11.26 16.613560 | 13.2326211 | 21.46614502 18.5632163
206 | 10.21 16.607702 | 13.3623526 | 21.67659834 163255224
oBi 210 | 1012 16.921365 | 13.6218158 | 22.09750316 17.8411221
oNp | 238 | 2471 22058044 | 154380579 | 25.04383601 256354378

- Qexp. 2 2 ‘_ MV~ 1
mass || os | S as(T | as(bTE | Greentworg
Nuclei [10] vsork) g, =3A/2E, | &£=100MeV

E, = 38MeV

WA 41 | 452 43180224 | 2.6594973 | 4.314274426 5.142583
oK 41 |39 43180224 | 2.6594973 | 4.314274426 5032031
Ca |41 | 412 43180224 | 2.65949737 | 4.314274426 5.680418

43 | 463 457296784 | 2.78922895 | 4.524726837 5.357583

45 | 492 4.82020416 | 2.91896053 | 4.735179248 5.849749
Tl |47 | 468 5.06084032 | 3.04869211 | 4.945631659 5.006182

49 | 537 5.050008 | 3.17842368 | 5.15608407 6.221961
Y, 49 | 485 5950008 | 3.17842368 | 515608407 | ...

51 |7.23 552632801 | 3.30815526 | 5.366536481 7.12776
wCr |51 | 476 552632801 | 3.30815526 | 5.366536481 6.130819

53 | 5.09 575208473 | 3.43788684 | 5.576988892 5.827369

55 | 522 5.97665659 | 3.56761842 | 5.787441303 6.152112
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Odd- A i i z’ & psroep(MeV 1)
sy | e G| a-( o, |4~ JTE | resemtwong
Nuclei tor =03 work) 9, =3A/2E, | &=100MeV
[10] E, =38MeV
Mn |51 | 423 552632801 | 3.30815526 | 5.366536481 | ...
53 | 4.64 5.75298473 | 343788684 | 5.576988892 | ...
55 | 4.74 5.97665659 | 3.56761842 | 5.787441303 | ...
oFe |55 | 487 5.97665659 | 3.56761842 | 5.787441303 6.347724
57 | 5.22 6.19805446 | 3.69735 5.997893714 6.170524
2Co |55 |49 5.97665659 | 356761842 | 5.787441303 | ...
57 | 5.21 6.19805446 | 3.69735 5997893714 | ...
59 |55 6.41781692 | 3.82708158 | 6.208346125 | ......
NI |59 | 401 6.41781692 | 3.82708158 | 6.208346125 6.85504
61 | 569 6.63651273 | 3.95681316 | 6.418798536 6.948118
63 | 6.67 6.8546432 | 4.08654474 | 6.629250947 7.857594
65 | 6.9 7.07264469 | 4.21627632 | 6.839703358 7.91924
»CU | 61 | 503 6.63651273 | 3.95681316 | 6.418798536 | ......
63 |5.74 6.8546432 | 4.08654474 | 6.629250947 | ......
65 | 547 7.07264469 | 4.21627632 | 6.839703358 | ......
wZn | 65 | 7.07 7.07264460 | 421627632 | 6.839703358 7.837973
67 | 7.74 7.20089103 | 4.34600789 | 7.050155769 7.882864
69 | 7.32 7.50969597 | 4.47573947 | 7.26060818 8.346354
2Ge |71 | 833 772931561 | 4.60547105 | 7.471060501 9.000851
73 | 8.74 7.94995084 | 4.73520263 | 7.681513002 8.681587
75 | 8.03 8.17174982 | 4.86493421 | 7.891965413 8.206081
77 | 9.26 8.39481035 | 4.99466579 | 8.102417824 8.688087
wSe |75 | 9.29 8.17174982 | 4.86493421 | 7.891965413 9.221092
77 | 9.25 8.39481035 | 4.99466579 | 8.102417824 9.143392
79 | 9.78 8.61918238 | 512439737 | 8.312870235 8.634957
81 | 102 8.84487042 | 5.25412805 | 8.523322646 10.35598
83 |9.35 9.07183597 | 5.38386053 | 8.733775057 10.11008
wST | 85 | 9.95 9.3 551359211 | 8.944227469 10.58398
87 | 9.97 0.52924536 | 5.64332368 | 9.15467988 9.352705
89 | 7.63 0.75941922 | 577305526 | 9.365132291 10.32116
wZr |91 |9 0.99033553 | 5.00278684 | 9.575584702 10.81066
93 | 10.89 10.2217775 | 6.03251842 | 9.786037113 10.90037
95 | 10.99 10.4534998 | 6.16225 9.996489524 11.68625
oMo |93 | 9.19 10.2217775 | 6.03251842 | 9.786037113 10.96484
95 | 10.02 10.4534998 | 6.16225 9.996489524 10.93223
97 | 1076 10.6852315 | 6.20198158 | 10.20694193 10.90001
99 | 12.05 10.9166781 | 6.42171316 | 10.41730435 11.62667
101 | 13.48 111475238 | 6.55144474 | 10.62784676 11.59007
WRU | 103 |1L.37 11.3774347 | 6.68117632 | 10.83829917 11.36869
105 | 13.63 11.6060603 | 6.81090789 | 11.04875158 12.15483
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Odd- A i 2 7’ & gspeepl eV _1:'
sy | e G| ao( o |4~ | resemtwong
Nuclei tor =0-2Nriga work) 9, =3A/2E, | &=100MeV
[10] E, —38MeV
oCd | 113 | 1336 125002773 | 7.32083421 | 11.89056122 13.45191
115 | 14.74 127168288 | 7.45956579 | 12.10101363 14.2347
oSN | 113 | 1458 125002773 | 7.32083421 | 11.89056122 14.0506
115 | 12.85 127168288 | 7.45956579 | 12.10101363 14.30474
117 | 13.84 12.9297913 | 7.58929737 | 12.31146604 14.15689
119 |13.92 13.1387699 | 7.71902895 | 12.52191846 14.41021
121 | 1477 13.3433731 | 7.84876053 | 12.73237087 1254215
123 | 13.95 13.5432152 | 7.97849211 | 12.94282328 13.80684
125 | 13.09 13.7379189 | 8.10822368 | 13.15327569 13.93031
oTe | 123 | 1433 135432152 | 7.97849211 | 12.94282328 14.90146
125 | 139 13.7379189 | 8.10822368 | 13.15327569 1573198
127 | 1461 13.9271175 | 8.23795526 | 13.3637281 14.81972
129 | 14.26 14.1104576 | 8.36768684 | 13.57418051 16.36709
131 | 14.16 14.2876012 | 8.49741842 | 13.78463292 18.25256
Ba | 135 | 141 14.6220402 | 8.75688158 | 14.20553774 14.24978
137 | 13.86 147787598 | 8.88661316 | 14.41509016 16.13866
139 | 1276 14.9281363 | 9.01634474 | 14.62644257 15.34556
JLa | 139 | 1234 14.9281363 | 9.01634474 | 14.62644257 14.25204
oCe | 137 | 1465 14.7787598 | 8.88661316 | 14.41509016 16.96715
141 | 15.43 15.0699465 | 9.14607632 | 14.83689498 1753128
143 | 1651 152039972 | 9.27580789 | 15.04734739 16.91696
oNd | 143 | 17.67 152039972 | 9.27580789 | 15.04734739 16.98009
145 | 1547 15.3301283 | 9.40553947 | 15.2577998 17.63495
147 | 164 15.4482146 | 9.53527105 | 15.46825221 16.6986
151 | 17.59 15.6599424 | 9.79473421 | 15.88915703 16.69925
oSm | 151 | 1656 15.6599424 | 9.79473421 | 15.88915703 17.34688
153 | 16.69 157535312 | 9.92446579 | 16.09960944 16.86351
155 | 15.49 15.8389747 | 10.0541974 | 16.31006185 16.86013
Gd | 153 | 1801 157535312 | 9.92446579 | 16.00960944 17.95326
155 | 182 15.8389747 | 10.0541974 | 16.31006185 18.24469
157 | 16.35 15.9163601 | 10.1839289 | 16.52051427 17.77053
159 | 16.38 15.9858242 | 10.3136605 | 16.73096668 1750515
161 | 16.3 16.0475563 | 10.4433921 | 16.94141909 17.48096
Dy | 157 | 19.08 15.9163601 | 10.1839289 | 1652051427 18.36803
159 | 15.84 15.9858242 | 10.3136605 | 16.73096668 16.90873
161 | 18.41 16.0475563 | 10.4433921 | 16.94141909 17.63037
163 | 15.68 16.1018001 | 105731237 | 17.1518715 17.34935
165 | 15.42 16.1488566 | 10.7028553 | 17.36232391 17.23237

44



Iragi Journal of Physics, 2013

Vol.11, No.20, PP.35-46

odd- [A [ _ ; 2 P——T
mass | " | om | o | as(Sle | (o ETE | Gntwond
Nuclei [10] V\F/)OI’k) g, =3A/2E, | £=100MeV
E, =38MeV
= 163 | 18.21 16.1018001 | 10.5731237 17.1518715 18.47276
165 | 17 16.1488566 | 10.7028553 17.36232391 17.98798
167 | 17.07 16.1890862 | 10.8325868 17.57277632 18.33755
169 | 16.73 16.2229114 | 10.9623184 17.78322873 18.01162
171 | 16.59 16.2508192 | 11.09205 17.99368114 18.36604
20Yb 171 | 16.24 16.2508192 | 11.09205 17.99368114 18.59466
173 | 16.59 16.2733632 | 11.2217816 18.20413355 18.91443
175 | 16.51 16.2911666 | 11.3515132 18.41458596 18.67521
177 17.16 16.3049244 | 11.4812447 18.62503838 18.94611
nLu 177 | 18.04 16.3049244 | 11.4812447 18.62503838 18.62813
7oHf 175 | 17.33 16.2911666 | 11.3515132 18.41458596 19.06473
177 | 17.77 16.3049244 | 11.4812447 18.62503838 19.47821
179 | 17.44 16.3154054 | 11.6109763 18.83549079 19.6769
181 | 17.61 16.3234554 | 11.7407079 19.0459432 20.50287
74W 181 | 18.35 16.3234554 | 11.7407079 19.0459432 19.51901
183 | 16.74 16.3299993 | 11.8704395 19.25639561 20.02515
185 | 16.8 16.3360432 | 12.0001711 19.46684802 20.30986
187 | 18.57 16.3426776 | 12.1299026 19.67730043 20.16339
760S 187 | 17.71 16.3426776 | 12.1299026 19.67730043 19.86439
soHg 199 | 15.92 16.4671325 | 12.9082921 20.9400149 20.24573
201 |13 16.5159933 | 13.0380237 21.15046731 18.01871
g2Pb 205 | 12.09 16.6535558 | 13.2974868 21.57137213 19.42503
207 | 8.94 16.7462777 | 13.4272184 21.78182454 17.53924
209 | 8.48 16.8578231 | 13.55695 21.99227695 24.10089
o0lh 231 | 24.33 20.0675084 | 14.9839974 2430725347 25.42159
233 | 24.07 20.6182632 | 15.1137289 24.51770588 25.00017
oU 233 | 242 20.6182632 | 15.1137289 24.51770588 24.83092
235 | 23.69 21.2273131 | 15.2434605 24.7281583 2457222
237 | 24.37 21.8986411 | 15.3731921 24.93861071 25.15343
239 | 25.11 22.6363776 | 15.5029237 25.14906312 26.09505
94PU 239 | 22.28 22.6363776 | 15.5029237 25.14906312 25.21975
241 | 23.01 23.4448029 | 15.6326553 25.35951553 25.89626
9sAm 243 | 22.05 24.3283496 | 15.7623868 25.56996794 26.2458
96Cm 245 | 23 25.2916051 | 15.8921184 25.78042035 25.29426
247 | 21.65 26.3393141 | 16.02185 25.99087276 23.8386
249 | 23.14 27.4763807 | 16.1515816 26.20132517 25.4437
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