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The Study of nuclear softness parameters and energy Ratio Energy for some

(even-even) deformed nucle
el At s sled

Abstract:

In this article presents two different models PW and NS2, the formula of PW model includes
three parameters while NS2 model contain two parameters. The two models contain a softness
parameter with other parameters. The rigidity of nucleus related with softness parameter, mostly
theratio R, of energy givesindex to nuclesto berigid.

Key word: softness parameter — rigidity — ratio — softness model.

I ntroduction:

In semi classic Bohr — Mutlson [1] we managed the equation conclusion to calculation rigid

rotation energy can be written as:
2

R
E = 2—011(1 +1) e (1)

Where: [ is the spin, which takes the sequence = 2,4.6,...even parity, and 6, is the nuclear
moment of inertia. Many researchers evolved an Equation (1), the results obtained resulted in
several nuclear models. Gupta [2,3,4] proposed the nuclear softness model NS2, it is assumed
that deformed nuclei it has softness where this impact attributed to the momentum of inertia with
spin. We can written in term of the softness parameter ¢ to the first order gives as:
J=01+0cl)...... (2)
Where: 6, it is ground state vales about 6, for I = 0 formulathe energy ground state of equation
(1) become as.
I+

E;=A e (3
! 1+ 04l ®

. . 2
Where: This equation (3) known as nuclear softness two parameters NS2, A, 0, and A = # /2 o,

thisinclude tow parameter A, o it calculations from becoming with experiment data.
Theory:

The ground state energy of deformed ( even — even) nuclei are given by:
2

£
E = 2—911(1 +1) e (1)

We can thus describe the rotational energy of each nucleus with one parameter the moment of
inertia 6;. 8; To correct energy levels, they added new terms to express vibratory and rotational
energy levels, the equation can be written as follows [5]:
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E =21+ 1) - BPU+ 1. ()
1

E, =AI(I+1)—BI*(I+ 1) ... 3
Where: B is parameter for expressing vibration energy levels. Even with additional in Eq 2 it is
still there different at higher the energy levels, Morinaga [6] suggested inserting new term which
IS softness parameter given as:
1 A™6,
o, = EQOAIn vee e e
n=123, ...
By inserting softness parameter for Eq (3) in Taylor expansion for Eq (2) of 1/91 about ground

state vales 6, for I = 0 the Eq as:

_ RAI(I+1) 1 I N pr2 2
EI B 26q 1+041 ( 1+011+0,12 ) BI (I +1 (5)

Where: 6, is moment of inertia, o, , 0, , 05 are softness parameters and a,, is softness parameter

writes from Eq (4). Takes the nuclear softness parameter in first order, while o, , g3, ... equal to
zero, Eq (2) contain two parameters expression:

E =A <’(1 AN 01,) — B2+ 1) .. (6)

(4)

This. Eq (6) contain three parameters for new model (PW), where is A = #? , B is
26,

vibration energy levelsand o; is softness parameter.
Results and Discussion:

In Table (1,2,3) the nuclear softness parameters op,, and oy, Were calculated from equations
(3,5) using calculated energy data by computer programs with the Newton-Raphson method,
where sigmain second and fourth columns, the energy ratio (R, = E4/E2) for PW and NS2 in
the first and third columns. Table (4): By using laboratory data for (even- even) deformed nuclei
and computer programs we calculated energy for PW andNS, models by equation (2,4), which
show in columns (2 and 3), while the energy ratio show in columns (5 and 6). The fig (1,2) the
softness parameter as given by equation (2,4) is plotted against (R,) by relation (R, = E4/E2)
for (even — even) nuclei. The fig (3) the sigma oy, is plotted against mass number and The fig
(4) the energy Ratio is plotted against mass number for (PW) model . The fig (5) the sigma gpy,
is plotted against mass number , The fig (6) the gy, is plotted against mass number for (NS2)
model and The fig (7) the energy ratio is plotted against mass number for (NS2) model.
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Table (1): Experimental and Theoretical (PW & NS2) in (Kev) energies of ground state (even -
even) deformed nuclei data are givesby [5, 3]

R1 R1 R1
EXP NS2 PW _ Epxp(4) _ Ens(2) _ Epw(2)
Epxp(2) Ens(D Epy (D
Mg24
2 1368.6 13195 1334 1 1 1
4 41227 4122.7 4122 3.01234838521 3.12444107617 3.08995502249
6 8120 8146.9 8117 1.96958304024 1.97610789046 1.96918971373
8 13200 13188.2 13203 1.62561576355 1.61879978888 1.62658617716
Bal26
2 256.1 240.8 252 1 1 1
4 7116 711.6 722 2.77860210855 2.95514950166 2.86507936508
6 1333 1341.8 1340 1.87324339517 1.8856098932 1.8559556767
8 2090 2087.1 2076 1.56789197299 1.5554479058 1.54925373134
10 2919 2918.2 2924 1.3966507177 1.39820803986 1.408477842
Cel28
2 207.3 202 205 1 1 1
4 607.3 606.6 609 2.92957067053 3.00297029709 2.97073170732
6 1157.8 1158.9 1157 1.90647126626 1.91048466864 1.89982579639
8 1820 1822.3 1821 1.57194679565 157243938217 1.5738980121
10 2573 2571.3 2589 1.41373626374 1.41101904187 1.42174629325
Sm154
2 121.78 119.3 121 1 1 1
4 366.4 365.1 366 3.00870422073 3.06035205365 3.02479338843
6 712 708.6 708 1.94323144105 1.94083812654 1.93442622951
8 1122 1129.2 1127 1.57584269663 1.59386477561 1.5918079096
10 1615 1611.8 1614 1.43939393939 1.4273822175 1.43212067436

Table (2): Experimental and Theoretical (PW & NS2) in (Kev) energies of ground state (even -
even) deformed nuclei data are givesby [5, 3]

R1 R1 R1
' EXP NS2 PW - Esxp(4)/ - ENS(Z)/ - Epw(Z)/
Epxp(2) Ens(D Epw (D
Er158
2 192.7 182.4 193 1 1 1
4 528.4 527.3 540 2.74208614427 2.89089912281 2.79792746114
6 972.2 977.3 982 1.83989401968 1.85340413427 1.81852851852
8 1497.7 1499.3 1492 1.54052664061 1.53412462908 1.51934826884
10 2075.7 2072.8 2062 1.38545770181 1.38251183886 1.38203753351
12 2684 2684.3 2691 1.29305776365 1.29501157854 1.30504364694
Yb166
2 101.8 110.1 101.8 1 1 1
4 320.7 344.3 328.32 3.23870333988 3.12715712988 3.22514734774
6 667.1 681.1 665.01 2.02335456476 1.97821667151 2.02549342105
8 1097 1103.5 1096.2 1.64443111977 1.62017324916 1.6483926472
10 1604.1 1598.2 1604.8 1.46226071103 1.4483008609 1.46396642948
12 2172 2154.4 2172.2 1.35403029736 1.34801651858 1.35356430708
14 27744 2763.4 2778 1.2773480663 1.28267731155 1.27888776356
16 3402.2 3418.2 3400.1 1.22628316032 1.23695447637 1.22393808495
Cm244
2 42.9 43.14 42.9 1 1 1
4 142.3 142.3 141.8 3.31701631702 3.29856281873 3.30536130536
6 296 295.8 295.2 2.08011243851 2.07870695713 2.08180535966
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Table (3): Experimental and Theoretical (PW & NS2) in (Kev) energiesof ground state (even -
even) deformed nuclei data are givesby [5, 3]

[ Epxp Ens Epw R1 R1 R1
_ Eexp (4)/ _ ENs(Z)/ _ Epw(z)/
Epxp(2) Ens(1) Epw(1)
2 945 1015 %4 1 1 1
4 307.9 320.0 305 3.2562010582 3.15270935961 3.24468085106
6 627 6375 621 2.03637544657 1.9921875 2.03606557377
8 1036 1039.5 1029 16531259968 1.6358823529 1.65700483092
10 1519 1514.0 1515 1.46621621622 145646945647 1.472303207
12 2063 20513 2063 1.35813034891 135488771466 1.36171617162
14 2651 2643.6 2655 1.28502181289 128874372349 1.28696073679
16 3273 3283.9 3274 1.2346284421 1.24220759557 1.23314500942
W176
2 108.7 1176 109 1 1 1
4 3485 3634 347 3.20607175713 3.09013605442 3.18348623853
6 699.4 7113 695 2.0068866571 1.95734727573 2.00288184438
8 1140 11416 1134 1.62996854447 160494868551 1.6316546726
10 1648 1639.6 1646 1.44561403509 143622985284 145149911817
12 2206 21938 2211 1.33859223301 1.33800927055 1.3432563791
14 2801 27%.2 2809 1.26971894832 1.27413620202 1.27046585256
16 3425 34365 3420 1.22277757944 1.22942902118 1.21751512994
Os186
2 137.2 134.7 138 1 1 1
4 4339 4292 434 3.16253644315 3.18634001485 3.14492753623
6 868.7 863.0 865 2.002535733075 2.01071761417 1.9930875576
8 14205 1419.0 1416 16352020260 164426419467 1.63699421965
10 2068.1 2082.9 2077 1.45589581133 146786469345 14668079096
12 2850 2842.3 2847 1.37807649533 1.3645873427 1.37072701011

Table(4) : The parameter softnessof (PW & NS2) models (Eq5 & EQ3) Rexp , Rpw and Ry,

nucleus Régxp = E4/p, T Rapy =E4/p, Ons2 Rays, = E4/p,
Mg24 301234838521 0.048 3.089955022 0.0358 312444107617
Bal26 2.77860210855 0.1 2.865079365 0.0736 295514950166
Cel28 292957067053 0073 2970731707 0.0618 3.00297029709
Smi54 3.00870422073 0.061 3.024793388 0.0490 306035205365
Er158 274208614427 0.0951 2797927461 0.0907 289089912281
Yb166 3.23870333988 0.001469 312715712988 0.0352 312715712988
Hf172 32582010582 0.0125 3.244680851 0.0304 315270935961
W176 320607175713 0.0223 3183486239 0.0428 3.09013605442
0OS186 316253644315 0.0035 3144927536 0.0244 318634001485
Cm244 331701631702 0.00409 3.305361305 0.0053 329856281873
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Fig (1) between parameter nuclear softness
and energy ratio calculation (PW)

Fig (2) between parameter nuclear softness
and energy ratio calculation (NS2)
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Fig (5) Energy ratio calculation (PW) with
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Fig (6) parameter nuclear softness and Fig (7) Energy ratio calculation (NS2) with
mass number (NS2) mass number
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Conclusion:

The prediction of the PW and NS2 models are good results with the experimental energy data
for nuclei. Thefig (1,2) shows relation between softness parameter o with the energy ratio R,, it
shows that the ¢ decreases when energy ratio R, increases. Observes from the fig (3) present the
sigma apy, Versus mass nuclear A increase the mass number for Z = 166 to Z = 244 when the
softness parameter lowers and Z=125 to Z=158 increases mass number A when increase sigma
opy While the fig (5) present the sigma oy ¢ versus mass number A increase the mass number for
nuclei when the softness parameter is higher approximately. The fign(6) explains for increased
the mass number when softness parameter (oys,) is lower, the fig (7) shows energy ratio R,
increases when mass number increases. In generaly the nuclei more solid when the softness
parameter approached zero.
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