sAU Fen Bilimleri Enstitiisii Dergisi
2 (1998) 149-153

AN INVESTIGATION OF THE ENERGY LEVELS AND MULTIPOLE MIXING
RATIO OF ELECTROMAGNETIC TRANSITIONS IN THE EVEN-EVEN
HAFNIUM ISOTOPES

R AKKAYA, M.ILHAN

Sakarya Cniversity, faculty of Aris and Sciences, Physics Depariment-Sakaryva, Turkey

Summary- In this work some of the electromagnetic
interactions of even-even Hafnium isotopes in the

150€A<190 deformation region were studied in a
detailed manner.

in this region. using the experimental o(E2/M1)
multipole mixing ratios the deformation parameters [3,

and the quadrupole moments qs and q,  were
calculated. The obtained results are in a good agreement

with the general systematic of the deformation region
under consideration.

1-INTRODUCTION

The Theoretical and experimental investigations of the
rarc carth elements 1n the 150<A<190 deformation
reglon provide the valuable inforiations in explanation
of the characteristic properties of the elements toward
the end of the defo mation region[2,3]. Since the
Hatnium isotopes (Z=72) are the important members of

this deformation region they are under the intensive
investigations|1-12].

2-THEORETICAL BACKGROUND

As 1t 1s well known, the pairing plus the quadrupole
forces have an important role among the nuclear
torces(1.2]. The quadrupole force produces the nuclear
determation while the pairing force tries to retain the
spherical symmetry. The effect of the pairing forces

decreases as the added number of valance particles
INCreases.

[n this case the forces, causing to the rotational spectra,
appear a dominant effect and nucleus becomes into
detormed state[3]. Dudex suggested the relation of

G:G()_*_GI(N‘Z) (1)
A A

for calculation of the pairing forces. Using the values of

the G, and G, for the protons and neutrons in the
Eqn.(1) we obtain the folloving equations;

G, = | 17.90+0.176(N-Z) | / A

(2)
G, = | 18.95+0.078(N-2)|/ A

Where G, and G, represent the painng forces for the
protons and neutrons respectively. As the Eqn.(2) show,
Gp> G, so that we can write Bo(n)> Bo(p). It must be
noted that [¢(p) and [¢(n) are the deformation
parameters for the protons and neutrons respectively.
We have calculated the deformation parameters 3o from

the second reference as a function of the f and 3(E2/M 1)
as given in the Eqn.(3),

10°A=2/)f

Where f1s given as follows

3\
c_ Bo=Bod _ N(ﬁo(’?)_l -

Do A\ fGy(p) J

and 1t can be put in a useful form as in the following
Equation from ref. [14].

ﬁO M Gp

Using the Eqn.(2) values of the G, and G, and the

Eqn.(5), we reach to the Eqn.(6) for calculation of the
parameter

G,
f = N I (6)
AWVG,
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It should be emphasized that the Eqn(3) can be used for
the calculation of P, the parameters of the isotopes
toward the end section of the region of the 150<A<190.
The electric quadrupole moments are the significant
factors for the nuclear deformations. They can be
dcterinined i1n terms of the spectroscopic studies. We
have to remember that they can be used as a measure of
the shape of the defined charge ditributions and the
dimensional antisymmetry of the rotational nuclel
Therefore the q, electric quadrupole, quantities have a
ercat significance n investigation of the deformed
nuclet.  The  spectroscopic  quadrupole  moment ot
nuclcus 1s given by;

IK® - I+ 1)
(I+ 1)1 +1) o

Q) = (7)

forinula[6]. Here qq is the intrinsic qudrupole moment
and 1t 1s defined as[5].

3

%‘—”75—;

ZR*f3,(1 + 0.36) (8)

On the other hand, as the Table 1. shows, the
deformation has an important effect on the excitation
energies of the Hf isotopes. Some of the transition
energies[7] of these 1sotopes and their ratios were given
in the Table 1. to clarify this effect. And also the
variation of the excitation energies as a function of the
number of neutrons was shown 1n the Figure 1.

The folloving conclusion can be obtained from the close
analysis of the Table.1 for the even-even Hf isotopes.

. 89 keV <E_, < 94 keV and 290 keV <E . < 298

R 4
keV relatively small energy values are measurcd
experimentally.

[I. 901 keV<E_.. <1277keV and

4

1063 keV <E_ . <1391 keV relatively high energy

4

values are deterinined experimentally for the y rays.

Table.1.Some of the Transition Energy Values of the Hf Isotopes

Energies(in keV) | ]
E?-; E4; E:l; E4; E4; / EZ; EQ; /Egg | E4; / E;,z'8
Isotopes
HS 92 1298 901 | 1063 324 | 9.9 11.55
TOHf 89 {290 1227 1391 3.26 13.79 15.63
"SH 9d | = 13297 - ’ 13.05 :
L HOHS 94 | - | 1201] - - 12.78 -

3- INVESTIGATION OF THE ROTATIONAL
ENERGY LEVELS OF THE Hf ISOTOPES

The deformation parameters 3o ., the pairing forces of
the neutrons and protons G,, G,, the t parameters, the
intrinsic quadrupole moments qg and the quadrupole

moInents q(2+) were calculated using the experimental

energy values and 3(E2/M1) mixing ratios. For the
calculated values see the Figures(1 trough 6).

130

(The vanation’of the energies E,. and E,. was drawn
Coyo )f

in the Figure.2 as a function of the neutron number).

UI) 3.24<E,. / E . 2326, 979 £ E.. /E., £ 1379

£ 4 8

and 155 < E4*/E2+.<h15.63 rattlos can be
v 8

calculated by dividing the corresponding
energy values. The first ratio has a relatively
low value with respect to the two last ratio
values.(see the Figure.3). Since an ideal v
instability 1s about the 2,5[1] and E,. V5

-4 i 4
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some what greather than 3, there 1s a vy instability
in this region.
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Figure.1. The variation of the ground state E_. and E . cnergies depending on the neutron number N for the even-

B B

even Ht [sotopes,(dashed line represents E_. the and solid line corresponds to the E )
g B
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Figure.2. Neutron number dependence of the gamma band energies E_. and E . for the even-even Hf isotops (Dashed
i 4 Y

line corresponds tothe E,. and solid line represents the E . )
o 4
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Figure 3. Behaviorofthe (E.. /E_.) . (E,. /E .)and (E,. /E,.) ratios depending on the neutron number N for
. ~g g "8 Y “8

y

the even-even Hf 1sotops
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Figure 4. The variation of the parameters G, , G,, and f depending on the neutron number N

ME2/MT) mixing rauo values of multipole mixtures for
transitions from the excited higher to the lower levels in
the Hf 1sotopes were given in the Table 2.

Table 2. The Experimental 3(E2/M1) Mixing Ratios for
the even-even Hf Isotopes.

Transitions
37 = 2; 47 - 4 D" — 6;
[sotopes
174 (N 7 (")
Hf “(11m) '(2‘533)(/) -0.9(2)
-
17X (3)
Hf (ga1722) . .
30 -
'OHf D)™ E -

The calculated deformation parameters as a function of
the multipole mixing ratios, the pairing forces for the
protons and neutrons. and the f parameters for the even-
cven Hi 1sotopes were presented 1n the Table 3.

As the Table 3. shows the painng force of the protons
increases regularly, from 0.133 to 0.135 as the neutron
number 1ncreases. In a contradiction, the pairing force of
neutrons reguleriv decreases. from 0.078 to 0.070, as the
neutron number increases. Similarly, there is a reguler
increment in the f parameters of the even-even Hf
1Isotopes. And there 1s a good agreement between the
values calculated 1n this study and Kumar and Lobner
values for '"“Hf isotope(3,9,13] and the obtained values
tor the deformation parameters (3.
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Table 3. The Computed values for the some important
parameters for the even-even Hf Isotopes. Calculated
values 1n this work

[sotopes | G, Gy t Bo | Bolref.13] |
LT £ 0.133 1 0078 | 0.179 | 0.270 0.250
+ — E——
76Hf | 0.134 | 0.075 | 0.197 | 0.120 | 0250
— ) |
V811 0.134 | 0072 | 0.215 | 0.020 0.240
L —
SOhf | 0.135 | 0.070 | 0.234 | 0020 | 0.230

The values of the parameter g are (0.02 £ f9<0.27) 1n
accordance with systematic in the deformation region.

The results for the quadrupole moments q, and intrinsic

quadrupole moments qq for the even-even Hf isotopes
will be as given 1n the Table 4.

Table 4. calculated q, and q, values of the even-even Hf

1sotopes
[sotopes T T T ST
Qo €.barn
| (this work) 7.19 [3.01 048] 0.45
Qoe.barn [13]] 6.95 [ 7.18 | 6.96 | 6.84 |
q,+ e.bam 205 108 (0.14 | 0.13
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4 RESULTS AND DISCUSSIONS

[n the present work, varniations of the energy values of
the excited states, multipole mixing ratios 0(E2/M1), the
pairing forces of protons G, ,the pairing force of
neutrons G,, the f parameters the deformation
parameters P, and the quadrupole moments have been
subjected 1n all details for the even-even Hf 1sotopes
found 1n the end section of the 150 < A < 190 deformed
region. It has been observed that the pairing force of the
protons G, 1ncreases as the neutron number N increascs
while the parring torce G, of the neutrons decrcases. The
parameter I has the sumilar character with the G, . The
dciormation parameter Bo has a second order
dependence on the negative of the parameter f and 1t
decrcases according to the Eq.(3). The details of the
behaviours of the parameters , mentioned above.can be
seen trom the Table 3. The values of the parameter [3,
for ' 'Hf isotope is in a good agreement with the
calculations given by Kumar and Lobner[3,9.13]. The
Kumar's values are -0.5 < By £ 0.5 for the deformation
region of 150 £ A < 190.

As the Table 4. shows the quadrupole moments of the Hf
isotopes are good 1ndicator of the deformation amounts
of the nucler and they rapidlv decrease as the neutron
numbers increase. These results are also itn a good
agreement with the Kumar's work([9].
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