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Summary- In this work some of the electromagnetic 
interactions of even-even Hafnium isotopes in the 
150<k:;l90 defoıınation region were studied in a 
detailed manner. 

l n this region� us ing the experimental 8(E2/lv11) 
ınultipole ınixing ratios the deformation parameters �o 
and the quadrupole moments q0 and q'2 were 

calculated. The obtained results are in a good agreement 
·with the general systematic of the defoıınation region 
under consideration. 

1-INTRODUCTION 

The Theoretical and experirnental investigations of the 

rare earth elemen ts in the 1 50<k:; 190 defornıation 
region provide the valuable infarınations in explanation 
of the characteristic properties of the elements toward 
the end of the defoıınation region[2,3] . Since the 
Hafniwn isotopes (Z=72) are the important members of 
thjs deforınation region they are under the intensive 
i nvestigations [ 1-12]. 

2-THEORETICAL BACKGROUND 

As it is \Vell kno\vn� the pairing plus the quadrupole 
forces have an important role among the nuclear 
forces[ 1,2]. The quadrupole force produces the nuclear 
deformation while the pairing force tries to retain the 
spherical symmetry. The effect of the pairing forces 
decreases as the added number of valance particles 
ıncreases. 

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

G=
G0

+
G1(N-Z) 

A A 
(1) 

for calculation of the pairing forces. Using the values of 

the G0 and G1 for the protons and neutrons in the 
Eqn. ( 1) w e obtain the folloving equations� 

GP = ll7.90+0.176(N-Z) 1 A 

Gn == lı s. 95+0.078(N-Z) 1 1 A 

(2) 

Where GP and Gn represent the pairing forces for the 
protons and neutrons respectively. As the Eqn.(2) show, 

Gp> Gn so that we can write �0(n)> Po(p). It must be 

noted that Po(P) and Po(n) are the deformation 
parameters for the protons and neutrons respectively. 

W e have calculated the defoı ı na tion parameters Po from 

the second reference as a function of the f and 8(E2/Ml) 
as given in the Eqn.(3); 

Where f is given as follovvs 

f = 
f3o-flo(P) -·--- � 

Po 
N f3o(n) - 1 
A f3o (p) 

(3) 

(4) 

and it can be put in a useful fornı as in the fallawing 
Equation from ref. [14]. 

(5) 

Using the Eqn.(2) values of the GP and Gn and the 
Eqn.(5), \Ve reach to the Eqa(6) for calculation of the 
parameter f 

N GP 
f = -ı 

A Gn 
(6) 
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lt should be ernphasized that the Eqn(3) can be used for 
the calculation of Po the parameters of the isotopes 
toward the en d seetion of the region of the 150�AS 190. 
The electric quadrupole moments are the signifıcant 
factors for the nuclear defomıations. They can be 
dctcrınincd in terrus of the spectroscopic studies. We 
have to renıernber that they can be used as a measure of 
the shape of the defined charge ditributions and the 
dimensional antisymmetry of the rotaticnal nuclei. 
Therefore the q, electric quadrupole, quantities have a 
grc�lt significance in invcstigation of the defornıed 
ııucl�i. The spcctroscopic quadrupole nıoıncııt of 
nuclcus is given by: 

q(D 
1 

3K .. - 1(1 + 1) 
-

(1+1)(21+1') 
qo (7) 

forınula[ 6]. Here q0 is the intrinsic qudrupole monıent 
and it is d efi n ed as [sı. 

(8) 

On the other hand, as the Table 1. shows, the 

deforınation has an important effect on the excitation 
energies of the Hf isotopes. Some of the transition 
energies[7] of these isotopes and their ratios were given 
in the Table 1. to clarify this effect. And alsa the 
variation of the excitation energies as a function of the 
number of neutrons was shown in the Figure ı. 

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

I. X9 kc V < E"t < 94 kc V and 290 keV <E . < 298 
-g �, 

ke V relative lv small ener!,ry values are ıneasurcd 
experimentally. 

II. 901 keV <E"� � 1277 keV and 
"'r 

1063 ke v· <E 4 + < 13 91 ke V relatively high energy 
r 

values are deteıınined ex.perimentally for they rays. 

Table. l.Some of the Transition Energy Values of the Hf lsotopes 

Energies(in k e V) 

E ı+ E4. E.,. E
4+ 

Isotopes g g "'r r 

l74Hf 92 298 901 1063 

l76Hf 8 9  290 1227 1391 

ı:8HI 94 - 1277 -

180Hf 94 - 1201 -

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

The deforınation parameters �o , the pairing forces of 
the neutrons and protons Gn, Gp, the f parameters, the 
intrinsic quadmpole moments q0 and the quadrupole 

nıoınents q (2 +) were calculated using the experirnental 

energy values and 8(E2/M 1) ınixing ratios. For the 
calculated values see the Figures(l trough 6). 
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E4+ 1 E2+ 
g g 

E2+ 1 E2+ r ı E4• 1 E2+ 
r & 

3.24 9.79 11.55 
' 

3.26 13.79 15.63 

- 13.05 -

- 12.78 -

(The variation·of the energies E_,+ and E + was dra\vn 
"r 4r 

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

III) 3.24� E4T 1 E
2

+ �3.26, 9.79 � E')+ 1 E • :Ç 13.79 
K g �r 2g 

and 1.55 < E4• 1 E2+ s15.63 ratios can be 
r g 

calculated by dividing the c o r resp onding 
energy values.  The first ratio has a relativelv 

• 

lovv value with respect to the two last ratio 
values.(see the F igure.3). Since an ideal y 
instability is  a b  out the 2 � 5 [ 1] and E 4 .. 1 E.,+ 

g -g 
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so me w hat greather than 3, the re is a y instability 
in this region. 

. ' 
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Figure. 1. The variation of the ground state E..,+ and E 1 � energies depending on the neutron number N for the even-
"'g -+g 

even Hf Isotopes,(dashed line represents E.,+ the and solid line corresponds to the E4+ ) 
-g g 
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Figure.2. Neutron nun1ber dependence of the ganıma band energies E2+ and E4+ for the even-even Hfisotops (Dashed 
r r 

: • t . ' 

line corresponds to the E2+ and solid line represents the E 4+ ) 
r r 
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Figure 3. Behavior of the (E2; 1 E2;) , (E -ı; 1 E2;) and (E 4; 1 E2;) ratios depeneling on the neutron number N for 

the even-even Hf isotops 
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Figure 4. The variation of the parameters GP , Gn and f depending on the neutron number N 

• • • 

ô(E2/rv1 ı) ınixing rat i o \·alucs of ınultipolc ııüxtures for 
transitions fron1 the excited higher to the lower levels in 
the Hf i sotapes were given in the Tab le 2. 

Tab le 3. The Coınputcd value s for the so me im portant 
parameters for the even-ev en Hf Isotopes. • Calculated 

values in this work 

Tab le 2. The Experimental 8(E21M 1) Müring Ratios for 
the even-even Hf Isotopes. 

T ransitions 

Iso to pes 

l74Hf 

176Hf 

l"i�Hf 

1 
. 

l�OHf 

") . ,., . � -s ' ... r 

( )(7) - ll·� - 1 

�4(7) 

( )��() Ü 41 �H� . -t) tl"' 

O. 7(2)<8) 

4. r 4. _., . & 

-(2.5:�� )(7) 

2.0. 7°) 

-

-

6; - 6. ' 

-0. 9(2)(?) 

-

-

-

The calculated defonnation parameters as a function of 
the rnultipole nıixing ratios, the pairing forces for the 
protons and neutrons� and tJıe f parameters for the even
even Hf isotopes vv ere presented in the Tab le 3. 

As the Tab le 3. show s the pairing force of the protons 
increases regularly, from 0.133 to O. 135 as the neutron 
nunıber increases. In a contradiction� the pairing force of 
neutrons regulerly decreases� from 0.078 to 0.070� as the 
neutron nuınber increases. Similarly� there is a reguler 
incren1ent in the f parameters of· the even-even Hf 
isotopes. And there is a good agreement bet\veen the 
values calculated in this study and Kun1ar and Löbner 
values for 1 74Hf isotope[3,9,13] and the obtained values 
for the defoıınation p animeters �0. 
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Iso to pes Gp Gn 

174Hf 0.133 0.078 

176Hf 0.134 0.075 

178Hf 0.134 0.072 

l�OHf 0.135 0.070 

f Bo· 

0.179 0.270 

O. 197 0.120 

0.215 0.020 

0.234 0.020 

Bo ref. l 3] 

0.250 

0.250 

0.240 

0.230 

The values of the parameter �o are (0.02 < �o� 0.27) in 
accordance vv ith systematic in the defoı ınation region. 

The results for the quadrupole ınoments q; and intrinsic 
quadrupole monıents q0 for the even-even Hf isotopes 
-vvill be as given in the Table 4. 

' + 
Tab le 4. calculated q0 and q2 values of the even-even Hf 

isotopes 

Iso to pes l74Hf l76Hf }78Hf ı soru-
qo e.barn 
(this vvork) 7.19 3.01 0.48 0.45 
qo e. bam [ 13] 6.95 7.18 6.96 6.84 
q2+ e.bam 2.05 0.86 0.14 0.13 
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.ı.RESUL TS AND DISCUSSIONS 

In the present work, variations of the energy values of 
the excited states, multipole mixing ratios 8(E2/M 1) , the 
pairing forces of protons GP ,the pairing force of 
neutrons Gn, the f pararneters . the defomıation 
paraıneters �n and the quadrupole moments have been 
subjected in all details for the even-even Hf isotopes 
found in the end seetion of the 150 < A < 190 deformed 
region. lt has been observed that the pa i ring for ce of the 
protons Gr increases as the neutron nun1ber N increascs 
\\hi k the pairing forcc Gıı of the ncut rons dccrcascs. Th� 
paranıeter r has the siınilar character \Vitlı the Gp . The 
deforınation paran1etcr �o has a second order 
dependence on the negative of the parameter f and it 
decrcases according to the Eq. (J). The details of the 
behaviours of  the parameters , mentioned above.can be 
seen froın the Tab le 3. The values of the parameter �o 
for 1-4Hf isotepe is in a good agreement \vith the 
calculations given by Kumar and Löbner[3, 9, 1 3]. The 
Kuınar's values are -0.5 $ �o < 0.5 for the deformation 
region of 150 < A � 190. 

As the Tab le 4. shows the quadrupole mornents of the Hf 
iso to pes are good indicator of the d efor nıation amounts 
of the nuclei and they rapidly decrease as the neutron 
numbers increase. These results are also in a good 
agreement with the Kumar's work[9] . 
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