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Abstract

The extended rotation-vibration model containing different deformations for protons and neutrons is
applied to '2 Dy nucleus. The mixing ratios we obtained for the E2/M1 transitions are in reasanably
good agreement with previous experimental and theoretical values.

1.INTRUDUCTION

Interest in the problem of band mixing in doubly even deformed nuclei has been rising in the
last few years, stimulated by a great deal of new experimental data, and in particular by the
observation of the back bending effect in a number of rare earth nuclei[1]. When the selection rules
allow, E2 radiation often dominates the M1 componet. The domination of the E2 radiation occurs
because nuclear structure effect everride the angular momentum dependence of the transition
probabilities. The mixing of P and y bands may be important for the understanding of the observed
rotational spectrum; the rotation-vibration interaction formalisim attempted to extract mixing
parameters Z, and Zg from the y and B bands, respectively, to the ground band transitions. With
much new experimental and theoretical work being carried out, particularly on E2/M1 mixing ratios
in even-even nuclei, a critical survey of both areas is needed to point the way for further work. In the
present study the rotation-vibration model has been shown to be capable of describing the transitional
nuclei equally well.

2.ROTATION-VIBRATION MODEL
in the rotation-vibration model (RVM), pioneered by Bohr and Mottelson [2], the low-lying,

even-parity states of even-even nuclei are ascribet to the collective quadrupole motion of the nucleus
as a whole. The collective Hamiltonian, appropriate for a perturbation treatment, is written as
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He=H+ Hyp+ Hiit (D

where

Heo = i Jp 12L) )

k=1

Jy is the projection of J on the intrinsic axis k and I is the k-th component of the nuclear moment of
inertia. '

Hop =V Loy 3)
and
Hint ia Tmt(BaY) = Hrot (4)

Consider y-ray transitions from an initial nuclear state with angular momentum J, and parity =, to a

final state (J,, 7). Let the initial and final states be such that both E2 and M1 transitions are allowed
3, +1,22, 11, - L1 <1, mymy=+1).

(J, I M(E2) II J,Yin exb

S(E2/M1; Jy—J,) = 0,835.E, (in MeV) T MM T Ty i )
The E2 matrix element for a J,—J transition is
<J||M(E2) || J,>=Y Bo @I +1)'? Cy3 (n, =01l n,
= I>[1+ % Z,{J(3+1)-1,(J,+ 1 +4}] (6)
where
Z,=3 (@1/0y) [(BW) T3 T @
Y=3(4n)" ZeR,’ (8)
and ﬁW., is the energy of a y vibrational phonon [3]. The M1 matrix element for a
J,—=I(=],) transition is given by
<M M) [ T>=CDY 0 Co BERIHD(J,1)
x( J,+2)/(16m)1"*(8g/y)o < n,<0| n,=1> 9)

On substituing Egs.(6) and (9) into Eq.(5), we find the 3-value for a J, —]J transition to be
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S(E2/M1; J, —1)=0,835 E(in MeV)[32nB(E2;0—2)in ’x b’]"?
XF(J,J,)[(8g./8y), in nm/rad]" (10)

where

[1+@/22,{s(T+D~J,(J, +1) +4)]
F(J, 1, )=

: - (11)
[((T+J, =D +J, +3)(T = J, +2)(J, - T +2)]

3.RESULTS AND DISCUSSION
The E2/M1 mixing ratios of the electromagnetic transitions between the energy states of '**Dy
nucleus was calculated by using equation[10]. The calculated values and energy levels are given in

Table-1 and Table-2.

Table 1: Energy Levels of 162Dy Nuclei

Band Spin-Parity Enegy Levels
K" I (keV)

Graund State Band 0 0
=0 2" 81

4" 266

6 549
Gamma Band 2" 888
g 3" 963

4" 1061

5 1183

6 1325
Octupol Band 2 1148
K*=2 3 1210

4 1297

3 1357

5 1390

5 1486

5 1519
2 B Band 4", 5%, 6" 1574
K=0"
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Table 2: E2/M1 multipole mixing ratios for 162Dy

Spin-Parity = Transition E2/M1 Mixing Ratio

LI Energy (keV) This Work Experimental Theory

A 808 -7,02(-4,2, +0,8) -30<6<30" =25%%1
-8,3<8<3,4(5)
-2,9<8<11,4©
-7<8<-17
-20<6<20®

3t 52" 882 -7.43(-4,3,40,8)  -26(-c0, +18)? -13,549
+2,6(-1,6,+5,3)
-6,3<8<19,1©

3*_s4” 697 -5,34(-3,2,40,5)  -104<8<11,7®  -32,540

4 54" 795 -3,98(-2,1,40,4)  -2,0<5<13® 17,099
-5,3(-12,6,+2,1)®
-2,4(-4,7,+0,8)°
-0,4<5<2,0©

5" 54" 917 -4,47(-2,9,40,5)  -62,7<6<4,8®  -6,010
-2,7<8<14,3©
-9(-00,+6)Y

56" 634 -3,26(-1,7,40.3)  -39(-1,5+4,1)®  -34,57

6" 6" 776 -3,07(-1,7,+0,3) - 20,549

It can be seen from the tables that our results are in better agreement with the previous

experimental data. This certifies that the method is applicable for the deformed region.

REFERENCES

1) Bhardwaj, S.K., Gupta, K.K. Gupta, J.B. and Gupta, D.K., Phys. Rev., 27, (1983),2
2) Bohr, A., and B.R. Mottelson, 1975, Nuclear Structure(Benjamin, New York), vol.Il.

3) Kumar, K., 1975, in The Electromagnetic Interaction in Nuclear Spectroscopy, edited by
W.D. Hamilton(North-Holland, Amsterdam), p.55.

157



4) Schreckenbach, K. and Gelletly, W., Phys. Lett., 94B, (1980),298.

5) Hungerford, P., Hamilton, W.D., Scott. S.M. and Warner, D.D., J.Phys., 6, (1980), 741
6) Hooper, H.R., Davidson, J.M. and Green, P.W., Phys. Rev., 15, (1977), 1665

7) Engler, G. and Lone, S.A., Bull. An. Phys. Suc., 15, (1970),100

8) Lange, J., Kumar, K. and Hamilton, J.H., Rev. Mod. Phys., 54, (1982),119

9) Domingos. J.M., Symons, D.G. and Douglos, A.C., Nucl. Phys., 180, (1972),600.

10) Lipos, P.O., Toivonen, P. and Hammaren, E., Nucl. Phys., 469, (1987),348.

158



