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During the last five years a considerable amount of work has been devoted to
the task of describing microscopically low-energy properties in even-mass, deformed
(heavy) nuclei, using the pairing plus quadrupole (or octupole)force model (PQF
or POF) (12). The results obtained in that way can undoubtedly be considered
as very encouraging. More recently a more realistic force, the surface delta inter-
action (SDI) (3). has been succesfully applied to those nueclei (%). However, none
of the referred papers, with the exception of a rough estimation of the order of
magnitude given in ref. (%), has been concerned with the problem of calculating
reduced electric-dipole transition probabilities from the octupele vibrational band
to the ground state in such nuclei. This might be attributed to the fact that very
few experimental results are available. Here we calculate such reduced E1 tran-
sitions, within the framework of the quasi-particle random-phase approximation
(QRPA), for the rare-earth nuclei. Both the S8DI and the POTF have been utilized.
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It should be pointed out that, in the phenomenological model, the K1 strengih
for the E1 transition from the octupole band to the ground-state rotational band
is zero in the usual approximation, due to momentum conservation (%) (the ratio
of the charge and mass density is constant in this case).

The reduced electric multipole from a state |[I,g> in the ground-state rofational
band into a vibrational band is given by the expression

(1) B(Ei; I,g~ I, K,;) = CI,AL,|0KK) M*
with
(2) M= z (uy'cv + wvv,u)(ep + ('efi) {(u),ﬁf(l - 6/4,1/)(5#1} + ’/,uv) +

nEv>0 "
AK (]- + 6K,0) ’

+ @ (1 +6ﬁj); st )] -

The u’s and v's are the coefficients of the Bogoliubov-Valatin transformation. The

charge e, has the value 1 for protons and 0 for neutrons, and e, is the effective

charge. The bar (5) indicates the time-reversed state. The multipole matrix elements

= ulr® gl
(3) AK A
uy Culr" Yaglvy

and the mixing coefficients &,, and »#,, for the two quasi-particles states are given
in ref. (3), formulae (6), (7) and (9). (The @’s are called D’s in that paper.) The
minus sign in formula (3) has been introduced in order to obtain a more symmetric
expression (4). Due to momentum conservation the effective charge has the value
—Z/A.

Theoretical values for the reduced electric-dipole transition probabilities from
the ground state to the A = 0 octupole vibrational band in even rare-earth nuclei
are given (in single-particle units) in Table I for both the SDI and the POF.

TaBLE I. — B(E1; 07g— 17)[(S.P.U.}-1073] for ey=—Z/A.

Nucleus Z | SDI | POF | Nucleus z SDI | POF
150N d 60 - 9.41 2.32 L0Ey 68 0.72 2.02

P 128m 62 ¢ 3.77 0.20 168Y 70 5.89 0.13

i 1segm |62 4.63 0.02 172Yh 70 2.50 0.88
BIGd | 64 1.85 0.01 174Y} 70 0.42 1.92
156G 64 ' 234 1 0.23 176Yh 70 0.11 3.69
wsGd 64 | 2.90 0.40 wagy 72 1.65 1.70
wGgd . 64 3.21 0.38 18 f 72 1.05 1.14
138Dy 66 1.23 0.64 178 f 72 0.01 3.57
160Dy 66 1.63 0.89 183 74 0.10 2.78
162Dy 66 | 1.97 0.76 184y 74 0.03 1.30
154Dy 66 ° 1.56 0.13 186\ 74 1 0.16 0.44
WaEr | 68 3.40 0.33 1860 76 . 0.01 2.03 |
166y P68 3.08 0.63 185()g 76 0.01 0.98
WEr |68 1.92 1.48 1900 76 0.13 | 029 |

(*) A. FAESSLER, T. Unacawa and R, I, SHELINE: to be published.
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The only experimental value found in the literature has heen measured by METz-
GER () and corresponds to 3?Sm, where we have

B(E1, 1> 0%¢)[S.P.U.] = [4.0 £ 0.4]- 103

It is seen that the value obtained using the SDI is in better agreement with experi-
ment than that yielded by the POF. The estimated value given by VoGEL (?) lies
between 4-10-2 and 8-10~2. However, it should be pointed out that, due to can-
cellation effects between the p*oton and neutron contributions, the theoretical B(E1)
values are very sensitive to the value of the effective charge. In Table II we give

TasLe II. - B(E1; 0t¢g— 17)[(S.P.U.)-1073].

the theoretical results obtained using three different values for ey, all of them
very close to — Z/A, for a few rare-earth nuclei. These results illustrate the above-

1 ‘\ Nuecleus
efi ‘ Model

‘ i 1N d 1528 m 1548m 15434 156(3d

| \l, S ——
o5 | SDI 31.31 26.61 28.06 26.03 27.43
®? . POF | 18.27 14.34 12.17 13.22 10.98

|

o4y | SDL L 94l 5.67 5.32 5.06 4.67
o por | 282 0.82 0.09 0.61 0.03

- . _ —
ous SDI  2.90 0.16 0.47 0.36 0.84
=1 poF 1.51 3.91 8.27 4.31 8.87

mentioned fact about the sensitivity of the B(E1) values with respect to ee;.

) ¥k

We are very indebted to Dr. 8. A. Moszgowski for fruitful discussions.

() ¥. R. METZGER: Phys. Rev., 137, B 6 (1965).




