





1. Introduction

One of the fruitful methods for testing the nuclear models is
the comparison of experimentally determined magnetic moments and
absolute gamma ray transition probabilities with the theoretical pre-
dictions, because the matrix elements in these cases are very sen-—
sitive to the structure of the wave functions of the states irvolved.

Nowadays, the deformed sSaxon-Woods potential is applied more
and more frequently for analysis of different nuclear properties. The
method described in ref./l/ is very convenient for the calculation
of single particle wave functions in this potential. These wave func-
tions have been successfully used for the description of N-forbid-
den B —decays/z/ and EA -transitions/3/ and for the calculation of
the energies of the collective states in even nuclei/4/, as well.

We calculated the magnetic moments and the magnetic transi-
tion probabilities using the wave functions for the deformed Saxon-
Woods potential/5/ and compared the results with the experimental
data and the predictions of the Nilsson model/ﬁ/ (NM),

The pairing interaction and the Coriolis coupling were not
included in our caicu.lation, because the pairing interaction causes

no essential modification of the magnetic transitions near the Fermi



surface, and the Coriolis coupling is important only for certain

nuclei, f. i1%%4 and 1e1 Dy .

2. MA Transitions

We use the following definition of the hindrance factors Fg,

and Fg

T 1/2 (expl) T1/2 (exp.)

N

F_ =
SW T 1/2 (Saxon— Woods ) T 1/2 ( Nilsson )

where the symbol T,, stands for the half-life. In our calculation we
used the free nucleon g -factors. The rotatiomal gy -factors and
the deformation parameters B8 have the same values as in ret‘./6/.
In accordance with the different representation of the wave function
in the SWM the Nilsson formula/?/ for the MM —transitions and the
magnetic moments was slightly modified,

In general, we can expect an essential effect due to Saxon-
Woods model in the following cases:

i) If the radial part of the SW-wave functions differs from
that of the Nilsson wave functions, the latter seems to be impor-
tant for MA —transitions with A> 2 .

ii) If the mixing of states with different principle quantum num-
bers is essential,

il Some effects we can expect for proton transitions, because

in the SWM the Coulomb interaction is treated more exactly.

2.1, Magnetic Dipole Transitions

The hindrance factors Fsw and Fx for MA- transitions

are listed in Tables 1 and 2,

5 st
The hindrance factors of the neutron transition - 5 [642] =

+
._:;. _z_ [ 6511 in ¢4 differ strongly in both models (factor
~ 2000), This remarkable result is due to the AN =2 mixing in

the [651 ] -—state,
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For the neutron transition o — {s21} e o [523) in Dy

the Fgy is 4 times larger than F, and depends weakly on the
change of the deformation parameter, A more detailed discussion

of this case can be found in the next section., For the proton tran-
5 5% 7 7%
sition — — [402] -—1-2- ;—- {2041 in 1 T. the hindrance factor ¥

is 30 times smaller than the Nilsson's one, but this is not sufficient

Sw

to explain the strong experimental,retardatic;n. Recently, S. Wahlborn/8/
suggested that the lérge hindrance factor may be accounted for by
the use of modified magnetic dipole operator.

In the NM the hindrance factors for the M1 proton transitions in 3%y
and **Eu change very rapidly withthe deformaf,ion/6/, therefore, in these ca-~
ses we can fit the experimental data well by a small variation of
the deformation parameter, In the SWM the dependence of the tran-
sition matrix elements on the deformation parameter B is as a
rule, weaker than in the NM, unless the admixture of states with
different principle quantum numbers is essential, Especially for the

- 5 3+ 7 5+ . . 5 3
proton transitions - 5 [4n1 ]-—2—7 [413]in "*®Eu an(l—2 = (411] »

5 5 + 2

-5 [ 411 ] in %%y, we obtained too large hind-

rance factors,

2.2, Magnetic Quadrupole Transitions

For proton and neutron M2-transitions we obtained in both
models nearly the same theoretical results, In all cases the depen-

dence of the Fg, on the deformation is very weak,

2,3, Magnetic Octupole Transitions

For the proton transition the hindrance factor is only 4 times

larger than the Fy and, therefore, can still not explain this fast

transition. If one identifies the state in "W at 221 KeVas - —‘2 [ 521 ]

- 2
instead of ;— ——;— [510] the M3- neutron transition to the ground
states becomes even more delayed, The hindrance factor in this

case is Fow = 500,



3. ¢ N ~Values

The magnetic properties of deformed nuclei can be expressed
in terms of two parameters g, and 8 g . A comparison of

t experimental g values with the theoretically predicted ones

K
in the NM shows deviations of 50 to 100%. Such deviations have
been also obtained for the magnetic moments of ground state/lo/.
Latter on de Boer and Rogers suggested to use the effective

factors in place of free nucleon g -factor to account for the effect
of the spin interaction of the odd nucleon with the even core/ll/.

We calculated the effective spin g ~factors g: so that
the &, -velues obtained from Nilsson's formula

gk--lT(g:<sz>+ge<pz>) ’ (1)
agree with the experimentally derived values. The expectation val-
ues <s_> and <l > have been calculated using SW  _wave func-
tions.

The results of the calculations and the predictions of the NM
are given in Tables 7 and 8,

For 185/ 157 g g and '*Dy we obtained values larger than 1,5
for the ratio g: /g. This confusing result seems to be irlx contradic-
tion with the usual belief that g:/g.< 1 must be valid, With wave
functions of ref./12/ we also obtained in those cases nearly the same
deviations of the g, -values from the experimental ones, These re-
sults are likely due to the large spacing of the IhQ/2 and 267 /2
states in the spherical Saxon-Woods potential.

If we only include in the deformed Saxon-Woods potential be-
sides the usual quadrupole deformation B  the hexadecupole defor -
mation ﬁ/}3/ and leave the spherical ¥ -well unchanged and vary

B, at fixed B. we obtain no better results, We established that
the ratio g:/g_ tended to unity as B, was increased, but a more
reasonable value for the effective g, -factors would have been

achieved at unreasonable values of B, (B, > 0.1},



For proton states we got nearly the same G -values as
in the NM,

For states with k = 1/2 one can calculate two different &, -
factors, which can be estimated from the magnetic parameters g,

/14/

and bo
ho(gk—gR)a-—a(gp— gg)—(g’+—gg)<s+>, (2)

where <5+> is the expectation value of the spin operator « as 4+is
+ x y
43

while the constant a is the decoupling parameter and £ is
the rotational g —factor for the even core,
For the nuclei W%, " Yb. 'Y!Tu and " 1Tn we calculated

the effective g4 -factors with various deformation parameters B,
at fixed B

The results are listed in Table 5, The most reasonable effec—
tive 8, -factors are obtained for those deformation parameters ,84

which agree with the estimate given in ref./15/,
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Table 1. M) -transitions of odd-neutron nuclei in the rare earth
region,
Nucleus Transition ’I‘.ran— Multi- Defor—-
level in ’ sition polari- mation F, st
KeV initial final energy ty
state state in KeV

1596a 572 572t%6a2]—3/2 372t[651] 18.7 M1 0.33 300 0.18
105,32
L6lpy 372 3/2%[521] —~5/2 5/27[523] 48.5 ML  0.32 1.4 5.2
74.5
173y, . -

7/2 7/2%[633]-5/2 5/27[512] 351.2 M2  0.30 20,3 20.56
351.2
173y, /2 7/2" [633]~17/2 5/27[512] 272.4 M2 0.30 0.16 0.31
351.2
Y7ne 972 9/2%[624] -7/2 7/27[514] 321.4 M2  0.29 0.6  0.27
321.4
1775, 9/2 9/2% [624]9/2 7/27[514] 208.4 M2 0.29 0.1  0.05
321.4
181y 572 5727 512]~9/2 9/2 [624] 365.5 M2  0.23 41 53.1
365.5
175yy 172 1/27[510] =772 7/27 [514] 500 M3 0.30 0.9  3.15
500
17Tyy 172 1727 [510] =772 7/2p14] 288 M3 0.30 2.0  6.75
322
179%¢ 1/2 1/27 [510]—~7/2 7/2[514] 161 M3  0.30 2.6 6.0
375
1M 172 1727 [5101-7/2 7/2[514] 221.8 M3  0.22 180 200

221.8
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Table 3, The effective g -factors gs,’gS for odd-neutron nuclei
Table2., MA -transitions of odd-proton nuclei in the rare earth

19
in the rare earth region (Experimental data from r‘ef./ /

region,
Nucleus Transition Transi-  auiti- Defor- F F
level in tion olaric  mation N sw Nucleus state . z/
KeV initial final energy t}?y g g, /8, te gsNM
state state in KeV k exp SWM
1535, 5/2 3/2*[411] s7/2 5/2Y [413] 89.48 M1 0.26 0.26 1.4 - - —
172,85 -
1296a 3/2 (511,  -0.476 1.64 0.60
gy 32 32  magessz 572" @3] 1032 w1 026 0.2 1.%
103.2 - 576a 372 521 ~0.539 1.82 0.68
4 r L
1280 572 372 [s11] > 5/2 5/2 B13[ 172.85 M1 0.26 3.2 17.5 . A 0.85
155 e SRR -0.30 0.75 ’
Eu 5/2 3/2 [411] »5/2 5/2[413] 246 ML 0.26 1.8 10.2
246 163py 572 523 0.24 1.6 0.50
175 t- ¥ ]
Lu 5/2 5/2 [402]-~>7/2 7/2[404] 343.4 M1  0.24 2.5 0.56 165Dy 5/2%633] o.24 0. 64 0.63
343.4
' . 167 i 0.6
18lp, 572 572 [a02] ~»7/2 7/2 p04] 482 M1 0.2 8100 270 Er 5/2 633]  -0.249 ©.66 1
482
Trea o -0.48 0.99
165 u e 0 572 (512 0-48 0.79
Ho 3/2 3f2 [M11]~7/2 7/2[523] 211.1 M2  0.26 0.24 0,32 3 _0.491 1.00
211.1 :
175 oy ol -
Lu  9/2 9/2 [514[~—>7/2 7/2 [A04] 396.3 M2  0.24 0.44 0.3 TTyy 772 [514] 0.211 0.64 0.51
396.3
175 L + ) 179 el
Lu  9/2 9/2 [514]—-9/2 7/2[404] 282.6 M2  0.24 1.10 0.74 5 9/2' [624] ~0.186 0.54 0.52
396.3 L
- +
iZ';Lu 9/2 9/2 L514I_.,7/2 7/2[404:[ 147 M2 0.22 0.37 0.24
18ln, 572 5720 [402] - 9/2 9/2[514] 476 M2 0.2 1.8 1.0
482
- +- - -
181, 1/2 172" [111) - 7/2 7/2[a04] 615 M3 0.2 1.9.1072 8.1072
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for odd-proton nuclei

g,/gs

Table 4, The effective g -factors

19
in the rare earth region (Experimental data from ref./ /)
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