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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 involved. 

Nowadays, the deformed Saxon-Woods potential is applied more 

and more frequently for analysis of different nuclear properties, The 

method described in ref./1/ 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 f3 -decays/2/ and E A -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 modet/6/ ( NM). 

The pairing interaction and the Coriolis coupling were not 

included in our caiculation, because the pairing interaction causes 

no essential modification of the magnetic transitions near the Fermi 

3 



surface, and the Coriolis coupling is important only for certain 

nuclei, I • i.
155

G d and 161 Dy • 

2. M A -Transitions 

We use the following definition of the hindrance factors F sw 

and FN 
T 1/ 2 ( exp'.) T I /2 ( exp • ) 

Fsw 
T 1/2 (Saxon- Woods ) 

F = -------:-
N T J/2 ( Nilsson ) 

where the symbol T ~ stands for the half-life. In our calculation we 

used the free nucleon g -factors. The rotational g R -factors and 

the deformation parameters f3 have the same values as in ref./6/. 

In accordance with the different representation of the wave function 

in the SWM the Nilsson formula/?/ for the M A -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 M A -transitions with A:? 2 

ii) If the mixing of states with different principle quantum num

bers is essential. 

iii) Some effects we can expect for proton transitions, beca"use 

in the SWM the Coulomb interaction is treated more exactly. 

2.1. Magnetic Dipole Transitions 

The hindrance factors Fsw 

are listed in Tables 1 and 2. 

and rN for MA- transitions 

5 5 + 
The hindrance fE\ctors of the neutron transition -- [642] .. 

2 2 
3 

both models {factor 
3+ 15> Gd 651 ] differ strongly in in .. _ 

2 2 
.. 2000). This remarkable result is due to the L\ N a 2 mixing in 

the [ 651 ] -state. 

4 

For the n'eutron transition -{-- +-[ 521 l ... __;;- +-[ 'i23 ] in 

the F sw is 4 times larger than F N and depends weakly 

change of the deformation parameter. A more detailed disct 

of this case can be found in the next secti on. For the pro 

sition -+ -++ [ 402 ] ... ...;.. --;..-+ [ 404 l in 18 1 T a · the hindrance fc 

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

to explain the strong experimental . retardation. Recently, S. · 

suggested that the large hindrance factor may be . accounte< 

the use of modified magnetic dipole operator. 

In the NM the hind rance factors for the Ml proton transitio 

and 
1""Eu chang e very .r a pidly with the deforma t,i_on/6/, therefore, in 

ses we can fit the experimental qata well by a small variat 

the deformation parameter. In the SWM the dependence of I 

sition matrix elements on the deformation parameter f3 is a 

rule, weaker than in the NM, unless the admixture of state! 

different principle quantum numbers is essential. E s pecia lly 

proton transitions _2_ .2_+ [ 411 ] ... _!_ .2_+ [413] in 153 Eu and .2.. 
2 2 2 2 2 

... ~ ~ + [ 4ll ] in 155 Eu we obtained too large 
2 2 

ranee factors. 

2. 2. Magnetic Quadrupole Transitions 

For proton and neutron M2-transitions w e obtained in 

models nearly the same theoretical results. In all cases the 

dence of the F sw on the deformation is very weak. 

2.3. Magnetic Octupole Transitions 

For the proton transition th~ hindrance factor is only 

larger than the F N and, therefore, can still 

transition. If one identifies the state in nsw 
not explain this 

at 221 KeVas ~ 
I ,

instead of -- [ 510] 
2 2 

the M3- neutron transition to the gt 

states becomes even more delayed. The hindrance factor ir 

case is F
8

w .. 500. 
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nt only for certain 

tindrance factors F sw 

I 2 ( exp • ) 

Nilsson ) 

In our calculation we 

:mal g R -factors and 

me values as in rer./6/. 
n of the wave function 

-transitions and the 

effect due to Saxon-

:tions differs from 

seems to be impor-

principle quantum num-

on transitions, beca.use 

::1 more exactly. 

ons 

for MA- transitions 

5 5 + 
~nsition - - [ 642 ] .. 

2 2 
both models (factor 

ftt. N a 2 mixing in 

3 3 -[ l 5 .') - [- 1 16 7 For the rreutron transition y 7 52 I -+--y 2 ~23 in Il > 

the Fsw is 4 times larg er than F N and depends w e a kly on the 

chang e of the deformation parameter. A more detailed discussion 

of this case can be found in the next section. For the proton tran-
s s+ 7 7 + 

sition 2 2 [ 402 ] -+ 2 2 [ 404 l in 18 1 T a · the hindrance fa ctor F sw 

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

to explain the strong experimental . retardation. Recently, S. Wahlborn/8/ 

suggested that the large 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 1 ~'l: u 

and 
10 ~u change very rapidly with the deformat,ion/6/, therefore, in these ca

ses we can fit the experimental qata well by a small variati<;>n of 

the deformation parameter. In the SWM the dependence of the tran

sition matrix elements on the deformation parameter {3 is as a 

rule, weaker than in the NM, unless the admixture of states with 

different principle 

proton transitions 

.. 2_ ~ + [ 411 
2 2 

ranee factors. 

quantum numbers is essential. Especia lly for the 
5 2._+[411]-.2 ~+[4!3]in 1 ~ 8 Eu anct2 2_ [4!!]-. 
2 2 2 2 2 2 

in 10 0 E u we obtained too large hind-

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 F sw 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 F N and, therefore, can still not explain this fast 

transition. If one identifies the state in 
179

W at 221 KeVas _!_ _c [ 521 
2 2 

instead of _!_ _!_- [510] the M3- neutron transition to the ground 
2 2 

states becomes even more delayed. The hindrance factor in this 

case is F ., 
sw 500. 
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3. g k -Values 

The magnetic properties o f deformed nuclei can be expressed 

in terms of two parameters g k and g R . A comparison of 

the experimental g k - values with the theoretically predicted ones 

in the NM shows deviations of 50 to 100"/o. Such deviations have 

been also obtained for the magnetic moments of ground state/10/. 

Latter on de Boer and Rogers suggested to use the effective 

factors in place of free nucleon g -factor to a ccount for the effect 

of the spin interaction of the odd ~ucleon with th~ even core/11/, 

We calculated the effective spin g -factors 

the gk -values obtained from Nilsson's formula 

I • 
gk -T < s . <•.> + ge <e. > > 

• g . s o that 

(1) 

agree with the experimentally d erived values. The expectation val

ues < s • > and <f .> have been calculated using SW - w ave func

tions. 

The results of the calculations and the predictions of the NM , 

are g iven in Tables 7 and 8 . 

For 1551157 Gd and 16 3 Dy w e obtained values la rger than 1.5 

for the ratio g: I g
0 

This confusing result seems t o be in c ontradic-

tion with the usual belief tha t g: I g • < 1 must be valid. With wave 

functions of ref./12/ we a l so obtained in those cases nearly the same 

deviations of the g k - values from the experimental ones. These re

sults a re likely due to the large s p a cing o f the I h 
9 1 2 

a nd 2 f 
7 1 2 

states in the spherical Saxo n-Woods potential. 

If we only include in the d'eformed S axon- Woods potential be

sides the u s ual quadrupole deformation f3 the h exadecupole defer

mation {31]-31 and l eave the spherical SW - well unchanged a nd vary 

f3 4 a t fixed {3 we obtain no better results. We establis hed that 

the ratio g • "I g • tended t o unity as {3 4 was increased, but a more 

reasonable value for the effective g • -factors would have been 

achieved a t unreasonable values of {3 4 ( {3 4 > 0 • I ) • 

6 

For pro t on states w e got near~y the same g k 

i n the NM. 

- value! 

For states vvith k 1 / 2 one can c alcula te t wo d ifferer 

factors, which can be estimated from the magnetic parameter= 

a nd bo 
1141 . 

b 0 ( g k - g R ) ~ -a ( g f - g ~ ) - ( g •+ - g f ) < • + > ' ( 

where < • > is the expectation value of the spin o pera tor , • 
+ 0 + 

while the constant a is the decoupling p arameter and g R 

the rotational g -factor for the even core, 

For the nuclei 162 
W , 

17 1 Y b , 
171 

Tm and 169 
T m w e calct 

the effective g • -fa ctors with various deformation p a r ameters 

at fi xed f3 

The results a re listed in T a ble 5 . T h e most r easonable 

tive g • -factors are obtained for those deformation parameter 

which agree with the estimate given in r e r./15/. 
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in the NM, 

-values as 
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factors, which can be estimated from the magnetic parameters g k 

andbo 1141. 

where < s + > is the expectation value of the spin operator 

while the constant a is the decoupling parameter and 

the rotational g -factor for the even core, 

(2) 

:5 - l'; +is 
0 + X 

g R i s 

For the nuclei 182 
W, 

171 Yb , 171
Tm and 169 

Tm we calculated 

the effective g • -factors with various deformation p a r ameters f3 4 

at 'fixed f3 

The results are listed in Table 5 , The most reasonable effec

tive g • - factors are obtained for those deformation parameters f3 
4 

whi ch agree with the estimate given in ref./15/. 
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Table 1 . M >. -transitions of odd-neutron nuclei in the rare ea. 

region. 

Nucleus Transition Tran-

level in 
sition 

KeV initial final energy 

state state in KeV 

155 Gd 5/2 5/2 +'.642}--> J/2 J/ 2 t [651] 18.7 
105,)2 

161ny J/ 2 J/2 ~"[521]- 5/2 5/2 - [52J] 48,5 

74.5 

17JYb 
7/2 7/2+[6JJ]-....,5/2 5/2 -[512] J51.2 

J51.2 

17JYb 7/2 7/2. [6JJj _. 7/2 5/2 - [512] 272.4 

J51.2 

177M 9/2 9/2 t [624] -'>7/2 7/2-[514] J21.4 

]21.4 

177M 9/2 9/2+ [624]-; 9/2 7/2- [514] 208.4 

J21,4 

18lw 5/2 5/2- ~512]~9/2 9/2 t[624] J65.5 

J65.5 

175Yb 1/2 1/2- [510]--'>7/2 7/2- [514] 500 

500 

177yb 112 112- [51o]-- 7;2 7!2T514J 288 

J22 

179Hf 1/2 1/2-[510]--.7/2 7/2[514] 161 

J75 

179w 112 1/2-[51o]~7/2 7/2T514] 221.8 

221.8 
9 

Multi- De for-
polari- mation 
ty 

!Ill O.JJ JC 

Ml O.J2 1. 

M2 O,JO ~ o • 

M2 o.Jo O.J 

M2 0,29 o. 

M2 0.29 o. 

M2 0,2) 41 

MJ o.Jo o. ~ 

MJ o.Jo 2. c 

MJ O.JO 2. 

MJ 0.22 lS 
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Table 1. MA -transitions of odd-neutron nuclei in the rare earth 

region. 

Nucleus Transition Tran- Multi- Defor-

level in sition polari- mation 

KeV initial final 
state 

energy ty 

state in KeV 

1 55Gd 5/2 5/2+'.642}-o J/2 J/2t[651] 18.7 M1 

105.)2 

161ny J/2 J/2 t-[521]- 5/2 5/2- [52J] 48.5 M1 

74.5 

17JYb 

)51.2 

]21.4 

177Hf 9/2 9/2+[624] ~9/2 7/2-[514] 208,4 M2 

)21.4 

181w 5/2 5/2- ~512]~9/2 9/2 ~[624] J65.5 M2 

)65.5 

1 75Yb 1/2 1/2- [510)-->7/2 7/2- [514} 500 MJ 

500 

1 77yb 112 1/2-[no]-.1;2 7/2T514J 288 

)22 

1 79Hf 112 1/2-[51o]--.7/2 7/2[514] 161 

J75 

MJ 

MJ 

1 79w 1/2 112- [no 1 ..,7/2 7/2T514] 221.8 MJ 

221.8 
9 

o.JJ 

0,)2 

0,)0 

o.Jo 

0.29 

o. 29 

0,2) 

o.Jo 

o.Jo 

O.JO 

0.22 

)00 

1.4 

~ o.J 

0.16 

0.6 

0.1 

41 

0.9 

2.0 

2.6 

180 

F sw 

0.18 

5.2 

? 0.56 

o.J1 

0.27 

o.o5 

5.J.1 

),15 

6.75 

6.0 

200 



T abl e 3 , The e f fective g -fa cto r s g : ; g • f o r odd -neutr o n nuc l e i T a b le 2. M.>. -tra n s itio ns o f odd - pro t o n nucle i in the r a r e earth . /1 ')j 
regi o n . i n the r a r e earth r egi o n (Ex p e nme ntal d a ta fr o m r e f. 

-------- -------------- -------------------------------
Nucleu s Tra nsition Tra nsi- M ulti- D e fe r - FN F sw l evel in tion p o lari - matio n 

' 
Nucleu s state 

g' / g g • I &. K eV initia l final e n e r g y ty g k exp 
6 NM s tate s tat e i n K e V 8 s SWM 

. --~-----------------------------------
153Eu 5/ 2 3/2 I [411] ->7/2 5/2 !- /41J j 89.48 Ml 0. 26 0. 26 1.4 I ------------------------------· 

172.85 
155Gd l_5ll i -0.476 1.64 0.60 3/2 

I 

153Eu ~ t ~ 
0.26 0. 24 1.34 3/2 3/2 [41.1:\ .... 5/2 5/2 L413j 103.2 M1 

103. 2 

\ 157 Gd 3/2 ~ 21 \ -0.539 1.82 0.68 
-t . t-

153Eu 5/2 3/2 l411] ~ 5/2 5/2 ~1)1 172.85 Ml 0.26 3.2 17.5 

' 
161Dy t - -0.34 0.85 172.85 5/2 '642 / 

L _\ 
0.71 

5/2 3/2 \ 411] - ) 5/2 5/2+~1J·\ -0.30 0.75 155Eu 246 M1 0.26 1.8 10.2 

246 1 16JDy 5/2 L52) [ 0.24 1.6 0.50 

175Lu 5/2 5/2t [40~ -~ 7/2 7/21'[40~J 343.4 M1 0.24 2.5 o. 56 

I 165Dy 5/2 t- L633 1 0.64 0.63 -0.24 
343.4 

t + ~ 167Er ~ -
0.61 181Ta 5/2 5/2 /:1-021 ~ 7/2 7/2 l404] 482 M1 0.2 8100 270 5/2 ~633 .\ -0.249 0.66 

482 

1 
-0.483 0.99 

+ ~11]..., 7/2 7/2-[523} 
173yb 5/2 ~512 ~ 165Ho 3/2 3f2 211.1 M2 0.26 0.24 0.32 1- ... o. 79 

-0.491 1.00 211.1 

175Lu 9/2 9/2-[514}--.7/2 7//[404] 396.3 M2 0.24 0.44 0.3 I 177yb 7/2 - [514 J 0.211 0.64 0.51 
396.3 

175Lu . - - t 
~ ~ 9/2 't [624l 9/2 9/2 L514]_., 9/2 112 [4o4] 282.6 M2 0.24 1.10 0.74 179Hf -0.186 0.54 0.52 

396.3 

177Lu - + 
9/2 9/2 [514]--. 7/2 7/2[404] 147 M2 0.22 0.37 0.24 

147 
I ----------------------------

181Ta 5/2 5/2t [4o2J~9/2 9/2L514] 476 M2 0.2 1.S 1.0 
482 

l81Ta 112 112 t 1}11j--. 712 11i [4o4] 615 M3 0.2 1.9.10-2 8.10-2 

10 
11 
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