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The systematics of Ml and E2 transition probabilities between low lying states in odd A 
rotational nuclei are reviewed. Some departures are found from strict rotational behaviour in ratios 
of Ml and E2 transition probabilities in successive transitions. 

The systematics of M l transition probabilities in 
deformed nuclei in the region 153 ^ A ^ 187 have 
been reviewed and discussed in a communication 
b y d e B O E R a n d R O G E R S i n 1 9 6 3 S i n c e t h e n a 

considerable amount of new information has been 
accumulated and it seems appropriate now to bring 
this survey up to date. In particular, information is 
now available on the transitions 7 + 1 — 7 (The spin 
values are used as labels for the nuclear states, 
with 7 being the spin of the ground state 2 ' 3 ' 4 , 
whereas the survey of Ref. 1 refers mostly to 7 + 2 
- > 7 + 1 transitions. The present review therefore 
concerns itself primarily with a comparison of the 
transition probabilities for the two types of tran-
sitions indicated. 

Data are available now also for the E2 proba-
bilites of the 7 + 2 —> 7 + 1 transitions whereas pre-
viously only the E2 probabilities of the 7 + 1 — ^ 7 and 
I + 2—1 transitions were known for most of these 
nuclei5 . 

The relevant measurements and transition pro-
babilities are summarized in Table 1. Ref. 1 quotes 
7? (Ml) values for the transitions 7 + l - > 7 in a 
number of nuclei. For some of these the values 
quoted in the present review differ somewhat from 
the values of Ref. 1. These differences are due both 
to newly accumulated data and to reevaluations and 
corrections to the old data. 

Ell153. The value in Ref. 1 was based in part on 
a lifetime measurement carried out at this labora-
tory by the center-of-gravity-shift method. A recent 

and more reliable measurement4 carried out here 
yielded a different value which is also more con-
sistent with branching ratio measurements. 

Tb1 5 9 . The value in Ref. 1 was based on lifetime 
measurements and a rather uncertain extrapolation 
of the total conversion coefficient. The present value 
is derived from recent mixing ratio measurements 3 . 

Yb 1 7 3 . There is an arithmetical error in the 
derivation of Ref. 1. The value in this review is 
derived from the data of Ref. 1 together with more 
recent data 3 . 

The E2 and M l reduced transition probabilities 
within the ground state band are given in terms of 
the rotational band parameters as: 

B (E2,7 ; If) = 1 6 5 ^ 2 Q02 (7; 2, 7 017 ; 2,7 f 7) 2 , (1) 

ß ( M l ; 7 i - n = 3 ( e h f U 4 n \2 M c) 

(gK - ^r ) 2 z 2 ( / i 1, / 0 1 A 1 , /f / ) 2 . (2) 

Here Q0 is the intrinsic quadrupole moment, gR 
the gyromagnetic ratio of the rotational motion and 
gK the gyromagnetic ratio of the intrinsic motion; 
the other symbols have their conventional meanings. 

For nuclei with I — \ the expressions for the 
transition probabilities involve an additional para-
meter which makes the determination of ratios of 
transition probabilities somewhat ambiguous. Such 
nuclei have therefore been excluded from this dis-
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For nuclei with / > \ the ratios of reduced 
transition probabilities are according to ( 1 ) and ( 2 ) 
independent of the band parameters. This is a 
specific prediction of the rotational model which we 
examine now in detail. 

Fig. 1 shows the ratio 5 ( M l ; / + 1 I) fB (Ml; 
/ + 2 — > 7 + 1 ) , divided by the rotational band value 
given by equation ( 2 ) . It is clear f r o m the figure 
that the 7 ? ( M l ) ratios do not fo l low the rotational 
pattern at all well and large discrepancies exist in 
the middle of the region. 

153 157 161 165 169 173 177 I8| 
A 

185 169 193 

Fig. 1. The ratio of (gK~ SR)*/ (gK — 8^)2* a s derived from 
Eq. 2. 1 refers to the transition 7 + 1 I, and 2 refers to the 

transition 7 + 2 7 + 1. 

As the rotational # ( M 1 ) values depend on the 
band parameters through the combination (gK — g'ii)2» 
it is pertinent to examine whether these large dis-
crepancies are due to a true incompatibility of the 
measured values with the rotational model , or 
whether they reflect only the hypersensitivity of 
( g K — gfc)2 to even small variations in the para-
meters if gR ~ g K • 
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In order to resolve this problem the parameters 
gK 5 gR were determined in the usual way, separately 
for the two transitions, f rom the ß ( M l ) values and 
the magnetic moment of the ground state, the rota-
tional band value of which is given b y : 

Mi = 7qT[ (gK ~ gR) + / gR • (3 ) 

This evaluation of the parameters gK 5 gR is 
considered as a consistency check. If the parameters 
for the two transitions turn out to be substantially 
different, one cannot ascribe any immediate meaning 

153 157 161 165 169 173 177 181 185 189 193 

Fig. 2. The ratio of the parameter gK. for the two lowest 
transitions of the ground state rotational band in deformed 

Nuclei. 
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Fig. 3. The ratio of the parameter gR for the two lowest 
transitions of the ground state rotational band in deformed 
Nuclei. In the case of Gd157 the error to the value could not 

be cited. 

1 1 1 1 1 1 1 1 r 
• 00DZ 

( I ) ° 0 D 0 N 
V X ODD A-Theory 

EVEN A-Theory 
x 

I •O •-Q 
> 1 - 4 

153 157 161 165 169 173 177 181 185 189 193 
A — 

Fig. 4. The parameter gR as derived from data on the 
transition 7 + 1 — 1 . The theoretical values are taken from 
Ref. 13. In the case of Gd157 the error to the value could not 

be cited. 
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Fig. 5. The parameter gR as derived from data on the 
transition 7 + 2 - > 7 + 1. The theoretical values are taken from 

Ref. 

to the individual parameters, but rather one has to 
conclude that in those cases the framework of the 
rotational motion represented by eqs. (1 ) — (3 ) is 
inadequate. 

Figs. 2 and 3 show the ratios g K ( l ) / g K ( 2 ) and 
g R ( l ) / g R ( 2 ) respectively where 1 and 2 are the 
two transitions under consideration, and Figs. 4 and 5 
show the values of gR for each transition. The 
following conclusions can be drawn from these 
figures: 



(i) The parameter gK shows no variation at all 
in going from one transition to the other and it 
may properly be regarded as a constant of the 
band; 

(ii) The parameter gR does not in general assume 
the same value for the two transitions, and it is 
clearly these variations which give rise to the in-
consistency in ß ( M l ) values commented on earlier 
(c. F. Fig. 1 ) . The ratio g R ( l ) / g R ( 2 ) is consistently 
smaller than unity for odd Z nuclei and larger than 
unity for odd N nuclei, the deviations being gene-
rally of 10 — 20 percent; 

(iii) comparing the behavior of g R ( l ) and gR(2) 
as a function of A we find that g R ( l ) is almost 
constant and has a value of about 0.35, whereas 
g R ( 2 ) fluctuates quite appreciably. This would seem 
to indicate that the lower transition is better des-
cribed by the rotational model than the upper one. 
We find however, surprisingly enough, that existing 
theoretical estimates of gR 1 3 , based on pair cor-
relations, reproduce the fluctuating behavior of 
g R ( 2 ) much more faithfully than the smooth be-
havior of gR ( 1 ) ; 

(iv) In two nuclei 167Er, 1 7 3Yb, both in the center 
of the rotational region, very large discrepancies 
are found between g R ( l ) and g R ( 2 ) . The implied 
complete inadequacy of the parameter gR is most 
unexpected and very difficult to fit in with all the 
other accumulated information in this region, all 
indicating pure collective rotational motion. It is 

therefore important first of all to reexamine care-
fully the experimental evidence about those two 
nuclei. We shall deal with this question later on in 
this discussion. 

Turning now to E2 transition probabilities we 
note that the ratio for the two transitions / + 2 —> / ; 
I + 1 - > / agrees quite well with Eq. ( I ) 5 ' 1 2 , as may 
be seen from Fig. 6 which summarizes the relevant 
information from ref. 5. Fig. 7 summarizes in a 
similar way the ratios for the transitions: 1 + 2 

I +1; / + ! — > / . Here too the agreement with 
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Fig. 6. Ratio of the E 2 reduced transition probabilities for 
the transitions / + 1 —> I and 1+2 I, divided by the respec-

tive theoretical value. The data are taken from Ref. 5. 
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Table 2. Properties of the electric quadrupole transitions of the ground state rotational band in odd A Nuclei with 
in the region 153 ^ A ^ 187. Column 3: Values for the transition 7 + 1 -» - / , from Ref. 5. Column 4: Values for the 

transition 1+2 1+1. Column 6: Values for the transition 1+21 from Ref. 5. 
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Fig. 7. Ratio of the E 2 reduced transition probabilities for 
the transitions 7 + 1 — > 1 and 7 + 2—>-7 + 1, divided by the 

respective theoretical value. 

the rotational model is in general quite g o o d . If in 
particular one computes f r o m Eq. ( 1 ) one finds 
that, with three exceptions, the values of Q 0 f o r 
the transitions: 

7 + 1 - > 7, 7 + 2 - W , 7 + 2 - > / + l 

all agree to within ten percent. The exceptions are: 
1 5 3Eu, 1 6 7Er and 1 8 1 Ta. In view of the g o o d agree-
ment with the rotational value of the ratio f o r the 
7 + 1 - > 7; 7 + 2—>-7 transitions, we conclude that 
in all three cases the ß ( E 2 ) value f o r the 7 + 2 
- > 7 + 1 transition is substantially smaller than the 
rotational value. This conclusion is well substan-
tiated f o r 1 5 3Eu and 1 8 1 Ta, situated respectively at 
the beginning and close to the end of the region of 
strong deformation as the experimental evidence is 
derived f r o m a number of measurements of different 
types (branching ratio, lifetimes, angular distribu-
tions and conversion coeff ic ient ratios) all of which 
are internally consistent. 

1 6 7Er is unique in that both the E2 and M l 
transition probabil it ies deviate strongly f r o m the 
rotational mot ion values. If one suspects an ex-
perimental error as the source of these inconsisten-
cies, one finds that of all the types of measurements 
per formed in this case, only one — the branching 
ratio of gamma rays f r o m the second excited level 
— could (if erroneous) be responsible f o r both 
discrepancies. 

If the value of the branching ratio is considered 
reasonably well established and with the measure-
ments of Ref . 5 the quantities B ( E 2 ; 7 + 1 - > 7 ) , 
ß ( E 2 ; 7 + 2 - > 7 ) and Z? (M1; 7 + 2 - > 7 ) can be con-
sidered as reliably determined. The quantities 
ß ( E 2 ; 7 + 2 - > 7 + 1) a n d ß ( M l ; I + 1 - > / ) are now 
determined f r o m angular distribution measurements 
of the gammas of the 7 + 2 - W + 1 and / + / —> / 
transitions respect ively 3 ' All of these measure-
ments have to be wrong if the E2 and M l anomalies 
are both to be blamed on experimental errors. 

W e note also that similar anomalies have been 
found in a number of odd A nuclei and in particular 
in Er 1 6 7 in higher transitions 14 . 

The review of D E B O E R and R O G E R S concerned 
itself mainly with the parameter gK ? and we find 
now that the value of this parameter and the con-
clusions drawn by D E B O E R and R O G E R S are not 
modi f ied by more recent experimental work. How-
ever, as far as the parameter gR is concerned we 
conc lude n o w that it is not a " g o o d " parameter in 
the reg ion considered. It exhibits appreciable, and 
in 1 6 7 Er and 1 7 3 Y b quite large variations if derived 
independently f r o m two different transitions. As a 
consequence M l transition probabilities are defi-
nitely less faithfully represented by the rotational 
mot ion theory than, in most cases, E2 transitions. 
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N o t e a d d e d i n p r o o f : The branching ratio A for 
cross-over to cascade gamma radiation from the j1 level of 
1B7Er has recently been measured with a Ge(Li) counter as: 
/ = 0 . 3 0 ± 0 . 0 3 (F. BOEHM et al. — private communication). 
With this value of A the discrepancies in the transition 
probabilities are appreciably reduced. A large discrepancy 
remains however in the ß ( M l ) values of the two transitions. 
A similar measurement recently carried out by the authors 
of the present communication yielded the value: 

A = 0 . 3 5 ± 0 . 0 5 . 

14 J. DE BOER and G. D. SYMONS , Congres International de Phy-
sique Nucleaire. Paris 1964. 
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