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. REDUCED PROBABILITIES OF GAMMA TRANSITIONS IN EVEN-EVEN 
ERBIUM ISOTOPES (A » 158 - 170) AND ISOTONES WITH 

N « 94 (A = 158 - 164) /AS WELL/ 

J. Adam, M. Honusek, V. Wagner 
Institute of Nuclear Physics, 

250 68 Řež near Prague, Czechoslovakia 

The reduced probabilities of the E2 intraband and in-
terband transitions in even-even erbium isotopes (A » 158 -
170) and N > 94 isotones (A » 158 - 164) are analyzed using 
perturbation theory and assuming the mixing wave functions 
of ground, beta- and gamma-vibrational states and different 
value of intrinsic quadrupole moments of their state?. 

Experimental values of B(E2) gamma transitions between 
levels of rotational /?-, if-bands and the ground state in 
even-even deformed nuclei were originally analyzed only with 
the Bohr-Mottelson rotational model [1 ] • Ratios of B(E2) 
of two interband transitions that deexcite a given level of 
the A - or the ir-band to two different levels of the ground 
state band should obey the Alaga rules [2] , according to 
this model* Instances that violated this rule were observed 
[3] early. 
Explanation was found in taking into account of Coriolie sad 
other Interactions in the framework of perturbation theory 
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[3-8] • Formulae tor B(E2) in these papers Г 3-8J are ob­
tained under different assumptions. E.g. C.W. Reich and 
J.E. Cline [7] supposed that intrinsic quadrupole moment of 
the ground state and that of the у -vibrational state have 
different values. P.O. Lipas [4] and L.L. Riedinger et al. 
[б] assumed mixing of wave functions of rotational levels of 
the Д- and the v- -vibrational states and N. Rud et al. [&} 

took into account a term nonlinear in the parameter Í qq' 

of the type £*-£**• in addition. Besides this, the parameters 

2 , which are usually obtained from experimental data, are 

not defined in the same way in [3-8l .It remains to remark 

that misprint have probably crept into the definitions of 

functions P^ (IifIf), ř/jy-diilf) *** 'Ár*1!»1!^ / e e e 

below/ in the paper [6] , which authors of experimental work 
refer to very often. These circumstances made us for deriving 
of formulae for B(E2) see [9 J under general assumptions: 

values of intrinsic quadrupole moments differ -
Q__A Q^t Qr*- mixing of wave functions of rotational 
levels of A- and v- -vibrational states is nonzero 
( £,jv-̂  0), and the term proportional to 4s ̂ VSY- 0 P 

£-£, L^y. is not neglected. 

Adequacy and usefulness of inclusion of these effects is 

checked up below on available experimental data on deformed 

isotopes of erbium (Z « 68) and isetones with N » 94# We 

obtained considerable part of our exprimental results from 

investigation of beta decay of relevant nuclei by anti-Corap-

ton spectrometer in IMP Řež and in the framework of the pro­
gram JASNAPP-1, As sufficiently exact experimental data from 
reaction (nf r>) or (Л,ХПУ") and (p,xn^) are known 
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«re took them in the s e t of i n i t i a l data* 

Reduced E2 probabilities of ^ - trans i t ion that depopu­

l a t e leve ls of ro ta t ional bands of / 3 - or y--vibrational eta-

tee to leve ls of the ro ta t iona l band over the ground state 

could be writ ten generally 

B ^ . I ^ — I f 0 g ) » Bo(E2;I i0<i — I f O g ) x ( u Z / J ( 0 / 3 ) P ^ ( I i , I ř ) • 

• 2 ¥ W ( I i e I ^} 2 (1) 

Ш2Ц±2^, If0g) = Bo(B2,I12r-*I10g)xíU2/(2r)řffXI1.Iř) • 

• [J Zf(2,) - \ Z^(0g) + Z^(UZ4(04) f4(If))J P^di.I,)} 2 

(2) 

We showed in the article [9] that the nonlinear correc­
tion by Rud et al. [б] /a term proportional to the product 
^ Z^U^r) in eq. (1) or to the product Z^-Z^ (в^ ) 
in (2)/ comes to manifest itself for transitions from I.44 
for the /$-band or from \Л 6 for the ^-band. The definite 

of 
value minimal spin I. depends also on the accuracy of deter­
mination of gamma transition intensities» In case we neglect 
the nonlinear correction then in virtue of (2) it is not 
possible to separate the contribution to B(E2) resulting 
from inequality of intrinsic quadrupole momente Q A ^гтг 

proportional to matrix elements of their operator 7K (£2,0) 

and the contribution to B(E2) caused by mixing of wave 

functions of A- and v--vibrational states characterized by 

the parameter Z„ , However, there is possible to separate 
4f\ 
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these contributions in the case of knowledge of B(E2,2J-*0 ), 
B(32t2r-*0 ) and Intensities of intraband transitions too» 

0 S 

The notation used in eqs. (1) and (2) is defined by 
the following relations (where q =/2,^-) 

v^Vq - w ъ a i V -Kf 'v» 41 ̂ -^ <з> 
p * ( I i « V S f / 5 ( V - f * ( I i> ( 4 ) 

1 ( < I ± 2 2 0 | I 2> , 1 1 П 

о г f V^48 [ < I i 2 2 - 2 | I f 0 > 0 r * 

<Ii22-2|If0; ' / V / ( 5 ) 

i г X i l 1 ^ 1,02011,0> 
12 < 1^2-21 I f 0 > V I i ) ( 6 ) 

^ I 1 2 2 . 2 | I f 0 > 

< 1^201 I f 0 > I r 4 X i J ^ / ^ • V - ^ , x n 2 0 1 I n> f r d i ) (7) 

f^ ( I ) S 1(1+1) f ^ - ( 1 ) 5^2(1-1) I (1+1) (1+2) ' (8) 

2 ^ ( с У 5 - 4 * - ^ z* < v в --Ir2-** (9) 

The c o e f f i c i e n t s of wave funct ions mixing a r e denoted by 

6/j , by- and t^ i n these formulae. I f Q « Q ^ , then Z^O ) 

» Z^CO^) = Z^ and s i m i l a r l y i f Qg g » Q r r then Z r ( 0 g ) » 

The parameters Z , 2 Л ) Г or L ^ w e r e found from knewc ex ­

per imental va lues of B(E2) o r more of ten from t h e i r r a t i o s 

by the l e a s t ::.y;:..rv. :t;'.-..•;: UC;:.T,. liC ^.го/г-ч... ",лл<г.. " [ i x ] 

Experimental va lues of i n t r i n s i c quadrupole moment of 
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t^e ground state Q20, reduced probabilities B(E2t0* -»2^) 
and B(E2,0_. -* 2r) of even-even deformed nuclei found by va-

О 

rious authors are presented in a review article ill] • Weight 
averages of these values for nuclei under question are liated 
in tab. 1. Unfortunately, the set of all three necessary phy­
sical quantities is not known for all nuclei» Levels of rota­
tional bands of /l -, j>- -vibrational state and the ground sta­
te excited in beta decay are in fig, 1 for the isotopes of 
erbium ano in fig. 2 for the lsotones with N « 94» Mean li­
ves ('Г) oi individual levels are shown in figs. "5 and 2, ex­
perimental values are marked by an asterisk. Summary of expe­
rimental values used and their character (i.e. number of tran­
sitions, number of levels that are de-excited via at least 
two transitions and could be used in our calculations, mini­
mal and maximal spin of levels) is in tabs. 2 and 3, Relati­
vely little data on the rotational /i-band is noticable from 
this summary. It is necessary to add that levels with higher 
spins, tnat are excited in nuclear reactions, are often de-
excited via two transitions, one of which is an intraband 
and the other interband. In this case the ratio of their in­
tensities is less sensitive to a change of parameters Z than 
in the case of two interband transitions. 

Gemma transitions relating levels of the same spin or le­
vels whose spins differ Ъу one can be of mixed multipolarity 
VT+E2. The mul tipolarity K1 is forbidden in transitions /J-»g 
and r*g according to the Bohr-Mottelson model [1J • Kevertne-
less, weak admixture of i/.1 rr.ultipolarity in y*-»g transitions 
Is observed, although it is usually less than 2% and It does 
not exceed 10% [12] , experimental data on the M1 admixture 
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in interband transitions of even-even erbium isotopes and iso-
tones with N = 94 does not exist or are marred up by great 
errors [12] • Tne exception is Er, 4Br and Dy transi­
tions y--+g(see below). This is why we made no correction due 
to the admixture of И1 multipolarity (except Dy), The as­
sumption that И1 multipolarity admixture in /3-*g transitions 
with spin I-»I is small is supported by comparing the descrip­
tion of B(E2) with velues of Z^ obtained with and without 
elimination of /S-*g transitions with spin I-*I from experi­
mental data studied (see below). As usual, intraband transi­
tions relating levels with spin I-»I-1 in a f -band include 
such an M1 multipolarity admixture reaching as much as seve­
ral tens percent. Therefore such transitions were not taken 
into ассоипт when analyzing reduced probabilities B(E2), un­
less the M1 admixture has already been determined experimen­
tally. 

Spectra of gamma radiation registrated during the de-ex­
citation of excited levels in nuclear reactions or in even 
beta decay of nuclei far from the line of beta stability ar? 
rather complicated as usual. Relatively often, double gamma 
lines or a gamma transition are placed into a decay scheme 
on the evidence of energy balance, which could have been ful­
filled by chance. This is the way in which arise systematical 
errors in analysis of B(E2) probabilities or their ratios, 
whose inclusion is very difficult. 

Experimental data were treated consecutively for each 
nucleus. First, data from beta decay were checked, whether 
they conform to the Alaga rules, then the parameter Z was 
evaluated by least square method and then the same for the 
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two parametere 2 , Z *(or Z (К ), ZQ(0„)) or three parametere 
Z (К ), Z (0 ), Z '(2л>к, fír) as the case may be. Eventually, 

influence of the nonlinear correction was examined. Each of 

the beta or gamma bands was treated independently» The results 

are aleo Included in tabs 2 and 3. In all applications of 

2 2 

the Alaga rules was X (A),-> 10 and in some cases Jf (A) > 100. 

By introduction of the coefficient 2 value of Jf (1) is de­

creased many times. Further increase of number of parameters 

tends to change Jf2(2), J02(2') or S20) only little in com­

parison with Jf2(1). 1 ) 

1) -J(* (q) - is the sum of the squares of the deviations 

divided by the experimental error, which is normalized to 

the number of degrees of freedom. This function is deter­

mined for the different number q of parameters. Its value 

is rounded up to one, resp. tvo, valid digits when it is 

greater (or equal), reap, less, then 3. 

The analysis is repeated with all input data from two 

(or more) different works, in which levels were excited in 

the same way, via beta decay or nuclear reactions, provided 

the values of Z overlap within 2-Г . With values specified 
in such a way we carried out calculations of intensities of 
known gamma transitions and those not observed yet, as well. 
V/e evaluated mean lives of excited states, see figs 1, 2. 
Using the method described above we amalgamated input data 
from beta decay and from nuclear reactions. Results of these 
calculations are also presented in tabs 2 and 3* 

If we know intensities of only three transitions de-ex-162 166 citing the same level, we determine a parameter Z^( ' * 
170Er, l6oDy). If three different ratios of B(E2) are known, 
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it is possible to find two parameters Z (0 ), 7.л (О ) or Z., 
)/г>!Г ( * Sr, 4Yb). Similarly, we determined only two pa-

* V. A A 1 4 158, 160. 170,7 160^ , 
raraeters for trie v- -band in nuclei * * Er, Dy and 

Yb. All three parameters are evaluated for the /I -band 
156,168^ 158Gd (jgee tab# 2 ) a n d f o r t h e ^. b a n d 162,164, 
lDÓ,1o6£rř 1S8Gd (see tab# 3 b 

2 If jf does not change much when fitted with one or three 
parameters, then Zf Z \ [ Z^.(2^)+Z^(0g)] or Z^ ̂  JCV0/^"*" 
-»• Z^(0 )J. Values of mixing parameters of wave functions for 
the bands /$ and y~ in nuclei with Z = 68 and N = 94 are pre­
sented in figs 3 and 4. Relative difference of intrinsic qua-
drupole moments (Q -Q__)/Q is equal to relative difference 
of mixing parameters (Z (K )-Z (0 ))/Z (K ). We determined 

q q q s Ч Ч 
the relative difference of intrinsic quadrupole moments of 
all nuclei studied except Er and Gd under the assumption 
that Z„ řs ř,,= 0. We found out that the relative difference 
(Qqq-Wgg)/Qqq = ° W Í t h Í n 3 / T-

We evaluated the value of parameter \лг- -0#011б( ) 
(Z = -0.0128(19)) when analyzing tne rotational band of beta 

F 

(gamma) vibrations in ' Er ( Gd). The mixing parameters 
Z.y. and • ,if are related for a given nucleus by equation 
Z ř = £. , Therefore we analyzed transitions relating 

'.7 *Л ''0 
1Rft 1ЦЛ 

levels of beta and gamma rotational bands of Er or Gd 
simultaniously under assumption Q щ Q £ Qy*/'» ^лг^ ° 
and И/^ 0. It turned out that even in this case matrix ele­
ments of intrinsic quadrupole moments are equal within 2 J, 
see figs 3 and 4. It should be remarked that the equality 
of the quadrupole moments Q « Q _̂ . for 1б4»166»1б8Ег and 
1 58 

Gd wac estab 1 ished with accuracy of few percent. Measu-
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rement of r e - o r i e n t a t i o n e f f e c t in Coulomb e x c i t a t i o n of 2^-

l e v e l s of some ~£r i so topes [^3] made poss ib le to find values 

of Q r ^with lower accuracy, see f i g . 4 . 

In the fol lowing part of t h i s paper we deal with more 

thorough analys i s of mixing parameters of part icular erbium 

i s o t o p e s (A = 158-170) and i so tones with N = 94 ( 1 5 8 Gd t
 l 6 ° D y , 

162., . l64Vv% 
Er and / b ) . 

1 5 8 Er 

There were i d e n t i f i e d three l e v e l s of the rotat iona l band 

of beta v ibrat ions during i n v e s t i g a t i o n of exc i ted l e v e l s of 

Er v i a beta decay [ l 4 i . I t i s poss ib l e to use seven gamma 

t r a n s i t i o n s that d e - e x c i t e the two l e v e l s with spin I = 2 

and 4 + for analyzing of B(E2). Values of [ B ( E 2 ) c a i c / B ( E 2 > e x p l 

for interband t r a n s i t i o n s are shown i n f i g . 5 . They were ob­

tained under the assumption that ( i ) only one parameter 

Z^ = 0,030(16) i s non-zero (empty c i r c l e s ) or ( i i ) two para­

meters Zn = 0.056(4) and J^ = -0 .0111(11) ( f u l l c i r c l e s ) . 

In the former case ( X O ) * 30) яе observe considerable d i f ­

ferences between ca lculated and experimental values o f redu­

ced p r o b a b i l i t i e s , which exceeds three times the value of ex ­

perimental error for the t r a n s i t i o n 2Л -* 4 , In the l e t t e r 

case J (2 ) drops considerably ( to 0 , 2 ) , Within one G" the r a ­

t i o 1 в ( к 2 ) с а 1 с / в ( ь 2 ) ] 1 / 2 * 1. I t i s i n t e r e s t i n g that with 

f i t t i n g using two parameters Z^ (0^) and Z^ (0 ) we have h i g -
p 

her value X (2) » 5П, The e l iminat ion of t rans i t ion with 

spin I -»I from experimental date doesn' t a f f e c t the value of 

ZA {ZA » 0 . 0 3 2 ( 4 ) , X = 3 ) . Comparison of ca lculated i n t e n -
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šity I^(E2) and experimental I •*• (E2+M1) of this transition 

with spin I-*-1 leads to the value of I.-(M1) less than expe­

rimental error of 1у-(Е2+М1), 
Two intraband transitions 2*-*Q. and ^->2/.t whose ratio 

is [B(E2)celc/B(E2) ] - 1 within 1.3 о for all version of 
calculations, were also included into analysis of д -band. 
Knowledge of an intraband transition intensity enebles us to 
find matrix element Q- or Q ^ as the case may be. 

It is known only five interband transitions de-excicing 
three levels of v- -rote+ional tar.d (l"= 2+,3+t(4+)) and two 
intraband transitions within the band: 3*-*2*, 4Í-*2t- for 
this nucleus. Analysis of reduced probabilities with one pa-

rameter Z.- = 0.23(D) gives relatively low value Jf = 12 a n d 

[в(Е2) о1„/В(Е2)л 11/2 * 1 within 2(T for all the seven tran-c&xc ©xpj 
sitions. If we increase number of parameters to two, the va-
lue of X (2) increases to 14. This increase is caused by de­
crease of number cf degrees of freedom. Despite this agree­
ment of celculeted and experimental values became better, see 
fig. 5. 

Calculated i n t e n s ' t i e s of gamma t r a n s i t i o n s , not obser­

ved ye t , de-excit ing ro ta t iona l l eve l s of the /i - and 

the r -bands are in t ab . 4. Calculation of i n t e n s i t i e s was 

cerried out under assumption Z^ = 0,030(16) and Z*- » 0 .23(6) . 

1б0Ег 

Investigation of excited levels of Er was performed 
in beta decay of the ground [15J and isomeric [i°] states of 
l60Tm. Transitions 2*-2* 2 ^ 0 * Ý + 2+ and 3?>4^ were ob-

'* » '•» ь о к о ъ 



- 11 -
served both in decay of the ground and the isomeric states 
and we took weighted mean average for establishing of the cor» 
responding [в(-2)са1С/в(Б2)ехр] . »ee fig. 6. We can get 

? 2 
JC (A) = 7 and J( (A) = 27 if we use the Alaga rules and com­
pare them with experimental values when calculating B(E2) 
for transitions de-exciting levels of A - and ir-bends. 
The one-parametric fit in each band with values Z- * 0.029(5) 
and Z^= 0.133(H) gives values Jf2(1> = °»5 and Л*2(1) » 0.9, 
and [B(E2)calc

/B(E2>expí/2 " 1 w i t h i n 1 T - I f *"° parameters 

are employed, Jf (2) increases a bit in the /J,-band and de­

creases in the f -band. The elimination of transitions with 

spin I-»I from experimental data of /J-band doesn't affect 

the value of ZA (Z^ = 0.029(7), X2 = — ). Comparison of cal­

culated intensities I^(E2) and experimental I -.(E2+M1) of 

these transitions with spin I-*I leads to the values of I*-

(M1) less than experimental errors of I *-(E2+M1). Calculated 

intensities of not observed transitions are listed in tab. 5j 

the above given values of the parameters Z* and Z-- were u-

sed. Because there are not experimental data known on B(E2f 

0* -'О*) and B(E2, 0* -*2*)t see tab. 1, it is not possible 
to calculate mean lives of decay for rotational levels of 
/Ъ - and Ý--bands and intensities of intraband transitions. 

l62Er 

Two (three) levels of the //- (<f-) bend were excited 

in beta decay of the ground state Tm [l5,17] • In virtue 

of coincidence measurement it was established that the tran­

sition 2t -» ot is double and all observed transitions de-ex-
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citing rotational levels with I = 2 , 3 and 4 of the ,̂ -band 
are double as well. Intensities of double transitions were de­
termined in [15,17J in accord with quantitative analysis of 
f - f coincidences and are bound to te inaccurate and probaoly 
marred by systematicel errors (angular correlations, acciden-
tPl coincidences, changes in efficiency of registration of the 
coincidences with energy), which are difficult of inclusion. 
We could employ only intensities of the t.vo transitions from 
[15] and the three transitions given in [17J , which de-ex­
cite the level 2+. The one-parametric fit Z^ » 0.007(11), 
2 2 

jf (1) = 16 resulted in moderate increase of jf when compa-
red with calculations using the Alaga rules (Jf (A) = 13). 

«Ve analysed B(E2) transitions de-exciting levels of 
the f -band excited via beta dtoay with 12 values of 1^-* 
Using Zf = 0.104(14), Jf2(1) = 5, i.e. it droped eight times 
when compared with the value found with the Alaga rules 
( х2Ш = 40). 

Rotational levels of the /--band with the higher spin 
I "" = 11+ and I* = 8+ were studied in reactions (p,4n^) [l8i 
and (с*,2пу) [19J . Same as in case of beta decay, most tran­
sitions de-exciting levels 2+, ) + and 4 + are double, but 
splitting into two components was not carried out in [18,19] 
and therefore we did not employ these transitions. Likewise, 
even the double transitions with energy 212,6, 1037.1 and 
1250.2 keV observed in the reaction (p^n/-), which partly de-
excited the lovels 9+ and 10+, by analogy, v/ere not splitted 
into components and therefore were not included. At last we 
did not use the transition 269.6 keV (8* -> 10*) either, be-
cause its intensity is higher by order in comparison with the 
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calculated one with Z »- = 0,042 and we have a suspicion that 

th is t rans i t ion is also double. Vie included i n t e n s i t i e s of 

twenty t rans i t ions in a l l observed in react ions 1.18,19] in to 

calcula t ions . Comparison of experimental values of B(J£2) and 

tnose evaluated using the Alaga rules gave Jf (A) = 70, with 
,2 

parameter Zr = Q,042( 0» \ (1) = 8. And two-paramatric f i t 

gave Z.- (2 r ) = 0.048(b), Z Л 0 ) = 0.044(4) or Z r = 0.051(7), 

7 r= 0.0027(20) with a certain decrease of J\*2(2) = 6 or 7. 

The values of Z > obtained through i n t e n s i t i e s of t ran­

s i t ions observed in beta decay and in react ions overlap only 

within 3 ' . To draw conclusions of physical relevance i s pre­

mature in our opinion, because data from decays are not par­

t icu lar ly re l i ab le (see above). Calculated i n t e n s i t i e s of 

not observed t rans i t ions are in tab, 6. Comparison of values 

of ^ ( . 2 ) c a l c / B ( J 2 ) e x p ] 1 / 2 i s presented in f ig . 7. 

Rotational levels with I " = 0+, 2+ , 4* are excited in 

the i -band via beta decay [20., , Only i n t ens i t i e s of three 

t ransi t ions de-exciting levels 2 could be employed and be-

sider this we suspect that the t rans i t ion 1015.02 keV 

(2* -> 0*) is double. Comparison of values of в ( ц 2 ) с а 1 С
 c a l * 

culateH using the Alaga rules and the parameter Z^ - -0.010(9) 
i2 2 

with experimental values gave X (A) = 25 and , \' (1) = 23» 

Tf we exclude the t rans i t ion 1015.02 keV from our ana lys is , 

we get Z, = 0,036(5). The levels 2+ , 4 + , 6+, of the /? -band 

are excited in the reaction (n,n ,f) i_23j , i>±x t r ans i t ions 

de-excit ing these levels could be used and we got J\ (A) • 14 
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or Z^ e 0.034(7) and Jf2(1) = 3. Despite the fact that levels 
10+, 8+, 6+ of the /4-band are excited in the reaction (*,2nf) 
[ . . ] , we could make use only iwo transitions related with 
t'.e level 8 in the calculations. 

Comparison of experimental values of B(E2) with those 
calculated with the Alaga rules gave X (A) = 30, while with 
Z^ = -0.001(10) we got J("~(1) = 40, using all data measured 
in beta decay and reactions (>',2nr) and (n,n,f). without 
using data measured in beta decay we got X (A) = 26 or 
Z^ = 0.028(4) and Jf2(1) = 3. The corresponding ratios 

tB<E2>calc/B(E2 W ^ are lR "в- 8' 
Intensities of the seven transition de-exciting levels 

<C, 3/ and 4 - excited in beta decay of the ground state of 
Tm [20 J togff'her with intensities of two transitions rela­

ted with the level 5,-, which is excited in beta decay of the 
isomeric state '7 121., were compered with intensities eva-
luated with the Ala/ra rules ( ( (A) = H ) and using the va­
lue 3^ » 0.059(8) (.A,ťí(1) = 5.6). Further drop of ..^2(2) to 
0.8 could be reached for two-parametric fit with Z^(2,-) = 
= 0.066(8) and Z -(0 ) * 0.045(9) or Z . = 0.068(8) and Z,3 - = 
* 0.01U5). 

'A'e e n use data on only four transitions for analysis of 
reduced probabilities of gamma transitions de-exciting rota­
tional levels of the r -band excited in the reaction {&%2xi)r) 

in the article f19J , while in the article f22j were observed 
21 such transitions (de-exciting levels with spin 2t- to ^'^)* 

Intensities of the above mentioned transitions were analysed 
together. Comparison of experimental values of В(Б2) with 
those calculated with the Alaga rules gave X (A) • 80, while 
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with Z^» 0.063(5) we got Jf2(l) = 9. 

'.Vith regard to the agreement of values Z^- calculated 
from data raeasurec in beta decay and in the reaction (a,2njr) 
in the framework of the experimental errors further analysis 
was carried out with all data together. The one-parametric 
fit gave Z r = 0.063(4) (д'2(1) = 7); with two parameters Z»- • 
= 0.067(4) and Z ^ = U.0U48(21) (Л*2(2*) » 6) and finally 
with three parameters we got values 2̂ .(2̂ ») * 0,068(5), 
Z>-(0r) = 0.066(8), Z^y-s 0.005(5) with ,.V2(3) = 6. Compari-

о 

son of З(л^) calculated in such a way with experimental va­
lues is presented in fig. 8. For most transitions the ratio 
. b(r,2) , /ii(i-;2) 7 ' <• aporoximbtely equals one within 1 I, 
except seven transitions where the difference is greater than 
1 С but less than ?. T and in one с-чке the difference is grea­
ter than 2 cr but less than 3 'T • V-e do not find any systemati­
cal deviations depending on the spin of the level v/hích ÍK 
de-excited. The levels witr. 1 * 8 are always de-excited, via 

one interbf-r:u transition whereas second transition that de-

excitet. them is an intraband transition. Calculated intensi­

ties of not observed transitions ere listed in tabs 7af 7b 

and 7c. 

l66i-:r 

Very little ÍK known about properties of the /I -band of 

this nucleus, Ir. beta decay the level 2t is excited. It is 

depopulated vie three transition?, whose intensities were es­

tablished in L?4j . By comparison of
 B ( f í 2 ) e x t ) with calcula­

ted values we have X?(b) = 600, or Jf2(1) « 400 with Z^ » 
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- 0 . 0 5 ( 4 ) . £bove a l l t h i s unsa t i s f ac to ry s i t u a t i o n trust be 

d e a l t with by more thorough experircertal study of exc i t ed l e 

i » 166,,, ve l s of b r . 

The rotational y"-bend is excited in beta decay of ' 'Tin 

to the level with spin 5 + [24] and of , 6 o mHo to 6 + Г 2?,26 Z , 

in the reaction (oi, 2nf) [27 J then to the level with spin 10 . 

Data or intensities of gamme. transitions [25,26] are characte­

rized by completeness and accuracy. E.g. levels of the ft- -band 

related to beta decay of ° mKo are de-excited by 21 transi­

tions and their intensities ere determined with 2}': accuracy 

2\> j , while K. Kato ^26j observed only 16 transitions, but г „,-
I 

he determined intensities of some these transitions with re­
te 

гпагаЫе hi*ja accuracy ~ 0.57*. We performed analysis of each 

of these four independent experiments [24-26j separately end 

the results are in tab. 3. One can see mutual agreement wit­

hin the framework of 3'~. Particularly noticable change of 

X manifests itself when we compare the most accurate expe­

rimental dita [20] with computed ones: with the Alagi rules 

V 2(A) = 4G0C, using Zf = O.0432(t) - ,^ 2( 1) = В, with two 

parameters Z^(2 f) = G.0448(p), Z^-(0g) = 0.0435(3) -J(2(2) = 

= 4 or Z^ = 0.0447(6), Z/hr = 0.00060(19) - ,<2(2" ) » 4. X? 

does not, chenge if we employ three parameters and also chan­

ges of the parameters Z ; r ( 2 r ) , Z r ( 0 ) and Z. are small, 

see tab. 3. Calculated I *• of not observed transitions are 

presented in tab. 8. Values of [ B ( S 2 ) , /B(E2) f 2 for 

transitions studied in beta decay and in the reaction (o< , 

2ny-) in Er are compared in fig, 9, 

In view of the fact that the most accurate data are 

available for the rotational band of gamma vibrations in 
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Бг, we studied influence of the nonlinear correction in 

-ore d-itail, oince ths parameter Z , is marred by great error, 
we took the nonlinear correction into account for severel va­
lues of tne paitt.T.eter Z/; : 0,02, 0.04 and 0,06. The results 

1/2 
are l i s t e d in tab , 9, Average values of :В(л2) л , /В(£2)„ 1 ' 

CoiC **Xp •* 

based on experimental data [24-27л and on one-, two- and three-
parametric fit are shown in fig. 10, The nonlinear corrections 
were included in three-parametric fit. It turns out that the 
nonlinear correction is recognizable for transitions de-exci-
ting levels with I ' ^ 4 and agreement between experimental 
and calculated valuer of á(ii2) improves. 

After including of n small admixture of M1 multipolarity 

in t.-.e interband transitions determined in [32j the chan^i of 

parameters (see tab, 9) is very small. 

168. cr 

не observed five transitions related to the levels 2 , 
4 + of t'ne rotational /í.-band [ 2S J in beta decay, iix erimental 
values of J(^2) for these transitions when compared with 

calculated with the A,i.aga rules give the value X (A) = IS, 

If we employ one parametr 2 , we get V (1) = 1,8, with two 
о parameters Z (0 ) and Z , (0 ) we have \' (2) = 1,2 or Z . , 

\ .-,\ (2У) s 0,4, The corresponding values are in tab, 2, 
The ^ -band is excited to spin 6+(8*) in reactions (n,>-) 

[ 29j , Identification of the level with spin 8 + is prelimina­
ry according to authors [29i • Analysis of 3(^2) for the 
thirteen transitions that de-excite levels 2 to 8 showed 
that V^ varies little. If we use the Alaga rules, then 
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-2 2 

Л (*) = 30, with Z- we get Jf (1) = 17 and with two parame-
p ters 2 „(G,,) and Z., (0 ) Jf (2) increases to 2b. Par greatest 

deviation of 3(^2) from 3(E2) , (evaluated with one 
ОХр CELL*. 

parametr Z л ) was found for the transition 1341.077 keV 
(8t -̂  6+)t thus we excluded transitions related to the level 

g 
8+ from further analysis. \!he situation improved by change 

, p 
of J\ , see tab. 2, but quite adequate description of experi­
mental data has not been achieved. 

Vie performed calculations for total data both from bete 
decay and from reactions (n,,-). The results we got are pre­
sented in tab. 2; comparison of experimental and calculated 
BU2) values with 2._. = 0.025(5) .^2(1) = 9 is in fig. 11. 
The elimination of transitions with spin I -*I from experimen­
tal data does not affect the value of Z^ (Z , = 0.025(3), 
\" =5). Comparison of calculated intensities I ̂ (22) and 
experimental Ir(i;2+M1) of these transitions with spin I-»-1 

j 

lead£' to the value of I Г(К1) less than experimental errors 
of Ir(ii2+:«1), 

Levels of the у -band excited in beta decay [28 ] are 
from I =2 to I " = b", '»7e established intensities of ten 
gamma transitions de-exciting these levels with accuracy rea-
ding ~ 2\J in ,.28j , Comparison of experimental and calculated 
values of Б(И2) gives Jf2(A) = 500 (Alaga), Л"2(1) = 0.6 
(Zr), X2{2) = 'J.4 r^f(2f), 2r(0g)),X2(2') = 0.4 Ur,Z <f) 
and with three parameters Z ,-(2,0 = 0.0366(9), Z r(0 ) « 
= 0.0366(20), Ъ^ = -0.0004(10) we have Jf2(3) - 0.5. 

Having excluded the intraband transitions with M1 multi-
polarity admixture, we carried out analysis of B(E2) for 

P 
the transitions observed in reaction (n,}-) [291 that de-exci-
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te levels with spin from 2 + to 8 . Results of this calcula­
tions are in tab. 2. We found fairly good agreement between 
values of Z f- and ZA evaluated with data from beta decay and 
from reaction (nt/r). Comparison of all 31 values B(E2) 
and 3("2)CBic evaluated with parameter Z у- * 0.0374(6) is pre­
sented in fig. 11. This value of Zw- was obtained in simulta-
neous analysis of intensities of all 31 transitions, Jf O ) e 

= 0.9. The inclusion of a small admixture of M1 multipolari­
ty in the interband transitions determined in ["52 j doesn't 
affect tne value of Zy (Z_j- = 0.0374(7), .V2 • 1.0). Calculated 
intensities of not observed transitions are in tab. 10. 

1Г 
17(1 Beta decay of two states of ' Ho with T.,,2 = 2.8(2) min, 

I r= (4-) and with T]/2 = 43(2) sec., 1*= (1-) was investi­
gated in JGj . Decay of the state with T-, ,2 = 2.76(5) min, 
I l = (6Í) was studied in later work [31 j . 

Rotational levels 0+ and 2+ of the /I -vibrational band 

are excited in decay of the state with T-i/p = 43(2) sec, but 

only three transitions de-exciting the level with I' = 2* 

[30j can be used in analysis of 3(E2). If we compere experi­

mental values and those calculated using the Alaga rules or 

Z. * 0.011(9), we get .\'2(A) - 22 or Д,2(1) - 16 see fig. 12. 
The eight transitions de-exciting levels with I » 2*t 

4 + and o+ of the /j-band were observed in reaction (n,ný-) [23J» 
We performed calculation for total data both from beta decay 

and from reactions (n,n/) and got Д (A) • 20 or Z^ « 0,013(5) 
and yV'O) я 12. The elimination of transitions with spin 
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I-» I from experimental data does not affect the value of Z^ 

(Z4 = 0.0143(24), X2 = 1.9). 

f>nly four t ransi t ions de-exciting levels with i ' = 3 + 

and 4 of the ro ta t iona l -r -band were observed in beta decay 

[ 3 0 , 3 l ] . Data on in tens i t i e s are not par t icu la r ly accurate 

in e i ther paper. Six levels with spin and pari ty I = 2 f 7 

of the )f - ro ta t ional band are investigated in react ions (n, 

nr) [23j • Independent analysis of these experiments r e su l t s 

in rather different values of !*• , see tab. 2, however, with 

great e r rors . Therefore we compared experimental [30,31»23J 

and calculated B(i2) with third sets of i n i t i a l data simul­

taneously. We obtained .£2(k) = 20, Z^ = 0,040(10) withJC2(1) 

= 9 end the two-parametric f i t gave 2^(2^-) = 0.025(7), Z^°J 

= 0.G58Í7) and Д ,2(2) = -i, or Z^ = 0.020(6), Z^ » -0.019 

(3) with jC"(2*) = 2.5. Values of I / - of not observed t r a n s i ­

tions are in te.b, П . 

15 V. 
b4 У4 

Two levels with spin and parity 0 and 2+ of the /3 - ro -
1 58 tational band are excited in beta decay of tíu (Ti / 2

 я 46 

- i n ) , Г = Г Г33] , We could employ only three t rans i t ions 

de-exciting the s ta te 2+ in analysis of reduced p robab i l i t i e s . 

Levels 0^, 2^ and 4^ are excited in reaction \ъ>г) F34] • the 

l a s t of them i s depopulated by interband t rans i t ions to ro t a ­

tional levels of the ground state and by one intraband tran­

s i t i on . The r a t io of in tens i t i e s 1Л2д "* О ! M 2 ^ "* 2V> г 

i 1^(2* -* 4g) observed in reaction (n,^) [34] equals 1е1(11): 
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: 100(6) : 25K 14), whereas in beta decay [33J this ratio is 
116(18) : 100(16) : 11503). The intensity of the transition 
2t > 2^ presented in [34] is probably wrong; one can draw 
this conclusion even from our calculations. 

If we compare experimental values L33,34j and those com-
puted using the Alaga rules, we have L\" (А) = 30 and if we 

2 use the parameter ZA = 0.010(6), we have jf (1) = 27. Having 
excluded intensity of 2* -» 2+ transition mentioned in Г341 ? 
X2 with Z. = 0.009(4) dropped more than twice (Л*2(1) = 12)« 

,2 ,2 The two-paremetric fit results in further decrease ofЛ :Jk 
(2) =11 for ZA (0f) = 0.008(3), Z , (0 ) = 0.010(5) and Л*2 

(2*) = 7 for Z, = 0.011(3), X >,- = -0.0020(10). If three para­
meters ere used Z . (0^) = 0.0094(21), Ъ/Ъ (0 ) = 0.013(3), 

\n^s -0.0018(7) without or with the correction by Rud et 
al. [& J , we have X2 = 3.9 or J(2 = 4.2, respectively. The 
elimination of transitions with spin I-*I from experimental 
data does not affect the value of Z ., (Z , - 0.005(4), X 2 = 

= 12), Comparison of calculated intensities I y-(B2) and expe­
rimental I X-{Á2+W\ ) of these transitions with spin I-»I leads 

to the value o.' I *-(M1) less than experimental errors of I .-

(E2+M1). Table 12 shows measured values of I f and calculated 

transition intensities with Ъд s 0.009(4). Comparison of expe­
rimental B(E2) and values calculated with three parameters 
is in fig. 13. 

levels 2 + and 3+ of the rotational f -band are depopula­
ted by five gamma transitions in beta decay [33j • Nine inter-
band transitions and two E2 multipolarity transitions within 
the rotational r-band excised to the level 5* were observed 
in reaction (n,r) [34] . Intensities of all these transitions 
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were analу8ed simultaneously. Values of Jf £ 1 could be rea­

ched only if mixing of wave functions of /l- and r -vibrations 

are taken into account ( £**•-« 0). If we include the correcti-

on by Rud et el. (Z^ = 0.01), we get minimal values X (3) = 

= 0.8, if 2y.(2w0 = 0.020(3), z r ( ° g ) • 0.019(3) and Z j r = 

= -0.0115(17), Without this correction we arrive at J^2{3) » 

= 0.9 and the values of mixing parameters are not changed sub-

stantionally, sec tab. 3. Intensities of not observed transi­

tions are in tab. 12, 

66 y94 

The 2+ level of the /^ -band was observed in beta decay 

of Ho [̂ 35 ] , where it was depopulated by two gamma transi­

tions 2"!" -> 0* and 2* -» 2'\ Study of conversion electrons spec­

ii g о g 
tra ^ 36 J made possible to identify the 1065.8 keV transition, 
which could be placed between levels 2* -* 4 drawing on the 
energy balance. Its multipolarity is Б2 under these assumpti­
ons and the intensity of gamma quanta is evaluated from measu­
red intensities of К conversion electrons. Comparison of expe­
rimental B(E2) of tne three transitions from 2* with calcu-

2 2 
lated ones using the Alaga rules gives Jf (А) ж 8 or X O ) • 
« 5 if Z^ » -0.014(9). 

Intensities of the nine gamma transitions depopulating 
levels of the 4--band with spin and parity 2* to 5+ were used 
in analysis on reduced probabilities. Parameters cT(E2/M1) 
were determined for three above-mentioned transitions (2t-»2Í 
Ъ* -* 2 , Зу. ~ * 0 with sufficient accuracy. Correction of in-
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t e n s i t i e s of these trans i t ions 1/(1+<f )does not exceed 3%. 

Comparison of В(Б2) and B ( s 2 ) c a i c calculated with the 

Alaga ru les g ives Jf (A) * 100, i f the ca lcu lat ion l a perfor­

in »d with the parameter Z r we have J f 2 ( 1 ) * 2 ,2 or J f 2 * ! ) 

= 1,5 for B(£2) derived from I r not corrected от correc-exp o 
ted by the Ml admixture, respect ive ly . With tvo-parame t r i e s ! 

f i t we arrive at Z ^ ( 2 r ) = 0.0438(20) , Z?-(0 ) - 0,051(3) and 
,2 Л (2) = 0 .04; the correct ion of experimental values has been 

performed. The r a t i o s [в(Е2) с а 1 с /В(Е2) m x j f* 2 for the t r a n s i ­

t ions depopulatin rotat ional l e v e l s of the gamma and beta 

bands are in f i g . 14 and calculated i n t e n s i t i e s are i n tab. 

13. 

l 6 4Yb 70 94 

Levels of the /g-band (c£, 2*, 4^) and the ^--band 

( 2 l ^ 5t) were observed i n beta decay of Lu [39^ . Adequa­

cy of calculated values B ( E 2 ) c a i c
 a n d experimental B ( 2 2 ) e x T ) 

i s characterized by Jf (A) « 80 (or 230) i f the ca lculat ions 

were performed with the Alaga rules for the /i-band (or i r -

band). One-parametric f i t g ives J( (1) = 17 (or 13) end with 

two parameters Ъ., X^ . we got Л (2) = 18, or with Z^ (0^) , 
Z/3 *°к* ">X2i2^ s 30. A n increase of j f 2 takes place for the 

2 \ 
^-bp.id, too (with two parameters Z^t Z - - we arrive at jf (2) 
* 20), The ratio of calculated (with one parameter) and expe­
rimental reduced probabilities ie shown in fig, 15. Values oi 

В(В2)л„.и coincide within 2 Cf with the calculated ones. Both 
experimental and calculated (with Z^ « 0.023(6) or Z^ • 0,122 
(15)) intensities of gamma transitions depopulating the /*,-
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or ^-bands «re in tab. 14. 

Resulting values of the physical constants (Q__. уд , 
Qf. £/» • ^r or 64r) for nuclei studied (except for Er and 
l6*Yb, where neither experimental data on B(E2,0* -* 2*) or 

intensities of intraband transitions are known) were obtained 

from experimental data analysed in tab. 2 and tab. 3. The tran­

sitions depopulating rotational bands of Д- and ,jf- -vibrations 
were studied simultaneously under the assumption that Q = 
= Q„,„ = Qrr- and <£„„.= 0 (first version of calculations) or 

^ ^ 0 (second version). The correction by the nonlinear term 

could be done only in the second version. As we already veri­

fied, taking into account of this nonlinear term influences 
•>2 166 

changes of X considerably only for Er. This is why we 

carried out calculations paying regard to the nonlinear cor­

rection (third version) only for this nucleus. The results 

are summarized in tab. 15 and displayed on fig. 16, where ma­

trix elements of the Coriolis interaction h '5 £ '(E - E ) 

are also entered, experimental values Q are compared with 

the calculated ones in fig. 16. evaluation of Q _ has been 

carried out by I,A. Kitropolskij [40] using the superconduc­

ting nuclear model taking into account the selfconsistency 

condition in the channel particle-particle, which influences 

calibrational, rotational and transla tional invariance bro­

ken in the traditional superconducting model. We found very 

good agreement between calculated and experimental 1~e'
c» 

Knowledge of the physical constants enables us to evalua­

te also parameters ° ^ л ^ («ее tab. 15), defined by relatione 
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^ " " b " ^ Wr'-JT-Q^£r < 1 2> 
These parameters determine the deviation of reduced probabi­

lities of intraband £2 -transitions found with mixing of wa­

ve function for the ground, beta and gamma states from values 

evaluated with plain rotational model. E.g. for intraband 

transitions over the ground band holds (see e.g. [9] ) 

<Г 1+2,020110 > 2 

B(32 fI+2,0 -» 1,0 ) » 3 Í E 2 , 2 , 0 . -*• 0 ,0 J — ? x 
• £ g exp% • • g * g' <2020100> * 

x f 1+(^>.д г)Г(1*2)(1+3)+К1+1)-б]} 2 МЗ) 

We analysed experimental В (E2,I+2,0 -»I,0 ) mentioned in 
references (se. tab. 16) for erbium isotopes and isotones with 
N = 94. »e determined the sum У.«- * r using the program "ZORKA" 
[lOj. The results of it are in figs 17 and 18. We can state 
that mixing of wave functions does not improve agreement of 
experiment and calculations considerable when compared with 
plain rotational model* This conclusions can be confirmed by 
comparison of JC2(A) and jf2(1) for l66Sr, 1б3Ег and l64Yb 
in tab. 16. Values of c*' * cK^ from analysis of interband tran­
sitions (see tab. 15 - second version) are also included in 
this table. The agreement of (<+<>) v/itri ч0<, •*.-) . 
'. G ..O'l ;.a.r t i с:;.; ;.. LÍ •:.:/ ,'O0~i, :.;/.O.i,;:. GiiOh an •':.; "ГСа..:еп1 

is reached within 3:T« 
Study of transitions between rotational levels of beta 

and gamma vibrational states can lead to interesting knowled­
ge about nuclear structure* According to the rotational model 
such transitions are forbif*,*en (Q̂ -. s 0) because the change 
of vibrational quantum numbers (Л nr+ Дп~ ж 2) nevertheless 
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they are observed experimentally. Рог the set of nuclei we 
study, 9,2 and 2 /I -»/• transitions were observed Er, Gd 
and Er, respectively. All transitions of this type are not 
easily identifiable due to their low energy and intensity as 
well. We analysed /I +r transitions for Er and -3 Gd under 
the assumption that the matrix element QAH- was sufficiently 
large; see the relation (21) in [э] • Results for Q , QA , 
Q r , Q » £/з» £y- a n d ^(f obtained by the program "ZORKA" [ю] 

1 68 are in tao. 15. As for Er these physical constants were e-
valuatcd also in the framework of the model of interacting bo­
sons IBA-1 Г50J . While Q „ , Q „ , Q - and Q„ ._ evaluated by 
these methods agree well, £ л and £•,- found using IBA-1 are 

abjut four times lower than ours and 6,,^ have even opposite 

sign. Using the new (XQ) formalism f5£)J better agreement is 

obtained for the values of £,- and 6y but the sign of i>„_ is 

wrong again. 

The mixing parameters Z were evaluated using mic rosco-

pical models (see e.g. [47,48,49J ) or using IBA Г?о] . The 
most complete results for the bigrest number of nuclei under 
study are in 

[51] 
, where a microscopical model with both pair 

and quadrupole-quadrupole interaction in Woods-Saxon mean 
field was used. 

In conclusion we should say that taking into account of 
weve function mixing between /I- or ̂ -vibrations and the 
ground state (parameters Z^ or Z •/•) improves agreement of ex­
perimental and calculated reduced probabilities of E2 inter-
band transitions considerably. Wave function mixing /l~ and 
f -vibrational state (parameters Z^y or řV.) manifested it-

1C8 158 self only in " Kr and J Gd. Whether the assumption about 
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unequality of quadrupole momente 5.. £ Q and the assumption 

about nonzero correction by Rud et al. [_8j is justified could 

be investigated on sufficiently rich ensarable of very accura­

te experimental data on gamma transition intensities (Д I .* 
should be - 1%), Sucii a high accuracy of 3V was achieved on­
ly in beta decay of some nuclei with sufficiently long life­
time, while especially in the reactions ($l,xny-) or (р,эпг»у) 
the ratio д1г/1,- is usually about 105* or even worse» It 
would be desirable that we have experimental data on M1 mul-
tipolarity admixture with accuracy - 1% or better for transi­
tions H^-If! = 1 or 0, whereas for transitions where IIj-I-l 
= 0 , I. / 0 is also desirable to know the E0 multipolarity 
admixture with the above mentioned accuracy. Parameters Z 

q 
evaluated with the microscopic model [51j describe experimen­
tal values obtained for nuclei under study not quite adequa­
tely. 
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Table 1. 
V-d.lu.es of intrinsic quadrupole ..loment Q ,„ of the ground state 
•̂ wd reauced probabilities Б(Е2) of interband transitions, [ll] 

l ^ r 

l 6 0 * r 

l 6 ^ r 

l 6 4 E r 

166-, sir 

i S 6 E r 

"Ofir 

«воа 
l 6 0 D y 

164 Y b 

*i0 И* 

5 .25(14) 

6 . 5 2 ( 3 ) 

7.01i(4) 

7 . 4 0 ( 4 ) 

7 . 5 2 ( 5 ) 

7 . 5 7 ( 7 ) 

7 . 5 2 ( 5 ) 

7 - 0 7 ( 3 ) 

7 . 2 1 ( 1 0 ) 

6 . 7 9 ( 1 3 ) 

[eVj 

0 . 0 4 2 ( 7 ) 

0 . 0 3 7 ( 1 8 ) 

0 . 0 1 Б ( 2 ) 

0 . 0 0 7 9 ( 9 ) 

0 . 0 0 6 0 ( 6 ) 

0 .0184 (15 ) 

Vb2] 

0 . 1 6 5 ( 6 ) 

0 . 1 4 6 ( 6 ) 

0 . 1 4 4 ( 7 ) 

0 . 1 2 7 ( 6 ) 

0 . 0 9 7 ( 4 ) 

0 . 0 8 6 ( 4 ) 

0 . 1 1 4 ( 8 ) 

А) Злгп b = W'2\„l 

http://V-d.lu.es


9*Ъ1« 2 : 
I>*^*r*adUiatlon of e iat lne p a r a i e t f r s f o r the beta band. 
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Tlblc 3. D*ter*lnt.tlon of mixing parameters for the сел» band. 
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Table 4. 

•Jalculateu relative intensities of unobserved transitions in beta 

decay [u] . The nucleus 15S^r (Z^s 0.030(16), Z f = 0.230(60)). 
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X i 
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991.69 

213.48 

140.43 

656.57 

х * 

9(!f) 
0.69(26) 

0 .77(22) 

276(25) а ) 

The intensity marked by a) has been measured and it is presented 
for comparison. 

Table 5. 
Calculated relative intensities of unobserved transitions in beta 
decay of the ground [15] and the isomeric [lé] state of 1̂ °Tui. 
The nucleus lě0Er (Z. = 0.029(5), Z^ = 0,133(14)). 
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Intensities marked by a) and b) have been measured [15J and [l6] 
and presented for comparison. 



С; Icula te^ r e l a t i v e i n t e n s i t i e s c í unobserved transit ions in beta 
á-ctr/ [15,17] and in react ions ( p ,4n) [ 18} and ( л , 2 п ) [ 1 9 ] . 
Гае nucleus l o 2 Er U& = 0,033(7), Sbf = 0,013(3), Zf - 0 ,046(5) ) . 
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0 . 5 6 ( 6 ) 

0 .0025(10) 

1 .0(4) 

0 .33(15) 

0 .009(4 ) 

I f [15] 

0 .000029{f iJ 

0 .16(9 ) 

1 . 1 U ) C ) 

0.0056(26) 

0.004(4)" 

0 .03 (3 ) 

0 .023(29) 

1 . 9 ( 7 ) C ) 

1.1 ф 

It [17] 

0 .00048(24) 

1 5 . 5 ( 8 ) d ) 

0 .055 (14 ) 

0 .021(10) 

0 . 1 7 ( 9 ) 

0 . 1 3 ( 6 ) 

1 0 . 8 ( 1 5 ) d ) 



7:1 cis 6 , contini'.e ) 

: : ""* X í 

5 / -» af 

П - ^ 
^ - n 
Í C ; ^ i 2 t 

1 T + _s.l '"^ 

n< ^ 

[ke V1 

261 .1 

1037.1 

212.6 

47 3.9 

l c l . 6 

1250.2 

309.6 

V M 

0 . 0 2 5 ( 7 ) 

1.bv5 / 

C .0C47(H) 

1 .5 (4) 

0 .00027(8 ) 

0 . 0 8 ( D ) 

C . 0 0 5 3 Í 2 Í ) 

0 .039(11) 

ч№ ^ад x r I1"?! 

Intensities narked by a), fc), c), d) have been measured and 
presented Tor comparison. 



Table 7a. 

Calculated r e l a t i v e i n t e n s i t i e s of unobserved t rans i t ions in react ion 
( a , 2nj-) [22] and (n , n V ) [ 2 3 ] . 
The r o t a t i o n a l / ? - band of 1 6 4 E r ( Z^ = 0 , 0 2 8 ( 4 ) ) . 

k ^ f v v[22] 
[keVl 

бд -+ 8* 682." 10.9(25) 

6д -* 4* 1407.0 13(7) 

6+
5 -* 4.3 237.0 1.2(11) 

Q\ ->10t 551.0 4 . 3 ( H ) 

8^ -^ 6^ 363.0 10(9) 

8^ - » 8* 1044.3 1 5 . 0 ( 1 5 ) a ) 

i 
1 

IV - * I f Ej- Ig- [23] 
!>V] 

2\ - * 0* 68.5 0.0006(5) 

2\ -*> 4* 1014.4 20(4) 

\+л - * 2^ 155.4 0.04(4) 

4* - * 6* 855.5 8(3) 

64 - * 4 ^ 237.0 0.20(22) 
64 • * 8 * 6 8 2 ' ° 1.8(12) 

О 

2д - * 2* 1223.1 2 0 ( 3 ) Ь ) 

I n t e n s i t i e s marked by a) and b) have been measured i n [22J and [_23 
and they are presented for comparison. 

Table 7b. 

Calculated r e l a t i v e i n t e n s i t i e s of unobserved t rans i t ions in beta decay 
of the ground [20I and the isomeric s tp^es of TmC2l]. 
The r o t a t i o n a l £ -band of 1 б 4 Ег ( Zy-= 0 . 0 6 3 ( 4 ) ) . 

I i - * I f E ^ l r [ 2 0 ] 
[kev] 

3^ -* 2J- 86.24 0.0018(4) 

4J- -* б* 444.17 0.C14(4) 

4 J -*• 2J- 198.4 0.0096(25) 
4 i "* 35" 1 1 2 ' 0 7 0.0012(3) 
2cf ~* °g 8 6 0 , 2 5 1 6 . 6 ( l 4 ) a ) 

h -* xf Er V M 
[kev] 

5 Í "* 35" 2 5 0 ' 9 9 2.2(5) 
5J -* 4J 138.9 0.113(24) 
5* - • 4* 898.1 4 2 ( 4 ) b ) 

I n t e n s i t i e s marked by a) and b) have been measured in [20] and [21 



Table 7c. 

Calculated relative intensities of unobserved transitions in reactions (.ok, 2n^) [l9»2;.' 

The rotational y—bund l 4Er (Ẑ - =0.063(4)). 

I , - I f 

4 - «; 
>*-•; 

Í - 4 
1 + - » 3+ 

4 i •* 4 
*r •* 6i 
4 - 4 
5i - 4 
5i "* 1 4-» 5* 
«f - • » 

6 J - 8 | 

[keV] 

561.46 

647-32 

86.24 

112.07 

7SC.4 

444.17 

967-81 

138.92 

250.99 

161.1 

300.3 

334.0 

1059.1 

744.2 

Iy [22] 

0.57(9) 

0.036(6) 

0 . 1 3 O ) 

1.03(24) 

1.5(3) 

37(9) 

0 .38(5) 

0 .71(14) 

1.00(23) 

150(30) 

Ir [19] 

1.08(11) 

О.СЭ20С2) 

0.0060(6) 

0 .047U) 

0.069(5) 

1 .7K15) 

0.0313(25) 

0 .60(5) 

0.0199(19) 

0.75(7) 
0.0280(21) 

0.81(15) 

I i -> I f 

П-+6* 
7 ? ^ 5 i 
^ - 6j 
85 -* 7j 
8+ -» 10+ о е 
8 * "* ^ 
9 Í "* 4 
9 j •* 10+ 

ю£ -* 9+ 

10? -* 12g 
1 0 > - * 8 + 

l l £ - * 10+ 

l i t - * 12+ У g 
4 + - * 4+ 

[ke V J 

185.7 
346.8 

513.7 

200.5 

226.9 

1130.4 

331 .-9 
458.8 

207.4 
101.6 

1159.5 

294.9 

396.5 

758.8 

*r M 
0.45(7) 

0.31(5) 
0.050(9) 

1.0(7) 

0.40(9) 

3 .6(9) 

0.10б(1Б) 
0.0002(5) 

0 .4(4) 

0 .19(3) 

0.44(9) 

94(9) a ) 

^ M 
0.047(6) 

2 .6 (3 ) 

1.24(16) 

0.'0197(20) 

0.003214) 

0 .06(4) 

« \ 
4 . 3 ( D b ) 

Intensities marked by a) and b) have be*>n measured in |_22j and .19 ] . 



Table Ь. 
Calculated relative intensities of unobserved transitions in beta 
decay of l66T..i[J4], l66ir:Ho Г25.26] and in reaction ( л , 2n r) [27] 
'x'he nucleus i0Di2r iZf(i f)= 0,0442(8), Z f(0 )= 0,00431(5)). 

I, - 1 , 

"4 -
3 > -

> i -

« Í -
• Í -
« Í -
5 i -

П-* 
5 * r -
< * -

6 i ^ 
7* -» 
'i ^ -7+ _ i 

° » -
« r -
' ! - » 

» * , -
0+ _ * 

1 0 + - * 

l O f - • 10 w 
1 0 + i - * 

•w 

„ + 

4 
4 : 

^ T-

0 

.- + 

4 ; 

J f 
« ; 

sř 
e; 
6i 
ei 
*i 
10J 
4 
10* 

9+f 

14 
1 0 + 

fc 
&: 

с 
0+ 

[keV] 
520.9 

73.5 

594.4 

96.& 

410.2 

170.3 

119.0 

215.9 

810.3 

140.7 

304.8 

160.1 

464.6 

179.7 

206.0 

195.3 

401.4 

839.8 

213.3 

117.1 

614.7 

1053.1 

875Л 

Iff[27] 

0.060(15) 

0.0034(13) 

1.8(7) 

0.0067(25) 

0.083(24) 

0.065(18) 

0.047(15) 

0.93(29) 

21(7) 

0.052(11) 

0.052(11) 

0.079(21) 

1.5(4) 

0.062(13) 

0.0061(13) 

0.053(19) 

0.34(12) 

3.7(14) 

0 .03K9) 

0.00015(4) 

1.1(3) 

0.32(10) 

3 . 8 ( 4 ) a ) 

I r [25,26] 

0.00048(22) 

0.00142(3) 

0.00259(8) 

0.179(3) 

0.0412(8) 

0.0867(14) 

0.00292*18) 

0.000290(20) 

0.99Kll)b) 

I f N 

0.0345(19) 

0.0536(23) 

0.131(8) 

0.258(15) 

2 1 . 5 ( 4 ) c ) 
intensities marked by a), b) and c) have been measured in [27], [26] 
and [24] 



- ^г -

Table 9. 
Influence of nonlinear correct ion upon the values of mixing parameters 
for the ro ta t iona l •f - v ib ra t iona l band of 6 6 Er . 

References 

[ 2 4 , 25, 

26 , 27 ] 

[244, 25* 

26, 27*1 

[24; 25* 

26, 27*]* 

1 0 ^ ( 0 4 ) 

х 2 ( з ) 
1°3VV) 

l O ^ O g ) 

i o 3
Z / s r 

x 2 (3 ) 
l o 3 W 
10 3 Z r (0_) 

С 6 
1 0 3 Z ^ 

X2(3) 10 V v 10 VV 
1 0 3 Z ^ 

0 

13 .8 

44 .7 (8 ) 

41(3) 

- 0 . 9 ( 1 7 ) 

6 .4 

44 .5 (6 ) 

41 .0 (23) 

- 1 . 0 ( 1 1 ) 

4 . 8 

44 .5 (5 ) 

41 .0 (20) 

- 0 . 9 ( 1 0 ) 

20 

11 .4 

44 .7 (8 ) 

48 .5 (22 ) 

1 .8 (7 ) 

5.6 

44-5(5) 

46 .7 (16 ) 

1 .2 (5 ) 

4 .4 

44 .5 (5 ) 

45 .4 (15) 

0 . 9 ( 5 ) 

40 

10 .6 

44 .6 (7 ) 

47 .6 (16 ) 

1 . 1 ( 4 ) 

5.1 
44 .4 (5 ) 

4 6 . 4 ( 1 2 ) 

0 .81(28) 

4 . 1 

4 4 . 5 ( 5 ) 

4 5 . 3 ( 1 1 ) 

0 .62(26) 

60 

10 .3 

4 4 . 5 ( 7 ) 

4 7 . 1 ( 1 4 ) 

0 . 7 8 ( 2 5 ) 

4 . 8 

4 4 . 4 ( 5 ) 

4 6 . 1 ( 1 0 ) 

0 . 5 9 d 9 ) 

3 .9 

4 4 . 5 ( 5 ) 

4 5 . 2 ( 1 0 ) 

0 . 4 6 ( 1 8 ) 

[24*] : the in tens i ty of the t r a n s i t i o n 2t- -*• 4* was corrected 
I f = 0.90(13), (the t r a n s i t i o n 520.945 *eV i s dublet) 

[25*] : the t r a n s i t i o n 304.81 keV ( б £ - ^ . 8*) ia excluded from 
input data of [25] 

[27*] : the t r a n s i t i o n 1053.70 keV ( l o t - - * 8 ) i s excluded 
. - Q g 

from input data of [271 
[24* 25* 26,27*] : a small admixture of Ml multipolarity determined 

in [32]was subtracted from Iv-[24*, 25*, 26, 27*] 



Table 10, 
Calculated relative intensities of unobserved transitions in beta decay [28J 
The nucleus 168Er (Zn= 0.028(4), \Л/.* -0.0012(4), 0-лг = 0.112(20)eb, Q^ = 0. 

and in reaction (nJ(f) [29]. 
056(9)eb, Z^ = 0.0374(6)) 

4 ^h: 
o + -i»- p + 
° л ^* 2<T 
2 + -*• 0 + 
^/S ^ ° 4 

S - «J-
* ; ^ i 
* ; - * 

«s-i 
«4 - « > 
« ; - » « • 

•i - *r 
• ; - J> 

• : - »> 
* * * * « 

«i - •>} 
8 < ^ e > 

•S-"ř 
• : - • > 

Intensit ies 

[kívj 
396.0 

59 .1 

281.5 

380.6 

455.2 

1276.4 

147.2 

293.6 

416.4 

515 .3 

589 .9 

134 .8 

183.9 

265 .8 

457.3 

626.4 

marked by 

1уТ29] 

0.31(18) 

0 .015(6) 

0 .08(4) 

0 .003(3) 

0 .015(10) 

0 .0011(9) 

0.017(14) 

0.022(18) 

If l 2 8 j 

0.000017(10) 

0.00035(13) 

0.00072(22) 

0.013(3) 

0.00000005(^7) 

0.0000018(11) 

0.00019(10) 

0.00026(13) 

0.000047(25) 

0.00010(6) 

a) and b) have been measured i n 

4 -
« S -
**л-> 
°*«~ 
^ ^ 

» i — 

* ? -
*}* 
» ř ^ 
» ř -
« j . -
4-* 
« * • * 

* f * 
" f r * 
>í* 

J f 

4 
*i 
,+ 

4g 

2ř 
* 
« ; 

* 

tf 
* 

6+r 
•£ 

4 
« ; 

2 Í 

Lkev] 
494.3 

962.1 

1341.58 

1012.28 

74.6 

99.0 

446.0 

122.8 

221.8 

146.3 

169.0 

191.6 

227.7 

1075.64 

815.984 

[29] >nn [га]. 

If Í29J 

О.ОЗК25) 

0.029(28) 

0.10(10) 

9 9 ( 9 ) a ) 

0.88(6) 

1.01(6) 

1.05(7) 

0 .67(4) 

0.182(14) 

0 .019(3) 

0 .0018(3) 

0 .70(13) 

3000 (240) a ) 

1й- [28 J 

0 . 0 1 6 ( 2 ) b ) 

0.0273(10) 

0 .0122(5) 

0.1345(20) 

0 .00013K8) 

0.00252(15) 

9 3 . 4 ( 9 ) b ) 



Table 11. 
Calculated relative intensities of unobserved transitions in the 
decay of the ground [30j and isomeric [3l] states of Ho and 
in reaction (n, nf) [23J • 
The nucleus 170Er ( Z^ = 0.0096(17), S/if = 0.0033(5), Zg- = 0.040(10)) 

I i - * I f 

A -*o+ 
4Í - 2i 
6J-45 
6 ^ 8 g 

2 r ^ 
2 + —* 2*" 
f S 

3+ ~ > 2 + 

T J-

«ř- í 
<ř-6; 
5 Í ^ Ý 
5 ; ^ 4 > 
5 ; ^ g 6í-*í 
6Í - * 
<v -*K 

0 & 
6 r - 4 g 
7Í ~*6r 
7+ - » 0 + 

[kev] 
68.8 

168.1 

273.4 

486.4 

674.4 

855.9 

76.1 

92.9 

169-0 

562.9 

226.0 

133.1 

696.0 

176.5 

309.6 

496.8 

1153.0 

145.3 

642.6 

931.0 

Vl3°J 
0.0105(27) 

0.033(6) 

0.009(5) 

0.00(4) 

0.36(19) 

179(Ю) а ) 

V i 3 l ] 

5(3) 

200(140) 

0.27(5) 

0.07(5) 

0 .6(4) 

2.6(19) 

3.6(8) 

0.2616) 

31(8) 

0.10(7) 

2.9(21) 

0.26(19) 

7(5) 

1640(90)b ) 

1,Г23] 

0.023(4) 

1.14(17) 

2.1(8) 

0.11(5) 

0.020(5) 

0.0128(24) 

0.114(21) 

0.50(14) 

0.39(11) 

0.028(8) 

0.010(8) 

0.29(21) 

0.027(20) 

0.7(5) 

0.005(4) 

0.5(5) 

94 (10 ) c ; 

Intensities marked by a), b) and c) have been measured in f 30] , 
[}l] and [г}]. 



Table 12. 
Calculated relative intensities of unobserved transitions in beta decay [331 and in reaction ( n, ̂ ) [34]. 
The nucleus 158Gd (z,, = 0.013(3), \ ^ = -0.0035(9), Q4<r = 0.80(22)eb, Z^ = 0.020(3), Z4g- = -0.0122(19) ). 

ч - » x f 

°Z-+2f 
s-°; 
П-»4 
* ; - « * • 

* ; - • • ; 

s.o 
63.7 

72.7 

48.2 

998.36 

V С34] 
0.00000022(10) 

0 .019(3) 

0 .008(4) 

0.00047(21) 

1 5 8 ( 9 ) a ) 

VÍ"-1 

0.000000008(5) 

0.00021(5) 

0.00009(5) 

1 . 27 (14 ) b ) 

4 ~* Jf 

3r "* 2r 
*} - *í 
5J:-* 4> 
23" "» эг 

Er 
[kev] 

78.4 

92.9 

122.9 

1187.13 

• f M 
0.038(3) 

0.0294(20) 

0.0270(15) 

4 0 1 ( 2 4 ) a ) 

4 [33] 

0.00058(20) 

1 4 . 7 ( Ю ) Ь ) 

Intensities marked by a) and b) have been measured in ^34 j and 33, . 



Table 13. 

Calculated relative intensities 01 unobserved transitions in beta 

decay of l60Ho [35,36] and l60Ib [37]. 

The nucleus is l60D.y (2 = -0,014(9), Z^ (J ) = 0,0434(20), 

Z-ÍO,) = 0,051(3)). 

1 

1 h -* *f 

2л -> °* 
4 -*0^ /3 G 

i 

j 
i 

[keV] 

69.1 

1349.6 

Ir[35] 

0.0021(5) 

19 .0 (20 ) a ) 

X i - * x f 

3; - 4 
4 í - * 3 r 
4 ř "• 4 
* Í - 6 Í 
S - 4Í 
5 Í -* 3? 
*i-°; 

[keV] 

82.5 

106.7 

1C9.7 

574.В 

132.7 

^39.4 

Iř[37] 

0.0068(5) 

O.OC055(5) 

0.0043(4) 

0.0148(10) 

0.000140(17) 

0.0027(3) 

966.160 6 3 . 3 ( 2 4 ) b ) 

Intensities marked by a) and b) have been measured in [35] and [37]. 



Table 14-. 

Calculated relative intensities of unobserved transitions in beta 
decay [39]. The nucleus i64Yb (Zfl = 0.023(6), Z = 0.122(15)). 

h ^ I f 

л £ 

[keV] 

563.0 

478.0 

1г[зе] 

3.3(10) 

1.64Ú6) 

x i - * J f 

* r - 6 Í 
• Í - 2 Í 
4-°; 

[keV] 

364.6 

1021.4 

Ь63.89 

Ir[3S] 

0.098(^:4) 

1.1(6) 

71 .8(35) a ) 

The intensity marked by a) has been raeasured in [39] and is presented 
for comparison. 



Tool» 15 
S c s u l t l r . i v a l u e s o f 

Hucleua 

1 5 в Е г 

l « E i -

1 6 * E r 

166.. 
- r 

i 6 a _ ^ 

1 7 0 Б г 

^ G d 

1 6 0 D , 

R e f i . 

£»] 

I16-I9] 

[19-гз] 

[24-27] 

[ге,г°'\ 

[ЭО. 31.23*3 

[«.34'J 

С». 36.57*1 

t h e phy-sicrtl 

лг 

о ) 

5 

a ) 

9 

a) 
о) 

a ) 

u 
в ) 

Ч 

8 

а ) 

г.о 
а ) 

3 
5 

« 1 

0.О4 

cor.atantr o l 

1 . 6 6 ( 1 5 ) 
1 . 6 6 ( 1 0 ) 

2 . 2 4 ( 4 ) 
г . 2 4 ( 4 ) 

г . ? г ( 4 > 

г .39(6 . ) 
г . 3 9 ( 6 ) 

г . 3 9 0 ( 2 1 ) 

г . 3 9 ( 4 ) 
г . э 9 ( б ) 

г . 3 7 ( 5 ) 

г.з72(гг) 
2 . 2 3 1 ( 2 1 ) 

г.ггв(1б) 
2 . 2 2 7 ( 2 0 ) 

2 . 2 7 ( 4 ) 
2 . 2 7 ( 3 ) 

Xhc ground 

« Г 

0 . 2 9 ( 5 ) 
0 . 2 7 ( 3 ) 

0 . 2 6 7 ( 1 8 ) 

0 . 2 9 6 ( 1 7 ) 

0 . 2 8 5 ( 1 1 ) 

0 . 2 6 0 ( 7 ) 
0 . 2 6 1 ( 6 ) 

0 . 2 6 0 ( 5 ) 
0 . 2 6 0 ( 9 ) 
0 . 2 5 8 ( 1 3 ) 

0 . 2 2 9 ( 1 2 ) 
0 . 2 3 0 ( 6 ) 

0 . 2 0 9 ( 1 0 ) 

0 . 2 0 9 ( 7 ) 
0 . 2 0 9 ( 1 0 ) 

0.250(11) 
0 . 2 5 0 ( 9 ) 

s t « t o 3 tad 

« 4 

0 . 2 5 ( 1 2 ) 
0 . 1 7 ( 3 ) 

0 . 2 1 ( 7 ) 
C . 1 2 ( « ) 

0 . 2 3 ( 1 0 ) 

0 . 1 9 ( 5 ) 
0 . 1 3 4 ( 1 3 ) 

0 . 0 4 в ( 8 ) 
0 . 0 4 8 ( 5 ) 

0 . 0 5 6 ( 9 ) 

0 . 0 9 7 ( 1 ? ) 

0 . 0 9 3 ( 9 ) 

0 . 1 0 3 ( 1 0 ) 
0 . 1 0 0 ( 5 ) 

0 . 0 9 7 ( 7 ) 

0.125(12) 
0 . 1 1 5 ( B ) 

quadrupol« v i b r a t i o n a l jrt 

i°3V 

- 6 . 2 ( 2 3 ) 
- 7 . 1 ( 1 6 ) 

- 1 . 2 0 ( 1 6 ) 
- 1 . 6 1 ( 2 4 ) 

- 1 . 5 4 ( 1 2 ) 

- 0 . 9 5 0 ( 1 7 ) 
- 0 . 9 8 8 ( 2 2 ) 

- 0 . 8 2 9 ( 2 1 ) 
- 0 . 8 3 ( 4 ) 
- 0 . 8 1 ( 6 ) 

- 0 . 7 8 ( 2 0 ) 

- 0 . 8 6 ( 9 ) 

- 0 . 5 2 ( 1 5 ) 
- 0 . 4 8 ( 1 1 ) 

- 0 . 4 6 ( 1 4 ) 

- 0 . 9 6 ( e ) 

-o.se<«) 

l o ' i n 

- 5 ( 5 ) 
- 5 . M 1 5 ) 

- 0 . 7 ( 1 1 ) 
- 0 . 7 ( 6 ) 

- 2 . E ( 1 4 ) 

- 4 ( 3 ) 

-
- 0 . 5 0 ( 1 3 ) 
- 0 . 5 1 ( 3 ) 

- 0 . 6 5 ( 1 4 ) 

- 0 . 5 4 ( 2 4 ) 
- 0 . 4 1 ( 5 ) 

- 0 . 4 1 ( I P ) 
- 0 . 5 2 ( 1 0 ) 

- 0 . 5 8 ( 1 3 ) 

0 . 8 ( 4 ) 
0 . 7 2 ( 2 7 ) 

í t í S 

io4 
; 0 

1 7 ( 4 ) 

£ 0 

- 4 . 0 ( 1 9 ) 

SO 

i O 

- O . U 7 U 6 ) 

1 0 

0 . 1 0 ( 2 5 ) 

0 . 6 0 ( 2 0 ) 

i O 

- 2 . 4 ( 6 ) 

»C 

2 . C ( 7 ) 

4 . 0 ( i ) 

5 0 

2 . 2 ( 1 2 ) 

1С-'» 

l . ? ( 4 ) 
0 . 9 5 ( 2 » ) 

0 . 1 2 5 ( 2 2 ) 

0 . 1 7 ( 3 ) 

0 . 1 5 0 ( 1 6 ) 

0 . 0 0 4 4 ( 2 1 ) 
0 , 0 8 ? 0 ( 2 5 ) 

0 .073C") 
0 .O7ÍÍ6 ) 

0 .072(E) 

0 . 0 6 1 ( 1 7 ) 

0 .066 (C) 

0 . 0 4 0 ( 1 2 ) 

0 . 0 3 6 ( 9 ) 

0 . 0 3 5 ( 1 1 ) 

0 . 0 6 7 ( 1 0 ) 

0 . 0 8 8 ' S ) 

l o V j 

0 . 7 ( 6 ) 

0 . 5 9 ( 2 4 ) 

0 . 0 7 ( 1 0 ) 

0 . 0 4 ( 4 ) 

0 . 2 7 ( 1 3 ) 

0 . 3 ( 3 ) 

-
0 . 0 1 0 1 ( 2 5 ) 

0 . 0 1 0 3 ( 2 5 ) 

0 . 0 1 5 ( r ) 

0 . 0 2 2 ( 1 0 ) 

0 . 0 1 6 ( 5 ) 

0 . 0 1 9 ( E ) 

0 . 0 2 3 ( 5 ) 

0 . 0 2 5 ( 7 ) 

• 0 . 0 4 3 ( 2 4 ) 

- 0 . 0 3 8 ( 1 3 ) 

103Z 

230(60) 

210(40) 

4 6 ( 5 ) 

59(7} 

£ . 4 4 ) 

4 3 . £ ( 6 ) 

44.C(P) 

3 7 . 4 ( 5 ) 

3 7 . 3 ( 1 2 ) 

3 i . f ( l f ) 

40(10) 

44 (4 ) 

27 (7 ) 

2 5 ( 5 ) 

2 4 ( 7 ) 

4 3 . 6 ( 2 5 ) 

4 3 . 6 ( 2 0 ) 

l°\ 

• 0 

- 2 6 ( 1 0 ) 

1 0 

4 . 7 ( 2 1 ) 

• 0 

1 0 

о .г .5 (2г) 

1 0 

- 0 , 0 4 ( 1 1 ) 

- 0 . 3 3 ( 1 3 ) 

« 0 

2 . 4 ( C ) 

» C 

- 3 . 3 ( 9 ) 
- 4 . 6 ( 1 1 ) 

« 0 

- 2 . 6 ( 1 3 ) 

K \ 

3 0 ( 1 6 ) 

5 7 ( 5 ) 

7 ( 1 1 ) 

1 3 ( 9 ) 

2CÍ4) 

50Í4C) 

-
2 5 ( 5 ) 

2 5 ( 3 ) 
2 6 ( 4 ) 

1 3 ( 5 ) 
1 0 . 5 ( 2 1 ) 

9 (4 ) 
1 1 . 6 ( 2 1 ) 

1 3 ( 3 ) 

- 1 4 ( P ) 

- 1 4 Í 6 ) 

1 S \ 

CO 

- 1 1 . 2 ( 2 4 ) 

WO 

4 . ř ( 2 8 ) 

О 

b) 

1 С 

о.5з:ге) 
i O 

- 0 . 2 ( 5 ) 
- 1 . 2 ( 4 ) c ) 

1 3 

2 . 3 ( 6 ) 

1 0 

- 2 . 4 ( 6 ) 

- 3 . 5 ( « ) c ) 

• 0 

- 1 . 9 ( 1 1 ) 

03 

I 

a) J ' as* di f ferent for the 4 - and f - tend and they are In the tab* 2 and 3 . 
»)the adxtnc p e r a a e t e » Z . . and W r r * n o t r * l a t « a ' o r thlc aueleua by relation 2^-. faf • i > - , because this version of calculations i s not dlcpjeye/l 
с)the 4-r- t rans i t ions are Included in the analys i s and the Taluee of Q4_ and Л , are deternined too : 

l i e S » ( t j e - - C.112{20)?'lOJei - - 0 . 8 0 ( 3 0 » . i 5 8 0 d (Q.„ . 0 . 8 0 ( 8 2 > O 0 V , • -5 .7 (22 ) ) 



Table 16. 
Determination of raixing parameters for the ground band. 

N u c l e u s 

1 5 8 2 r 

i 6o E r 

« 2 ^ 

1 6 4 S r 

l 6 6 S r 

i 6 5 £ r 

i 7 0 2 r 

l 5 8 G d 

1 6 0 D y 

164Yfa 

N 

7 

8 

5 

5 

5 

6 

5 

7 

9 

T 
"min 

2+ 

2* 

2 + 

- - . • ' • 

Č. 

'JŤ 

•s> 

2~ 

? ~ 

T 
~:aax 

1 5 + 

1 8 + 

I 2 + 

т_2~ 

12 + 

L' + 

I 4 + 

16 + 

R e f s . 

[45] 

[46] 

1.41] 

[42 ,43 ] 

[ 4 2 , 4 3 ] 

[42-44] 

[45] 

[46] 

[41] 

Al 
Jf2(A) 

1 ,4 

C.2 

1.0 

2.2 

2 . 8 

2.2 

0 . 5 

4 . 5 

0 . 8 

a g a 
Q g g [eb] 

1 . 7 2 ( 3 ) 

2 . 0 6 7 ( 2 0 ) 

2 . 3 3 3 ( 1 3 ) 

^ . 3 4 6 ( 1 7 ) 

2 . 3 6 5 ( 2 6 ) 

2 . 3 7 1 ( 1 6 ) 

2 . 2 2 8 ( 9 ) 

2 . 2 2 ( 5 ) 

2 . 1 6 2 ( 2 3 ) 

xhi) 

1.6 

0 . 2 

1.4 

1.6 

1.5 

2 . 3 

0 . 4 

5 . 0 

0 . 4 

Mix ing 
Q g g [eb] 

1 . 7 2 ( 4 ) 

2 . 0 6 6 ( 2 2 ) 

2 . 3 3 3 ( 1 6 ) 

2 . 3 3 6 ( 1 7 ) 

2 . 3 9 6 ( 2 6 ) 

2 . 3 6 2 ( 2 1 ) 

2 . 2 3 1 ( 9 ) 

2 . 2 4 ( 6 ) 

2 . 1 3 1 ( 2 8 ) 

o f wave f u n c t i o n s 
l o 3 « V V g r o u n d l o 3 < 

- 0 . 0 2 ( 3 0 ) 

- 0 . 0 2 ( 1 6 ) 

0 . 0 1 ( 1 5 ) 

0 . 2 1 ( 1 4 ) 

- 0 . 2 2 ( 1 0 ) 

0 . 1 3 ( 1 4 ) 

- 0 . 1 0 ( 1 2 ) 

- 0 . 1 5 ( 2 5 ) 

- 0 . 2 7 ( 1 4 ) 

' 1 

< V * / > v i b r . 

1 . 6 ( 4 ) 

0 . 2 1 ( 6 ) 

0 . 6 5 ( 1 7 ) 

0 . 0 9 6 ( 8 ) b ) 

0 . 0 8 7 ( 1 0 ) 

0 . 0 8 5 ( 9 ) 

0 . 0 5 9 ( 6 ) 

O.OSO(IS) 

a) Determination of mixing parameters from the phyaical constants of the quadrupole vibrational states 
b) Only «.-. 



FIGURE CAPTIONS 

PIG, 1 Levels of rotational bands of the /3-t )f -vibrational 
states and the ground state in even-even Er isotopes 
(A s 158-170) excited in the beta decay. The values 
of I and the experimental (asterisk) or calculated 
mean lives Ct) of the individual levels are shown. 
Levels introduced in beta decay preliminarily are mar­
ked by a dashed line. 

PIG, 2 Levels of rotational bands of the л'-, у-vibrational 
states and the ground state in even-even N = 94 iso-
tones (A = 1S8-1Ó4) excited in bew decay. The values 
of I and the experimental (asterisk) or calculated 

mean lives ( Г) of the individual levels are shown. 
Levels introduced in beta decay preliminarily are mar­
ked in a dashed line, 

PIG, 3 The mixing parameters of the rotational /I -band wave 
functions of К = 94 nuclei (A » 158-164) and Z = 68 
nuclei (A s 158-170), The values of Zд determined 
usint; microscopic model with both pair and quadrupo-
le-quadrupole interaction in Woods-Saxon mean field 
L51j are marked by empty circles, 

PIG, 4 The mixing parameters of the rotational ^ -band wave 
functions of N = 94 nuclei (A = 158-164) and Z = 68 
nuclei (A = 158-170), The values of Z v- determined 
using microscopic model with both pair and quadrupo-
le-quadrupole interaction in Woods-Saxon mean field 
[51] 

are marked by empty circles. 



The values of (Qv-f- Q_~) / Q*->~ determined using re­
orientation effect in Couloi 
["?3j are marked by a cross. 
orientation effect in Coulomb excitation of 2t- levels 

PIG, 5 Comparison of experimental and calculated values of 
IkE2) probabilities for the interband gamma transi­
tions in 158Er. Ratios [в(Е2) -Л/В(Е2) I1/2 were 

caic expJ 

calculated with values Z6 = 0,030(16) (Jl*2(1) « 

= 30) - empty c i r c l e s , or Ъ,ь = 0.056(4), ^ - = -0.C111 

(11) ( \ , 2(2*) = 0,2) - full c i r c l e s and Z^-» 0,23(6) 

(Л'"(1) = 12) - empty c i r c l e s , or Z,-= 0.16(12), Z . ^ = 

= -0.07(9) U ' 2 ( 2 4 ) = H) - ful l c i r c l e s , 

PIG, 6 Comparison of experimental and calculated values of 

B(E2) probabi l i t ies for the interband gamma t r a n s i ­

t ions in 1 о 0 £г . Ratios Lb(B2)ca lc/B(E2) J 1 / 2 were 

calculated for t rans i t ions related with tne gamma-band 

using the Alaga rules (X*(A) = 27) - empty c i r c l e s , 

or with value Z~ = 0.133Í . '(Jf4 ») = 0.9) - full c i r ­

c l e s , B(ij2)_a l c for t rans i t ions de-exciting /4-band 

were calculated using tne Alage rules (Ji' (A) » 7) -

empty c i r c l e s , or with Z^ - 0,029(>) (X O) = 0 , 5 ) -

ful l c i r c l e s , 

PIG, 7 Comparison of experimental and calculated values of 

E(E2) probabilities for the interband gamma transi­

tions in 1б2Ег. Ratios [B(E2)cal(J/B(E2) ] 1 ^ 2 were 

calculated with parameters Z*- » 0,059(7), ?>л/- = 
O.Ou 

16) . 

1 3 
= 0.0C45Í22) ( J f ( 2 x ) = 10) and Z^ » 0.007(11) (J f (1 ) = 



Experimental values of 1̂ - were obtained in beta de­
cay (empty circles) and in reactions (р,4п^), (xt2n,-) 
(full circles). 
a) Determined value 2.5(7) for this transition is not 

shown in fig. 7. 

PIG. 8 Comparison of experimental and calculated values of 
B(E2) probabilities for the transitions in Er. Ra­
tios Гв(Е2), /B(E2) 71'2 were calculated with pa-

w CcLLC QXp 

rameters: Z r(2r) = 0.068(5), Z r(0 ) = 0.068(8), 
Z.if = 0,005(5) (J(2(3) = 6) and Z 3 = 0.028(4) ( \'2(1) = 
= 3). 
experimental values of I,- were obtained in beta de­
cay (empty circles) in reactions ( т<,2пг) or (p,2n f) 
(full circles) and in reactions (n,n'y~) (cross). 

PIG. 9 Comparison of experimental and calculated values of 
3(i;2) probabilities for the transitions de-exciting 
levels of r-band in 1boBr. Ratios [B(E2)calc/3(E2) j 
1/2 ' were calculated with parameters Zf (2,~) * 0,0448 
(8), Z^(0g) = 0.043K5) ( \"2(2) = 13). 
Experimental values of I ̂- were obtained in beta de­
cay (empty circles) in reactions (x,2np) (full cir­
cles). 
a) Determined value 0.412(22) for this transition ic 

not shown in fig, 9, 

PIG, 10 Comparison of experimental and calculated values of 
B(iS2) for transitions in 1б6Ег for the different num­
ber of parameters: Z^« 0.0427(5), (JC2(1) = 9,2) -



full circles, 2^(2^) » 0.0445(5), Z^(0 ) = 0.0410 
(20), Z..r = -0.0009(10), ( $2U) - 4.8) - cross, 
Z r ( 2 r ) = 0.0445(5), Z^(0g) = 0.0452(10), Z^ • 

= 0.0L046(18), Z6 = C.06, (X2(3) » 3.9) - empty cir­
cles, bxperimental data used are described in tab. 
9 [24,25',26,2?]Г 

FIG. 11 Compariscn of experimental and calculated values of 
B(E2) for the transitions de-exciting levels of if-

168 
and Л-band in £r. Values of B( E 2) c ai c

 w e r e calcu­

lated with parameter Z^ - 0.0374(6) (Jf2(1) » 0.9) 

and Z.: = 0.025(5) („V2(D = 9 ) . 

Experimental values of I ^ were obtained in beta de­

cay (empty circles) and in reactions (n, ,r) (full 

circles). 

FIG. 12 Comparison of experimental and calculated values of 

B(ii2) for the transition excited in beta decay in 
170 

i i r . Values of ^ (^2) c were c a l c u l a t e d u s i n g 
the Alaga r u l e s ( J\ ,2(A) = 6 for f -band and \ (A) = 

= 22 for /i -band) (empty c i r c l e s ) and wi th parameters 

Z r = 0 .013(5 ) , lAf* - 0 .017(7 ) ( . \ , 2 (2* ) - 1.3) and 

ЪГъ = 0.011(9) ( J f 2 ( 1 ) * 16) ( i u l l c i r c l e s ) . 

FIG, 13 Comparison of experimental and calculated values of 
В(Б2) for the transitions in 158Gd. Values of B(E2) c a l c 

were calculated with parameters: 1д (0^) « 0.0094(21), 
Z/L ^ s °'u13(3)f f,3r » -0.0018(7), (Jf2(3) - 4) 

o r Z r ( 2 r ) -0,020(3), Z^(0g) -0.019(3), 2 ^ -
= -0.0115(17), Z^ - 0.01, (JC2(3) - 0.8). 



- 1'\ -

Experimental values were obtained i n beta decay (em­

pty c i r c l e s ) and in r e a c t i o n s (n f Г ) ( f u l l c i r c l e s ) . 

PIG, 14 Comparison of experimental and c a l c u l a t e d values of 

B(E2) for the t r a n s i t i o n s in l 6 0 D y . Values of B(E2) 

were c a l c u l a t e d with parameters : S^ = -0 ,014(9) 

( JC2(D = 5) or Z 

( Х 2 ( 2 Л ) = 0 . 0 4 ) . 

(JC2(1) = 5) or Z^ = 0.0438(20), Ъу -0 .C035ÍH), 

FIG, 15 Comparison of experimental and c a l cu l a t ed values of 

3(22) for the t r a n s i t i o n s i n l 6 *Yb. Ratios [ B ( E 2 ) c a l c / 
1/2 3(si,2) ] were ca l cu l a t ed with parameters : Z^ « 

= 0.023(6), ( , \ , 2 0 ) » 17) or Z ^ » 0.122(15), ( JC 2 0) = 

= 13). 

FIG. lb The physical constants of transitions (Q-g.» Qn * Q y ) 

and levels (matrix elements of the Coriolis interac-

tion h;s * V h-r)-
The values of Q determined by I.A, Mitropolskij 

k40j using the superconducting model are marked by 

triangl, 

FIG. 17 Comparison of experimental and calculated values of 

tf(r,2) probabilities for the intraband transitions 

de-exciting the rotational levels of the ground sta­

te. 

The values of B(22) , w e r e calculated using the A-

laga rules (empty circles) or determined assuming 

the mixing of wave Íunctions of /1- g and /jf- g sta­

tes (full circles). 



- 5 v -

FIG, 18 Values of parameter (oL +<*r) determined from analy­

sis of B(S2) probabilities of intraband transitions 

in the ground band 



P I G . 1 

4* 
6(4) 4* 

4£(Í6) 
3* 

t
 2

 6» 33(13) 
5 ( э ) 4.0(7)» 
0* 2* 
11(11) 48(14) 

4» 
20.8I10)* 

2* 
433(22)» 

0* 
158 
66 I - r 90 

0* 
— X—. 

2* 

4* 
46.6(16)" 

2* 
Í330Uol* 
0* 

160 — 

6 8 ^ * 9 2 

2* 
O.037l15l 

034(19) 

6» 

4* 

4* 
223(21) 
3* 
220(24) 
2* 
2.25(20) 

2* 
U43I14)* 
0» 

162 r-
6 8 t r "94 

6* 
Í7Í9) 

4* 
0.9(5) 

^ГоВ1з) 
05(5) 

8* 
3.74(20) 

6* 

1* 

7* r 
aoi(i4i 0 . 

6* 
3.27(18) 

ÍW7) 
4* 

, 302(16) 
3* 
2.Z8H15) 

2.68(13) 

Í2403)» 

2* 
^2120140)* 
0* 

164 
ac-r 

96 

7* 
507(15) 

6* 
556(1t) 

5 ! _ 
5.46(19) 

?.. ^ 531(16) 
640(30)«Л__ 

|рЦТ») 
4А4П5) 

6^ 

4* 
170|7)« 

2* 
^2640129)» 

« 6 _ 
бВ^Гдв 

2* 
0*Ю(Э| 
94(4) 

6' 

5* 
4.38(13) 
4* 
4.38(12) 
3* 
^15913) 
4.16(11) 

4* 
173Í7)* 

r 

0,2710(50)* 

бвЬ-Гюо 

4* 
283(12) 

^ , ZTTTOÍBI 
OliH51 Ю16) 
21(8) ^ 

6* 
22.9(9)» 

4* 
Í96TO» 

2* 
v 2730(/.ale 

170 p 

1 



!•'• 1 и . / 

6* 

2* 
0*4.517) 
•3(11) 

2 ! _ 
з» о* г 9 1 , 1 7 ) 

2» 0.88(3) 
0.88(3) 

5* 
2.06(12) 

2.04(15) о*0'371151 

' 1.95,12) ° - 3 4" 9 1 

2* 
1.91(10) 

4*__ 

4* 
2.23121) 2* 
3* 
2.20(24) 5 — 
2 ' 
2.25(20) 

_ 

6* 

5* 

4* 

3* 

2* 

6* 

6* 
26.8 (14)" 

7.24(25)* 

4* 
42.8(14) 

4' 
234(191* 

2* 
0,3650(70)# 

158 Г _ , 

4* 
146(13)* 

2* 
• 2930(30)* 

! 6 0 П 

2* 
1443(14)* 
0* 

162 

2* 
1270(501* 
0* 

7 0 Y b 9 4 



z» 

004 

002 

0 

0.02 

} 

1 5 8 ( t t 

160 „ 
Dy 

< 
• 

. 

, l 
' 

162Er « 4 
A 

4 

006 

0.04 

0.02 

i • 

. 

! 

• 

• 

i 

' 

l 
< 

Er 

A 
158 160 162 164 166 168 170 

Q5 

-0.5 

Q»A-Q99 

158 160 162 
Gd Dy Er 

-H »— 

164 
Yb 

0.02 

0.02 

ifif 

Gd Dy Er Yb 

Í 1 1 . 

0.5 

•0.5 

•10 

Q/M-Qgg 
Q4/> 

158 160 

< 

i 

162 

Er 

164 166 

l A 

168 

1Л 
00 

Q02 

0 

002 

0.04 

$fif-

156 

« 

160 162 164 

i 

Er 

166 168 

' 
A 



г ! 
015 I 

ою 

005 

0 

•i 
•i •i 

T 

I 

158,.., 160 162,. 164 
И Dy Er Yb 

025 

020 

0.15 

0Ю 

005 

Er 

- * • — • *~ -* 1 * -

05 

•QS 

1MGd 1600y 

í 

i 

162£r 164 Yb 

L_f 
i 

0.5 

Q r r -Qgg 

156 160 

"" / И -0.5 

1SB «0 « 2 164 « 6 166 170 -1Л 

Er 

4ir 

005 
156„_ 160n 162, 164v„ Od Dy Er Yb 

O . . 

-0 05 

l*r 

o TOU у 170 

162 16* « 6 1» 

005 

0 

-005 

-0.1 

15» 

< 

Er 

160 «2 164 166 166 17C 

._ i_< , . 
\ 

Ol 



B(E2)colc 
B(E2)exp 

-11/2 

14 

1 3 

1 2 

1 1 

1 0 

09 : 

0 8 

lili 

1 5 8 E 

68 90 

0 CM CM - Л ^ - » 

I t f f ! I 
ГЧ ГМ П CO - J - * 

B(E2)colc 
B l E 2 ) e x p J 

T1/2 

1.3 

12 l 

11 

1.0 

0.9 

0.8 

0.7 
O CM 1 CM (O 

CM CM I - J ~» 

Г — - 9 П — g 

1 6 0 E 

6 8 ^ ' 92 

1 2 

1.1 

1.0 

0.9 

0.8 

0.7 t 

0.6 

0.5 J 

B I E 2 l C 0 | t 
n i / 2 

BlE2) e x p J 

O <N *M -J 

l i f t 
PN гч m **> 

12 

1.1 f 

10 

0.9 

0.8 | 

0.7 

0.6 

0.5 

P'E2)C 0 |C 

ME2! exp 

1/2 

o c* -* <N ""* 

Mill 
N M N 4 ^ 

O 

Г — g П — g 



!•'•(.;. v 

ГВ1Е2)со1с11/2 

[B(E2lexp] 

1.5 

1.4 

13 

12 

1.1 

1.0 

0.9 

0.8 

0.7 

0.6 

162 
6 8 С Г 9 4 

1 Г Ji 

1.4 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 

BIE2) 
В(Е2) 

cole] 
exp J 

1/2 

I 

о о.' о 
I I I f » I I I I I » 1 M 1 I I I 

a 
о »ч -» 

I I I 
N N N 

/—g r~r 0 — g 



- 62 -

о 
о о 

1 4 

ш 
аз 

п 
& 

гм 
111 

Ш 

I « 1 

I a < 

O l OD 
О О 

в — 
— • 

9 — 

7 — 

г — 

о — 

— в 

о 

I 

I • 1 

Ш 
~t со 
(О (О 

01 

ч 
01 

в 
h 

о 
ч 

8 

о> 
о 

00 
о 

9 

7 

9 

7 

ч 
7 

г 
7 

г 

7 

О 
г» 
о 

— U 

—'и 
— 01 

— 6 

-ч 
— е 
-Ч 
— L 

— L • 

- J L 

— 9 

— 9 
Ч-Ч 

— 5 

— S 

-Ч 
— 7 

— 7 

— £ 

— £ 

— I 

— г 
— г 



- 63 -

t-
Ixl 

LU 

m 

o e — oi 
Лд ^JQÍ 

9 — 9 

9 — 8 

/ g —tg 

8 — i 

9 — L 

A —^ 
8 — 9 

9 — 9 

7 — 9 

•*? '9 

9 — S 

7 — S 

-*e *— •»s -*" 
9 — 7 

7 — T 

г — i 
*i - ' » 

7 — £ 

г — с 
7 — г 
г — г 
о — г 

Í 
н 

в 

| 
К 

OI 

6 



- 64 -

i 1> 1 

t О 1 

ш 

Ш 
CD 

И-- О - I 
» i t 1 

¥ • * • - * 

rl 
» • 

I— О 

8. 

9 — 8 

• 9 — 9 

8 — i 

^ — L 
9 — 9 

7 — 9 

9 — 5 

7 — 9 

9 — 7 

7 — 7 

г — 7 

7 — e 

г — e 
7 — г 

г — г 
о — г 

•л 
СП 

о 
о 
о 



- 65 -

t— 
и 
о 
и 

Í N 

Ш 
ш 

о. 
ж 
а 

гч 
ш 
0 

I О I 

Í — 9 

i «—• 9 — 9 

7 — 9 
07-Й9 

9 - 7 у 
7 — 7 I 
г - 7 

\ 
а. 

г— г 
о — г 

Г, Í 4 в 
<э 

Ш 

и 
3 о 
<м 
ш 
Ш 

а 
к в> 

с* 
Ш 

а> 

9— 9 

' в — ' в 
— L 

9 

— В 
9 
Г 

— L 
^.t 

А_'< *Т 

9 

7 

9 • 

7 • 

г -
Ч. 
i-
г-
7-

г-
о-

9 

— S 

— S 

~'s 
— 7 

— 7 

7 

*•, 
С 

f 
г 
г 
г 

I 
ч 

f 
ч 

О» Ь 3 



170 
6 8 Ь Г 1 0 2 

BIE2)Calc 
BIE2)ex R 

1/2 

1 4 

1 3 

1.2 

1.1 

1.0 w-
0.9 

0.8 

0 7 
ÍM >4 Г< -» 

MM 
n n -» -» 

u 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 

B(E2)CQlc 
BIE2) exp _ 

1/2 

о 
t 

Í 4 

r* 

f 
ГМ 

- J 

\ 
ГМ 

Г—9 P — 9 



- 67 -

4 

О 

О* 3)6 

а. 
X 
0> 

ш 
5 

1— 

-

* 

— — 

-* — — . 
-* 

< 

г 

! 

9 — 

7 — 

г — 

7 — 

г — 
о — 

9 
I 

О» 
6 

3 

1 

8 
|М 
ш 
(В 

о-
£ 
п* 
UI 

со 

9 — S 

7 — S 

А - Л 
7 — 7 

г — » 

i ~ z 
г — е 

, 7 — С 

г — г 
о — г 

I 

I 
ч 

о 



- 68 -

7 — 7 

г — i 
i — г 
г— г 
о— г 

J5 Г* 

9 — Ч 

7 — S 

7 — Е 

г — Е 

г — г 
о — г 

О) 
о 

2 

о 

1 
ш 

1— 

X ' 
ф 

UI 
3 1-

7 — г 
г — г 
о— г 

СП 
о 

ел 
>ч 
О 

о 
л 
о 

<ч ш 
а 

а 
X 

* 
ш 
ш 

9 — S 

7 — S 

7 — 7 

г — 7 
7 — Е 

г — £ 

7 — г 
г — г 
о — г 

3 



o ' l i l . 16 

Qqq' 
1Ы . 

2 0 

10 

№94 

* °99 
o 0 ň 

» Ojf 

15Чм «Ооу « 2 Е , 

2 0 

1.0 

Er|Z*68) 

— 4 

ffc====f=zqp--4"4: 

15в КО 1«2 № 1 U Ш 170 

hqq' 

50 

1586 d 160D y 162Er 

—?~r •—7Г—Г"— 

N«94 

-5Я 
— . «v, 
— • *nr 

ve 

hqq' 

&0 Er lZ.58) 



t Гв1Е21со1с 
13 • [в(Е21ехр 

l Í.2 

j 
1 2 '• 

< 
1 1 • 

"r"»ii 09 i | 
1 1 

08 ; 

- ' ' 

i 
! 
1 
1 | 

< If 

l :Bi t :2 jcalc 
1 3 • [ B l t S l e x p ' J 

1 2 • 

1 1 i 

1 0 г o . 

0 9 ' 

0.8 

U 

0 7 

1 6 6 , 

**тп*-

^ \ 
1 2 I 

1 1 

1.0 

0 9 { 

0.8 

0.7 t 

Híf-:2)culc_ 

. . H í i i { l i 

3 &d 

< 13 

1.2 t 

1.1 i 

10 

0 9 

0 8 

0 7 

1.3 I 
1 2 г 

1.1 ^ 

1 0 i— 

0 9 ? 

0 8 i 

0.7 {• 

160 Er 

« l i H .-IUI-iI 
i i 1 

. . . 1 1 — i - $ - f t ii 

11 

• E r 

1 3 | 

1.2 j 

1.1 i 

i o L -

0 9 I 

0 в • 

0.7 

" I 
1 2 1 

1 1 

1.0 

0 9 

0 8 

0.7 

168 Er 

..,, i,. 

170 Er 

SJ ii .,_ 

1 3 j 

1 2 

1 1 

1 0 

0.9 

0 8 

0 .7 i 

1.3 

1.2 

1.1 

1.0 

0 9 

O.B 

0 .7 

160 

4 l f í li 

Dy 

164 
Yb 

O 

O C4* "•* Ю < О О Г Ч ^ * ^ 0 

i ! i i t 7 T 7 7 
(О ао О 

I ! Ы I } 
IN -J Ш <© O £ í 

O í N * - f Ю СО О ГЧ - » I D 

M » ! ! "\ i l" V 
гч - j *o со О еч - j UD oo 

j - <3 9 • * ? <j - g 



- 71 -

с 
г» 

оа 
891 

991 

791 

391 

091 

891. 
— » — . . 1 . . •— 

П (М «- О , - ГЧ ГО 
Ó О Ó Ó О О О с о р 

о о ó 
ГО ^ t 

о о 

d 2 9 l 

^ 0 9 1 


