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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 ReZ 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 assuning the mixing wave functions
of ground, beta- and gamma-vibrational states and different

value of intrinsic quadrupole moments of their states,

Experimental values of B(E2) gamma transitions between
levels of rotational /-, ) -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 /5= or the y” ~band to two differen: 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.
Explenation was found in taking into aaéount of Coriolis and

other interactions in the framework of perturbation theory
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[3-8] . Pormulae for B(E2) in these papers [ 3-8] are ob-
tained under differeant assumptions. E.g. C.W. Reich and
J.E, Cline [7] supposed that intrinsic quadrupole moment of
the ground state and that of the y -vibrational state Lave
different values, P,0. Lipas [4] and L.L. Riedinger et al.
[6] assured mixing of wave functions of rotational levels of
the A- end the y -vibrational states and N. Rud et al. [ 8]
took into account a term nonlinear in the parameter & qq°
of the type 55.54[ in addition., Besides this, the paiameters
zq, which are usually obtained from experimental data, are
not defined in the same way in [3-81, It remains to remark
that misprint have probably crept into the definitions of
functions P, (I,,I.), Ray (1;,I,) and P/;[(Ii,lf) /see
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] under general assumptions:

values of intrinsic quadrupole moments differ =

Qgst‘ Qir* Q yy Tixing of wave functions of rotational

levels of /1~ and y -vibtrational states is nonzero

( f”’d" 0), and the term proportional to &, £’3¢Y“ or

&J. &, r
Adequacy and usefulness of inclusion of these effects 1is

is not neglected.

checked up below on available experimental data on deformed
isotopes of erbium (Z = 68) and isotones with N = 94, We
ob%eined considerable part of our exprimental results from
investigation of beta decay of relevant nuclei by anti-Compe
ton spectrometer in INP ReZ and in the framework of the pro-
gram JASNAPP=1, As sufficiently exact experimentsl data from
reaction (n,g-) or (o ,xnx) and (p,xnzr) are known
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we took them in the set of initiel data,

Reduced E2 probabilities of y -transition that depopu~
late levels of rotational bands of fi- or y -vitrational sta-
tes to levels of the rotetional band over the ground state
could be written generally [9]

B(22;1,0,—> 1,0,) = B (E2;1,0, —> 1,0 )x{142,(0)B,(T,,1,) +
+[2,00,) -2,(0,)] £,(1) + §41P4'5.(11.11)[1+za.(2d.)p[(11.1f) +

+ ; Z')’.-(Z/{)F/’:X(Ii.lf)]}z (1)

B(E2;1;2,-> 1,0,) = B (E2;1;2,.—> It°g)"{“z;(2,r)l’g“1'1r’ +

+ 13 20(20) = 3 2400)) + 2, (152,(0,) 1,(I,))] PAJ,(Ii.It)}Z

(2)

We showed in the article [ 9] that the nonlinear correc-
tion by Rud et al, [8] /a term proportional to the product
gszJ‘(ZJ') in eq, (1) or to the product Zyply (0,)
in (2)/ comes to manifest itself for transitions from I,24
for the /i -band or from 112 6 for the y -band, The definite
value minimal spin Ii depends also on the accuracy of detera
mination of gamra transition intensities, In cese we neglect
the nonlinear correction then in virtue of (2) it is not
posaible to separate the contribution to B(E2) resulting
from inequality of intrinsiec quadrupole momente QGS # QJUV
proportional to matrix elementa of their operator M (B2,0)
and the contribution to B(E2) caused by mixing of wave
functions of /1~ and y -vibrationsl states characterized by

the parameter ZG . However, there is possible to separate

X
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these contributions in the case of knowledge of B(E.?,Zs*og).
3(32,25.* 08) and intensities of intraband transitions too.
The notation used in eqs. (1) and (2) is defined by

the following relations (where q =/, y~)

- 2,2
3 (E2,1K q Ifog) =<Iqu2 ~Kp|1,07 qu (2-5;((1’0) (3)
1 {14220|1,2) 1 I,
Fo(L,,I,) = £A1,) = » [14(=1)
p (Tarfe) = J—s{<122-2]10> preczeT ]
(IjUZU;lfO)
(1,22-2|1,07 f/r(If)} (5)

I {1,020{I,07
J () ] — L__L
3 [1een ] o= (ot Y1) (©
{1,22-2|1,0)

(1;,1,)

F/lf

P I = {72 Tomtey fyy) (1)
£, (X) = I(I+1) £ (1) =42(1-1) T (I1+1) (I+2) (8)
2, (0,) s--fii:-E,s 2, () s-%ﬁ- . (9)
Zy(0,) = -2 '%%64' Zy(2)) E-EZ TJ:C (10)
gy = 16 ":':f' 4 oy ®- T‘e‘" —sz' “ag (1)

The coefficients of wave functions mixing are denoted by
Eay 54,- and éar in these rormulese, If ng = Q440 then ZA(OS)
=2,(0;,) =2, end similerly if Ygg = Uy r then Zr(og) s
J.(2 ) = Ly
The parameters Z ,Z . Ay © r§ s,-were found from knewr ex-
perimental values of B(b?) or more often from their ratios
by the least c.u..ro i wsin tac pro, - riw "ilne. " (1]

Experimental values of intrinsic quadrupole momsnt of
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tie ground s:ate 35, reduced probabilities B(EZ,O; —»2;)
and B(E2,0; +'2:) of even-even deformed nuclei found by ve-
rious suthors are presented in a review article [11] . Weight
averages of these values for nuclei under question are listed
in tab, 1, Unfortunately, the set of all three necessary phy-
Sical quantities is not known for all nuclei, Levels of rota-
tional tands of -, ,"=vibrational state and the ground sta-
te >xcited in beta decay are in fig. 1 for the isotopes of
erbium anu in fig. 2 for the isotones with N = 94, Mean li-
ves (') of individual levels are shown in figs., 7 and 2, €x-
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 meximal spin of levels) is in tabs., 2 and 3. Relati-
vely little data on the rotational ,:-band is noticable from
this summery. It is necessary to add that levels with higher
spins, tnet 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 is5 less sensitive to a change of parameters Zq than
in the case of two interhand transitions,

GCemma trarsitions relating levels of the same sSpin or le-=
vels whose spins differ ty one can be of mixed mul tipolarity
NT+£2, The multipolarity M1 is forbidden in trensitions /g
and - »g according to the Bohr=iottelson model [1J + Nevertne-~
less, weak admixture of ! multipolarity in Vd transitions
{8 observed, although it is nusually less than 2% and it does

-

net exceed 105 [12, , Experimental data on the M1 admixture
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in interband transitione of even-even erbium isotopes and iso-
tones with N = 94 does not exist or are marred up by great
166E

errors [12] » Tne exception is T, 168Er ané 160Dy transi-

tions J=+g(see below), This is why we made no correction due

tc the admixture of M1 mul tipolarity (except 160

Dy). The as-
sumption that M1 multipolerity admixture in A +»g trensitions
with spin I>1 is smell is supported by compering the descrip-
tion of B(E2) with velues of Z, obtained with end without
elimination of A+ g transitions with spin I*I from experi-
mental date studied (see below), As usual, intraband trarsi-
tions relating levels with spin I1+I-1 in a ¥ -band include
suck an M1 multipolerity admixture reaching as much as seve-
ral tens perceat. Therefore such transitions were not taken
into account when analyzing reduceé 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 are
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 fule
filled by chance. This is the way in which arise systematicel
errors in analysis of B(E2) probabilities or their ratios,
whose inclusion is very difficult,

Experimental data were treated consecutively for each
nucleus, PFirst, data from beta decay wers checked, whether
they conform to the Alaga rules, then the parameter Zq was

evaluated by least square method and then the same for the
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two parameters Zq, quo(or Zq(Kq), Zq(og)) or three parameters

Zo(Kde 20000 20 (2 s {1y) a8 the case may be. Eventuslly,

influence of the nonlinear correction was examined. Each of

the beta or gamma bands was treated independently. The resul ts
are also included in tabs 2 and 3. In all applications of

the Alags rules was X 2(A).> 10 and in some cases X 2(A) > 100.

By introduction of the coefficient Zq value of J(2(1) is de-~

creased many times, Further increase of number of parameters

tends to change )(2(2),\A'2(§) or ¥V2(3) only 1ittle in com-
parison with y 2(1). ')

1) -uxz(q) - is the sum of the squares of the deviations
divided by tne 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), resp. 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 nuclecar reactions, provided

the values of Zq overlap within 27, With values specified

in such a way we carried out calculations of intensities of

known gamma transitions and those not observed yet, as well.

‘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-

citing the same level, we determine a parameter Z,3(162-166.

17°Er, 160Dy). If three different ratios of B(E2) are known,
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it is possible to find ¢wo parameters Z/3 (Qg)' Z/Z(Og) or Z,,

$ 60,1645, 164yy) | Similarly, we determined only two pa-

iay
rameters for tze X’uband in nuclei 158’160’170}3:', 160Dy and

164Yb. All three parameters are evaluated for the 2 -band

158’168Er, 158Gd (see tab., 2) and for the J ~band 162,164,

100,1083r, 15844 (see tab, 3).

1f )(2 does not change much when fitted with one or three
parameters, then Z (gf)+Z[(0 ) or Z 2[; (Q4)+
+ ZG(OE)J' Values of mixing perameters of wave functions for
the bands /4 and y in nuclei with Z = 68 and N = 94 are pre-
sented in figs 3 and 4. Helative difference of intrinsic qua-

drupole moments (Q )/Q is equal to rejative difference

qq 88
of mixing parameters (Zq(Kq)-Zq(Og))/Zq(Kq). We determined

the relative difference of intrinsic quadrupole moments of

158 158

all nuclei studied except Er and Gd under the assumption

that 2,, = §4[= C. ¥e found out that the relative difference

(Qqq gg)/Qqq

we evaluated the value of parameter g

0 within 37,

AX- -0,0116( .

= =0,0128(19)) when analyzing the rotational band of beta

(z,
g 158, ,158

(gemma) viorations in BEr ( Gd). The mixing parameters

.
14

Z/Lf and )4 8Tre related for a given nucle:s by equation

VA = £, 2. Therefore we analyzed transitions relating

15844

Ar Say

levels of beta and gamma rotetional bands of 158Er or

simul taniously under assumption Q

. : Z 0
EE'Q/A/s‘QJ‘(' /3[‘
and §1rﬁ 0. It turned out that even in this case matrix ele-

ments of intrinsic quadrupole moments are equal within 2 7,

see figs 3 and 4, It should be remarked that the equality

164,166,168

of the quadrupole moments Qg for

158

g""‘f/r Er and

Gd wa: estab lished with eccuracy of few percent, Measu-
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rement ot re-orientation effect in Coulomb excitation of 2}.
levels of some Sr isotopes [13] made possible to find values
of Qlj,with lower accuracy, see fig. 4.
In the following part of this paper we deal with more
thorough analysis of mixing paruameters of particular erbium

isotopes (A = 158-170) and isotones with N = 94 (1586d, 160Dy,

16251 and '%%1b).

1585,

There were identified three levels of the rotational band
of beta vibraetions during investigation of excited levels of
1583r via beta cdecay f14] o It is possible to use seven gamma
transitions tnat de-excite the two levels with spin Ii’= 2t
and 4% for anelyzing of B(£2). Values of [B(Ez)calc/B(Ez)exp]
for interband transitions are shown in fig. 5. They were ob-
tained under the assamption that (i) only one parameter
24 = 0,G030(16) is non-zero (empty circles) or (ii) two para-
meters Z, = 0.056(4) and g“l'z ~0,0111(11) (full circles),

In the former case ()(2(1) = 30) wve observe considerable dif-
ferences hbetween calculated and experimental values of redu-
ced probabilities, which exceeds three times the value of ex-
perimental error for the transition 2, = 48' In the latter
case ¢(2(2') drops considerably (to 0,2), Within one G the ra-

tio [B(2) . ./B(E2)_ . 172 ¥ 1, It 1s interesting that with

calc exp]

fitting using two parameters z4 (QG) and 2/3(08) we have hige
her value DX2(2) = 50, The elimination of transition with
spin 121 from experimental date doesn’t affect the velue of

2,(Z, = 0,052(4), J(2 = 3 ), Comparison of calculated inten-

1/2
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sity IJ-(EZ) and experimental Ig-(E2+M1) of this transition
with spin I »I leads to the velue of IJ.(M1) less then expe-
rimental error of Ig»(E2+M1).

Two intraband transitions 270, end 4‘1;—»2,;, whose retio
is [B(Ez)calc/B(Ez)exp] = 1 within 1,3 3 for all version of
calculeticns, were also included into anelysis of 4 -tend,
Knowleage of an intraband trensition intensity enetles us to
find matrix element Q4 or QJP as the case mey be,

It is known only five interbend transitions de-excicing
three levels of X--rota+ional tard (I7r= 2+,3+,(4*)) and two
intraband trersitions within the band: 3;.'* 2;, 4;—’2} for
this nucleus, Anelysis of reduced protabilities with one pa-
rame ter ZJ.= 0,23(6) gives relatively low value J(2 = 12 and
[B(52) 5 o/B(22) gy ]/ 2

sitions, If we increase number of parameters to two, the va-

= 1 within 26 for all the seven tran-

lue of uf2(2) increases to 14, This increese is caused by de-
crease of numter cf degrees of freedom, Despite this agree-
ment of celculeted and experimental velues became better, seeo
£ige Se

Calculated intens'ties of gamma transitions, not obser-
ved yet, de-exciting rotational levels of the 4 - and
the y -tands are in tab, 4, Calculation of intensities was

cerried out under assumption 2, = 0,030(16) and z]" 0.23(6),

160Er

160

Investigation of excited levele of Er was performed

in beta decay of the ground [15] and isomeric [16] states of

160py, Transitions 2, 25, 2,05, 372 and 354} were ob-

2~ % Oy )



served both in decsy of the ground and the isomeric states

and we tock weighted mean averege for esteblishing of the cor-
1/2
expl

XZ(:‘-.) = 7 and J(’Z(A) = 27 if we use the Alaga rules and com-

responding {B(E2)cﬂc/B(E2) s, 9ee fig, 6, We can get
pare them with experimental velues when calculating B(E2)
for trancsitions de-exciting levels of /- and J -bands.

The one-parametric fit in each band with velues Z, = 0,029(5)
and Z = 0.133(14) gives velues N2(1) = 0.5 and S%(1) = 0.9,
and EB(EE‘)WIC/B(EZ)exp]”2 = 1 within 17, If two parameters
are employed, x”2(2) increases a bit in the ,» -band and de-
creases in the y -band, The elimination of transitions with
spin I 1 from experimental data of A -band doesn’t affect
the velue of 2, (Zd = 0,029(7),)(2 = — ), Comparison of cal=-
culated intensities IJ-(E2) end experimental Id-(E2+M1) of
these trensitions with spin I+1 leads to the values of 15'
(M1) less than experimental zrrors of IJ-(E2+H1). Calculated
intensities of not observed transitions are listed in tab. 5;
the above given values of the peremeters Z/s and ZJ‘ were u-
sed, Because there are not e¢xperimental deta known on B(E2,
o’é ~07) and B(E2, o'é »2}). see tab, 1, it is not possible

to calculate mean lives of decay for rotational levels of

/A - and /r-ba.nds and intensities of intraband transitions,

162Er

Two (three) levels of the i~ ( y-) band were excited
in beta decay of the ground state 162’[‘m [15,17] o In virtue
of coincidence measurement it was established that the tran-

sition 2; 4 0; is double and all observed transitions de-ex-
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citing rotetionsl levels with I" = 2%, 3% and 4% of the y-band
are douhle as well, Intensities of double transitions were de-
termined in [15,17] in mccord with quantitative analysis of
f=f c¢nincidences and are bhound to te inaccurate end probauly
marred by systematicel errors (angular correlations, acciden-
tel coincidences, changes in efficiency of registretionof the
coincidences with energy), which are difficult of inclusion.
e could empl~y only intensities of the two transitions from
15] and the three transitions given in [17] , which de-ex-
cite the level 2%. The ope-paremetric fit Z, = 0,007(11),
~)(2(1) = 16 resulted in moderate increase of ,(2 when compa-
red with celculetions using the Alaga rules (L{z(A) = 13),

Ve analysed B(E2) transitions de-exciting levels of
the y -band excited via beta decay with 12 values of Id"
Using 2, = 0,104(14), X °(1) = 5, i.e. it droped eight times
when compared with the value found with the Alaga rules
( X4(a) = 40),

Rotationel levels of the X’-band with the higher spin
Iﬁt= 11* and 1~ = 8t were studied in reactious (p,4ngﬁ [18]
and (a,2n;) [19] . Same as in case of beta decay, most tran-
sitions de-exciting levels 2+, 3% 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,4n50, which partly de-
excited the lovels 9% and 10+, by analogy, were not splitted
into components and therefore were not included, At last we
did not use the transition 269.6 keV (8;. > 102) either, be-

cause its intensity is higher by order in comparison with the
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celculated one with ZJ = 0.042 and we have a suspicion that
this transition is also double, ‘e inecluded intensities of
twenty trensitions in all observed in reactions f18,19] into
calculetions, Comparison of experimental values of B(z2) and
tnose evaluated using tie Alaga rules gave \XZ(A) = 70, with

C.042( 1), {2(1) = 8, And two-perametric fit

parameter Z.f
gave Z - (2,) = 0,848(5), 2 ,(0,) = 0.044(4) or Zy= 0.051(7),
7 . .= U.0027(20) with & certain decrease of VY2(2) =6 or Te
The values of ZT' obteined through intensities of tran-
sttions observed in beta decay and in reactions overlap only
within 3 7. To draw conc usions of physical relevance is pre-
mature in our opinion, because data from decays are not per=-
ticularly reliable (see above), Calculated intensities of
not observed transitions are in tab, 6. Comparison of values

A . 1/2 s .
of [s(ug)calc/B(QE)exp} / is presented in fig. 7.

164,

+ L+

Rotational levels with I"=0 s 2 4* are excited in
the . -«band via beta decay [20: e Only intensities of three
trensitions de-exciting levels 2% could be employed and be-
sider this we suspect that the transition 1015,02 keV

(2f-¢ O;) is double, Comparison of values of B(E2) cale-

[

calc
culated using the Alaga rules and the parameter 2, = -0,010(9)

with experimental values gave u1'2(A) = 25 and VV2(1) = 23,
If we exclude the transition 1015,02 keV from our anelysis,
we get 2. = 0,036(5), The levels 2%, 4%, 6%, of the 2 ~band
are excited in the reaction (n,nf}) [233 e 5ix trar.eitions

de-exciting these levels could be used and we gothxz(A) = 14
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or Z, = 0,034(7) and J(2(1) = 3. Despite the fact that levels
16*, 8%, 6" of the ,-band are excited in the reaction (x,2ny)
E,. ] , We could make use only iwo transitions reiated with
ti.e level 8% in the calculstions,

Comparison of experimental values of B(E2) with tnose
salculated with the Alaga rules gave J°(A) = 30, while with
2, = -0.001(10) we got (1) = 40, using sll date meesured
in bete decay and reactions (X,an) end (n,n&). Without
using date measured in beta decay we got ,VQ(A) = 26 or
2, = 0,028(4) and V(2(1) = 3o The corresponding rastios

[B(e2) . /B(E2)___1'/2 are in fig, &,

celc exp

Intensities of the seven tiensition de-exciting levels
?E. 3; and 4 - excited in bets decny of the ground stete of
164Tm [20] togerher with intensities of two transitions rela-
ted with the level 5), which is excited in beta decay of the

164 .- r 1 . I
4“0 121, were commared with intensities eva-

isomeric state
luated with the Alazs rules (,(2(A) = 14 ) and using the va-
lue 2y = 0,053(8) (A'“(1) = 1,6), Further drop of °(2) to
0.7 could be re:=ched for two-parametric fit with ZX.(Qr) =

= (,068(8) and Z}-(Og) = 0,045%(9) or Zﬂ~= 0,068(8&) &nd ZGJ'=
= 0,011(5),

We c'n use deta on only four trensitions for analysis of
reduced probabilities of gamma trensitions de-exciting rota-
tionel levels of the J'-band excited in tne reaction (d,2na~)
in the article [19] , while in the article [22] were observed
21 such transitions (de-exciting levels with spin 2} to 11}).
Intensities of the above mentioned transitions were snelysed
together, Comparison of experimental values of B(Ez)exp with

those calculated with the Alaga rules gave J(2(A) = 80, while
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with Z = 0,063(5) we got XE(1) = 9,

with regard to the agreement of values ZJ‘ calculated
from datsa measurec in beta decay and in the reaction (a,2nd")
in the framework of the experimental errors further analysis
was carried out with all data together. The one-pearametric
fit gave Z*~= J.063(4) (Jf2(1) = 7); with two parameters ZJ-s
= 0,067(4) and 2, = U,0048(21) (XN°(2") = 6) and finally
with three parameters we got values ZJ.(2[) = 0,068(5),
2 +(0,) = 0.C68(8), Zg, = 0,005(5) with X%(3) = 6. Compari-
son of 3(=2) calculated in such & way with experimental vae

lues is presented in fig, 3., Por most transitions tne ratio

Ta(ez) o Jaquzy T2

epr approximately equals one witnin 1 7,

calc
except seven transitions where the difference is greater than
1G bhut less than 7 ¥ 2nd in one case the difference is grea-
ter then 27 butl less then 3T, Ve do not find any systemati-
cel devistions derending on the spin of the level which is
de-¢xcited, The levels witn T € 8 are always de-excited via
one interce:d transition whereas second transition that de-
excites them iz an intraband transitiorn, Calculsted intensie
ties of not obssrved trensitions sre listed in taks 7s, 7b

and 7Ct

166, .

Very little is known about prorertiez of the A ~band of
this nucleus, Ir tets decay the level QZ is excited, It is
depopulated vis three transitione, whose internsities were es=
tavlished in .24 , By comperison of B(£2) gy, With caleule-

ted values we have X*(A) = 600, or XZ(1) = 400 with 2, =
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= 0,05(4). Above ell this unsatisfectory situatior must be
dealt with by more thorough erperimer.tel study of excited 1le
166,

vels of Er,.

The rotetional y-btend is excited in beta decey of Hbrm

to the lavel with snin 5* [24] and of ;66mHo to 8% [25,26: R
in the reaction (o, 2ny) F27] then to the level witn spin 107,
Data or intensities of gamme trensitions {25,26] are charecte=
rized by completeness snd accuracy., E.8. levels of the ) -tand
related to teta decay of 1'66"‘1{0 are de-excited by 21 transi-
tions and their intensities sre determined with & accurscy
[25; , wnile K, Kato 726, observed only 16 transitions, but
ne determined intensities of some these trensiticns with re-
ma;;ble nign accuracy < 0,59, We performed analysis of each
of thece four independent ex»neriments f24-26f separately aund
the results are in tab, 3. Onsz can see mutual agreement wit-
hin tre framework of 37, rurticulerly noticable change of
Ufz nanifests itself wnen we compare the most accurate expe-
rimental cita [261 with computed ones: with the Alagz rules
(2(4) = 4L0C, using Z, = 0,0432(5) = X°(1) = 8, with two
parameters 2, (2;) = 0,0448(5), 2,-(0,) = 0.0435(3) - x%(2) =
= 4 or Zp = 0.0447(6), Z;,. = 0.00060(19) = X2(2') = 4, X°
does not chenge if we employ three parumeters and also chane

ges of the parameters ZX'(%r)’ ZX'(og) and 7 are smsll,

3y
see tab, 3, Calculated IJ‘ of not observed transitions are

presented in teb, 8, Values of [B(E2) /B(E2) RE for

cale expj
transitions studied in beta decay and in the reaction (o,
2n5) in 166Er are compared in fig, 9,

Ir view of the fact that the most accurate dats are

available for the rotetional band of gemma vibrations in
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10G.. . . on . . .
nry, we studied infiuence of thne nonlinear correction in

more d-teil, wince tnz2 paremeter Z/3 is merred by great error,
we took tne nonlinear correction into account for severel va-
lues of tne perureter Z, : 0,02, 0,04 and J,06. The results

- . T PR( 1/2
3 3 + ' 3

are listed in tab, 9, Average values of LB(“z)calc/B(nz)exp]

bezsed on experimentai data :24-27J and on one-, two- and three-

paremetric fit are shown in fig. 10, The nonlinear corrections

were included in three-paremetric fit, It turns out thet the

nonlinear correction is recognizable for transitions de-exci-
~

. L. I8 .+
ting levels with I 2 47 and sgreement between experimental

and calculeted values of 5(£2) improves,
After including of r small admixture of M1 multipolarity
in tne interband transitions determined in f32: the cnan..2 of

paraumetiers (see tab, 9) is very smell,

168&r

ne observed five transitions related to the levels 2+,

4?

of tnhe rotationel /4 =band [28] in beta decay., ux erimental

values of 5(x2) for these transitions when compared with

celculated with the Aigga rules give tne value J'Q(A) = 19,

If we employ one peremetr 2, we get Ve(1) = 1,8, with two

paremeters 7 (O;) and ZZ (Og) we have (2(2) = 1,2 0r 2.,

¢ ﬂ-hf2(2‘) = U,4, The cnrresponding values are in tab, 2,
The ~ =-bznd is excited to spin 6*(8%) in resctions (n, v)

"29, , Identificetion of the level with spin 8" ic prelimina-

ry according to authors [29] ., Anelysis of B(:2) for the

thirteen transitions that de-excite levels 2% to 8% showed

that Ya varies 1ittle, If we use the Alaga rules, tnen



K%(a) = 30, with 2, we get X°(1) = 17 end with two parame-
ters Z/S(Qg) end Z,, (Og)sz(Q) increases to 25. Far greatest
deviation of 3(52)exp from B(E2)c&10 {(eveluated with one
parametr Z , ) was found for the tramsition 1341,%77 keV
(82«9 6;), thus we excluded transitions related to the lievel
s* from further analysis, The situwation improved by change
of X<, see tso. 2, but quite edequate description of experi-
rmentel data nas not been achieved.

vwe performed calculetions for total deta both from bete
decay and from reactions (n,r). The results we got are pre-
sented in tab., 2; comparison of experimental and celculeated
B(:2) velues with 2 = G,025(5) {°(1) =9 is in fig. 11.
The eliminetion of transitions with spin I +I from experimen-
tal dute does not affect the velue of Z, (Z, = 0,025(3),
v2 = 5), Comparison of calculated intensities I ~(22) end
experimental I!F(52+M1) of these transitions with spin I-+1
leads to the vélue nf IX-(M1) less than experimental errors
of I ,-(u2+il), |

Levels of tne y -band excited in beta decay [ 28] are

iw +
from 1 = 2

to I" = 5%, vie established intensities of ten
gemma tronsitions de-exciting these levels with accuracy rea-
ding ¥ 2w in :28l . Comparison of experisental and calculated
values of <©(i&2) gives _(2(A) = 500 (Alegse), ){2(1) = 0,6
(20, X 2(2) = 0.4 (Z 0 (2p), zr(og)),xz(z‘) = 0uh (ZpyZ 4y0)
and with three parameters 2 r(2r) = 0,0366(9), ZH-(OS) =
= 0,0366(20), Z;, = ~0,0004(10) we have X?(3) « 0,5,

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

P
the transitions observed in recction (n,y) [29] thet de-exci-
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te levels with spin from 2* to 8%, Results of this calcula-
tions are in tabd, 2. We fourd fairly good agreement between
values of Zg- and Z, evaluated with date from beta decay and
from reection (n,[). Comparison of all 21 values B(E2)ex

P

and 3(=2) eveluated with parameter Zd-s 0.0374(6) is pre-

cele
sented in fig. 11, This value cf ZJ‘ was obtained in simul ta-
neous analysis of in%tensities of all 31 transitions,J(2(1) =
= 6,9, The inclusion of a small admixture of M1 mul tipolari-
ty in the interband transitions determined in [SZI doesn’t

aff=ct tre value of Z).(Zd-= 0.0374(7)..¥2 = 1,0), Calculated

intensities of not observed transitions are in tab., 10,

1{02r

Beta decey of two states of 17UH0 with T1/2 s 2,8(2) min,

™ x

1% = (4) and witn T]/ = 43{2) sec,, I" = (12) was investi-

2
gated in 3G, . Decay of the state with T1/2 = 2,76(5) min,
I;r= (6:) was studied in later work [31; N

Rotationul leveis 0 and 2% of the , -vibrationsl band
are excited in decay of tne state with T1/2 = 43(2) sec,, but
only three transitions de~exciting the level with I;rz 2"
730, can be used in cnalysis of B(E2)., If we compare experi-
mantal values and those calculated using the Alage rules or
Z s 0,911(9), we get A2(A) = 22 or X°(1) = 16 see fig, 12,

The eight trensitions de-exciting levels with I = 2*,
4% and 6% of the ,-band were observed in reaction (n,ni)[23].
Vie performed calculction for total date both from beta decay

and from reactions (n,njﬁ and got _(Z(A) = 20 or 44 = 0,013(5)

and N°(1) = 12, The eliminetion of transitione with spin
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I>I from experirental data does not affect the value cf Z,
(2, = 0.0143(24), X° = 1.9).
only four transitions de-exciting levels with I = 3*
ané 4% of the rot-tionel X‘-band were observed in beta decay

[30,31] » Data on intensities are not particularly accurate

+ +

. ‘s . 5 L .
in either paper, Six levels with spin and parity I =2 + 7

of the f‘-rotational pand are investigated in resctions (n,
ng) [23] . Independent mnalysis of these experiments results
in rather different values of ZJ’- see tab, 2, however, with
great errors, Therefore we compared experi.entsal 530.31,23]
and calculated B(:2) with third sets of initial data simul-

taneousiy. Ve cbteined JCQ(A) = 20, Z, = 0,04G(10) with=X2(1)

= 9 and the two-parametric fit gave Z'r(2f) = 0,025(7), inog)

= 0,058(7) and XZ(2) = 4, or I, = 0,020(6), Z;, = -0.019

/3;5‘
(3) with X °(2') = 2.5. Values of I, of mot observed transi-

tions are in tek, 11,

15854
64"%4

Two levels with spin and perity 0* and 2% of the /3 =r0~=

tational band are excited in beta decay of 1583u (T

1/2
nin), 1= 1" [33} » ¥%ie could employ only three transitions

= 46

de-exciting the state 2 in analysis of reduced probabilities,

Levels Qg, 22 and 42 ere excited in reaction (n.y) [34], the

last of tnem is depopulated by interband trensitions to rota-

tional levels of the ground state and by one intraband tran-
™ . + +y A+ +y

sition, re+ratio of intensities IJ(ZA AvOg) : ;r(24-+ 2g) :

s 15(22 —»48) observed in reaction (n,y) [347 equals 181(11):
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: 10u(8) : 251('4), whereas in bete decay [33] this ratio is
118(18) : 100(18) : 115(?3). The intensity of the transition
%Z "92; presented in [34} is probably wrong; one cen draw
this conclusion even from our celculations,

If we compare experiuental velues | 33,34] and those com-
puted using the Alega rules, we hLeve L\‘2(A) = 30 and if we
use the parsmeter Zﬂ = 0,010(6), we have JC2(1) = 27, Having
ercluded intensity of QZ > 22 transition mentiored in [341,
X2 with 2. = 0,009(4) dropped more than twice (K°(1) = 12),

2:J(2

11 for 2, (0,) = 0.008(3), Z -(0,) = C.010(5) and X2

The two-paremetric fit rezults in further decrease of X
(2)
(2

meters ere used Z - (04) = 0.0094(21), z/g(og) = 0,013(3),

7 for 2, = 0.011(2), :!,'= -0,0020(10), If three pare=-

§QX_= -0,0018(7) without or with the correction by Rud et
al. EB} ¢+ We hsve Jf2 = 3.9 or J(Z = 4,2, respectively. The
eliminetion of trensitions with spin I +1 from experimental

dete does not affect the velue of 2, (2, = 0.005(4),.)\"2 =
7

= 12), Comperison of celculeted intensities I¥~(E2) and expee
rimental IJ~(52+M1) of these transitions with spin I+1 leads
to the value o’ IX-(M1) less than experimental errors of IJ-
(E2+4M1), Table 12)shows measured values of IX' and calculaéed
transition intensities with 72, = 0,009(4), Comparison of expe-
rimental B(i2) and values celculated with three paramaters
is in fig, 13,

Levels 2% and 3% of the rotational J‘-band are depopula=-
ted by five gamma trancitions in beta decay [33] « Nine inter-
band trecnsitions and two E2 multipolarity transitions within

the rotationel J~-band excited to the level 5% were observed

in reaction (n,r) [34] ¢« Intensities of all these trensitions



were analysed simul taneously, Values of Jre S 1 could be ree-
ched only if mixing of wave functions of A4 - and J‘-vibrations
are taken into account ( 4&!‘ 0)e If we include the correcti-
on by Rud et al. (Z4 = 0.01), we get minimel values X203) =
0.8, if ZX'(%T) = 0.020(3), Zj-(os) = 0,019(3) and Zg;-=

-0.,0115(17), ¥ithout this correction we arrive at J(2(3) =

0.9 and the velues of mixing parameters are not changed sub-
stantionelly, sec tet, 3, Intensities of not observed transi-

tions are in teb. 12,

o

The 2% level of the /5 ~band was observed in beta decay
of 1604, 7357, where it was depopulated by two gamma transi-
tions %Z<* O; and 2: - 2;. Study of conversion electrons spec-
tra {36} made possible to identify the 1065,8 keV transition,
which could be placed between levels 2;-4 4; drewing on the
energy balance, Its multipolarity is E2 under these assumpti-
ons and the intensity of gamma quanta is evaluated from measu-
red intensities of K conversion electrons, Comperison of expe=-
rimental B(E2) of tne three transitions from %; with calcu-
lated ones using the Alaga rules gives J(z(A) = 8 or )(2(1) s
= 5 if Z/3 s =-0,014(9),

Intensities of tre nine gamma transitions depopuleting
levels of the y <band with spin and parity 2* to 5% were used
in analysis on reduced probabilities, Perameters o (E2/M1)
were determined for three above-mentioned transitions (2;.-#2+

&
};-a 2;, ;.->4;) with sufficient accuracy, Correction of in-
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tensities of these trensitions 1/(1+ Jz)doos not exceed 3%.

Comparison of B(22) and B(Ea)calc calculated with the

ex
Alage rules gives Xz(i) = 100, if the calculation is perfor-
med with the paremeter Z[ we have 4"2(1) = 202 O X2(1) =
= 1,9 for B(Ez)exp derived from IJ’ not corrected or correc-
ted by the M1 edmixture, respectively., With two-parametrical
fit we arrive at ZJ{(?X) = 0.,0438(20), 23—(08) = 0,051(3) and
\)(2(2) = 0,04; the correction of experimental values has been

1/2

performed. The ratios [B(E2) ., ./B(E2) for the transi-

exp]
tions depopuletin - rotational levels of the gamma and beta
bends are in fig. 14 and calculeted intersities are in tab,

13

164
70 %94

Levels of the g-band (0;, 2}, 4;) and the ) -bend
(2}+ }) were observed in beta decay of 164I..u [39] « Adequa~

cy of calculated velues B(E2) and experimental B(E2)

calc exp
is characterized by ,‘('Z(A) = 80 (or 230) if the calculetions
were performed with the Alaga rules for the /-band (or y-
band). One-parametric fit gives kx“?(1) = 17 (or 13) and with
two parameters Z,j. h,‘,- we got 1'2(2‘) = 18, or with z/3 (04),
Z, (08)' -J(z(z) = 30, An increase of J('z takes place for the
J =bead, too (with two parameters Z{, 3y~ me arrive atjz(?.“)
s 20), The ratio of calculated (with one parameter) and expe-
rimental rcduced probabilities is shown in fig, 15, Values of
B(Ez)exp coincide within 23 with the caiculated ones, Both
experimental and calculated (with Z,= 0.,023(6) or Zd.. s 0,122

(15)) intensities of gamme transitions depopulating the A-
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or 5‘-bands are in tadb, 14,

Resul ting values of the physicel constants (Q

Qa0
T,

Qs 6,5 . C,. or 6,5[) for nuclei studied (except for Er and

]64Yb, where neither experimental data on B(Ez,o; 4»2;) or
intensities of intraband transitions are known) were ottained
from experimental date analysed in tab, 2 and tab. 3. The tran-
sitions depopuleting rotational bands of A2 - and y- -vibrations
were studied simul taneously under the assumption that Qgg =

= QAA = Qg{r and é®T= 0 (first version of calculations) or
£%r # O (second version). The correction by the nonlinear term
could be done only in the second version., iAs we already veri-
fied, taking into account of this nonlinear term influences

changes of JCZ congiderably only for 166

Er., This is why we
carried out calculations paying regard to the nonlinear cor-
rection (third versior) only for this nucleus, The results
are summarized in teb, 15 and displayed on fig., 16, where ma-
trix eiements of the Coriolis interaction hqq'E eqq'(Eq - Eq)
are also entered, cxperimental values st are compared with
the calculsted ones in fig. 16, tvaluation of Qgg has been
carried out by I,A, Mitropolski}j [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 Qgg'c.
Knowledge of the physical constants enables us to evalua=

te also parameters Oh,a?-(lee tab, 15), defined by relations



5 L, A =- 12
72 Qgg - r x Q [ ( )

These parumeters determine the deviation of reduced probabi-
lities of intrabaend £2 -trunsitions found with mixing of wa-
ve function for the ground, beta and gamma states from values
evaluated with plain rotational model. 2.g, for intradband
transitions over the ground band holds (see e.g. [9] )

£ 1+42,020110 > 2

B(52,1+2,0, > 1,0,) = B, (E2,2,0 2020100

- 0,0)

x

e [ 4

x \‘: RCRES) {(1»2)(1+3)+1(1n)-5]}2 113)

We analysed experimental B‘P’IP(E‘.Z,I-Q,O8 —rI,Og) mentioned in
references (se. tab., 16) for erbium isotopes and isotones with
N = 94, Ve determined the sum A+ Xy using the program "ZORKA"
[10.. The results of it are in ;igs 17 and 18, ¥e can state
that mixing of wave functions does not improve agreement of
experiment and calculations considierable when compared with
plain rotztional model., This conclusions can be confirmed by
comparison of \)\‘Z(A) and x2(1) for 1{"{’E:-, 168?:1' and 164‘11:;

in tab. 16, Values of ol,3+o( ~ from anslysis of interband tran-
sitions (see tad, 15 - secohd version) ere also included in

this table., The agreement of (‘s'”f)er- wilh oy ”‘J’)v‘

.':'.l. b-

S50l parbticoiary 00a, f.:1I.04,5. Suchoan roresoent
is reached within 37 .

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 forbicdAen (QA[ = 0) because the change

of vitrational quantum numbers (A n_+ An

J 1

= 2) nevertheless
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they are observed experimentally. For the set of nuclei we
168Er 158Gd

study, 9,2 ana 2 /g»gr treanasitions were observed .

A
and 1é‘Ex‘, respectively., All trensitions of this type are not
easily identifiable due to their low energy and intensity as

168 15844 under

well., We analysed A-nr transitions for Er and
the assumption that the matrix element QAJ* was sufficiently
large; see the relation (21) in [9] . Results for Qgg, Qa s
Q QM » €4 g and Eycobteined by the program "ZORKA" [10]

1 . .
682r these physical conrtants were e-

are in tao, 5, As for
valuatsd also in the framework of the model of interacting bo-
and Q

sons IBA=1 fSO} . While Qgg’ Q evaluated by

73 QJ’ <y
these methods agree well, 64 and %f found using IBA-1 are
about four times lower than ours and 64[ have even opposite
sign, Using the new ( X Q) formalism fso] better agreement is
obtained for tne values of Q& and bf but the sign of S?X'is
wrong agein,

The mixing parameters Zq were evalueted using mic rosco=
picel models (see e.g. f47,48,49j ) or using IB: [50] . The
most complete resultis for the bigiest number of nuclei under
study are in f51] » where a microscopical model with both pair
and quadrupole-quadrupole interaction in Woods-~Saxon mean
field was used,

In conclusion we should say that teking into account of
weve function mixing between , - or y -vibrations and the
ground state {perczmeters 24 or ZJ") improves agreement of ex=-
perimentel and calculeted reduced probabilities of E2 inter-
band transitions consideratly, Wave function mixing /- and
J -vibretional state (parameters 24, or f@f) menifested ite

1£8., 158

self only in Zr and Gd, Whether the assumption shout



unequality of quadrupole moment: ng £ Qgg and the assumption
about nonzero correction by Rud et al, [8} is justified could
be investigated on sufficiently rich ensamble of very accura-
te experimental deta on gemma trensition intensities (AIJ’
shoulé be = 1%), Such & high accuracy of IJ’ was achieved on-
ly in beta decay of some nuclel with sufficiently long life-
time, while especially in the reactions (gl,xnﬁb or (p,xndﬁ
the ratio zx{r/?f ic usuelly about 109 or even worse, It
would be desirable that we nave experimental deta on M1 mul-
tipolarity admixture with accurecy < 1% or bvetter for transi-
tions !Ii-If} = 1 or O, whereas for transitions where |I,-I,l
= 0, Iy # 0 is aglso desirable to know the EO mul tipolarity
edmixture with the above mentioned accuracy. Paremeters 2
evaluated with the microscopic model [51} describe experim-m-
tel velues obtuined for nuclei under study not quite adequa-

tely.
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Teble 1.

Values of invrinsic quadrupole .ioment Q)O ot the ground state
“~
«ud reduced protabilities B(E2) of intercand transitions.[ll]

2. [eb]‘” 3(52,02_,2; ) B(E&,O*g'—o2;)
[e?6°] [*°]
158,y 5.25(14)
160, 6.52(9)
1625 . 7.05(4) G.042(7) 0.165(6)
164, 7.4G(4) 0.037(18) 0.146(6)
166, 7.52(5) 0.01&(2) 0.144(7)
1865, 7.57(7) 0.127(6)
170, 7.52(5) 0.0079(9) 0.097(4)
15864 7.07(3) | ©.0080(6) 0.086(4)
160Dy 7.21(10) 0.0184{15) 0.114(8)
164y, 6.79(13)

L}

-2
&) Bavn b T 10
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Table 2 :

Determination of sixing parameters for the beta band,

! Moga | @ =0, , b, U G #Q,, « Eiq=0 Q Q. » £ap ¥O Q. d ¢
. - R - o Exgm - Qq. s Fis)
Ruslews K[ ¥ [ n Tatn Toex Rels. L Al = 533 Ll 2 A "" ' 3”5 5 > cE A ’!J - ]
‘o) | K| a0z, K@ [z, ) [ 10z, 0pf X[z, |10y, | X0 |z, )]0z, ) [ o7 (4,
e ] 2| 2 E A [14} 40 30 s0(26) | s0 50(60) 10(59) 0.2 |56(4) |-aan 0,03 | 60(8) 52(2) -11.6(14;
6o | o) 22 ]2t ] & f15.26] ) 7 0.5 29(5) 0.6 26(9) 33(12) 0.7 |38y |- c.aqal)
W2l s a2 |2 2t 16,3711 13 16 7{11)
Wapet 9| 22 {2* | 2 [z0) 25 23 -10(9)
2]l 2] ]z 2* 203 15 - 36(5)
6]lej3 |2 6" [23) 14 3 34(7) o.e 68(17) 39(8) 0.4 [ 107(13) |- 8.5(21)
nlos| a4 {2 8* | [20-23] | 30 40 - 100 | 30 -8(8) 22(5) -17(3) 6,8(13)
s|8|a |27 | 8" leez] | 26 3 28(4) 0.6 |  63(23) 42(6) 0.2z | 108110) [- B.7026)
2661 1| 3| 2 2* 2* [24] 600 400 50{40)
W8 | s 5|2 |2* 4 (28] e 1.8 34(6) 1.2 59(27) 11(29) 0.4 374S) |- 2.7¢9)
13134 |27 e [29] 30 17 231 | 28 19(7) 37(6) 19 23(8) 0.0(14) 23 17(T) 24(6) 0.7{10)
mjun{s | 6" {29 30 n 23(6) 12 31(16) 16(18) 14 23(7) 0.0(11) 15 32020) 16(21) 0.1(17)
ST S I - 6" |[28,29] | 29 9 25(5) 8 35(14) 15(16) | 10 25(5) |- 0.2(5) 9 16(16) 16(27) |- 0.4(11)
Wor ] 3|32 | 2* 2 o} 22 16 12(9) -
njs{s | Pl 20 12 13(5) 1n 9(4) 29(24) 1.3 9 6(27]  3.4(5)
Vealao | v]2 | 2* 4° 1 [33.34] | 30 27 10(€) 29 6(6) 11(8) 17 13(5) - 3.1(15)
sjrf2 {2 | « [[»a4]]| 2 12 9(4) 1 8(3) 10(5) ] 1(3) | - 2,000 3 g.4(21)  13(3) - 1.8(7)
Mhyl s afa f2* | 2t [[s.61] e 5 |- 249
Wal sis)2 ]2 | & eD)| 80 17 236) | 30 20(23) 1060y | 18 30(20) | - 1,3(23)
n : number of gama trensitions
n : pumber of Aifferent gama tranaitions
a t pumber of levels
Seta decay + 124,15,16,20,24,25,26,28,30,33,35,36,39)
Yesoticn (B.I, xn) : | .18,22,21)
Teaotion (a,r) or (‘t“f)’ [23.29031¢"]
{20 : the trengition 1015.02 keV is excluded from input data of [20)
[29] : the transitions 1341.577 and 273.456 keV are excluded from input data of [29]

[34]

the transition 1180.31 keV is excluded from input data [Jl]



Table 3. Determinttion of mixing parameters for the geme band.
a - - 2 o Lio=0 =% C 0 " . O Q
Nucleualn | & a1, 1 Refs _A:ug —<,_~Eﬁf_qfl'f”f_ov1~¥‘§l-"5__f3f‘_ I e tES C,"'“ - &. QEG (’y’[ _3‘; ?k S R
b - n LI e R 2 S So S 2, 3, 2, - . n
= XA X 1032; x°(2) m A2 RUECFECE xtehaoz e (10 Zag JXTI) 1072 (2 ) 12072 e 0 { 1072, .
B8, 1912 2] 2" ¢ {14} 60 12 |230(60) 14 jr6of1z0) | 3co(rco) 14 |1600220) -70(90)
160, |6 ) 4] 2] 2 Y ] 1isae) | e 0.9 13300y - Jasae 170(30) - Jneney -28(21)
825 h2| | 3] 2 & | hean) | e s |10s020) 4 aeas) 72(25) & |129016) 23(16)
20 |14 «] st 11 ris,1e] 70 a 42(4) 6 486(5) 44(3) 7 51(7) 2,7(20) 7 48(€) 43(9) =C.3{3¢)
2 |21 9| 2* 11° | ris-1e; 50 12 25(5) 10 52(6) 28(1) 10 59(7) e.5(22) | 10 57(€) 5412} 2(5)
W4, fefel o2 s* {120,231 | 24 1.6 | sota) o.e | ca(e) 45(9) o.a | eoce) 11(5)
25 {14 | o 2* n' | heeal | eo 9 | &3t E] 65(5) 61(5)
3a |24 f20 ] 2* <] 11* | [19-22] 70 7 63(4) 7 65(4) 60(a) 4 67(4) 4.e(21) € 56(5) &s(€) 5(5)
166}:1' 11 1) |2 5* [24] 500 13 85.71{76)] 15 |45.8(28) 443} 15 45.7(29) 0.1(1¢9) 17 46(3) 43(5) =0,9(30)
2arlaa | 72" e f2s] q00 7 19.1(12 5 |41.9(17) 39.9{11) 6 41,5029} .6{5) 6 41,5(18) .2(26) |-coe(21)
1616 | 6} 3° s* [26] ]a000 8 42.2(5) 4 J4as(9) 43.5(3) 4 44.7(6) 0,€0(19) 3 44.7(5) Q.4018) |-1,1(9)
16 |16 712 w0t [27] 28 14 2741 12 ]42.4(16) 34,5(11) 15 56,2(27) 6(6) 14 44.3(28) 36,5(25) 0{5)
64 | 24 8| 2* 10* | [24-27] |2100 18 42.8(6) 13 |44.8(8) 43.1(5) 14 44.8(0) 0.85(28)| 14 44.7(8) 41(3) -0.9(17)
168g. Jaofao | 4 | 2* 5° 28 500 0.6 | 37.4(M o.4]36.6(9 37.6(7) 0.4 | 36.6(9) | - 0.5(5) 0.5) 36.6(9) 36.8(20) |-0,4(10)
2|23 1|2 g 2o 19 s 36(5) s [37¢6) 35(6) 5 38(6) 1.8(25) 6 38(6) 34T 1(3)
aa|aa f 1|2 s [2¢1 17 1.0 | 37.1(z)]  1.0]37.7¢25) 36.3(29) 1.1 | 37.5(26) 0.5(11) 1.1] 37.8(27) | 36.1(29) |-0.2(13)
nja | 712" e* | [28,29) | 170 0.9 | 37.4¢6) o.2|31.1(8) 37.5(7) 0.9 | 36.8(9) -0.8¢4) 0.9| 36.8(3) 36,2(16) |-0,7(8)
170, a] 2> & | 3] 1 s | 2302) - o 57017) - | 20t6) -19(9)
a2} & 1) 0.8 o.4| 6(6) - e 23(27) - 6(6) - 9014)
wie | 6|2 q* [z-1 26 1 A701%)
njnl ;|2 7* 22} 20 2.0 &5(M) 2.2151(10) 66(5) .2 | axer “11(4)
19| s 12 7 [0,31,25) 2° 9 42(10) 25(T) s8(M) 2.5 | 20(6) -19(3)
B%a fa6fn | o {2 | s* [[(noq] 2 s | 2um ¢ pue 28(8) 1.0 |20(3) “22.2G9) | 0.9] 2003 18(3) -12,8(29)
W, [ 9] 9 2* 5* 7] 100 2.2 | 39.9026)| o0.11 [43.4(20) 51(3) 0.11| 43.4(20) =3.8(14)
sl 9| a]2 s* [311 100 1.5 | 43.6(25)] 0.04 lg3.8(20) 51(3) 0.04 | 43.8(20)] - 3.5(14)
64y, BN EX st 39} | 2o 13 {122Q15) 20 hag(20) 160(70) 20 119(20) ~20(40)

M sumber of geama tremsitions, N'; number of different gumma transitions, n: number of levels
[29')1the tremsitions 277.705 wmd 1073.64 keV are sxciuded from input data of [29]
[23")1the tremsiticas 562.3, 1152.5 keV are sxcluded from input data of (23}
[57" 1 @ seal} admixture of Ml mltipolarity detersined in [38)was subtracted from 1,b7

beta decays [14,15,16,17,20,21,24,25,26,26,30,31,38,37,38,39)
Tesstion (H.1., xn g) 1 [18,19,2:,27)
reaction (a,¢°) or (n, w y) 1 [2),29,4)



kX4

Tavle 4.

valculated relative intensities of unobserved transitions in beta

decay [14] . The nucleus 1%ir (z, = 0.030(16), Z 4= 0.230(60)).

I, =» I, Yoy S I I. - I, JOR'S I

1 ' [keV) J : t [keV] 5

i -4t Ta9. 100(80) [ 4f - 27 991.65  9(*2°)

4y = 27 1065.07  250(20)%) | 4f - 6% 213.48  0.69(26)
4} - 3} 140.43  0.77(22)

G4l 29249 4.108) |4y = 47 656.57  276(25)%)

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

Table 5.

Calculatec relative intensities of unobserved transitions in beia
decay of the ground [15] and the isomeric [16] state of lson.
The nucleus T°%8r (2, = 0.029(5), Zz= 0,133(14)).

I, —» I, o8 1, (15 I, » I, [kgﬁ I, [16]

23 = 4y 617.5  1.5(3) a5 = 6 362.9  0.138(26)

4, —> 6?_‘: 464.6 0.66(26) 4} -> 2; 1002.8  1.3(7)

4y >4y B40.6 3.E(S)%) 5L - 6r  550.9  3.4(11)
65 > 65 7139.0  98(*120)

ey - 4g 464.4  0.1€7(25) |65 -» s; 274.3  0.5(5)

2% > o 854.4 8.1 |51 > 4 926.7  6.7(12)°)

Intensities uarked by &) and b) have been measured [15] and (16
and presented for comparison.
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&O0le D.

« leulater relutive intersities ¢f urorserved transitions in beta
n reacticns (p,4n) (18] and (a,2n)[19].
2, = 0,033(7), Y55 = 0,013(3), Z; = 0,046(5)).

(@]

decay [15,17) and i
fne nucleus 9%Er (

I, » I, Ey I¢ (1] Ip(19] Ip (15] Iy (7]
B (kev]

’2; -0 £33 0.000029(16)  0.00048(24)
iy > ol 1170.¢ 0.16(9)

ch = 2l 106e.8 1.1(1)¢) 15.5(8)9
Sp = ¢y 10L.5 0 0.0035(13) ©.0037(14) 0.CC56(26) 0.055(14)
Ip = el 900.0 €.4029) €.0(21)
4y = ¥y 126.8  0.066(21)  0.21(7) 0.004(4) 0.021(10)
4 > 2y 228.3  0.56(17)  1.8(6) 0.03(3) 0.17(9)
4p > 6, 461.67 0.023(29) 0.13(6)
4 > 4. 7930 34(9) 106(29) 1.9(7)¢ 10.8(15)%
4% - 2§ 1027.0  20(6) 63(19) 11D

5 ~> 4} 157.C  C.C28(7) 0.021:{3)

5 —> 33 284.7  0.53(13)  0.41(7)

sho—> 4t 956.7  8.55(11)%) 7.0

s 5§ 173.0  0.C24(4)  0.0152(24)
6 —> 6, 362.9 0.027(4)  0.0175(25)
Tp = 6 208.0 ©.G36(12)  0.027(4)
Ta = S5F  382.9  1.6(6)
Ty > €. 573.0 0.56(&)
83—-)102 269.0  0.0035(12) 0.0025(10)
gy - 8. 1776.0 1.0(4)
8% —» 6, 1205.7 0.33(15)
8y => Ty 203.6  0.013(14) 0.C05(4)
€5 = 6% 413.0 1.5(5)




Tagls 5 centimte )

I, - I, [kzﬁ 2y lig] Iy [13] g [15] Ip L ]
5} > Ep 61,1 C.C25{7)

9 = 5: 1037.1 1.605)

i = Sy 212.6 C.UC4AT(14)

10y = €5 473.9 1.5(4)

10y =127 1g1.6 0.00027(8)

10 = 2 1250.2 0.C&(86)

11y =10f 103.6 ©€.0033{<i)

il% _>12(:; 4%i.5  €.03%(11)

intengities markes by &), t), ¢), Z) have been measured and

presented Jor comparison,



Table 7a.

Zalculated relative intensities of uncbserved transitions in reaction
(a, 2nyg) ;'_22] and (n, n's) [23;[.
The rotational - band of 8%Er ( 2, = 0,028(4)).

[

RIS Ey 1. (2] |1, > 1, Ep Iz [23]

[ xev] [xev]

55 —~ gy 82,7 10.9(25) |24 >0y  68.5 0.0006(5)
6 >4y 1407.0 13(T) 25 > 4, 10144 20(4)

6} > 43 237.0 1.2(11) 45 > 27 155.4 0.04(4)
-@r =1 551.0 4.3(11) |4y > 5; 855.5 8(3)

8; = 6, 363.0  10(9) 6, > 45  237.0 0.20(22)
gy =8, 10a4.3  15.005)¥|6) > 8 682.0  1.812)

+ -+ b}

i g > 2y 12231 20(3)
Intensiti:~ merked by a) and b) have been measured in [22] and {23_

and they are presented for comparison.

Table Tb.

Calculated relative intensities of unobserved transitions in beta decay
of the ground [20] and the isomeric ste‘es of 164Tm[21]_
The rotatioral g ~band of 164Er ( Zap-- 0.063(4)).

I, >I, Ey 1, [20] I, > I, Ep 1, (2]
[xev] (xev]

+ + et +

+ + + +
by > 68 444.17 C.Cl4(4) Sy > 4y 138.9 0.113(24)
4} - 2} 198.4 0.0096(25) 5} > 4; 8981 42(4)°)
43, > 33. 112,07 0.0012(3)

25. -~ og 860.25 16.6(14)2)

Intensities marked by a) and b) have been measured in [20] and [21] .



Table Tc.

Calculated relative intensities of unobserved transitions in reactions ( &, 2na«) !'19,2;_’]
. L

The rotationcl y-band 16"Er (Zbr- =0.063(4)}.

i > 1 (Kev] 1y [22] Iy [19] Iy = 1p [kf\ﬁ 1,022] 1, [19]
2} -> 4; 561.46 0.57(9) Ty = 6% 185.7 0.45(7) 0.047(€)
3} - 4‘8‘ 647.52 1.06(11) T = 5§ 346.8 2.6(3)

3} - 2% 86.24 0.036(6) 0.0220(2) % => e;: 519.7 1.24(16)
4} — 3 112.07 0.13¢3) 0.0060(6) 8;. - Ty 200.5 0.31(5) 0.0197(20)
4} -> z} 158.4 1.03(24) 0.04714) 8} - 102;_- 226.9 0.050(9)  0.0032(4)
4y - 6; 444.17 1.5(3) 0.069(5) 8% > 62 1130.4 1.0¢(7) 0.0614)
4% - 2; 967.61 37(9) 1.71(15) 9} - €% 231.9 0.40(5)

55 = 4% 138.92 0.38(5) 0.0313(25) | 94 —» 10,  458.8 3.6(9)

5% —» 3% 250.99 0.60(5) 10, = 9* 207 .4 0.106(18)

¥ 5% 161.1 0.71(14)  0.0199(19) [10} — 12}  101.6 0.0002(5)

63 —> 4% 300.3 ’ 0.75(7) 10% — ezc 1159.5 0.4(4)

6% — 8;: 334.0 1.00(23) 0.0280(21) |11} -» 0% 294.9 0.19(3)
6}-. 4%‘ 1059.1 0.81(15) 11} - 122 396.5 0.44(9)
6% — 6 744.2 150(30) ©o> 4l 1588 949 4.3

Intensities marked by a) and b) have be-~n measured in [22] and '19] .



Table &.

Calculzted relative intensities of unobserved transitions in beta
166T1[)4] 166r
241,

decay of Ho [25,26] and in reaction { o, 2n y) [27] .
wie nucleus Csr 2 g (25 )< 0,0448(8), 2y (0, )= 0,00431(5)).
I, —» I. [kg\ﬁ 1, [e7] Iy[25,26] I;[24]
‘2} > ,; 520.9 0.060(15) 0.00046(22)
3 = <% 73.5 0.0034(13) 0.00142(3) 0.0345(19)
3p > 4, 594 .4 1.6(7)
4} - Jin 95.& 0.0087(25) 0.00259(8) 0.0536(23)
4% = 6 410.2 0.063(24)
4% —> =:o 170.3 0.065(18)
5% = 4% 119.0 0.047(15) 0.179(3) 0.131(8)
5% = 3% 215.9 0.93(29) 0.258(15)
5% —> 4; 810.3 21(7)
6% = 5% 140.7 0.052(11) 0.0412(8)
6p = 8] 304.8 0.052(11)
e = 6}. 160.1 0.073(21) 0.0867(14)
Ty > 8 464.8 1.5(4)
8% — 7;; 179.7 0.062(13) 0.00292£18)
8% - 102 206.0 0.0061(13) 0.000290(20)
9 = 6% 195.3 0.053(19)
9} - 1oér 401.4 0.34(12)
o = & £39.3 3.7(14)
10% = 9% 213.3 0.031(9)
103 = 12 117.1 0.00015(4)
105 - 102', 614.7 1.1(3)
103 — c; 1053.1 0.32(10)
A 875.7 3.8(4)%) 0.991(11)%)  21.5(4)°)

Intensities marked by a), b) and ¢) have been measured in [27], [26]
and fé4]




Table 90

Influence of nonlinear correction upon the values of mixing parameters

for the rotational ¥ - vibrational band of 156Ev.
References IOJZ/,;(OG) 0 20 40 60
x%(3) 13.8 11.4 10.6 10.3
[24, 25, |107z42¢) 44.7(8)  44.7(8)  44.6(7) 44.5(7)
26, 21] [10%25(0,) 41(3) 48.5(22) 47.6(16)  47.1(14)
102, -0.9(17)  1.8(7)  1.1(4) 0.78(25)
x2(3) 6.4 5.6 5.1 4.8
(24} 25, 10326-(2{) 44.5(6)  44.5(5)  44.4(5) 44.4(5)
26, 27'] 1o3zu,(og) 41.0(23)  46.7(16) 46.4(12)  46.1(10)
1072, -1.0(11)  1.2(5)  0.81(28)  0.59(19)
¥2(3) 4.8 4.4 4.1 3.9
[24; 25, 10325(243’) 88.5(5)  44.5(5)  44.5(5) 4445(5)
26, 271T% 10325‘03) 41,0(20)  45.4(15) 45.3(11)  45.2(10)
10324 ¢ -0.9(10)  0.9(5)  0.62(26)  0.46(18)

[2e]
(25
[27]

: the intensity of the transition 2}-) 4 was corrected
IJ’ 0.90(13), (the transition 520.945 keV is dublet)

: the transition 304.81 keV (63- —98;) is excluded from
input data of [25]

; the transition 1053.70 keV (1
from input data of [27]

+
O

- BE) is excluded

[24) 25, 26,27?]*: a small admixture of Ml multipolarity determined
in [32]wes subtracted from Iy[24; 25, 26, 27]




Table 10.
Calculated relative intensities of unobserved transitions in beta decay [28] and in reaction (n,y) [29].

The nucleus 168Er (24= 0.028(4), ﬁ = -0.0012(4), Q4£= 0.112(20)eb, Q, = 0.056(9)eb, zd,= 0.0374(6) ).

A
I; = Ip Ef Ib,.[ggff Iy (28] L >1Ip  Eg I, [29] 15 [28]
05 = 25 396.0 0.31(18) 87 = 10, 494.3  0.031(25)
2 = 0} 59.1 0.015(6) 8, = 8; 962.1  0.029(28)
2, = 4y 281.5 0.08(4) 0.000017(10) | g%, = a; 1341.58 0.10(10)
2y > 3% 380.6 0000035 (13) 2y = 4 1012.28  99(9)*) 0.016(2)"’
2z = 2y 455.2 0.00072(22)
2p — o; 1276.4 0.013(3) 3p—> 2y T4e6 0.88(€) 0.0273(10)
4, = 6y 14742 0.003(3) o.ooooooos(:.;’) L 4 = 3% 99.0  1.01(6) 0.0122(5)
4, =55  293.6 0.0000018(11) 4 > 6% 44640 0.1345(20)
43 - 43 416.4 0.00019(10) 53: - 4"; 122.8  1.05(7) 0.000131(8)
4, > 3} 515.3 0.00C26(13) 5} -> 3p 221.8 0.00252(15)
4; > 2% 589+9 0.000047(25) 64 —> 5y 146.3  0.67(4)
4 > 2 134.8 0.00010(6) Ty = 6y 169.0  0.182(14)
6 = 7y  183.9 0.015(10) 8y = Ty 192.6  0.019(3)
8y —> a} 265.8 0.0011(9) 8y => 102 227.7  0.0018(3)
B =T 457.3 0.017(14) By = 65 1075.64  0,70(13)
8, - 6} 626.4 0.022(18) 3y > 2; £15.984 3000(240)2) 93.4(9)®)

Intensities marked by a) and b) have been measured in [293 and [28].



Table 11.

Calculated relative intensities of unobserved transitions in the
decay of the ground [30] and isomeric [31] states of 170Ho and
in reaction (n, n}) [23].

The nucleus MTOBr ( 2, = 0.0096(17), {4y = 0.0033(5), Zy = 0.040(10)).

I, > I [kg{] 1, [30] 1y [31] IJ-[23] j
28 >0, 68.8 0.0185(27) 0.023(4)
4 ~> 2, 168.1 1.14(17)
6, —> 4 273.4 2.1(8)
62 —»8; 486.4 0.11(5)
2} —»4; 674.4 5(3)

2;. -»22 855.9 200(140)

3} —>2;_ 76.1 0.033(6) 0.27(5) 0.020(5)
4; - 3; 92.9 0.009(5) 0.07(5) 0.0128(24)
4y >2p 169.0 0.08(4) 0.6(4) 0.114(21)
4} —-)6& 562.9 0.36(19) 2.6(19) 0.50(14)
5} —a}} 226.0 3.6(8) 0.39(11)
5} — 4y 133.1 0.26(6) 0.028(8)
5 —>6‘é 696.0 31(8)

6 ——»5;. 176.5 0.10(7) 0.010(8)
63‘. —»4} 309.6 2.9(21) 0.29(21)
6}. —982 498.8 0.26(19) 0.027(20)
6;, —*42 1153.0 7(5) 0.7(5)
7} —»6} 145.3 0.005(4)
7;. —*aé 642.6 0.5(5)
3= 2} 931.8  179(10)%) 1640(90)® 94(10)¢)

Intensities marked by a), b) and c¢) have been measured in [30],

[31] and [23].



Table 12.

Calculated relative intensities of unobserved transitions in beta decay [33] and in reaction ( n,g’)[34].

The nucleus 186a (25 = 0.003(D), {,, = =0.0035(9), @y, = 0.80(22)eb, 2= 0.020(3), Z,, = =0.0122(19) ).

I; = Ip Ep 1, [34] 1, [33] I, = Ip E, 1, [34] I, (33)]
[kev’ [xev]

Op —> 2p  S.0 0.00000022(10)  0.00000000E(5) 3 -2y 78.4  0.038(3)  0.00058(20)

2y = 0, 63.7 0.019(3) 0.00021(5) 4y = 3} 92,9  0.0294(20)

2} = 2p  72.7 0.008(4) 0.00009(5) S5 = 4y 122.9  0.0270(15)

4y = 4y 482 0.00047(21) ' 2y > 7 1187.13  401(2a)¥  14.70200P)

2% = 4} 998.36 158(9) 1.27(14)%

Intensities marked by a) and b) have been measured in 134, and 33,.

-gv-



Table 13.

Calculeted relative intensities or unobserved transitions in beta

decay of 160Ho [35,36] an ™ [37].

T™e nucleus is 1605y (ZA = -0,014(9), 2
Z;(Og) = 0,051(3)).

¥

:i) = 9,0434(20),

| I; = I Ey It[as] I, = I, By 1,[37]
L (keV] [xeV]
2, =0, 69.1 0.0021(5) 30 —» 2 82.9 0.006e(5)
z; - OZ 1349.6 19.0(20)%) 4; - 3% 106.7  G.0C055(5)
4} - 2% 189.7  0.0043(4)
4y - 62 574.8  0.0148(10)
5. = 4x 1327 0.000140(17)
, 5p = 3p 239.4 0.0027(3)
i 2y = 0 966.160 83.3(24)%)

Intensities nigrked by a) and b) have been

measured in [35] and [37].



Table 14.

Calculated relative intensities of unobserved transitions in beta
decey [39]. Te nucleus 164yy (Z2y = 0.023(6), 2, = 0.122(15)).

I, » I, By 1,4(3¢] i; »I, Ep 1,[39]
[keV] [ kev]
4 - 6 563.0 3.3(10) 4p = 6. 384.6  0.098(:4)
4; - 2} 1021.4 1.1(6)
+ + ' . + + a
20 > 4g 478.0 1.64(.:6) 25. - og 663.89 T71.8(35)%)

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



Table 1%
Resultirg values of thc physie=l corstant: of ihe ground states aad quadrupole vibrational states

2 3 k) 3 3 3 3 3 23, 2

Wucleus Refe. X e CrS Q 107, 107¢, 10 C’f 16 ar 10’.,.‘1 10 zﬁ, 10 ’1{ 17 2, 10 \’V
[ed)] leb] [eb]

1580, ha) a) 1.66(15)  0.29(S) 0.25(12) -6.2(23)  =5(5) w0 1.2(4) 0.7(6) 220(60) "0 30(16) g0

H 1.66(10) 0.27(3) 0,17(3) -7.1{16)  -5.8(15) 17(4) 0.95(28)  0.59(24) 210(40) ~26(10) 57(¢9) -11.2(24)
162g,. he-19] a) 2.24(4) 0.2e87018)  0.21(7) -1.20(16)  -0.7(11) €0 0.125(22) 0.0702¢) 46(5) 30 7011) ¥0

9 2.24(4) 0.296(17)  €.12(4) -1.61(24)  -0.7(8) -4.0(19) 0.127(3) 0,04(4) 55(?) 4.7(21) 1349) 4.F(28)
64, l1e-23] a) 2.23(4) 0.285(11)  ©.23(10) -1.54{12)  -2.6Q24) 0 0.150(16) 0.27(13} €1(4) 50 2c¢4) &0

) u)
166:r  fe-29) a) 2.9(6)  0.260(7)  o0.15(e) -0,95017)  -¢(2) 50 ¢.0644(21) 0,13(3) 42.£(5) 20 50{40) sc

13 2.3%6) €.261(6) 0.124(13) -0,988(22) - -0.67(26) ©0,0890(2%) - £4.0{C) 0.85423) - 0.53{28)
168, {28,207] a) 2.390(21)  0.260(5) C.048(8) -0.829(21) -0.50(13) 0 G,073(7)  0,0101(25) 27.4(5) 0 25(5) %0

M 2.39(4) 0.260(9) 0.048(5) «0,83(4) -0,51(9) 0.10(25) 0£.073(6) 0.003(23) 37.3(12)  -0,04(11) 25(2) ~0.2(5)

8 2.39(6) 0.256(13)  0.056(9) -0,81(6) -0.65(14)  0.6C(20) 0,072(e}  0.015{%3) 26.9(17)  -0.33(13) 28(4) ~1.2{4) c)
%, [ho,31.23°) o) 2.37(5) 0.229(12) 0.097(18)  -0.78(20) -0.54(23) &0 0,061(17) 0,022(10) 40¢10) 0 13(5) %9

2.0 2.372(22)  0.230(6) 0.093(9) -0,86(9) -0.41(%) ~2,4(6) 0,068(8)  0.016(5) 14(4) 2.408) 1¢,5(21)  2.3(6)
B84 b3,347] a) 2.231(21)  0.209(10)  ©0.103(10)  -0.52(15) -C.&2(28)  ¥C 0.040{12) 0.019(E) 22(7) " o) 10

3 2.228{(16) 0.209(7) 0.200(5) -0,48(11) -0.52(10) 2.,&(7) 0,036(9) 0.023(5) 25(5) -2.3(2) 21.6(22) ~C,4(6)

5 2,227(20)  0.209(10)  0.097(7) -0.46(14) ~0.58(11)  4,0(<) 0,035(11) 0.025(7) 24(7) -4.6(11) 13(3) «3.5(8) e)
6%y [35.36,37°%] o 2.27(4)  0.250(11) ©0,125(12)  -0.96(8)  0.8(4) =0 0.067(10) ~0.043(24)  43.6(25) w© -24(2) w0

0.04 2.27(3) €.250(9) 0.115({8) -0, 28(6) 0.72(27) 2.2(12) 0.088(5) «0.038(13) 43.6{20) -2.6{11) -14{6) -1.9(11)

a) .Iz ave different for the A- and £ - bend and they are in the tabs 2 end 3.
ere not related for thic nucleus by relation 2.4‘. {,r - 64:., becauge this veraion of calculations is not éicplayed
c)the g-pr trenaitions are included in the anaiFais snd the values of Qp and d-v are deternined too :

168y, (og, = c.\.nz(zo)?xo%:.J « -0.80(30)), Y%%ga (g = 0.80(22)0" xo’u,,’ . =5.7(22))

b)the mixing parameters ".-.”

1584



Table 16.

Deternination of mixing parameters for the ground band.

Alaga Mixing of wave functions
Bucleus | B I, T Refa.|x?(a) Qg len] |x%(1) Q. fev]  10%(oprad, oung  10%(aurafdl
8sr f7 2t a5t | Jas) | 1.2 1.72(3) [1.6 1.72(4) ~0.C2(30) 1.6(4)
160z |e 2t 18" | [46] | c.2  z.057(20)|0.2  2.068(22)  ~0.02(16)
162, 0.21(6)
iz |5 em i2* | a1 | 1.0 2.333G3)| 1.4 2.333(16)  0.01(15) 0.65(17)
Y60zr |5 2% 127 |re2,43] | 2.2 2.386(17)|1.6  2.336(17)  C.21(14) 0.096(8)®)
80 |5 2* 12" 42,431 | 2.8 2.365(28)|1.5  2.396(26) = 0.22{10) 0.087(10)
MWar |6 27 12% [l42-44) | 2.2 2.372(18)]2.3  2.362(21)  0.13(14) 0.085(9)
38 |s o« 1% | [45] 0.5 2.228(9) |0.4  2.231(9)  ~0.10(12) 0.059(8)
160, |7 2 w4t | 146 4.5 2.22(5) |5.0  2.24(6) ~0.15(25) 6.050(15)
W64y |9 20 18* | [41] 0.8 2.162(23){0.4  <.151(28)  ~0.27(14)

a) Determinetion
b) Omly oy

of mixing parameters from the physical conatants of the quadrupole vibrational states




FIGURE CAPTIONS

FIG,.

FiG,

F1G,

FIG,

1

2

3

4

Levels of rotational bends of the /-, ¥~ -vibrational
states and the ground state in even-even Er isotopes
(A = 158=170) excited in the beta decay, The values
of I-W and the experimental (asterisk) or calculated
mean lives (/C ) of the individual levels are shown,

Levels introduced in beta decay preliminerily are mar-

ked by a dashed line,

Levels of rotational bands of the . =, y -vibrational
states and the ground state in even-even N = 94 iso-
tones (A4 = 158=164) excited in bei. decay, The values
of IK and tne experimental (asterisk) or calculated
mean lives (T) of the individual levels are shown,
Levels introduced in beta decay preliminarily are mar-

ked in a dashed 1line,

The mixing parameters of the rotational A -bend wave
functions of N = 94 nuclei (A = 158~164) and Z = 68
nuclei (A = 158-170). The values of Z ; determined
using microscopic model with both pair and quadrupo-
le=quadrupole interaction in VWoods-Saxon mean field

551} are markxed by empty circles,

The mixing paremeters of the rotational y -band wave
functions of N = 94 nuclei (A = 198=164) and 2 = 48
nuclei (4 = 158-170)., Tne values of Z x- detcrmined
using microscopic model witn both pair and quadrupo-
le~-quadrupole interaction in Voods-Saxon mean field

[51] are marked by empty circles,



F1G,

FIG,

F1G,

5

6

7

- )i -

The values of (er.- Qgg) / Q[;’ determined using re-~
orientation effect in Coulomb excitetion of g}- levels

f13] are marked by a cross,

Comperison of experimental and calculated values of
B(E2) probabilities for the interband gemme transi-
158 /B(E2) ]1/2 were

2)0810 exp
calculated with velues Z, = 0,038(16) (,fz(T) =

= 30) - empty circles, or 4, = 0.056(4), { .= -0,6111
(1) (¥ 2(2")
()(2(1) = 12) = empty circles, or Z,.= 0,16(12), %3,.=

= ~0.07(9) (X2(2") = 14) = full circles.

tions in Er, Ratios IB(E

0.2) ~ full circles and ZXQ= 0.23(6)

Comparison of exnerimentel and calculated values of
B(£2) probabilities for the interband gamma trensi-
tione in '®sr, Ratios [u(52) . /B(E2), 0 T/? were
calculated for transitions relaeted with tie gamma-band
using the Alage rules ()'Z(A) = 27) = empty circles,
or with value Zl'z 0.133(.,‘(.)(2 3) = 0,Y) = full cir-

cles, B(u2) for transitions de-exciting /4 -band

calc
were calculated using tne Alage rules LJ‘Z(A) 2 T7) =
empty circles, or with 2, = U.,029(%) (1'2(1) = 0,5) =

full circles,

Compurison of experimental and calculated values of
E(E2) probabilities for the interband gamme transi-
162 - 1/2
calc/B(n.z)exp] were
calculated with parameters Zy = 0,059(7), Z;, =

= 0,0045(22) (J(%z‘) = 10) and Z, = 0.,007(11) <x‘2(1)=
= 16)0

tions in ' °“Er, Ratios [ B(E2)



FIG, 8

FIG, 9

FI1G,

10

- L -

Experimental values of I[- were obtained in teta de-
cay (empty circles) and in reactions (p,4ny), (x,2ny)
(full circles),

a) Determined vaiue 2.,5(7) for this transition is not

shown in fig. 7.

Comparison of experimental and calculated values of

B(E2) probabilities for the transitions in 164Br. Ra-

}1/2

tios [B(EZ)calc/B(EZ) were calculated with pa-

X
rameters: Zav(23-) = ;.568(5). Z,—(Og) = 0,068(8),

Z,p = 0.005(5) (X2(3) = 6) and 2, = 0.028(4) (y2(1)=
= 3).
sxperimentel values of IT’ were obtained in bete de-

cay (empty circles) in reactions ( i,2n3~) or (p,2n )

(full circles) and in reactions (n,n’y’) (cross),

Comparison of experimental and calculated velues of

B(z2) probabilities for the transitions de-exciting

levels of v -bend in 1b°Er. Ratios EB(EZ)calc/B(EZ)

'
i
'

exp.
/2 were celculated with parameters Zy (2,~) = 0,0448
(8), 2y (0 = 0,0431(5) ({2(2) = 13).

Experimental values of I , were obtained in beta de-~

cey (empty circles) in reactions (% ,2ny) (full cir-

cles),

a) Determined value 0.,412(22) for this transition is
not shown in fig, 9.

Comparison of experimental and calculated values of

166

B(£2) for transitions in Er for the different nume

ber of parameters: Zy = 0.0427(5), (X2(1) = 9.2) -



full circles, ZJ'(ZX') = 0,0445(5), ZJ'(°3) = 0,0410
(20), Z;, = -0.0009(10), { X2(3) = 4.8) - cross,

Z ~(2,) = 0.0445(5), zv_,,,-(og) = 0,0452(10), Zag =

= 0.0LU46(18), Z; = C.06, (X 2(3) = 3.9) - empty cir-
cles. experimental data used are described in tab,

9 T24,25,26,2710

F1G, 11 Compariscn of experimental and calculated values of
B(E2) for the transitions de-exciting levels of ) it
and /-bend in '°®zr, Values of B(E2)_,, were calcu-
lated with perameter Zy = 0.G374 (o) (,Xa(l) = 0,9)
and Z: = 0,025(5) (X23(1) = 9).

Experimental values of I, were obtained in beta de-

cay (empty circles) and in reactions (n, ¥y ) (full

circles).

FIG, 12 Comparison of experimentel and calculated values of
B(i2) for tne transition excited in beta decay in
170Er. Values of B(;-:Q)calc were calculuted using

the Alaga rules (~X2(A) = 6 for y -band and (Z(A)s

= 22 for A -=band) (empty circles) and wiih parame tars

Z¢= 0.,013(5), Z,p = =0.017(7) (X2(2') = 1.3) end

2, = 0,011(9) (X°(1) = 16) (rull circles).

F1G, 13 Comoerison of experimental and calculated values of

158

B(22) for the transitions in Gd., Vaiues of B(E2)calc

were calcuiated with parameters: Z, (0, ) = 0,0094(21),
2, (0,) = 0.013(3), fy. = -0.0018(7), (X2(3) = 4)
= =0.0115(17), 2, = 0,01, (X%(3) = 0.8).



FIG,

r1G,

P1G,

¥iG,

14

15

17

- D.’. bt
Experimental values were obtained in bete decay (em-

pty circles) and in reactions (n,x‘) (full circles),

Comparison of experimental and calculated values of

160

B(E2) for the transitions in Dy. Values of B(E2)

calc
were calculated with parameters: 2, = -U.,014(9)
(X(1) = 5) or Zp = 0.0438(20), Z,, = -0,0835(14),

('(2(2‘) = 0004)0

Comparison of experimental and calculated velues of

B(L2) for the transitions in 164Yb. Ratios [B(EZ)calc/
3(52)exp]1/2 were calculated with parameters: Z; =

0,023(6), (X%(1) = 17) or Z, = 0.122(15), (2(1)=
13),

The physical constants of transitions (Qgg’ Qs s QX')
and levels (matrix elements of the Coriolis interac~
tion hdg hrg’ hSr).

The values of Qgg determined by I.A, Mitropolski]
f40j using the superconducting model are merked by

triangl,

Comiperison of experimental and calculeted values of
B8(o2) probabilities for the intraband transitions
de-exciting the rotational levels of the ground sta-
te.,

The values of B(EZ2) were calculated using the A=

calc
lage rules (empty circles) or determined assuming
the mixing of weve functions of /- g and y=- g sta-

tes (full circles),



- 95 =
FIG, 18 Values of paremeter (o, +0ld.) determined from analy=-
sis of B(22) probvabilities of intraband transitions
in the ground band
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