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1 . INTRODUCТION 

The 1l%Ba77 lies at а distance of 7 neutrons from the shell 
closure N= 82. The low-lying levels of the adjacent even-mass 
Ba-nuclei (with А= 132, 134) exr.ibit characteristics transitio

nal between spherical and deformed, so it is reasonaЬle to des
cribe the odd-mass nucleus as а quadrupole, anharmonic vibra
tions, coupled to the variou s possiЬle single-particle states 
of the odd-neutron. 

. f 133 в 1' In the present work, low-lylng states n а are ana ysed 
in the framework of а version of the particle-vibrational coupl
ing (PVC) model, propo sed in / l / . The choice o f the mode l is 
based on the possibility t o treat an odd nucl eus in а natural 
way e xpanding its state s over real states of the even-even an
harmonic core and usin g c r eation and annihilation operators of 
parti c l e s. Another mode ] advanta ge is the po ss iЬility to take 
correc tl y into account th e pa rticle-hole struc ture o f the states. 

Experimentally, the l eve l s cheme of 133 Ва has be en studied 
in а f ew works / 2-!1

1
• These inc lude the inve stiga ti ons of {3-de-

IЗЗL 12.4 1 . / !1 1 с а у o f а and (d, р) -reac tlon study · ' · Althou gh the level 
scheme of this nucleus has been constructed in genera l in these 
work s , quantum charact e risti cs o f many s7aJes above 500 keV 
s hou]d he spec i fied ;r, : In а recent paper i . we have already 
r e port cd our preliminary r esult s from у-rэу measurements of 
133 La-d ec ay. Here we use th em t Qgether witl1 our new r esults from 
th e co nv e r s i on e lec tron s pec tr a o f 133 La t o dedu ce th e spins 
and paritie s o f the low-l y in g ] evels of t :ива. 

2 . EXPERIМENT AND DATA ЛNALYSIS 

Radi oac tive source s o f the La-isotope s have been obtained 
in th e spallation rea c ti on on а Gd -target with 660 MeV protons 
(Ip ~ 2.5 ~А) at the JINR- synchrocyclotron, Dubna . After chemi
cal s eparation of the La-fraction, the mass A=l33 has been 
se para t ed in an electroma gnetic mass-separator. 

Conversion-electron s pec tra (СЕ) have been measured employing 
Si(Li) -detector with resolution 1.1 keV at 100 keV. То filter 
th e low energy-electrons а homogeneous magnetic field of 
750 Gauss has be en used / 7/ . Comparison of our results (ТаЬlе 1) 
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with conversion-electron spectrum obtained in / 3/ , (ТаЬlе 1, 
column 4) shows generally good agreement. An additional infor
mation about 20 y-transitions has been obtained. The internal 
conversion coefficients (ICC) were estimated assuming that y
transition 302 keV has ak = 0.038. Column б of ТаЬlе 1 contains 
multipolarities deduced with the use of theoretical conversion 
coefficients from / B/ . In the most cases the multipolarities 
from our data do not differ essentially from those previously 
obtained and this does not allow one to remove the existing ambi
guities in spins and parities. Our final conclusions are pre
sented in column 7 of ТаЬlе 1 and used further in comparison 
of the calculated energies with the experimental ones. 

3. CORE-PARTICLE COUPLING MODEL 
AND ITS APPLICATIONS ТО IЗЗва 

As the model has been described in details in / 1/ only 
dis cus s ion will Ье given here. 

а brief 

The PVC- s cheme used incorporates both anharmonicities 
core vibrations and pairing effects in the odd-neutron 

The total Hamiltonian of the coupled system i s : 

in the 
motions. 

+ G + 
Н= ~ Ejajmajm --.rP Р 

Jffi 

+ 
- к I. Q 2J.L Q 2J.L • 

!l 
( 1) 

Here a Tm <a jm) are particle (hole) crea tion (annihilation) ope
ra t ors, Ej are the single-particle energie s for the odd partic
le, (jm) a re the quantum number of the odd particle states. 
The s econd and third terms correspond to the pa iring a nd quadru
po l e-quadrupol e interac tions , respectively . 

The simultaneous cons ideration of the pa iring and quadrupol ~ 
correlations leads to the dependenc e of the coefficients Uj , v. 
upon the consid ered (In) stat e s of even-even core and J-stat~ s 
of odd nuc leus. So in the model are introduced new coe ffi c ien t s 
P 1Inj , h/nj Ьу whi ch t his e f f ect is taken into accoubt, instead 
of t he usua l u . , v. coe ffici en ts, det e r mined Ьу BCS-methods. 
(For deta il s s ~e r e

1
f .ll/ ) . 

The wave fu nc t i on i s written i n tl1c f orm: 
.\ 

Ф.1м I. 
l nj 

J M J А-1 j - ш J A+ l 
CI'I . [ pi · а . Ф iм- (-lJ hi · а . Ф iм J • ,, / Пl fiJ Jffi fi] J -Пl 

1-1l 1e r e J 
Pl nj 1 

1 . . . 
and 1

1
. a r e the amp l1 tвd es ()[ t he probab1l 1tv t i1at t he 

fi] -

ь ta tc· 
\ 

ФJМ C() nt ai·ns а ·parti c l e coнpl ed wi th t i1c collec t i ve cor e 

,\-\ 
<;; t ,I t ~ Vf\I a nd , r E's pec t i ve l y , а 1ю l е coнpl ed v1 it l1 t l1e c:ore s tate 
ф 1 ~1 11 • (A ±l ) de п()te s (A±l) nнclcon s jn ti1e co r es c.ons i(\ e r ed. 
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ТаЬlе 2 
В(Е2) experimental transition rates and quadrupole moments 

in J 34 ва 

Q 2+ (еЬ) 
-0,64(I4) /9/ и 

B(E2;2!-.of> (еЬ) 2 
+0,!34(3) / 9/ i 

1 

I -0,3I(II) /IO/ +0,!40(3) /II/* 

~<~-ot> (еЬ> 2 О, OOI3(2) /II/ В(Е2;2~--2!) (еЬ)2 0,2СУ7(24) /П/ 

~(Е2;4!--2!> (еЬ) 2 0,2!4(22) /II/ В(Е2;41-е2> (еЬ)2 ~0,00024 /II/ 

The odd-mass system energies Е 1 and eigenvector coeffici-
ents Р/. , ь{ . are obtained f urther Ьу solving the Schroedin
ger equ~Jtion f~Jr the Hamiltonian ( 1). In the numerical calcula
tions the following set of input parameters has been used: 

fll 

i.O 

0.5 

о 

6 

/33д 
s~a1.r 

-
~~, ,'---

5/tf----.. ' 
%11 ',' 
'1% ''---

~
+ __ .... _ 

.. -.. -~ ,, ,, 
1 + ,, .j/1, , , 
54 ,' 

~12 
~+ 

expt, 
f-7 if J, 

1) The spherical single-par
ticle states sl/2 , d 3/ 2 , d 5/ 2 
and g7 / 2 with their energy-spac
ings ~E(dз;r sl/2) = 0 . 6 MeV, 
~E(d s/ 2 - g7; 2) = 0.2 MeV. The 

Fermi -level Л has been adjusted 
t o the experimental level sche
mes and it has been found to lie 
close t o dз ; 2 in accordance 
with the results in ref. / S/ . 

2) The four collective core 
excitations ot. 2t. ;+, 4t have 
been taken from the neighbouring 
even-even core nucl ei 1 32 · 13 4ва. 

3) The reduced quadrupole 
matrix elements have been obtain
ed from the experimental transi
tion rates and the quadrupole 
moments of the core nuclei. In 
Tahle 2 all availaЬle dat a about 
neighbouring even-even Ba-nuclei 
are listed. Marked values are 
those, for which the best fit is 
obtained. 

Although the reduced matrix 
elements are not considered as 
adjustaЬle parameter s in the mo-

Comparison of the exper i mental 
~ and calculated l eve1 spectra 
~ of IЗЗва. 

del, we have varied their values in the whole range of ~he 
availaЬle data not firmly estaЬlishes SQ far. The final results 
are shown in Fig. 1. 

4. RE SULTS AND DISCUSSION 

Compa rison of the exper imentally es taЬlished posi tive-parity 
levels in 1 33 ва and calculated ones , show а good agreement: 
13 lowes t level s in lЗЗ ва are reproduced within rms-deviation 
about 0.07 MeV. It shoud Ь е noted, that in the cases when the 
spins of the · l evels are no t firmly estaЬlished (it takes place 
for the levels above 600 keV), we assumed some of them. For 
these we used present da ta for conversion e lectrons. For 887 kev 
excited s tate we find experimental ly I" = 5/2+ and this is in 
full agreement with the calcula ted value. 

Th f . . 1зз 8 е wave- unct~on components ~n а 

ТаЬlе 3 

~rotmd state (I ff =I/2+) ,st excited statea 11 =3/2+) 

(3З%р + 3I% h) [О «J SfJ2 ] (36%р + 32%h) [O~d3;2 ] 

( 9%р + I7% h) [24 ~ dЗtz] :r~p + I8%h) и, е dN2 J 

1 
8%h [2,@ d5/z] ... 

The analysis of the wave- functions demonstrates а consideraЬle 
mixing in all sta tes, even in the ground state (ТаЬlе 3). Note, 
that а good test for the model-wave functions is the B(M I)-esti
mation. So, we calculated B(M I ) , 3/2! -1 2 K eV~ l/ 2gr .st.=O.ЗI~~. 

using the wave f unct ions obtained in the present paper, and 
gyromagneti c ratios : g1= O, g 8 = 0.6 g!ree and gн= ZIA. The 
value ob tained is in а reasonaЬle agreement with the experimen
tal one (3. 7311~ ) 11 2/. 

А more detailed analys is of the results ob t a ined in calcula
tions would Ье possiЬle if more experimental information about 
transition rates and quantum characteristics of the excited 
s tates of this nuc leus were avai l aЬle. 

In conclusion we bel ieve tha t this version of the PVC-model 
has every chance to provide а good description of typ ical odd
transitional nuclei. 

i 
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Д.опос Р.В. м др. 
О nрироде воабу~енных состоянм~ 133 Ва 

Е6-83-270 

При n~ Si(Li) /:!-спектрометра измерены электроны внутренне~ конверсим 
из расnада 33La м сделаны выводы о мультмnольностях ряда у-nерех~ов. 
Эксnериментально установленные характеристики возбу~енных состояни~ 33 Ва 
сравниваотся ~ fезультатами теоретических расчетов энергии м волновых функ

цм~ уровне~ 3 Ва. nроделанных в рамках модели взаимоде~ствия нечетн~ 
частицы с ангармоничным вибрационным остовом. Получено удовлетворительное 

~огласие для 13 нижа~wих уровне~. а также для вероятн~ти Н1-nерехода 
с энергие~ 12 кэВ /В(М1,3/2~~ 1/2~)са\с . ,. 0,311lNf, кoтopwii в оболочеч 
н~ модели является f-заnрещенным. 

Работа выполнена в Лаборатории ядерных nроблем ОИЯИ . 

С~ение Объединенного института Адерных исследований. Дубна 1983 

Jolos R.V. et al. 
Оп the Nature of the 133 ва 

Еб-83-270 
Excited States 

uying St(Li) 1:1-spectrometer, the internal conversion electrons frorn 
the 33La decay were measured and conclusions were made of the multipolari 
ties of а number of r-transitions. The experimentally obtained 133 ва 
excited state characteristics are compared with the results of theoretically 
calculated energies and wave functions of 133Ва levels. The calculations 
have been performed within the model of interaction of an odd particle with 
anharmonic vibrational core. А satisfactory agreement is obtained for 
13 lowest levels as well as for 12 keV M1-transition probaЫlity 
( В(М1, 3/2~..11.k.c.I. 112t )calc. =0.31,.~). which is t -forЫdden in the shell-model 

The investigation has been performed at the LaЬoratory of Nuclear 
ProЫems, JINR. 
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