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1. INTRODUCTION

The l% ¢Ba77 lies at a distance of 7 neutrons from the shell
closure N= 82, The low-lying levels of the adjacent even-mass
Ba -nuclei (with A= 132,134) exhibit characteristics transitio-
nal between spherical and deformed, so it is reasonable to des-
cribe the odd-mass nucleus as a quadrupole, anharmonic vibra-
tions, coupled to the various possible single-particle states
of the odd-neutron.

In the present work, low~lying states of 133Ba are analysed
in the framework of a version of the particle-vibrational coupl-
ing (PVC) model, proposed in/!" . The choice of the model is
based on the possibility to treat an odd nucleus in a natural
way expanding its states over real states of the even-even an-
harmonic core and using creation and annihilation operators of
particles. Another model advantage is the possibility to take
correctly into account the particle-hole structure of the states.

Experimentally, the level scheme of 13382 has been studied
in a few works /2-5’. These include the investigations of B-de-
cay of 1331a/2-4' and (4, p) ~reaction study”’%’. Although the level
scheme of this nucleus has heen constructed in general in these
works, quantum characgerlstlcs of many s;a;es above 500 keV
should be specified ". In a recent paper’’ we bave already
reported our preliminary results from y-ray measurements of
‘33La-decay. Here we use them together with our new results from
the conversion electron spectra of 33La to deduce the spins
and parities of the low-lying levels of 133Ra,

2. EXPERIMENT AND DATA ANALYSIS

Radioactive sources of the La-isotopes have been obtained
in the spallation reaction on a Gd -target with 660 MeV protons
(Ip =2.5urA) at the JINR-synchrocyclotron, Dubna. After chemi-
cal separation of the La-fraction, the mass A=133 has been
separated in an electromagnetic mass-separator.
Conversion-electron spectra (CE) have been measured employing
8i(Li) -detector with resolution I.1 keV at 100 keV. To filter
the low energy-electrons a homogeneous magnetic field of
750 Gauss has been used/7?’, Comparison of our results (Table 1)



Conversion coefficients and multipolarities deduced
values (1:e’f./B )

from its compairing with the calculated

Table 1

‘(]:.gg:orsibn I (al ) Ice ta Ice) Ice “(k(“{") A Placement
(KeV) f ) (the Present T T
work) f./2/ Ei. (I J_.E’-{f }
1 2 3 [y 5 3 T
02- K 66,2(9,8) 60,4(21) | 515 {0,038 u1,(52) 302(3/2%)~0(1/2*)
L 6,9(8) 80
¥ 1,52(37) | 23
309 - X 0,55(5) 0,58(18) 0,045(14) | My 887(5/2* )---577(1/2%)
324 - K 0,32(5) £0,4 20,05 (M1) 1211(3/2%,5/2%)+887(5/2%)
328 - L 1,19(€) 0,121(25) 0,0042(8) (1) 630(5/2%,3/2%)-+302(3/2%)
339 -X 1,63(15) 1,05(31)] <13 | o,027(8) | My,E2 630(5/2%,3/2% ).+ 291(5/2%)
L 0,141(34) 0,0035(9)
354 ~X 0,094 (6) 0,38(7) 7 }o0,017(4) | E2 1211(=7/2") » 858(3/2%,5/2*)
355 -K 1,19(5) 0,129(30) 0,0045(11)
385 -K 3,10(10) 1,55¢5) | 16,5 | 0,021¢6) | m1,E2 676(3/2%,5/2* }+291(5/2*)
L 0,25(7)
M 0,07(3)
428 -X 0,211(33) 0,098(26 ) 0,013(6) [ M1 1351(3/2%,5/2* )-923(3/2*,5/]
436 -K 1,02(5) 0,26(5) 5,5 | 0,0106(22)| B2 1112(7/2%,5/2% , 3 2676 (¥2}5/25
442 -K 0,07(3) 0,035(12} 0,021(2) | M1 1329(3/2+ ,5/2* 7/2* )87 (5/2%)




Table | (continued)

1 2 3 4 5 6 1
445 - K 0,17(1) 0,067(25) 0,016(7) | E2,M1 1329(5/2%,7/2% )»883(9/2%)
469 -K 0,85(6) 0,250¢30) | ~7 0,0124(16) | M1 1352(1/2*%,5/2% ,3/2% )-~887(5/2%)
482 -K 1,39(7) 0,300¢37) 0,0091(12) | X2, (M1) | 1021(<7/2%)=676(3/2%,5/2%)
527 -K 3,22(10) 0,60(5) 5 0,0079(7) | E2,M1 539(1/2%) —12(3/2%)
534 -K 2,00(34) 0,37(4) 4 0,0077(15) | E2,M1 112(7/2%,5/2*,3/2* »511(1/2*)
540 - K 0,553(23) 0,07(3) 0,0052(21) | B2,(M1)
556 ~K 5,7(12) 0,83(8) 5 0,0060(13) | B2 858(3/2%,5/2% }+~302(3/2")
L 0,068(25)
565 - K 21,6(6) 3,48(13) | 35 0,0068(4) | B2,M1 577¢7/2%)-=12(3/2%)
567 -K 8,35(35) 0,97(6) ~8 0,0048(4) | E2 858(=7/2*)»-291(5/2*)
572 -K 1,08(10) 0,120(29) 0,0046(11) | B2 862(<7/2% ) 291(5/2*)
581 -K 0,48(5) 0,098(30) 0,0085(27) | M1(B2) 1211(5/2.3/2*)——630(3/2*)
585 -K 7,01(21) 0,977(32) | 9 0,0058(3) | B2 887(<7/2%)~302(3/2%)
592 -K 1,30(7) 0,20(5) 9,0064(16) | B2, (M1) | 883(<9/2*)-=291(5/2*)
595 -K 15,93(56) 2,84(11) | 30 0,0074(4) | M1 887(1/2%,3/2% )=291(5/2%)
L 0,50(10)
618 -K 32,9(10) 5,27¢20) | 53 0,0067(3) |m1 630(5/2" 1=12(3/2%)
L 0,652(30) 8
621 -K 21,5(6) 2,4(5) 22 0,0046(10) | E2 923(=7/2%)-=302(3/2")
L 0,41(4) 3
630 -K 5,6(2) 0,56(4) 0,0042(3) | E2 630(5/2")»0(1/2%)
632 -K 39,0(12) 5,9(3) 58 0,0063(3) |1 923(3/2%,5/2%,7/2% )}»291(5/2")
L 0,83(5) 7"
M 0,13(4)
664 -K 3,57(10) 0,40(9) 0,0046(12) | M1,E2 676(=T/2+) _q2(3/2+)
672 % 1,40(33) 0,126(28) 0,0037(1) | E2 1211(5/2% ) 053901 /2,
676 X 1,12(30) 0,109(27) 0,0041(15)| E2 676(=5/2* 3 001/2%) )
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Table 1 (continued)

2 3 Iy 5 (-3 T
733 K 0,094(15) 0,026(8) 0,0115(39) | M1 1620(3/2%,5/2% ,7/2% )-»887(5/2*)
7™ K 1,96(4) 0,187(34) | 0,0039(7) Jw1,(E2) | 1329(5/2%)»577(7/2%)
5 K 0,109(25) 0,015(5) 11,2 | 0,0057(22) | M1 1352(5/2%,71/72%)—=577(1/2%)
810 K 1,69(4) 0,097(20) 0,0024(5) |E2 1112(=7/2% )= 302(3/2%)

L 0,016(4)
821 ¥ 0,498(21) 0,040(5) 0,0034(4) |y 111203227 ,5/2%,7/2%)+291(5/2")
846 K 18,92(62) 1,00(33) 1 0,0022(7) |E®2 858(<7/2% )=12(3/2%)

L 0,099(27)

' 0,017(8)
858 K 15,39(56 ) 0,897(34) |1 0,0024(2) | M1 8s58(3/2%)-=0(1/2%)

L 0,087(15) {1,4

M 0,032(11)
875 K 1,66(6) 0,069(10) 10,9 | 0,0017(3) {E2 8877/2%)w12(3/2")

L . 0,014(4)
909 K 0,377(23) 0,021(4) 0,0023¢(5) |m1,E2 1211(=7/2%)~=302(3/2*)
911 K 3,88(5) 0,19(4) 2,1 0,0020(4) |E2,(M1) | 923(=5/2%)=0(1/2%)
%20 K 0,771(22) 0,051(10) 0,0027(5) |m 12113/2%,5/2% )w291(5/2")
933 K 0,513(34) 0,034(9) 0,0027(7) M 1563(3/2%,5/2%,7/2% )e630(5/2")
1010 K 2,80(13) 0,128(12) 11,6 0,0019(2) | E2,M1 1021(<7/2% }»92(3/2%)

L 0,016(4)
1038 K 0,273(23) 0,015(4) 0,0023(6) |M4 1329(3/2%,5/2%,1/2%)+291(5/2%)
1043 K 0,333(25) 0,016(4) 0,0020(5) |m 1620(5/2%,7/2% )-=517(7/2%)
1061 K 3,38(20) 0,109(10) J1,7 | 0,00134(4) } B2 1352(<9/2+ }a29% (5/2+ )

L 0,022(4)
1099 X 7,7(4) 0,241(23) 13,4 | o,0013(2) | B2 1112(<772* )1 12(3/2%)

L 0,026(3)

M 0,011(3)
1199 X 0,83(5) 0,0279(30)| 0,8 | 0,00140(7)| M1 1211(5/2%)=12(3/2%)
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with conversion-electron spectrum obtained in /3/ , (Table 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 ¥-
transition 302 keV has ay = 0.038. Column 6 of Table | contains
multipolarities deduced with the use of theoretical conversion
coefficients from’® . 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 Table 1 and used further in comparison

of the calculated energies with the experimental ones.

3. CORE-PARTICLE COUPLING MODEL
AND ITS APPLICATIONS TO 133Ba

As the model has been described in details in/!/ only a brief
discussion will be given here.

The PVC-scheme used incorporates both anharmonicities in the
core vibrations and pairing effects in the odd-neutron motions.

The total Hamiltonian of the coupled system is:

H=3 E;ala;, -o0*p —KEQ.;#QZ“- D)

jm

Here a;n(ajm) are particle (hole) creation (annihilation) ope-
rators, E; are the single-particle energies for the odd partic-
le, (jm) are the quantum number of the odd particle states.

The second and third terms correspend to the pairing and quadru-
pole-quadrupole interactions, respectively.

The simultaneous consideration of the pairing and quadrupole
correlations leads to the dependence of the coefficients Uj, Vj
upon the considered (In) states of even—even core and J-states
of odd nuycleus. So in the model are introduced new coefficients
P 'Inj ’hlﬁ by which this effect is taken into accoubt, instead
of the usual Uy, Vj coefficients, determined by BCS-methods.
(For details see ref./l’ ).

The wave function is written in the form:

A M 5 A-1 jom J A+l
bim = 2 Oy [Praj 3ty = (D7 Brgj 31 ¥y 1,

where p{njand hil are the amplitudes of the probability that the

i
A . . .
state ¢JM contains a particle coupled with the collective core

A-l ) .
state ¢y and, respectively, a hole coupled with the core state
¢Iﬁ+ . (A+1) denotes (A1) nucleons in the cores considered.
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B(E2) experimental transition rates

Table 2
and quadrupole moments

in 134pa
-0,64(14) /9/ * 2 [+0,134(3) /9/
B(E2;
@z (oB) o,an(m) /oy |PREOD BT oy o
B(E25—0f) (eb)? | 0,0013(2) /1I/ |B(E2;25~e2}) (eb)?| 0,207(24) /11/
B(E2; 4§~e2}) (eb)?| 0,214(22) /11/ |B(E2;4}~e25) (eb)?|c0,00024 /II/

The odd~mass system energies EJ and

ger equatlon for the Hamiltonian (1).

eigenvector coeffici-

are obtained further by solving the Schroedin-

In the numerical calcula-

tions the following set of input parameters has been used:

Evdd

1.0 4

5&?

133B
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1) The spherical single-par-
ticle states 8,3 , dys2 » A5/
and g7/2 with their energy-spac-
ings AE(d3/9~sj/2 ) = 0.6 MeV,
AE(ds5/2 ~ gy9) = 0.2 MeV. The
Fermi-level A has been adjusted
to the experimental level sche-
mes and it has been found to lie
close to d3/p in accordance
with the results in ref.

2) The four collective core
excitations Of, 2%, 2%, 4* have
been taken from the nelghbourlng
even-even core nuclei '3%:134p,,

3) The reduced quadrupole
matrix elements have been obtain-
ed from the experimental transi-
tion rates and the quadrupole
moments of the cor2 nuclei. In
Table 2 all available data 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
adjustable parameters in the mo-

Comparison of the experimental
and calculated level spectra
of.

o rurdn
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del, we have varied their values in the whole range of the

available data not firmly establishes so far. The final results
are shown in Fig. 1.

4. RESULTS AND DISCUSSION

Comparlson of the experimentally established positive-parity
levels in !3%Ba and calculated ones, show a good agreement:
13 lowest levels in !33Ba are reproduced within rms-deviation
about 0.07 MeV. It shoud be noted, that in the cases when the
spins of the levels are not firmly established (it takes place
for the levels above 600 keV), we assumed some of them. For
these we used present data for conversion electrons. For 887 keV
excited state we find experimentally I" = 5/2% and this is in
full agreement with the calculated value.

Table 3
The wave-function components in 133pa
Lround state (I‘=I/2+) 19% oxcitea stata([’r=3/2+)
(33%p + 31%h) [0@57,] (36%p + 32%h) [0@d3s ]
( %p + I7%h) [2,8d3),] (10%p + 18%h) [2,8 d3p ]
.Bf-h [2.@d54] v

The analysis of the wave-functions demonstrates a considerable
mixing in all states, even in the ground state (Table 3). Note,
ihat a good test for the model-wave functions is the B(MI)- estl-
mation. So, we calculated B(M1), 3/2] ~12KeV, 1722, ¢ =0. 3145,

using the wave functions obtained in the present paper, and
gyromagnetic ratios: g= 0,g¢= 0.6 g Jree and gg=2/A. The
value obtained is in a reasonable agreement with the experimen-
tal one (3-73#% ) /12/

A more detailed analysis of the results obtained in calcula-
tions would be possible if more experimental information about
transition rates and quantum characteristics of the excited
states of this nucleus were available.

In conclusion we believe that this version of the PVC-model
has every chance to provide a good description of typical odd-
transitional nuclei.
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Awonoc P.B. u ap. 133 £6-83-279
0 npupoae BO3GYNGEHHMX COCTOMHWA Ba

Npu nonou‘u S8{(Li) B~cnexkTpoMeTpa u3MepeHu 3NEKTPOHH BHYTPEHHEN KOHBEepCMH
us pacnaga '3IL8 4 caenaHm SHBOAW O MyMbTHRONBHOCTAX PAA3 ¥ “nepexopos.
IKCNepUMEHTANbHO YCTAHOBNEHHWE XapaKTepPUCTUKK B8036YWGEHHMX COCTORHMI 33pa
CPaBMHBANTCA ¢ PE3YNbTATAMU TEOPETUYECKUX PACUETOB IHEPrMM W BONHOBLX DyHK~
uyuH yposHeis Ba, NPOACNAHHMX B PaMKax MOgeny B3anMOAeidCTBUR HeUueTHO!
YacTUUs C aHrapMOoHWuHWM BuGpayMOHHWM ocTosoM. MosyueHo yAOBNETBOPUTESNLHOE
cornacue anAa 13 umkaiamx yposHei, a Takke ana eepontnocé'ru Mi-nepexoaa
¢ aHeprueit 12 xaB / B(M1, 3/2;'.!.2.823.. 1/2"1') cale, o 0,31uy/, KOTOpsit B OBonouey-
HO#M Mogenu AsBnReTCA [ -3anpemeHHbiM,

PaGora swnonweHa B flaGopatopun agepHwx npobnem OMAN.

CooBimeHne 05vegMHEHHOrO MHCTHTYTa MAEDHMX nccneaomawwin, flyGua 1983

Jolos R.V. et al. 13 E6-83-270
On the Nature of the '3®Ba  Excited States

Uiing 8i(Li) B -spectrometer, the internal! conversion electrons from
the '3La  decay were measured and conclusions were made of the multipolari-
ties of a number of y-transitions. The experimentally obtained !33pa
excited state characteristics are compared with the results of theoretically
calculated energies and wave functions of !3%Bs levels. The calculations
have been performed within the model of interaction of an odd particle with
anharmonic vibrational core. A satisfactory agreement is obtained for
13 Towest levels as well as for 12 keV Mi-transition probability
(BQ41, 3/2]d2ka¥, 1/2] )% =0.314y), which is f-forbidden in the shell-model,

The investigation has been performed at the Laboratory of Nuclear
Problems, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna 1383
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