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New data concerning high spin rotational bands / l -51 as well 
as states excited in /3-de c a y/8-191 have become available re
cently for the doubly-odd nuclei in the region SO~ Z,N ~ 82. 
They revealed extremely complicated level-spectra in which 
patterns of different model approaches can be recognized, none 
of them reproducing all features simultaneously. Recent t3-de
cay studies of La and Pr nuclei undertaken at JINR (Dubna) 
in the frame of JASNAPP-I programme were of crucial importance 
in this line. During the investigations of the neutron-defi
cient isotopes in the region of A -130 many Rroups of allowed 
0+ ~ 1+ Gamov-Teller (GT) t3-transitions have been observed, 
f ee i ng 1+ states in the t odd-odd nuclei/8-10.16/.d d augh e r 

The excitation enerRies of 1+ levels, the stren~th of GT-tran
sitions and the deexcitation of t hes e states to some other 
excited states couldn't he interpreted in the framework of 
tllp simple pictllre in which the wavp fnnctions of the odd-odd 
nucleus states are represented ;11'1 a linl'ar comhination of 
two IJllasip;lrticles couplpd to anglllar momentnm I+,;lnd the col
l ec t i ve dynamics of the s t n t e s is governl'd hy t he simple rpsi
dual i u t c r ac t i ou . 'I'ho comp l i r at ed c-xpc r i men t a l datil from I~

dec,ly ;lIld cll;lq~l' exchallgl' r en c t i on s po ar-d the' p r oh l r-rn of sig
nil ienlll l y quouc hod IIIH'I"ar CT-millrix 1'(I'Tlll'1I1H, whoi'll' or i gi n 
is IIH' HlIhje'cl 01 i n t e n a l vc- t hco r e t i c a l and c xpo r i ment n l s t.u-: 
dipH (H"" for r-xnmp l « H,'I,:!O n ud r,'ll'n'III'('R llH'r"in).Thls ('1
tl"'1 iA a t t r j hu tr-d mainly 10 t lu illlltl.'qllllt·y 01 t lu tdnp,ll'
pn r t i rl r tI('Heripl ion o l III" 1111('11'111 ~IIIII'H or 10 t lu 1111111(''111/1 
ey III I Ill' olll'-Illllly C'I'0pl'rlll or. 

Ilit 1,'rpIlI lhport'l i rn l rn l c u l a t iOllfl I1pP("lrt'd r r-r entl y whlcll 
all""'l'lpti 10 tll'llI·lih.' III" coll.·.·liv.· HlrtH'lllr,· 01 otld-otld 
11I1I"1.·j ill til,' lrnm('work 01 n x i a l l v RYIIIIlIplric l ll l'llr t r i a x l n l > 

rolor'I'1I1 ro r e mod .. I 11M w.,11 It" ill 1l"lIIfl 01 vlI.rtltlolllll cor •• 
'"ollpll'll 10 III,· vnl .. I....• nlJt'II'Ollll/l!:1' IIIIl'rl'flllnp, u t t r-mp t s 10 

-r t ud y tli,' otld otld 11111"11'1 IIl'1lnp, .lyllllllll,·tl1 llynnn('!r1l'rt hn vr- h""11 
1111,,1.· ill H,·r".:!/I,~'·) nrnl IIr.' III prop, r c·/J1l 1I0W. 

111ft 1t'lIIpllllp, /tIRO In """"1'1l1 1111 lilt 1111111., ro l a t Lon h"t-I r.F. 
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As far as neither of the existing approaches is in the po

sition to explain t he whole experimental picture yet, we look 

in the present paper f o r relations between L he> features or 

the odd-odd nllclells nnd the corresponding eight neighbour in}', 
nuc l o i (shown in Fif·,.1 in the case of 1:101.'1) in order Lo pro

vide }',rollllll, by IJIPilnS or such a s y s t cma t.i c s , lor c-vvu t.un l dp
ve Lopnu-u t pf qun u t j t n t Lvr- description I o r t rnu s i t.Lon.r l odd

.. I .. r I I I II' 3/odd nuc I 1'1 III L II' :~PI I'll 0 t ie Jo .o s a pp r o.u- I . ,HlI(-("'B~;

fully nppl it,d Iwrn}",' to odd nllclC'i / 2 Il , 30 1 . Til t h i s IIpJlrollch 

the W;)V(' l unct i ou or tilt, odd IlUC]PlIS (wi t h 1\11 pn r t i v l o n ) 

is rqll'('s('111 I'd ;IH f111(H'rpnsi I i o n or the s ta t ('S of Lh,' ndjll 

cent eVC'lll'VI'l1 11(Il'I,'i (w i t h A nnd 1\+'2 pn r t i c Lc-a) v i ol d i nj. 
comp Lct o i n l o rm.r : i"l1 IIb""L the pn r t i c l u-iho l r- :;1 "Willi" 01 lilt' 

10w-lyilll', ::Inl":: III lilt' odd--~;ysl('III.'I'his nppr'o'"ll'll ill nppl'oplill- 
te for LIlt' I ran r. i t l ou.r l r('~',inll, wllI'n' ('111111)',(' I'll lilt' 1"1'(' 1('11 
t u r e s , wi t h ('lidll}'," "I A. j/-l (d,tI('I'v,'d n m l 11)(' ilVI'I'1I1',(' I i(.ld'/1 

symmetry is 11111 WI'II 1IIII'WII.'I'IIl' I'0llllil.i I i t y (,I i nv o l v i u g 1111' 
in f 0 rrna t i 011 ,"I I. ()I I I I II I ' (' i I '.II I rill I ... (u II HI 1111'. 1111l' I , ' i j II I III' ('II 1.. II 

lations of LIII' "('!III I 1 111)', "VI'II 1111('1.'1111 (llI'I' I,'i""I) loy '('111""1'11 
Ling its eXl'il('d ~:l,I'I'!1 i111 IIlqll'l'I'''ldll''lI ,,111)(' rllllt"11 "I "Illy 
[our odd-neil',IlI>"llr:: III:d"':1 I Ill' (')(I('III,j"ll ,,1111111 ill'III"/I,'I, I", 
doubly-odd s y s t ('\11 V('IY 11I'''IIIII;:d 11)',. 

The region 01 11I1(')(,i w i t h ',():.I.,N, IL' in III1"WII I" I", I"/Itll 

of various nuc l o a r :;lllq)('::. (,d I "I' ,'"",( i:ll I III', i II "II" Iliid I III' 
sarue nucleus), a nd wi Iii 11)(' f',llIdll;11 1i11"1"" 11.111)'," wi III I Ill' 
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have been also observed. In Fig.2(A) one can see the consis
tenc~ of the energy spacing in ~J=2 band in doubly odd nucleus 
of 1 °La with that of decoupled h11/2 proton band in neigh
bouring 129,131 La and with that of the ground state rotational 
bands in the related even-even core nuclei. It is interesting 
to note the completely different behaviour of the band upon 
changing the neutron number N and the proton number Z. The 
energy spacing remains almost the same if Z is fixed (Z=57) 
and N is changed (129.130.131 La, Fig.2(A)) while it is sensi
tive to change of Z when N is fixed (N=73) (129 Ba, 130 La, 
131Ce, Fig.2(B)). Similar. effect one observes in ~J=I band 
properties of the neighbouring odd and doubly-odd nuclei of 
Sb and 1/42.43/ , where additional sensitivity to the nature of 
the collectivity is implied to the two valence particles.For 
doubly-odd nuclei of Cs and La an abrupt change of nuclear 
features has heen found/ 5 ! on the basis of analysis of their 
~J= I bands to t ak o p l ac e between 120 Cs and 122 Cs and hetween 
124 La and 126·130 l.a . The energies of the MI-transitions in the 
~J=I bands in tht'sc nuclei show staggering with parameter S= 
=0.12-0.14. Un fo r t uua t c l y for the heavier La nur l o i nothing 
defini t o could hr- conrl ud cd about the behaviour of t he V -tran
s i t i o n s ill till' ":11111 s i nre the only ava i l ab l o ('xjlt'rimciltal 5(U

, ., . 134 136 '4' .ely t lu- hll',h-IYII1}~ l l s i n . 1.:1 IS t ClllIIl'ot c-ve n o 

l o t o ;IS r<T,ards of t lu: level spins and p:irili,'~;. R(-('l'nt ill 
v,'sl i 1',:11 i lIll!'! o f I Ill' dllUh l y-mdd nuclei of l.a , Pr ;1I1t1 1'111. p or
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pLe , in the case of 134 La, for wh~ch nucleus data are avail 
able from ~-d~cay measurements/elas well as from heavy-ion 
measurements / 4 / , Fig.3. Bellow the energy of I MeV in the le
vel-scheme there appear three groups of states: (A) - the 
states populating in the isomeric decay; (C) - the system of 
states with f'T=I+ and (B) - the group of states, some of 
which deexcite to the levels (A), some others, populated by 
y-transitions from the states in the group (C) and some, ten
ding to develope bands with no connection with the other two 
groups. (The high spin states, not shown in Fig.3, can be 
placed on top of 29/-L8 isomer 14/). In the neighbouring even 
La and Pr nuclei such scheme of the low-lying states is only 
partially established. 

Our attention now is focused on the 1+ states which in the 
most of the discussed nuclei appear with energy spacing and 
log ft values forming a stable pattern with slight variation 
(in Z and N) in clearly distinguished trends as is ShO~l in 
Fig.4.TIH' energy spacings are obtained by subtraction from 
the 1+ state energies that of the lowest 1+ level with ma
ximal pc-r ccn tap,c of the A-decay. The data for these lowest 
s ta t e s a r « summa r i zccl in Fig.5. For Sb and 1..1 j so t opc- c hn i ns 
the more nvn i l ab l c d a t.a allow us to follow the rapid drop of 
t hr- t'IH'q',ieR t owar d the ground state and their i nc r oa s o nft o r 
t h.i t with d oscrc-nsc- of the neutron number. 'l'ho r c-by witlt t ho 
iIH'rl'IIS(' of Z I Itt' mi n i murn approaches N=82. At t lu- RIlI1l(~ t i nu
log fl i nrrcaso s w i t h Z [or fixed N. For e xamp lc lor 1:l:~Sb 
I Of', I t 'I.() wltill' for 140 Pr it is already'>.'>. Fo r III(' flLII('s: 

1'\)/1 lu'V ill I:J:! Sh ;IS w('II .15 [or the c or r c s po nd i Ill', sl ill (. ill 

isn Sb ('0111 i f',lIr;ll i Oil [ d:!/:! ,~ d5/ 21 is known from d('II;1 11111(' 

ti ou ('ill ("II ill illll!"7'. 'I'lu- vn l ue of log I r = '1.9 is ill Ilf',n'(' 

mClII wi lit ~1I11'11 ;1 ('llill i)',lIr;ll i on .18 .1 v.r l ur: of t lu- (;'1' .r l l owr-rl 
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nuclei. For 138 La this 
conclusion is made in 
Ref.4 on the ground 
of calculations using 
the formalism of Sasa
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For the excited 1+ states some typical features could be 
extracted from the representation of the data given in Fig.4 
and its comparison with the data for related odd and even
even nuclei. For this we use also the interpretation of the 
low-lying states in the neighbourin~ odd-mass nuclei obtained 
in our previous calculations 129,30,5 1 in the framework of 
particle-anharmonic vibrations model 1281 • 

For nuclei with N=7S,77 1+ states with log ft value around 
7.0 and B-decay feeding in the range (0.2S-0.8)% appear 
170 keV away from the lowest 1+ state. This interval is close 
to the en]~gy distances tIE = E(S/2P - E(7/2t) in the adja
cent 131,1 La7478 nuclei and tiE == E(S/2!) - E(3/2!) in 
the adjacent 13!, 133 Ba76,77 nuclei which suggest possible 
configuration [ITg7/2 ,v[ 2 T ~ B 1/2] 512+ I which could also exl 
plain the larger log ft values of these states. One should 
keep in mind, however, that in the approach we used in the 
calculations of the related odd-nuclei (see for instance 
Ref.30) the state [ 2t €I s 1/0]5/2+, which we refer to here has 
reacher structure in which 12 1 €I s1/215/2 coupling is only 
the component with t hc- big~',l'st amplitude. The two states r c-: 
sul tillf'. f r om r h i S cou pl in l} are 5/2+016 and 291 k c-V) .md 
'3/2+(2RH and '302 keV) in 31 Ba and, 1:J:ll\a, rr- s pcc t i vc l y . Tn 
t ho s.uuc- way, u s i m; till' s t n t « [2i 0 S 1/21 'l/2 in odd-lIn IIlIC

II,i and 'j/2~ in odd-I.n nurl o i WI' c ou ld try to r oru-h l y os t j > 

mn tr t lu: "Ill'rl',y o f till' lH'xl 1+ s t n t o w i t h (,Ollrip,lIrntion 
I· , 11"l1Td / l! ,d2 l €l fll;::,13/~ I. In t lu- (,[\Sl' 01 '~I.it slI('II Hl;Il,':, n r o o

177 n ud '}'}/I k,'V (JIll',.I,). Of rou r av , III,'n' n r c: o t lu- r po s s i li i > 

l i r i c-s III ohlilinin)', I ill' discllssl'd II x t u t c- n~i w,,11 ;IS 1111'1'1' 

111'1' o t lu-r: Hl:ll,'~;, p;ll'li,'iplllilll~ ill 1111' mu l t i p l o t x no t 1(1111111 
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v[2+ €I dS/2] 7/2+/1+ should appear, for example. In the case 
of 132 La possible candidates for such a configurations are 
the states with energies in the region 300-S00 keV, which 
have also close log ft values and similar deexcitation/5-10/. 
Their characteristics change with the approach of the N==82 
in agreement with the transition of the odd-nuclei to more 
spherical form. Unfortunately, the incomplete experimental 
information doesn't permit this systematics to be extended to 
the higher-lying 1+ states. 

Only precise model calculations, of course, could provide 
us with a deeper understanding of the phenomena in this 
field and explain in particular, the abundance of 1+ states 
as well as the specific patterns of their appearance. The 
odd-odd nucleus states in such a model could naturally be 
huilt up [rom an even-even nuclear co r e and two particles 
(hole) excitations for the odd neutron and the odd proton. 
The intriguing pcc ul i nr it i c s of the s pec t r a in this region 
wOlllJ cl'rtainly deserve thl' effort or their deeper study, but 
,'I modo I of this kind is vxtrvm(,IYdifficlllt to he d oa l t with 
c ompurn t i ona Ll y • It is desirnhlp then'fon' t o look for sc ns i-: 
ill,' s i.mpl i f i c a ti.ou s . Our pr o Ii mi n.i r y s y s t ,'IIl;] Lie iuvc s t igDI ion 
of IIII' p r oh l om in t lu- p r-o s on t work p r ov i dc- s IJS wi t h SOIllI' in
sil',hl and slll'dsligill ou n po s s i b lo WilV or SIl('1l n simplifi

rn t j on , '1'11\' nhovr- arp,III1Il'nls HllgV,,'sl t hn t LIIl' l r-v e l n or d oub l y 
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