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_ABSTRACT

A systematic study of the low-energy properties of
odd-mass I nuclei is performed in terms of the Alaga model.
Previous theoretical works are made up-~to-date, according to the
present level of experimental information, and extended to ligh-
ter isotopes. The residual interaction among the valence protons
is approximated by both the pairing force and the surface delta
interaction. We conclude that the refinements introduced by the
last interaction are of little importance in the description of
low energy states. Excitation energies, one-body reaction
amplitudes, dipole and quadrupole moments and B(Ml) and B(E2)
values are calculated and compared with the corresponding experi

mental data. Also, a few allowed R-transitions are briefly dis -

cussed.



I. INTRODUCTION

Nuclei with a few valence protons (< 3) either below

or above the 2=50 closed shell have been extensively studied ,

within the framework of the particle-phonon coupling schemel_a).

In this semi-microscopic model the Pauli principle is taken inta
account for the extra core protons (shell-model cluster), while
the neutron valence shell, which is widely open, is described in
terms of collective variables. When the shell-model cluster con-

tains three particles, the particle-phonon coupling model is

often referred to as the Alaga model.9

The coexistence of shell-model and collective
features seems to be dominant in creating the properties of odd-

mass 1 nuclei, and, a few years ago, the Alaga model was applied

to 1271 by Paar7, to l291 by Vanden Berghe8 and to 129I and

131, by Almar et a1.% Since then, quite a bit of additional ex-

perimaental data have been accumulated: i) Coulomb excitation in

127 129

I and I has been studied by Renwick et al.lo; ii) very de-

tailed y-decay studies on 1291, 1311 and 133

by the Livermore groupll'lz; iii) anisotropies in the y-decay of

13 129

I have baen presented

oriented nuclei have been reported by Silverans et al.

14 for l311; iv) directional correlations

for I

and by Lhersonneau et al.

129 131

of y-rays in I and I have been performed by De Raedt et al.l5

and by Ludington et al.ls, respectively; and v) quite recently ,

123, 125

the (3He,d) reactions to I have been measured by the Sao
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Paulo group.17 In view of this situation a new attempt has been
made in the present work to explain, in a systematic way, the
properties of low-energy states in odd-mass 1 isotopes from
A=123 to A=133, within the Alaga framework. It should be noted
that the above-mentioned theoretical studiess-a, in addition to
being limited to isolated nuclei, differ in several important
aspects, namely: 1) while Paar7 and Almar et al.6, approximated
the residual interaction by a pairing force (PF), Vanden Berghe8
used the surface delta interaction (SDI1); 2) the protons were
distributed among four single-particle levels: 2 d5/2' 1 q7/2 .
3 51/2 and 2 d3/2 in Refs. 7 and 9, while in Ref. 6 the single-
particle state 1 h11/2 was also considered; and 3) the cut-off
energies for the configuration space were not uniform.

In order to ingquire to which extent the theoretical

results are sensitive to the details of the residual interaction,

the calculations were done with both the PF and the SDI.

II. NUCLEAR MODEL AND PARAMETERS

Since a detailed description of the model can be found

5-9, 18-21

in the literature  only the main formulae are presented

here.
The model Hamiltonian is:

H=H + Hs + H

coll p int ¥ Hres ! (1



where:

1) H_,,, describes the harmonic quadrupole field of
the Sn core;

ii) Hsp is associated with the motion of the three
valence shell protons in an effective spherical potential;

iii) H represents the interaction energy between

int
the three-particle cluster and the vibrational field and is

given by the expression

ut _y B o TH *
. [%2 + (=) b, _J {K(rp) Y2u (9p,bp). (2)
- P

=.8
Bint ;E
u

I 1w

Here, b; (b) is the creation (destruction) operator of the vibra

tional field, K(r)=x av is the coupling strength and 8 is the

dr
qguadrupole deformation parameter , related to the reduced transi

tion probability in the core nucleus through the relation

B(E2; of » 27) = ( 2 ZeR°2)2 82 (3)

4n
iv) Hres is the residual interaction energy among the
protons in the valence-shell cluster. The matrix elements of this

two-body interactionare expressed in the fomrm

© 3y 32) J1p IBeggi (. 3 Iy 2

. ae. e U4t +d
) 1+6,, . P/2
[(3485,3,) (10 jzzl

g-g
2



where
. . 1/2 . ba
H(3,35: Jp) = (25, + 1) (3,-¥2 3,,0] 3; -1/2) (=) © (52)
for the SDIZZ, and
H(§3.: Jq,) = (25, + 1)1/? -'2 5 5 (5b)
31327 Y12 Jy 3yip "3150

for the PF. The symbols 3; 2 (ni, li. ji) represent the quantum
numbers of the proton states; I(jl, jz) J12> is an antisymetrized
normalized wave function with angular momentum le = j1 + jz and
with the particles occupying the single—particl; orbizs jl~and jz.
The basis vectors of the total Hamiltonian for the
states in odd-mass iodine nuclei, with angular momentum quantum
nunber I and for the ground state in even-mass Te nuclei are,
respectively
[ {(3,, 35) J1gs 33} 32 N R, I>E [x;, D>
and

I(jll Jz) J127 N R, 0>= ‘le o>,

where J = le + j3 is the angular momentum of the three-proton

~

cluster and R (J + R = I) is the angular momentum of the N-phonon

state. The corresponding eigenfunctions read

1> = [ ny (%5, T) x5, I>
*3

and



o, > = In, (x;, 0)) [x,, 0>
X2
respectively, where the subindex n distinguishes between states
of same angular momentum.
The spectroscopic factor for forming the state lIn >

transfering a particle to the orbit j of the target state IO1 >

is given by

Sj(In) =<1 l[a; [lol >]2 (21 + 11

1/2
= ] 2Ll ny%), 0)) nylxy, I,)
xi, Xy (23+1) (2R+1)
' 2

X ej (le, J) GRR' GNN' GR,Jiz ] {6)

where

000550 & = <U3] 3 Tpp. 353 3 Mla) 11 (3] 33 9y, > 23+ T2

(7)
is the shell-model parentage coefficient.
The average number <p>j of protons in the (nlj) or-
bit of the target nucleus is defined as
2
> =
<p>y = I [ny0xy, 0p] (85, *+ 855 - (8)
X,

1

“~

and the resulting sum-rule limit is given by
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<p> .

[s;000, 1) =1~ —4- . (9)

n ) 25 + 1

The electric-quadrupole and magnetic-dipole operators

consist of a particle and a collective part

2
3R .
_ _eff 2 u 0 e f pnt M o =u
M(E2,n) = ep g ry Y2 (31,¢i) + 75? e, [:bz + (=) b, (10)
| - (3,12 "
M{Hl, W) = (4“) [;R R +9g, L +9, sé] N (11)
where ePEff is the effective proton charge, eveff = 2eB//5 is the

effective vibrator charge and drs 9y and g5 are, respe~tively, the
collec*ive, orbital and spin gyromagnetic ratios. The B(E2) and
B(Ml) values are given by

|<rgll M0l > |2
B(A; I,> I.) = (12)

(211 + 1)

where the reduced matrix elements <If||M(A)il11> are defined as
in Ref. 23,

The mixing ratio for the E2 and Ml transitions is

calculated by the relation24,

_ <I.|| M(E) || I,>
§ = 8.33 x 1073 £ 1

(13)
Y <Iell MM |]1,>

where Ey- Ei - Ef is the transition energy in MevV and the reduced

matrix elements of the operators M(E2) and M(Ml) are given in
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units of e fm2 and Hyr regpectively. This mixing ratio is related
to that of Rose and Brink25 by é= -GRB.

We describe the states of iodine isotopes as belonging
to the configurations with three protons distributed among the
single particle states: 197/2, 265/2, 351/2, 2d3/2 and lhn/2 and
coupled to zero, one and two quadrupole phonons.

Our starting point in the choice of the model
parameters was based on the previous works on odd-mass Sb and I

1, 5-8 .14 even-mass Te nucleil. The final values, however,

nuclei
were determined by requiring a fit to certain experimental data ,
namely, the energies of the low states and the correspoéding

spectroscopic factors. Once the parameters occuring in»the mode 1l

are chosen, we calculate the electromagnetic properties.

The size of the configuration space was fixed by the

condition:
3 MeV for le #0
eljp+ e(j2)+ €(J5)+Nho £( 3 Mev + g (2J12 + 1) for J,, = 0 and
iy # 1Byy,5
6 MevV for le £ 0 and j1 = lh11/2

where the phonon energy “fiw = 1.15 MeV, the pairing constant

G = 0,15 MeV and the single-particle energies t(j) were taken to
be 0, 0.5, 1.8, 1.8 and 1.55 MeV for the orbitals lg7/2, 2:15/2 ’
351/2, 263/2 and 1h11/2' respectively. In this way we still have
reasonapble dimensions for the energy matrices while retaining the

wmost important basis states.
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Parameters used in the calculations discussed in
this paper are summarized in Table I. Values for the phonon
energies tiw of the core vibrations were chosen close to the expe
rimental energies of the first excited 2+ states in the neigh -
bouring Sn isotopes. It should be noted that the single particle
energies € (d5/2) ,€ (63/2) ,s(svz) and e(hu/z) increase with the mass
number. The same effect was observed in the particle-phonon model

calculations for odd-mass Sb and even-mass Te nucleil’4

. For the
radial part of the particle-phonon interaction we have taken the
fixed value <K> = 50 MeV, which corresponds to the estimate from
Ref. 23. In this way the measure of the vibrational field with

the valence particles is mainly given by the effective deformation

parameter 8, which is related to the coupling strength "a", used

in previous calculationss’7 by

a=s K8
/20
The values of 8 which we need here in order to repro-
duce the low-lying energy spectra of 1231, 1251 and 1271 are

appreciably larger than the ones used in the calculation of odd-
mass Sb nuclei. This fact is mainly due to the truncation of the
configuration space which we are obliged to perform here.
Numerical calculations show that when the dimension of the confi-
guration space increases,maintaining the same parametrization, the
low-lying states become more collective; that is, their energy
spectrum is more compressed, the quadrupole moments are larger,etc.

The coupling strength G, used in the present work fox
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the residual energy among the extra-core protons, agrees with
the Kisslinger and Sorensen estimatezs.
The electromagnetic properties were evaluated with
the usual values for the effective electric charge and the effec-

tive gyromagnetic ratios, namely

e;ff = e and egff = 2e;

= = free,
g9p =1, 95 = 0.7g9, ;
gp = 0 and 9R= Z/A.

I1II. RESULTS AND DISCUSSION

We shall limit our attention mainly to the positive
parity states, due to fact that the interaction of the valence
protons with the octupole vibrations as well with the negative
périty non-collective states in the core nuclei should affect
significantly the properties of the negative parity states in the
odd iodine nuclei. The state 11/21- is discussed merely in connec-
tion with the proton-transfer reaction datal7:27,

The results of the calculations for the low-lying
states performed with the SDI and PF are very similar to each other.

Therefore, the complete results will he presented only for the PF.
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a) Energy spectra and spectroscopic factors

The experimental and calculated level schemes as
well as the corresponding spectroscopic amplitudes are compared
in Figs. 1-6. In order to be consistent in the DWBA analyses for

all the iodine isotopes, the (3He,d) angular distribution data

of Auble et al.2’ for 127, 129, 131

pwuck28.

I were reanalysed with the code

In tables IIa and IIb are listed the wave functions

calculated with the PF, for a few low-lying states in 123-133,

and for the 0+ ground states of the even-even 122-132*e nuclei,
respectively.

The energies of the states below 1 MeV in excitation
are, in general, well reproduced for both pairing and surface
delta interactions.In particular, the model is able to explain
the systematic lowering of the 5/21, 3/ZI and 1/21 states with
decreasing mass number A. The energies of the 9/21 and 11/21
states based on the zero-phonon cluster (g7/2)3J are also well
reproduced in all the nuclei in ~hi-l cthase srtates have been
observed.

Above 1 MeV excitation energy, the one-~to~one identi-
fication of the experimental and calculated energies of the posi-
tive parity states turns out to be, in general, quite difficult

and ur.certain. Most of these states, and in particular those with

" < 7/2+, are very sensitive to the limitation of the configuraticn
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space and the details of the residual interaction among the
valence particles. Therefore, we refer briefly here only to some

high spin states in 131

I. The levels with spins and parities of
11/2%, 15/2" and 13/2%, observed at about 1.6 Mev excitation
energy through E1 y-feeding, may tentatively be identified with
the calculated 11/2; or 11/2:, 15/2; and 13/2; states, respecti-
vely. A possible explanation of the fact that the 13/2;,15/21 and 11/2;
states, predicted by the model, are not fed from odd-parity
levels, could be atributed to the shell-model 4j = 2 forbiddenness.
It should be noted that when only the single-particle states in
t.:e major shell Z=50 are considered, the El transition:s are
strictly forbidden. The existence of these transitions must be
explained necessarily in terms of the admixtures from the neig-

bouring major shells.

The energy of the 11/2” state is ratisfactorily repro-
duced only for the 1291, 1311 and 1331 nuclei. For the lighter
isotopes the observed energy of this state is significantly lower
than the predicted one, in spite of the fact that we have used a
very low value for the single particle energy e(hll/z). It is to
be realized that our parametrization for this single particle
state might be somewhat artificial due to the facts that: i) the
truncation of the configuration space excludes all the seniority
three cluster states (hll/2)3J and ii) the non-inclusion of the

negative parity excitation modes of the core.

The states 7/2%, ss2t, 5,22, 3/2%, 1/2% and 11/27,are
1 1 2 1 1 1
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the most relevant in connexion with the one-particle reaction
process Te(3He,d)I. In zeroth order approximation their basis

vectors and the spectroscopic factors are:

1724 iltey,)% 1/2; 00; /2 > s = /3/4;
5/2%) : I{(g7/2)2 0,4 5/2} 5/2, 00; 5/2 > s = 1;
5/2%, l{(g7/2)3} 5/2; 00; 5/2 > s = 0:
/2% I{(g7/2)3} 3/2; 00; 3/2 > s = 0;
1/2%) - I((g7/2)2 0,d 5/2} 5/2, 12; 1/2 > s = 0;
11/2% l{(g7/2)2 0,h11/2} 11/2, 00;11/2 > s = 1.

The residual interaction with G =0.2 affects only the
spetroscopic strengthsfor the sun£s7/2+l, 5/2+l and 11/2—1, resul-
ting in 5(7/2%)) =0.8, §(5/2")) =0.9 and $(11/27,)20.7. On intro-
ducing a weak cluster-field interaction (8<0.05) this situation
essentially persists (see the calculated results for 133I in Fig.6).
For a moderate particle-phonon interaction (8z0.12 or a =0.6MeV},
the single~particle strength is significantly removed from the
states 7/2,, 5/2*, and 11/27), while the states 3/2", and 1/2°,
receive appreciable spectroscopic strengths. The largest part of
the d5/2 strength is shifted into the 5/2+2 states. When the
cluster-field interaction is increased still mnre to a value of

820.)4 or a =0.9, the wave functions of the low-lying states are

strongly mixed with pronounced collective character, which is
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reflected in a still larger reduction of the spectroscopic
strengths. This situation corresponds to the model prediction
for the lighter iodine isotopes, namely 1231 and 1251. Partial
contributions of the first four 1/2%, 3/2%, 5/2" and 7/2% states
in l271 described in the present model calculation by a moderate
coupling, are displayed in Table III. Except for the 7/2+2, 7/2+4
and 3/2+4 states the partial zero-phonon spectroscopic amplitudes
are coherent among themselvea. In most cases the one-phonon
contributions are quite significant, while those which arise from
two-phonons are always very small. States with small collective contri-
bution ‘to the spectroscopic factor come from incohere:nt: addition
of small terms.

There is a reasonable over all agreement between the
experimental and calculated spectroscopic factors. However, it
should be pointed out that, in going from the heavier to the
lighter I isotopes, the theory predicts a systematic decrease in
the reaction amplitudes for the 7/2’l and 5/2+1 states, which is
not observed experimentally. However, the measured (3He,d) absolute
cross sections for the 7/2+l levels have large (~30%) experimental
uncertaintiesl7. Also, the absolute spectrocospic factors calculated
with the DWBA theory could be uncertain by as much as 30%. In view
of these facts it might be premature to consider this discrepancy
a serious failure of the model,

The theoretical and experimental results for the summed
spectroscopic strenghts up to an excitation energy of 2.5 !feV are

compared in Table IV, which also presents the predicted sum-rule
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limits. The calculated results for the 2d3/2 and 351/2 transition
strengths are consistently lower than those observed experimen-
tally. This discrepancy could ka2 attributed to the truncation of
the configuration space which affects mostly the Sy/2 and d3/2

single-particle strengths, spread out in many high-1lying levels.

b) Electromagnetic Properties

An extensive calculation of the electromagnetic proper-
ties of odd-mass I nuclei was performed in order to study their
variation in going from 1231 to 1331. We also hope that the
results presented below could be used as a guide to experimenters
for future measurements. The main component of the wave functions,
which were used in the evaluation of the electromagnetic operators
M(£2) and M(M1l) are listed in Table IIa. The moments and transi-
tions probabilities for 1231, 1271 and 131I are presented in
Tables V and VI, respectively. We thought it unnecessary to show

1251 and 1291 as most of them fall in between the

the results for
corresponding results for the neighboring nuclei.

Before comparing the calculated results with experi-
ment, we discuss briefly the electromagnetic properties in the
framework of the cluster-field model. When only the first order
effects are included, the quadrupole moment for a predominantly
particle state is enhanced due to the collective effects, i.e.,

Q (3) =qP () e°ff (14)
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where e Q° (J) is the oare quadrupole moment of the cluster and

2
eeff = e eff + <K> Ze (15)

P 27 My

Given below are the Zeroth-order approximations for some low -

lying states and the corresponding quadrupole moments as obtained

131 ff

from the relation (14} for I with epe = e (eeff = 3.34 e):

w2t 1{(97/2)3} /2, 00; /2 >, Q = -0.17 eb

572" l{(g7/2)2 0,d 5/2} 5/2, 00; 5/2 >, Q = -0.42 eb

572, i{(g7/2)3} 5/2, 00; 5/2 >, Q = -0.46 eb
32t s{(g7/2)3) 3/2, 00; 3/2 >, Q= 0.30 eb
9/2%, l{(g7/2)3} 9/2, 00; 9/2 >, Q= 0.23 eb
11/} - H(g7/2)3}11/2, 00;11/2 >, Q = -0.05 eb
15/2" i{(g7/2)3}15/2, 00; 15/2 >, Q = -0.37 eb

13/2% : I{(g7/2)2 4,d 5/2}13/2, 00; 13/2 >, ~0.40 eb

0
1]

Comparing these guadrupole moments with the ones diplayed in Ta -
ble V, which shows the results of the exact calculations, one can
see that the expression (14] takes into account the most important
effects in building up the quadrupole moment of the 7/2+1, 5/2+l ’
s/2%,, 3/27, 152 and 13/2% states. It is to be noted that the
guadrupole moment of the 7/2+1 is relatively small due to the
Pauli principle., The guadrupole moments of the 11/2+1 and 9/2+l

states are higher~order effects. The first one arises essentially
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from the admixture of the broken pair i{(g7/2)2 6,d 3/2} ; J =
11/2 >. In the latter case the cluster l{(97/2)2 2,4 5/2} ; 9/2;

J = 9/2 > competes destructively with the basis state l{(g7/2)3}
9/2, J = 9/2 > for a moderate coupling, and dominates when the
coupling is incresead , resulting in . negative quadrupole moment.
Most of the E2 transitions among the low-lying states
in zeroth-order are of the particle type N=0,AN=0. In this situa-
tion, the transition moment <Jf!| 2 Yzil J,> is renormalized by

the effective charge,

2
e eff _ e eff + K> B¢ Ze Huw

1 P 27 Hiw)2 - (e - ¢
i

)2 (16)

Je

where £3. and le are the energies of the cluster in the initial
and finai states, regpectively. Then, if the transition energy
between the participating clusters is smaller than the phonon
energy, the foregoing transition moment is enhanced. However, when

‘ 2
<J£|| r

Yzil J; > is relatively small due to the Pauli principle
or spin-flip, this picture may break down and the transition 1in
this case is dominated by the contributions from the higher-lying
multiplet states of the same spin. Characteristic N=0, AN=0 E2
transitions are 3/2') » 7/2% , 11/2%) » 72 and 11727, » 15227,
xamples of spin-flip transitions are, 7/2°, + 5/2°, 972", » 572",
372", » 5/2" and 5/2%,> 5/2%|. In the case of the 772"+ 5/2%,
transition, the process occurs dominantly through the moment

<{(g7/2)3} /21| £? L PYRR (97/2)3} 5/2 >. The transition 5/2‘”2 -



17.
7/2+1 is also of the type N=0, AN=0, but it is somewhat reduced
due to the incoherent contribution which arises fram the moment
<(g7/2)3 772|| £* Yzl!{(g7/2)2 0,d 5/2}, 5/2 >. The Bi32; 1/2*
S/2+l) is an example of a characteristic AN=1, N=1 + N=0
multiplet-to-cluster transition.

The magnetic properties, in general, do not change
considerably in going from isctope to isotope. It is worth noting
that for the 7/2+1 state, the contributions to the magnetic moment
from both the orbital and the spin parts are very close to the
single-particle estimates. Expressing the reduced matrix elements
as

< I J] MMD[] I > = (g C+ g, D+ g  E) uy

131

in the case of I, we have:

D = 5.88, Dsp = 6.10; E = 0.56, Esp = 0.61.

On the other hand, the spin contribution to the dipole moments of
the 5/2+l and 3/2+1 states are significantly reduced by the cluster-
phonon interaction. The numerical results for the above-mentioned

nucleus are:

D =2.97, D, =2.82; E = 0.35, E,_ = 0.71, for the state 5/2%

P sp 1/’

and

D=2.22, D, = 2.,27; E = 0.11, Es

sp = 0.38, for the state 3/2+1 .

p
The collective contributions to the dipole moments of the low-lying

states are of comparatively little size. This statement is also
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valid for most of the B\Ml) transitions. The i-forbiddenness in
B(M1; 7/2%) ~ 5/2%)) and B(ML; 3/2%] » 1/2%)) is remcved largely
through the one-phonon admixtures.

The available experimental data on the electric qua-

drupole and magnetic dipole mcments29

10, 30-35

, and the B(E2) and B(M1l)
transition probabilities are presented and compared with
the calculated values for the iodine isotopes in Table VII. For

123I and 131

I the experimental transition moments were derived
from the ocbserved half-lives, usinc the measured values of E2/Ml
mixing ratios and branchings. The total conversion coefficients
used in deriving the moments were obtained from the Internal Con-
version Tables36. The experimental data are fairly well reproduced
and the only discrepancy which deserves being mentioned is the one
related with the 3/2+1 +> 5/2+1 Ml transition. This is a highly

retarded transition; for example, in 125

I the measured B(M1l) value
is only 1/120 of the Moszkowski single-particle estimate. The
calculated value, which arises from a strong cancellation effect
between the orbital part (gQD = 0.23) and the spin part (gsE=-0.3l),
is very sensitive to the choice of the effective gyromagnetic

ff

ratio gse . Clearly, in such a situation some higher order effects

as, for example, the contributions of the velocity dependent
potentials might also be important.

The calculated mixing ratios & are compared in Table
13-16, 37~-40

VIII with the available experimental quantities . With

the exceptions of the 1/2+1 - 3/2+1 and 7/2+2 »> 7/2+1 transitions
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127 131

in I and the 9/2+2 - 7/2+1 transition in I, there is a

gcod agreement between theory and experiment both for the signs
and for the magnitudes of the mixing ratios. It should be noted

however that the measured mixing ratios for the foregoing transi

tions in 1271 have oprosite signs compared to those in the neigh-

125 129

boring I and I isotopes.

c) Allowed B-transitions

We finish this section with a few words on the allowed
Gamow-Teller transitions. The low-lying states and, i.. particular
the 5/2+l and 5/2+2 states, exhibit an inverse relationship
between the spectroscopic factors and the ft-values. Thic fact,
of course, is not surprising, as both processes take place mainly
through the zero-phonon seniority-one components in the final
states. A simple qualitative relation is obtained if we build up
the wave functions of the 3/2+l state in the odd-mass Te nucleus,

from the ground-state wave function of the even-mass Te nucleus ,

by coupling to it a quasiparticle in the 2d3/2 orbit, namely if

| Te; 3/2+1 >Z|Te; 0+1 >| n, d >,

3/2
In this approximation we have
a 12 y2(a

"t
|< 1plla £ [ITe; 3/27 2" = s, (1)<l gt iin, a5, >

372
(17)

where J = I, ¢ = 28 and U(d3/2) is the occupation probability of

the d3/2 neutron state. The operator t_ transforms a neutron into
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a proton. The desired relation is

+ 2

§j}1n) .l <1nH e t_|| Te; 3/27, >

- ft(In')

] . +
<1nH o t_|| Te: 3/2 1 £e(1))

(18)

In the expression (17) the anharmonicitiegs induced by the inter-
action of the two protons with the tin core are taken into ac -
count. However, we neglect both the coupling energy between the
guasineutron and the Te core and the residual proton-neutron
energy. While the former effect seems to be of little importance‘l,
the latter one is very significant as the particle-hole charge-
exchange correlations strongly renormalize the single-particle
moments <jll o t_ || 3’ > 2,4

The estimate (18) was tested for the 5/2*l and 5/2+2
states, which have rather large amplitudes l{(j)2 °'d5/2} 5/2;00>
in the corresponding wave functions. The results for the ratio
55/2(5/2*1)/ 35/2(5/2*2), as cbtained from the experimental ft -
values and Eg. (18), are presented in Table IX (second column)
and confronted with the (3He,d) measurements (third column), as

well as, with theoretical values (fourth column).

SUMMARY AND CONCLUSIONS

The properties of the odd-mass jiodine nuclei, in the

mass-region 123 < A < 133, were calculated within the framework



21.
of the three-particle cluster core coupling model. All available
data on the energy spectra, one-body reaction strengths, electric
and magnetic moments and B(E2) and B(Ml) values were examined.

It was possible to give a reasonably accurate description of
these observables using a uniforim set of single particle energies.
However, further experimental data are needed on 1231 and 1251
before a more detailed compacison can be made.

The results reported here indicate that the coupling
energy between the three-particle cluster and the gquadrupole vi-
bration field, together with the residual interaction between the
promoted pairs (le = 0), play a decisive role in estallishing
the structure of the low-lying states. The residual interaction
petween broken pairs (J12 # 0) affects in an appreciable way
only the states above ~1 MeV, where the effects of correlations
and excitation modes not included in the present approach are
also important. It seems then reasonable to approximate the
residual interaction with the PF, as was actually done in most of

the previous calculations>'>~7+9,
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Table I: Parameters used in the present calculations.

123I IZSl 127I 129I ISII 133I
e(g7/2) (MeV) 0.00 0.00 0.00 0.00 0.00 0.00
E(dS/Z) (MeV) 0.15 0.20 0.30 0.35 0.45 0.50
e(sl/z) (MeV) 1.00 1.15 1.45 1.90 2.35 2.90
e[d3/2) (MeV) 1.10 1.20 1.30 1.60 2.00 2.65
e(hn/z) (MeV) 1.00 1.00 1.00 1.10 1.55 1.90
Mo (MeV) 1.10 1.15 1.15 1.18 1.15 1.20
8 0.143 0.140 0.120 0.105 0.080 0,050
G (pairing) (MeV) 0.15 0.15 D.15 0.15 0.i5 0.175
G (8§.D.1.) (MeV) 0.20 0.20 D.20 0.20 0.20 0.225




Table Il a. Calculated Wave Functions of a low-lying states in

nuclei, Only amplitudes larger than 4

+
1/21

71/2)% 0.a 5/2) 572,
g 7/2)% 2.4 5/2} 1/2;
fg /0% 0.s 1/2) 1/2;
g /2% 2.4 5/2) 9/2;
Hg /0% 2.5 1/2) 82,
g 70% 2.5 1/2} 3/2;

[ 1

+

3/21

l{(g 7/2)*} 3/2; 00 >
ltg /2% 7/2: 12 >
g 172% si2. 12 >
(g 7/2)% 0.4 3/2} 3/2;
(g 7/2)° 2,4 3/2} 3/2;
1@ 5/2)% 0,8 7/2) 7/2;

+
5/21

(g 7/2)% 0.4 5/2} 5/2;
(g 7/2)%) s/2; 00 >
g 7/2% 712, 12 >
(g 1/2)% 0.4 5/2} 5/2;
(g 7/2)% 2.4 s/2) 1723
(g /)% 2.4 5/2} 8/2,
{(g 7% 2,4 572} 8/2;
{(d 5/2)% 5/2: 00 >
(nn/2)? 0.d 5723 /2

12
00
00
24
12
12

00
00
12

00

123,

0.533
0.235
0.499
0.226
0.253
0.202

0.372
0.410
0.244
0.321
0.256

0.477
0.248
0.228
0.352
0.291
0.253
0.254

125

- 0.537
0.243
- 0.496
0.223
0.247
0.199

0.388
- 0.416
- 0.248
~ 0.318
0.255

0.481
0.262
0.238
- 0.346
- 0.288
- 0.249
0.253

127

- 0.557
0.263
- 0.483
0.214
0.224

0.415
- 0.440
- 0.245
- 0.317
0.241

0.504
0.288
0.258
- 0.334
- 0.273
- 0.236
0.239

129

- 0.596
0.308
- 0.436
0.212

0.458
- 0.465
- 0.249
- 0.300
0.220

0.534
0.299
0.266
- 0.326
- 0.262
- 0.225
0.228

131

-~ .64

0.400
0300

0.193

0.560

-~ 0.496
- 0.240

- 0.243

0.595
0.338
0.290

- 0.296
- 0.230
- 0,199

0.195

123-125;

are listed.

135

- 0.684
0.526

- 0.2

".685
- 0.541

- 0171

- 0.212

0.812

- 0.232
- 0.148

0.270
- 0.210

Continued
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ReC
[{(g
[{(g

(s
(g
[{(d
(g

H(g

Table Ila. Continued
5/22"
72)% 52 00 > 0.438
/2% 17212 > 0.355
7/21% 0.d 5/2} 5/2; 00 - 0.233
/2% 2.4 5/2) 9/2; 12 0.234
=2)% 2.4 3/2} 3/2; 12 0.228
/2% 2.5 1/2} 5/2; 00 0.221
7/ZJ3} 3/2;, 12 > 0.212
722 4.4 3/2) 5/2: 00 0.203
/0% 0.d 5/2) 8/2; 12
7/21’
7723 772, 00 > - 0.513
5/2)% 0,8 7/2) 7/2, 00 > - 0.240
7/2)%) 5/2; 12 > 0.245
02 12 > 0.257
11 (h11/2)% 0,g 7/2} 7/2; 00
(g 7/2)% 2,d 5/2} 7/2; 0O 0.249
(g 7/2) 0.d 5/2} §/2; 12 0.206
7/2,*
7/2)% 0.4 5/2) 5/2; 12 0.314
7/2)% 2,4 5/2} 8/2; 12 0.323
5/2)% 0,g 7/2} 7/2; 00 0.235
7/2)% 2.d 5/2) 7/2; 00 0.408
(g 7/2)% 6.d $/2) 7/2; 00 0.225
(g /D)% 2,4 5/2) 9/2; 12 - 0.203
7% 772, 00 >
l{(g 7/2)% 4.d 5/2) 7/2; 00

e 703 72,12 >

0.

o o

o o o

o O o o

465

.369
.250
217
222
.187
.210
.194

.534
.240
.249
.261

.241
.199

.318
.327
.228
427
214
.210

0.514

0.397

0.289

0.198

0.197

0.208

0.596

(=]

.258

o

.254

o

.263

0.201

0.345
0.336

0.489

0.235
0.203

0.555

0.414

- 0.317

.214

.643
.282
.252
.255

.176

.365
.334

.526

.238

.200
.205

0.602
0.409
- 0.389

0.202

- 0.307

0.240

0.235
0.180

0.387
0.317

0.601

- 0.238

0.218

0.732
0.496

- 0.220

- 0.822
- 0.394

0.227

0.378
0.209

0.616

0.356

Continued



Table Ila. Continued

»
9/21

(g /)2 0.d 5/2) §/2; 12 > - 0.275 = 0.277 - 0.288 - 0.289 - 0.226

g /D% 2 12 > -0.200 - 0.207 - 0.237 - 0.265 - 0.341 - 0.443
tig ¥ 2.d8/2) 7/2; 12 > 0,309 0.309  0.301  0.288  0.220

(g 7/2)2 2.4 5/2) 9/2, 00 >  0.406  0.415  0.426  0.427  0.363

g 7/2)F 4.4 5/2113/2; 12 > - 0.300 - 0.294 - 0.270 - 0.240

=l

L 0 9/ 00 > 0.218  0.204  0.522  0.765
g M2 12 > 0.230  0.187
"((g 7/2)% 4.d 5/2} 9/2; 00 0.247  0.252  0.256  0.253  0.200

v

11/21 M
(g 7/2)5) 7/2; 12 > 0.387 0,392 0.415 0.438 0.461 0.497
Hg 7/2)3} 11/2; 00 > -0.4% - 0.514 =~ 0.557 - 0,596 - 0.678 - 0.759

g 7/2% 4.4 5/2) 11/2; 00 > 0.224  0.220  0.201  0.192
[{(g 7/2)% 6.d 3/2} 11/2; 00 > - 0.227 - 0.220 - 0.201 - 0.165
(g 7/} 15/2; 12 > 0.271  0.274  0.275  0.269  0.253  0.184

13/2, *

1{(g 7/2)2 4,4 5/2} 13/2; 00 > 0,352 0.369 0.419 0.487 0.593 0.743
g 7/0% 6,4 5/21 13/2; 00 > 0,274  0.283  0.310  0.342  0.393  0.459
(g /2% 6,5 1/2) 13/2; 00 > - 0.383 - 0.331 - 0.290 - 0.256

(g 7/2)% 6.8 1/2} 13/2; 12 0211 0.200

(g 7/2)% 6,4 §/2) 17/2; 12 > - 0,448 - 0.443 - 0.435 - 0.414 - 0.354 - 0.232
(g 7% 2.4 5/2) 9/2, 12 > -0.210 - 0.235 - 0,246 - 0.197

v

v

Continued



Table II a. Continued

+
15/21

g 7/ 12 12 >

Hg 7/2)2 6.d 3/2} 1/2; 12

v

Tig 7/2)%Y 15/2: 00 >

fip 7/2% 6.d 5/2) 15/2; 00

v

g 77¢)°} 15/2; 12 »

e /218 6.d 5721 18/2: 12

v

112

(g 7/23% 0.h 1172} 1172; 00
(g /0% 0.k 11/2) 11/2; 12
1{(d 5/2)% 0.h 11/2} 11/2; 00
H(g 7/2)% 2,h 11/2} 11/2; 00
{3y 172, 00 >
it(g 7/2)% 2.0 11/2} 11/2; 12
(g 7/2)% 2,h 11/2) 13/2; 12

0.330
0.236
0.598
0.265
0.253
0.209

0.704
0.341
0.191
0.326
0.169
0.281
0.254

0.333
0.229
0.619
0.259
0.252

0.203

0.710
0.338
0.192
0.321
0.173
0.277
0.251

0.338
0.212
0.677
0,227
0.247

0.738
0.323
0.215
0.282
0.193
0.252
0.234

0.339

0.721
0.222
0.242

0.765
0.307
0.231
0.247
0.205
0.229
0.218

0.318

0.816

0.814
0.271
0.263
0.187
0.185
0.190

- 0.235

0.932

- 0.857
0.185
- 0.353

0.213



Table 11b: Calculated wave functions for the 0° ground states of 122'132Te nuclei.

Only amplitudes larger than 4% are listed.

122, 124, 126, 128, 130, 132y,
I g 7/72)% 0; 00 > 0.595 0.618 0.667 0.706 0.774 0.823
| (a 5/2)% 0; o0 > 0.397 0.383 0.363 0.361 0.356 0.405
(g 7/2)% 2; 12 > -0.369 -0.380 -0.379 -0.374 -0.344 -0.217
i(g 7/2, d 3/2) 2, 12 > 0.276 0.272 0.254 0.220
|d s/2)% 25 12 > -0.217 0.201
| (h11/2)% 0; 00 > ~0.221 -0.234 -0.220 -0.255




Tahle III. Partial contributions of the ground state in 126

127

Te
to the spectroscopic factors in 1. The columns labelled by
1,11 and II1 are respectively, the contributions from the

dominant component |(g 7/2)2 n,00 >, that from all the zero -

phonon states,and the total spectroscopic factor.

I 11 111

n

1/2* states
1 0.100 0.150 0.250
2 0.001 0.0013 0.0013
3 0.003 0.012 0.010
4 0.058 0.100 0.134

+

3/2 states
1 0.048 0.076 0.122
2 0.081 0.128 0.195
3 0.014 0.030 0.038
4 0.0002 0.0011 0.0008

5/2* states
1 0.113 0.156 0.345
2 0.037 0.052 0.104
3 0.019 0.031 0.059
4 0.033 0.057 0.087

7/2% states

1 0.119 0.224 0.409
2 0,014 0.041 0.054
3 0.022 0.003 0.012
4 0.0006 0.034 0.033




Table IV. Results for tl: summed spectroscopic strengths. The
experimental and theoretical summed spectroscopic  strengths

are up to an excitation energy of 2.5 HeV.

SINGLE - PARTICLE LEVEL
Nucleus 1g 7/2 2d 5/2 2d 3/2 3isl/2 Ih L1/2
I Sexp 0.75 0.59 0.51 0.60 0.35
z sth 0.52 0. 59 0.32 0.36 .33
1231
Sum-tule
limit 0.85 0.92 0.96 0.97 0.99
I Sexp 0.51 0.64 0.99 0.63 0.60
lZSX I Sth 0.53 0.60 0.34 0.37 0.41
Sum-rule
limit 0.84 0,93 0.96 0.97 0.99
rs* 0.59 0.70 0.72 0.75 0.50
exp . . . . .
127] L sth 0. 56 0.63 0.38 0.40 0.46
Sum~rule
limit 0.83 0.94 0.97 0.98 0.99
4 St 45 0.84 0.8 8 0.63
exp 0. . .83 0.81 .
129I 3 sth 0.61 0.74 0.37 0.37 0.52
Sum-rule
limit 0.82 0,94 0.97 0.99 0.99
%
I sexp 0,64 0.81 0.57 0.81 0.50
131, L Sy 0.69 0.85 0.30 0.31 0.65
Sum-rule
c s 0.82 0.95 0.98 0.99 0.99
limit

*values obtained from the reanalysis of the data of Auble et al (Ref:27)



Table ¥ . Calculsted electric quadrupole and magnetic dipole moments, in units of eb and Uy . Tespecti-

14

vely. Q!. qll refer to ep' = ¢ and c'.“ ° 2e, ¥p - ¥y refer to 8y = 0 and " Z/A. respectively.

| 32
Level ! !

4 Q, vy ¥ % e vy i 9 Q; y vy

1 -0.76 -0.94 3.08 3.13 | -0.65 | -c.83 3.04 3.13 | ~0.45 -0.62 3.09 3.15
7/2l -0.47 -0.58 2.51 z.61 -0.39 | -0.50 2.4} 2.49 | -0.24 -0.34 2.34 2,38
1724 - - 1.95 1.85 - - 1.95 1.88 - - 1.87 1.74
1 0.26 0.33 1.17 1.06 0.23 0.31 1.20 1.08 o0.18 0.27 1.24 [ 39 9
$/1, -0.21 ~0.26 2.27 2.31 -0.29 | -0.37 2.18 .23 | -0.29 | -0.39 2.23 2.27
N -0.28 ~0.35 4.10 4.33 1 ~0.20 | -0.26 3.9¢6 4.20 0.00 0.00 3.38 3.60
11/2, -0.49 -0.62 3.55 3.81 | -0.39 { -0.51 3.46 3.72 | -0.20 | -0.30 3.37 3.62
2 -0.36 ~6.4$ .83 3.04 | -0.20 | -0.26 | 3.28 3,49 { -0.11 ~0.16 3.62 3.81
3/22 -0.10 -0.09 | -0.02 0.13 | -0.20 | -0.28 0.36 0.49 { -0.17 -0.23 1.66 1.67
572 0.40 0.52 2.99 2.98 0.35 0.46 3.16 3.18 0.05 0.08 3.01 3.08
3 -0.36 | -0.46 2.20 2.27 | -0.49 | -0.63 1.21 1.90 ) -0.43 | -0.61 1.48 1.58
3/2! -0.05 | ~0.08 0.49 0.50 | -0.12 | -0.1$ 0.34 0.33 | -0.07 | -0.10 0.89 0.88
9/2z -0.46 | -0,61 3.0 3.75 -0.34‘ -0.47 3.34 3.56 0.06 0.08 3.78 1.92
lJIZ1 -0,72 | -0,93 6.15 6.16 | -0.61 | ~0.81 8.14 6.18 | -0.37 | -0.49 8.08 6.18
1/22 - - ~0.02 a.11 - - 0.04 0.12 - - 0.39 0.43
9/1y 0.04 0.05 3.2 3.43 0.08 0.06 3.40 3.64 0.3 | -0.458 3.23 3.62
ll/lz -0.68 | -0.87 2.95 3.17 | -0.40 } -0.52 3.76 3.94 | -0,10 | -0.13 4.42 4,55

!5/21. =0.71 {~0.90 5.20 4.92 | -0.60 | -0.77 4,90 §.17 | -0.38 | -0.53 4,89 5.06




Tadie W1 . Tesunitive Frodsbatizes MESH tm waite of of 107 %t sad sptt) i watte o€ o 3 19F tar

033, 113, 030y quy selscripts | snd §1 huve the sume nigmificance se {a Tsble ¥ .

I!l. ml I)lI
Tramsitien
baEn | agen | sy [ apu) | ME2) | aEz) | 8O | agmy | sEn | (ED) | 3OW) | aoun
712‘ - lll‘ 7.3 1.8 3.3 3.3 3.4 [ 1.2 1.2 3.8 .7 9.2 [ %1
!II‘ - lllx 3.3 $.3 2.0 7.7 .8 (= 4.9 1.3 1.4 3.9 2. 4.2
“"l - 'IIIl 11.3 1.4 - - 2.6 1.8 - - 1.8 1.9 - -
Illl . !ll‘ 2.7 15.8 - - 1.8 1.7 - - 4.3 1e.9 - -
ll!l L ’"l 4.0 7.4 4.8 8.6 2.3 5.0 7.9 $.4 1.3 3.2 e.0 3.3
lll: - 5/2’ [ X} 0.5} 149 1.2 [ N ) .s 3.2 2.3 0.1 0.2 37.1 .1
ill, - 'llll 4.3 .7 3 0.1 37 .. .7 | 2% 2.3 a.7 0.0 (9
lllz - llll L8 ) 7.0 1120 7.3 1.8 LR ] 7.3 8.3 1.9 3.5 $.1 2.?
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Table VII .
(The magnetic dipole and electric quadrupole moments are

Comparison B:utween Experiment and Theory.

units of Uy and eb, respectively. The B(Ez), B(M1) v

are in units of e

Z 40750

4

in
alues

cm and uNZ x 102. respectively. The

simbols I and II have the same significance as in Table V .)

Theory
Nucleus Quantity Experiment
I 11
B(E2) +
/2% + 52" | 22.5 2 0.3 a) 9.7 15.6
B(M1) +
123
I 3/2°) + 527 1.67 ¢+ 0.10%) 7.4 7.7
s/2t, » 5/2° 14.9 15.2
2 JH 250 2802 {
3/2%, » 5727, 24.9 22.9
u(s/2*)) +3,0%) 3.06 3.32
Q(s/2" ) -0.89%) -0.74 | -0.93
B(EZ) +
/2% > 5/2°, 4.44 + 0.129 7.2 11.4
3/2°, » /2" 7.14 = 0.30% 3.3 5.5
125, 1/2*) » 5/2°) | 12.30 + 0.78%) 9.4 15.2
372« /2%, | 16,48 2 0,008 | 113 18.7
/2% » y2°) 1.88 ¢+ 0.809) 3.7 6.9
B(M) +
772 » /2" 2.80 ¢ 0.08%) 2.1 2.0
32+ 5/2° 1.40 + 0,044 6.7 7.1
1/2°) + 3/2°) 9.72 ¢ 0.96%) 8.2 4.5
n(s/2*)) +2.808) 3.04 3.13
Q(s/2%)) -0,79%) -0.65 | -0.83
127, ) )
u(?/2°)) 2.06 ¢ 0.15° 2.41 2.49

continued




Table VIl. Continued

u(1/2")) 2.74%) 2.34 2.38
Q/2°)) -0.40%) ~0.24 | -0.34
131 B(E2) +
1 .

s/2° - /2", 7.07 ¢ 0.471) 2.4 4.7
BMl) +
s/2%, » 1/2°) 1.09 2 0.07%) 0.2 0.2

a) ref. 30

b) The measured half-life refers to the 0.33-MeV level.

c) ref. 29 d) ref. 31 e) ref. 32 f) ref. 10

g) ref. 33 h) ref. 33 i) ref. 35




Table VIII. Corparision of experimental and theoretical mixing

eff _ . ang e off
P
vely. The effective gyromagnetic ratios are gg *

eff
s

ratios. 61 and 61l refer to ep

free

in both cases.

g = 0.7 g

= 2e, respecti

0, 8= 1 and

Nucleus Transition é (Exp)

~0.08>6>-1.53)

VE IR T -0.020 -0.026
[8] = 0.0220.1%)
125 7/2," » 5/2," 002 + 0.04% -0.16  -0.21
|6] = 0.12:0.02%)
32, » 5/2;" 0.32 t 0.07%) 0.14 0 19
7/2,% » 5/2," -0.086 ¢ o;oosc) -0.046  -0.046
12, > 3/2,° 0.08 : v.02 -0.07  -0.09
127, 3/2," » 5/2,” 0.52 * 0.05%) 0.12 0.12
5/2," +7/2,"  -0.18:0.03 or -2.5:0.2° 1.0 1.8
5/2," + 3/2,"  0.2120.04,¢-26,>47%  0.16 0.21

5/2," + 5/2,° {8]= 0.077:0.010%

0.066 0.064

5/2," +7/2, -0.053 + 0.014%)

+

3/2, 5/21+ 0.53 or 3.5

-0.057 -0.058

Continued

SRRy



Table VIII. Continued
s/2," ~ 372" -0.22 + 0.05% -0.1¢  -0.14
1/2,* » 3/2,* -0.08:0.03 or 2.09#0.148)  -0.0¢  -0.11
129 _
, . +0.17
s/2, + 1/2, 0.50 '5:10 6 0.98 1.71
+ * +0.037 "
5/22 + s/z1 =0.076_4° gagf) -D.048  -0.047
o/2,* =+ 1/2,°* -0.34 +0.06%) -0.56  -0.66
5/21*+ 7/21* -0.33 +9.128) -0.52 -0.45
5/2," > s/2," -1.1 1,38 -0.02  -0.u2
131
9/2,% > 7/2,* -1.20:0.09 or -0.580"0:00m -0.77  -0.96
»* * +0,9h)
9/2," » /2, 12093 -0.11  -0.12
a) Ref. 37 b) Ref. 38 ¢) Ref. 39 d)} Ref. 40
e) Ref. 15 £) Ref. 13 g) Ref. 16 h) Ref. 14.



Table IX. Results for the ratio 55/2(5/21) /55/2(5/22):

1) estimates obtained from Eq.(18) and the experimental ft-values;
1I) results from the (3He.d) measurements: and

I11) theoretical values calculated with the PF.

Nucleus ! 11 111
127I 4.9 4.4 3.5
129I 2.0 2.7 2.8
1311 1.3 1.2 2.4




FIGURE CAPTION

Experimental and calculated level schemes and spectros-

copic amplitudes for:

123
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2) 1251
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