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The (7Li, 5n) and ( l iB, 5n) reactions have been used to study the 

high-spin states in the two odd-odd nuclei 1 5 0 E u and I 5 2Tb. Three 

decoupled bands have been evidenced in each nucleus belonging to 
7 11 9 11 13 the same configurations [f j]^ [h -5-] i C h ^ ] n [h -yj and [i -̂ -Ĵ  

[h -=-] . The latter one is well developped and improves our knowledge 

of this system between the spherical and deformed region* The analy

sis of the collective moment of inertia and transition ratios strongly 

suggests an increase of the deformation when the rotational frequency 

increases in these two transitional nuclei , 5 0lîu and 1 B JTb. 
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1. - INTRODUCTION -

During the last few years informations have been ohtained on the band structure 

t>£ the odd-odd nuclei in the deformed rare hearth region. Up to now the high-

spin states have been studied in eif,ht odd-odd nuclei : , b 2Eu [1], 1 S»>l 5 6ïb [2], 

"«•««.««•««Uo I3,l,,5] a I >d " « m [6J. 

13 
The common feature in all these nuclei is the presence of the'decoupled [i -g") 

[h -̂ -} band always strongly fed in the heavy ion reactions» Tt was shown [1,23 

13 11 

that the [i -y] [h -y] configuration carries an aliened angular momentum compa

rable with the value measured in*the S-band of the neighbouring even-even nuclei, 

which fully explains the strong feeding of this band and the simplicity of the 

level schemes. Then the odd-odd nuclei are very certainly the most powerful sys

tems to study the behaviour of two quasiparticlos strongly coupled to a deformed 

core in rotation. Comparatively the considered system in odd-odd nuclei is more 

interesting than the S L>and. As a matter of fact the low frequency rotational 
states can be fed in the FÎ -=-] fh -r-] band while the levels reached in the 

2 n 2 p 

S-band are mainly above the backbending frequency and moreover the states corres

ponding to the two different signatures a s 0 (even spin) and a * 1 (odd spin) 
13 11 

are present in the [i -5-] [h -=-] band, uhilc only the even spins arc allowed 

by the Fermi-principle in the S-band. 

On the other hand the [i -̂ -] [h -*-] configuration has alr.o been identified in 
i. n t. p 

the *•»•»'«Tb spherical nuclei [7,8]. 

The main aim of the present investigation is to extend our knowledge of the 

odd-odd nuclei in the transitional rt')*i<m and Tor this pur[wi;;c wo have .'Studied 

the N « 87 isotones , 5 , E u and 1 5 2Tb. 
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2. EXPERIMENTAL PROCEDURE -

The final nuclei l 5 D E u and l b 2Tb uerc produced respectively by the luéNà ('Li,5n) 

and l k 6Nd (llB, 5n) reactions. Targets of Nd-0~ powder (4 mg c m - 2 ) , enriched to 

90Z in l" eNd and ,* êNd, were bombarded with the external 7Li and n B beams from 

the Grenoble isochronous cyclotron. The y-rays were detected with various high-

resolution Go(Li) or hyperpure-Gc detectors :a 3.3 cm3 planar detector and large 

volume coaxial detectors. 

The beam energy was chosen by comparison with the already known I 5 0Nd( 7Li,5n) [1 

and i"»» 1 & 0Nd (11fiaSn) [2J reactions and corrected for Q-valuc differences. By 

this procedure an energy of 50 MeV has been found for the 7Li-beam and 66 MeV fot 

the 11B-beam. 'ihe analysis of the singles " y - s P e c t r a shows that the wanted 

| 1 , 8Nd (7Li, 5n) 1 5 0 E u and the 1 I , GNd ( MB,5n) 1 5 2 T b reactions arc the most promi

nent: at these so déterminai energies (sec Table 1). The relative reaction cross 

sections were determined from the delayed v-decay of the 45 ns and 4t2 mn isomeri 

states in l S 0 E u [9Î and I 5 ZTb [10] respectively and from the prompt v-emissio*-

of «*«*'5IEu [11] »«'*"Tb [12,13], l s DSm and l 5*Cd [l<f] ; all these final nucl-

were well known from other reactions. Although the excitation functions were not 

studied in this work we can conclude that the most prominent v-transitions be loti; 

to the wanted nuclei l 5 0Eu or l S 2Tb. In order to be sure of the isotopic identif 

cation only Y~ t r a n sî- tions observed in y~Y coincidence measurements have been 

put in the Tables 2 and 3. 

The angular distributions of the y-rays emitted during the 7I.i bombardment were 

measured by recording spectra taken at five angles (90°, 105', 120°, 135° ;md 1I> 

with the pl.innr detector and five angles (270°, 288", 305", 320" and 33'i") wi t!« 

15% efficiency detector. The angular distributions of the v-r.-iys omitted during 
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the n U bombardment were measured by recording spectra taken at four angles 

(90", 110°, 130° and 150") with the planar detector and four angles (270°, 

295 s, 315" and 337°) with a 41X efficiency detector. The normalized peak areas 

were fitted with the angular distribution function : 

W(0) « A [1 + A_ p. (cosO) + A. P, (cosG)]. The information obtained from these 
O t. i. H H 

Y-ray singles measurements is summarized in Tables 2 and 3 and fig.] and 2 give 

examples of the singles *y-ray spectra observed. 

In the Y~Y coincidence experiments four parameters were recorded for every 

coincidence event, the two y-energies, the time between then and the time 

between one of them and the cyclotron radiofrequency. Two large volume Ge 

detectors of 15% and 41% efficiency were used and placed at ± 90 6 with respect 

to the beam direction. The results of the reduction to the two dimensional Y~Y 

coincidences are reported in the Tables 4 and S and some coincidence spectra 

are shown in Figs.3 and 4. 

3, THE , 5 2Tb NUCLEUS 

152 
3.1. The level scheme of Tb -

Before our investigations the Y~decay of the 4.2 ran high spin isomer (8 ) have 

been studied [10], Considering the fact that this isomeric state is strongly 

fed in the *'6Nd(11B,5n) reaction and that the levels below the isomeric state 

are not directly fed by prompt transitions we can conclude that measured 

Y-cascadcs end at the isomeric state. 

In Cable 2 the relative intensities of the prompt transitions were transformed 

in per 1000 decays of the isomeric state. For this purpose wc have used the 

valuo ly = 597 previously measured for the intensity of the 283.3 KcV transïtio' 

fed in the decay of the isomer [15]. 
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The level scheme of 5 2Tb populated by the C UHt 5n)*reaction is shown in 

Fig.5. It is based on the y~Y coincidence measurements. Auart from the half 

life T..,' 4 ns measured for the 1237.8 KcV level» timing measurements have 

shown that none of the included lcvelsin the level scheme live» longer than 

% 2 ns. We therefore consider El, Ml and £2 as the only raultipolarities contri

buting to the observed y-decay. With this assumption and the results of angular 

distribution measurements and intensity balance considerations it is possible tc 

determine the spin and parity assignments reported un Fjg. 5. 

In the Table 6 are reported the intensity balance of each level : the conversiL 

electron intensities were computed assuming transitions of pure multipolarity. 

The table 6 shows that % 86% of the total feeding of the isomeric state comes 

from discrete transitions, which seems reasonable. 

_ The 600.1 and 806.1 keV levels -

The angular distribution data of the 98.0, 205,7 and 306.3 KeV transitions 

show that the spin assignments correspond to the values 1 = 9 

for the 600.4 KeV state and I = 10 for the 806.1 KeV state if it is assumed that 

the 98.6 KeV y-ray feeds directly the 8 isomeric state. Moreover a positive 

parity is associated with these two levels from intensity balance consideration: 

which are only compatible with a Ml multipolarity for the 98.6 and 205.7 KcV 

transitions. 

The Y"*tays of the two cascades feeding the 600.ft and 806.1 KeV levels have angu

lar distributions compatible wit-h stretchiut 112 transitions ; they do-excite 

very likely collective states based t>n thu U and 10 levels. 

- The isomeric state at 1237.S K<.-V -

The half-life T. «- " h.'l ± 0.2 us vas mv.iiiurcd for the 431.7 and 710.7 keV 
transition 
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dc-cxciting the 1237.8 keV isomeric state (Fig.G). The anisotropics 

measured for the 98,6 and 205.7 kcV transitions show that the near iso

tropic behaviour of the 431.7 KcV transition is not caused by the 4ns half-life. 

Then the value A, * -0.03 ± 0>02 found is characteristic of a AI » 1 transition 

with a L = 1, L » 2 multipole admixture. The absence of transitions to the 8 

and 9 states strongly suggests a spin value I ° II for the 1237,8 KcV isomeric 

level. 

From our experimental data it is not possible to find the nature of the 431.7 Ke 

transition and the negative parity proposed is based on theoretical consideratio 

and will bo discussed below. The M2-EI mixing ratio extracted from angular dis

tribution is 6 = 0.15 ± 0,05 and the values found for the Weisskopf hindrance 

factors are : F„ » 2 x 10 s for the EÎ transition and P„ = 3.5 ± 2.5 for the M2 
w W 

transition. 

From y-y coincidence experiments it is evident that the 1237.8 keV state decays 

also on the 1212.5 KcV level. Unfortunately the transition energy deduced from 

the energy difference, Ey =.25.3 KeV is too low to be scon in our experiment.-

On the 1237.8 KcV level is built a system of two groups of states which decay 

by y transitions compatible with streched E2. Some of these states are connec

ted up to 3126.7 KeV energy by Al » 1 transitions with a very small 1.1, L2 

admixture and we have then made the natural assumption that the considered 

levels make a unique collective structure built on the 1237.8 KeV level -

Zolnowski et al. 110] have proposed the deformed configuration [532 y] 

[505 -5~] ft»r the B isomeric stale'in 1S?T|> to explain the fast KC + fi+ decay 

to the 7 level in 1 5 5Cd. This assignment is certainly not correcL if wc take 
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into account the moderately rotational character oC the collective structures 

observed above the isomeric state. In fact the situation of the l s zTb nucleus 

looks very much like those of the odd neutron N * 87 isotoncs : l**Smt

 1 5 lCd 

and 1 S 3Dy [1G] where the collective states built on the neutron configurations 

7 9 13 
fc» l*r and i-y have been observed. Then the three collective systems fed in 

Tb correspond very likely to the same neutron orbitals coupled to the h-=-

proton shell (fig.5). 

The configuration of the 8 isomeric state is now obvious : 

and the fast transition to the 7 state in 1 5 2 G d can be explained as : 

{"'I'' •• k [»TU 8 + - { « f l > 3 i | ] n

[ h k } 7 + 
11 9 + 

where the h -=- proton is transformed in h T neutron after B + EC emission. 
3 5 7 J 

A very low-lying •=• state belonging to the (f -y) neutron occurs systematically 

in the N » 87 isotones [17/18]. Its excitation energy decreases regularly with 

77 
2 

decreasing proton number and in l l , 7Nd it becomes the ground state M 8 ] . The 

state of seniority v = 1 is generally very close to the •% level and can be 

identified with the 9 state in 3 5 2Tb at 600.4 KcV excitation energy when it 

is coupled with the Di ~~\ proton. 

9 11 The ground state of the configuration [h -̂ ] [h —-] .has been identified in 

152 
Tb at the excitation energy 806.1 tceV. This assumption is in agreement 

with the fact that the energy difference (206 keV) between Llie 10 and 9 

152 
states in Tb is close to the energy difference between the ground state 

û 7 
of the h 4 and f -~ configuration in the odd neutron N = 87 -isotoncs : 379 kcV 

in , M G d and 296 keV in , 5 3Dy [16]. 

In 1 5 01b and , 5 S b |8,2] the H ~ \ n l"h 4rJ sysirm is very close to the 

yrast line and it is a natural assunipLiim to assign the :;amu configuration to 
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7 bis 

the well developed! collective b.ind built on the 1237.(J koV excitation energy . 
152 11 

in Tb and strongly fed in the ( B, 5n) reaction. In this case also the 
energy difference (770 keV) between the 12 and 9 states in Tb is close 

. 13 7 
to the energy difference between the ground state of the i — and f -x confi
guration in the odd neutron N = 87 isotoncs : 852 kcV in Gd and 712 keV 
in Dy [16). This configuration assignment is also in agreement with the 
strong El and small M2 hindrance factor found for the 431.7 keV line which 
corresponds, to the transition : 

n ^ f y i , * I h k [ h T J p 
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4. THIS l50liu NUCLKUS 

Prior to our investigations Ltie decay of the 45 ns high-spin isomer (8 ) 

have been studied (9]« In the y-y coincidence experiments we have found strong 
intensity y-cascades which end at the isomeric state. In contrast no substan
tial prompt y-focding of the well established levels below the isomeric state 
were observed. This absence of direct feeding is also apparent in Table 3 were 

the off-beam y-intensities of the lines below the isomeric state measured by 

SORAHEL [9] are compared with the intensities following the 7Li bombardment. 

In table 3 va ha^e also transformed the relative intensity of the prorapt tran

sitions in per 1000 decays of the isomeric state. For this purpose we have de

duced an absolute y-intensity Iy » 492 for the 247,9 KeV transition from the 

level scheme proposed by SORAMEL. 

The level scheme of 1 5 0 E u populated by the (7Li, 5n) reaction is shown in 

Fig.7. It is based on the y-y.coincidence measurements. Timing measurements 

have shown that none of the included levels in the 1-svel scheme lives longer 

than % 2 ns and we have made the natural assumption that El, Ml and E2 are 

the only multipolarities contributing to the observed y-decay. The 

spin and parity assignments were deduced from angular distribution mea

surements, intensity balance considerations and from the direct comparison 

with l S 2Tb nucleus. He have also deduced from our experiments that % 95% of 

the total feeding of the isomeric state comes from the discrete transitions 

placed in tbu level scheme. 

The transition placements in the l 5 0Eu level scheme is much more difficult 

than in the case of l 5 2Tb. The y-y coincidence experiments show that the 

593 KcV transition is in fact a triplet of lines with about the same energy 

ami Lhat tin.' '490 and 557 Kt-V arc doubluls. Moreover we suspect Lite presence 

of low energy transitions» not dotectod in singles or coincidence spectra. 
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which of course hamper considerably the construction of the level scheme ; 

these transitions arc plotted in dot lines in Fig.7. The transition placement, 

proposed in Fig.7 is probably the right solution, but other possibilities may 

exist. 

Three collective bands are also observed in Eu; from the same arguments 

développée! in the former section they correspond very likely to the snme 

configurations [f ̂  [ h J£^t [ h 2 ] ^ | h . ^ a n d {i ^ [„ ̂  already 

5. THEORETICAL DISCUSSION 

With the completion of the present experiment it is possible to follow the 

13 1] 

coupling of the two particle configuration [i -y] fh -r-J- with the core, 

from the spherical 1 5 0Tb [8] to the deformed region (ls"*Tb (2], l 5 ? E u I D ) . 

In Pig. B we have compared this configuration In three odd-odd Tb isotopes. 

At one end of the systematic, the t S 0Tb "hand" behaves like a multiplet of a 

72 

two-particle configuration [f •=• ] with en<?rf.y difference ÛE(I •* 1-2) decrea

sing with increasing the spin I ; it is the general behaviour expected for a 

spherical nucleus, At the other end of the systematic, a rotational band 

strongly pertubed by Coriolis interaction was observed in ,s,*Tb. The l s 2Tb 

nucleus is in an intermediate situation characteristic of a transitional 

nucleus. 

In the three Tb isotopes two Al = 2 bands coexist corresponding to the odd 

and even spins. In the deformed region we have shown [1,2] that this coexis

tence is predicted by the theory ; the most favoured bands correspond to the 

uoutron placed iu the i\ -=- ; ft • ̂ J configuration while cue proton may be 

pl.iccd either in the [h -s- ; a x - -=•] level giving a = 0 (even spins) or the 
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Hi y i o • •• •£] level t'.iviuR u » 1 (odd spins}- TJie signature a is defined 

in the name way as in ref.ll*)j. The staggering betvfen odd and even spin 

levels reflects mainly the alignment difference for the [h -sr » a • i -jl 

levels. 

In addition it has been found experimentally that at low rotational frequen

cy the odd spin levels are more favoured than the even spin states and ve 

have shown this unexpected effect can be explained by a triaxial shape for 

the [i - & (h —]„ band (y % 10* iri , i %Tb) 12). Thin y-deforoation seems to 

be correlated to chc presence of the two strongly aligned particles rotating 

in a plan normal to the rotation axis. 

In the spherical 1 S 0 T b nucleus the 11 state is also favoured compared to 

the 12 level. It seems impossible to explain this effect as a conséquence 

of the neutron-proton interaction which it; no re attractive for a parallel . 

spin coupling and then favours the 12 state. BRODA et al. r£] have explained 

the presence of this 11 intruder state as the th -J*)p ff j 1 configuration 

coupled to the 3 octupolc excitation. In reality this configuration ic very 

H 13 
likely mixed with the [ h - y ] a li ••*-] confijyiration coupled \o the spin value 

1 - 1 1 , 

It secros then veil established that the- presence of a favoured H state haa 

a different origin in the spherical l i 0Tb and in the deformed "̂""Tb nucleus. 

In the transitional l s a T b nucleus the &.*i>u> situation is observe but it is 

very difficult to decide in the absence of detnt'ed calculations which is 

the prominent effect x a triaxia1 deformation or the a&nixture wirh the 

(i T» ° "y"» ^ ) configuration. 

It- H lnti1*-rating, to study in -•» *"i ̂ »sit ïonal nucleus llko I S 7 T h , the 

importance of the quad."vole dff urination «.id [lossiLlo drfurmaciciu cti.nnj.fs 

with rota Li on. For th'a purpose wo have studied the moment of inertia and 

Mi-j trans it. tint pruh.thtl it tes i» tli<* T;> nucleus* 
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ÏLl£-E2ll£££ÎXÇ_!3£!2Slî£-2^_i!lSïïi2^iU»iIfïy_iiïî3_iiÎË!i_£2i:.tlie fi -=-] lh-J-1.,. 
band -

In these two nuclei the natural assumption was made that the full alignment 

i is reached : i « 12-ft Cor the even spin and i « 11 Ti for the odd npin 

states. In I 5 2Tb, the collective moment of inertia, ,ï , versus m2 plot (Fig.9 

starts as in the case o£ a nearly spherical nucleus and roaches, for 

*ftw> 0.3 McV a rotational frequency region where it can be fitted by the 

Harris formula ; 

J - J + J. bi2 

c o 1 
- 1 2 -3*4 

with J * 6.8 McV "fi and Jj - 112 M«V "B . This J. value in comparable 

with the values found for the strongly aligned two quasiparticle-bands : 

S-band in even-even nuclei or [i -=-J [h -TT3 P configuration in odd-odd 
nuclei t2]. The J value which can be correlated with the e», £•, defonna-

o 

tions [20] is compatible with a small quadrupole deformation : c 2 < 0.15. 

In conclusion the behaviour of the collective moment of inertia strongly 

suggests that the deformation changes as a consequence of an increasing 

rotational frequency and reaches, some stable deformation for""^ > 0.3 McV. • 

Above the npin I = 19 a new increase of J ir. observed which could be 
'3 3 II 

correlated with the crossing by the [(i r=-) ] [h -5-]- configuration. 

The behaviour of J in 1 5 0 E u is more smooth. The J, value extracted from 
c 1 

. -3 4 

experimental data J. £ 170 MeV -ft* seems to be too large compared to the 

systematic and a part o£ the slope could be correlated with a smooth 

increase of the deformation in the rotational frequency range measured. 

Very recently MARSHA1.KK 121] lias derived nnprnsim.ite nnalytic formulas for 

E2 and Ml transition rates in the one quasipariiclc decoupled bands* In 

this work t >avc extended this model to the li -=-] |h -rr*],„ band bv ;,isurain; 
*• n JL V 
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•Chat the quasincutron plays a spectator role while DIG quasiprotou is in 

the [h -j- ï a - - -s\ level for even spin states and in the [h -3- ; a »• vl 

level Cor add spin states. It is then easy to show that Che transition pro

babilities in the considered bond arc the same as in the [h * ^ ~ ] p band and 

the analytic formulas for one quasiparticle system can be applied in this case 

The experimental B(B1)/B<E2) ratio plotted for 1 S 2Tb and l s*Tb (Fig,10) shows 

a strong staggering caused by the signature splitting bctwee.i even and odd 

spin states. Moreover, in the l S 2Tb case, this ratio is compatible with zero 

for odd spin levels in the limit of the y detection efficiency , which indi

cates a small value for the parameter C/A. of the model [21] (A is related to 

the moment of inertia J by A ="-h*2/2J and C is characteristic of the [h -s~3p 

shelland the deformation). The theoretical ratio X(I) - B(E2 ; I •+ 1-2)/ 

B(M1 î I -• 1-1) and Y<I) - B(E2 ; I •+ I-I)/B(tïl ; I *• 1-1) were then computed 

from the equations (61b), <66b) and(68b) of ref.[21] for C/A = 0 and C/A = 2. 

In addition the assumption was made Chat q(-s~)/Q0% 0» g = 0y35 and the value 

g,. = 1.11 was extracted from the experimental magnetic moment of 1 ( < 9Eu [15] ; 

the quantity q(J) is defined by equation (64) of ref.[21] and g and g. 

are the collective and intrinsic gyr©magnetic ratio. By comparison of the 

theoretical X(I) values with the corresponding experimental auantitics 

it is then possible to extract the intrinsic quadrupoic moment QQ (Table 7)« 

With the values found for Q it was also possible to extract the theoretical 

mixing ratio 6. A good agreement with experimental data is obtained in the 

case C/A - 2 (Table 7). 

The most striking effect observed is the increase of the quadrupolc moment 

(J (% 252)l>ptwccn the 14 and 18" cCa-c in qualitative agreement with the 

behaviour of-the moment of inertia and in conclusion there is nLmriK indi

cation of deformation change when the rotational frequency incn-ascs. The 

sntm» effect ha;: been expcrimentnlJy anil theoretically evideun-d in the 



odd and even-even N % 90 rare earth nuclei [22]. 

SUMMARY 

The present (7Li, 5n) and (^B, 5n) experiments have established the pre

viously unknown high-spin states in the two odd-odd nuclei S 0Eu and S 2Tb. 

Three decoupled bands have been evidenced in this work, corresponding to 

the (f | ] n th - ^ ] p , [h | ] n £h - ^ ] p and (i - ^ [h - ^ ] p configurations. The 

latter one, strongly fed, is well developped and improves our knowledge of 

the [i ~2~] n ft» ~5"̂ p system between the spherical and deformed region. 

The analysis of the. moment of inertia and transition probabilities strongly 

suggests an increase of the deformation with the angular raomeni un. Another 

striking effect evidenced (in this paper} is that the odd spin Levels are 
13 11 

more favoured than the even spin states in the [i -s-] [h -~-]„ configura

tion. In absence of detailed calculations it is difficult to assign this 

effect to the occurence of a triaxi.il shape in l 5 0 E u and I 5 2Tb or to an 

admixture with the [f •=-, h -=-, 3 ) octupole configuration. 

http://triaxi.il
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FIGURE CAPTIONS 

1. Gamma ray singles spectrum obtained from- bombardment of | l , 6Nd_0 with 
66 MoV * ̂ -particles at 90" to the beam direction. 

2. Gamma cay singles spectrum obtained from bombardment of l b 8Nd.O with 
j0 KeV 7Li-particles at 90" to the beam direction. 

3. Selected y-y coincidence spectra in l S 2Tb. 

4. Selected Y~Y coincidence spectra in 1 S 0Eu. 

5. Level scheme of l 5 2Tb. The widths of the arrows indicate the transition 
intensities. The 25.3 KeV y-ray was not observed directly but deduced from 
the energy difference between the 1 1 ^ (1237,8 KeV and (9~) (1212.S KeV) 
states, 

6. Decay of the 431.7 and 710.7 KeV transitions in 1 S 8Tb. 

7. Level scheme of l 5 0Eu. A line appearing twice or more in the level scheme is 
indicated by a cross. 

8. a)- taken fromfref.8] 
b)- taken from bref.2] 

13 II Evolution of the [i -*-] [h -ô-] p band in three Tb isotopes bcLwcen the 
spherical ( l s 0Tb) and deformed region ( J 5*Tb). The E2 value reported for Tb 
corresponds to the mean value of the computcd-quadrupale déformations (sue Tabic 

9. The collective moment of inertia J .. plotted versus the squared rotational, 
frequency in 1 5 0Eu, 1 & aTb and 1 5 , ,Tb (ref.2). The full- alignment was assumed 
in the case of l 5 0Eu and , 5 zTb. 

10. The experimental ratio (B(Ml ; I -> I-1)/R(E2 ; I •+ 1-2) plotted versus the 
angular momentum I in l s z \ o and ls,*Tb (ruf.2). A strong perturb.ition efft-ct 
correlated to the signature splitting is observed. 

http://turb.it


Table 1 
——— _ 
Relative cross-sections of the main reaction channels with Li(50 hfcV) and 
"lKOo MBV) beams. 
Table 2 
Ckumua rays in Tb observed in singles -r-ray spectra from Nil ( B,5:i) 
reaction. Tiio intensi ty normalization correspond:: to 1000 decays of the 
4 .2 nui isomeric s t a t e . 

Tabic 5 
Gaijma rays in raj observed in singles y-ray spectra from Kcl ( Li.Sn) 
reaction. Tiro intensity normalization corresponds to 1000 decays of the 45 ns 
isomeric state. In the table are also reported the off-beam Y-ray intensities 
measured by SORAMEL (ref. 9) in (p,3n) reaction. 

Table 4 
1S2 Qualitative summary of coincidence results in T b . 

Table 5 
Qualitative summary of coincidence results in Eu. 

Table 6 
1S2 Intensity balaiccs on the Tb levels. 

Tabic 7 
152™ 

Quadrupole Moment Qo and quadrupole deformation E , of T'b extracted by comparison 
of the «per iden ta l r a t io B.0-2 ; I -» I-2j/jJ(M1 ; I -• 1-1) with the theore t ica l 
analytic fomul as of MU5IIALER 121] as a function of the parameter C/A-
Comparison of the t lKorctical and experijuental mixing ra t io « as a function 
of the parai.Ktor C/A. 



Tabic 1 

Evaporation 
particles 

Incident ion and 
tarRCt 

Evaporation 
particles 

7 L i + " ^ d I " l * 1 * * ! 
4n 
5n 
6n 
P.4n 
a,3n 

16 
100d) 
ZO 

v<16 
_b) 

60 
100tl) 
4 

13 

d) normalization 
b) The final nucleus fin is unknown 

^ _ 



Tabic 2 

0 I n t e n s i t y AiiK. i l i s t . Cocfl". Mixing Assignments 

(KoV) A 2 /Ao A 4 /Ao r a t i o II * IÏ 

98. SS 204 -0.21(03) -0.06(05) -0.05+0.10 9 + S* 

123.78 

132.44 

22 

56 

-0.18(20) 

-0.15(04) 

-0.16(21) 

-O.OS(OS) 0.05±0.03 12 H i l M 
205.74 396 -0.16(02) -0.06(06) 0.01+0.05 10* 9 + 

20S.11 68 -0.20(05) -0.03(07) 0.01+O.OS ,<(-) « H 
229.93 

237.1 

66 

30 

-0.12(08) -0.13(11) 0.06+0.06 

1 8 « 

i s " 
1 7 " 

304.33 51 0.19(10) -0.05(16) 10 + , 8 + 

328.8 23 -0.40(19) 0.45(19) 

352.9 72 

391.5 26 0.08(18) 0.12(26) 

431.66 408 -0.03(02) -0.02(03) 0.15+0.05 1 1 " 10 + 

474.37 393 0.29(02) -0.01(03) i s " 1 l " 

538.5 81 0.40(12) -0.0S(22) 14* 12 + 

543.1 176 0.35 (OS) -0.02(14) 12 + 10 + 

550.1 95 0.31(06) -0.03(10) 14 « 1 2 " 

557.3 273 0.28(05) -0.04(09) 1 5 « 1 3 " 

579.3 114 0.31(07) -0.05(12) 1 6 « 14 M 

592.6 59 -0.01(06) 0.07(09) 

612.1 52 0.16(13) -0.01(19) (9") 9 + 

620.0 109 0.35(12) 0.01(17) „(-) I S " 

627.4 69 0.27(13) 0.13(1S) » " 1 6 " 

629.8 79 0.3-1(12) 0.00(17) • u * 9 + 

657.7 

706.7 

39 

26 0.42(18 

13 + 

1 9 H 
11 + 

1 7 « 
710.7 127 -0.08(11) -0.02(16) (9~) 8 + 

7 IS.6 38 0.50(15) 0.02(22) a " 1 8 « 

740.1 22 0.37(19) -0.31(30) 

754.0 17 0.30(08) -0.02(14) 21 « 1 9 H 
800.9 • 33 0.2.1(18) -0.07(28) 16 + 14 + 



TnWc 3 

E I 

(koV) 

ntens i 

( n a, 
44 

ty Intent 

Sii)(p,3n) 

i t y Aug. 

A 2/Ao 

tl'ist. coeff . 

A^/Ao 

Mixing 
r a t i o 

e 

Assignments 

107.74 

ntens i 

( n a, 
44 

ty Intent 

Sii)(p,3n) 

-0.026(05) -0.10(07) '< 
129.3S 270 -0.29 (-03) -0.04(03) -0.18 i 0.10' E + 8 + 

163.66 297 -0.23(02) 0.01(04) -0.04 t 0.05 O O 10+ 

171.3S 46 44 
189.96 

190.34 

150 
375 379 ; 

0.06(02) 0.01(05) 
10 + S + 

197.1 
222.11 27 29 -0.15(05) -a.05(08) 
226.90 81 47 0.09(09) 0.03(11) 

240.22 81 -0.02(10) -0.25(12) 

247.92 492 492 -0.02(03) 0.04(04) 
314.16 536 527 0.08(03) 0.01(04) 
341.87 26 -0.07(07) -0.07(10) 

371.70 319 327 0.11(04) 0.03(06) 
381.67 29 -0.12(05) 0.02(08) 
387.30 35 -0.06(05) 0.13(08) 
415.10 234 0.34(06) -0.06(OS) (14") (12") 
424.81 65 0.42(07) -0.35(11) 
428.99 83 0.38(07) -0.10(11) 1 0 2 1 0 1 
440.68 45 0.23(15) 
456.D3 254 0.38(06) -0.22(08) 12 + 10; 
465.97 158 0.35(12) -0.07(15) 
489.69 106 -0 .16(5) 10+

2 9 + 

.9 61 
^ 6 . 7 
592.8 

2S3 
251 

0.26(06) 0.00(08) (16") (14") 
1 1 " i o + 

(14 +) I2 + 

(15 " ) 13 C " } 

619.0 222 0.3R(06) -0.02(1)8) 10* 8 + 

622.5 36 0.30(10) 
642.9 59 0.24(06) 0.(12(0!!) (18") (16") 
666.9 34 0.26(10) (in an 
71S.4 33 0.16(15) (20") ( IS" ) 
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Tillilc 4 

Gate 
Transition Coincident transitions 

9S.6 132, 206, 208, 230, 432, 474, 539, 543, 550, 579, 612, 620, 
627, 630 

123.8 98, 206, (208), (230), 237, 432, 474, 5S7, 627 
132.3 98, 124, 206, 304, 432, 550, S79, 627, 771 
205.7 98, 124, 132, 173, 191, 208, 230, 237, 329; 392, 432, 474, 539, 

543, 550, 5S7, 579, 620, 627, (707), (719), 740, 801 
208.1 98, 124, 206, 304, 353, 432, 474, 579, (593), 620, 627, 711, 

(719), 740 
229.9 98, 124, (353), 432, 474, 557, (593), 627 
237.1 
304.3 

(98), 124, 206, 432, 474, SS7, S93, 620, 710 
132, 20S, 432, 474 
206, 432, 474, 557,-620 

206, 432, 474, 557 
98, 124, 132, 191, 206, 208, 230, 237, 304, 392, 474, 550, 557, 
579, 620, 627, 740 
98, 124, 191, 206, 20S, 230, 237, 304, (329), (353), 592, 557,' 
579, (612), 620, 627, 711, (719) 
98, 206, 304, 543, 801 
98, 206, 304, 539, 801 
98, 132, 206, 432, 579, 627, 711, 740 
98, (124), 206, 230, 237, 304, 353, 392, 432, 474, 612, 620, 627, 
707, 711, 719 
98, (124), 132, 206, 209, 353, 432, 474, 550, 627, 711 
(206), 230, (237), 474, 627 
98, 206, 237, 329, 432, 474, 558, 707, 711, 754 
98, 124, 132, 206, 20S, 230, 304, 432, 474, 550, (557), 579, S93 
711 
98, 658 
206, 208, 432, 474, 557, 620 
132, 20S, 230, 474, 550, 557, 579, (593), 620, 627, 707 
98, 206, (230), 237, 432, 474 
98, 206, 539, 543 



Talilc 5 

Gîte 
T r a n s i t i o n 

Coincident t r a n s i t i o n s 

1 0 8 d ? 129, 
619, 

164, 
667 

190, 227, 248, 314, 342, 372, 405, 466, 557, 595, 

129 108, 
415, 

164, 
425, 

171, 
429, 

190, 194, 197, 222, 240, 24S, 251 , 314,. 372, 
440, 457, 166, 490, 357, 563, 593, 622, S00 

164 10S, 
346, 
190, 

123, 
368, 
518, 

141, 
372, 
539, 

171, 190, 197, 227. 248, 256, 314, 319, 342 
382, 387, 405, 415, (418) , 125, 429, 166, 
557, 562, 593, 619, 643, 667, 680, 704 

+ 170 + 171 10S, 
619, 

129, 
658 

(164) , 190, 227, 248, 270, 343, 465, 511, 557, 

190 d 10S, 
387, 
800, 

129, 
41S, 
871 

164, 
425, 

171, 190, 222, 227, 240, 248, 514, 372, 382, 
129, 457, 466, 490, 557, 593, 619, 667, 705, 

197 129, 190, 248, 314, 457, 593, 800 
227 (10S), 129, 164, 171, 190, (238) , 415, 557, S93 

243 108, 
619 

129, 161, 171, 190, 314, (318) , 415, 457, 466, 557, 593, 

314 108, 
643 

129, 164, 190, (197) , 248, 415, 457, 466, SS7, 593, 619, 

342 (108) , 129, 164, 415, (452), 511, s57, 619 
372 129, 164, 190, (197) , 415, 457, 466, 557, 595, 619 
382 (108) , 129, 164, 190, 372, 415, 429, SIS, 619, 681 

387 108, 164, 190, 529, 42S : 166, 593 
415 129, 

557, 
(140), 164, 190, 227, 24S, 314, 342, 372, 382, 429, 490, 
593, 619, 622, 718 

425 (10S), 129, 164, 190, 197, 222, 248, 314, 342, 372, 388, 440, 
457, 466, 557, 593, 619 

429 129, 
557, 

164, 
593, 

190, 
622, 

248, 261, 2S6, 306, 311, 415, 166, 490, 522, 
628, 679 

157 129, 
593, 

171, 
800, 

190, 
875 

197, 24S, 268, 306, 314, 372, 425, 4 4 1 , 557, 

466 108, 129, 161, 190, 227, 248, 314, 3S7, 490, S57, 593, 619, 666 
490 d 129, 

451 , 
161, 
462, 

171, 
466, 

(19(1), 218, 302, 306, 311, (344) , 372, 3S4, 415, 
490, 517, 557, 593, 622 

51S 164, 381, •115, 4?.l), 457, 490 
557 108, 

425, 
129, 
457, 

161, 
166, 

190, 248, 311, 311, 3-12, 372, 395, 405, 415, 
479, 190, 564, 593, 619, 613, (666) 

59-' 164, •166, 666 
593 190, 457, MO 

I 



^v 
TaliloS (fallow) 

592 +'593 108, 129, 161, 190, 197, 248, 314, 372, 387, 115, 125 
441, 457, 466, 490, 557, 593, 619, 66ft, 800 

619 (108) , 164, 190, 248, 314, Î 1 2 , 372, 358, 415, 466, 557, 

593, 666 

622 Ï29, 557, 593 
643 129, 164 ; 190, 415, 557, (619) 

667 129, 164, 190, 214, 24S, 314, 372, 466, 490, 593 

800 129, 190, 197, (222) , 24S, 457, 593, (615) , (641) 

d) doublet 
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Table 6 

ILxcifiitioii energy 
koV 

-loodiiijï 
'= Jut ctisity 

I V v x t i l i n g 
intensi ty 

501.S 861 1000 

600.4 643 680 

806.1 584 566 

1230.1 39 79 

1237.8 505 j .587 

1349.2 81 176 

1370.2 95 112 

1712.1 360 393 

•887.6 33 81 

1920.3 136 182 

2269.4 215 273 

2499.5 69 194 

2889.4 62 109 

3126.7 38 105 

559Û.1 17 26 

J 



t 
Taille 7 

I Q^e 2 fin2 and (e2) 6 
I 

C/A = 0 C/A = 2 C/A = 0 C/A = 2 Uxp. 

12 
14 
16 
IS 

186 
227 
239 

(0.09) 
(0.11) 
f0.11) 

204 
244 
251 

(Q.10). 
(0.11)-
(0.12) 

0.12 
0.08 

0.043 
0.046 
0.046 

0.05 ± 0.03 
0.01 i O.OS 
0.06 ± 0.06 

^ 

1 
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10* COUNTS PER CHANNEL 
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COINCIDENCE COUNTS PER 11 keV 
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[•Ht-tt 

4350.1 

hi.Hl^91' 

1887.8 (13') 1887.6 

1230.1 

3218.3 

2660.4 

65 T b 87 



10 ' 
t/) 
I -z 
o o 
a. o 
ce 
| 1 0 2 
z> z 

~^V 

?Slop 431.7keV ( 1 5 2 Tb ) T i/2 = 4.1i 0.2 ns 
, Stop 467.6 keV( 1 5 3Tb) 
' 0.576 n sec/channel 

.•'•+ 

101 

_L J_ J_ J_ 
170 180 190 200 210 220 230 240 

CHANNEL NUMBER 

710.7 keV 
Tl/2 =4.5t0.5ns 

170 180 190 200 210 220 230 240 
CHANNEL NUMBER 
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i'fVikt«P 

I h f l n t"fp 
2629 (16') 

_fi£} 

V 

3706.9.X 120-) 

3007 07') 

666.9 

2t30 ' ' (15 - ) 

29665* ( l » 1 

2343.6.X (161 

"37.0 " ' - ' .._.J7B69.X 

556.7* 

CW.-I 

«15.1 

,17, ,hft , 1371.9 i n ( - ) X - n n 8 > i ' T ( 1 2 ' 
V I ' T ' n 1 2'Pl63.B// 
V'35.7 i ; C I M M 10-, 

456.9 

778.» ' loV 

568.8 8oX%ia2 

«90X1* 

TT /2 - 65ns 

150 
63 87 



, 
J764.8 626.5 

• « c5 M b 

in. S N "S 
o 8 1 7 - 3 612.2 355.1 

i 
*•> 

1 5> i 

474.4 
<a 

557.3 620.0 706.7 

\ Y V \ 
754.0 

(O 

550.1 
«a-

579.3 
<s-

627.4 
<SJ— 

718.6 

315.1 
«a— 

449.3 
«3 

555.0 
<a-

644.8 723.4 

OJ en wvVV 
360.6 475.2 

«a 
571.4 653.4 

« i -
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