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The (’Li, 5n) and (!B, Sn) reactions have been used to study the
high-spin states in the two odd-odd nuclei '5°Eu and '52Tb. Three

decoupled bands have been evidenced in each nucleus belonging to

. . e 7 11 9 11 < 13
the same configurations [f E]n fh Ry [h -i]n [h 5l and [i —z—j“

[h lil- o The latter oneis well develapped and improves our knowledge
of this system between the spherical and deforwmed region. The analy-
sis of the collective moment of inertiaand transition ratios strongly
suggests an increasc of the deformation when the rotational fieguency

increases in these two transiticnal nuclei 3%%tu and 3%t



1. ~ INTRODUCTION -

During the last few years informations have been ohtained on the band structure
of the odd-odd nuclei in the defoxmed rare hearth region. Up Lo now the high—
. spin states have been studied in eight odd-odd nuclei : '*2Eu [1], '3**!56h f2],

1!6:15!)]50)]62,10 13,4,5] and lS!Tm 16).

The common feature in all these nuclei is the pr of the'd pled [i '?']n
[h —li‘-]p band always strongly fed in the heavy ion reactions. It was shown {1,2]
that the [i ’,TJJn [h ’-zl-]p conf-igurution carries an aligned angular momentum compa=
rable with the value weasured in- the S~band of the neighbouring even~even nuclei.
which fully explains the strong feeding of this band and the simpliéity of the
level schemes. Then the odd-odd nuclei are very certainly the most powerful sys-—
tems to study the behaviour of two quasiparticles strongly coupled to a deformed
core in rotation. Camparatively-the considered system in odd-odd nuclei is'morc
interesting than the £ band. As & matter of fact the low frequency rotational ’
states can be fed in the [i lzl]n fh —lz—|-]p band while the laevels reached in thc‘
S-band are mainly above the backhending frequency and morcover the states corres-
ponding to the two different signatures a = 0 (even spin) and a = } {odd spin)
are present in the [i -IT;]n {h -l—zl-lp band, while only the even spins are allowed

by the Fermi-principle in the 5-band.

On the other hand the [i —?—Jn [h -'-i'-]p configuration has also been idenfified in

the 4¥8+350T, spherical nuclei [7,8].

The main aim of the present investigation is to cxatend our knowledze of the
add~odd neclei in the tramsicional region and for this purpase we have studied

the N = 87 isotones '>%Eu and !%%Th.

PR



2. EXPERIMENTAL PROCEDURE =

The final nuclei }3°Cy and !®2T0 were produced respectively by the 1%®Nd (’Li,5n)
and '*6Nd (*'B, Sn) reactions. Tarpets of Nd,0, powder (4 mg cm2), enriched to
90% in '“°®Nd and '*®Nd, were bombarded with the external ’Li and !B beams frt;m
the Grenoble isochronous cyclotron. The y-rays were detected with variovus high=
resolution Ge(Li) or hyperpure-Ge detectors :2 3.3 cm® planar detector and large

volume coaxial detectors.

The beam energy was chosen by comparison with the already known '39Nd(7Li,5n) [1
and 14011804 (1lp Sp) [2] reactions and corrected for Q-valuc differences. By
this procedure an encrgy of 50 MeV has been found for the ’Li-beam and 66 MeV for
the !B-beam. ‘Lhe analysis of the singles y-spectra shows that the wanted

Yweng (7Li, 5n) '®°Eu and the '“®Nd (}!'B,5n) '®2Tb reactions arc the most pror;\i-
nent at these so determinead energies (see Table 1), The relative reaction cross
sections vere determined from the delayed y-decay of the 45 ns and 4:2 mn isomeri.
states in '3%Eu [9] and '%2Tb {10] respectively and from the prc;np: Yy-emissio:
of 1430151py [11] 18102837 12,131, *5%Sm and '5%Gd [14] ; all these £inal mucl-
were well known from other reactions. Althiough the excitation functioms were not
studicd in this work we caun conclude that the most prominent y-tramsitions belou;
to the wanted nuclei '3%Eu or '32Tb. In order to be sure of the isotopic identif
cation only y-transitions observed in y-y coincidence measurcments have been

put in the Tables 2 and 3,

The angular distributions of the y-rays emitted during the ’Li bombardment were
measured by recording spectra taken at five angles (90°, 105°, 120°, 135° and 1§
with the planar detector and five angles (270°, 288°, 305°, 320 and 315%) wich

157 cfficiency detector. The anpular distributions of the y-rays emitted during
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the !y bombardment ware measured by recording epectra taken ac four angles
(90°, 110°, 130° and 150°) with the planar detector and four angles (270°,

295°, 315° and 337°) with a 412 efficicncy detector. The normalized peak aveas
were fitted with the angular histributiun function :

w({e) = A, I+ A, P, (cos0) + 4, !’4 {cos0)]. The information obtained from these
Y-ray singles mcasurements is summarized inm Tables 2 and 3 and Eiu.l'and 2 give

cxamples of the singles y-ray spectra observed.

In the Y-y coincidence oxperiments four parameters were vecorded for ecvery
coincidence event, the two y-energies, the time between them and the time
between one of them and the cyclotron radiofrequency. Two large volume Ge
detectors of 15% and 41% eofficiency werc used and placed at # 90° with respect
to the beam dircction. The results of the reduction to the two dimensional y-y
coincidences are reported in the Tables 4 and 5 and some coincidence spectra

are shown in Figs.J and 4.

3. THE Y°21b NucLeus

3.1. The level scheme of lssz -

Before our investigations the y-decay of the 4.2 wn high spin isomer (8+) have
been studied [10]. Considering the fact that this isomeric state is strongly
fed in the l"‘Nd(“Jl,Sﬂ) reaction and that the levels below the isomeric state
arc not directly fed by prompt transitions we c¢an conclude that measured

Y~cascades end at the isomeric state.

In table 2 the relative intensities of the prompt transitions were trans{ormed
in per 1000 decays of che isomeric state. For this purpose we have used the
value Ty = 597 previously measured for the intensity of the 283.3 KoY tramsitio

fed in the decay of the isomer L15].
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The level scheme of {5270 populated by the (!m, Sn)'n.:ncl:ion is shown in
Fig.5. It is based on the Y-y coincidence measurements. Apart frem the half
life Tl/z' 4 ns measured for the 1237.8 KeV level, timing measurements have
shown that none of the included levelsin the level rcheme lives lomger than

L 2 ns. We tll-ncrefore consider E), M1 and E2 as the only multipolarities contri~
buting to the observed y~decay. With this assumption and the results of angular
distribution measurcments and intensity balance considarations it is possible rc

determine the spin and parity assignments reported on Fig. 5.

In the Table 6 are reported the intemsity balarce of each lewvel : the conversic
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 discrcte transitions, which seems reasonable.

- The 600.4 and 806.]1 keV levels -

The angular distribution data of the 98.6, 205.7 and 304.3 KeV transitions

show that the spin assignmeuts c.orrcspond to the values I = 9

for the 600.4 KeV state and I = 10 for the 806.1 KeV grate 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 comsideration:
which are only compatible with a M1 multipolarity for the 98.6 and 205.7 KeV

transitions.
The y-rays of the two cascades feeding the 600.4 and 806.F KeV levels have ango-
lar distrilutions compatible with stretched L2 transitions ; they de-excite

very likely collective states based on the 9" and 10* 1evels.

- The isomeric state at 1237.8 KV -~

The half-life T

transition

172 v £.2 * 0.2 us was measurcd for che 431.7 aud 710.7 keV

“



de-exciting the 1237.8 keV isomeric state (Pig.6). The anisotropics
measured fov the 98,6 and 205.7 keV transitions sliow that the near iso~

tropic behaviour of the 431.7 KeV transition ie not caused by the 4ns half-life.
Then the value I\2 * -0.03 % 0: 02 found is characteristic of a AL = | transition
with aL =1, L = 2 miltipole admixtire. The absence of tramsitions to the 8t

and 9" scates strangly sdggests g spin value I = tl Far the {237.8 K(:'V isomeric

level.

From our experimental data it is not possible to find the nature of the 431.7 Ke
transition and the negative parity ptoposed is based on theoretical consideratio
and will ba discussed below. The M2-El mixing ratio extracted from anguler dis-
tribution is 8 = 0.15 0.05 and the values found for the Weisskopf hindrance
factors ara : F“ - 2 x 10° for the E! transition and Fw = 3.5 % 2.5 for the M2

transition.

From Y~y coincidence experiments it is evident that the 1237.8 keV state decays
also on the 1212.5 KeV level. Unfortunately the transition energy deduced from

the energy differcnce, Ey =.25.3 KeV is too low to be scen in our experiment..

On the 1237,8 KeV level is built a mystem 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 = | transitions with a very small L}, 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 ~

3.2.. - Band structure jin Isz‘l’h -

Zolnowski et al. (10] have propoged the deformed configuracion {532 ;-]P
£505 lzl-]n for the B isomerie state in !*?1b ro explain the fast £EC + 8" decay

+ . : . . . .
to the 7" level in '2Cd. This assignment is certainly not correct if we take



\

into account the moderately rotational charactet of the callective structurc's
observed abiove the isomeric state. In [act the situation of the 1$21h pucleus
looks very much like thosc of the odd ncutron N = B7 isotoncs : '"?Sm, 15'¢d
and %3y [16] where the collective states built on the ncutron confipgurations
f%, Ir;- and i-'—:— have been obst;rvcd. Then the three collective systems fed in
1521 gorrespand very likely to the same neutron orhitals coupled to the h-lz—I

proton shell (fig.5).

. N + ., . . .
The configuration of the 8 isomeric state is now obvious :

3
7 5 11.
[t ‘2‘) H fln [h T]l’

and the fast transition to the 7% state in 152gd can be explained as :
3 3

7.5 11 } { L 9
{te s 31, b4, ¢ TAED gl g

where the h 1—21- proton is transformed in h 22 neutron afLer B+ + EC emission.
A very 10\"1Ying'§ state belonging to the (f %) neutron occurs systematically
in the N = B7 isotones [17,18]. Its excitation energy deereuses regularly with
decreasing proton number and in '“7Nd it becomes the ground state [18]. The %

state of seniority v = 1 is generally very close to the-E:— level and can be

identified with the 9% state in 332Tb ac 600.4 KeV excitation enerpy when it

is coupled with the [h —lz—l] proton.

The ground state of the configuration [h ;]n M lzl]P'h“s been identified in

152,“ at the excitatian cnergy 806.1 keY. This assumption is in agreement
+ +

with the fact that the cnergy difference (206 keV) between Lhe 10 and 9

scates in 152.1.b is closc to the energy difference betwecn the ground state

of the h 2 and f% configuration in the odd neutron N = 87 -isotones : 379 keV

2
. 151 153

in CGd and 296 keV in by 1161,

1 1% and V%1 18,21 tbhe [i l—,}ln I —I,-,!-lp system is very close to the

yrast line and it is a natural assumption to assipgn the same configuration to
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the well developped colleetive band built on the 1237.8 keV excitation cnerpy |

in 52 and strongly fed in che (“B, 5n) reaction, In this case aiso the

152

cnergy differente (770 keV) between the 12* and 9* states in Tb is close

to the cnergy difference between the ground state of the i -'2—3 and [ % confi-

151

guration in the odd ncutron N = 87 isotones : B52 keV in Gd and 712 keV

. 153 - . . N
in Dy [16). This configuration assigument is also in agreement with the

strong El and swall M2 hindrance factor found for the 431.7 keV line which
—

" corresponds, to the transition :

11
Tl

e 2 L
h 33, th 41,



150

4. THE Bu NUCLEUS

Prior to our investigations Lhe decay of the 45 ns high-spin isomer (B+)

have been studied [9). In the y-y coincidence experiments we have found strong
intensity y-cascades which bnd at the isoperic state. In contrast no substan—
tial prompt y-feeding of the well established levels below tiie isomeric state

wure observed. This absence of direct fveding is also apparent in Table 3 were
the off-beam y-intensities oF the lines below the isomeric state measured by
SORAMEL (9] are compared with the intensities following the ’Li bombardwent.
In table 3 we have 'also transformed the relative intensity of ‘the prompt tran-
sitious in pe'r 1000 decays of the isomeric state. For this purpoese 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 !3%Eu populated by the (’Li, 5n) reaction is shown in
Fig.?7. It ‘is based on the Y~Y.coincidence measurcments. Timing measurements
have shown that none of the included levels in the leavel scheme lives longer
than & 2 ns and we have made the natural assu;nption that E1, M] and E2 arc
the only multipolarities contriluting to the observad y-deeay. The

spin and parity assignments were deduced from anguiar distribution mea-
surcments, intensity balance considerations and from the direct comparison
with *32Tb nucleus. We have also deduced from our experiments that fy 95% of
the total feeding of the isomeric state comes from the discretc transitions

placed in the level scheme.

The transition placements in the '®°Eu level scheme is much more difficult
than in the case of '52Tb, The y-y coincidence expcriments show that the

593 KeV transition is in fact a triplet of lines with about thc same enerpy
oml that che "490 and 557 KeV are doubluets. Morcover we suspect Lhe presence

of low energy transitions, not detected in singles or coincidence spectra, {



which of course hamper considerably the construction of the level scheme N
these transitions ave plotted in dot lines in Fig.7. The tramsition placement,
propased in Fig.? is probably clic right solution, but other possibilities may

exist.

Three collective bands are also observed in lsoEu; from the same argumcats
developped in the former section they correspond very likely to the same
configurations [f 7 pit 2 Rk ;3 13 Lk .

gy { Zln [Y 2]P' [ 2]“ 1) 71p and i 7 ]n [h 7)p already

)SZ'I

observed in b,

5. THEORETICAL DISCUSSION

With the completion of the present experiment it is possibfe to follow the
coupling of the two particle configuration [i -12}-]n fh Jz—l]P with the core,

from chc‘spherical 1507p [8) to the drformed region ('3°Tb {2], '5%Es [1]).
In Fig. 8 we have compared this configuration in three odd-odd Tb isotopes.

At one end of the systematie, the !5%7b "hand" behaves like a multiplet of a
two-particle configuration [f %z]n with eneryy difference AE(I -+ I-Z) decrea-
sing with increasimg the spin I ; it is the gemeral behaviour expacted for a
spherjcal nucleus, At the other end of the systematic, a rotational band
strongly pertubed by Coriolis interaction was observed in '*“Tb. The '327b
nueleus is in an intermediate situation characteriscic of a transitijonal

nucleus. -

In the chree Tb isotopes two AL = 2 bands coexist corresponding to the odd
and eyen spins. In the deformed region we have shown [1,2] that this coexis~
tence is predicted by the theory ¢ the mosy favoured bands correspond to the
neutron placed in the |3 l—; s a= %] configuration while the proton may be

placed cither in the [h -‘z—l sa=- —;{l level giving a = 0 (even spins) or the
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th Lz!- ja=-~ ;—] level giving a = | (odd spins). The rignature a is delined
in the pame way as in ref.119]. The stapperinpg betseen odd and even spin
levels reflucrs mainly the alignment difference for the [h l.} ,a= 4 -%]

levels.

In addition it has been found cxperimentally that at low rotationmal frequen-
cy the odd spin levels ave morce favourcd than the even spin states and we
have shown this unexpected cffcet can be cxpleined by a triaxial shape for
the [142) tn L1, band (r % 10 ix 13*T) [2). This y-deformation scoms to
be correiated to the presence of the two strongly sligned particles rotating

in a plan norwal to the rotation axis.

In the spherical 5°Tb nucleus the 11~ state is also favourcd compared to
the 127 level. It seems impossible to explain this effect as a conscquence
of the neutron-proton interaction which is more attractive for a parallei .
spin coupling and then favours the 12° state. BRODA et al. f8] have explained
the presence of this Il intruder state as the [h -lil-]l, (£ %’n configuration
coupled to the 3~ octupole cxcitation. ¥In reality this configur.ation ic very

likely mixed with the [h ‘li!]u Ii .153_]" configuration coupled %o the snin value

I=11.

It secms then well established that the presence of a favoured 117 state has
a different origin in the spherical !3%Tb and in t.he deformed '*“TU nucleus.
In the transicional *52Tb nucleus the suwe situation is observ. 4 but it is
very difficulL to decide in the absence of dectailed calculacions vhich is
the promincnt effect & a triaxia' deformation or the adaixture with the

(35 h l.—ll, 37) ceafiguration.

[

It 34 interesting, to study in a rrwsicional suclevs Pike 1527, che
taportance of the quadsepole deformation sad possille deformation changes

with rotaLien. For th's purpose we have studied the mament of inertia and

the transition probabilicies jo the Y% 70 mucleus.
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In these two npuclei the natural asswaption was wade that the full alignwent

i is reached : i = 124 for the even spin and i = 11 i for the odd spin
states. In “sz, the collective moment of inertia, .Ic. versus w? plot (Fig.9
starts as in the casc of a nearly spherical nucleus and reaches, for
4w> 0.3 MoV a rotational frequency region where it ean be fitted by the
Harvis formula s '
I =T, %3, w?

i

with Jo = 6.8 MaV ‘Ii2 and Jl = 112 Mev-z "ﬁl'. This Jl value in comparable

with the values found for the strongly aligned two quasiparticle-bands :
S-band in even;even nuclei or [i l—z:’]n [h %]P configuration in odd~odd
nuclei [2]. The Jo value which can be correlated with the g3, €, dcforma-

tions [20] is compatible with a small quadrupole deformatiom : €z < 0.15.

In conclusion the behaviour of the collective moment of inertia strongly

suggests that the deformation changes as a 7 of an increasing .
rotational frequency and reaches, some stable defcrmation ford®> 0.3 Mev. .

Above the spin I = 19 a pew increase of J 1is observed whichcould be

w

1
correlated with the erossing by the [(i -'—.}) ]rl i lZL]P configuration.

J, in 150Fy is wore smooth. The J, value extracted from
J w170 Me‘f—3 ‘Iib seems to be too large compared to the

The behaviour of
experimental daca I
systematic and a part of the slope could be corrclated with a smooth

increase of the deformation in the rotational frequency range weasured.

The_transition_rates in !'527b -

Very recently MARSHALEK [21] has derived approximate analytic formulas for
E2 and Ml transition rates in the one quasiparticle docoupled bands. 1n

this work v- ave extended this model to the |i —lzl]n Ih lT!l']l‘ band by asisuming



-that the quasincutron .plnya a spectator role while the quasiproton is in
the [h % s as - -;-] level ~fm- even spin states and in the [h -%‘- HE- XY -;-]
lovel for odd _spin states. It is then casy to show that the transition pro~
babilitics in the considered band are the same as in the [h 'I?l]l’ band and

the analytic formulas for one qunsipirticle system can be applied in this casc

The experimental B(i1)/B(E2) ratio plotted for 1527, and '5Ib (Fig.10) shows
a strong staggering caused by the gignature splitting betwee.a even and odd
spin states. Morcover, in the !52Th case, this ratio is compatible with zero
for odd spin level, in the limit of the y detection cfficiency , which indi-
cates a small value for the parameter C/A of the model [21] (A is related to
the ment of inertia J by A = 1i2/2J and € is characteristic of the [h 12!-11,
shelland the deformation). The theoretical ratio X(I) = B(EZ2 ; I » 1-2)/
B(MI ; I - I-1) and Y(I) = B(EZ ; I + I-1)/B(tl ; I -+ I-1) were then computed
from the equations (61b), (66b) and(68b) of ref.[2V] for G/A = O and C/A = 2.
In addition the assumption was made Lhat q(%)/Qo"t 0, g = 0:35 and the value

g;) = }.11 vas ertracted from the experimental magnetic moment of '*9Eu [15) ;

2 the quancity q(J) is defined by equation (64) of ref.[21] and g and 8

are the collective and intrinsic gyromaguetic ratio. By comparison of the
theoretical X(I) values with the corresponding experimental auantities

it is then possible to extract the intrinsic quadrupole moment Qo (Table 7).
wich the values found for Qo it was also possible t.o extract the theoretical
mixing ratio &. A good agreement with experimental data is obtained jin the

case C/A = 2 (Table 7).

The most striking c[fect obscrved is the increase of the quadrupnlc moment
% (R 252)between the 147 and 18™ praze in qualitative agreement with the
behaviour of - the moment of incrria and in conclusion there is strong iudi-
cation of deformation change when the rotational frequency increases. The

same effect hai been experimentally amd theoretically evidenced in the
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odd and cven-cven N % Y0 rare carth nuclei [22].

SUMMARY .

The prcsenl; ("Li, 51) and (!B, 5n) experiments have established the pre-
viously unkrown high-spin states in the two odd-odd nuclei 150py and '321u.
Three decoupled banda have been cvidenced in this work, corresponding to
the (£ 21 to By, 31 I Yip ana 13 B, 11 ), contiguracions. The
latter one, strongly fed, is well developped and improves our. knqwledge of
the (i l—}]n [t LZI-JP 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 moment m. Another
striking effect evidenced (in this paper) is that the odd spin lcvels are
more fnv&ured than the even spin states in the [i %;Jn [h %;]P configura-

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

effect to Lhe occurence of a triaxial shape in '5°Eu and '521b or to an

11

admixture with the [{ %, h T 37) octupole configuration.
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FIGURE CAPTIONS

Gamma ray singles spectrum obtained from: bowbardmert of "‘“Nd203 wich
66 MeV !’B-particles at 90° to the beam direction.

Gamma cay singles spectrum obtained from bombardment of ""Nt:lz()3 with

50 MeV "Li-particles at 90° to the beam direction.

3. Selected Y-y coincidence spectra in '32Tb.

4. Selected Y-y coincidence spectra in !*°Eu.

5. Level scheme of 52Tb, The widths of the arxows indicate the transition
intensities. The 25.3 KeV y-ray was not observed directly but deduced from
the energy difference batween the 117 (1237.8 Kev and (97) (1212.5 KeV)
states.

6. Decay of the 431.7 and 710.7 KeV transitions in !%%Tb,

7. Level scheme of !3°Cu. A line appearing twice or more in the level scheme is

indicated by a cross.

a)- taken fromref.8)

b)- taken from [ref.2]

Evolution of the [i -lzl]n {h %]P band in three Tb isotopes belwecen the 152
spherical (!5°Tb) and deformed region (*5“Tb). The €z valne rcported for Tb
corresponds to the mean value of the computed-quadrupale defarmations (sce Table
The collecctive moment of inertia Jcoll plotted versus the squared rotational
frequency in '°°Eu, '®2Tb and '*“Tb (ref.2). The full alignment was assumed

in the case of '5°Cu and '5?7b.

The experimental ratio (B(MI ; I = I-1)/R(E2 ; 1 -+ I-2) plottcd versus the
angular momentum I in **%.p and '*“Tb (ref.2). A strong perturbacion effvet

correclated to the signawure splitting is observed.


http://turb.it

[able 1
Relative cross-scctions of the main rcaction chamels with 7l.i(S(l MeV) and
“B((’yb MeV) be:ns.

Toble 2
. 2 : . -

Guma rays in 5"TI> observed in singles y-ray spectra from Nd (”15,5:1)

reaction. Tie intensity normalization corresponds to 1000 decays of the

1 146

4.2 m isomeric state.

Table 3
Couna rays in 1501’:4.1 observed in singles y-ray spectra from MsNd (71,i,5n)

reaction. The intensity normalization corresponds to 1000 decays of the 45 ns
isomeric state. In the table are also rcported the off-beam y-ray intensities
measurcd by SORMEL (ref. 9) in (p,3n) reaction.

Table 4
Qualitative summary of coincidence results in 152y,

Table 5

Qualitative summary of coiiicidence results in 150

Eu.

Table § .
Intcnsity balaices on the 1SZ'I'b levels.

Table 7

Quadrupole yoment Qo and quadrupole Elofox'n\ation ) of ISz'l‘b extracted by comparisorn
of the experimental ratio B(E2 ; I ~ E-&)/B(M ; I - I-1) with thc theorctical
anxlytic formulas of MARSHALEN 211 as a function of the paramcter C/A.

Compurison of the theorcticul aud experimental mixing ratio § as a function

of the parmxeter C/A.



Table 1

Ivaporation Incident ion and
particles target
Tris W] Vps Mg
4n 16 60
5n 1004y 100D
6n 20 4
p,4n <16 <30
a,3n ) 13

d) nomalization

b) The final auclcus V48py, is umknown



Table 2
E,' Intensity  Aug. c'list. Coeff. Mixing Assignments
(keV) Ay/he Ay/he ratio i »1f
98.55 204 -0.21(03) -0.06(05) -0.05:0.10 9% 8*
123.78 22 -0.18(20) -0.16(21)
152.44 56 -0.15(04) -0.08(08)  0.05:0.03 120) 11 ()
205.74 396 -0.16(02) -0.06(06)  0.01:0.05 10° 9*
208.11 68 -0.20(05) -0.05(07)  0.01:0.05 w4 {? 130
220.95 66 -0.12(08) -0.13(11)  0.06:0.06 16¢7) 157
370 3 180) 1709
30433 51 0.19(10) -0.05(16) 0t 8t
328.8 23 -0.40(19) 0.45(19)
2.9 72
1.5 26 0.08(18) 0.12(26)
431.66 408 0.03(2) -0.0203)  0.15:0.05 11¢) q0*
474.37 303 0.20(02) -0.01(03) 136 )
§38.5 81 0.40(12) -0.08(22) 1wzt
s45.1 176 0.35(08) -0.02(14) 12t 10t
$50.1 95 0.31(06) -0.03(10) 180 20
$57.3 273 0.28(05) -0.04(09) 1500 1309
579.3 114 0.31(07) -0.03(12) 160 w0
592.6 59 -0.01(06) 0.07(09)
612.1 52 0.16(13) -0.04(19) (o) 9
620.0 109 0.35(12) 0.01(37) 170 450
627.4 69 0.27(13) 0.13(18) 1800 160D
629.8 79 0.31(12) 0.00(17) at o*
657.7 30 135w
706.7 2 0.42(18 100G ()
707 127 -0.08(11) -0.02(16) ©) &
715.6 38 0.30(15) 0.02(22 w) O
740.1 22 0.37(19) -0.31(50)
754.0 17 0.30(02) -0.02(14) 2100 390
s00.9 .33 0.24(18) -0.07(2%) 16t ot



Tablec 3

£ Imensity Intensity g, dist. coclf. l-lixtiyg Assignments
o]

keV)  (Mp,sw) @) Ayfhe Ag/he = 17 » 1}

107.74 44 -0.026(05) -0.10(07) N

120.38 270 -0.29003) -0.04(03)  -0.18 £ 0.10 A

163.66 297 -0.23(02) 0.01(04) -0.04 £0.05 (117) 10"

171.38 46 44 -

189.96 150 : } 0.06(02)  0.01(03) L

i90.34 375 379 .

197.1

222.11 27 29 -D.15(05) -~0.05{08)

226.90 81 47 0.00(09)  0.05(11)

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

247.92 432 492 -0.02(03)  0.04(04)

314.16 536 527 0.08(03)  0.01(04)

3187 26 -0.07(07)  -0.07(10)

371.70 319 327 0.11(04)  0.05(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(08) 47y (127

424.81 65 0.42(07)  -0.35(11)

428.99 83 0.38(07) -0.10(11) m‘; 107

430.65 45 0.23(15)

456.93 254 0.38(06) -0.22(08) 1" 0y

465.97 158 0.35(12) -0.07(15)

489.69 106 -0.16(5) 0, 9

"9 61

536.7 258 0.26(06)  0.00(US) (167) (47)

592.8 251 18 10t
aafy 2"
(15 7y 130)

6.0 222 0.38(06)  -0.02(08) w, s

622.3 36 0.30(10)

642.9 59 0.24(06) 0.02(08) (187) (167)

666.9 39 0.26(10) 17y Ws7)

718.4 33 @.16{15) 207y (187}



g -
™
‘ablc 4
.l.,.ng’:f‘:io“ Coincident transitions
98.6 132, 206, 208, 230, 432, 474, 539, 543, 550, 579, 612, 620,
627, 630
123.8 98, 206, (208), (230), 237, 432, 474, 557, 627
152.3 98, 124, 206, 304, 432, S50, 579, 627, 771
205.7 98, 124, 132, 173, 191, 208, 230, 237, 329, 392, 432, 474, 539,
543, 550, S57, 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 (98), 124, 206, 432, 474, 557, 593, 620, 710
304.3 132, 208, 432, 474
328.8 206, 432, 474, 557,620
391.8 206, 432, 474, 557
431.7 98, 124, 132, 191, 206, 208, 230, 237, 304, 392, 474, 550, 557,
. 579, 620, 627, 740
474.4 98, 124, 191, 206, 208, 230, 237, 304, (329), (353), 392, 557,
579, (012), 620, 627, 711, (719)
538.5 98, 206, 304, 543, 801
543.1 98, 206, 304, 539, 801
550.1 98, 132, 206, 432, 579, 627, 711, 740
557.3 98, (124), 206, 230, 237, 304, 353, 392, 432, 474, 612, 620, 627,
707, 711, 719
579.3 98, (124), 132, 206, 209, 353, 43z, 474, 550, 627, 711
592.6 (206), 230, (237), 474, 627
620.0 98, 206, 237, 329, 432, 474, 558, 707, 711, 754
627.4 3&131 124, 152, 206, 208, 230, 304, 432, 474, 550, (557), 579, $93
629.8 98, 658
706.7 206, 208, 432, 474, 557, 620
710.7 132, 208, 250, 474, 550, 557, 579, (593), 620, 627, 707
718.6 98, 206, (230), 237, 432, 474
800.9

98, 206, 539, 543



vagt ¥ \
'ablc §
Gite Coincident transitions
Transition

10897 129, 164, 190, 227, 248, 314, 342, 372, 405, 466, 557, 595,
619, 667

129 1vg, 164, 171, 190, 194, 197, 222, 240, 248, 251, 314, 372,
41S, 425, 429, 440, 457, 466, 490, 357, 563, S93, 622, 800

164 108, 129, 141, 171, 190, 197, 227, 248, 256, 314, 319, 342
346, 368, 372, 382, 387, 405, 415, (418}, 425, 429, 466,
490, 518, 539, 557, 562, 593, 619, 043,667, 680, 704

169 + 170 + 171 108, 129, (164), 190, 227, 248, 270, 345, 403, 511, 557,

619, 658

1904 108, 129, 164, 171, 190, 222, 227, 240, 2?48, 314, 372, 382,
387, 415, 425, 429, 457, 466, 490, 557, 593, 619, 667, 70S,
800, 871

197 126, 190, 248, 314, 457, 593, 800

227 (108), 129, 164, 171, 190, {238), 415, 557, 593

243 108, 129, 164, 171, 190, 314, (318), 4i5, 457, 466, 557, 593,
619

314 198, 129, 164, 190, (197), 248, 41S, 457, 466, 557, 593, 619,
643

342 (108), 129, 164, 415, (452), 511, 557, 619

372 129, 164, 190, (397), 415, 457, 466, 557, 593, 619

382 (108), 129, 164, 190, 372, 415, 420, 518, 619, 681

387 108, 164, 190, 329, 425. 466, 593

415 129, (140), 164, 190, 227, 248, 314, 342, 372, 582, 429, 490,
557, 593, 619, 622, 718

425 (108), 120, 164, 190, 197, 222, 248, 314, 342, 372, 388, 440,
457, 466, 557, 593, 619

429 129, 164, 190, 248, 267, 286, 306, 314, 415, 466, 490, 522,
557, 593, 622, 628, 679

457 120, 171, 190, 197, 248, 268, 306, 214, 372, 425, 441, 557,
593, 800, $75

466 108, 129, 164, 190, 227, 248, 314, 387, 490, 557, 503, 612, 666

ag0d 129, 164, 171, (190), 248, 302, 306, 314, (344), 372, 384, 415,
451, 462, 466, 490, 517, $57, 503, 622

518 164, 381, 415, 429, 457, 490

557 108, 129, 164, 199, 2a&, 311, 314, 332, 372, 395, 405, 415,
425, 457, 460, 479, 490, 564, 593, 619, 613, (G6G)

592 164, 466, 6456

593 190, 4487, 800




592 + 593
619

622
643
667
800

Tuble s _(follow)

108, 129, 164, 190, 197, 248, 314, 372, 387, 415, 425
441, 457, 466, 490, 557, 595, 619, G66, 800 .

(108), 164, 190, 248, 34, 342, 372, 388, 415, 466, 557,
803, 666 g

129, 557, 593

120, 164, 190, 415, 557, (619)

129, 164, 190, 214, 245, 314, 372, 466, 490, 53

129, 190, 197, (222), 248, 457, 503, (615), (641)

d) doublet



Excitution ciwrgy -Fecding Deexciting
keV ‘intandity intensicy

501.8 861 1000

G00.4 643 630

806.1 584 566
1230.1 39 79
1237.8 505 3. 587
1399.2 81 176
1370.2 95 nz
17121 360 393
1887.6 33 81
1920.3 136 182
2269.4 215 273
2499.5 69 194
2889.4 62 109
5126.7 38 105
3596.1 17 26




Table 7

roz ﬁnz wnd (ez] §
C/A=0 C/A=2 C/A=0|C/MA=2 Lxp.
12 L 0.043 0.05 + 0.03
14 186 | (0.09){ 204 | (0.10), 0.12 0.046 .01 + 0.05
16 227 | (0.11)] 244 1 (0.11)° 0.08 0.046 0.06 + 0.06
18 239} 10.11)| 251} (0.12)
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