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Abstract 
Prominent groups are observed corresponding to excited states 

in the region of 2.6 MeV in the scattering of 24 and 27 MeV a-particles 
from 198,200,202,20^ a n d 20<»,206,208pD. F o r e a c h o f t n e p D isotopes 

the state concerned is identified with the known 3" octupole vibration. 
Angular distribution measurements for scattering to the Pb and 2 0 I |Hg 
states are in agreement with octupole-vibration coupled-channels predictions, 
and systematic trends surest that the states observed in the isotopes 
198,200,202^0 c a n a i S o be attributed to octupole vibrations. 
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NUCLEAR REACTIONS 198, 200, 202,20^g ( 20«» ,206,208p b( a j a.) > 

E = 24, 27MeV, 0 = 171°; measured o(E , ) . a ' 198,200,202,20<«Hg, 

2o<*,206,208Pb deduced levels . 2 0-Hg, 20-.206,208 p b( a > a.) > E = 27 MeV; 
measured o(E , 0 ) , o(Ea. ,0). 20'»Hgj 204,20( ;,208pb deduced J.TT, 2 '^3* 
Enriched targets. 
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1. Introduction 
Collective octupole vibrations in nuclei are well established , 

the corresponding states having been identified usually by inelastic scattering. 
It is well known that single-phonon vibrational states are strongly and 
selectively populated in such reactions. The 3" octupole 2.61 MeV excited 
state in 2 0 8 P b is of special interest since it corresponds to the parent 
core vibration of several nuclei, such as 20"*,206,207Pb> 207 T£ a n d 209 B i [ r efs. 2 , 3^]. 
In these nuclei the 3' state, or for the odd-mess nuclei the centroid of the 
multiplet with small splitting, is very close to 2.6 MeV excitation. This 
situation corresponds to weak particle-vibration coupling for the odd-mass 
nuclei and this weak coupling would not be expected to affect the octupole 

31 vibrations of the even nuclei '. On the other hand, the energy splitting 
of the multiplet in 209p b ^ s i a r g e and in 2 1 0 P b the octupole strength 
is shared between two 3" states at 1.87 and 2.82 MeV, corresponding to 

3 41 strong coupling ' '. It is therefore of interest to investigate the 
persistence of collective octupole vibrations in nuclei further away from 
the doubly closed shells at 2 0 8 P b . 

In the present study we have measured the energy spectra of 
a-particles inelastically scattered at a laboratory angle of 171° from 
i98,20o,202,2ouHg and from 20t,206,208 P b a t bombarding energies of 24 
and 27 MeV. In all cases prominent peaks were seen corresponding to 
excited states at an energy of about 2.6 MeV. For the lead isotopes and 
2 0 1*Hg we have also measured angular distributions. 

Both DWBA and coupled-channels analyses of angular distributions 
for collective states in the mercury-lead mass region have been extensively 
reported '''. In general the coupling potential employed in such 

8) analyses is calculated in the Extended Optical Model (EOM) , which 
assumes that the interaction potential follows the deformation of the 
nuclear surface, and so expands the phenomenological form adopted for 
the scattering potential as a power series in the collective coordinates. 
In recent years however, sophisticated semi-microscopic descriptions 
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(folding models) which generate the interaction from the target density 
distribution and an effective interaction between the projectile and a 
bound nucleon have also been used with great success ' '. The advantage 
of such a folding procedure is that one obtains from the parameterisation 
of the densities detailed information about the nucleon distributions 
in the target (e.g., neutron-proton r.m.s. radii differences). 

In a recent paper Gils et al. ' reported both EOM and folding 
model analyses of 104 MeV a-particle scattering to states at about 
2.6 MeV in 20«t,206,208p[, j n e predicted angular distributions using 
an EOM treatment, based on the assumption that these states can be 
represented by octupole surface vibrations, were in good agreement with 
the data and with the folding model results reported. In the present 
work, therefore, we apply the EOM analysis both to the measured angular 
distributions for 27 MeV a-particle scattering from 204,206,208pD) a n (j 
also to scattering to a state observed at 2.67 MeV in 2 o l tHg to 
make a 3" assignment to this state. 

2. Experimental Procedure 
Targets of lead chloride or mercury sulphide sandwiched between 

Q) 

thin layers of carbon ' were bombarded by 24 or 27 MeV a-particles 
accelerated in the ANU 14UD pelletron accelerator. The isotopic 
enrichments of the lead targets were all greater than 99% of the 
required isotope. The compositions of the mercury targets are shown 
in table 1. 

2.1 Energy Levels 
For the energy level measurements an annular surface-barrier 

detector was used to detect scattered a-particles at 171° using 
an experimental arrangement similar to that described previously '. 
Separate measurements at a bombarding energy of 16 MeV were used to 
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determine the target thicknesses by assuming that the scattering follows 
the Rutherford relation at this energy. For 20«*,206,208pD ^he partial 
thicknesses were 28 ±2, 51+3 and 140 ±7 ug c m - 2 respectively. In some 
cases for the mercury isotopes, targets deteriorated under bombardment 
and checks on this were made as the exposure proceeded. The effective 
partial mercury thicknesses are shown in table 1. These measurements 
were used to determine th-3 171° differential cross-sections. The energy 
resolution varied between 33 and 80 keV (F.W.H.M.) depending on the target 
thickness. 

2.2 Angular Distributions 
Angular distributions of the a-particles scattered from 20^,206,208pD 

and 2 0 l*Hg were measure., with a split-pole magnetic spectrograph. Because 
of the difficulties in making satisfactory mercury targets, angular 
distributions from the other mercury isotopes were not measured. The 
particles were detected in a position-sensitive gas proportional counter . 
Because of target impurities and low energy tails from intense groups 
it was not possible to measure angular distributions at angles less than 
about 40°. The maximum angle attainable with the spectrograph was 119°. 
The energy resolution was about 40 keV (F.W.H.M.). The 2 0 I tHg target 
deteriorated under bombardment. Hence all of the spectrograph exposures 
at different angles were monitored using a surface-barrier detector, fixed 
at 30°, to count the elastically scattered peak from the isotope under 
investigation. 

Absolute differential cross-sections were obtained by normalising 
tne monitor-corrected spectrograph elastic-scattering yields to the 
Rutherford cross-sections. This was done for angles where the ratio of 
elastic scattering to Rutherford scattering was observed to vary slowly 
with angle, i.e. between 40° and 60°. These absolute cross-sections 
are considered to be accurate to about ±15%. 
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3. Results 
3.1 Energy Levels 

Representative spectra obtained from the annular surface barrier 
detector at an a-particle bombarding energy of 27 MeV are shown in fig. 1. 
An energy calibration for each spectrum was obtained from the elastically 
scattered groups arising from the isotope under investigation and from 
35,37££ a n (j 325 Also, a calibration point was obtained from the groups 
corresponding to the 2 first excited states of the isotopes under 
investigation whose excitations are well known. A pictorial representation 
of the 27 MeV data is shown in fig. 2, which is a composite plot of 
spectra where all of the elastically scattered groups have been 
normalised to the same yield. 

In all cases a strongly excited state was observed whose 
excitation was about 2.6 MeV; in the case of 1 9 8 H g this state was 
observed to be a doublet with a separation of 39 keV. If any of the 
other 2.6 MeV states are doublets their separations must be less than 
about 30 keV. The excitation energies, E x, of these states measured in 
the present work are shown in table 2. For 2t)I*Hg a value for the 
excitation energy of this strong state was also obtained from the magnetic 
spectrograph measurements. This value was 2670 + 5 keV, which is in good 
agreement with the surface-barrier detector measurement. For 206,208pD 

these strongly excited states can be identified with the well-known 3" 
12 13} states, since the accepted energies ' ' for these states are 2647.9±0.2 

and 2614.6+0.1 keV, respectively. For the case of 2 0 4 P b the identification 
is not immediately obvious and this is discussed in section 3.2. 

From inspection of fig. 2 it is apparent that since the strong 
lead groups are known to correspond to 3" states it is plausible +.hat 
the states in the mercury isotopes at about 2.6 MeV, including both members 
of the doublet in 1 9 8 H g , are also 3" states. 
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An interesting difference was noted in comparing the ^'•Hgfa.a') 

spectrum at 171° with those of the other mercury isotopes. In the 2 0 ,»Hg 

spectrum there were only two inelastic scattering groups observed 

between those corresponding to the 2 first excited state at 437 keV 

and the putative 3" state at 2674 keV; these two groups correspond to 

excited states in 2 0 U H g at 1128 ± 5 and 2272 ± 5 keV. This 

contrasts with tiie other three mercury isotopes where at least five groups 

were seen in the corresponding excitation region. This apparent paucity 

of low-lying levels in ? 0 l fHg was significant in the analysis of re

orientation measurements on 2 0 t |Hg carried out recently in this laboratory . 

3.2 Identification of the 3", Octupole-Vibrational State in 2 0 t fPb 
151 In the recent compilation by Schmorak 'of experimental data 

on the levels of A = 204 nuclei, the adopted value for the excitation 

energy of the first 3" level of 2 0 l tPb is given as 2627.1 ±0.3 keV. This 

energy, and the spin and parity assignments, are said to have been obtained 

from an evaluation of studies of the B-decay of ZOhBi by Cross and by Kao. 

Apart from being reported in this compilation, neither of these studies 

appears otherwise to have been published. In addition, a level in the 

vicinity of 2.63 MeV excitation has been observed to be strongly populated 

in the inelastic scattering from 2 0 1*Pb of protons, deuterons, a-particles 

and electrons [refs. » b» l b"'-/] g p ^ in each case, it is deduced or 

assumed that this is the 3" octupole-vibrational state. In none of these 

cases however is a precise value of the excitation energy, with an appropriate 

uncertainty, explicitly stated. In measurements J" 2 Q 1*Pb(d,d'), 
51 Bjerregaard et al. ' give E x = 2634 keV, but it is not clear whether 

201 or not this value was determined by them . If it was, then the 

uncertainty was presumably ±12 keV. Ungrin et al. ', also studying 
2 0 4Pb(d,d'), obtain E x - 2618 keV for the 3" level bu* give no uncertainty. 

However, the energy resolution in this work was high (3-10 keV F.W.H.M.), 
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and the agreement of their measured excitation energies, for the more 

strongly populated levels, with precise values for other levels -n 2 0 , , P b , 

and in other nuclei they studied (e.g. 2 0 6 » 2 0 8 P b ) , is generally better 

than 4 keV. I t therefore seems reasonable to assign an uncertainty of 

±3 keV to their excitation energies. 

In the present work on ^'•Pbfa.a') at back angles, the most strongly 

populated excited level is found to be at 2617 ± 3 keV. The large cross-section 

in inelastic scattering strongly indicates that this is the 3", octupole-

vibrational le.el and the excitation energy is in excellent agreement with the 

value of Ungrin et a l . '. I t does not however agree with the value of 
151 2627.1 ± 0 . 3 keV adopted by Schmorak '. In Schmorak's compilation the 

2627.1 keV level is shown as being fed by a 0.17% electron-capture branch in 

the decay of the »T = 0 , ground state of 2 0 U B i with a log f t value for the 

transition of 9.34. I f S" = 3" for the 2627.1 keV leve l , then this log f t 
21) value i s , according to the rules proposed by Raman and Gove , far too small 

for a third-forbidden, non-unique transition. We therefore conclude that the 

3' octupole-vibrational level in 2 Q l | Pb is at E x = 2617 ± 3 keV rather than at 

2627.1 keV, and that the latter level appears not to have J 7 1 = 3". 

3.3. Angular Distributions 

Angular distributions have been measured at 27 MeV incident a-particle 

energy for elastic scattering from 206,208pb a n ( j 2 0 ^ ( f i g . 3 ) f a n < j f o r 

inelastic scattering to the well-known f i rs t 2 + states of 20<*,206pD and 
20'»Hg ( f i g . 4 ) , and to the known 3" states in 204,206,208P b a n d t h e 

2.674 MeV state of 2 0 l | Hg ( f i g . 5) . 

The calculated distributions in each of these figures were obtained 

on the assumption that the states are represented by collective surface 

vibrations. The calculated cross-sections shown for the elastic scattering and 

3" state excitations were obtained in a 0 + - 3" coupling scheme, whilst 

the 2 + state predictions were obtained from a 0 + - 2 + coupled 
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channels calculation. In both cases the coupled channels code ECIS79 [ref. '] 
was used. The coupling potentials were generated in the harmonic vibrator, 
extended optical model, with the expansion of the potential to second o r d e r ' 
in the collective co-ordinates a„ . 

The scattering potentials used in the coupled channels analyses 
are of two forms. The first, designated the "Global Potential" in table 3, 
is taken from the fit by Bamett and Lilley 2 4* to 19, 20 and 22 MeV 
a-particle scattering from 2 0 8 P b and 2 0 9 B i . The results using this 
potential are shown in figs. 3-5 by the broken line. The solid line results 
in figs. 3-5 use the potentials designated "Fitted" in table 3. These have 
been obtained by making an optical model fit to the 27 MeV elastic scattering 
data from 2 Q t*Hg and 2 0 6 > 2 0 8 P b , U S i n g the optical-model-parameter search code 

95) SOPHIE [ref. ' ] . In each case the searches were unconstrained, although 
each used the global potential as a starting point and so precluded the use 
of potentials with a volume, rather than surface, absorption form. Finally 
the coupling strengths B» used in each calculation are given in table 4 and 
have been adjusted to give the optimal fit to the data in each case. 

The predicted distributions of the elastically scattered a-particles, 
fig. 3, using the global potential (broken line) fit well for angles 0 < 90°; 
however they underestimate the cross section at larger angles. The predicted 
distributions using the fitted potentials (solid line) remove, in part, the 
large angle descrepancy. No attempt was made to refine further the 
predictions by detailed adjustment of the potential used in the coupled 
channels program, as such detailed fitting was deemed beyond the scope of the 
present work, the principal motivation of which was to confirm the 3" spin 
assignments in the isotopes under study. 

For the distributions of the groups leading to the first 2 + 

states of 2on,206 P b a n (j 20«*Hg ( f i g - 4 ) f t h e f a n - 0 f f with angle of the 
predicted distributions is in agreement with data, although the uncertainties 
on the data points preclude a detailed comparison of the predicted structure. 
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The 3 2 values required by the fit to data are in general agreement with 

those obtained by other workers (see table 4). 

The distributions arising from the known 3" states in *o*»»206,208p5 

are shown in fig. 5 together with that corresponding to the 2.674 HeV 

excited state of 2 0 l 4Hg. There is considerable sensitivity of the predictions 

near the minimum at about 60° to the potential used. Nevertheless the 

6 3 values required by optimum fit to the data remain reasonably stable to 

the use of either a global or fitted potential, and are again in general 

agreement with those obtained by other workers (see table 4). The agreement 

of the predicted structure with the available data for all distributions 

is consistent with an assignment of 3" for all states, and in particular 

for the 2.674 HeV state of 20l*Hq. This confirms the suggested assignment 

made from fig. 2 on the grounds of systematic trends. It also adds strength 

to the probable assignment, from fig. 2, of 3" being made to the 2.709 HeV 

state of 2 0 2 H g , the 2.609 HeV state of 2 0 0 H g and to the 2.486, 2.525 HeV 

doublet of 1 9 8Hg. 

3.4 Differential Cross-Sections and B(E3) Values 

The differential cross-sections measured at a bombarding energy 

of 27 HeV and at an angle of 171° for all the strong groups corresponding 

to excited states at about 2.6 HeV are shown in table 2. Also tabulated 

are the cross-sections for the elastically scattered groups and for the 

inelastically scattered groups leading to the first excited 2* states 

(labelled 0 + and 2 + respectively). 

The 3" levels near 2.6 HeV excitation in 20«.,206,208Pb w nich are 

strongly populated in inelastic a-scattering are commonly attributed to 

one-phonon octupole vibrations and this has been used (sections 3.1 and 3.3) 

to infer the same structure for states with similar properties in 

198,200,202,20^ jf t n j s interpretation is correct one would expect the 

cross-section for inelastic a-scattering to be proportional to the 
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corresponding B(E3) values between ground state and the 3" state in each 
case '. It is therefore of interest to compare the 171° differential 
cross-sections obtained in the presentwork (table 2) with the B(E3) values 
measured independently by Coulomb excitation ''_ Thus for 2 o a P b , 2 0 6 P b 
and 2 c l*Pb, these cross-sections are in the ratios 1 : 0.90*0.07 : 0.81 ±0.07 
respectively compared with the corresponding ratios for the 3(E3) values of 
1 : 0.99 ±0.08 : 0.98 ±0.08. The agreement between these ratios is 
consistent with the vibrational model interpretation of the structure of 
the 3~ states in the three lead isotopes. Unfortunately such a comparison 
cannot be made for the mercury isotopes as the B(E3) values have not yet 
been measured. 

4. Discussion and conclusions 
The measured energy spectra of a-particles inelastically scattered 

at 171° from i98,2oo,202,2o«.Hg a n d f r m 20*.,206,206Pb a t bombarding energies 
of 24 and 27 MeV all show prominent excited states at an energy of about 
2.6 MeV. For the lead isotopes these have been identified with well known 
3" octupole vibrational states. Angular distributions measured for 
inelastic scattering to the 3" states of 20«.,20&,208pD a n ( j t 0 t n e observed 
2.674 MeV state in 2 0 >*Hg are in good agreement with octupole phonon coupled 
channels predictions, and so support a 3" assignment for the : o u H g state. 
This assignment strengthens the suggestion, made on the grounds of systematic 
trends, that the observed groups in 1*8,200,202^ may a i s o be attributed to 
octupole vibrations. 

Such a conclusion implies that the characteristics of tne octupole 
core vibration remain remarkably stable as one moves towards lower masses 
from the doubly closed shells at 2 0 9 P b . The octupole vibrational strength 
appears to be concentrated in a single state in each of the even mass nuclei 
from 2 0 8 P b to 2 0 0 H g , with the excitation energy varying by less than ICO keV 
from that for ? n e P b (see table 2). At 1 9 8 H g the octupole vibration appears 
to fragment into two states, but even then the splitting is small (39 keV). 
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This fragmentation may be a response (possibly retarded) to increasing 
deformation, similar to that noted by Bernstein ' for the rare earth 
nuclei. Overall, the evidence presented in this paper suggests that the 
particle-vibrational coupling is weak throughout the mass region under 
consideration, even for nuclei with as many as 10 holes in closed shells. 
This is in contrast to the situation above mass 208 where, although 2 0 9 B i 
shows weak coupling, strong coupling is apparent for 2 0 9 P b and 2 1 0 P b , 
[ref. ' ] . It is noteworthy that, whereas the collective octupole 
vibration apparently maintains a consistent character from 2 0 8 P b to 
2 0 0 H g , the quadrupole excitation energy E x(2j +) changes substantially 
between lead and mercury (see, for example, fig. 2) as also do the values, of 
B(E2; Qx+ •* 2i+) [refs. 1 4 ' 2 9 > ] . it would be of considerable interest to 
measure the B(E3; 0 + -»• 3 ") values for the putative 3 X" states in the 
mercury isotopes. 

The authors are grateful to Messrs. P. Mattiske and C.J. Rennie 
for their assistance in data collection and analysis. One of us (RS) 
wishes to acknowledge correspondence with Dr J. Raynal (Saclay) concerning 
the use of his coupled channels code ECIS79. 



Table I 

Isotopic abundances [%) and target 
thicknesses (yg cm" 2) 

Isotope 
Target 

Isotope 
i^Hg 200Hg 2 0 2 H g 2 0 4 H g 

198 92.69 ± 0.1 1.03 ± 0.05 0.09 ± 0.03 0.98 ± 0.05 

199 5.18 ± 0.05 3.17 ± 0.05 0.22 ± 0.03 1.71 ± 0.05 

200 1.10 ± 0.03 88.58 ± 0.12 0.65 ± 0.03 2.45 ± 0.04 

201 0.40 ± 0.03 3.26 ± 0.05 2.35 ± 0.03 1.78 ± 0.05 

202 0.54 ± 0.03 3.36 ± 0.05 96.32 ± 0.1 9.05 ± 0.1 

204 0.09 ± 0.03 0.59 ± 0.05 0.37 ± 0.03 84.03 ± 0.1 

Thickness 9.0 ± 
10.9 ± 

1.0 
1.2 8.4 ± 1.7 14.5 ± 1.5 6.3 ± 0.8 

5.3 ± 0.7 

Isotopic compositions of the mercury targets were taken from the assays provided 
by the supplier, Oak Ridge National Laboratory. The thicknesses are for the 
targets used in the energy level and 171° cross-section measurements. 



TABLE 2 

II. 

Excitation energies (keV) of the known and probable 
3~ states, together with 171° differential cross-sections 
(yb/sr) measured at 27 MeV bombarding energy. 

1 9 8 H g 200 H g 20 2Hg 20«»Hg 20<* P b 206pb 208p b 

F / 2 4 8 6 ± 3 \ 
L x )2525 ±3 / 2609 ± 3 2709 ± 3 2674 ± 5 2617 ±3 2644 ± 2 2612 ±3 

! a ) " ^ 40 ±4 47 ±5 43 ±6 126 ±8 141 ±8 156 ±8 

Mo* 6 7 0 ± 8 ° 480 ± 50 490 ± 50 370 ± 60 980 ± 60 980 ± 50 950 ± 50 

[ i ] 2 + " « * * 113 ±13 81 ±9 45 ±8 45 ±3 31 ±2 — 

a) Differential cross-section for the known and probable 3" states. 

b) This is the combined cross-section; the stronger component at 
2486 keV has a cross-section of 0.65 + 0.12 of the combined 
cross-section. 



TABLE 3 

Optical Model Potentials 

Potential 
V 

(MeV) 
rR 

(fm) 
aR 

(fm) 
W s 

(MeV) 
r I 

(fm) 
a I 

(fm) 

rc 
(fm) 

Global 96.44 1.376 0.625 32.0 1.216 0.42 1.2 

Fit ted 2 0 8 P b 98.37 1.371 0.621 30.84 1.262 0.445 1.2 

Fit ted 206 P b

a ) 100.29 1.370 0.623 31.56 1.267 0.424 1.2 

Fitted 201*Hg 98.27 1.353 0.620 31.27 1.239 0.446 1.2 

a) The potential for 2 0 6 P b has been used in the calculations 
shown as solid lines in figs. 4 and 5 for 2 0 1 |Pb, because 
elastic scattering data for 2 0 1 tPb were not available. 
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TABLE 4 

Deformation Parameters of First 2* and 3" States 

Nucleus 
6 2 *3 

Nucleus 
Global 
Potential 

F i t ted 
Potential 

Previous 
Work 

Global 
Potential 

F i t ted 
Potential 

Previous 
Work 

208p b — — — 0.106 0.106 0.116 a ) 

0.0970b) 
0 .10 c ) 

0.11d> 

206pb 0.033 0.033 0.033 a ) 

0.050 b ) 

0.101 0.099 0.117 a ) 

0.0911 b^ 

204p b 0.039 0.039 0.042 a* 
0.057 b ) 

0.029 c ) 

0.094 0.091 0.117 a ) 

0.0878b) 
0.059C^ 

2 0 "Hg 0.061 0.061 0.068a^ 0.070 0.076 — 

a) 

b) 

c) 

d) 

From Coulomb Excitation B(E2) and B(E3) values 
assuming the Vibrational Model; refs. 14,27,28,29), 

From (a,ot'); refs. 

From (d,d'); refs. 

From (p,p'h ref. 

6,18) 

5,30) 

3D 
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FIGURE CAPTIONS 

Energy spectra obtained for the inelastic scattering of 
27 MeV alpha particles from 1 9 8 H g and 2 0 l |Hg. The two 
spectra shown do not have the same dispersions. Excitation 
energies (in keV) indicated for some of the peaks were determined 
from calibrations obtained using the Oj and 2 groups and 
elastically scattered groups from 35,37Q] a n (j 325; the 
latter groups occur at energies smaller than the low energy 
limits used in the plots. It is estimated that the excitation 
energies shown are accurate to ±5 keV or better. 

Composite linear plot of spectra obtained at 27 MeV bombarding 
energy and 171° for the inelastic scattering of a-particles 
from targets of 198,200.202,204 H g a n d 204,206,208 P b. T h e 

yield scales of the spectra have been normalised so that all 
the elastic peaks have the same height. 

Angular distributions for elastic scattering of 27 MeV 
a-particles from 2 0 1 ,Hg and 206,208pb# -|-ne curves are 
coupled-channels predictions described in the text. 
Statistical errors are smaller than the size of the data points. 

Angular distributions for inelastic scattering of 27 MeV 
a-particles exciting the 2J states in ^ H g and 204,206 P b 

at excitation energies of 437, 899 and 803 keV respectively. 
The curves are coupled channels predictions described in the 
text. 



^ . 

Angular distributions for inelastic scattering of 27 MeV 
a-particles exciting the 3i states of 20«»,20G,208pb a t 

excitation energies of 2617, 2644 and 2612 keV,respectively, 
and the 2674 keV state of m H g . The curves are coupled 
channels predictions described in the text. 
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