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Abstract: 

Rotational bands built on 1, 3 and 5 quasi-particle (qp) states in 1 7 3 Hf 
have been populated to medium and high spins through the 1 6 0 Gd ( 1 80,5n) 
reaction. The lqp bands, previously identified as the 1/2" [521], 5/2~ [512] and 
7/2* [633] (mixed ii3/2> Nilsson configurations, have been extended past the 
first back-bend and show different alignment properties, possibly originating 
from deformation differences. The multi-particle states were identified from 
excitation energies, the properties of their associated band structures and 
decay patterns. The 3 qp states are the previously known K* 19/2+ and 23/2-
isomeric states originating from the 7/2* [633] quasi-neutron coupled to the 6 + 

and 8~, 2-quasi-proton excitations and a K* = (13/2+) state possibly containing 
the three lowest quasi-neutrons. A 5 qp state with K* = (29/2T) was identified 
as the same three lowest lying quasi-neutrons coupled to the 8~, 2-quasi-
proton excitation. The low excitation energies of these two related 3- and 
5-quasi-particle states implies a reduced neutron pairing gap, which can be 
attributed to the effect of blocking. 

NUCLEAR REACTIONS 1 6 0Gd (1 80,5n), E=88 MeV, measured 
Y-y-coinc, y-y(t), 7(6), 1 7 3 Hf deduced levels, K*J«, t m . 1, 3 and 5 
quasi-particle states, configurations, rotational bands, 
alignments, g-factors. 
NUCLEAR STRUCTURE Blocking calculations, effective pairing. 
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1. Introduction 

The Hf isotopes are of particular interest because of the presence of 

multi-particle deformation aligned states, which in this region of the periodic 

table can compete with the rotationally aligned 0 or 1 quasi-particle bands. 

The study of the Hf isotopes accordingly yields nuclear structure information 

on a range of topics, including the effective pairing energy as a function of 

quasi-particle excitations and the neutron-proton residual interactions. 

Many of the isotopes have been studied previously, with increased sensitivity 

in later years, reflecting the technological advances in high-spin gamma-ray 

spectroscopy 1 _ 1 1 ) . 

The 1 quasi-particle states of 1 7 3 H f have been investigated previously in 

the decay of 1 7 3 Ta (refs.U.H) and through the 1 7 1 Yb (o,2n) reaction"). The two 

lowest 3 quasi-particle states (both isomers), involving 2-quasi-proton 

excitations, were reported by Dracoulis et al7> in a (HI,xn) study, together 

with fragments of the rotational bands built on these states. Walker et al10> 

have measured the g-factor of one of these isomers in a stuuy of light Hf 

K-isomers. 

In this paper we present a new level scheme for 1 7 3 H f in the spin and 

excitation energy ranges up to ~30 units of ft and ~7 MeV respectively. We 

have extended the rotational bands associated with the 1 quasi-particle states 

to spins between 25 and 30, confirmed and extended the rotational bands based 

on the previously known 3 quasi-particle isomers and identified one additional 

3 quasi-particle state and part of its associated rotational band. We have also 

identified a short-lived state and the first 6 members of a rotational band based 

on it, a state which we associate with a 5 quasi-particle (3 quasi-neutron, 

2 quasi-proton) configuration. 

With the extended spin-range, the alignment properties of the bands 

bated on the 1 quasi-particle states can now be followed past the first back* 
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bend. The three bands are remarkably different in their properties - the 

change in critical frequency between the two negative parity bands suggests 

possibly large deformation differences. Further, although the AB neutron 

crossing is absent in the positive parity band due to blocking, the alignment 

curves still show structure: The relative alignment of the two signatures 

changes sign twice, an effect also seen in the N=101 isotope 1 7 7 O s (ref 1 5 ) ) and 

several other systems, and an overall gain in alignment of both signatures is 

evident. 

We have also searched for long-lived states similar to the 1.2 us 

K* = 3572" 5 quasi-particle isomer known in 1 7 5 H f (ref 9>). The outcome of 

this search was negative. This is consistent with the trend in excitation 

energy for the high-spin 4 and 5 quasi-particle states with decreasing neutron 

number n ) . Presumably the excitation energies of these states are so 

unfavourable relative to the 1 and 3 quasi-particle bands that they receive no 

significant feeding, within the limits of our present sensitivity. 

2. Hipwiinental Techniques and Data Reduction 

2.1 CHOICE OF REACTION 

The previous (HI,xn) study of l?3rlf (ref 7>) used the 1 6 4Dy(i3C,4n) and 
1 6 8Er( 9Be,4n) reactions. Higher input angular momentum is available using 

a 5n reaction and of the possible beam/target combinations, the 1 6 0Gd( 1 8O,5n) 

reaction was chosen as the most feasible. 

Three spectroscopic measurements were made with beams of 1 8 0 from 

the ANU 14UD Pelletron accelerator and the same target, a 96% enriched 

4 mg/cm2 self-supporting 1 6 0 G d foil, sufficiently thick to stop the recoiling 

reaction products without additional backing. A beam-energy of 88 MeV was 

chosen, approximately balancing the yield to the well-known 6,11,16,17) 

neighbouring even-mass isotopes (4n and 6n channels). 
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12 T-yTIME 
The first experiment was a f-y-time coincidence measurement, using 

two Compton suppressed High-Purity Germrnium (HPGe) detectors and a 
small volume Low Energy Photon Spectrometer (LEPS) detector. The beam 
from the ANU HUD Pelletron accelerator was pulsed (-2 ns on, 1 us off). 
Time differences between the pair of HPGe detectors, or one HPGe detector 
and the LEPS detector were recorded as well as the time of one Ge detector 
with respect to beam-pulsing system. A valid event was defined as a 
coincidence between any pair of two detectors in the time range of ±lus. 
Gamma-energies and times were written to tape in event-by-event mode for 
subsequent off-line analysis. 

13 T-RAY ANGULAR DISTRIBUTIONS 
The second experiment measured the f-ray angular distributions using 

a chopped beam (1 ms on, 1 ms off). One HPGe detector was fixed at a 
backward angle as a monitor while the other HPGe detector and the LEPS 
detector were moved in 10° steps from 30° to 90° relative to the beam-axis. 
Routing of the in-beam and out-of-beam signals allowed the separation of 
activity contaminants. 

2.4 LONG RANGE (40 us) y-BEAM TIMING 
The final experiment was intended to search for long-lived isomers. 

The target was placed in the centre of CAESAR, the ANU Compton-
suppressed detector-array 1 8 ) which comprised 6 HPGe detectors and one 
LEPS detector. The beam chopping was set for 0.5 us on , 43 us off, and all 
events in a 0.6 us wide time-window around the in-beam region were vetoed by 
hardware. A synchronized ramp generator was used to produce a time-



6 

related amplitude signal necessary because of the long time-range. The 

technique is described in ref.19>. 

As mentioned in the introduction, none of the known transitions in 
1 7 3 H f showed significant long-lived components. From the results we deduce 

that no isomers receiving more than 1% feeding and having lifetimes shorter 

than -60 us were populated. 

2JS DATA REDUCTION 

2.5.1. y-y-time coincidences. The data from the f f time experiment 

were sorted into several 2-dimensional fY matrices from which Y-ray spectra 

could be projected, gated on fray energies. Each matrix corresponded to a 

different relative time-difference between the gating and projected frays. 

Although a 3-dimensional matrix with the relative time on the 3rd axis was 

also constructed, allowing the projections of gamma-ray spectra gated on both 

the other fray energy and any given relative time-range, a full-resolution, 

full-range (4Kx4Kx2K channels) 3-dimensional matrix was impractical. The 

3-D matrix was restricted to fray energies from 0 to ~ 1000 keV at half the 

original resolution (~ 1 keV per channel rather than 0.5 keV per channel), 

with the time-axis compressed to approximately 22 ns bins, yielding a matrix 

of a manageable size, 1KX1KX128 channels). Although restricted, it still 

allowed separation into narrow prompt (±20 ns), short delayed (-20 to -70 ns), 

short early (+20 to +70 ns), prompt (±180 ns) long delayed (-300 to -700 ns) and 

long early (+300 to 700 ns) time-regions for most lines. 

The matrix was packed into a variable-precision array, substantially 

decreasing the required computer-disk space, using a technique described in 

ref.20>. 

2.5.2. yray angular distributions. The angular distribution spectra 

were normalized to the fixed monitor detector, peak-areas were extracted for 

each energy and angle and the angular distributions fitted to 4th order 
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Legendre Polynomials. Due to the high density of transitions in the spectra, 
reliable angular distribution coefficients are only available for the strongest, 
well-resolved lines in the level scheme. For most bands, several of the main 
transitions fall in this category, allowing the intensities of the other 
transitions to be determined through relative coincidence rates normalised to 
the Ao coefficients of the stronger lines. 

More than 170 transitions have been placed in the 1 7 3 Hf level scheme in 
or between 8 rotational bands. About 50 of them were previously assigned to 
1 7 3Hf. The new transitions show coincidences both with the characteristic Hf 
X-rays and with previously assigned structures. The transition energies, 
relative intensities and initial and final level energies and spins are listed in 
table 1. Table 2 lists the obtained angular distribution coefficients. 

The level scheme is presented in fig. 1. Individual bands will be 
discussed briefly in the following subsections - a summary of the band-head 
excitation energies, lifetimes and assignments is shown in fig. 2. 

3.1 ONE QUASI-PARTICLE STATES 

The 1 quasi-particle states have been known since the first studies of 
1 7 3 Hf and our results confirm those assignments. Representative (composite) 
y-ray coincidence spectra are shown in fig. 3 and fig. 5. Note that "time walk" 
in the large detectors causes time/intensity distortions for the low energy 
transitions. 

3.1.1 The negative parity bonds (1/2T [521J and 5/2T [512]). The Strang 
decoupling of the band based on the ground state, characteristic of K»l/2, is 
evident in figure 3a which shows a gate on the 502 keV transitions. The value 
of the decoupling constant, a, is 0.82 ft, in agreement with both theoretical 
predictions and the experimental values in the other uuclei in which 1/21521] 
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bands are known. The decoupling constant remains fairly constant to high 

spin, as is the trend for all N 2 101 nuclei surveyed in ref.*1*. in contrast to the 

Nx99 isotones which have been shown to display a strong: increase of a with 

spin. The favoured signature of this band backbonds at f»<u - 0.31 MeV, but 

the other signature does not backbond. This and the relatively high crossing 

frequency of the favoured signature are discussed in sect 4.4. A side-band is 

connected to the favoured signature sequence at spins 17/2", 21/2", 2572~ and 

in the back-bending region where it also connects to the a = +1/2 signature of 

the 5/2~ [512] band. This side band is a likely candidate for the yrarc extension 

of the S-band. Since no angular distributions are available for any of the 

connecting transitions, the spin and parity assignments are uncertain. 

The regularly spaced band (fig. 3b,c) baited on the 106.7 keV level has 

been assigned to the 5/2T [512] Nilsson orbital. The band-head is isomeric 

with a meanlife of 260 ns (ret 1 3)) and decays to the 5/2" and 3/2" members of 

the 1/2~[521] orbital. At high spin, both signature sequences (a = -1/2, 

J* = 7/2", 11/2", 15/2"... and a = +1/2, J* * 5/2", 9/2", 13/2" ...) are observed 

through the region of the first backbend. The a « -1/2 sequence is observed to 

high spin (limited only by Doppler broadening) as can be seen from fig. 3(b). 

The intensity in the a * +1/2 sequence, represented in fig. 300, however dies 

away and the band could not be as successfully extended. The apparent 

fragmentation of intensity is due to interference from the a * +1/2 sequence of 

the 1/2" [521] band whose states fall close to those of the 5/2" [512] band. [The 

a * -l/2sequence remains unaffected because the signature splitting in the 

1/2" [521] band makes the corresponding states remote.] Merging of the three 

a » +1/2 sequences is illustrated in fig. 4 in a plot of excitation energies versus 

J(J+1). 



9 

3.1.2 The 712+[533] (mixed iJ3/2 neutron) band. The 196.3 keV level has 
a meanlife of 230 ns (ref. *3>). It dVcays to the 106.7 keV level through an 
intense 90.1 keV transition. The balance between the conversion-corrected 
intensities of the band built on the 196.8 keV level and the 90.1 keV transition 
requires a conversion coefficient for the latter of (1+a-r) = 1.43(9), in good 
agreement with the theoretical value for an El transition (1.47) and ruling out 
alternative multipolarities. The angular distribution for >iw 90.1 keV 
transition is attenuated due to the isomeric lifetime, but is consistent with a 
stretched dipole. The spin and parity of the 196.8 keV level must therefore be 
7/2-*-. The band built on this level is irregular (fig. 5a) while its apparent 
moment of inertia (sect 4.1) shows the hyperbolic dependence with rotational 
frequency, characteristic of the Coriolis mixed bands based on the iia/z 
neutron configurations. The neutron Fermi-surface lies near the 7/2* [633] 
orbital which is expected to be the dominant component at low spins. Several 
lines feed the band between spins 13/2*- and 23/2+ (fig. 5b,c), depopulating a 
number of isomeric levels and associated rotational bands. 

3.2 THREE AND FIVE QUASI-PARTICLE STATES 
The remaining rotational bands are associated with multi-quasi-

particle states all of which are proposed to have the 7/2* [633] (mixed iia/2) 
quasi-neutron as one component. This is evident from their apparent 
moments of inertia (sect 4.1), which group with the curve of the 113/2 band 
rather than with the 5/2" [512] band or the yrast bands of the even-even 
neighbours. Representative y-ray coincidence spectra for these bands are 
shown in fig. 6. 

3.2.1. The 1700 keV level. The level at 1699.7 keV is isomeric with a 
meanlife £ 7 ns. It decays mainly to the spin 17/2+ member of the iia/2 band 
through the intense 996.2 keV transition, but another 4 connections to tire iia/2 
bands were observed, effectively establishing its spin as 19/2+. The state is 



10 

assigned 7> as the 6*. 2-quasi-proton excitation, coupled to the 7/2* [633] 
neutron, as shown in fif . 2. The 6*, 2-proton isomers are known throughout 
the even-even Hf isotopes and the associated 19/2* isomer is also observed in 
the odd neighbours (see eg. the survey in ref. 11>). Ten new members of the 
rotational hand built on the 19/2* band-head were observed The cascading 
transitions are shown in fig. 6b. The gK-gR values, derived from fhe 
cascade/crossover branching ratios (sect 4.2) support the configuration 
assignment. 

The 6* excitation is not pure 2-quasi-proton in the heavier isotopes due 
to mixing with the (5/2" [512] w 7/2~[514))§* 2-ouaai-neutron excitation *.*> 
which is low-lying in thnt mass region. L* 1 7 5 Hf (ref. w>) this impurity is 
reflected in the decay of the 1972* isomer to the 5/2^512] bend m addition to ita 
decays to the \\zn band. With the lowering of the neutron Fermi-level, the 
mixing with fre 6* neutron excitation becomes leas favoured. Consistent with 
this interpretation, analogous decays in 1 7 3 Hf to the 5/2" [512] band were not 
observed. 

3.2.2. The 1981 keV level. Another isomeric lerd with a meanlife of 23 
ns is known7) at 1981.3 keV. Its only observed decay is to the spin 21/2+ 
member of the K * 19/2 band through the strong 164.8 keV transition. As at 
least 6 transitions in "3Hf and m H f fall between 162 and 166 keV, angular 
distribution coefficients are not available for the 164.8 keV transition. 
However, the very low conversion coefficient derived from intensity balances 
is consistent only with an El assignment, yielding 23/2T as the most likely 
spin for the 1981.3 keV level. Dracouhs at al. *> identified it with a 3 quasi-
particle configuration formed by coupling the 7/2* [633] neutron to the 8", 
2-quasi-protorj excitation (known in all tho neighbouhng even isotopes). The 
measured g-factor 1 0> of this isomer, 0.58(2), supports the suggested 
configuration. Eight members of its associated rotational band were observed. 
Fig. 6a shows transitions preceding the intense 164 J keV transition which 
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connects the 23/2~ and 19/2+ bands. The lines observed belong to two 

rotational bands, one associated with the 1981 keV level, the other with the 

new 2814 keV level (following subsection). 

3.2.3. The 2814 keV level. A strong 460.5 keV y-ray (clearly distinct 

from the 459.2 keV line below the 19/2+ isomer) feeds the K* = 23/2~ band at 

spin 27/2, depopulating the 2814.2 keV level which has a meanlife shorter 

than 5 ns. The angular distributions are uncertain, but on the basis of the 

decay pattern and in particular its relative population, a spin assignment of 

29/2 is the most likely. The rotational sequence built on this level (fig. 6a) has 

momentb — .uertia (sect 4.1) which clearly relate it to a configuration 

including the ii.3/2 neutron. 

The 2814 keV level does not decay to any of the 1 quasi-particle band J, 

and since none of the 2 quasi-particle combinations available near the Fermi 

surfaces can yield the additional 11 units of spin needed to make 29/2, it must 

be a 5 quasi-particle excitation. Given its short lifetime, a likely configuration 

is one comprising the same 3 quasi-particles as in the K* = 23/2" band and an 

additional 2 quasi-particles from the (1/2" [521] ® 5/2" [512]) neutron excitation 

(the two lowest available neutron orbitals) thus forming K* • 29/2". The 

transition from the 2814 keV level would then be analogous to the decay from 

the K" = 3+ band to the yrast band in 1 7 4 Hf (ref1!.^)). The neutron character of 

the additional qua*i-particl?« *'« reflected in a drop in the in-band gK*£R 

values of the K* = 29/2 band relative to those of the K* • 23/2" band (see 

section 4.2). 

3.2.4. The 1077 keV level. A few levels in a weakly populated rotational 

band based on a level at 1077keV were identified. The band receiver its 

population from the 19/2+ isomer, mainly via the 345.2 keV line and it 

f ubsequently decays to the 7/2+ [633] band through a number of transitions. 

Details of the prompt coincidences with the 345.2 keV line are shown in fig. 

6c. The spin of the suggested band-head at 1077 keV must either be 13/2 or 
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15/2, the former being favoured due to its weak population. There is no 
1-quasi-particle state with spin 1372 near the N=101 Fermi surface, leading us 
to associate this level with a 3 quasi-neutron state. The lowest lying of these 
expected is the (7/2+ [633] ® 1/2" [521] $ 5/2" [512]) combinaUon which couples 
to K* = 13/2+ in agreement with our observations. This configuration 
contains the same 3 quasi-neutrons as the proposed K* = 29/2" 5 quasi-particle 
level discussed above. The excitation energy of the 1077 keV level relative to 
the 7/2+ [633] band-head should therefore be approximately the same as the 
2814 keV level relative to the 23/2" band-head. The corresponding energy 
separations are 880 keV and 833 keV respectively, the difference being 
attributable to the additional proton-neutron residual interaction in the 
5 quasi-particle state (sect 4.3). 

In i7*Hf the K* * 3+ band (the equivalent of the K* = 13/2+ b_nd) 
discussed in the previous section is fed in a similar way from the 6 + isomer 
(the equivalent of the 19/2+ isomer 17>), supporting the suggested assignment. 

4. Discussion 

4.1 MOMENTS OF INERTIA 
A convenient way to examine and categorize the contents of the 

different band configurations is to plot the apparent moment of inertia: 

2 f 2I/E(I-> I-i) cascade 
2 9 / h s l(4I-2)/E(I-» 1-2) crossover (K#0) 

against the square of the rotational frequency 

|4(l2-K2)/(2JJ/f|2)2 cascade 
a * m \4(lM+l-K2y(2a/lW crossover 
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The results are shown in fig. 7 (only one signature of each of the lqp bands is 

shown for clarity). The presence of rotation-aligned components in the 

configurations gives rise to an additional term in the expression for the 

moment of inertia, proportional to Ix/fia> where I x is the intrinsic aligned 

angular momentum. This term gives the moment of inertia as a function of 

the square of the frequency, a negative slope at low frequencies (through the 

hyperbolic dependence) which separates the bands into two distinct groups. 

The distinction is not fundamentally different from that obtained by 

examining the net aligned angular momenta (sect 4.4), but yields a clearer, 

reference independent and well separated picture - from the figure it is 

evident that the multi-particle bands group with the positive-parity 1 quasi-

particle band which has rotation aligned components as a result of Coriolis 

mixing. It is therefore reasonable to infer that their configurations contain 

the 7/2* [633] (mixed ii3/2) neutron coupled to different 2 and 4 quasi-particle 

excitations. (Although the aligned hg/2 proton configuration could be an 

alternative component, it would only come in through a 2 quasi-particle 

excitation.) 

4.2 g-FACTORS 

The configuration assignments of the quasi-particle states are also 

based on their g-factors. That of the 23/2" isomer has been measured 10> 

using the perturbed angular distribution method, but the other multi-particle 

states are too short-lived for this method to be practical. The g-factors can, 

however, also be estimated from the in-band decay properties of the rotational 

bands. The ratio (gK-gR)/Qo can be derived from the formula: 

A M r t E(I->I-1) 1 
g K - g R . 0 . 9 3 Q o - ^ = - -
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where 8 is the mixing ratio of the cascading transitions and Qo is the static 

quadrupole moment. The values of S can be obtained either directly from the 

angular distributions or from the crossover-to-cascade gamma-transition 

strengths through the rotational model, assuming (relatively) pure K. The 

latter method does not yield the sign of 5, but the angular distributions of 

selected transitions (table 2) yielded unambiguous signs (8 —0.3 to 5 —0.5 for 

the 1 quasi-particle bands, and 5 -+0.25 for the 3 and 5 quasi-particle bands). 

A value of Qo of 7.1 b was used in the analysis. 

4.2.1. The one quasi-particle bands. The gR-gR values derived for the 

5/2" [512] and 7/2* [633] bands are shown in the lower panels of fig. 8. The 

weighted average of -0.586(4) for the 5/2" band agrees with the predicted 

value for 5/2" [512] configuration and excludes the alternative assignment to 

the 5/2" [523] configuration which is also near the N=101 neutron Fermi 

surface, but has a value of gK-gR around zero. The collective contribution, 

gR, is not very well known, but we will in the following, use an empirical 

value of 0.25, obtained from the assumption that the 572~[512] band has the 

theoretical value of gK = -0.34. (This value of gR is in agreement with those 

obtained for ground-bands of the even-mass isotopes 2 3 ) ) . The value for the 

positive parity band of gK - gR * -0.312(2) then corresponds to an empirical 

gK value for the "7/2* [633] neutron" of -0.06. We have used this value in the 

following evaluation of the multi-particle states rather than the theoretical 

prediction for this particular configuration because of the Coriolis mixing of 

the 7/2* [633] band. By using the experimental 1 quasi-particle value, the 

effects of this mixing are approximately included. 

4.2.2. The three and five quasi-particle bands. The gK-gR values of the 

19/2+, 23/2" and 29/2" bands are shown in the upper panels of fig. 8. The 

weighted averages are +0.34(2), +0.37(1) and +0.17(1) corresponding to gK 

values of +0.59(3), +0.62(2) and +0.42(2), respectively, using the above 

mentioned gR value. (These valuet may represent a lower limit since larger 
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gR values are reported in the bands cf the 2 quasi-proton excitations of the 

heavier even neighbours — see eg. 10>). By adopting the measured gx values 

for the 2 quasi-proton states as found in 1 0 \ the empirical value for the 

7/2+[633] orbital and theoretical values for the 1/2~[521] and 5r[512] 

components and assuming additivity: 

K* gR = ICgit + Q • go + (Q'* go' + ...) 

where K' and git are the K-value and the g-factor respectively of the 2 quasi-

proton state, the expected values for the 3 bands can be calculated as +0.61, 

+0.71 and +0.52 respectively. The measured value for the 19/2+ band is in 

excellent agreement with the prediction and further confirms the purity of the 

6+ proton configuration. The agreements for the two other bands are not as 

good, though definitely within the uncertainties of the analysis. The 

important feature to note, however, is that the difference between the two 

components, which is independent of gR, is reproduced well, strongly 

supporting the suggested assignment of the 5 quasi-particle state. 

The population of the proposed 13/2+, 3 quasi-neutron band is too weak 

to allow the determination of the in-band g-factors. The strength of the one 

cross-over transition observed implies a high numerical value of gR-gR» in 

agreement with the expected value of —0.4, although the sign of the mixing 

ratio cannot be determined. 

4.3 EFFECTIVE NEUTRON PAIRING AND RESIDUAL INTERACTION 

From the observed quasi-particle spectrum, the effective neutron pair 

gap, Ay* for the 3+ excitation, and its residual interaction with the protons in 
f 

the 8" excitation, V (xv), can be derived: 
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Ed3/2+)-E(7/2+) = 880 keV = E(3*) + 2A V 

E(29/2~)-E(23/2"~) = 833 keV « E(3*) + 2A V + V (xv> 
v » res 

or alternatively 
E(23/2~)-E(7/2+) = 1784 keV = EiB^+2^ 

• 

E(29tf~)-E(13/2+) = 1737 keV s WJ + 2A« + V^xv) 

where E(K) are the excitation energies of the K band heads1 and E(3y) and 

12(8̂ ) are the energies of the 3 + neutron and 8~ proton quasi-particle 

excitations respectively. The equations give a value of the residual 

interaction, V r e s(xv) = - 47 keV. Taking E(3*) = 107 keV (the sum of the 

observed quasi-particle energies, E( 1/2" [521]) + E<5/2" [512])), the effective 

neutron pair-gap is found to be only 387 keV compared to the value extracted 

from the odd-even mass difference of 746 keV (estimated as 80% of the 3rd 

mass difference). 

This large reduction can be understood as the result of blocking of the 

three quasi-neutron states closest to the Fermi-level. The expected value can 

be evaluated from a blocking calculation, see eg 2 4>. In the calculation the 

single particle energies and unblocked Fermi level were derived from a 

Nilsson model calculation and the quasi-particle energies calculated using 

the unblocked pair-gap. The strength of the pairing force, G, was then found 

from the sum: 

Ao*G £ v(v)u(v) 

where Ao is the unblocked pair-gap and v(v) and u(v) are particle and hole 

occupation numbers respectively. The calculation of the pair-gap and the 

In the equations, the fame value of moment of inertia has been assumed so that the 
rotational contributions to the band-head energies, E(rot) • (ft/20)K, cancel. 
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quasi-particle energies was repeated, eliminating the blocked states and 

adjusting the Fermi-level to keep the particle number (sum of 2vHv)) at the 

correct value. The blocked pair-gap A\ can then be found assuming 

throughout the calculation that G is a constant. 

With deformation parameters £2 and E4 equal to the averages of those of 

the two even-A neighbours (0.256 and 0.029 respectively, as reported in 2s)), the 

above prescription yields A' = 484 keV. Although this calculation with 

nominal parameters does not agree accurately, the substantial reduction in 

pairing due to the occupation of the three orbitals closest to the Fermi-level is 

confirmed. It should also be noted that although the assumption of constant 

G is fairly good, the blocked pair-gap depends critically on the absolute value 

of G which again depends on the relative position of the single particle states 

in the Nilsson model calculation. It is particularly difficult to reproduce the 

excitation-energy of the positive parity band (from the 113/2 orbital) relative to 

the ground state. An ad-hoc reduction of the derived value of G by only 5% 

reproduces the observed value. 

A comment on the magnitude of the implied residual interaction, 

V r M (wv), between the components of the (3 y) and (8K) excitations is perhaps 

appropriate. (The 7/2y [633] - 8% residual interaction is implicitly included in 

the term "13(8̂ " in the equations above). While states similar to the suggested 

K* » 13/2+ and 29/2" band-heads have not (to our knowledge) been observed in 

any of the other odd-N nuclei in this region, the most racent work on the 

K* - 14+ isomer in 1 7 4 Hf (ref. ">) found a suggested K * 11 band-head at 3046 

keV. If this state were interpreted as the equivalent (3*), (8^) 2-quasi-proton, 

2-quasi-neutron excitation then a residual interaction of: 

V « « W - E ( i r ) - E(3+) - E(8") - -65 keV 
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would be implied, in agreement with our value. (It should, however, be noted 
that Walker et al. 17> have not made a definite parity assignment of the 3046 
keV level, nor was the decay of this level to the band built on the 8~ isomer 
reported.) 

4.4 ALIGNMENTS 
In fig. 9, the aligned angular momenta as a function of rotational 

frequency have been plotted, using the reference parameters do = 35 MeV _ 1f 2 

and4\ = 80 MeV-3fi*. This set of parameters was chosen to give a constant 
aligned angular momentum for the ii3/2 band below the backbending region 
and for the 5/2" [512] band above i t 

4.4.1. The multi-particle bands. As expected the alignments of the 
multi-quasi-particle bands (fig. 9a) remain fairly constant and from 
additivity, serve to confirm the proposed configurations. The observed values 
agree with the sums of the alignments of the 7/2* [633] G13/2 neutron) band 
plus the K* s 6 + and 8" band alignments of the neighbouring even isotopes 
6,17). 

4.4.2 The one qp bands. In contrast, the 1 qp bands (fig. 9b) exhibit 
several unexpected features which require further consideration. Both 
signatures of the 5/2" [512] band upbend sharply at fiCD » 0.275 MeV, close to 
the expected AB neutron crossing for this neutron number and deformation. 

The other negative parity band (l/2~ [521]), however, behaves differently. 
Its unfavoured signature does not back-bend while the favoured signature 
(which is offset from the unfavoured due to the decoupling) does, but only at a 
considerably higher frequency than the 5/2[512] band, ISco » 0.315 MeV. 
Unusual alignment patterns for the 1/2" [521] band were also observed 
recently in the N * 103 nucleus 1 8 1 Pt 2X>\ whereas most other known 1/2" [521] 
bands do not extend to or beyond the first back-bending region. The authors of 
ref 2 6 ) do comment on the unusual alignment, but the 1 7 3 Hf case is clearly 
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different since the crossing frequency of the favoured signature in 1 8 1 P t is 

nearly the same as that of the 5/2" [512] band in contrast with the present 

situation. Unfortunately the absence of a (sharp) crossing in the unfavoured 

signature in 1 8 1 P t cannot be confirmed because it is only identified to 

(tentatively) spin 31/2. However, a simplistic (2-band) analysis is obviously not 

valid in 1 7 3 H f since as shown earlier, there is mining between at least three 

bands and, although not observed, presumably a fourth. These are the 

1/2" [521], 5/2" [512] a = -1-1/2 bands and their partners formed by the AB 

neutron alignment. If the difference between the 1/2" [521] and 572" [512] 

crossing frequencies is not a distortion, it may be due, in part, to the 

suggested deformation-driving character of the 1/2" [521] orbital 21&), so that 

the nucleus assumes a larger deformation in the 1/2" [521] configuration in 

the present case. Further analysis would benefit from a more systematic 

investigation of the high-spin alignment properties of the 1/2" [521] bands. 

Turning to the positive parity bands, the net alignments of two 

signatures of the iia/2 band should remain constant since the only alignment 

process expected in this frequency range is the blocked AB neutron crossing. 

With the chosen reference parameters, however, a clear rise of *bout 3 ft is 

observed near fico = 0.35 MeV in both signatures (albeit more gradual in the 

a = +1/2 case). Only by changing the reference to a degree that would give 

unphysical results for the 5/2" [512] band is it possible to "flatten out* the 113/2 

curves. In any case the fine structure would still remain - the relative 

alignment of the two signatures changes sign twice in the observed frequency 

range. This feature, which was first observed in the N * 101 isotone 1 7 7 0 s 1 5 ) 

is also reported in the N * 103 isotones 1 7 9 0 s ") and 1 8 1 P t 26) and j n r e c e n t 

work on 1 8 3 P t by Nyberg et al. 28>. In that paper Total Routhian Surface (TRS) 

calculations are reported which reproduce both the variations in relative 

alignments (ascribed to different gamma-deformation changes in the two 

bands) and the position and overall gain in alignment which is assigned to 
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degenerate BC and AD quasi neutron crossings. A similar explanation was 

suggested in our recent paper on 1 7 5 O s 2 1 ) where the alignments of two 

signatures of the iis/2 band merge and also display a gain which, however, is 

smoothed out more due to the strong yrast-yrare interactions near N - 98. It 

should be noted that the iia/2 bands in the N = 103 and N = 105 isotones have a 

larger Q (9/2+[624] is the dominant configuration near the band-heads) than 

the N s 101 (and N = 99) isotones. This difference may make direct 

comparisons difficult, and since TRS calculations for 1 7 3 H f are not available, 

it is not certain if a similar explanation could account for the alignment 

properties we observe. Such calculations would evidently be very useful in 

further analyses. 

5, Summary 

The quasi-particle spectrum of 1 7 3 H f has been studied, confirming the 

previous assignments and identifying two new multi-quasi-particle states. 

Rotational bands associated with these levels were also identified or extended 

and their in-hand properties used in the identification of the configurations. 

The new levels are assigned to the 3-quasi-neutron state formed by coupling 

the lowest available states (1/2" [521] ® 5/2" [512] 8 112* [633]) and the 

corresponding 5 quasi-particle state obtained by coupling the same 3 quasi-

neutrons with the 8", 2 quasi-proton excitation. These assignments are 

supported both by the relative excitation energies and implied residual 

neutron-proton interactions and by the in- and out-of-band decay properties. 

Further, the large reduction in the neutron pairing gap implied by the level 

energies can be explained through blocking of the three orbitals closest to the 

Fermi surface. 
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The rotational bands built on the previously known 1 qp states have been 

extended to high spin, yielding different and to a certain degree surprising 

alignment results. The high-spin behaviour of the 1/2" [521] bands is not well 

understood although larger core deformations might play a role. The 

structure of the alignment curves for the mixed ii3/2 neutron band may 

originate from deformation changes in the Lwo signatures, but more extensive 

model calculations are required to gain a better understanding of the 

processes behind such changes. 
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Figure Captions 

Fig. la. Partial level scheme of 1 7 3 Hf. The width of the transitions 
represents their y-ray intensity. Bands are labelled with assigned 
quasi-particle configurations (continued in Fig lb). 

Fig. lb Partial level scheme of 1 7 3 Hf (continued from Fig la). 

Fig. 2. Quasi-particle spectrum showing the excitation energies, meanlives 
and assigned configurations of the observed band-heads. 

Fig. 3. Gamma-ray coincidence spectra of the negative parity one quasi-
particle bands: 

(a) Prompt gate on the 502 keV doublet in the 1/2" [521] band. 

(b) Spectrum combining prompt gates on the 497, 541, 555, 564, 594 
and 640 keV quadrupoles in the a = -1/2 sequence of the 
5/2" [512] band. 

(c) As for (b) with gates on the 465,522,550 and 556 keV transitions 
in the a = +1/2 sequence. 

Fig. 4. Excitation energy vs J(J+1) for the proposed a = +1/2, negative parity 
sequences. 

Fig. 5. Gamma-ray coincidence spectra of the positive parity one quasi-
particle band (7/2* [633] mixed ii3/2 neutron). All 3 frames show 
gamma-rays preceding the 90.1 keV depopulating transition, in a 
time-range of-700 to -300 ns: 

(a) The energy range from 125 to 625 keV, showing the perturbed 
band-structure. Transitions labelled in brackets are fed from 
other bands. 
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(b) Low-energy detail of the spectrum. (The Gd (target) X-rays and 
the 1 6 0 G d Coulomb excitation line appears in random 
coincidence.) Note that the Y scale is boosted by a factor of 3 for 
energies higher than 70 keV. 

(c) High energy detail of the spectrum. Note the strong 996 keV 
transition which depopulates the 1699.7 keV isomer. 

Fig. 6. Gamma-ray coincidence spectra showing the different multi-quasi-
particle bands: 

(a) Short-early coincidences with the 164.8 keV transition, showing 
the K* s 23/2" and K" = 29/2" bands and the strong connecting 
460.5 keV transition. The insert is the ŝ ane spectrum with the 
Y scale boosted by a factor of 5. 

(b) Narrow-prompt coincidences with the 116.8 keV transition, 
showing the dipole transitions in the K* = 19/2+ band. The 
transitions in the 7/2+ [633] band (marked with soiid squares) 
and the 345 keV transition to the K* = 13/2+ band appear due to 
time-walk in the detectors., 

(c) Details of the prompt coincidences with the 345.2 keV transition 
showing members of the weak K" = 13/2+ band. 

Fig. 7. Effective moments-of-inertia as a function of the square of the 
rotational frequency for the bands in 1 7 3 Hf and the 1 7 2 Hf yrast band. 
Only one signature of the 1 quasi-particle bands is shown. 

Fig. 8. gK-gR values for the different bands in 1 7 3 H f (see text). Note the 
different Y scales for the upper and lower panels. 

Fig. 9. Aligned angular momenta as a function of rotational frequency for 
the bands in 1 7 3 Hf, using a reference of do * 35 MeV" 1 * 2 and 
Oi = 80.0 MeV-^M: a) 3 and 5 quasi-particle bands, b) 1 quasi-
particle bands. 
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TABLE 1 
Energies, Intensities and Initial and final energies and spin assignments of 

transitions assigned to 173Hf 

Energy Intensity1) E(ini) E(fin) K»:») J(ini) -» J(fin) 
37.4 — 106.7 69.3 5/2-: 5/2 -» 1/2-: 3/2 
57.7 550(50) 254.5 196.8 7/2+: 9/2 -> 7/2 
69.3 12 (5) 69.3 0.0 1/2-: 3/2 -» 1/2 
80.6 284(17) 334.9 254.5 7/2+: 11/2 -» 9/2 
61.2 148(30) 81.2 0.0 1/2-: 5/2 -+ 1/2 
89.9 187 (5) 196.6 106.7 5/2-: 7/2 -» 5/2 
90.1 2267(10) 196.8 106.7 7/2+: 7/2 -» 5/2~: 5/2 
99.2 362(15) 434.5 334.9 7/2+: 13/2 -> 11/2 
114.9 164(30) 311.5 196.6 5/2-: 9/2 -+ 7/2 
116.8 189 (8) 1816.5 1699.7 19/2+: 21/2 -» 19/2 
130.2 13 (5) 1207.6 1077.4 13/2+: 15/2 -> 13/2 
131.9 388(18) 566.4 434.5 7/2+: 15/2 -» 13/2 
136.6 299(17) 703.5 566.4 7/2+: 17/2 -» 15/2 
138.1 105(12) 334.9 196.8 7/2+: 11/2 -» 7/2 
139.0 107(30) 450.5 311.5 5/2~: 11/2 -> 9/2 
146.8 20(18) 1354.5 1207.6 13/2+: 17/2 -*> 15/2 
160.2 23 (5) 241.9 81.2 1/2-: 7/2 -• 5/2 
162.3 72(10) 612.8 450.5 5/2~: 13/2 -* 11/2 
163.3 176(11) 2144.6 1981.3 23/2-» 25/2 -» 23/2 
164.0 130(11) 1059.2 895.1 7/2+1 21/2 -> 19/2 
164.8 353(12) 1981,3 1816.5 23/2-: 23/2 -» 19/2+: 21/2 
166 <5 1521 1354.5 13/2+J 19/2 -> 17/2 

172.6 300(30) 241.9 69.3 1/2-J 7/2 -> 3/2 
180.0 292(20) 434,5 254.5 7/2+J 13/2 -> 9/2 

180.4 35(20) 1497.5 1316.6 7/2+1 25/2 -» 23/2 
180.5 530 (4) 261.7 81.2 l/2-i 9/2 -» 5/2 
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TABLE 1 - continued (2) 
Energy Intensity1 

183.8 76(10) 
189.2 118 (8) 
191.7 244(21) 
192.0 16(12) 
203.7 10 (9) 
204.8 83(20) 
205.1 52(20) 
209.1 190(24) 
216.6 98 (9) 
223.2 32(10) 
231.5 574(27) 
241.5 30(10) 
241.7 70(20) 
242.0 108(20) 
246.3 21 (5) 
253.9 111(35) 
255 19(10) 
255.8 85 (9) 
257.5 131(16) 
264.4 60(10) 
266.4 256 (5) 
267 10 (6) 
269.0 973 (6) 
269.2 100(20) 
273.8 534 (6) 
274 8 (5) 
276.4 58(10) 
277 15 

E(ini) E(fin) 
796.6 612.8 
2005.7 1816.5 
895.1 701.5 
2013.7 1821.5 
2601.1 2396.8 
311.5 106.7 
1001.7 796.6 
2353.7 2144.6 
2222.3 2005.7 
1224.9 1001.7 
566.4 334.9 
1466.4 1224.9 
2464.0 2222.3 
2595.7 2353.7 
508.3 261.7 
450.5 196.6 
1721.4 1466.4 
3070.0 2814.2 
1316.6 1059.2 
2728.4 2464.0 
508.3 241.9 
1988.7 1721.4 
703.5 434.5 
2864.9 2595.7 
535.5 261.7 
2262.7 1988.7 
3346.4 3070.0 
1354.5 1077.4 

K»:») J(ini) -f J(fin) 
5/2~: 15/2 -» 13/2 
19/2+: 23/2 -» 21/2 
7/2+: 19/2 -* 17/2 
7/2+: 29/2 -» 27/2 
7/2+: 33/2 -» 31/2 
5/2-: 9/2 -* 5/2 
5/2-: 17/2 -> 15/2 
23/2-: 27/2 -» 25/2 
19/2+: 25/2 -+ 23/2 
5/2~: 19/2 -» 17/2 
7/2+: 15/2 -» 11/2 
5/2~: 21/2 -> 19/2 
19/2+: 27/2 -+ 25/2 
23/2-: 29/2 -* 27/2 
1/2-: 11/2 -* 9/2 
5/2-: 11/2 -» 7/2 
5/2-: 23/2 -> 21/2 
29/2": 31/2 -» 29/2 
7/2+: 23/2 -» 21/2 
19/2+: 29/2 ~¥ 27/2 
1/2-: 11/2 -* 7/2 
5/2-: 25/2 ->• 23/2 
7/2+J 17/2 -* 13/2 

23/2-J 31/2 -* 29/2 

1/2-: 13/2 -* 9/2 
5/2-J 27/2 -* 25/2 
29/2-: 33/2 -» 31/2 
13/2+x 17/2 -+ 13/2 
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Energy Intensity1 

285.7 35 (6) 
293.8 71(20) 
295.3 35(10) 
301.3 137 (4) 
304.8 27 (7) 
306 $5 
315.5 46(15) 
316.8 29(10) 
323.1 35(16) 
324.2 65(20) 
326 72 (5) 
328.7 734(44) 
336.3 33(10) 
339.6 18 (6) 
339.7 16 (2) 
339.9 6 (2) 
345.2 61(10) 
346.1 225 (4) 
353.6 201 (4) 
355.0 21(10) 
355.7 1000 (6) 
358.5 10 (4) 
359.0 538 (5) 
3(0 0 21 (6) 
362 S5 
372.0 15 (6) 
378.0 33 (3) 
383.0 9 (6) 

TABLE 1 - continued ( 

E(lnl) E(fln) 
3014.1 2728.4 
3158.7 2864.9 
3641.7 3346.4 
612.8 311.5 
3318.9 3014.1 
2005.7 1699.7 
3474.2 3158.7 
3958.5 3641.7 
364?.0 3318.9 
1821.5 1497.5 
861.9 535.5 
895.1 566.4 
3810.5 3474.2 
3981.4 3642.0 
1812.4 1472.7 
4298.4 3958.5 
1699.7 1354.5 
796.6 450.5 
861.9 508.3 
4165.5 3810.5 
1059.2 703.5 
2190.4 1831.9 
894.5 535.5 
4341.5 3981.4 
4460 4298.4 
2353.7 1981.3 
2190.4 1812.4 
lo99.7 1316.6 

) 
Kt:M J(lni> -* J(fln) 
19/2+: 31/2 -» 29/2 
23/2-: 33/2 -+ 31/2 
29/2-: 35/2 -» 33/2 
5/2-: 13/2 -+ 9/2 
19/2+: 33/2 -> 31/2 
19/2+: 23/2 -» 19/2 
23/2-: 35/2 -+ 33/2 
29/2-: 37/2 -» 35/2 
19/2+: 35/2 -» 33/2 
7/2+: 27/2 -» 25/2 
1/2-: 15/2 -* 13/2 
7/2+: 19/2 -* 15/2 
23/2-: 37/2 -+ 35/2 
19/2+: 37/2 -» 35/2 
1/2-': 21/2 -+ 17/2 
29/2-: 39/2 -+ 37/2 
19/2+: 19/2 -+ 13/2+: 17/2 
5/2-: 15/2 -+ 11/2 
1/2-: 15/2 -» 11/2 
23/2-: 39/2 -4 37/2 
7/2+: 21/2 -> 17/2 
1/2-': 25/2 -f 1/2-: 25/2 
1/2-: 17/2 -+ 13/2 
19/2+1 39/2 -+ 37/2 
29/2-: 41/2 -* 39/2 
23/2-1 27/2 -f 23/2 
1/2-': 25/2 -• 21/2 
19/2+1 19/2 -• 7/2+J 23/2 
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TABLE 1 - continued (4) 
Energy Intensity1) E(ini) E(fln) K»:») J(ini) -» J(fin) 
3B3.5 
388.9 
400 
405.8 
421.5 
426.6 
426.6 
428.3 
432.2 
435.4 
438.3 
450.8 
458.4 
459.2 
460.5 
464.7 
482.4 
487.6 
492.2 
496.5 
502.0 
502.0 
504.2 
504.9 
506.1 
511.0 
511.3 
516.2 

24(10) 
198 (4) 
<5 
18 (6) 
673(35) 
38 (3) 
20(10) 
206 (3) 
195 (3) 
387 (5) 
842 (5) 
24 (4) 
54 (9) 
23 (4) 
132(11) 
194 (4) 
17 (3) 
25 (3) 
12 (2) 
164 (4) 
316 (7) 
175(11) 

570(40) 
52 (9) 

32 (5) 
717(43) 

2396.8 
1001.7 
1294.1 
2222.3 
1316.6 
2617.0 
3027.2 
1224.9 
1294.1 
1329.9 
1497.5 
2595.7 
2464.0 
1354.5 
2814.2 
1466.4 
1812.4 
3104.6 
1699.7 
1721.4 
1831.9 
1796.1 
1207.6 
1821.5 
2728.4 
1077.4 
2864.9 
2013.7 

2013.7 
612.8 
894.5 
1816.5 
895.1 
2190.4 
2601.1 
796.6 
861.9 
894.5 
1059.2 
2144.6 
2005.7 
895.1 
2353.7 
1001.7 
1329.9 
2617.0 
1207.6 

r 

1224.9 
1329.9 
1294.1 
703.5 
1316.6 
2222.3 
566.4 
2353.7 
1497.5 

7/2+: 31/2 -+ 29/2 
5/2~: 17/2 -* 13/2 
1/2-: 19/2 -» 17/2 
19/2+: 25/2 -> 21/2 
7/2+: 23/2 -+ 19/2 
1/2-': 29/2 -* 25/2 
7/2+: 35/2 -* 33/2 
5/2-: 19/2 -+ 15/2 
1/2-: 19/2 -+ 15/2 
1/2-: 21/2 -* 17/2 
7/2+: 25/2 -*• 21/2 
23/2-: 29/2 -*• 25/2 
19/2+: 27/2 -* 23/2 
13/2+: 17/2 -» 7/2+: 19/2 
29/2-: 29/2 -» 23/2~» 27/2 
5/2~: 21/2 -» 17/2 
1/2-': 21/2 -» 1/2": 21/2 
1/2-': 33/2 -» 29/2 
19/2+: 19/2 -» 13/2+: 15/2 
5/2-: 23/2 -» 19/2 
1/2-: 25/2 -» 21/2 
l/2-i 23/2 -+ 19/2 
13/2+: 15/2 -* 7/2+1 17/2 
7/2+: 27/2 -* 23/2 
19/2+1 29/2 -*> 25/2 
13/2+1 13/2 -• 7/2+1 15/2 
23/2-1 31/2 -+ 27/2 
7/2+: 29/2 -• 25/2 
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TABLE 1 - continued (5) 

Energy 1 Intensity1)! E(lni) E(fln) K»:*> J(inl) -» J(fin) 
522.3 149 (4) 1988.7 1466.4 5/2~: 25/2 -> 21/2 
532.2 17 (4) 3346.4 2814.2 29/2-: 33/2 -* 29/2 
535 <5 3639.2 3104.6 1/2-: 37/2 -> 1/2-': 33/2 
541.3 137 (4) 2262.7 1721.4 5/2~: 27/2 -» 23/2 
545.3 15 (6) 3639.2 3094.1 1/2-: 37/2 -> 5/2~: 33/2 
550.0 140 (4) 2538.7 1988.7 5/2~: 29/2 -» 25/2 
550.3 71 (9) 3014.1 2464.0 19/2+: 31/2 -* 27/2 
554.7 121(20) 2817.4 2262.7 5/2~: 31/2 -> 27/2 
555.4 82(17) 3094.1 2538.7 5/2~: 33/2 -» 29/2 
560.1 198 (9) 2392.0 1831.9 1/2-: 29/2 -»• 25/2 
561.5 135 (6) 2357.6 1796.1 1/2-: 27/2 -*• 23/2 
563.3 32 (5) 3158.7 2595.7 23/2-: 33/2 -» 29/2 
564.4 71(11) 3381.8 2817.4 5/2-: 35/2 -*• 31/2 
565.8 40 (9) 3104.6 2538.7 1/2--': 33/2-4 5/2-: 29/2 
571.7 23 (4) 3641.7 3070.0 29/2-: 35/2 -> 31/2 
575.3 437(49) 2396.8 1821.5 7/2+: 31/2 -* 27/2 
578.2 13 (2) 1472.7 894.5 1/2-': 17/2 -* 1/2-: 17/2 
580.3 12 (4) 3684.9 3104.6 5/2-: 37/2 -* l/2~': 33/2 
587.4 527(52) 2601.1 2013.7 7/2+: 33/2 -+ 29/2 
590.7 39(13) 3318.9 2728.4 19/2+: 33/2 -» 29/2 
590.8 17 (5) 3684.9 3094.1 5/2-: 37/2 -* 33/2 
593.9 62(17) 3975.7 3381.8 5/2-» 39/2 -* 35/2 
595.4 20 (4) 4255.6 3660.2 1/2-: 41/2 -> 1/2-': 37/2 
608.8 198 (9) 3000.8 2392.0 1/2-: 33/2 -* 29/2 
609.3 35 (6) 3474.2 2864.9 23/2": 35/2 -> 31/2 
611.7 92(10) 2969.3 2357.6 l/2-i 31/2 -» 27/2 
612.1 J5 3958.5 3346.4 29/2-: 37/2 -• 33/2 
616.4 52(16) 4255.6 3639.2 1/2-: 41/2 -* 37/2 
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TABLE 1 - continued (6) 
Energy Intensity1) E(ini) E(fin) Kt:») J(ini) -* J(fln) 
628.1 50(12) 3642.0 3014.1 19/2+: 35/2 -* 31/2 
628.5 17(15) 4313.4 3684.9 5/2-: 41/2 -> 37/2 
630.4 292(46) 3027.2 2396.8 7/2+: 35/2 ->• 31/2 
638.4 80(10) 3639.2 3000.8 1/2-: 37/2 -+ 33/2 
639.6 31 (6) 4615.3 3975.7 5/2-: 43/2 -*• 39/2 
640.5 123(35) 1699.7 1059.2 19/2+: 19/2 -* 7/2+: 21/2 
641 55 1207.6 566.4 13/2+: 15/2 -* 7/2+: 15/2 
643 *5 1077.4 434.5 13/2+: 13/2 -» 7/2+: 13/2 
649.9 335(47) 3251.0 2601.1 7/2+: 37/2 -» 33/2 
651.0 11 (5) 1354.6 703.5 13/2+: 17/2 -* 7/2+: 17/2 
651.8 24 (5) 3810.5 3158.7 23/2": 37/2 -> 33/2 
655.9 54 (8) 3625.2 2969.3 1/2-: 35/2 -> 31/2 
659.4 81(10) 3660.2 3000.8 1/2-': 37/2 -• 1/2-: 33/2 
662.5 28(12) 3981.4 3318.9 19/2+: 37/2 —> 33/2 
671 S5 4985 4313.4 5/2~: 45/2 -> 41/2 
673.7 199(27) 3700.9 3027.2 7/2+: 39/2 -* 35/2 
674.0 27(10) 4929.6 4255.6 1/2-: 45/2 -• 41/2 
691.3 24 (7) 4165.5 3474.2 23/2-: 39/2—* 35/2 
696.6 25(10) 5311.9 4615.3 5/2-j 47/2 -» 43/2 
699.0 34(14) 4324.2 3625.2 1/2-: 39/2 -• 35/2 
699.5 10 (5) 4341.5 3642.0 19/2+: 39/2 -» 35/2 

703.0 188(27) 3954.0 3251.0 7/2+: 41/2 -* 37/2 

712.7 96(23) 4413.6 3700.9 7/2+: 43/2 -> 39/2 

734 *5 5664 4929.6 1/2-: 49/2 -» 45/2 

734 no 4715 3981.4 19/2+: 41/2 -* 37/2 
745 IS 5069 4324.2 l/2-i 43/2 -» 39/2 
749.0 81(24) 4703.0 3954.0 7/2+1 45/2 -» 41/2 

752.1 80(25) 5165.7 4413.6 7/2+1 47/2 -* 43/2 
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TABLE 1 - continued (7) 
| Energy | Intensity1) E(lnl) E(fln) Ki:») J(lnl) -* J(fln) 1 

757.4 13 (5) 6069.3 5311.9 5/2~: 51/2 -> 47/2 
790.2 50(19) 5493.2 4703.0 7/2+: 49/2 -» 45/2 
803.5 60(21) 5969.2 5165.7 7/2+: 51/2 -» 47/2 
804.6 89(24) 1699.7 895.1 19/2+: 19/2 -• 7/2+: 19/2 
815 7 (3) 6884.3 6069.3 5/2-: 55/2 -» 51/2 
836.4 39(18) 6329.6 5493.2 7/2+: 53/2 -* 49/2 
856.1 28(18) 6825.3 5969.2 7/2+: 55/2 -• 51/2 
874 21(12) 7204 6329.6 7/2+: 57/2 -» 53/2 
996.2 274(21) 1699.7 703.5 19/2+: 19/2 -» 7/2+: 17/2 
1132.3 1 16 (7) 1699.7 566.4 19/2+: 19/2 -• 7/2+: 15/2 

Notes: 

M Normalized Ao coefficients froa the angular distributions when 
available, otherwise relative coincidence rates (see text). 

») Approzlaate Kf-values identifying the hands: 
1/2-: 1/2-C5213 band 
1/2-': Yrare extension of the 1/2-C5213 S-band 
5/2-: 5/2-C512J band 
7/2+: 7/2+C633J aiied 1 neutron) band 

i f > 
13/2+: Band built on the 1077.4 keV level 
19/2+t Band built on the 1699.7 JceV level 
23/2-J Band built on the 1981.3 JceV level 
29/2-: Band built on the 2814.2 keV level 
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TABLE 2 173Hf angular distributions 

Energy A2/A0 A4/A0 6 M 
90 .1 - 0 . 1 3 (1) -0 .03 (2) 

99 .2 - 0 . 4 3 (5) 0.04 (7) - 0 . 4 9 ( 3 ) 

116.8 -0 .15 (5) -0 .07 (8) 

180.0 >) 0 .04 (2) - 0 . 1 3 (3) 

204.8 ' ) 0 .35 (5) -0 .20 (8) 

223.2 - 0 . 4 8 (6) 0.01 (1) - 0 . 2 0 ( 8 ) 

231.5 0.17 (3) -0 .09 (4) 

242.0 *> 0.16 (6) 0.08 (7) +0.25(4) 

266.4 0.34 (5) 0.02 (7) 

269.0 >) 0.17 (2) -0 .09 (3) 

273.8 0 .23 (3) -0 .13 <4> 

328.7 0.17 (3) -0 .09 (4) 

346.1 ») 0.14 (7) -0 .22(11) 

353.6 0 .42 (6) - 0 . 2 3 (8) 

355.7 0 .22 (2) -0 .11 (3) 

359.0 0.24 (3) -0 .12 (4) 

388.9 0 .22 (5) 0.04 (7) 

421.5 0 .25 (3) -0-.14 (4) 

428.3 0 .26 (5) - 0 . 0 8 (7) 

432 .2 0 .28 (5) -0 .26 (7) 

435.4 0.29 (4) - 0 .04 (5) 

438.3 0 .24 (2) - 0 . 1 3 (2) 

460.5 0.34 (6) 0.28 (9) 

464.7 0.19 (5) - 0 . 0 8 (7) 

496.5 0 .33 (7) -0 .10 (9) 

502.0 0 .24 (4) - 0 . 1 8 (5) 
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TABLE 2 - continued 

Ehergy A2/A0 A4/A0 0 M 
504.9 0.22 (3) -0.13 (4) 
516.2 0.19 (5) -0.24 (5) 
522.3 0.26 (9) 0.02(12) 
541.3 0.32 (8) -0.06(11) 
545.3 0.15 (8) -0.13(13) 
554.7 0.18 (7) -0.23(10) 
560.1 >) 0.27 (4) -0.14 (6) 
575.3 0.18 (4) -0.11(12) 
587.4 0.17 (4) -0.16 (6) 
590.8 *) 0.29 (5) -0.12 (7) 
608.8 ») 0.17 (4) -0.14 (5) 
630.4 0.13 (6) -0.16 (8) 
649.9 0.21 (7) -0.03(10) 
673.7 0.34 (4) 0.10 (6) 
996.2 0.12 (4) 0.06 (5) 

Notes: 

»> M1/E2 mixing ratio. . 

*) Contaalnated by llne(s) of different aultlpolarlty. 
*) Contaminated by line(s) of ease aultipolarity. 
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ANO-P/1066 Figure 6 
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NJU-P/1066 Figure 8 
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