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Abstract. Excited states in '°°Tc have been studied using the °°Zr("Li, 3n) reaction at a beam energy
of 27 MeV. In the present work, evidence has been found for a second AI = 1 band decaying via several
stretched dipole transitions to the previously known Al = 1 negative-parity band. Comparison of these
data with those in neighbouring nuclei and also against recently reported criteria for chiral bands in nuclei,
suggests that the two structures can be interpreted as chiral partners. Core quasi-particle coupling model
calculations show reasonable agreement with the data and generally support the chiral interpretation of

the states.

PACS. 21.10.Re Collective levels — 21.60.-n Nuclear structure models and methods — 23.20.Lv ~ transitions

and level energies — 27.60.4+j 90 < A < 149

1 Introduction

The first predictions of chiral effects in triaxial nuclei were
made by Frauendorf and Meng in 1997 [1]. This work was
further supplemented by Dimitrov et al. [2] who showed
that chiral symmetry can be spontaneously broken in the
rotating mean field of a triaxial odd-odd nucleus. This
phenomenon results in two nearly degenerate AI = 1
bands from the left-handed and right-handed solutions.
Chirality was predicted to result from the coupling of
high-j proton (neutron) particles and high-j neutron (pro-
ton) holes with the rotational angular momentum vector,
R. The high-j particle-like orbits have their angular mo-
mentum vector oriented along the short axis of the triax-
ial core whilst for the high-j hole-like orbits the vector is
oriented along the long axis. The collective angular mo-
mentum vector of the core lies along the intermediate axis
of the triaxial nucleus since this has the largest moment
of inertia for irrotational-like flow, and consequently min-
imises the rotational energy.

The first experimental evidence for chiral structures,
based on a whyy /2 ® Vh1_11/2 configuration, was reported in
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several N = 75 isotones in the mass-130 region, with the
best example of chiral rotation, in terms of energy degener-
acy, occurring in '3*Pr [3,4]. This work also revealed that
for many of the N = 75 nuclei the doublet bands did not
become completely degenerate. Instead there was a small,
but almost constant, energy difference between the bands.
This was interpreted as evidence for collective chiral vibra-
tions. The latter effect results when any imperfections in
the formation of the chiral geometry are not negligible.
For instance, the core is not stable at around v = 30° but
is more ~-soft, thus allowing the rotational angular mo-
mentum vector R to oscillate from one chiral system to
the other, i.e. to tunnel through the energy barrier in the
plane spanned by the short-long axes of the triaxial shape.
A vibration of R between the left- and right-handed chi-
ral systems is very similar to the well-known phenomenon
of collective octupole vibration that is observed between
reflection asymmetric shapes. The observation of chirality
in nuclei is important, since it provides direct evidence for
triaxial shapes, which has been a long sought after goal in
nuclear-structure physics.

Since the first experimental results were reported in
the A = 130 region, there have been many other examples
of similar structures observed in this mass region, e.g.
see [5—10]. These provide support for the existence of a
small island of chiral structures, centred on 3*Pr. The
work of Dimitrov et al. [2] indicated that chiral bands may
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be found in other regions of the Segre chart. In particular,
they predicted a region of chiral rotors to exist in the
odd-odd Ir nuclei around A ~ 188. Recent experimental
work in this region has provided the first evidence for such
structures in *®1Ir [11]. However, the majority of the recent
experimental work has centred on nuclei in the A ~ 100
region. Here, Vaman et al. have found evidence for what
currently appears to be the best case of chiral rotation
found to date [12]. This work was initially reported in
ref. [13], where a detailed theoretical investigation of the
expected properties of chiral structures was also carried
out for the mass-130 region and some general conclusions
were made. This work revealed three fingerprints for such
structures, which can be summarised as follows: a) there
should be near degenerate doublet AT = 1 bands (i.e.
having the same spins and parities) over a range of spins
I, b) the parameter S(I) = [E(I) — E(I —1)]/2I for these
bands should vary smoothly with spin, i.e., there should
be no staggering, and c¢) there exists M1 and E2 selection
rules as a result of restoration of the chiral symmetry
in the laboratory reference frame as a function of spin,
I. Detailed theoretical investigations indicate that the
latter feature results in a staggering of the B(M1)/B(E2)
ratios for the two chiral bands. Furthermore, the chiral
symmetry restricts the phase of this staggering such that
for odd- (even-) parity configurations the even (odd)
spins should have high values and odd (even) spins should
have low values. A similar staggering, with the same
phase, should also be observed in the B(M1)i,/B(M1)out
ratios for these bands. Further evidence for a new region
of chirality around mass 104 has recently been found
in the odd-odd isotopes '°%106Rh [14,15] and also in
the odd-mass neighbour '°°Rh [16]. The present work
on '°T¢, which is an isotone of '92Rh, provides the
first indication that this region extends beyond the Rh
isotopes. The new data on '°°Tc¢ will be compared with
both the theoretical expectations discussed above and the
results of core quasi-particle coupling model calculations.

2 Experimental method and data analysis

The %6Zr("Li, 3n) reaction was used to populate states in
100T¢ at a beam energy of 27 MeV. The “Li beam was pro-
duced from the tandem accelerator at the State Univer-
sity of New York at Stony Brook. y-rays from the reaction
products were detected using an array of six Compton sup-
pressed HPGe detectors and a 14-element BGO inner-ball
calorimeter. A good event required two suppressed y-rays
in the Ge detectors in coincidence with at least two events
detected in the BGO inner ball. The target used was
1.2 mg/em? of 85% enriched ?5Zr on a 20 mg/cm? lead
backing. Since the present work used the strong 3n chan-
nel from the “Li + ?%Zr reaction, additional gating on the
fold, K, or on the sum energy, H, in the BGO multiplic-
ity filter did not produce a significant improvement in the
quality of the spectra; therefore, no further filters on ei-
ther of these parameters were implemented in the final
data analysis.

Data were stored on exabyte tapes for off-line analysis.
The sources '33Ba and '*2Eu were used to calibrate the
energy and to measure the relative efficiency of the Ge de-
tectors. The gain-matched data were sorted into an F,-E,
matrix and analysed using the ESCL8R Radware software
package [17] in order to produce a partial decay scheme for
100T¢, In addition to this, a directional correlation from
oriented states (DCO) [18] analysis was also carried out
using the y- coincidence data between detectors at for-
ward and backward angles (fog = 34°) and those placed
at 90°. In this case an E,-E, matrix was sorted which
had detectors located at 90° to the beam direction on the
y-axis and the forward/backward detectors on the z-axis.
The DCO ratio measured is defined as

_ L(E,)

RDCO(EV) - IQQ(E ) )
vy

(1)

where Igo(Ey) and Is4(E.,) are the intensities of a transi-
tion E, as seen in a 90° detector and 34° detector when
gated by a y-transition of a given multipolarity at the an-
gles 34° and 90°, respectively. For this geometry DCO val-
ues of 1 are expected for a stretched quadrupole (dipole)
transition when the gating transition is also a stretched
quadrupole (dipole) transition, whilst a value of 0.5 (or
1.85) is expected for a stretched dipole (quadrupole) if
the gating transition is a stretched quadrupole (dipole).
These values were confirmed by gating on known E2 and
E1 transitions in %Tc [19] and '%°Tc [20]. The intensities
of the y-rays allowed us to measure the B(M1)/B(E2)
ratios for the transitions of the yrast band and the
B(M1)in/B(M1)out values for the transitions de-exciting
the levels of the new partner band. These data were ex-
tracted using the following expressions:
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where \ represents the intensity of the transition and only
small E2 mixing for the AT =1 transitions (mixing ratio
82 ~ 0) is assumed.

3 Results and discussion

Previous work on 1%9Tc [20] had established excited states
up to spin 14 in the yrast negative-parity band. Fig-
ure 1 shows the partial decay scheme deduced from the
present work, whilst table 1 summarises the ~-ray ener-
gies, intensities, DCO ratios and the assigned multipolari-
ties. The relative y-ray intensities listed are normalised to
the intensity of the 300 keV transition in the yrast band
(band A). The yrast level scheme has been extended up
to the I™ = 16~ state (tentatively, 177 ) while a new ex-
cited band (band B), connected to the yrast band through
M1/E2 transitions, has been observed up to the tenta-
tively assigned 15~ state. This new band consists mainly
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Table 1. Spins, parities, y-ray energies (in keV), y-ray intensi-
ties and Rpco values for transitions in °°Tc from the present

work.

JT E, I, Rpco Multipolarities
3t 91.4 5.3(2) (M1/E2)
8~ 99.0 88.5(3) M1/E2®
5- 105.7 | 28.7(2) (E1)
6~ 144.2 | 35.2(1) (M1/E2)
2t 172.1 | 27.3(10) M1/E2®
6~ 225.3 | 77.3(4) E1®
11~ 251.5 | 64.7(2) | 0.94(1) M1/E2
3+ 263.5 | 19.0(10) E2®
6~ 300.4 | 100.0(5) E1®
127 | 3389 | 3.9(1) (M1/E2)
107 | 377.1 | 78.6(2) | 1.02(13)™ M1/E2
13~ 398.4 | 19.0(1) | 0.40(4)™ M1/E2
0.97(6)¥ M1/E2
137 | 407.7 | 0.63(4) (M1/E?2)
(157) | 419.6 | 0.43(3) (M1/E2)
127 | 4336 | 48.7(1) | 0.48(4)® M1/E2
0.93(23)@ M1/E2
107 | 446.9 | 0.34(5) (E2)
14~ 455.1 | 18.5(1) | 0.94(4) ¥ M1/E2
(147) | 4711 | 1.53(5) (M1/E2)
117 | 4722 | 2.89(6) | 1.09(13)() M1/E2
16~ | 4789 | 26(1) (M1/E2)
15~ 540.6 3.1(1) | 0.85(14) M1/E2
11~ 629.0 | 42.6(2) | 1.53(14)™ E2
(177) | 644.4 | 1.02(5) (M1/E2)
127 | 685.6 | 6.1(1) | 1.53(5)¥D E2
13~ (743) (E2)
10~ 804.5 9.0(1) | 1.02(12)®™ M1/E2
12- 809.7 | 1.88(6) | 1.49(24)® E2
13~ 832.7 | 31.4(1) | 0.97(4)® E2
14- | 853.8 | 9.68(7) | 0.86(16)®" E2
117 | 898.3 |[10.53(8) | 1.07(5)¥ M1/E2
137 | 956.9 | 6.45(6) | 0.47(9)® M1/E2
127 | 986.1 | 4.92(7) | 0.50(10)® M1/E2
15~ 995.2 | 7.81(8) | 0.96(23)™® E2
(157) | 996.9 | 3.06(7) (M1/E2)
16~ | 1014.7 | 5.94(6) | 1.18(11) (E2)
(147) | 1030.5 | 1.02(4) (M1/E2)
(177) | 11251 | 1.53(4) | 1.13(17)® E2
127 | (1236.7) (E2)
(a) From previous work;
(b) gate on 629 keV (E2);
(°) gate on 455 keV (M1/E2);
(d) gate on 377 keV (M1/E2);
(°) gate on 805 keV (M1/E2);
(f) gate on 686 keV (E2);
(g) gate on 629 and 833 keV (E2’s);
(") gate on 225 keV (E1).
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Fig. 1. Partial level scheme of '°°Tc, deduced from the present

work.
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Fig. 2. Experimental spectra showing the inter-band transi-
tions and the evidence for linking transitions from the new side
band to the yrast band in 1°°Tc. Top, middle and bottom spec-
tra correspond to gates on 434.0 keV, 804.5 keV and 898.3 keV
transitions in 1°°Tc, respectively.

of the inter-band M1 transitions, which indicates that the
interconnecting E2 transitions are weak (only one such
transition, 810 keV, between the 12~ and 10~ states has
been observed in the present experiment). Figure 2 shows
a selection of ~-ray spectra in support of the proposed
decay scheme. The extracted DCO ratios for the connect-
ing intra-band transitions are consistent with these y-rays
having a predominantly stretched dipole character. Com-
parison with similar structures in the odd-odd Rh iso-
topes (see below) suggests that these are magnetic dipole
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transitions, thereby indicating that the parity of this band
is the same as that of the yrast band.

Recent work in 192104106R} [12/14,15] has revealed
the presence of pairs of strongly coupled negative-parity
structures in all three nuclei. In '°4Rh three strong intra-
band linking transitions were found to have DCO ratios
consistent with stretched dipole transitions. Furthermore,
a linear polarisation measurement of one of these transi-
tions confirmed that it has magnetic character. This latter
feature essentially proved that both of the doublet bands
must have the same configuration [12] (containing two
unique-parity orbitals), since transitions between this and
any other possible configuration would have to involve a
change of both of the occupied orbitals if the parity is not
to change in such a transition. Such a scenario is not al-
lowed because M1 and E2 electromagnetic transitions in-
volve one-body operators, i.e., only one orbital can change
when such transitions occur. In '°*Rh the two bands have
been assigned a wggl ® I/h% configuration based on the

properties of the bznds and a g-factor measurement of
the band-head state in the yrast band. Following detailed
theoretical studies, the negative-parity bands found in the
104,106 R)) nuclei were interpreted in terms of chiral struc-
tures. The two structures observed in '°°Tc appear to be
very similar to those observed in 102104106R] [12/14,15]
(192Rh is an isotone of 19°Tc); furthermore, previous work
on '°9T¢ has already assigned a 7gy ' @vh 1 configuration

to the negative-parity yrast band.2Thus, using the above
information together with the experimental DCO ratios
for the states connecting the two structures, we tenta-
tively assign the same configuration to the new side band
in 190Tc,

It is interesting to note that in °“Rh similar negative-
parity structures were observed some time ago [21]. In
this case, a different explanation was put forward for the
second strongly coupled structure. It was tentatively sug-
gested that it might involve the wpzl ®V(g z d %) configura-

2

tion. However, given that the yrast negative-parity struc-
ture had already been assigned a wggl X vh 1 configura-
2

tion, this seems very unlikely when bearing in mind the
comments above on the one-body nature of the electro-
magnetic operators. Furthermore, we note that the '°°Rh
work was only a short paper and had no detailed theo-
retical basis for the proposed structure. Moreover, at the
time of that work the existence of chiral bands was un-
known. It would therefore seem reasonable to suggest that
the negative-parity bands observed in °°Rh may also be
interpreted in terms of a chiral picture.

3.1 Tests for chirality

The introduction summarises three key signatures for chi-
rality in nuclei which have arisen from recent theoretical
work [12,9]. In this section the results for '°°Tc will be
compared against these criteria. The top part of fig. 3
shows the excitation energy wvs. spin for the two struc-
tures observed in '°°Tc along with data for similar bands
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Fig. 3. A comparison of the three characteristic signatures of
chirality in A ~ 100 mass region. The panels (a), (b) and (c)
correspond to °°Tc, '“Rh and °°Rh, respectively, while the
top, middle and the bottom parts show the energy, S(I) (de-
fined as S(I) = [E(I) — E(I) — 1]/21) and the B(M1)/B(E?2)
ratios for the yrast and the partner bands along with the
B(M1)in/B(M1)out ratios. The B(M1)/B(E2) ratios for the
partner band in '°*Tc are not shown since crossover E2 tran-

sitions were not observed.

in 104106Rh . Tt is clear that '°°Tc has a very similar be-
haviour to '%°Rh in that it does not achieve the energy de-
generacy seen in '°“Rh. The energy gap between the two
bands in 1%°Tc is approximately constant at ~ 550 keV in
the spin 10 to 14 range. Similar behaviour was observed
in the neighbouring isotopes and isotones of 13*Pr, where
the magnitude of energy gap between the two structures
typically ranges from ~ 150 keV to ~ 400 keV. We note,
however, that in '?*La [22] the two chiral-like bands have
an energy gap ~ 500 keV between them.

An explanation for the lack of degeneracy may be
that the triaxial deformation is not stable, but somewhat
~-soft. This would result in the rotational angular mo-
mentum vector spending some time in the plane of the
short-long axes in addition to being perpendicular to that
plane. This could give rise to the phenomenon of chiral
vibrations as discussed in ref. [4].

The middle part of fig. 3 shows a comparison of the
S(I) parameter as a function of spin for the present data
and the chiral structures recently identified in 194:10Rh.
Clearly, beyond spin 10-12, S(I) shows a relatively
smooth variation as a function of spin and for both bands
a similar magnitude is observed in each case, as expected.
The bottom part of fig. 3 shows the behaviour of the
B(M1)/B(E2) ratio for the yrast band states in °°Tc
and the B(M1)i,/B(M1)4y ratio for the partner band.
Unfortunately, the statistics were too low to enable us to
identify more than one of the E2 transitions within the
side band. This is very similar to what was observed in
102Rh from a similar Stony Brook experiment [14]. More
recently, a higher statistics experiment using GAMMAS-
PHERE has revealed the presence of the missing E2 tran-
sitions in the side band of '°2Rh. Figure 3 also contains
similar data for the chiral bands in 1941%6Rh. The ratios
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clearly show a staggering which is in phase in these nuclei.
It is interesting to note that the phase of the staggering
is opposite to that observed in the mass-130 region. This
results from the fact that the configuration now involves
a gg/p rather than an hyy /o proton.

3.2 Theoretical calculations
3.2.1 Woods-Saxon shape calculations

It is likely from the above observation that '°°Tc may
have a planar component of the rotational angular mo-
mentum admixed with a non-planar, chiral component. It
is also apparent from the above discussion that °°Tc pos-
sesses bands with the characteristics expected for the chi-
ral phenomena. The theoretical results showing the chiral
symmetry breaking in a triaxial nucleus using the quasi-
particle plus rotor model are discussed below. However, in
this subsection we would first like to discuss the shape of
the %°Tc nucleus as deduced from Total Routhian Sur-
face (TRS) calculations based on the Woods-Saxon (WS)
potential. Similar calculations in the past have correctly
reproduced the triaxial nature of the nuclear shape in the
A ~ 130 region and have also inspired the present as well
as several other studies in the A ~ 100 region. These calcu-
lations used a triaxial WS mean-field potential as the long-
range part of the nuclear Hamiltonian, while the BCS-type
short-range interaction was used between the pairs of like
nucleons. The energy levels calculated in such a rotating
mean field were then used to calculate the shell corrections
based upon the Strutinsky procedure. These were then
added to the macroscopic energy in order to obtain the
total Routhian energy surface. The details of the proce-
dure are discussed thoroughly in refs. [23,24]. The calcula-
tion was performed using a 3-v mesh while the energy was
minimised at each point against the hexadecapole degree
of deformation. The resulting TRS surface for the 1%°T¢c
nucleus is shown in fig. 4 for four different rotational fre-
quencies (fiw = 0,150,300, 450 keV). The figures clearly
show that the nucleus should have a triaxial minimum at
B ~ 0.22,7 ~ —30°. These results point to the triaxial na-
ture of the 1%°Tc nucleus and therefore, support the idea
that the two bands seen in this nucleus are indeed a pair of
chiral bands. The deformation parameters obtained from
these calculations were used as the input to the shape of
the triaxial rotor mean field in the quasi-particle plus rotor
model (QPRM) calculations described below.

3.2.2 Quasi-particle plus rotor model calculations

The quasi-particle plus rotor model [13,25,26] provides
a powerful tool for studying the phenomenon of sponta-
neous symmetry breaking in a triaxial nucleus in the labo-
ratory reference frame, since it enables us to calculate the
electromagnetic transition strengths within the bands as
well as those existing between bands. Using this model we
have calculated the energies of the levels of the yrast and
side bands and also the transition probabilities for the
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Fig. 4. The TRS calculations for °°Tc for the lowest negative-
parity and positive-signature configuration at four different ro-
tational frequencies (Aiw = 0 (bottom-left), 150 (bottom-right),
300 (top-left), 450 keV (top-right)).

E2 and M1 transitions between the levels within these
bands. In these calculations, the shape of the mean field
was assumed to be a rigid rotor with the deformation of
8 = 0.22,y = —30° as predicted by the WS-TRS calcu-
lations mentioned above. An odd proton hole in the gg /o
subshell and an odd neutron particle in the h;; /o subshell
were coupled to this triaxial core. The coupling constant
was calculated by reproducing the correct level sequence
in the nearby odd Tc isotopes. The same value of coupling
constant was used for both the odd proton and neutron.
The core’s rotational energies were calculated using the
Variable Moment of Inertia model [27] with the value of
E(2)* = 275 keV used for calculating the ground-state
moment of inertia. Monopole pairing between pairs of
like nucleons was used as the short-range interaction. The
monopole pairing constant A = 1.35 MeV was used for
both protons and neutron pairs. This was calculated us-
ing the assumption A = 135/A. Neutron-proton pairing
was not included in the calculations. The Fermi levels for
the protons and neutrons were fixed so as to reproduce
the correct levels in °Tc and '°°Te.

Figure 5 shows the results of this calculation. The top
right part of the figure shows the energy of the calculated
levels as a function of spin. The yrast and partner bands
are separated by ~ 200 keV at spin 12 and 400 keV at spin
16. This is a little less than the situation observed experi-
mentally, where the energy gap is ~ 550 keV up to spin 14
and ~ 450 keV at I™ = 15~. In principle the chiral bands
should attain degeneracy at a certain spin; however, until
now this has been observed only in the two odd-odd cases
(194Rh and '3*Pr). The present case of °Tc comes in the
same category as the majority of the cases where the two
bands do not attain degeneracy within the known spins.
The reasons for this are not fully understood and further
theoretical work is clearly required to explain this feature.

The next important parameter, which is a key signa-
ture of chirality, is the small amplitude of staggering (or no
staggering at all in the ideal case) of the parameter S(I),
defined as S(I) = [E(I) — E(I —1)]/21. The value of S(I)
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Table 2. Experimental B(M1)/B(E2) values for the transi-
tions in the yrast band and B(M1)in/B(M1)ous values for the
transitions in the partner band, observed in '°°Tc alongwith
the theoretical values calculated using the quasi-particle plus
rotor model. See bottom panel of fig. 5. for the plots.
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Fig. 5. Plot of the excitation energy ws. spin (I) (top),
staggering S(I) = [E(I) — E({ — 1)]/2] (middle) and the
B(M1)/B(E2) ratios for the yrast and partner band as well as
the B(M1)in/B(M1)ous ratios for the partner band (bottom).
These are shown for: (a) experimental data, (b) particle plus
rotor model calculations. The same symbols have been used
for experimental as well as theoretical results.

shows large staggering in the odd-odd nuclei where the ro-
tation is confined in the plane containing the spin vectors
of the odd particles. This is due to the effect of the Cori-
olis force, which is proportional to the dot product of the
collective angular momentum vector with the vectors of
the single-particle spins. The unique situation in the case
of chiral rotation, where the collective angular momentum
vector is perpendicular to the angular momentum vectors
of the odd particles, gives rise to a vanishing dot product
of these vectors and therefore results in a highly reduced
staggering amplitude. The middle panels of fig. 5(a) and
(b) show the experimental and the calculated values of
S(I), respectively. It is clear from the figure that the situ-
ation in '°°Tc indeed favours a triaxial rotation in which
the Coriolis force is minimum, thereby giving rise to a rea-
sonably smoothly varying S(I) parameter value. The bot-
tom panels of fig. 5 show the experimental and calculated
transition probability ratios B(M1)/B(E2) for the yrast
band and B(M1),/B(M1)oyut values for the partner band.
The values in this panel are also presented in table 2. Ev-
idence for staggering is seen in these ratios. Furthermore,
the odd spin values are found to be staggered lower in
magnitude compared to the even spins in both cases. This
staggering, which is the third characteristic of the chiral
phenomenon, is related to the spin and parity of the in-
dividual states in such a way that for odd-parity configu-
rations, the odd spins are expected to be staggered lower,
whilst the even spins are staggered higher. Both the ex-
perimental as well as the calculated staggerings for 1%°T¢c
shown in the bottom of fig. 5 indicate that '°°Tc fulfils
the third characteristic expected from chiral structures.

Recently, Koike et al. [28] suggested that the ratios
B(Ml)yrast/B<M1>partner and B(E2)yrast/B(E2)partner
should be close to unity for the chiral bands. This implies
that the B(M1)/B(E2)yrast/B(M1)/B(E2)partner ratio
should also be approximately equal to unity for pairs of
chiral bands. Thus, the observation of the E2 transitions
in the new side band and hence a measurement of the
B(M1)/B(E?2) ratios for this structure in °°Tc will be
useful in providing further support to the concept of chi-
rality in this nucleus.

4 Summary

In summary, the yrast and non-yrast negative-parity lev-
els of °Tc were studied up to I™ = 16, (tentatively
177) and I™ = 14~ (tentatively 157), respectively. This
was carried out using the 96Zr("Li, 3n)!%°Tc reaction at
a beam energy of 27 MeV and the six detector array
at Stony Brook. The new, non-yrast, band decays into
the yrast band through predominantly M1 transitions.
The two bands have been found to exhibit the charac-
teristic properties expected from a chiral vibrator. The
macroscopic-microscopic calculations reveal the triaxial
nature of the shape of this nucleus. In addition, quasi-
particle plus triaxial rotor model calculations were per-
formed to calculate the energy levels and the B(M1)
and B(E2) values for transitions between the levels. The
calculated B(M1)/B(FE2) ratios compare reasonably well
with corresponding experimental values in the the yrast
band. Furthermore, the calculated staggering for this band
and the B(M1)i,/B(M1)out values for the M1 transitions
within and coming out of the excited band show good
agreement with the phase observed in the experimental
data for these two quantities. A comparison with the other
odd-odd chiral nuclei currently known in this mass region
shows a similarity in each case of two of the key features
expected from a chiral configuration; namely a smoothly
varying S(I) parameter as a function of spin and the stag-
gering of the B(M1)/B(E2) and B(M1)in/B(M1)oyt val-
ues. These two signatures appear to provide a more robust



P. Joshi et al.: First evidence for chirality in Tc isotopes: Spectroscopy of °°Tc 29

test of the chirality compared to the energy degeneracy
criterion for the two bands, which has so far only been
observed in 1“Rh in the A ~ 100 region. However, more
theoretical work is needed in order to understand the rea-
sons why the two bands fail to achieve degeneracy in the
majority of the chiral cases discovered to date (note, a sim-
ilar situation is found to exist in the A ~ 130 region, where
at present only *Pr is found to have states that approach
true degeneracy). This might include further investigation
of the role of pairing and the presence of a y-soft core on
the energy separation between the two bands.

This work has been partially supported by the UK EPSRC and
the US NSF under contract number PHY-0245018.
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