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Abstract

The negative-parity band structure built on the proton h9/2 state in 199Tl has been established

up to an excitation energy of 7 MeV and spin of (51/2) ~. The level scheme has been extended

with the inclusion of fourteen new transitions deexciting levels at high spin. The ∆I = 1 γ rays

are found to be more prominently visible in the spectra when comparing to ∆I = 2 transitions.

Rotation alignments are evident at frequencies of 0.22 and 0.30 MeV, with both being attributed

to the breaking of pairs of neutrons in the i13/2 subshell. Since 199Tl is expected to have weak

oblate deformation, and lies in a transitional region where competing contributions to the spin are

expected from collective rotation and the angular momentum of high-j nucleons, calculations using

both the Principal Axis Cranking (PAC) and Tilted Axis Cranking (TAC) formalisms have been

performed to understand its structure. Both the PAC and TAC calculations are found to provide a

satisfactory description of the evolution of excitation energies with spin. The PAC calculations give

a good account of the experimental crossing frequencies and associated spins. The structure of the

yrast, negative-parity band in 199Tl may be primarily understood in terms of the collective rotation

of a moderately-deformed oblate nucleus, along with contributions to the angular momentum from

two pairs of rotation-aligned i13/2 neutrons.
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I. INTRODUCTION

A diverse range of phenomena are manifested in nuclei with Z ≈ 80-83 and A ≈ 190-200.

Shape coexistence, with the presence of prolate and oblate rotational bands, is evident in

the lighter Hg (Z = 80), Tl (Z = 81), Pb (Z = 82) and Bi (Z = 83) isotopes, see e.g. [1–4].

With increasing neutron numbers, oblate shapes are predominantly favored at low excita-

tion energy, and in odd-A Tl isotopes with A > 180 rotational bands built on an unpaired

proton in the h9/2 orbital are found to be yrast [5–8]. The magnitude of the oblate deforma-

tion decreases with increasing neutron number when approaching the N = 126 shell closure.

Despite this, it has been determined that the rotational properties of odd-A 185−199Tl are

quite similar: this has been attributed to reduced neutron pair correlations for the heav-

ier isotopes, leading to opposite and compensating effects on the moment of inertia [9].

The normal-deformed rotational bands established in 193,195,197,199Tl, therefore, have many

similarities [5, 7, 10–12]. Additionally, superdeformed bands have also been identified in

191,192,193,195Tl [13–16], which highlight the role of the proton i13/2 orbital. This region is

also characterized by some of the first-identified and classic examples of magnetic rotational

bands (so-called M1 bands) in Pb isotopes [17–19]. Such M1 bands have also been estab-

lished in the doubly-odd 194,196,198Tl isotopes [6, 8, 20]. For isotopes of Tl with A < 200, apart

from the states at low spin involving the occupation of the h9/2 orbital, no isomeric levels

have been established at high spin. In the case of 200Tl and beyond, intrinsic excitations are

found to play an increasing role in the realization of states at higher excitation. Recent work

by this collaboration and by other groups has led to the identification of many isomers up to

high spin, some of which are quite long-lived, with half-lives up to hundreds of microseconds

[21–25]. In all of the excitation mechanisms mentioned above, high-j orbitals (proton h9/2,

h11/2, i13/2, and neutron i13/2) are found to have an important influence on the structure,

whether involving rotation alignment due to the Coriolis force, the realization of magnetic

rotation, the appearance of superdeformed bands, or the presence of isomeric states. Fur-

thermore, possible chiral bands have been identified in 194,195,198Tl [26–28]. The multitude of

phenomena which are realized through the varying degrees of competition between intrin-

sic and collective excitations makes this region particularly interesting for nuclear structure

investigations.

The isomeric 9/2− state in 199Tl, with T1/2 = 28.4(2) ms [29], on which the yrast, negative-
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parity sequence is built, was first identified through reactions of energetic α particles on a

thick 197Au target [30]. Subsequent work led to the identification of a band structure built on

the 9/2− state [31]. More recent work, using the 196Pt(7Li, 4n) reaction led to a significant

extension of the level scheme up to an excitation energy of 4 MeV and a spin, I = (33/2) ~

[10]. Most of the reported levels up to 3.3 MeV were confirmed in a subsequent work using the

197Au(4He, 2n) reaction, and several new non-yrast levels were also established [11]. Due

to the inaccessibility of 199Tl through fusion-evaporation reactions with even heavier ion

beams, high-spin levels could not be identified thus far. In the present work, multi-nucleon

transfer reactions with heavy and highly-energetic beams were used to populate states up

to high spin in 199Tl, herewith enabling the exploration of the mechanisms responsible for

nuclear structure in this excitation domain.

II. EXPERIMENT AND RESULTS

Levels at considerably higher spin, as compared to those observed in the previous work

using lighter-ion 7Li and α beams [10, 11], were populated using 2pxn transfer reactions with

a 1450-MeV 209Bi beam from the ATLAS accelerator at Argonne National Laboratory, inci-

dent on a thick, 50 mg/cm2, 197Au target. The Gammasphere detector array comprising of

100 Compton-suppressed high-purity germanium detectors [32, 33] was used to record γ-ray

coincidence data. The primary focus of the analysis centered on prompt coincidence events

involving the simultaneous detection of three or more γ rays in any of the Gammasphere

detectors within ±40 ns of the arrival of the pulsed beam on the target. While the delayed

data, recorded > 50 ns after the beam was incident on the target, were also inspected, no

evidence for isomeric decays from levels above the 9/2− state was found. The data were

sorted into histograms with three- and four-fold coincidence events, and analyzed using the

Radware suite of programs [34]. Matrices were constructed with γ rays detected at 90°±

10° with respect to the beam direction on one axis, and those detected at 30°/ 150°± 10°

on the other, to enable the determination of Directional Correlation of γ rays deexciting

Oriented states (DCO) ratios for assigning the multipole order of the transitions. However,

no information on DCO ratios beyond that reported in the previous works [10, 11] could be

obtained.

The present work has yielded new information on high-spin levels in 199Tl, specifically
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in the yrast, negative-parity sequence built on the 9/2−, 28.4(2) ms isomeric state. The

extended level scheme of 199Tl is presented in Fig. 1. In previous work [10], levels up to

spin I = (33/2) ~ had been identified. The present data agree for all of the transitions,

and their respective placements, in the 9/2− band identified by Li et al. [10], but not with

all the placements of Bhattacharya et al. [11]. The 619-keV, (33/2−) → (29/2−) γ ray is

newly identified. There had been no levels identified in previous work above the (33/2−)

level. In the present work, the yrast sequence has been extended up to the Iπ = (51/2−)

state at 7055 keV. The cascade of ∆I = 1 transitions with energies 480, 345, 609, 260, 160,

190 and 219 keV is newly established. The crossover ∆I = 2 transitions of energy 825 and

868 keV, and a parallel 1188-505 keV sequence between the (33/2−) and (41/2−) levels,

are also identified from the present work. Additionally, the 953-keV, (39/2−) → (35/2−)

and 696-keV, (51/2−) → (47/2−) transitions are newly placed. Detailed information on the

levels and their assigned spin-parity, on the γ rays and their intensities, is presented in Table

I. All the newly identified γ rays are displayed in Figs. 2 and 3, wherein coincidence gates

have been placed on several combinations of two previously established transitions below

the (33/2−) level. The intensities of a few of the lower-energy, E2 transitions are below

the observational limit, given the available statistics in the present data. This is, however,

consistent with the inferred branching ratios for the ∆I = 1 and ∆I = 2 transitions, where

the E2 transition energies are higher, and so are the associated transition strengths, and the

γ rays are, therefore, visible. The spin-parity assignments above the Iπ = (33/2−) level are

tentative in the absence of significant angular correlation or distribution data for the new γ

rays. However, the observation of parallel sequences above the existing ∆I = 1 and ∆I = 2

structures suggest M1 and E2 multipolarity, respectively. An alternative E1/E2 assignment

for the ∆I = 1 and ∆I = 2 sequences is very likely ruled out by the absence of significant

octupole correlations. Since all the newly-established levels have half-lives below 2 ns, M2

multipolarity is excluded for the ∆I = 2 transitions. In addition to the 260-, 505- and

868-keV decay branches from the level at 5791 keV, there is feeding from this level and the

one at 5285 keV to a positive-parity sideband built on the 15/2+ state [10]. In the present

work, this sideband could not be extended beyond what was reported earlier. In fact, in the

present work, as yrast levels were preferentially populated, all the sidebands reported earlier

[10, 11] are relatively weakly fed at high spin although some lower-spin transitions, like the

629-keV γ ray deexciting the 15/2+ state at 2080 keV [10], and feeding the 13/2− level in
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the yrast band, are prominently visible in the present data.

III. DISCUSSION

Rotational bands in odd-A Tl isotopes spanning several mass numbers exhibit similar

properties for reasons associated with decreasing deformation and neutron pair correlations

with increasing mass number, as mentioned earlier [9]. Among the isotopes with A ≥ 191,

prior to this work, only the yrast, negative-parity sequence in 193Tl had been observed to

display two discontinuities arising from rotation alignment [5, 12]. In the case of 199Tl, only

one instance of rotation alignment had been identified through earlier work where levels up to

(33/2−) were determined [10]. With levels up to (51/2−) established from the present work,

a second alignment is now evident in 199Tl as well. The yrast, negative-parity sequences in

193Tl and 199Tl are, therefore, compared below.

The staggering in energies of the levels in the favored and unfavored signature partners

of the sequences built on the 9/2− states in 193Tl and 199Tl are displayed in Fig. 4. The

trend of signature dependence is virtually identical up to the 21/2− level. Above this 21/2−

state, the magnitude of the signature splitting is small, and the pattern of staggering is

quite similar in the two cases, though the absolute values are different near the (23/2−)

and (43/2−) levels. An inversion in the staggering trend is visible in the two cases at both

locations where there are discontinuous changes in the excitation energy as a function of

spin, owing to the rotation alignment of nucleons discussed below.

The first rotation alignment in the h9/2 band of 199Tl had been clearly delineated in the

earlier work, and in the present one, the second discontinuity has also been established.

The aligned angular momentum as a function of rotational frequency for 199Tl is illustrated

in Fig. 5(a). It is evident that the first alignment occurs at a rotational frequency, ~ω =

0.22 MeV and is associated with a gain in aligned angular momentum of about 10 ~. The

second alignment is visible at ~ω = 0.30 MeV and is associated with about 8 ~ of gain.

The corresponding frequencies in 193Tl (0.26 MeV for the first, and 0.38 MeV for the second

alignment), as illustrated in Fig. 5(b), are significantly higher than those in 199Tl, though

both crossings are postulated to have a similar character in the two nuclei. A possible reason

for this difference could be that, for the oblate deformations in both instances, orbitals from

the i13/2 subshell with lower- and higher-Ω (projection of the intrinsic angular momentum
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along the symmetry axis) values are involved for 199Tl (N = 118) and 193Tl (N = 112),

respectively. For lower (higher) Ω values, the orbitals would be expected to cross the Fermi

level at lesser (greater) rotational frequencies, thus accounting for the difference in the two

cases. A factor which may play a role in the delayed second crossing in 193Tl is the known

subshell gap at N = 110 [35].

A. Principal Axis Cranking calculations

Cranking calculations were performed using the modified oscillator potential and the

standard Nilsson parameters in the Ultimate Cranker (UC) code [36]. In this case, the

cranking was performed about an axis perpendicular to the symmetry axis [Principal Axis

Cranking (PAC)] in contrast to a tilted axis as described in the next subsection. The proton

and neutron pair-gap energies were obtained from experimental masses [37] following the

procedure described in Ref. [38]. The total energy surface calculations for 199Tl, illustrated

in Fig. 6, indicate a moderately deformed oblate minimum with corresponding deformation

parameters ε2 = 0.106 and γ = -65° for the the Iπ = 21/2− state in the favored signature

partner of the yrast, negative-parity band. The parameters ε2 and γ correspond to the

quadrupole deformation and triaxiality. This oblate minimum is found to persist up to the

Iπ = 41/2− state which is characterized by (ε2, γ) = (0.112, -67°). Beyond this level, the

band is driven to further negative values of γ with (ε2, γ) = (0.113, -80°) for the Iπ = 45/2−

state, indicating a transition towards triaxial non-collective shapes. This may be correlated

with the observation that no transitions could be placed in the associated band, beyond the

Iπ = (51/2−) level (see Fig. 1).

The neutron and proton quasiparticle (qp) levels for 199Tl calculated at oblate deformation

are depicted in Fig. 7, and indicate that the first neutron alignment in the h9/2 band should

be assigned to the i13/2 AB crossing at ~ω = 0.18 MeV, with the letters corresponding to the

standard convention in the cranking description [39]. This prediction is in good agreement

with the experimentally observed alignment at ~ω = 0.22 MeV. The second neutron crossing

is visible at ~ω = 0.32 MeV while the first proton h11/2 crossing is apparent only beyond

0.40 MeV (Fig. 7). The experimentally observed alignment at ~ω = 0.30 MeV is then likely

correlated with the neutron i13/2 CD crossing. The calculated alignment gains are 12 ~ and

8 ~ for the first and second crossings, respectively.

7



The above calculations give a satisfactory description of the excitation energies in the

yrast, negative-parity sequence from low to high spin, as illustrated in Fig. 8. The calcu-

lated energy has been normalized to that of the 13/2− level from experiment to enable a

comparison of the evolution of energies as a function of spin. Though the value of spin at

which the discontinuities (on account of rotation alignment) in energy are visible, is slightly

overestimated by the calculations, the overall trend is well reproduced. The above consid-

erations, viz., the agreement between experiment and PAC calculations of both rotation

alignment frequencies, alignment gains and total energies, indicate that the data are reason-

ably well described in terms of the rotation of the nucleus perpendicular to the symmetry

axis of a moderately-deformed oblate nucleus.

B. Tilted Axis Cranking calculations

These calculations have been performed based on the hybrid version of the Tilted Axis

Cranking (TAC) model [40–42]. The latter combines the most optimized form of the single-

particle Woods-Saxon and the modified oscillator (Nilsson) potentials. Here, the single-

particle energies of the spherical Woods-Saxon potential are combined with the deformed

part of the anisotropic oscillator. This approximation enables the use of a realistic flat-

bottom potential, while taking into account in a simple way, the coupling between the

oscillator shells [43]. Since pairing is evidently an important parameter in these calculations,

we have computed proton and neutron pairing gap energies ∆p and ∆n from the “four-point

formula” using the expression given in Ref. [39]. Assuming that the pairing is reduced

for the excited configurations, an attenuation factor of 0.8 has been used. The values of

the neutron and proton pair gap energies used for the calculations are ∆n = 0.516 MeV

and ∆p = 0.792 MeV, respectively, i.e., 80% of the odd-even mass difference. The shape

parameters follow the Lund convention (ε2, γ) [44].

For the band built on the one-quasiparticle, π(h9/2)
−1 configuration, the energy mini-

mization as a function of deformation parameters gives self-consistency at values of ε2 =

−0.114, ε4 = 0.014, γ = 0°, and a tilted angle θ = 80°. The sequence of magnetic dipole

transitions in 199Tl above the 19/2− level is assigned a three-qp, π(h9/2)
−1 ⊗ ν(i13/2)

−2

configuration. The TAC calculations for this 3-qp configuration give a minimum in total

energy at a deformation of ε2 = −0.119, ε4 = 0.020, γ = 4°, and a tilted angle θ = 80°.
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For higher spins, another neutron pair in the i13/2 subshell is broken, leading to the 5-

qp, π(h9/2)
−1 ⊗ ν(i13/2)

−4 configuration. The TAC calculations for this 5-qp configuration

give a minimum in the total energy at a deformation of ε2 = −0.094, ε4 = 0.013, γ = 0°,

and a tilted angle θ = 80°. Additionally, calculations were performed for another 5-qp,

π(h9/2)
−1⊗ ν(i13/2)

−2(j−)−2 configuration, with j− ≡ h9/2 or f7/2. This results in an energy

minimum at a deformation ε2 = −0.108, ε4 = 0.020, γ = 12°, and a tilted angle θ = 80°. The

energies for the former configuration agree better with the experimental values, indicating

that the 5-qp, π(h9/2)
−1⊗ν(i13/2)

−4 one is probably responsible for the observed band struc-

ture at the highest spins. The calculated 5-qp energies are compared with experiment in Fig.

9, with the 3-qp energies being renormalized to those from experiment; the 1-qp energies

are also displayed alongwith. The nature of both the band crossings in the PAC and TAC

calculations is the same, and the overall agreement of the two with the experimental data

may be understood in terms of the relatively large tilted angle (80°) in the latter instance,

which arises from the preference for angles closer to 90°, of the i13/2 neutrons which occupy

low-Ω orbitals for N = 118 at oblate deformation [45]. Since there is a considerable amount

of aligned angular momentum at relatively low rotational frequencies in 199Tl, there may be

some limitations in the TAC description [46].

C. Branching ratios

Further insight into the nature of the observed band structures can be obtained from an

inspection of the experimental ratios of magnetic dipole (M1) and electric quadrupole (E2)

reduced transition probabilities: B(M1)/B(E2) as a function of spin. In this region, most

of the ∆I = 1 transitions are found to have almost pure M1 character [5–8]. Due to the

absence of visible E2 transitions deexciting several levels, and in some cases multiple E2

decay branches from a given state, it was possible to obtain from the data B(M1)/B(E2)

values for only six levels, as displayed in Fig. 10. The B(M1)/B(E2) values have been

obtained using the expression:

B(M1)

B(E2)
= 0.697

Iγ(M1)E5
γ(E2)

Iγ(E2)E3
γ(M1)

(1)

where the energy (Eγ) is in MeV and Iγ represents the γ-ray intensity. The corresponding

values for the 1-, 3- and 5-qp configurations from the TAC calculations, viz., π(h9/2)
−1,
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π(h9/2)
−1⊗ ν(i13/2)

−2 and π(h9/2)
−1⊗ ν(i13/2)

−4, respectively, are also indicated. While the

calculated and experimental values for the 1-qp configuration are reasonably similar, the

agreement at high spins with the three values available from experiment is quite poor. The

experimental B(M1)/B(E2) values at high spin correspond to levels which are in the vicinity

of the crossing of the 3- and 5-qp bands as a result of which they are not characteristic of

purely one or the other configuration, unlike in the case of the TAC calculations. Secondly,

in the crossing region, it is likely that there are significant changes in the magnitude of the

quadrupole deformation and triaxiality. These considerations may possibly be responsible

for the poor agreement between the experimental B(M1)/B(E2) values and the TAC results

at high spin.

IV. SUMMARY

The yrast, negative-parity sequence in 199Tl has been extended from the Iπ = (33/2−)

level at ≈ 4 MeV up to the Iπ = (51/2−) state at ≈ 7 MeV, using multi-nucleon transfer

reactions. The high-fold coincidence data recorded with the Gammasphere detector array al-

lowed for establishing fourteen new transitions above the previously identified (29/2−) level.

Two sharp backbends are visible at I ≈ 19/2 ~ and 39/2 ~, corresponding to rotational

frequencies of 0.22 and 0.30 MeV, respectively. These are associated with the breaking of

two pairs of i13/2 neutrons, based on the results of PAC calculations performed using the

Ultimate Cranker code, and also those using the TAC formalism. The change in excita-

tion energy as a function of a spin is reasonably reproduced by both the PAC and TAC

calculations. The B(M1)/B(E2) values for the aligned structures have been inferred from

the TAC calculations. The trends in signature splitting in the yrast, negative-parity bands

of 199Tl and 193Tl are found to be similar, with the band crossing frequencies in the latter

being significantly higher. Two successive rotation alignments of i13/2 neutrons appear to

be responsible for the bulk of the angular momentum generation at high spins in 199Tl.
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TABLE I: Energies and intensities of γ rays, and excitation energies and spins of the associ-

ated initial and final levels in 199Tl. Statistical uncertainties on γ-ray energies and intensities

are listed.

Eγ (keV) Ei (keV) → Ef (keV) Iπi → Iπf Iγ

112.6(2) 3361.6 → 3249.0 (27/2−) → (25/2−) 2.1(3)

116.4(2) 3478.0 → 3361.6 (29/2−) → (27/2−) 2.4(4)

159.5(1) 5950.2 → 5790.7 (43/2−) → (41/2−) 7.2(7)

172.1(1) 2834.4 → 2662.3 21/2− → 19/2− 8.7(8)

188.6(2) 3249.0 → 3060.4 (25/2−) → (23/2−) 6.3(5)

189.6(2) 6139.8 → 5950.2 (45/2−) → (43/2−) 4.0(4)

219.3(1) 6359.1 → 6139.8 (47/2−) → (45/2−) 3.4(4)

226.0(1) 3060.4 → 2834.4 (23/2−) → 21/2− 15.2(11)

259.5(2) 5790.7 → 5531.3 (41/2−) → (39/2−) 2.5(3)

266.6(1) 4097.5 → 3830.9 (33/2−) → (31/2−) 9.8(8)

328.9(1) 2196.8 → 1867.7 17/2− → 15/2− 6.3(6)

332.4(1) 1450.9 → 1118.5 13/2− → 11/2− 56.3(6)

345.2(1) 4922.8 → 4577.9 (37/2−) → (35/2−) 4.9(5)

349.4(2) 2217.1 → 1867.7 17/2− → 15/2− 2.2(3)
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Eγ (keV) Ei (keV) → Ef (keV) Iπi → Iπf Iγ

352.9(1) 3830.9 → 3478.0 (31/2−) → (29/2−) 11.0(9)

369.6(1) 1118.5 → 748.9 11/2− → 9/2− 100.0(6)

388.4(1) 2256.1 → 1867.7 17/2− → 15/2− 9.3(6)

406.6(2) 2662.3 → 2256.1 19/2− → 17/2− 2.4(3)

416.8(1) 1867.7 → 1450.9 15/2− → 13/2− 23.2(10)

445.1(2) 2662.3 → 2217.1 19/2− → 17/2− 1.2(2)

465.8(1) 2662.3 → 2196.8 19/2− → 17/2− 5.6(6)

480.4(1) 4577.9 → 4097.5 (35/2−) → (33/2−) 7.2(7)

505.4(1) 5790.7 → 5285.2 (41/2−) → (37/2−) 4.8(5)

578.6(2) 2834.4 → 2256.1 21/2− → 17/2− 1.4(2)

608.6(1) 5531.3 → 4922.8 (39/2−) → (37/2−) 4.5(5)

617.3(2) 2834.4 → 2217.1 21/2− → 17/2− 2.3(3)

619.3(1) 4097.5 → 3478.0 (33/2−) → (29/2−) 6.1(6)

638.0(1) 2834.4 → 2196.8 21/2− → 17/2− 3.9(5)

695.7(1) 7054.8 → 6359.1 (51/2−) → (47/2−) 5.0(6)

702.0(1) 1450.9 → 748.9 13/2− → 9/2− 73.8(52)

16



Eγ (keV) Ei (keV) → Ef (keV) Iπi → Iπf Iγ

745.9(1) 2196.8 → 1450.9 17/2− → 13/2− 15.9(14)

749.1(1) 1867.7 → 1118.5 15/2− → 11/2− 18.5(6)

766.4(1) 2217.1 → 1450.9 17/2− → 13/2− 4.6(5)

794.6(1) 2662.3 → 1867.7 19/2− → 15/2− 26.1(10)

805.4(1) 2256.1 → 1450.9 17/2− → 13/2− 7.4(8)

825.3(1) 4922.8 → 4097.5 (37/2−) → (33/2−) 8.9(9)

867.9(1) 5790.7 → 4922.8 (41/2−) → (37/2−) 6.4(8)

953.4(2) 5531.3 → 4577.9 (39/2−) → (35/2−) 2.8(4)

1187.7(2) 5285.2 → 4097.5 (37/2−) → (33/2−) 1.8(3)
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FIG. 1: Partial decay scheme of 199Tl illustrating the yrast, negative-parity band structure.

The transitions marked in red are the newly-established ones.
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FIG. 2: Spectra with gates on two γ rays illustrating coincidence relationships with the:

(a) 370-795, (b) 370-189, and (c) 795-226 keV transitions which had been placed in earlier

work [10]. The newly-established γ rays from this work are marked in red. The hash marks

indicate contaminant lines from other reaction channels.
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FIG. 3: Spectra with gates on two γ rays illustrating coincidence relationships with the

previously placed: (a) 189-226, (b) 189-267, and (c) 267-353 keV transitions [10]. New γ

rays established in the present work are marked in red. The hash marks indicate

contaminant lines from other reaction channels.
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FIG. 5: Aligned angular momentum as a function of rotational frequency for the bands

built on the 9/2− states in: (a) 199Tl and (b) 193Tl. The Harris parameters [47] for the

reference rotor have been chosen to be J0 = 8 ~2 MeV−1 and J1 = 40 ~4 MeV−3 [10]. The

first and second crossing frequencies in 199Tl are 0.22 MeV and 0.30 MeV, respectively,

while the corresponding values in 193Tl are 0.26 MeV and 0.38 MeV. Possible reasons for

these differences are discussed in the text.
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FIG. 6: Total energy surface plots illustrating energy minima in the negative-parity, yrast

structure in 199Tl obtained using the Ultimate Cranker code [36]. (a) The lowest energy

minimum is at ε2 = 0.106 and γ = -65° for I = 21/2 ~, and (b) at ε2 = 0.113 and γ = -80°

for I = 45/2 ~.
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FIG. 7: (a) Neutron and (b) Proton quasiparticle energy levels for oblate deformation

(ε2 = 0.106 and γ = -65°) in 199Tl as a function of the rotational frequency, calculated

using the Ultimate Cranker code [36]. The following (standard) convention is used for

labeling the orbitals (lines) with different parity (π) and signature (α): (π, α) = (+, +1/2)

[solid]; (π, α) = (+, -1/2) [short-dashed]; (π, α) = (-, +1/2) [dot-dashed]; (π, α) = (-,

-1/2) [long-dashed].
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the Principal Axis Cranking calculations. Details are provided in the text.
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those from TAC calculations. E(Ib) represents the excitation energy of the bandhead with
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calculations described in the text.
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