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The prompt and delayed γ-ray spectroscopy of 187Tl was studied via the 142Nd(50Cr, 3p2n)187Tl
fusion-evaporation reaction at a beam energy of 255 MeV. An enhanced level scheme of 187Tl was
established. The collective bands with one-quasiparticle configurations from the 2f7/2, 1h9/2, 1h11/2

and 1i13/2 orbitals and high-lying structures with possible three-quasiparticle configurations are
investigated in terms of the tilted axis cranking covariant density functional theory. At low excitation
energy, the rotational bands with one-quasiparticle configurations reflect the shape coexistence of
three shapes: prolate, triaxial, and oblate. The possible shapes of two microsecond isomers at high
excitation energy are proposed.

I. INTRODUCTION

The nuclear shape that reflects the spatial distribu-
tion of the nucleons is a fundamental characteristic of
the nucleus. The possible shapes which the nucleus
adopts result from the competition and delicate balance
between the collective and single-particle degrees of free-
dom. Therefore, nuclear shape provides a sensitive probe
of the underlying nuclear structure and a stringent test
for nuclear structure models. In the region around Z =
82 and A = 180, there are large shell gaps at both pro-
late and oblate deformation around the neutron mid-shell
at N = 104–106. The nuclei in this region exhibit rich
shape-related phenomena, particularly the shape coexis-
tence, and have long been the active topic of research
[1]. For example, the shape coexistence manifests itself
in 186Pb through the occurrence of three low-lying 0+

states with prolate, oblate, and spherical shapes, respec-
tively [2].

∗ zhli@pku.edu.cn
† liuzhong@impcas.ac.cn

Due to the different polarization effects of the different
single-particle orbitals on the nuclear shapes, the spec-
troscopy of odd-A nuclei can provide important clues for
understanding the mechanism behind the shape coexis-
tence, and therefore attracts particular interest. Studies
of odd-A nuclei in this region have revealed the coexis-
tence of distinct shapes not only at low excitaions but
also at high-lying isomeric states [1].

In this paper, we report the in-beam and delayed γ-
ray spectroscopy of 187Tl. For the light thallium iso-
topes (Z = 81), the collective structures have revealed
the coexistence of different nuclear shapes [1], where the
important deformation driving orbitals are the πh9/2 and

πi13/2 intruders. Previously, the nucleus 187Tl has been
studied via decay spectroscopy [3–6], in-beam γ-ray spec-
troscopy [7–10], and laser spectroscopy [11–13]. Four
prolate bands and two oblate bands were established
[8]. Meanwhile, two isomers with microsecond lifetimes
(T1/2 = 1.11 µs and 0.69 µs) were also observed [6], but
their shapes and configurations were uncertain. In the
present study, with high selectivity of the prompt and de-
layed γ-ray spectroscopy, a more complete level scheme
of 187Tl has been established, with which the shape co-
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FIG. 1. Partial level scheme of 187Tl deduced from prompt γ rays. The excitation energies of the 3/2+ state at 300.0 keV and
the 9/2− state at 335.0 keV are taken from Refs. [6, 8, 10]. Energies are in keV. New transitions and levels are marked as red.

existence within a wide excitation energy range in 187Tl
is discussed.

II. EXPERIMENTAL SETUP

The present experiment was performed at the ATLAS
superconducting linear accelerator, at Argonne National
Laboratory (ANL). The 187Tl nuclei were produced via
the 142Nd(50Cr, 3p2n)187Tl fusion-evaporation reaction
at beam energy of 255 MeV with an average intensity
of 7 pnA. Targets with a thickness of ≈ 700 µg/cm2

(including fluorine) were prepared from 142NdF3 material
with an isotopic enrichment of ≈ 99.8%. Four target
sectors were mounted on a rotating wheel, and the beam
was wobbled to ±2.5 mm horizontally across the target
by a magnetic steerer to avoid the target melting.
Prompt γ rays at the target position were detected by

the Gammasphere array with 64 large-volume Compton-
suppressed Ge detectors at the time of the experiment.
The typical energy resolution and detection efficiency
for Gammasphere were ≈ 3.5 keV (FWHM) and ≈

12% for γ-ray energies around 300 keV. Evaporation
residues (EVRs) were separated from the primary beam
by the Argonne Gas-Filled Analyzer (AGFA) filled with
≈ 0.65 mbar helium gas and transported to the focal-
plane detector system. The typical time of flight (ToF) of

recoils through AGFA is around 500 ns. A position sen-
sitive parallel grid avalanche counter (PGAC), located at
the exit from AGFA, provided time of arrival and energy-
loss signals of EVRs. The recoiling nuclei were subse-
quently implanted into a 300 µm thick, 64 mm × 64 mm
double-sided silicon strip detector (DSSD with 160× 160
strips) located 40 cm behind the PGAC. The coincidence
between signals from the PGAC and the DSSD enabled
implantation of ions to be distinguished from decays.
Gamma rays emitted from the EVRs and their daughters
were detected by four HPGe clover detectors (X-array)
surrounding the DSSD [14]. The typical energy resolu-
tion and detection efficiency for the X-Array were ≈ 3.4
keV (FWHM) and ≈ 16% for γ-ray energies around 250
keV. The data for 187Pb, 183Hg, 188Bi, and 188Po from
the same experiment were previously presented in Refs.
[15–17]

III. DATA ANALYSIS AND RESULTS

A. Prompt γ Rays of 187Tl

Approximately 1.2×108 prompt γ-γ coincident events
were collected in the Gammasphere, from which a sym-
metric matrix was built. The level scheme analysis was
performed using the RADWARE software [18]. To de-
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termine the multipolarities of the γ-ray transitions, two
asymmetric angular distributions from oriented states
(ADO) matrices were constructed by using the γ rays
detected at all angles (the y axis) against those de-
tected at 50◦+130◦ and 80◦+100◦ (the x axis), re-
spectively. The multipolarities of the emitted γ rays
were analyzed by means of the ADO ratio, defined as
(Iγ( 50

◦)+ Iγ( 130
◦))/(Iγ( 80

◦)+ Iγ( 100
◦)). In general,

the typical ADO ratios for the stretched quadrupole and
stretched pure dipole transitions are found to be ≈ 0.9
and ≈ 0.7, respectively.

The collective structures of 187Tl have been previ-
ously studied by many experiments, for example employ-

ing 159Tb(32S, 4n)187Tl [8–10] and 156Gd(35Cl, 4n)187Tl
[7] fusion-evaporation reactions. Rotational bands built
upon the 1/2−[530] of 2f7/2, 3/2

−[532] and 9/2−[505] of

1h9/2, 11/2−[505] of 1h11/2, 1/2+[660] and 13/2+[606]
of 1i13/2 proton orbitals with prolate or oblate shapes
have been established. The present analyses confirm
these levels and support the previous spin-parity assign-
ments. The partial level scheme of 187Tl deduced from
the present prompt γ-ray spectra is shown in Fig. 1. It
was constructed from the γ-γ coincidence relationships,
intensity balances and ADO ratios. The results are sum-
marized in Table I. The typical γ-ray spectra which sup-
port the proposed level scheme are shown in Fig. 2.

TABLE I: γ-ray energies, excitation energies, relative γ-ray intensities, ADO ratios and spin-parity assignments in 187Tl.

Eγ (keV) Ei (keV) Relative Intensity RADO Iπi →Iπf Multipolarity

144.3(2) 1731.0(2)

164.8(1) 1426.8(2) 5.2(3) 0.61(8) 15/2−→13/2− M1

182.7(1) 2132.1(2)

222.7(1) 951.9(1) 8.3(4) 0.82(10) 11/2−→11/2− M1/E2

237.8(1) 1968.8(2) 5.9(4) 19/2−→17/2−

242.7(1) 1448.5(2) 4.5(3) 17/2−→13/2−

254.0(1) 3202.4(3) 3.4(3)

255.3(1) 2929.9(3) 6.2(6)

268.2(1) 997.3(1) 11.0(4) 0.87(9) 13/2−→11/2− M1/E2

275.8(1) 2537.7(3) 3.4(4) 23/2−→21/2−

283.9(2) 3486.3(4)

285.5(1) 1738.9(2) 100.0 1.07(4) 21/2+→17/2+ E2

293.1(2) 2261.9(3) 5.8(3) 21/2−→19/2−

298.4(2) 2836.7(3) 25/2−→23/2−

299.1(2) 3135.2(3) 27/2−→25/2−

304.2(1) 1731.0(2) 11.6(8) 0.85(16) 17/2−→15/2− M1/E2

309.3(2) 3444.5(4) 29/2−→27/2−

309.8(1) 1261.7(2) 19.3(4) 1.00(12) 13/2−→11/2− M1/E2

310.4(3) 2674.6(3)

314.6(1) 3759.1(4) 31/2−→29/2−

325.2(1) 1586.9(2) 8.1(6)

331.4(1) 1060.6(1) 148.0(24) 0.89(4) 13/2+→11/2− E1/M2

343.5(1) 678.5(1)

362.8(1) 1949.7(2)

366.3(1) 2105.2(2) 81.2(38) 1.01(4) 25/2+→21/2+ E2

373.3(1) 2505.4(3)

373.9(1) 1838.9(2) 8.8(7) 17/2+→15/2+

388.5(1) 1822.5(2) 100.0b 0.97(9) 19/2−→15/2− E2

392.8(1) 1453.4(2)
279.9(28)a

17/2+→13/2+

394.2(1) 729.2(1) 11/2−→9/2−

401.5(1) 2132.1(2)

404.4(1) 1465.0(2) 11.3(21) 0.60(6) 15/2+→13/2+ M1

426.8(2) 1105.3(2)

427.3(1) 1875.8(2) 60.3(8) 0.98(6) 21/2−→17/2− E2

436.7(1) 1434.0(2) 8.4(7) 15/2−→13/2−
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TABLE I. (Continued).

442.7(1) 2547.9(2) 52.3(24) 1.19(5) 29/2+→25/2+ E2

447.6(2) 1445.1(2) 15/2−→13/2−

451.2(1) 1448.5(2) 64.0(17) 1.12(6) 17/2−→13/2− E2

453.7(1) 2276.2(2) 78.7(38)b 1.25(10) 23/2−→19/2− E2

468.8(1) 1731.0(2) 5.7(6) 17/2−→13/2−

474.9(1) 1426.8(2) 13.5(7) 0.88(10) 15/2−→11/2− E2

476.8(1) 1206.0(2) 12.0(9) 13/2−→11/2−

488.4(1) 2364.2(2) 41.7(13) 1.18(7) 25/2−→21/2− E2

510.6(1) 3058.5(3) 33.7(15) 0.85(4) 33/2+→29/2+ E2

516.7(1) 2792.9(3) 41.0(27)b (27/2−)→23/2−

530.9(2) 2261.9(3) 5.4(3) 21/2−→17/2−

541.8(2) 1968.8(2) 19/2−→15/2−

545.2(1) 2132.1(2)

546.3(1) 2910.5(3) 18.4(10) 0.92(10) 29/2−→25/2− E2

556.0(3) 2505.4(3)

568.4(2) 2537.7(3) 23/2−→19/2−

569.9(1) 3628.4(3) 21.5(10) 1.00(4) 37/2+→33/2+ E2

571.2(1) 3364.1(3) 32.3(23)b (31/2−)→(27/2−)

574.8(1) 2836.7(3) 4.9(2) 25/2−→21/2−

584.2(2) 2948.4(3) 5.3(4)

597.5(2) 3135.2(3) 27/2−→23/2−

601.4(2) 3511.9(3) 9.4(11) 33/2−→29/2−

611.3(2) 3975.4(4) 20.6(18)b (35/2−)→(31/2−)

616.9(1) 951.9(1) 36.2(27) 1.09(9) 11/2−→9/2− M1/E2

620.6(1) 4249.0(3) 16.4(8) 41/2+→37/2+

628.2(2) 4140.1(4) 2.8(2) 37/2−→33/2−

662.3(1) 997.3(1) 51.9(37) 0.98(5) 13/2−→9/2− E2

662.6(1) 4911.6(4) 7.7(4) 45/2+→41/2+

698.0(2) 5609.6(4) 49/2+→45/2+

705.2(2) 1434.0(2) 5.6(4) 15/2−→11/2−

715.9(2) 1445.1(2) 4.9(3) 15/2−→11/2−

798.8(2) 2674.6(3) 6.4(4)
a Total intensity of the 392.8- and 394.2-keV γ-rays.
b Since the energies of the low-lying γ-rays in band 1 are close to their neighboring stronger peaks, the intensities of

transitions in band 1 are normalized to the intensity of 388.5-keV γ-rays.

The bands 1, 2, and 8 built on the 1/2−[530] of 2f7/2,

3/2−[532] of 1h9/2, and 1/2+[660] of 1i13/2 orbitals, re-
spectively, as well as the bands 4 and 7 built on the
9/2−[505] of 1h9/2 and 13/2+[606] of 1i13/2 orbitals, re-
spectively, are observed up to the same levels as in Ref.
[8]. In Ref. [8], a transition sequence of 309.8, 325.1,
and 362.7 keV was assigned as an 11/2−[505] band with
a bandhead at 951.9 keV. In the follow-up work [10] with
the same 159Tb(32S, 4n)187Tl fusion-evaporation reaction
as that in Ref. [8], the 1h9/2 band (band 2 in the present

work) extended from spin 37/2− at 4.139 MeV to spin
45/2− at 5.519 MeV. Meanwhile, a new rotational band
built on the 11/2−[505] of 1h11/2 orbital has been es-
tablished, in which only the 309.8-keV transition was in-
cluded [10]. Our work supports the level sequence of the

11/2−[505] band reported in Ref. [10]. In addition, in the
present work the 362.8-keV transition is assigned as the
member of a new structure (band 6 in Fig. 1), and the
325.2-keV transition is assigned as an interband transi-
tion from the state at 1586.9 keV in band 6 to the 13/2−

state at 1261.7 keV in band 5. The band 3 is also newly
established.

B. Delayed γ Rays of 187Tl

As we mentioned above, two isomers with microsecond
lifetimes (T1/2 = 1.11 µs and 0.69 µs) in 187Tl have been
reported, although their spin-parities and decay paths
were not firmly determined [6]. To further probe the



5

37
3.

9

28
5.

5

24
6.

5*

39
2.

8 
&

 3
94

.2

40
4.

4

44
2.

7

47
5.

4*

36
6.

3

51
0.

6

53
3.

8* 56
9.

9

62
0.

6

66
2.

6

(a) gate: 331.4 keV
Co

un
ts

 / 
1 

ke
V

39
4.

2

43
6.

7 45
3.

7

56
9.

9 
&

 5
71

.2

61
1.

3 66
2.

636
6.

3

33
1.

4

28
5.

5

70
5.

251
6.

7

44
2.

7

(b) gate: 388.5 keV

51
0.

6

62
0.

6

48
0.

2*

31
4.

7*
30

8.
1*

14
4.

3

16
4.

8

27
5.

8
28

5.
5*

30
9.

8 
&

 3
09

.3

29
8.

4 
&

 2
99

.1
30

4.
2

23
7.

8
22

2.
7

32
5.

2

36
2.

8

39
4.

2
40

1.
5

44
2.

7*

46
8.

8
47

4.
9

54
5.

2
54

1.
8

61
6.

9
59

7.
5

56
8.

4

36
6.

3*

40
4.

4*

57
4.

8

53
0.

9

(c) gate: 309.8+325.2+616.9 keV
37

3.
3

29
3.

1

31
4.

6

18
2.

7

55
6.

0

Energy (keV)

24
2.

7

26
8.

2
25

4.
0 

&
 2

55
.3

39
4.

2
40

5.
3*

45
1.

2

48
8.

4

54
6.

3

60
1.

4

38
0.

5*

66
2.

3

79
8.

8

47
6.

8

35
6.

7*34
3.

5

31
0.

428
3.

9

62
8.

2

(d) gate: 427.3 keV

58
4.

2

FIG. 2. Coincident prompt γ-ray spectra for 187Tl, gated on the (a) 331.4 keV transition, (b) 388.5 keV transition, (c) 309.8
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properties of these two isomers in 187Tl, a symmetric
matrix was built from the delayed γ rays measured by
the X-array, with a time window of 0–3 µs after the im-
plantation of EVRs into DSSD. The partial level scheme
related to these two isomers is shown in Fig. 3 and the
typical γ-ray spectra are shown in Fig. 4.

The present work supports the decay scheme of the
isomer at 2.584 MeV reported in Ref. [6]. Spin-parities
Jπ = 25/2−, 27/2±, 29/2+ were tentatively assigned to
this isomer based on the deduced total conversion coef-
ficient of 0.15(18) for the 479.4 keV line from a balance
of intensities, which suggest multipolarities of E1, M1 or
E2 [6]. In the present work, a total conversion coefficient
of 0.17(10) is deduced and consistent with the previous
value of 0.15(18).

In Ref. [6], the position of the T1/2 = 1.11 µs isomer
was uncertain. A transition cascade of 191.0 and 201.6
keV decaying from this isomer was reported. This isomer
was found to decay via two parallel paths to the low-lying
states: one deexcites to the 13/2− state at 1261.7 keV
and the other to the 17/2+ state at 1453.4 keV [6]. Not
all γ rays linking this isomer to low-lying states in 187Tl
were observed, thus the position of this isomer was not
determined [6].

In the present work, as shown in delayed spectrum in
Fig. 4(b), seven transitions of 164.8, 304.2, 325.2, 401.5,
468.8, 474.9, and 545.2 keV, are found to be in coinci-
dence with the 616.9- and 309.8-keV transitions, suggest-
ing that these seven transitions lie in the decay path to
the 13/2− state at 1261.7 keV. Therefore, four levels are
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FIG. 4. Coincident delayed spectra for 187Tl, gated on the
(a) 285.5 keV transition, (b) 309.8 + 616.9 keV transitions,
and (c) 392.8+394.2 keV transitions.

added to this path. In addition, as shown in Fig. 4(c),
the 404.4-keV transition in band 7 is in coincidence with
the 394.2-keV transition, which means there is another
new decay path to the low-lying 13/2+ state at 1060.6
keV. Unfortunately, since there are still missing γ rays
linking this isomer to low-lying states, its position can
not be determined.
Gating on sum of the 191.0- and 201.6-keV transitions,

the decay curve was constructed from the time differ-
ence between the implantation and subsequent γ rays
and shown in Fig. 5(a), yielding a half-life of 1.13(10)
µs, which is consistent with the reported value of 1.11(7)
µs [6]. When gating on the 479.4-keV transition, the de-
cay curve yields a half-life of 0.54(5) µs (see Fig. 5(b))
for the isomer at 2584.6 keV, which is smaller than the
reported value of 0.69(4) µs in Ref. [6].

0 2 4 6 8

0

1000

2000

3000

4000

0 2 4 6

0

200

400

600

800

(a)

T1/2 = 1.13(10) ms

T1/2 = 0.54(5) ms

Co
un

ts 
/ 4

00
 n

s

(b)

Co
un

ts 
/ 8

00
 n

s

Time (ms)

FIG. 5. The background subtracted time difference
(∆T (EVR-γ)) for the (a) 191.0 + 201.6 keV transitions and
(b) 479.4 keV transition. A least-squares fit is performed for
the exponential decay, and shown by the red line.

C. γ rays feeding the isomeric state of 187Tl

To determine the transitions feeding the isomeric state,
the isomer-decay tagging (IDT) method [19] was used
and a prompt - delayed matrix was established. As shown
in Fig. 6(a) and (b), when gating on the delayed 392.8-
, 394.2- and 331.4-keV γ -rays, as well as the delayed
191.0-keV γ-ray, two new γ-rays of 265.6 and 282.2 keV
can be clearly seen in the prompt spectra. To see the rela-
tionship between these two new γ-rays, another symmet-
ric prompt γ-γ matrix was created, which only included
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the γ-rays detected in Gammasphere array in coincidence
with the delayed γ-rays of 392.8, 394.2 and 331.4 keV
detected in X-array. As shown in the inset of Fig. 6(a),
the 265.6-keV transition has a clear coincidence with the
282.2-keV transition. Therefore, based on the new ob-
servation of these two γ-rays, their coincidence relation-
ship, and their intensities (Iγ(282.2 keV)/Iγ(265.6 keV)
= 0.86), two new levels are added above the isomer with
half-life of 1.13(10) µs.
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transition. Inset: Prompt spectrum with gates on the prompt
265.6 keV transition and sum of the delayed 331.4 + 392.8 +
394.2 keV transitions.

IV. DISCUSSION

In previous studies [7–10], the low-lying collective
structures observed in 187Tl have revealed the coexis-
tence of different nuclear shapes. Here, to obtain fur-
ther insight into the rotational bands built on the single-
particle orbitals close to the Fermi surface and their cor-
responding shapes in 187Tl, the tilted axis cranking co-
variant density functional theory TAC-CDFT [20–22] cal-
culations are performed. The relativistic point-coupling
density functional PC-PK1 [23] with a basis of 12 major
oscillator shells is adopted in the particle-hole channel,
and the pairing correlations are neglected for simplicity.
In Fig. 7, the calculated energy spectra built upon

the 2f7/2, 1h9/2, 1h11/2 and 1i13/2 orbitals are plotted
as a function of the rotational frequency, and compared
with the available data for bands 1, 2, 5 and 8, respec-
tively. The agreements between theoretical and exper-
imental data are good. At high rotational frequency
(>300 keV), the deviations of the theoretical results from
the experimental data become large, which can be as-
cribed to the alignment of a pair of i13/2 neutrons in
these bands [8, 10].

For the πh9/2 configuration in band 2 (Fig. 7(b)), the
TAC-CDFT calculation predicts a pair of 3d3/2 protons
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FIG. 7. The calculated energy spectra as functions of rota-
tional frequency by TAC-CDFT calculations in comparison
with the experimental data for (a) band 1, (b) band 2, (c)
band 5, and (d) band 8 of 187Tl.
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FIG. 8. The evolutions of deformation parameters β and γ
driven by increasing rotational frequency in the TAC-CDFT
calculations for (a) band 1, (b) band 2, (c) band 5, and (d)
band 8 in 187Tl. The arrows indicate the increasing direction
of the rotational frequency ℏω, which changes from 0.10 MeV
to 0.30 MeV in all cases. Note the points with larger defor-
mation in panel (b) correspond to the calculated results with
a proton pair broken for ℏω > 0.22 MeV.

broken around ℏω ≈ 0.22 MeV. These two unpaired pro-
tons occupy the 3d3/2 orbital and the 1i13/2 orbital, re-
spectively. Above the rotational frequency 0.22 MeV, the
calculated energy spectra deviate from the experimen-
tal energy spectra of band 2. The inclusion of pairing
correlations may delay this breaking and give a better
agreement with band 2.
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TABLE II. Possible three-quasiparticle configurations for the isomeric states in 187Tl. The excitation energy, deformation
parameters β and γ are calculated by the TAC-CDFT with the density functional PC-PK1.

Kπ Shape Quasiparticles Configuration Energy β γ

25/2+ Prolate 1p2n π11/2−[505]⊗ ν9/2+[624]5/2−[512] 1.396 MeV 0.283 11.0◦

27/2− Prolate 1p2n π11/2−[505]⊗ ν9/2+[624]7/2+[633] 1.876 MeV 0.279 14.8◦

23/2+ Oblate 1p2n π9/2−[505]⊗ ν9/2+[624]5/2−[532] 0.526 MeV 0.177 60.0◦

23/2− Oblate 1p2n π13/2+[606]⊗ ν7/2+[613]3/2−[501] 3.800 MeV 0.186 60.0◦

27/2− Oblate 1p2n π13/2+[606]⊗ ν9/2+[624]5/2−[532] 3.311 MeV 0.179 60.0◦

27/2+ Oblate 3p π13/2+[606]9/2−[505]5/2−[503] 4.946 MeV 0.236 60.0◦

29/2+ Oblate 3p π13/2+[606]9/2−[505]7/2−[514] 3.480 MeV 0.236 60.0◦

In previous works [7–10], bands 1, 2, 5 and 8 were sug-
gested to have prolate shapes, while bands 4 and 7 were
suggested to have oblate shape. Meanwhile, the triaxial
degree of freedom was found to play a role in these col-
lective structures [8, 10]. To examine the possible shape
coexistence and the involved triaxiality, Fig. 8 shows the
calculated deformation parameters β and γ for bands 1,
2, 5, and 8 in the TAC-CDFT, as well as the evolutions
of their deformations with the rotational frequency. It
can be seen that the calculated β values lie around 0.28
for bands 2 and 5, whereas the corresponding values are
larger than 0.30 for bands 1 and 8. The deformation
enhancement of the latter can be ascribed to the occupa-
tion of the high-j low-Ω deformation driving orbital, i.e.,
1/2−[530] of πf7/2 for band 1 and 1/2+[660] of πi13/2 for
band 8. The γ values for these bands are very similar,
in the range of 12-15◦. With the increase of the rota-
tional frequency, the quadrupole deformation parameter
β decreases smoothly while γ changes very slightly. Only
for the πh9/2 band, the unpairing of the 3d3/2 protons
to the low-Ω i13/2 orbital leads to a deformation increase
around ℏω ≈ 0.22 MeV. The calculated β values are con-
sistent with the previous calculations [7, 8]. In contrast
to the triaxial prolate deformation of bands 1, 2, 5, and
8, bands 4 and 7 are found to have an axial symmet-
ric oblate deformation with β = 0.185, γ = 60◦ and
β = 0.190, γ = 60◦, respectively, and behave in a similar
way.
It is worthwhile to investigate the nature of the two µs

isomeric states. In Ref. [6], the 2584.6-keV isomer has as-
signments constrained to the range Jπ = 25/2−, 27/2±,
or 29/2+, which suggests a high-K three-quasiparticle
configuration. According to the decay scheme in Fig. 3,
the other isomer with a half-life of 1.13 µs most prob-
ably has a comparable excitation energy and a similar
range of Jπ, indicating a high-K three-quasiparticle con-
figuration, too. Moreover, the two isomeric states might
have either a prolate-like triaxial or an oblate shape, as
discussed for the one-quasiparticle bands. Since the spin-
parity assignments for these two isomers are not deter-
mined, their configurations can only be discussed in a
general manner. As a further reference, the TAC-CDFT

calculations for several low-lying three-quasiparticle con-
figurations have been performed at ℏω = 0 MeV to ob-
tain the deformation information at the corresponding
bandheads. The results are given in Table II.

For prolate deformation, the low-lying three-
quasiparticle configuration of 187Tl with quantum
number K no less than 25/2 should involve the
11/2−[505] proton configuration. The two candi-
dates listed in Table II couple this proton with the
two-quasineutron excitation ν9/2+[624]7/2+[633] and
ν9/2+[624]5/2−[512], respectively, which behave prolate-
like triaxial in shape with β2 ≈ 0.28 and γ ≈ 10-15◦.
For oblate deformation, the one high-K quasiproton
could either be 9/2−[505] from the h9/2 orbital or

13/2+[606] from the i13/2 orbital. This proton can
couple either with two-quasineutron or two-quasiproton
excitation to form a low-lying high-K three-quasiparticle
configuration. As seen in Table II, there are several
possibilities and the three-quasiproton configurations
have a relatively larger oblate shape (β ≈ 0.24) than the
one-quasiproton-two-quasineutron ones (β ≈ 0.18).

Considering that the 2584.6-keV isomer decays to band
8 with the π1/2+[660] configuration and does not feed
band 5 with the π11/2−[505] configuration, this iso-
mer is unlikely to be prolate-like with the quasiproton
11/2−[505] configuration involved. Thus the 2584.6-keV
isomer is more likely to be a high-K shape isomer with
an oblate shape, decaying to a distinguished prolate-like
shape. The other high-K isomer has comparative decay
paths to the low-lying levels in three bands. It is more
likely to be another shape isomer of a three-quasiproton
configuration with both the π9/2−[505] and π13/2+[606]
components involved.

V. SUMMARY

The spectroscopy of 187Tl was studied via the
142Nd(50Cr, 3p2n) fusion-evaporation reaction at a beam
energy of 225 MeV. Eight collective structures built on
one-quasiparticle configurations are investigated in terms
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of the TAC-CDFT. The agreements between the experi-
mental energy spectra and the calculations are good. The
evolutions of the deformation parameters β and γ driven
as a function of the rotational frequency in the TAC-
CDFT calculations are presented. It is proposed that
bands 1, 2, 5, and 8 have a prolate deformation with a
12-15◦ γ value, while the bands 4 and 7 are associated
with an axial symmetric oblate shape. These structural
characters observed in 187Tl constitute good evidence for
shape coexistence. The possible three-quasiparticle con-
figurations and corresponding shapes at high excitation
energy in 187Tl are discussed.
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