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Attempt to synthesize the proton-unbound 182,183Bi isotopes
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The near-symmetric complete fusion reaction 78Kr + 107Ag→ 185Bi∗ was studied at the gas-filled recoil
separator SHANS with an attempt to synthesize the extremely neutron-deficient proton-unbound 182,183Bi iso-
topes. No decay events which could be attributed to them were observed. The two- and three-particle evaporation
residues 180,179Hg (αp, αpn) and 183,182Pb (pn, p2n) were identified. Their production cross sections have been
measured at two bombarding energies. Based on the yields of 182,183Pb in the present work and the systematics
of the ratios between the cross sections of p(x-1)n and xn evaporation channels for the most neutron-deficient
odd-Z nuclei above lead, the upper limits for the half-lives of 182,183Bi were estimated to be less than 0.3 µs.
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I. INTRODUCTION

The neutron-deficient nuclei around the proton shell clo-
sure at Z = 82 and the neutron midshell at N = 104 exhibit a
variety of interesting nuclear structure and decay phenomena,
including shape coexistence [1–6], α decay, proton radioactiv-
ity [7–11], and β-delayed fission [12,13]. One of the methods
to reach this region of nuclei is complete fusion reaction
with heavy ions. However, the production cross sections of
the most neutron-deficient nuclei known in this region de-
crease to nanobarn levels or even lower, due to the rapidly
decreasing fission barriers of the compound nuclei and the
strong competition from charged-particle evaporation chan-
nels. The experimental excitation functions of evaporation
residues (ERs) are crucial for determining the optimal beam
energies and estimating the cross sections for new neutron-
deficient nuclei.

So far, the lightest known bismuth isotope is 184Bi, synthe-
sized in the complete fusion 93Nb(94Mo, 3n) reaction, about
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two decades ago at SHIP [14]. In this experiment, two α-
decaying states with half-lives of 13(2) ms and 6.6(15) ms
were observed [14]. Because of their yet unknown relative or-
dering, they were denoted as two isomeric states (184m1,m2Bi).
The same situation happens in 186Bi, where two α-decaying
states (186m1,m2Bi) with half-lives of 9.8(4) ms and 14.8(8) ms
were identified [14]. The quite similar half-lives for respec-
tive states in both isotopes could be understood in terms of
the similar energies of their strongest unhindered α decays
(7.1–7.3 MeV) feeding the excited intruder states in their
daughters 180,182Tl, as shown in Fig. 7(a) of Ref. [14]. Assum-
ing such predominant feeding to yet unknown excited state(s)
in 178Tl also applies to the lighter odd-odd 182Bi isotope, a
half-life of the order of milliseconds could be expected for its
α-decaying state(s), due to the reduced α-decay energy. On
the other hand, if this mechanism is not present anymore, the
α decays to the ground state (g.s.) in 178Tl are expected to have
much higher energy (see systematics in Fig. 7(a) of Ref. [14]),
which will result in a much shorter half-life. Furthermore,
proton emission cannot be ruled out for 182Bi, as 185Bi is
known with a dominant proton-decay branch [7–10].

The relatively long half-lives for 184,186Bi are in strong
contrast to the half-life of 2.8+2.3

−1.0 µs for the 1/2+ g.s. in
185Bi, which was recently identified at Argonne National
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TABLE I. Experimental cross sections for the ERs in the 78Kr + 107Ag reaction measured in the present work. The beam energies in the
middle of the targets and the average currents are listed in column 1 and 2, respectively.

Cross section (µb)a

Energy Beam current Time 180Hg(αp) 179Hg(αpn) 182Pb(pn) 183Pb(p2n)

338 MeV 130 pnA 30 h 0.67(8) 0.19(9) 0.004(1) 0.021(4)
342 MeV 100 pnA 109 h 1.05(7) 0.5(2) 0.009(1) 0.025(4)

aThe errors of cross sections arising from the uncertainties of the beam intensities, which were estimated to be 50% and are not listed in the
table.

Laboratory [10]. This also redefined the previously known
58(2)-µs decay as the excited isomeric state, instead of its
earlier assignment as the 1/2+ g.s. in 185Bi [7–9]. Based
on a well-established linear systematics of the proton- and
α-decay energies (Qp and Qα) from the 1/2+ isomer or g.s.
in the heavier odd-A Bi isotopes (185–191Bi) [15–17], the Qp

and Qα of the possible 1/2+ g.s. in 183Bi were extrapolated
to be around 2.1 MeV and 8.7 MeV, respectively. The cor-
responding short partial half-lives of ≈ 24 ns and ≈ 1 µs
were estimated by using the universal decay law (UDL) de-
duced in Refs. [18–21], which will be extremely challenging
for the recoil separator. However, the possible existence of
the longer-lived isomer similar to that in 185Bi cannot be
ruled out.

In the present work, the 78Kr + 107Ag→ 185Bi∗ reaction
was studied at the gas filled separator SHANS to produce
new isotopes 182,183Bi via 3n and 2n evaporation channels,
respectively. However, no events associated with them were
observed and possible limits for their half-lives are discussed.
The cross sections of the ERs produced in pxn and αpxn evap-
oration channels were measured at two bombarding energies.

II. EXPERIMENT

The experiments were carried out at the gas-filled recoil
separator SHANS (Spectrometer for Heavy Atoms and Nu-
clear Structure) [22]. The 78Kr ions with energies of 349
and 353 MeV were provided by the Sector-Focusing Cy-
clotron (SFC) of the Heavy Ion Research Facility in Lanzhou
(HIRFL), China. The beam intensity was measured by a Fara-
day cup installed at the exit of the SFC. The self-supporting
107Ag targets (∼97.8% enrichment with about 2.2% 109Ag)
had an average thickness of ∼900 µg/cm2. Energy losses in
the targets were calculated using the SRIM code [23]. The
beam energies in the middle of the targets, the average beam
intensities, and the total beam-on-target time corresponding to
these two beam energies are summarized in Table I.

The ERs were separated from the primary beam by
SHANS filled with around 0.6-mbar helium gas. After sep-
aration, the ERs passed through two multiwire proportional
counters (MWPCs) and then they were implanted into a
double-sided silicon strip detector (DSSD) with 48×128
strips and a thickness of ∼300 µm, covering 48×128 mm2.
The energy calibration of the DSSD was performed with
the known α-decay lines from 166,167Os, 162,163W, 158Hf, and
167Ir, produced in a reaction of 78Kr + 92Mo. The coincidence
between signals from the MWPCs and the DSSD enabled im-
plantations of ions to be distinguished from decays. The data

were recorded using a general-purpose digital data acquisition
system (GDDAQ) [24] and analyzed using the CERN ROOT
framework [25]. The 16-µs waveforms from the preamplifiers
of the DSSD were independently recorded with a sampling
rate of 250 MHz. The pile-up signals with time separation
down to 100 ns can be identified by combining visual check
and effective pulse shape analysis algorithm [26,27].

In the present experiment, the use of heavy projectile 78Kr
induced a very strong flux of light particles like energetic
protons or helium nuclei at the focal plane of SHANS. There-
fore, three 4-strip silicon detectors, installed side by side
behind the DSSD were used to veto these particles punching
through the DSSD. However, about 7-mm wide dead regions
between the adjacent veto detectors and the low detection effi-
ciencies of MWPCs for energetic light particles still produced
a strong light-particle background in the charged-particle de-
cay spectroscopy. These energetic light particles, especially
those punching through the DSSD, have higher ranges in
DSSD than those of decays of ERs, causing longer rise-time
in the DSSD preamplifier signals. A method developed to
distinguish these energetic light particles from the α/p par-
ticles emitted in radioactive decays and suppress them will be
described elsewhere [28].

III. RESULTS

Parts of the α-decay spectra registered in the DSSD, for
the events measured following the implantation of the ERs
within 5 s and 500 ms in the same pixel, are shown in
Fig. 1(a) and (b), respectively. Due to the relatively long
search interval [�t(ER-αm) < 5 s] applied, only the decays
from isotopes with strongest evaporation channels can be seen
in Fig. 1(a). The decays from weakly produced isotopes with
short half-lives are present in Fig. 1(b), where the search
interval is reduced down to 500 ms. The αm-αd (αm and
αd refer to the mother and daughter α decays, respectively)
position-time correlation spectrum from ER-αm-αd analysis is
presented in Fig. 1(c). The respective time windows were set
as �t (ER-αm) < 30 s and �t (αm-αd ) < 60 s.

Based on the correlations between the αm and αd decays
shown in Fig. 1(c), the 5852-, 6120-, 6283-, 6693-, and 6901-
keV α peaks shown in Fig. 1(a) and/or (b) are assigned
to the α decays of 182,180,179Hg and 183m,182Pb, respectively.
Due to the admixture of the 5848(5)-keV α decay of the g.s.
in 179Au [17,29], the energy of the 5852(8)-keV α peak in
Fig. 1(a) is slightly lower than the evaluated α-decay energy
[5867(5) keV] of 182Hg g.s. in Refs. [17,30]. The αm-αd corre-
lations of the 179Au-175Ir-171Re chain cannot be distinguished
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FIG. 1. (a) A part of the energy spectrum for the α particles
recorded within 5 s after the ERs implantation in the 78Kr + 107Ag
reaction. (b) The same spectrum as in (a), but with a search time of
500 ms. The α-decay peaks are labeled with their energy in keV and
the isotopes they belong to. (c) Two-dimensional Eαm -Eαd plot for
�t(ER-αm) < 30 s and �t (αm-αd ) < 60 s.

from the random-coincidence background in Fig. 1(c), be-
cause of the very low branching ratio (0.85(28)% [17,31])
of the α decay from the daughter 175Ir nucleus. Therefore,
the α-decay properties of 182Hg were deduced based on the
αm(182Hg)-αd (178Pt) correlation analysis. Due to the limited
statistics of two α-decay branches from the g.s. in 183Pb,
its half-life extraction was also based on the αm(183gPb)-
αd (179Hg) correlation analysis.

The α-decay energies and the half-lives of some ERs and
their daughter isotopes identified in this experiment are sum-
marized in Table II. A comparison with their evaluated values
from Ref. [17] indicates good agreement for most of them.

A. Search for proton decays of 182,183Bi

In order to identify the possible proton decays of 182,183Bi,
a search for spatial and temporal correlated ER-p-αd events
was carried out with the time interval of �t(ER-p) < 30
ms and �t (p-αd ) < 300 ms, covering over five times the
half-lives (45(20) ms and 59(6) ms [17,36], respectively) of
daughters 181,182Pb. The corresponding two-dimensional en-
ergy plot is shown in Fig. 2(a), where the candidates for
182,183Bi proton decays including the escaped events corre-
lated with the full-energy 7004(7)-keV and 6911(6)-keV α

decay of their daughters [17] are expected to appear in the
transparent blue and red boxes, respectively. However, no such
events were observed.

TABLE II. The α-decay properties of the ERs and their daughter
isotopes extracted in the present experiment compared to the evalu-
ated data [17]. The numbers of the ERs registered in the DSSD for
g.s. or isomers (NER) were determined with Eq. (1).

Nuclide Eα (keV) Eα (keV) T1/2 (s) T1/2 (s) NER

Exp. Lit. [17] Exp. Lit. [17]

182Hg 5857(7) 5867(5) 10(1) 10.83(6) −
178Pt 5447(8) 5446(3) 20(2) 21.1(6) −
180Hg 6120(6) 6119(4) 2.53(4) 2.58(1) 64(2)×103

176Pt 5750(6) 5753(3) 6.55(9) 6.3(4) −
179Hg 6283(6) 6285(3) 1.10(2) 1.05(3) 29(13)×103

175Pt 5966(6) 5948(4)a 2.35(5) 2.43(4) −
183mPb 6693(7) 6704(6) 0.489(63) 0.415(20) 1028(79)
183gPb 6765(10) 6777(6) 0.537(94) 0.535(30) 325(184)b

6562(10) 6576(6)
182Pb 6901(8) 6911(6) 0.062(8) 0.059(6) 530(42)
178Hg 6427(8) 6430(6) 0.248(24) 0.266(25) −
aA value of 5963(5) keV was measured in Ref. [30], is in agreement
with our value and the results in other experiments [32–35].
bExtracted based on the αm(183gPb)-αd (179Hg) correlation analysis
and corrected with the α-decay branching ratio of the daughter 179Hg.

B. Search for α decays of 182,183Bi

Due to the longer half-lives (254+11
−9 ms and 230(40) ms

[17,37,38], respectively) of the g.s. in the daughter 178,179Tl,
possibly fed by the α decays of 182,183Bi, the correlation search
time of �t (αm-αd ) was extended to 2 s, about eight times
their half-lives. The correlated events are shown in Fig. 2(b).
The regions for the candidate events of 182,183Bi are also
shown with transparent blue and red boxes, as in Fig. 2(a).
Three expected transitions corresponding to the α decays of
178Tl [6595(10) keV (24(5)%), 6693(10) keV(70(4)%), and
6862(10)keV (6(3)%) [17,39]] are shown with three blue
boxes in Fig. 2(b). Since escaped α particles deposit energies
above ∼1 MeV [see the energy distributions for the escaped
α decays of 182Pb and 179mTl in Figs. 2(a) and 2(b)], four
points in the green ellipse cannot be attributed to the corre-
lated events of 182,183Bi. The half-life and decay energy of
the second-generation decay in this cluster were deduced to
be 0.5+0.5

−0.2 s and 6563(19) keV, respectively. They are consis-
tent with the decay of 179gTl(T1/2 = 0.23(4) s, Eα = 6567(8)
keV [17,38]) within statistics. The half-life of these low-
energy events were obtained to be 1.3+1.3

−0.4 ms, which is in
good agreement with the evaluated value (1.5(3) ms [17])
of the isomer in 179Tl. These events are thus interpreted as
conversion electrons from internal transition of 179mTl and
provide the first evidence for this decay, which was anticipated
in Ref. [40]. This decay path will be discussed in a separate
publication.

The chain in the red ellipse (Eαm = 1603 keV, Tm =
83 µs, Eαd = 6604 keV, and Td = 606 ms) was followed by a
grand-daughter α decay with Eαg = 6092 keV and Tg = 1 s.
The properties of all three generations in this chain match
with the known full-energy p/α-decay data for 185Bi (Ep =
1598(16) keV, T m

1/2 = 58(2) µs [10,17]), 184Pb(Eα = 6627(6)
keV, T1/2 = 490(25) ms [17]), and 180Hg (Eα = 6119(4) keV,
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FIG. 2. (a) Two-dimensional Ep/αm -Eαd plot for �t(ER-αm) < 30
ms and �t (αm-αd ) < 300 ms in the 78Kr + 107Ag reaction. (b) The
same as (a) but with the time interval of �t (αm-αd ) < 2 s. The re-
gions for the candidate p/αm (including the escaped events)-αd decay
chains of 182,183Bi are marked with transparent blue and red boxes,
respectively. The events in the green ellipse in (b) could be associated
with the CE of internal transition in the cascade depopulating the
11/2− isomer of 179Tl (see text for details). The event in red ellipses
can be interpreted as a proton decay of 185Bi (see text for details).

T1/2 = 2.58(1) s [17,41,42]) within statistics. Therefore, this
chain most likely originates from 185Bi, which was produced
in the 109Ag(78Kr, 2n) reaction on the small admixture of
109Ag in the target. The probability of a random correlation
for this event is estimated to be less than 10−6 [43].

An event with Em = 2.5 MeV and Ed = 6.9 MeV was
observed in Fig. 2(b), which could be a candidate of the
correlation for pm(183Bi)-αd (182Pb). However, their lifetimes
were measured to be Tm = 5.8 ms and Td = 664 ms, which
are beyond ten times the expected proton-decay half-life of
183Bi (of the order of µs) and evaluated value for 182Pb (59(6)
ms [17]), respectively. Therefore, this correlation is unlikely to
be associated with pm(183Bi)-αd (182Pb) correlated event, and
could be considered as random correlation.

We note that the g.s. in the daughter nuclei 178,179Tl
have about 40% β+/electron capture (EC) branching ra-
tios [17,44,45]. Therefore, the respective correlations with
the full-energy α decays from the grand-daughters 178,179Hg
have been searched for. No candidate of αm-β+-αg (αg refers
to the grand-daughter 178,179Hg α decay) correlation was
found either. The low energy charged particles (Auger or
conversion electrons) accompanying the EC of 178,179Tl are
difficult to be observed in the DSSD, thus αg from 178,179Hg
will be directly correlated with αm from 182,183Bi. Thanks to

the shorter half-life of 183Bi expected from the correspond-
ing systematics of the heavier odd-A Bi isotopes, a reduced
time window of �t (ER-αm) < 1 ms was used to search
for αm(183Bi)-αg(179Hg) correlation, but none was observed.
However, it would not be possible to distinguish the αm

(182Bi)-αg (178Hg) correlations from αm (182Pb and 179mTl)-αd

(178Hg and 175mAu) correlations.
We also considered the possibility of very short (µs and

sub-µs) half-lives for 182,183Bi, as, e.g., the half-life of the g.s.
in 185Bi is only 2.8+2.3

−1.0 µs [10]. The signals of the p/α decay
could pile up on that of the ERs, resulting in their absence in
Fig. 2. The traces of the ERs followed by the full-energy α

decays of the daughter nuclei (182,181Pb, 178,179Tl) mentioned
above have been checked by visual check and using effective
pulse shape analysis algorithm [26,27], but no pile-up signals
were identified.

To conclude, no proton or α decay of 182,183Bi was identi-
fied in the present study.

C. Cross-section measurements of the ERs

The numbers of ERs registered in the DSSD for the g.s.
or isomers (Ng,m

ER ) were extracted by using the following
expression:

Ng,m
ER = Ng,m

α

bg,m
α εα

, (1)

where Ng,m
α is the numbers of the full-energy α decays and bg,m

α

is the corresponding branching ratios [17]; εα = 60(2)% is the
efficiency of the DSSD for detection of the full-energy events.
The results are presented in the last column of Table II. For
178,179Hg and 182Pb, only the g.s. are known to disintegrate via
a charged particle decay, so the corresponding values can be
taken as their total yields. Based on the Nm,g

183Pb listed in Table II,
a total of 1300 ERs of 183Pb were registered in the DSSD.
Assuming SHANS transmission efficiency of 14% [22], the
production cross sections for the ERs in the 78Kr + 107Ag
complete fusion reaction have been deduced, and are listed
in Table I.

IV. DISCUSSION

The experimental production cross sections of Bi, At,
and Fr isotopes in neutron-evaporation channels, measured at
different gas-filled or vacuum separators, around the corre-
sponding optimum beam energies are shown in blue in the
chart in Fig. 3. To avoid the possible influence of proton
pairing, especially on the fission barriers of the compound
nuclei, the even-Z isotopes are excluded. It should be noted
that the cross section of 185Bi shown in bracket in Fig. 3 was
mostly probably underestimated due to short half-lives of its
g.s. (2.8+2.3

−1.0 µs [10]) in comparison to the long dead time
(∼15 µs) of the analog electronics system used in Ref. [46].

Based on the experimental cross sections of these ERs
produced in the xn and their isobars in the p(x − 1)n
channels [46–54], their ratios around their maxima of the
excitation functions were collected and are shown in red
in the chart in Fig. 3. For the odd-Z isotopes (Bi, At, and
Fr), the ratios σ (pn)/σ (2n) and σ (p2n)/σ (3n) around the
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FIG. 3. Excerpt of the nuclear chart for the odd-Z neutron-deficient nuclei above Pb. Their production cross sections in the neutron-
evaporation channels (the specific channels are shown behind the name of the isotopes in the brackets) of the complete fusion reactions around
the optimum beam energies are shown with blue labels [46–54]. Colored squares represent the cross sections were measured at SHIP, RITU,
and AGFA, respectively [46–54]. The ratios of σ (p(x − 1)n)/σ (xn) in the corresponding reactions are shown with red labels. The ratios for
198,199Fr (labeled with stars) were deduced based on the experimental cross sections from Ref. [54]. The ratios estimated based on the α-decay
spectra reported in the literature [48,50,52] or related to 185Bi [46] are shown in the brackets. The evaluated or experimental half-lives of their
g.s. and isomers de-exciting dominantly by the α/p decays are labeled in black. The half-life of 190At which corresponds to one of two possible
scenarios presented in Ref. [47] is shown in the bracket. The thick black lines indicate the limits of known isotopes.

optimum beam energies are expected to be ∼50(30) and
∼40(25), respectively. Higher ratios over ∼150 were deduced
for σ (p3n)/σ (4n). The xn and p(x − 1)n excitation functions
covering the wide energy ranges in the complete fusion re-
actions leading to the neutron-deficient 187,188Bi∗ compound
nuclei have been measured at SHIP [46]. As excitation energy
changes, no significant variation in σ (p(x − 1)n)/σ (xn) ratios
was observed in either HIVAP calculations or experimental
data (see Figs. 6 and 7 in Ref. [46]). Therefore, the results
mentioned above could be approximately applicable at the two
beam energies in the present experiment.

Based on the aforementioned σ (pn)/σ (2n) ratio of
∼50(30) and total yield of 183Pb (∼1300 events), about 26
183Bi ERs are expected to be detected in the DSSD in the
present work. The α-decay branching ratios of its p- and
α-decay daughters (182Pb and 179Tl) are 98% [17,44] and
60% [45], respectively. Combined with the 60% efficiency of
the DSSD for full-energy α decays, at least 26×60% ×60% =
9p/α decays of 183Bi followed by the full-energy α decays
of their daughter nuclei (182Pb/179Tl) are expected to be
measured in the present experiment. However, no candidates
for such pm/αm-αd correlation pairs were observed, indi-
cating that all of the 183Bi nuclei produced in the present
experiment have decayed before reaching the DSSD. The
time of flight of the ERs through SHANS is about 600 ns.
Assuming the observation limit of one count of this de-
cay, an upper limit of ∼0.19(6) µs for the half-life of 183Bi
can be deduced, which is in agreement with the predic-
tion of the UDL (see the details in Sec. I). Similarly, an
upper limit of ∼0.26(12) µs for the half-life of 182Bi was
estimated.

It should be noted that another reason for nonobservation
of the correlated events associated with 182,183Bi, besides
the short-lifetime, is their low production cross sections in
the present experiment. For example, assuming sufficiently
long half-lives to survive the flight through SHANS (e.g., >1
µs), the corresponding cross sections would be about 50 pb
and the ratios of σ (pn)/σ (2n) and σ (p2n)/σ (3n) in the
78Kr + 107Ag→ 185Bi∗ reaction would be ∼500 and ∼200,
respectively. Based on the systematics of σ (pn)/σ (2n) and
σ (p2n)/σ (3n) ratios in heavier Bi and other odd-Z isotopes
above lead (see Fig. 3), the first case, i.e., short half-life, is
more likely than this scenario.

A. The decays and structure of 183Bi

The 1/2+ intruder state originating from a mixed prolate-
oblate configuration based on the π3s1/2 orbital, with a
relatively small deformation of β2 ∼ 0.15 was identified as
the 2.8+2.3

−1.0-µs g.s. in 185Bi [10]. Its unhindered proton and
α decays to the respective g.s. of 184Pb and 181Tl, rather
than to their excited states [see Fig. 4(b)], can explain the
short half-life of the g.s. in 185Bi. As suggested by the cal-
culated excitation energies of some selected configuration
shown in Fig. 8 of Ref. [9], several deformed 1/2+ states
have strong downward excitation energy trend, culminating
in the observed 1/2+ g.s. in 185Bi. By analogy with 185Bi,
the unhindered fast decay (most probably the pure proton
emission) from the 1/2+ intruder g.s. can be expected in
183Bi. Due to the increased Qp and Qα values (see Sec. I),
the half-life should be even shorted than in 185Bi, which is in

014326-5



H. HUANG et al. PHYSICAL REVIEW C 110, 014326 (2024)

FIG. 4. (a) The tentative decay scheme for 182Bi. The partial decay schemes of 185,190m,gBi [(b) and (c)] [10,17,55]. The hindered highest-
energy and unhindered (strongest) α decays are shown by thin and thick lines, respectively. The proton emissions are also shown in thin lines.
The tentative spins, parities, and configurations assignments except of 182Bi are taken from Refs. [10,39,55,56]. The intruder states are shown
in red.

agreement with our interpretation that the non-observation of
183Bi in our study is caused by a short half-life.

B. Similarities in the α decays of odd-odd 184–196Bi isotopes

In the heavier odd-odd 190–196Bi isotopes the spins and
parities of the α-decaying g.s. and isomers were tentatively
assigned as (3+) and (10−), respectively [17,55,57,58]. The
example of 190m,gBi is shown in Fig. 4(c). Their α decays
dominantly feed the excited intruder states [shown in red in
Fig. 4(c)] with the same spins, parities, and configurations,
instead of the g.s. or excited isomer in the respective daughter
Tl isotopes [17,55,57,58].

A similar pattern with (10−) and (3+) α-decaying states
and dominant feeding to the excited intruder states was
initially proposed for 188m,gBi (see Fig. 4 of Ref. [55])
[17,55,58–60]. However, the recent laser-spectroscopy study
at the ISOLDE facility (CERN) reinterpreted the low-spin
state as a strongly deformed 1(+) state whose structure
is determined by the blocked configuration π1/2[530] ⊗
ν1/2[521] [6].

Similar to odd-odd 188–196Bi isotopes, two observed α-
decaying states in 184,186Bi isotopes decay to the excited states
rather than the g.s. in the daughters 180,182Tl [14,61]. The
expected increase in energy of the excited intruder states in
the daughter Tl isotopes was proposed as the explanation for
the similar Qα values for the main decays of the parent Bi
isotopes, resulting in their approximate half-lives of about 10
ms (see the discussion of Fig. 7(a) in Ref. [14]). As we will
suggest below, this mechanism breaks in 182Bi.

C. The decays and structure of 182Bi

As deduced in our study, 182Bi possesses a very short
half-life, indicating unhindered proton and/or α decays with
a large Qp and/or Qα values [see Fig. 4(a)] In the α decay

case, this implies that the configuration of 182Bi, shown in red
in Fig. 4(a), should be similar to that of the daughter 178Tl
([π3s−1

1/2 ⊗ ν1h9/2]4,5− [39]). This inference is quite natural
since at N � 100 neutron orbital ν1h9/2 comes into play, due
to the complete depletion of ν3p3/2 and ν1i13/2 orbitals [39].

The g.s. with the spin-parity assignment of Iπ = 9/2−
in 181Pb was suggested to be based on the spherical ν1h9/2

orbital [56], which would be the same as the valence neutron
in 182Bi [see Fig. 4(a)]. Therefore, the proton decay from the
g.s. in 182Bi to this state [see the thin dashed line in Fig. 4(a)]
could be unhindered, which would also result in a very short
half-life, due to high expected Qp value.

V. SUMMARY

An attempt to synthesize the very neutron-deficient
182,183Bi isotopes using the 78Kr + 107Ag complete fusion re-
action was carried out at the gas-filled separator SHANS.
No respective events were observed. The production cross
sections of the two- and three-particle ERs 182,183Pb and
179,180Hg were measured at two incident energies. Based
on the systematics of the cross-section ratios between the
p(x-1)n and xn channels in complete fusion reaction with
neutron-deficient compound nuclei above Pb, upper lim-
its for the half-lives of 182Bi and 183Bi were deduced
to be 0.26(12) µs and 0.19(6) µs, respectively. Therefore,
this is extremely challenging for the available experimental
techniques.
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