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Mirror-symmetry violation in bound nuclear 
ground states

D. E. M. Hoff1 ✉, A. M. Rogers1 ✉, S. M. Wang2, P. C. Bender1, K. Brandenburg3, K. Childers2,4,  
J. A. Clark5, A. C. Dombos2,6,7, E. R. Doucet1, S. Jin2,7, R. Lewis2,4, S. N. Liddick2,4, C. J. Lister1,  
Z. Meisel3, C. Morse1,9, W. Nazarewicz6,8, H. Schatz2,6,7, K. Schmidt2,7,10, D. Soltesz3,  
S. K. Subedi3 & S. Waniganeththi1

Conservation laws are deeply related to any symmetry present in a physical system1,2. 
Analogously to electrons in atoms exhibiting spin symmetries3, it is possible to 
consider neutrons and protons in the atomic nucleus as projections of a single 
fermion with an isobaric spin (isospin) of t = 1/2 (ref. 4). Every nuclear state is thus 
characterized by a total isobaric spin T and a projection Tz—two quantities that are 
largely conserved in nuclear reactions and decays5,6. A mirror symmetry emerges from 
this isobaric-spin formalism: nuclei with exchanged numbers of neutrons and 
protons, known as mirror nuclei, should have an identical set of states7, including their 
ground state, labelled by their total angular momentum J and parity π. Here we report 
evidence of mirror-symmetry violation in bound nuclear ground states within the 
mirror partners strontium-73 and bromine-73. We find that a J π = 5/2− spin assignment 
is needed to explain the proton-emission pattern observed from the T = 3/2 isobaric-
analogue state in rubidium-73, which is identical to the ground state of strontium-73. 
Therefore the ground state of strontium-73 must differ from its J π = 1/2− mirror 
bromine-73. This observation offers insights into charge-symmetry-breaking forces 
acting in atomic nuclei.

Determining the properties and structure of 73Rb was primarily moti-
vated by the role this nucleus plays in the rapid proton capture process8 
that is thought to drive thermonuclear type-I X-ray bursts9,10. Previous 
attempts to detect 73Rb directly have not been successful, owing to 
its very short half-life, which arises as a result of its proton-unbound 
ground state11. In order to characterize the structure of states in 73Rb, 
the nucleus was populated via the β decay of the longer-lived 73Sr, a 
technique that has proved effective for several other proton-unbound 
nuclei12,13.

The experiment was performed at the National Superconducting 
Cyclotron Laboratory (NSCL), which provided a mixed beam of radi-
oactive nuclei containing 73Sr, derived from fragmentation of 92Mo 
(see Methods). Each ion was identified (shown in Fig. 1) before pass-
ing through a stack of silicon detectors where they were stopped in a 
double-sided segmented silicon implantation detector to study their 
subsequent decays. The segments on the front and back of the detec-
tor are perpendicular to each other, enabling spatial localization of 
the implantation event, which considerably reduces the background 
when searching for decay events. Over the course of the run, 427 73Sr 
implantation events were unambiguously identified. In a given 73Sr 
decay event, a positron (β+) is emitted first, quickly followed by the 
emission of a proton. The β+ particles have a continuous energy distribu-
tion, and usually leave only a small fraction of their energy in the silicon 

detector. However, the emitted proton is stopped and deposits all of 
its energy into the silicon implantation detector. The summed energy 
deposited by the β+ particles and protons results in an energy broaden-
ing and shift in the charged-particle spectra (referred to as β summing). 
The implantation detector was surrounded by germanium detectors 
to measure γ-rays in coincidence with these decay events to connect 
the de-excitation of the daughter nucleus to proton-emitting states.

The time between the implantation of 73Sr ions into the silicon 
detector and the subsequent charged-particle events is presented in 
Fig. 2a, and the data show good agreement with an exponential decay 
of one species and a constant random background. The half-life of 73Sr 
was determined to be t1/2 = 23.1 ± 1.4 ms (all errors herein are 1σ) from 
the logarithmic-bin method14, providing, to our knowledge, the best 
direct half-life measurement of 73Sr so far (see Extended Data Fig. 1 
and Methods).

The energy spectrum of 73Sr β-delayed proton-emission events is 
shown in Fig. 2b, with the measured background denoted by the shaded 
blue overlay (see Methods). Two strong peaks are observed. The larg-
est peak—found at 3.93 ± 0.012 MeV—is attributed to protons emitted 
from the T = 3/2 isobaric-analogue state (IAS) in 73Rb—referred to as 
73Rb*(IAS)—which leaves behind 72Kr in its ground state. Correcting for 
β summing (see Methods) gives a proton energy of 3.80 ± 0.02 MeV, 
which is in agreement with the previous direct measurement15 of 
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3.75 ± 0.04 MeV. The second strong peak is attributed to the branch-
ing of 73Rb*(IAS) decays to the 72Kr*(2+) excited state. This is confirmed 
by the observation of 709-keV γ-rays that are promptly correlated 
with events in this second proton peak, shown by the inset to Fig. 2b. 
A peak in the γ-ray spectrum at 511 keV is expected, because two  
511-keV γ-rays are emitted in the annihilation of the β+ with electrons. 
The observation of 10 coincident 709-keV γ-ray events is consistent 
with almost all protons in this lower-energy peak proceeding to the 
J π = 2+ state, and <10% to the nearby 671-keV excited 72Kr*(0+) state at 
the 90% confidence limit.

After accounting for the branching of the proton emission, the 
β-decay feeding to 73Rb*(IAS) was determined to be 63(3)%, as indicated 
in Fig. 3. This branching ratio, when combined with the predicted 73Sr 
mass from the most recent atomic mass evaluations16, yields a value of 
log(ft)—a measure of the structural overlap between the initial and final 
states—of 3.45(6). This value of log(ft) is consistent with the conserva-
tion of isobaric spin (that is, a ΔT = 0 superallowed decay) between pure 
IASs17. It should be noted that some isobaric-spin mixing is expected in 
the A = 73 atomic mass region (enabling ΔT = 1 transitions) which would 
reduce the β branching to the IAS18–20, but our measurements cannot 
assess the degree of such mixing.

The branching of 73Rb*(IAS) is unusual as compared to similar systems 
just below the A = 73 mass region. In particular, β-delayed protons from 
the nuclei 65Se and 69Kr predominately populate either the ground state 
or the excited states of the daughter nucleus12, rather than fractionat-
ing to the degree observed for 73Rb*(IAS). In the case of 65Se, which 
has a J π = 3/2− ground state, the resulting decay of 65As*(IAS) almost 
completely proceeds to the 0+ ground state of 64Ge. The opposite is true 
for 69Kr, for which the ground state and the corresponding 69Br*(IAS) 
have J π = 5/2−, and thus 69Br*(IAS) decays almost exclusively to the first 
excited 2+ state in 68Se by emitting a proton that carries away one unit 
of orbital angular momentum (ℓ = 1).

For the nuclei involved in the β-delayed proton emission of 73Sr, the 
structural situation is more intricate, and thus the standard shell model 
approach to the wavefunctions is not appropriate21. The T = 3/2 mirror-
partner nucleus to 73Sr is 73Br, which has a highly collective and complex 
structure; its ground-state spin assignment had been under debate for 
almost two decades. The rotational band structure of 73Br suggests that 
it has a substantial deformation, and a ground state with J π = 1/2− that 
is possibly triaxially shaped22–26. Isobaric-spin symmetry would lead us 

to expect that 73Sr should have a similarly highly collective structure, 
and therefore 73Rb*(IAS) as well. The key issue in this discussion is the 
degree to which strontium and bromine differ. 73Br has two differently 
shaped, low-lying collective configurations, separated by only 27 keV, 
where the ground state has J π = 1/2− and the excited configuration has 
J π = 5/2−. It requires only a small degree of charge-symmetry breaking 
to invert the sequence of these two structures and cause a breakdown 
of ground-state mirror symmetry. To this extent, the A = 73 isobar is a 
special case.

To understand the continuum and deformation effects on the open 
quantum system 73Rb*(IAS), we adopted the Gamow coupled-channel 
(GCC) approach to model its decay27,28. In the framework of GCC, we 
used the Berggren basis, which is a complete ensemble that includes 
bound, Gamow and scattering states21,27,29. Hence, it provides the cor-
rect outgoing asymptotic behaviour to describe the decay of particle-
unbound resonances, and in essence enables the treatment of nuclear 
structure and reactions on the same footing. For this study, 73Rb*(IAS) 
was divided into a deformed core (72Kr) plus a valence proton. The 
interaction between the deformed 72Kr core and the valence proton 
is represented by a Woods–Saxon potential with a quadrupole defor-
mation β2.

The states in the T = 3/2 quartet along the A = 73 isobar are dominated 
by prolate deformation, and the daughter nucleus 72Kr is believed to 
show strong shape-mixing effects with a predominately oblate-shaped 
ground state30–32. Therefore, the decay of 73Rb*(IAS) to the ground-state 
rotational band of 72Kr might undergo a transition from a prolate to 
oblate shape, which would suppress the decay process by reducing 
the decay width, Γp. As no shape-mixing effect can be incorporated into 
the GCC model, calculations were performed for different deforma-
tions and spin assignments of 73Rb*(IAS). The spin assignments were 
chosen based on the ground-state and first-excited-state spins of 73Br. 
The values β2 = −0.34 and +0.4 were chosen for the oblate and prolate 
shapes, respectively, taken from experimental values for the ground 
states of 73Br and 72Kr23,25,31.

On the basis of the predicted branching ratios for 73Rb*(IAS) 
obtained from the GCC calculations, shown in Extended Data Table 1, 
the only spin assignment consistent with the data is J π = 5/2−, when 
the 72Kr core is described with oblate-shaped deformation. In this 
case, 73Rb*(IAS) decays to the ground state of 72Kr through the ℓ = 3 
channel, and to the first excited J π = 2+ state through the ℓ = 3 and ℓ = 1 
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Fig. 1 | Particle identification plot. Particle identification was deduced from 
the energy loss of the incoming heavy ions passing through the first silicon 
detector in the stack (ΔE) versus the time of flight of the ion after exiting the 
A1900 fragment separator. The raw uncalibrated signals from the detectors are 
presented, with the analogue-to-digital converter (ADC) channel for the 

relative energy loss on the vertical axis and the recorded time-to-digital 
converter (TDC) channel on the horizontal axis. The colours represent the total 
number of counts found. The ion of interest, 73Sr, is unambiguously isolated 
from neighbouring ions.
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channels. The lower centrifugal barrier of the p-wave (ℓ = 1) component 
compensates for the smaller decay energy of the first excited J π = 2+ 
state. Therefore, the decay widths for the ground state and the first 
excited state are roughly equivalent, even though the configurations 
of the calculation might be slightly different when considering the 
effect of shape mixing or changing calculation parameters. The shape-
mixing effect is expected to have a similar impact on both transitions; 
it should roughly cancel out in the branching ratio. Nevertheless, 
the conclusion that the small admixture of low-angular-momentum 
components into the wavefunction has a major impact on the decay 
process is robust and indicates the important role of deformation 
on the fine structure of decays via proton emission. This feature has 
been observed before—though not to the same degree—in the proton 
emitters 131Eu and 141Ho33–36.

Isobaric spin is clearly not a perfect symmetry considering protons 
and neutrons have different electric charges37, their masses are slightly 
different (0.14%)38 and their magnetic moments differ substantially 
in both magnitude and sign39. Moreover, the nuclear force is stronger 
between neutron–proton (np) pairs than between like-nucleon pairs  

(nn and pp)40. With that in mind, it is not at all surprising that nuclear 
charge-symmetry breaking emerges from the small differences 
between nucleons and their interactions. Indeed, it is the robust nature 
of isobaric-spin symmetry that is noteworthy, but those occasions when 
it breaks down offer a chance to learn more about the forces acting 
inside the atomic nucleus.

The only other known case of isobaric-spin-symmetry breaking that 
results in different ground states between mirror nuclei (see Extended 
Data Fig. 2) is in the T = 1 mirror pair 16F/16N, in which 16F is particle 
unbound and 16N is particle bound. This case of isobaric-spin-symmetry 
breaking is well explained as a consequence of the Coulomb force, in an 
effect known as the Thomas–Ehrman shift41–43. The Thomas–Ehrman 
shift comes into play for an unbound or loosely bound proton state 
(the valence proton of 16F), because the wavefunction of the proton 
extends well beyond the surface of the nucleus, resulting in a differ-
ent asymptotic behaviour than for the bound mirrored neutron (the 
valence neutron of 16N). Such a mechanism is not immediately apparent 
in the case of 73Sr/73Br, and it may be that charge-symmetry-breaking 
forces need to be incorporated into the nuclear Hamiltonian to fully 
describe the presented results.

In this Article we report the breakdown of mirror symmetry 
between the ground states of the particle-bound nuclei 73Sr and 73Br, 
which appear to have J π = 5/2− and J π = 1/2−, respectively. This differ-
ence probably comes about from an inversion of states, which in 73Br 
are only 27 keV apart. However, the consequences are appreciable 
because the β decay is strongly modified. This inversion could be 
due to small changes in the two competing shapes, particularly their 
degree of triaxiality, and the coupling to the proton continuum in the 
IAS of 73Rb. In fact, in the exotic region of the chart of nuclides near 
73Sr, where the limits of existence for proton-rich nuclei intersect 
with the N = Z line, there may be many more instances of mirror-
symmetry breaking.

To confirm the findings presented here, the ground-state spin of 
73Sr should be directly measured through β-NMR or similar methods. 
A direct measurement of the mass of 73Sr would also be informative in 
determining the degree to which isobaric-spin symmetry is broken. 
With existing facilities it will be difficult to make such direct determina-
tions, because the yield of 73Sr atoms is low; however, as new facilities 
come on line, studying such exotic nuclei should become possible, 
enabling continued investigations and a deeper understanding of the 
cracked isobaric-spin mirror.
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Methods

Experimental method
The experiment used a primary 92Mo beam at an energy of 140 MeV per 
nucleon, undergoing projectile fragmentation on a 152.2 mg cm−2 beryl-
lium target. Fragmentation products were then passed through the 
A1900 fragment separator, selecting for 73Sr (ref. 44). The secondary 73Sr 
beam was further purified by a factor of 4,500 after passing through 
the Radio Frequency Fragment Separator (RFFS)45. The remaining 
transmitted ions were then sent through a telescope stack46 consisting 
of a 1,041-μm silicon p–i–n detector, a variable-thickness aluminium 
degrader, a 989-μm silicon p–i–n detector, a 520-μm double-sided 
silicon strip detector (DSSSD) used for implantation, and another 996-
μm single-sided silicon strip detector followed by a plastic scintillator 
that was used for vetoing ions that were not implanted. The DSSSD was 
segmented with 40 front and 40 back strips, and the SSSD had 16 strips. 
The stack was surrounded by a high-purity germanium array—the Seg-
mented Germanium Array (SeGA)—that was used to measure γ-rays47.

Nuclei of interest were implanted into the DSSSD detector, allowing 
for spatial and temporal correlations of implantation and decay events. 
These heavy ions were identified event-by-event using the measured 
energy loss in the 1,041-μm silicon detector at the front of the stack, 
and the time of flight between the second silicon detector in the stack 
and a scintillator located at the exit of the focal plane of the A1900. The 
resulting particle identification spectrum for the region of interest is 
shown in Fig. 1. Ion identification was confirmed by the observation of 
known γ-rays in the region of interest.

All of the detector signals were collected using a digital data-
acquisition system48 that used XIA Pixie-16 digitizers, which provided 
waveforms of the signals as well as timing and pulse-height data. The 
digitizers had 250-MHz ADCs and 100-MHz clocks that gave 10-ns 
timestamps. For the presented offline analysis, a 5-μs gate was used 
to determine prompt coincidences. The beam rate was about 6.5(1.3) 
particles per second.

Because the energies associated with the implantation and decay 
event are several orders of magnitude different (GeV and MeV, respec-
tively), the DSSSD detector was connected to dual-gain preamplifiers. 
The low-gain setting was used for implantation events and the high-gain 
setting for decay events. The DSSSD high-gain channels were energy 
calibrated with 228Th and 148Gd sources. SeGA was energy calibrated with 
a mixed source of well known activity (primarily containing 154Eu), that 
was also used for determining an absolute efficiency curve.

Experimental analysis
After an ion was tagged by energy-loss and time-of-flight measure-
ments, the ion-implantation event was localized within a pixel defined 
by the perpendicular front and back strips of the DSSSD with the largest 
charge deposition. Decay events were searched for within a 5-s correla-
tion window, and only events that were within two neighbouring pixels 
(for a total of 24 surrounding pixels) of the implantation event were 
considered. All decay events were rejected if another implantation 
event occurred within 10 half-lives of the ion of interest, 73Sr.

Logarithmic-bin method
The half-life was determined using the logarithmic-bin method, in which 
the ratio of the bin size to the correlation time (Δt/t) is constant, which 
is better suited for low-statistics analysis14. The resulting plot is shown 
in Extended Data Fig. 1, and the maximum logarithmic likelihood fit is 
given by the solid red curve. Because of the nature of this method, instead 
of correlating all events within a given time window after the implanta-
tion—as was done for analysing the decay energy—only the first event 
after implantation was considered. Furthermore, the peak position of 
the probability distribution is directly related to the half-life of the spe-
cies. Therefore, if other species are present then they will be well sepa-
rated. Thus in the fit to the peak shown in Extended Data Fig. 1 the events 

above 3 × 108 ns were not considered. The resulting fit of this distribution 
( χ = 1.3red

2 ) provided a better limit on the half-life of 73Sr, and so this is 
the half-life reported and used for the exponential in Fig. 2a. The half-life 
obtained from directly fitting the data in Fig. 2a is t1/2 = 23.5 ± 1.8 ms.

It should also be noted that the observation of only one species, 
deduced from Extended Data Fig. 1, suggests that we are only consid-
ering ground-state decays of 73Sr. In the fragmentation process we do 
expect the population of excited states in the nucleus, and thus a poten-
tial low-lying Jπ = 1/2− state may be populated. Such states will predomi-
nately decay by internal conversion (ejecting an orbital electron) and 
thus be enhanced. Since the ions are fully stripped while in flight, decays 
via internal conversion will be completely suppressed. However, once 
the ion is implanted it will recombine with electrons from the detector 
medium, opening up this decay path. The half-lives for such low-lying 
excited states—in particular E2 transitions separated by ~10 keV—will be 
~1–100 μs, considering the conversion coefficients for strontium49 and 
the Weisskopf estimates of the γ-decay half-lives50. These estimates are 
also consistent with systematic trends in the region51. With a deadtime 
after implantation of ~5 μs for our measurements, the population of 
such states will mostly decay to the ground state of 73Sr before the 
implantation detector will become sensitive. In any case, if a separate 
species were present with a half-life greater than our deadtime then it 
would be observed in Extended Data Fig. 1.

β-summing correction
GEANT4 simulations of the detector configuration, coupled with LISE++ 
simulations of the implantation depth distribution, suggest that a 
β-summing correction of 110 ± 15 keV needs to be applied to extract 
the proton energies52. This gives a value of Qp,measured = 3.82 MeV, where 
Qp,measured is the total measured energy released in the decay, which is 
split between the proton and the remaining nucleus. However, we also 
need to include the effect of pulse-height defects in measuring the 
energy of the recoil nucleus53, using Qp = Qp,measured + (1 − K)Qp/M, where 
K is the detection efficiency of the recoil (~30% for our case) and M is 
the total mass of the decaying system (M = 73 amu in our case). Apply-
ing this correction gives the true value, Qp = 3.85 MeV. To obtain the 
value of the emitted protons in the laboratory frame, we also need to 
account for the recoil energy of the resulting 72Kr. Thus, the reported 
energy of the proton is Ep = [(M – 1)/M]Qp.

Fitting the decay-energy spectrum
The background of the decay-energy spectrum—the shaded blue over-
lay in Fig. 2b—was determined by analysing decay events in the 5-s cor-
relation window that occurred 1 s after implantation. After background 
subtraction, a χ2 minimization of the fit to the decay-energy spectrum 
was constrained by fitting the largest peak with a Landau distribution 
(generated by the β+ particle) convoluted with a Gaussian distribution 
(generated by the proton) of the measured intrinsic detector resolu-
tion (σ = 45 keV). These shape parameters for the distribution were 
then fixed, and a second peak with the same shape parameters was 
added. The energy of the second peak was fixed to be 709 keV lower 
than original peak. The two peak heights, as well as the energy of the 
original peak, were then allowed to vary.

From the spectrum shown in Fig. 2b, we do not see a notable number 
of events above background that are below 1 MeV. Owing to the thick-
ness of our detector and the large value of Q β +  (the total energy released 
in the β+ decay), we do not expect many, if any, β+ particles to deposit 
more than 1 MeV into a single (or several) strip(s) of our detector espe-
cially when considering the results of our simulation. As such, our data 
indicate that virtually all β-decay events of 73Sr are followed by the 
emission of a proton from 73Rb.

Gamow coupled-channel analysis
For this work, the rotational band of the core (72Kr) with J j≤ = 8core

max + is 
included, of which the core rotational energies were taken from 



experiment54. The effective core–valence potential has been taken to 
be a deformed Woods–Saxon form including the spherical spin–orbit 
term with the ‘universal’ parameter set, which has been successfully 
applied to nuclei from the A ≈ 80 region55,56. The Coulomb core–proton 
potential is calculated assuming that the core charge Zcoree (e, unit of 
electron charge) is uniformly distributed inside the deformed nuclear 
surface. Since the decay width is very sensitive to the separation energy, 
in order to have a better description of the decay width, the Woods–
Saxon depth V0 is readjusted to fit the experimental decay energy 
Qp = 3.85 MeV. The predicted spectra of 73Sr and 73Br using this decay 
energy and the ‘universal’ parameter set is shown in Extended Data 
Table 2.

The calculations were carried out in the model space defined by 
max(ℓ) ≤ 20, where ℓ is the orbital angular momentum between the 
proton and core. The Berggren basis was used for all channels, and 
the complex-momentum contour of the Berggren basis is defined by 
the path k = 0 → 0.4 → 0.2i → 0.6 → 2 → 4 → 8 fm−1, with each segment 
discretized by 30 points (scattering states).

Pauli blocking
The supersymmetric transformation method28,57,58 is a projection tech-
nique that can prevent the valence proton from being emitted through 
already filled orbitals by adding a repulsive core near the origin. For 
simplicity, spherical orbitals that correspond to the deformed levels 
occupied in the daughter nucleus are projected out. Hence, to estimate 
the uncertainty, another calculation was done with the removal of Pauli 
blocking, which causes the GCC calculations to reduce to solving the 
coupled-channel Schrödinger equation using nonadiabatic coupling35.

To estimate the uncertainty of this projection technique, additional 
calculations were performed with the removal of Pauli blocking. As a 
result, the branching to 72Kr*(2+) for the oblate Jπ = 5/2− solution was 
decreased to 15%, because the p1/2 configuration was considerably 
reduced (down to 0.02%). However, the presence of a very small ℓ = 1 
component still allows for a large degree of branching. Therefore, both 
cases indicate that 73Rb*(IAS) has spin and parity Jπ = 5/2−, and thus that 
73Sr has a Jπ = 5/2− ground state, suggesting that the ground and first 
excited states of 73Br are inverted relative to its mirror 73Sr.

Data availability
Raw data were generated at the National Superconducting Cyclotron 
Laboratory large-scale facility. All of the relevant data that support the 
findings of this study are available from the corresponding authors 
upon reasonable request.
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Extended Data Fig. 1 | Time between implantation of 73Sr and first decay 
event with logarithmic bins. The first decay events found after implantation 
are plotted with logarithmic bins. The resulting maximum logarithmic 

likelihood fit to the data is shown as the solid red curve. The horizontal error 
bars correspond to the bin size, and the vertical error bars correspond to one 
standard deviation from counting.



Extended Data Fig. 2 | The mirror chart of nuclides. Mirror nuclei are plotted 
according to the isobaric spin (T) of their ground-state configurations. For 
almost the entire mirror chart, the spin and parity, Jπ, of the ground states are 
identically reflected across the N = Z line54. The black squares with cracks show 
the only two places on the mirror chart where this ground-state mirror 
symmetry is known or believed to be broken. Once adjusting for the energy 

shift of levels due to charge-breaking forces, the relative masses (ΔM) of mirror 
pairs (with the same magnitude Tz) become comparable, and the connection to 
IASs in neighbouring nuclei becomes clearer. This is illustrated by the isobar 
diagrams comparing the relative masses for two T = 3/2 multiplets, one in the 
A = 9 system and the other in the A = 73 system of interest.
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Extended Data Table 1 | GCC analysis

The possibilities for the decay of 73Rb*(IAS) via proton emission using two different deformations for the 72Kr core (β2 = −0.34 and β2 = 0.4 for oblate and prolate, respectively) and spin  
assignments (Jπ = 1/2− or 5/2−). 
g.s., ground state; Γp, decay width. 
*The decay width is inversely related to the half-life of the transition by the Heisenberg uncertainty principle. 
†The configurations adopt the spectroscopic notation for angular momentum.



Extended Data Table 2 | Predicted spectra of 73Sr and 73Br

The core–nucleon interaction is the Woods–Saxon potential with the ‘universal’ parameter. The depth of the Woods–Saxon potential is fitted to the experimental decay  
energy Qn (Qp) for 73Sr (73Br). 
Ex is the excitation energy of the Jπ = 5/2− state, that is, the energy difference between the two presented states.
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