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ADb Initio Galculations of the Carbon & Oxygen isotopes
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Neutron dripline & single neutron resonance

Stable nuclei | 126

Proton number

Neutron-drip line

Known nuclel

| —>
2 8 Neutron number

Hellemans, Nature 409, 448—450 (2001)

porovide a crucilal experimental
and theoretical window Into the
extreme realm of the neutron
dripline



Universality of single-neutron resonance near-threshold
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Role of orbital angular momentum (L > 0O)

S-wave (L = 0) limits

Neutral s-wave interactions
ack a confining barrier,
eading near-threshold poles
to appear as bound or
virtual states rather than
shape resonance.

Centrifugal barrier

For L > O, the centrifugal
term provides the vital
spatial trapping required to
form sharp shape
resonances near threshold.

Restricted focus
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systems with a
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udies to
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charged particle, we
isolate universal width
scaling for waves with L >
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Effective range expansion & Pole relation

+ Scattering phase shift for relative momentum is parameterized by the effective
range expansion,
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- Analytic continuation to the S-matrix pole at £, ,;, = E,. — il '} /2 yields:
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Predicting width reduces to determining the effective range



Discrete scale invariance in square wells

Effective range upper limit: constrained by causality and generalized Wigner
bounds, the effective range at zero-energy threshold is bounded by exterior
scattering solutions
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H.-W. Hammer and D. Lee, Annals Phys. 325, 2212 (2010)

+ Scale-inherent relation: for a square well tuned to threshold, internal wave
function normalization links the effective range directly to the exterior

geometry: - — N
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Discrete scale invariance & Decoupling of internal dynamics

Independence from Internal Structure:

Discrete symmetry decouples internal radial ~— ™j:: .=
excitation from external decay dynamics, |«

the potential depth V|, vanishes from the / e
observable width, making the square-well ; B .f/ oo
prediction rely solely on external geometry  £7] L
(independent of n). f el jjf =
1076 - | -e’ e"/.o B ol
- Analogy to Quantum Scale Symmetries: The | § éf‘; e

discrete scale invariance of the thresholo TEH I D

square-well potential shares similarities with
the discrete scale symmetry found in the
Efimov effect and relate phenomena.




Empirical validation across experimental data

Isotope J" L Acore Reg (fm) EZ*P (MeV) I'**P (MeV)
"He 3/2~ 1 4 2957  0.735(30) 0.719(30)
"He 3/271 6  3.219  0.430(3)  0.182(5)
"He 1/27 1 8  3.428 1.28(1) 0.82(4)
“Be 1/27 1 12  3.759 0.51(1) 0.45(3)
S 1— 1 27 4571  0.199(6) 0.18(4)
1Be 5/27 2 10  3.605 1.276(1) 0.10(1)
®Be 5/2t 2 14  3.897  1.80(10) 0.575(200)
0 3/2t 2 24 4439  0.749(10)  0.088(6)
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Empirical validation across experimental data
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Resonance decay width scaling

—Xperimental data within the band is
considered consistent with single-particle

behavior.
Serve as diagnostic tool for identifying
ST e collective or non-single-particle nuclear

s |t e structure effects.

: Within bands, 1 " primarily determined by the
centrifugal barrier penetration (valence
nucleon orbiting a core).

ors i i s =% — - Evidence for physics beyond the single-

Resonance Energy E, [MeV]

particle approximation.
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Predictions of resonance decay widths

Robust phenomenological baseline
which Is governed entirely by the
geometric bounds and reduced
mass of the system.
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Consistent with Wigner’s prediction
of the cross section behavior near
threshold.

+ Threshold decay behavior of a

single-neutron state Is bounded by
the universal properties of the
potential.
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Conclusions & Summary

* Universal Geometric Baseline: Established a scale-invariant
square-well baseline for L > O near-threshold resonances, yielding
a closed-form decay width formula dependent solely on geometry,
orbital angular momentum, and resonance energy.

* Discrete Scale Invariance: Proved that finite square-well
potentials exhibit zero-energy discrete scale invariance, which
completely eliminates internal radial node sensitivity and potential

depth dependencies in the sharp-boundary limit.

* Diagnostic Utility: Demonstrated that the framework successfully
captures the physical scale of experimental widths within a factor
of two, offering a parameter-free spectroscopic benchmark to

separate universal thresr

many-body effects near

the neu

old cor

tinuum physics from complex

ron dripline.
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