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Perturbation from continuum
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Perturbation from continuum
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Self energy, interaction with continuum

0.8 F w = 41A71/3MeV

204 170

..........................

05

00

-3 )
_\

\ Correction to

_ Harmonic Oscillator

-05 .
Wave Function
s,p, and d waves
(red, blue, black)

-1.0}

-137 ) 0 2 4 6 8 10

kR
momentum



Effect of weak binding
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Effect of weak binding
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Wave function realignment

Superradiance
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Example of interacting resonances

13C, 18N, 11Lj
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Wave function realignment
Superradiance
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Observing superradiance
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Observing superradiance




Spectroscopic factor for superradiant state
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Clustering and continuum
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Configuration interaction approach and clustering

Traditional shell model configuration Cluster configuration
m-scheme

channel) ~ |®U ) = & w1 |0)

) = 0t0) ~alal ... al,]0) G(I)
\ / \ S A /
+ /
\ -




Translational invariance and Center of Mass (CM)

Shell model, Glockner-Lawson procedure
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Controlling CM with operator R Control only

CM quanta

4 h /\

l)'u — —R,u RM — M(B’L “|— BM)

K. Kravvaris and A. Volya, “Study of nuclear clustering from an ab initio
perspective,” Phys. Rev. Lett., vol. 119, no. 6, p. 062501, 2017.

K. Kravvaris and A. Volya, “Clustering in structure and reactions using
configuration interaction techniques,” Phys. Rev. C, vol. 100, no. 3, p. 034321, Sep.
2019, doi: 10.1103/PhysRevC.100.034321.
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Resonating group method and reactions
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J-matrix (or HORSE) method: J. M. Bang, Annals of Physics 280, 299 (2000)
Experimental data: Phys. Rev. 168, 1114 (1968); Nucl. Phys. A287, 317 (1977)
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alpha+talpha scattering phase shifts
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Experimental data from S. A. Afzal, A. A. Z. Ahmad, and S. Ali, Rev. Mod. Phys. 41, 247 (1969).
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Sequential mechanism
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11Be beta-delayed proton decay

05016 n+'}Be

Observed half-life (??7?)
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11Be beta-delayed proton decay
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E. Lopez-Saavedra et al., Phys. Rev. Lett., vol. 129, no.
1,p. 012502, Jun. 2022, doi: 10.1103/
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Y. Ayyad et al.Phys. Rev. Lett., vol. 129, no. 1, p.
012501, Jun. 2022, doi: 10.1103/
PhysRevLett.129.012501.

Observed half-life (??7?)

tBe—>ﬁp ~ 1 X 106 S_.
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A. Volya, “Assessment of the beta-delayed proton decay rate of 11Be,” EPL,
vol. 130, no. 1, p. 12001, 2020, doi: 10.1209/0295-5075/130/12001.
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Time dependence of decay
Winter, Phys. Rev., 123,1503 1961.
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Survival Probability

Internal dynamics in decaying system
Winter’s model
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M. Peshkin, A. Volya, and V. Zelevinsky, “Non-exponential and oscillatory decays in quantum
mechanics,” EPL, vol. 107, no. 4, p. 40001, 2014.




Time-dependent
Continuum Shell Model Approach

*Expand Using evolution operator in Chebyshev polynomials
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*Use iterative relation and matrix-vector multiplication to generate
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*Use FFT to find return to energy representation

A. Volya, Phys. Rev. C 79, 044308 (2009).



Probing the Non-exponential Decay Regime
in Open Quantum Systems

e Broad threshold resonance (°N,°He)
e Pronounced non-exponentiality

e Very short half-life

S. M. Wang, W. Nazarewicz, A. Volya, and Y. G. Ma, “Probing the Non-exponential Decay Regime in Open
Quantum Systems.” arXiv, Nov. 21, 2022. doi: 10.48550/arXiv.2211.11619.
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Probing the Non-exponential Decay Regime
in Open Quantum Systems

e Broad threshold resonance (°N,°He)
e Pronounced non-exponentiality
e Very short half-life

e Three-body decay (6Be, 13Li, 16Be)
* Nucleon-nucleon correlations

e Energy dependence

S. M. Wang, W. Nazarewicz, A. Volya, and Y. G. Ma, “Probing the Non-exponential Decay Regime in Open
Quantum Systems.” arXiv, Nov. 21, 2022. doi: 10.48550/arXiv.2211.11619.
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S. M. Wang, W. Nazarewicz, A. Volya, and Y. G. Ma,
“Probing the Non-exponential Decay Regime in Open
Quantum Systems.” arXiv, Nov. 21, 2022. doi: 10.48550/
arXiv.2211.11619.
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Probing the Non-exponential Decay Regime
in Open Quantum Systems

e Broad threshold resonance (°N,°He)
e Pronounced non-exponentiality
e Very short half-life
e Three-body decay (6Be, 13Li, 16Be)
* Nucleon-nucleon correlations
e Energy dependence
e QOverlapping resonances (13C, 13N)
e Interference, pronounced non-exponentiallity

e Superradiance

S. M. Wang, W. Nazarewicz, A. Volya, and Y. G. Ma, “Probing the Non-exponential Decay Regime in Open
Quantum Systems.” arXiv, Nov. 21, 2022. doi: 10.48550/arXiv.2211.11619.
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Two-level system
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Other topics

Collectivization by decay and many-body complexity

Competition between decay and other collective modes (pairing, etc)
Eigenstate thermalization hypothesis and universal relaxation of observables
From open nuclear systems to quantum information and fundamental physics.
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