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Decay and quantum evolution

Exponential decay: classical statistical law on the behavior
of the survival probability p(t) of an unstable state/system
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Quantum decay: determined by Hamiltonian evolution
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Decay and quantum evolution

Exponential decay: classical statistical law on the behavior
of the survival probability p(t) of an unstable state/system
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is quantum decay always well described by an exponential law?



Quantum decay: general results

g coupling constant, A continuum bandwidth

SHORT TIMES (¢t s A™1):
quadratic survival probability
(Zeno region), observed in
different experiments

+ LONGTIMES (t ~ g %log g):
power-law tail, very elusive in

isolated quantum systems (but
see Rothe et al. PRL 2006)

 "INTERMEDIATE" TIMES:
exponential decay (y = 0(g?)
from Fermi golden rule)




Quantum decay: general results

g coupling constant, A continuum bandwidth

SHORT TIMES (¢t s A™1):
quadratic survival probability
(Zeno region), observed in
different experiments

LONG TIMES (t ~ g~2log g):
power-law tail, very elusive in

isolated quantum systems (but
see Rothe et al. PRL 2006)

"INTERMEDIATE" TIMES:
exponential decay (y = 0(g?)
from Fermi golden rule)

O t

2P = 1S electric dipole transition in Hydrogen (natural system, weak coupling)
1=y 1=16x%x10""s tquadratic ~ A~ ~ 1077 s tpower ~ 100 7




One-dimensional hopping model (nearest-neighbor)
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One-dimensional hopping model (nearest-neighbor)
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Decay regimes
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Decay regimes

¥ < 1-|€e|/2k
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. exponential decay with relevant deviations

Highly depleted|
power-law tail
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Decay regimes
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Decay regimes

x > 1 —|e|/2k: no instability

Emergence of a bound state |;,) of the total Hamiltonian
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Experimental implementation of the hopping model

Array of femtosecond laser- L
written integrated waveguides
(IFN-CNR Milano) 'z,

input

Quantum-optical analogy (S. Longhi, 2009): stationary paraxial
optics in photonic structures can simulate Schrodinger dynamics.
Longitudinal coordinate = Time

Scattered laser light
High dynamic range

Next-to-nearest-neighbor hopping improves prediction accuracy

Hy = ao(10)21 + 201 +q ). (m)n+2] + In+ 2)(nl)



Observation of different decay regimes
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Conclusions and outlook

v' Models defined on one-dimensional arrays represent a
controllable testbed to study non-exponential decays and
strong-coupling effects in general

v’ Laser-written waveguides provided a feasible, effective and
fully controllable experimental platform to obtain evidence
of power-law decay

A. Crespi et al., Phys. Rev. Lett. 122, 130401 (2019)

(J Detailed characterization of next-to-nearest neighbor model
(article in preparation)

1 Effects of disorder on the semi-infinite array

(d Observation of the transition in time from exponential to
power-law decay
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