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Matter-Wave Emission
• Emitter array
(mostly empty)
in  lattice with 
state-selectivity 
along z
•prepared via 
thinned-out 
Mott insulator 
with <n> < 0.5

• μwave-driven
trans. between 
trapped (red) 
and untrapped  
(blue)  HF ground 
states of  87Rb

extended Weisskopf-Wigner model
each lattice site forms an
elementary emitter of  
atomic matter waves,
with tunable excitation
energy Δ and vacuum
coupling Ω

 TOF spectrum

1D system
(lattice tubes)

Probing the Bound State

 

     Introduction
QED/Quantum optics  &  
Open quantum systems

Going beyond the assumptions of the W-W model
        Bykov (1974); 

John (1987)
    

Purcell (1946); 
Kleppner (1981)

Lambropoulos 
(2000)

PBG experiments:
Tocci et al (1996)
Lodahl et al (2004)
Liu et al. (2010)
Hoeppe et al. (2012)
Hood et al. (2016)
Liu & Houck (2017)

de Vega, Porras & Cirac (2008, 2011); Stewart et al. (2017)

Markovian Regime  

• Exponential decay to 
~50%; numerical model
suggests atom reabsor-
ption by neighboring 
empty wells (radiation
trapping in optically thick
medium)

• Detuning dependence of decay
matches Markovian expectation 
for isolated emitter  

• Matter-wave emission spectrum follows parabolic 
dispersion (spectrum includes non-Markovian data)

•Observe Lamb-like shift from  measuring kinetic energy
 ~<k2>  as a  function of Ω. 
by factor ~3  too large (but no collective enhancement)
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Dirac’s radiation theory (1927)

 

zero-point �eld

ℰ = ℏ ∆ = −
detuningP.A.M. Dirac 

W-W model for spont. em. (1930)

V. F. Weisskopf            
E. P. Wigner

WW approximation (“slow” evol.)
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bound states

matter-wave emission

non-
Markovian
dynamicsW-W

ansatz for
single emitter

Adiabatic vs. sudden coupling reveals bound contribution

• More atoms
 transferred for  
 non-adiabatic 
 pulse

• Momentum
distributions look
qualitatively 
di�erent

• Gravitational sag shifts trap

• Population that remains is
bound-state cloud

• Compare bound portion to
(Fourier transform of ) result
from analytical model

-

Non-Markovian Regime  
Near edge

Below edge

• Long-lived oscillations 
signal non-Markovian
behavior  (radiation 
back�ow); numerical model
again suggests  coupling 
to neighboring empty wells

• Observe clear oscillations
as expected from analytical
treatment for single emitter
• matter waves cannot 
propagate; neighboring wells 
don’t in�uence evolution much

• Non-adiabatically released 
(free) atoms are accelerated
toward trap minimum = 142(3) nm

≈ 1.3Δ

González-Tudela & Cirac (2017/18)
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Bound state  
• Emitter is “dressed” by a 
coherent cloud of matter 
waves (evanescent wave)
• Matter waves in the gap 
“re�ect” back to emitter
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Stewart et al. (PRA, 2017)
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