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( Spontaneous emission )

e) hwo
SE: coupling to the vacuum electro-magnetic field Yep
random emission directions

9)
In free space:

— exponential decay of spatial coherences: &g ,0(’)“, ’r/> X —|’I“ — ’I“/|2,0<’I“, ’I“/)
— Brownian diffusion: Ap X \/E

In an optical lattice: Initial delocalized state k=0
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( Dissipation in optical lattices )

— Control of spontaneous emission on the
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( Dissipation in optical lattices )

— Control of spontaneous emission on the
Intercombination transition

Waist: 1 mm
Tunable power
— spontaneous emission rate

— saturation parameter s«<1

— Time-of-flight reveals momentum distribution Vi
= 0ms t=0.3ms t=0.7ms {=2ms

- momentum width
- condensate fraction



— Momentum distribution:
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— Momentum distribution: — Condensed fraction:
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— Momentum distribution: — Condensed fraction:
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( Model of weak localized density measurement )

- Bose-Hubbard model  Hppp = —J Z (dI&j + dtdi) +— Y n;(n; —1)
(2,5) ¢

[1] D. Poletti et al., Phys. Rev. Lett. 109 045302 (2012)
[2] D. Poletti et al., Phys. Rev. Lett. 111 195301 (2013)



( Model of weak localized density measurement )

. O o U o
— Bose-Hubbard model Hppg = —J Z (aiaj + a;.ai) +§ . n; (ng; — 1)
(2,9) g
— Dissipation, dp 1 [A A} NV ST DYy
local density measurement 9t ik Hew, p| + Ysp : Mipha = TP = 5 PT;

2

(1] D. Poletti et al., Phys. Rev. Lett. 109 045302 (2012)
[2] D. Poletti et al., Phys. Rev. Lett. 111 195301 (2013)



( Model of weak localized density measurement )

3 U
— Bose-Hubbard model Hppy = —J Z (dI&j + d}&i) +§ n; (ng; — 1)
(.5) i
— Dissipation, dp 1 [A A} o 1y 1,
local density measurement 9t ik Hem, p| + Ysp _ TP TP 5 P
(]
’Ys?)l (1) t < 75;31 Fast relaxation of long-range coherences

— 2 timescales:

« 1 <U) 2 (2) 'Vs;)l 5 t ,S t* Algebraic regime of decay
e Qo
p

(3) t* <t Final thermalization stage

(1] D. Poletti et al., Phys. Rev. Lett. 109 045302 (2012)
[2] D. Poletti et al., Phys. Rev. Lett. 111 195301 (2013)
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(1] D. Poletti et al., Phys. Rev. Lett. 109 045302 (2012)
[2] D. Poletti et al., Phys. Rev. Lett. 111 195301 (2013)
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(1] D. Poletti et al., Phys. Rev. Lett. 109 045302 (2012)
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— Inhomogeneities:
- loading model to determine the initial density distribution
- solve the master equation on each site
- average over the distribution

— L osses: Yon ) ) 5
- Lindblad operator Lo = =  2apal” —al*alp — paltal
- 'adiabatic' extension i
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( Extended model )

— Inhomogeneities:
- loading model to determine the initial density distribution
- solve the master equation on each site
- average over the distribution

— L osses:
- Lindblad operator
- 'adiabatic' extension
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v Observation of spatial decoherence in a many-body system

v For strong interactions: anomalous momentum diffusion

] Decoherence is D Inter-band transitions
® slowed down ® Collective effects in light-matter interaction

v Simple master equation model captures the observed dynamics

L osses accelerate the ] NSO i
| emergence of the 7 osses give indication on the

° ' e [ock nami
anomalous behavior ock space dynamics
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( In an optical lattice )

9p 1.
— == |H A] 5 PTG —
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[1] D. Poletti et al., Phys. Rev. Lett. 109 045302 (2012)
[2] D. Poletti et al., Phys. Rev. Lett. 111 195301 (2013)



( In an optical lattice )

op 17, NS PC VU DUy
E = 171 [HBHa IO] + Ysp ni PN — 57%-[) - 5,077,2-
i
— Adiabatic elimination of the coherences + factorization of the density matrix:
dp, 1

T — t_* Wn+1 (pn+1 — pn) — Wn—l(pn — pn—l)}

(1] D. Poletti et al., Phys. Rev. Lett. 109 045302 (2012)
[2] D. Poletti et al., Phys. Rev. Lett. 111 195301 (2013)



( In an optical lattice )

op 171 R
5% i [HBHHO] + Ysp i N PN — 1 P — 5PNy

— Adiabatic elimination of the coherences + factorization of the density matrix:

dp 1

B o Wi — Pa) — Waca(pn — Pro)}
Wt =02 gn+1,m)pn_1,
Woot =02>. gln,m~+ 1)ppa1,

Ty
x—y)*+ (Aysp/U)?

g(r,y) = :

(1] D. Poletti et al., Phys. Rev. Lett. 109 045302 (2012)
[2] D. Poletti et al., Phys. Rev. Lett. 111 195301 (2013)



( In an optical lattice )

op 17, NS PC VU DUy
E = 171 |:HBH7 IO] + Vsp ni PN — §nip - 5'07%
i
— Adiabatic elimination of the coherences + factorization of the density matrix:
dp, 1

Wn+1 (pn+1 - pn> - Wn—l(pn - pn—l)}

dt — t*

(1] D. Poletti et al., Phys. Rev. Lett. 109 045302 (2012)
[2] D. Poletti et al., Phys. Rev. Lett. 111 195301 (2013)



( In an optical lattice )
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( In an optical lattice )
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( Time-scales mismatch )
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— Inhomogeneities:
- loading model to determine the initial density distribution
- solve the master equation on each site
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— Inhomogeneities:
- loading model to determine the initial density distribution
- solve the master equation on each site
- average over the distribution
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