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[s 1t possible to study the physics of strongly

correlated systems with photons?

Photons 1n a highly entangled, fermionized state:
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Requirement: strong photon-photon interaction

In our scheme: dissipation 1s most effective for

the creation of strong photon-photon interactions




Stationary pulses of light
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e Intensity profile:

2,

control field -

A

kL
probe field =—f

NAAA N $2_
_ control field

A

E_
g probe ficld

U

probe field: |E; + E_|? forms quasi-stationary standing wave pattern

M. Bajcsy, A. S. Zibrov and M. D. Lukin, Nature 426, 638 (2003).




dark-state polaritons
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e Polaritons: collective excitations of photons and atoms (24 = Q_)

1 o
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E n E spin coherence between

ground states

 Dark state polaritons obey bosonic commutation relations [@Dk, 1@} = Ok,p

condition: number of photons « number of atoms



master equation for dark-state polaritons

o(t) = Kkinetic energy + single-particle losses control
fields (2 fields B4
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- Polaritons form a system of non-interacting bosons with mass Mesr 1n 1D:
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Enable photon-photon interactions
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e almost all atoms are in state |1)

* single-photon absorption via level |3) is cancelled by EIT

e leading order: two-photon processes |1) — |4)

- strong photon-photon (polariton/polariton) interaction
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* Polaritons are described by the dissipative Lieb-Liniger model :

elastic 2-particle 4
interactions

Re(q) Im(g)

O¢0 = Kinetic energy + 2-particle losses

1
A +iT/2

e complex coupling constant: g

g Mefr

e Interaction strength: = Gy, = .
h2n,

1 : number density of polaritons

*S. Durr et al., PRA 79, 023614 (2009).
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e “fermionized” ground state, Friedel oscillations
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crystal of impenetrable hard-core photons
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e Numerical integration of the master equation with the time-evolving

block-decimation (TEBD) algorithm and realistic initial conditions:

|GL1| = 100, 500 sites
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OD : optical depth of the medium |2) 1)

e A > T : elastic two-particle interaction
D. E. Chang et al., Nature Physics 4, 884 (2008).

* A = 0: inelastic two-particle interaction

[ |Gr1| is maximal for purely dissipative interaction (A = 0) ]

M. Kiffner and M. J. Hartmann, Phys. Rev. A 81, 021806(R) (2010).
M. Kiffner and M. J. Hartmann, arXiv:10054865.
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Experiments a)
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1. Atoms outside an optical nanofiber

E. Vetsch et al., e-print arXiv:0912.1179. S : ' om o Bs Lasers

125 pim

2. Atoms inside a hollow core fiber
M. Bajcsy et al., Phys. Rev. Lett. 102, 203902 (2009).

e for 2 photons, G, > 1 requires

OD?/Natom > 160

e status: OD?/Natom ~ 0.3

but ODz/Natom X Natom

OD : optical depth of the medium A. M. C. Dawes, Physics 2, 41 (2009)




Measurements

» Advantage of a Tonks-Girardeau gas of polaritons (rather than atoms):

e Measurement of nonlocal observables (e.g., momentum distribution)

with standard quantum optical techniques

* spatial correlations (17 (2)¥(2")), (%' (2)9"(2")¥(2)¥(2"))

translate into temporal correlations after release of the pulse
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Thank you for your attention!
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