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Publication

Dark State Optical Lattice with a Subwavelength Spatial Structure «—— Today’s paper
Dissipation induced dipole blockade and anti-blockade in driven Rydberg systems
Spontaneous avalanche dephasing in large Rydberg ensembles

Anomalous Broadening in Driven Dissipative Rydberg Systems

Nonlinear looped band structure of Bose-Einstein condensates in an optical lattice



What they did

* Optical potentials with subwavelength spatial structure

* Kronig-Penney potential(widths below A/50 ~ 10 nm)

* Study the band structure

* Subwavelength motional control of atoms

e creation of narrow tunnel junctions for quantum gases

* building sharp-wall box-like traps

* studying Anderson localization with random strength in the barrier height
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Schematics

Standing wave light along x axis({.), traveling wave light along y axis({1,)

: Eigenstate of
. — ﬁ
Dark state: |Ey(x)) = sm(a(x)) lg1) — cos(a:(x)) |92) 1 state basis

where a(x) = arctan|[Q.(x)/Q,] for fixed x

If Q,/Q. = € K 1, dark state changes composition over a narrow region.

Atoms remain in the dark state under a adiabatic approx.(slowly moving atom)
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Schematics

* Atoms remain in the dark state under a adiabatic approx.(slowly moving atom)

+ (xlH|Eo(0)) = (x| (5 + U) 1B (x >>=<

* For example, P|Ey(x)) = —iAV|E,(x))
= —ihV sin(a(x)) |lg) + iRV Cos(a(x)) |g2) + sin(a(x)) Plg.) — Cos(a:(x)) Plg,)

Momentum term due to the state composition change Usual momentum term
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* Kinetic energy associated with large gradient(P = iaV) in the wave function gives
rise to a potential. => Artificial scalar gauge potential
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pral5 Degenerate Bose-Fermi mixtures of rubidium and ytterbium

Experimental details

« Atom: '"1YDb
» Sympathetic cooling with 3’Rb atoms

* Yb MOT — Rb MOT — RF evaporation — load Rb — Dipole evaporation
—remove Rb (T ~ 300 nK)

* Optically pump to |g,) state and populate dark state by turning on 4,
Q,, and (),, one by one.
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Band mapping

Energy

Use time-of-flight (TOF) images to measure the momentum  Pester

Excite atoms to higher bands by shaking the lattice

Excitation depends on shaking frequency

Energy spacing increases as n increases (E,, scales as n?ER)
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Barrier strength and perturbation

* Energy of KP lattice 1s independent of barrier strength
* By varying (),,(€), measured energy spacing

* When & # 0, the state experience additional potential and
band structure changes
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Dissipation

* Dark state lifetime 1s significantly longer for A > 0.

* When A < 0, exiting into the energy allowed E_ state via nonadiabatic
bright state coupling

* Nonadiabatic bright state coupling also leads to dissipation dependence
on the laser power.
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