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Focusing beam
•  460 nm laser beam focused to 
•  red detuned from 2P3/2 - 4D5/2 transi on
      light shi s the 2P3/2 excited state by 

Working Principle of Microscope

Dispersive atom-cavity coupling
Cavity light phase-shi ed by
      dispersive measurement of atom number 

Micro dipole trap
•  780 nm laser beam focused to 
•  trapping frequency                     for 
•  automa cally aligned to cavity center

blue intensity

atom-cavity detuning

atom-cavity coupling

Super-resolu on e ect
non-linearity in atom-cavity coupling

     resolu on enhancement 
up to a factor >10 is expected
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Spa al control of atom-
cavity coupling
At the 460 nm beam focal 
point, D2 transi on is light-
shi ed closer to cavity 
resonance
      local enhancement of 
atom-cavity coupling 

Lithium 6
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Cavity mirror 
HR @ 671 & 1342nm ; HT @ 460 & 780 nm
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Frequency-doubled system
1342 nm:
(Diode + Raman ber amp):
•  Science cavity lock
•  Intra-cavity ODT
•  671 nm genera on

671 nm:
•  Laser cooling
•  Cavity probe
•  Atom imaging

Laser system
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Li spectro cell

SHG

laser cooling
& imaging

focusing beam
and blue pump

Two-photon spectroscopy
•  Saturated absorp on      
spectroscopy for 670 nm 

• single-pass absopr on 
spectroscopy for 460 nm 

•  Atoms loaded directly at cavity center
•  NEG coa ng for improved vacuum < 2.1011 mbar 

•  Home-made bulk-machined MOT coils [1]
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[1] K. Roux et al., SciPost Phys. 6, 048 (2019)
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blue uo beam
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to camera

•  narrow 461 nm beam co-propaga ng with
    ver cal MOT beam and retro-re ected
•  MOT e ect at 461 nm
•  high collec on e ciency at 461nm
    through "cavity-lens"
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Lens design

•  High NA = 0.37
•  Op cally contacted assembly

Aberra ons lead to Strehl ra o 
of < 0.5

=> wavefront correc on
necessary for DL opera on

Cavity design
Cavity holder design

•  Combine strongly damping and
     high speci c s ness materials
•  Non-magne c and UHV compa ble

Measured mechanical response

The Cavity-Microscope : high finesse & high NA

•  High- nesse
•  Close to concentric
      Strong atom-cav. coupling

Wavefunc on microscope [5]
•  Single atom trapped in a 
     harmonic trap
•  Enhanced atom-cavity 
     coupling at center
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single 6Li
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Future Experiments

Programmable Quantum Simulator
•  Spa al and temporal tunability of cavity-
     mediated interac on and poten als
•  Micro-trap array
•  Quantum informa on gates

Sideband-resolved cavity cooling [3,4]
•  Very con ning harmonic trap (> 500 kHz)
•  Narrow cavity & far-detuned transv. pump
•  Cavity tuned to an -Stokes sideband
•  Conserva ve laser cooling

2P3/2

cavity
eld

transverse
pump

Next steps

Trapping atoms in strongly con ning dipole traps
•  Load atoms into intra-cavity dipole trap at
    1342 nm (la ce structure at 671 nm)
•  Load atoms into micro-tweezer at 780 nm
•  Load 1D chain of atoms using light-induced
     collisions [2] in the combined dipole trap

[2] Y. Sortais et al. PRA 75, 013406 (2007)
[3] V. Vuletic et al., PRA 64, 033405 (2001)

[4] M. Hosseini et al., PRL 118, 183601 (2017)
[5] D. Yang et al. PRL 120, 133601 (2018)

Structured atom ensembes coupled
to the cavity
•  Use intra-cavity ODT and microtrap
•  Cavity cooled 1D chains or 2D arrays of
     single atoms with -spacing
•  Structured collec ve atom-cavity interac on
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Trapping atoms in strongly con ning dipole traps
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    1342 nm (la ce structure at 671 nm)
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•  Load 1D chain of atoms using light-induced
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[2] Y. Sortais et al. PRA 75, 013406 (2007)
[3] V. Vuletic et al., PRA 64, 033405 (2001)
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[5] D. Yang et al. PRL 120, 133601 (2018)
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