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Probing atom-surface interactions : Casimir-Polder force
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Objective : Metrological measurement of F-p with controlled d
@ Check QED predictions
@ Observation of the thermal regime (for d > 8pum, Fop oc d%)

@ Additional interaction in pm range ?
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Atom interferometry with trapped atoms
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Atom interferometry with trapped atoms
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optical vertical lattice Wannier-Stark ladder

F
S— Dielectric E /\l/2 ~—
dichroic mirror
|[F=2)
E,
mgz
U~A4F, |
m —1 0 1 2 4

Yann Balland (SYRTE, Observatoire de Paris) Ten quectonewton local force sensor SFP, 6 juillet 2023 3/16



Atom interferometry with trapped atoms

Rb atoms trapped in
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Atom interferometry with trapped atoms
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Atom interferometry with trapped atoms

Rb atoms trapped in

optical vertical lattice Wannier-Stark ladder
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Bloch frequency measurement
|F'=2,m=n)
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Bloch frequency measurement

|F'=2,m=n)
Ramsey interferometer : E T ~ 150 ms E hvgps +nvg)
Fluorescence imaging : transition Transition n = —6
T T T
N,
. |F=2)
probability P, = —————
Nip_g+ N
_¢ cos(p)
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Interferometric phase :
¢ =2n(vg —vgps —nvp)T
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Force sensitivity

Long term sensitivity
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Control of the distance to mirror : Bloch elevator

Evaporative cooling in dipolar trap : 150 000 atoms
— at 500 nK, o, ~ 10 pm
Adiabatic compression = o, ~ 4pum

30 cm

oDT
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Control of the distance to mirror : Bloch elevator
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Control of the distance to mirror : Bloch elevator
wo + Aw(t)
Evaporative cooling in dipolar trap : 150 000 atoms

at 500 nK, o, ~ 10 pm
Adiabatic compression = o, ~ 4pum

= TU 30 cm  Transport the atoms close to the mirror
z . o Aw(t)
= Using a moving lattice v(t) =
oDT 2k
z = [v(t)dt => Precise control on the
transport distance
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— 2 ]
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Control of the distance to mirror : Bloch elevator
wy + Aw(t)
Evaporative cooling in dipolar trap : 150 000 atoms

at 500 nK, o, ~ 10 pm
Adiabatic compression = o, ~ 4pum

E TU 30 cm  Transport the atoms close to the mirror
z . o Aw(t)
= Using a moving lattice v(t) =

oDT 2k

z = [v(t)dt => Precise control on the
transport distance

10000 atoms at the end of the transport, with
heavy spontaneous emission (heating,
unpolarization)
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Measure of the distance to mirror

Use mirror surface as position reference
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Measure of the distance to mirror

Use mirror surface as position reference
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Measure of the distance to mirror

Use mirror surface as position reference
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Force measurements
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Force measurements
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Parasitic force from adsorbed atoms

[Cornell, 2004] : « Alkali-metal adsorbate polarization on conducting and
insulating surfaces probed with Bose-Einstein condensates »

@ Atoms adsorbed on the mirror :

electric dipole i adsorbed on the

@ Energy shift on the neutral atoms surface, over a radius o,,:
XDo | 72 <o
Up=——5"|E| e
B _ YDC = 22 g
@ Force FF = ——= grad |F| o
2 m
OE,

Fs(’z) = aDCEs(Z>

0z
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Force measurements
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Force measurements
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Suppression of parasitic eletrostatic force : UV shinning

Attempt of desorption of atoms: UV shinning on the mirror
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Measurement of parasitic electrostatic fields

Apply controlled external
electric field
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Measurement of parasitic electrostatic fields

Apply controlled external
electric field

oE

Fy(2) = apc—>—~E(2)
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Measurement of parasitic electrostatic fields

Apply controlled external
electric field

oE,
5 Fa(2)

Fs<z) = Qpc

S

0z

Electric gradient

Uniform external electric field

E, = force shift

OFE,
0z

F(Ee> = aDC<Ee + Es)
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Measurement of parasitic electrostatic fields

Apply controlled external
electric field

Fs<z &pc 8

OE
Electric gradient 6—; Electric field! [Lodewyck, 2012]
Awypg =k |E|
Uniform external electric field
E, = force shift Awpps(Ee) = ki(Ee +-
OE, Clock measurement : MW Ramsey
F(E,) = apc(E, + E,) B interferometer

Yann Balland (SYRTE, Observatoire de Paris) Ten quectonewton local force sensor SFP, 6 juillet 2023 12/16



Measurements of electric fields
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Force and parasitic force
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Force and parasitic force
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Conclusion

@ Local force sensor, with a pm spatial resolution, up to a few gN

@ We measure Casimir-Polder force, masked by others surface-atom
interactions of same magnitude

@ Able to characterise electric field near the surface
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Conclusion

@ Local force sensor, with a pm spatial resolution, up to a few gN

@ We measure Casimir-Polder force, masked by others surface-atom
interactions of same magnitude

@ Able to characterise electric field near the surface

Perspectives:
@ Better sensitivity : more atoms, smaller cloud, better coherence time

@ Pursue better electric field characterization

@ Measurement selective in position

Measure temperature effect

New surface test (metamaterials)
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Thank you for your attention !
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Force shift from IR beam
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Force inhomogeneities

Estimation of force inhomogeneities
through decrease of contrast
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