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Introduction




General context

2016-2017 : Magnetic ordering in monolayer van der Waals materials

Lee et al, Nano letters (2016), Huang et al, Nature (2017)

Antiferromagnetic ordering in FePS,

A.K. Geim et al, Nature (2013) F. Kargar et al, ACS Nano (2020) 4




Approach developed by the team

PhD thesis of J. Wolff. Probe and control magnetic order in atomically thin suspended membranes
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Pump laser
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Optomechanics: Mechanics with light

Detection of vibrations by
interferometry

Radiation pressure:

Ppump

Fopt X Lopt

Electrostatic force:

Fuee < VbcVac(t) B 1.7
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Cryostat

Sample in a cryostat (4K-300K)
to probe its phase transition
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Membrane dynamics
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Displacement spectral density
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Link between mechanical properties and magnetic order

Mechanical frequency Ty ~ 109K
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J. Wolff (2022)

= Need a fine control on X to increase the resolution on frequency shift induced by a change of the magnetic configuration

ie: decrease the mechanical damping
n



Cold damping




The international journal of science / 15 July 2021

OTION

Precise measurement of trapped nanosphere
enables cooling to ground state

>

L

=

L. Grossman, NewScientist (2016)
L. Magrini et al, Nature (2021)

= Often used to cool mechanical modes ;é We want to decrease the damping : heat modes!
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Concept of cold damping
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Concept of cold damping
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Implementation of cold damping

Measure of
displacement

We add a feedback electronic circuit

d

— = jw ~add 90°

dt

Band pass
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Phase shifter

Amplifier

Force
application
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The lab-made electronic circuit

Magnitude (dB)

Electronic circuit by J. Thoraval (IPCMS)
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Expected results with cold damping
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Expected results with cold damping
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Results




First measurements with cold damping

Probe laser: 633 nm, temperature: 144K, electrostatic force

Brownian motion of the membrane (g=0)
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First measurements with cold damping

Probe laser: 633 nm, temperature: 144K, electrostatic force
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First measurements with cold damping

Probe laser: 633 nm, temperature: 144K, electrostatic force

There is an
amplification effect !

Displacement spectral density (dBm)

|
~
el

|
o]
o

1 T
e phil |
e phi2

g=0

| | |
[} e} o
w N =
1

19.50 19.75 20.00 20.25 20.50 20.75 21.00 21.25 21.50
Frequency (MHz)

Curves cannot be
explained by our current
model...

23



Model improvement

Measurement noise ¢z reinjected in the feedback loop
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Effect of gain modification
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Phase (°)

Voltage ramp for the driven displacement

Not Brownian motion : we impose an external force
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Noise spectral density (dBm)

Effect of gain modification
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Effect of gain modification
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Another method to modify the gain: optical power of the probe laser

gain
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Limits of the method

If we apply a force too strong = Auto-oscillation: I'eg — 0

Can not go higher
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Conclusion
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Conclusion and perspectives

Voltage (V)

First measurements and results very encouraging

Will enable to work on a more sophisticated electronic circuit :
Electronic control of gain/phase
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Membrane
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spectral density (dBm)
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Measurement backgrounds
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Voltage ramp with radiation pressure
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Voltage (V)

Voltage ramp with electrostatic force (wider V range)
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Phase inversion
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Phase inversion
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