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Main menu
A Testing macroscopic (large-mass) quantum.

A Testing small-mass gravity.

A Amplification of elm fields by mechanical rotation.



Test gravity & quantum interplay in low energy regime

Predicted gravitational decoherence effects

Predicted Diosi-Penrose gravity effect on wavefunction

Predicted effect of SN equation
- Tested Newtonian Gravit
Tested Quantum Mechanics

s Source mass

Smallest source mass where Newtonian gravity is confirmed by experiment: ~100 mg
What if the source mass is even smaller and in a spatial superposition?
How does the gravitational field look like then?

Bassi, A., A. Grossardt , and H. Ulbricht, Gravitation Decoherence , Class. Quantum Grav. 34, 193002 (2017).



EXERIMENTS : LEVITATED
MECHANICAL SYSTEMS



Nanoparticle Talbot interferometer (  NaTali):

directly testing macroscopic quantum superpositions
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Quantum carpet:
Simulated interference pattern

T=1mK; f=100 kHz; h = 100 mm
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Bateman, J., S. Nimmrichter , K. Hornberger , and H. Ulbricht
Near -field interferometry of a free -falling nanopatrticle from a
point -like source

Nature Communications 4, 4788 (2014).

Step 1 - simulation:  Spatial superposition of
particle of mass: 106 -107 amu (20 nm in diameter)

A Wigner function model to calculate quantum carpet. V
-> Thermal and collisional decoherence are negligible.

Step 2 0 Experiment: Particle source has been
realized by particle levitation & cooling, grating implementation
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Belenchia, A., Carlesso, M., Donadi, S., Gasbatrri, G., Ulbricht, H., Bassi, A. and Paternostro, M., 2021.
Test quantum mechanics in space. Nature, 596(7870), pp.32-34.
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Trap and measure position, then feedback cool to ~1mK

Equation of motion:

Power spectral density: Sy (w) =
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Quantum carpet:
Simulated interference pattern

LONG FREE COHERENT EVOLUTION

TIME



Freefall scheme: recapture in trap gives 500 microsecs

- Re-entry position can be G i
detected by filtering and 2
extrapolating particle signal i
close to re-entry. )

- Data from turning trap off/on R 99

. ., . Time (ms)
and detecting position as proof
Of Concept - = Eotsmon|[t)a;a|r't d Functi

- Needs proper tracking model o f\ A

and filtering (Jason Ralph) ;"
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: Large Scale Quantum
More free evolution “l“!l“l“ Mclecges up to 10° AMU have been

. \Retro-ref shown to still display quantum interference
t| me by Th r'ow an d LN _ during free evolution. Launching SiO2
CatC h ) j' an optical gratings we aim to demonstrate

nanospheres from an optical trap through
Talbot-Lau interference .

The 100 nm particles (10" AMU) are
cooled down to near the ground-state

up to 100 ml||ISGCS through parametric feedback cooling, after

which they are kicked using a YAG laser.

Fig. B1: Schematic of LGSR Vv R{EERE NS

iﬁ?—?ﬁfﬂﬁt reconstructed after the particle travels
et through an optical UV grating and is
only a nanosecond at .

LYl recaptured into the trap. The recapture

position is retraced, reconstructing the
interference pattern of the same particle
over many kick and recaptures.

— Quantum
——— Classical
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Wardak, J., Georgescu, T., Gasbarri, G., Belenchia, A. and Ulbricht, H., 2024. 0 200 400 Pﬁﬂi‘ E?.ﬂ_ﬂ 1?31'5; 1200 1400 1600
Nanoparticle Interferometer by Throw and Catch. Atoms, 12(2), p.7. Fig. B2: Theoretioal Quantum and Classical fringe visibilty as

function of optical grating intensity. & Si02 particle, m= 10¢
AMU, cooled down to 1 mi C.O_M. motion was assumed. P = Fig. B3: Photo of a particle trapped above the
10*-10mbar, T, 58 ms or 1.6 cm fiight height. parabalic mirror, illuminated by a red laser.




Satellite for long free evolution time: 100 secs (in free fall)

A Main objective: Generate macroscopic quantum
superposition of a 100 nm+ particle.

A Space advantagelong freeevolution time

THREE STAGES IN SPACE Theoretical foundations

Researchers want to test ever-larger particles for quantum wave behaviour. Doing this In space removes

experimental hurdles sean on Earth, such as gravity and nolse, meaning larger particles can remain ; concurrent
stable for longer as they develop their quantum behaviowr. Conducting the tests involves throe stages. Belenchia, A., etal.,

Test quantum mechanics in space, Nature 596, 32-34 design facility

1. Prepare . 3. Detect (2021). 2018

Lasars cool a sultable particle aves develop and an o Particles finally reach a
In an optical cavity opearating grating I applie eaty sultable detection stage. Belenchia, A., et al. Quantum physics in space, Physics
at low pressura. quantum superpo sltions.
Particles then propagate freely. Detector Reports 951, 1-70 (2022).
‘ ‘, _‘ ‘ Kaltenbaek, R., et al. Research campaign: Macroscopic
| ~ s ; gquantum resonators (MAQRO), Quantum Science and
(&) Technology 8, 014006 (2023).

Farticle
Optical

cavity e 1 4 ) . )
& ¥ : ’ ( Gasbarri, G., et al. Testing the foundation of quantum @ e@sa
Laser Optical gratings are Final position phySI(_:s In space via Interfer_ometrlc ano_l non-interferometric

nanostructures creatad detected experiments with mesoscopic nanoparticles.

by lasars for particla diffraction Communications Physics 4, 155 (2021).
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Levitated mechanics in free fall d satellite launch June
2025

Payload box:
Size: 200 x 200 x 140 mm
Weight: 10 kg

10 W power consumption (average)
1 optical trap, 1 diamagnetic trap, autonomous operation by FPGA and microcontroller.

Tested for space: shock & vibration, thermal, EMC (next week).

Too oo To Too To




What iIs inside the box?

Optical trap for silica
particles

Diamagnetic trap for
graphite

Piezo-based particle
loading system

Optical fiber system
for detection,

UHV chambers
(passively NEG
pumped, 1e -9 mbar)

Fully autonomous operation

PCB with laser PID controller
FPGA for electronics

Microcontroller to operate
Experiments and DAQ.
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OR

ACCELERATE EVOLUTION OF
QUANTUM STATE COHERENTLY



Time trace:
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Rashid, M., T. Tufarelli , J. Bateman, J. Vovrosh , D. Hempston , M. S. Kim, and H. Ulbricht,
Realization of a Thermal Squeezed State of Levitated

Optomechanics
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Experimental
, PRL 117, 273601 (2016).



Experiment: Brmodal distribution by squeezing thermal

state: accessing<* Duffing trap non-linearity
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Muffato, R., Georgescu, T., Homans, J., Guerreiro, T., Wu, Q., Chisholm, D., Carlesso, M., Paternostro, M. and Ulbricht, H., 2024.

Generation of classical non-Gaussian distributions by squeezing a thermal state into non-linear motion of levitated optomechanics. arXiv preprint arXiv:2401.04066.



Simulation: NonGaussian states by squeezing thermal state:
squeezing + cooling + no#inearity

Muffato, R., Georgescu, T., Homans, J., Guerreiro, T., Wu, Q., Chisholm, D., Carlesso, M., Paternostro, M. and Ulbricht, H., 2024. Generation of
classical non-Gaussian distributions by squeezing a thermal state into non-linear motion of levitated optomechanics.
arXiv preprint arXiv:2401.04066. 17



