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Main menu

ÅTesting macroscopic (large-mass) quantum. 

ÅTesting small-mass gravity.

ÅAmplification of elm fields by mechanical rotation.



Test gravity & quantum interplay in low energy regime

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

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?

Source mass



EXERIMENTS : LEVITATED 
MECHANICAL SYSTEMS



Quantum carpet: 

Simulated interference pattern

Step 1 - simulation: Spatial superposition of

particle of mass: 10
6
 -10

7
 amu  (20 nm in diameter)

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

Bateman, J., S. Nimmrichter , K. Hornberger , and H. Ulbricht

Near -field interferometry of a free -falling nanoparticle from a 

point -like source

Nature Communications 4, 4788 (2014).

Nanoparticle Talbot interferometer ( NaTali ): 

directly testing macroscopic quantum superpositions

Step 2 ð Experiment: Particle source has been 

realized by particle levitation & cooling, grating implementation 

ongoing 

Belenchia, A., Carlesso, M., Donadi, S., Gasbarri, G., Ulbricht, H., Bassi, A. and Paternostro, M., 2021. 

Test quantum mechanics in space. Nature, 596(7870), pp.32-34.



Trap and measure position, then feedback cool to ~1mK
Equation of motion:

Power spectral density:



LONG FREE COHERENT EVOLUTION 
TIME

Quantum carpet: 

Simulated interference pattern



Freefall scheme: recapture in trap gives 500 microsecs

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

- Data from turning trap off/on 
and detecting position as proof 
of concept.

- Needs proper tracking model 
and filtering (Jason Ralph)



More free evolution 
time by Throw and 
Catch: 

up to 100 millisecs

Wardak, J., Georgescu, T., Gasbarri, G., Belenchia, A. and Ulbricht, H., 2024. 

Nanoparticle Interferometer by Throw and Catch. Atoms, 12(2), p.7.



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

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

Å Space advantage: Long free-evolution time

[maqro-mission.org]

Belenchia, A., et al.,

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

(2021).

Belenchia, A., et al. Quantum physics in space, Physics 

Reports 951, 1-70 (2022).

Kaltenbaek, R., et al. Research campaign: Macroscopic 

quantum resonators (MAQRO), Quantum Science and 

Technology 8, 014006 (2023).

Gasbarri, G., et al. Testing the foundation of quantum 

physics in space via Interferometric and non-interferometric 

experiments with mesoscopic nanoparticles.

Communications Physics 4, 155 (2021).

Theoretical foundations

2018



Levitated mechanics in free fall ð satellite launch June 

2025

Payload box:

Å Size: 200 x 200 x 140 mm

Å Weight: 10 kg

Å 10 W power consumption (average)

Å 1 optical trap, 1 diamagnetic trap, autonomous operation by FPGA and microcontroller.

Å Tested for space: shock & vibration, thermal, EMC (next week).
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What is inside the box?

PCB with laser PID controller

FPGA for electronics

Microcontroller to operate

Experiments and DAQ.

Optical trap for silica 

particles

Diamagnetic trap for 

graphite

Piezo-based particle 

loading system

Fully autonomous operation

Optical fiber system 

for detection,

UHV chambers 

(passively NEG 

pumped, 1e -9 mbar)



ACCELERATE EVOLUTION OF 
QUANTUM STATE COHERENTLY

OR



Squeezing the thermal motion by frequency jump

Rashid, M., T. Tufarelli , J. Bateman, J. Vovrosh , D. Hempston , M. S. Kim, and H. Ulbricht, Experimental 

Realization of a Thermal Squeezed State of Levitated Optomechanics , PRL 117, 273601  (2016).

Time trace:



Experiment: Bi-modal distribution by squeezing thermal 
state: accessing x4 Duffing trap non-linearity

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: Non-Gaussian states by squeezing thermal state: 
squeezing + cooling + 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.


