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Planck   units 

Special Relativity 

Quantum Mechanics 

Newton Theory 

Max Planck, Sitzungsberichte der Königlich Preußischen Akademie  

der Wissenschaften zu Berlin (1899), p. 479 
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Phenomenological quantum gravity 
 

   General ‘remark’: one cannot determine a position with an accuracy better 

than the Planck  length    LP  = hG/c3  = 1.6 10-35 m  

 Generalized Heisenberg uncertainty relations (GUP) 

 Generalized commutators between p e q 

 Modified quantum physics  

 

Detecting signatures of Planck scale-physics in  

highly-sensitive metrological systems  



Solution: 

Basic assumptions: 

Heisenberg dynamics 

3° harmonic 

Freq. shift 

Deformed commutation relations 

from 



 Test on a wide mass range 

 High mechanical quality factor    ‘isolated’ oscillators 

 Exploit the slow decay to obtain  frequency/3° harmonic  

vs amplitude curves 



1°  oscillator:   

m  1 g  

SiN membrane 

0.5 x 0.5 mm2  x 50nm   

mass = 135 ng  

Q = 8.6x105 

3°  oscillator:  

m  100 ng  

m = 20 μg 

fm = 141 KHz 

Q = 1.2 x106 

T = 4.3 K  

2°  oscillator:   

m  100 g  





Evidence of  deformed commutator? 

Structural non-linearity 



‘Model-independent’ limits   





AURIGA 

MP H atom 

Equivalence principle 

dw vs q 

3° harmonic 

M. Bavaj. et al., arXiv: 1411.6410  (to be published on Nature Communications)  



If a deformed commutator applies to the coordinates of a fundamental 
constituent, then its effect on a macroscopic object (composed of N 
such constituents) should decrease as 1/N 

•  what is a fundamental constituent? 

•  geometrical properties of space-time  property of each particle 

•  not in the spirit of quantum mechanics: the position and momentum of 
an oscillator c.m. should be THE meaningful (i.e., measurable) 
quantities. Uncertainty relation between p and q is tightly related to the 
general problem of quantum measurements  (see Braginsky, Caves, etc.) 

 

Focus on peculiar quantum properties 



Deriving bounds on the deformation parameter in the QUANTUM 

regime. 

 

Are there alternative, more “quantum” ways  that can be applied in the 

quantum regime ? 

 

Modified commutators and deformed uncertainty relations could be directly 

seen by looking at second order moments (covariance matrix). 

 

Straightforward way: deformation seen as NONGAUSSIAN modification of 

the steady state of the system (possible estimators from higher-order 

correlations in homodyne measurement data); bounds for b derived from 

upper bounds of a nonGaussianity parameter 

 

Less straightforward:  

i) use more general measure of non-Gaussianity (M. Genoni et al., PRA 

A 78, 060303(R) (2008)) 

ii) Detecting signature of the deformation parameter b from the dynamics 

of variances (it is already known that deformed commutators yield a 

small quadrature squeezing) 

 





Others on gravity + macro quantum oscillator 



… toward a quantum mechanical oscillator  

 (quantum fluctuations prevails over thermal fluctuations)     

  nanoparticle trapped in optical potential 

  SiN nano-membranes 



Fabricated  SiN membranes by 

deep-DRIE 

The membranes will be integrated on 

isolation systems realized from SOI 



Designed and realized a low-noise cryostat 



… tests on quantum oscillators coming soon 


