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Motivation



Atom interferometer

Single particle detector, local
Interferometry in the spatial domain: limited by time of flight
Compatible with Newtonian physics
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Phononic detector 

• Uses interactions: collective excitations, entanglement 
between atoms

• Interferometry in the frequency (time) domain, non-local
• We use parametric amplification produced by the non-

linearity introduced by atomic collisions 
• Compatible with General Relativity
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• Can be miniaturized
• High sensitivity
• High resilience to noise

Advantages of using phonons  

Applications in GR
• Gravitational waves
• Dark energy
• Proper acceleration
• Local gravitational fields 

(gravimetry)
• Gravitational gradients 

(gradiometry)
• Curvature 
• Spacetime parameters
• Dark Matter!







Weber bar



Quantum Weber Bar





3.
 T

he
 o

ut
pu

t
QFT description of a BEC



BEC in a box





Quantum	field	theory	basics

field	equation:	Klein	Gordon

solutions

creation	and	annihilation	operators

metric

determinant	of	the	metric	



Cavity	at	rest

field	equation

solutions:	plane	waves+	boundary	 	

creation	and	annihilation	operators

Minkowski coordinates	



BEC in flat spacetime

Minkowski space but with speed of sound

phonons in a cavity-type 1-dimensional trap

spectrum

Solutions to the K-G equation



Gravitational wave spacetime

Resonance!

In a one-dimensional trap 



Field transformations
Bruschi, Fuentes & Louko PRD (R) 2011

Bogoliubov transformations

acceleration                 length

computable transformations



Phonon creation by gravitational waves

Sabin, Bruschi, Ahmadi, and Fuentes, NJP 2014

Bogoliubov coeficients

Probe state: Two-mode squeezed state 
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Quantum Metrology

Quantum Fisher information
M number of measurements

There is an optimal measurement such that

Fidelity

Error

parameter

state
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Application: GW detector 





Measurement: Active interferometry with active channels  

Based on Pumped-up	SU(1,1)	 	interferometer	by	Szigeti et al. PRL 2017

Heisenberg limit 

Details now in: Howl and Fuentes, arXiv:1902.09883

𝐶



For persistent sources (pulsars)







Slide by John March-Russel









Screened scalar fields 
Chameleon fields 
Fifth force fields 

They produces the effects of dark energy 
in deep space, but also gets inhibited by 
the presence of mass. In this way you get 
cosmic expansion between galaxies, but 
you don’t see its effect in galaxies (or in 
our solar system).

𝑎# =
𝜑
𝑀' V 𝜑 = ()*+

,) + 𝜌 ,
/0



Constraining dark energy

CREDIT: P. HAMILTON

Constraints for the parameter space of the chameleon model n = 1. The brown area 
corresponds to constraints from atom interferometry and the green area to those from 
E ̈ot-Wash experiments. The dotted line indicates the DE scale Λ = 2.4 meV. New 
constraints predicted in this work are coloured in blue, where dark blue corresponds to 1 
run of the experiment 

Hartley, Käding, Howl, and Fuentes, arXiv:1909.02272



Constraining dark energy models

Constraints for the value of Mc for positive n 
chameleon models at Λ = 2.4 meV. Constraints for the parameter space of the 

symmetron model. Different shades of blue 
correspond to	𝜇	 = 	1056 , 1056.8, 1058 and 
1058.8eV in natural units respectively.



Schwarzchild spacetime (Earth)

Phononic gravimeter:
Relative error bound of 10-11 in 1 yr.
Commercial gravimeters reach 10-9  in 
15 days with a device that measure 
100x50x70cm3. 

Phononic gradiometer:
Improves the state of the art by two orders of magnitude
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We need instruments that 
operate at scales where both 

quantum and relativistic effects 
co-exist.
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Bogoliubov transformations

Q
BEAM	SPLITTER

(transmittivity) Q

PARAMETRIC
AMPLIFIER

(squeezing)



covariance matrix formalism

covariancematrix:	informationabout	the	state

symplectic matrix:	evolution

Computations	are	much	
simpler	



Friis and Fuentes JMO (invited) 2012

general symplectic matrix

QFT in the symplectic formalism



General framework for RQM
Ahmadi, Bruschi, Sabin, Adesso, Fuentes, Nature  Sci. Rep. 2014

Ahmadi, Bruschi, Fuentes PRD 2014

Fisher information in QFT:
Analytical formulas in terms of
general Bogoliubov coefficients

Probe states: 
Single-mode
Two-mode channels

for small parameters 



Resilience to noise

Resonance

Many detectors

Sabin, Kohlrus, Bruschi and Fuentes, EPJ Quantum Technology 2016



• We find that decoherence is of the order 
of a few seconds for KHz phonons 

• In one dimension these processes are 
supressed

Howl, Sabin, Hackermüler and Fuentes, Journal of Phys B (2018)



u Non-interacting gas of quasi-particles

u Interactions, decoherence

u 1. Landau:

u Requires thermal quasi-particles

u 2. Beliaev:

u Also present at T=0.

infinite lifetime, no decoherence

Phonon Interactions: DecoherencePpPhonon interaction: decoherence



Sensitivities 





Future work

Noise studies:
Seismic noise
Trap inestabilities

Broadband
Different geometries



Broadband: 3D
Spherical BEC

We are studying different geometries



Work in progress
Noise	studies:
Seismic	noise
Trap	inestabilities
Decoherence in	1-d

Energy	transference
Efficient	thermal	machine
Bruschi &	Fuentes	arXiv:	1607.01291






