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Quantum Sensing



Entangled state of 10   spins
9

- single mode squeezed states

- two mode squeezed states = EPR entangled
 Julsgaard et al Nature 2001; Sherson et al Nature 2006; Thomas et al Nature Physics 2021  

- symmetric collective single excitations (Fock states)
Dideriksen et al Nature Comm 2021

Only very special types of such states survive

High symmetry helps



Sensor Type I: spin of 109 - 1012 Room T Atoms

To generate a long-lived collective 
spin wave:

life time of
a spin state ~0.01 – 1 sec at room temperature 

• Light-spin interaction without 
”which atom” information

• Spin protecting coating of cell walls 
prevents collisional decoherence



Sensor: vapor of room temperature atoms in spin protected 

environment

Design and fabrication credit: Mikhail Balabas



Quantum noise limits of sensing

𝑃𝐿1,𝑜𝑢𝑡 = −𝑃𝐿1,𝑖𝑛 + 𝑠𝑖𝑔𝑛𝑎𝑙 + Γ 𝜒 𝑋𝐿1,𝑖𝑛
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Atomic Spin magnetometry for 
Noninvasive cardiac diagnostics

NBI collaboration with 
Rigshospital, Copenhagen



Sensor type II:  
improved Magnetic Resonance Imaging

Hans Stærkind; Collaboration NBI – Hvidøvre Hospital, Copenhagen

7 Tesla magnetic field measured with 10-7 (1 part in 10 million) accuracy





Distant noninvasive detection 
of weakly conducting objects

Atomic Magnetic Induction Tomography

Sensor Type III:



Anti-Helmholz  coils

Atomic Magnetic Induction Tomography (Atomic MIT) 

Induced
currents

Sensor Type III:

Distant noninvasive detection of weakly conducting objects



Atomic Magnetic Induction Tomography (Atomic MIT) 
Towards brain/heart diagnostics via conductivity measurement

Goals:
Detection of brain, heart anomalies
by noninvasive conductivity 
measurements



Caesium atoms trapped and cooled 
to near ground state of motion

Perspective: sensing with ultracold atomic lattice

Jörg MüllerJean-Baptiste 
Béguin 

200 nm

Cell 
(to scale)

SiN 2D
Photonic crystal



Quantum Limits of Sensing
and beyond

Take home message:
there are no limits

for sensitivity to e.-m. fields 
and forces
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