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Nonlinear quantum metrology 
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Experimental realisation 

Fz 

Atoms 

Photons 

Atoms 
750,000 87Rb atoms at 25µK 

10mm long, 25µm wide 
optical density >50 (on resonance) 

Photons 
mode matched to atoms 

detuning 0.4-1.5GHz 
pulses 50ns-1µs long 

Read out 
shot noise limited polarimetry 
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Faraday rotation Nonlinear Faraday rotation 

Fz 

Hamiltonian Nonlinear Hamiltonian 

Atoms 

Photons 

Koschorreck et al. PRL 104, 093602 (2010) 
Koschorreck et al. PRL 105, 093602 (2010) 
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Sensitivity 

Collective Stokes Operators 

Collective Spin Operators 

Napolitano et al. NJP 12, 093016 (2010) 
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Linear probe 
+1.5GHz detuned from F=1,F’=0 

40 x 1µs long pulses 
3 x 106 photons per pulse 

0.1 W/cm2 

Nonlinear probe 
+462 MHz detuned from F=1→F’=0 

54ns FWHM gaussian pulses 
~107 photons per pulse 

~7 W/cm2 

Damage to atomic state 

Fz Fz Fz Fz 

52P3/2!

52S1/2!

F’!

F!

1!

2!

1!
2!

3!

0!

Optical Pumping 
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Linear Probe Nonlinear Probe Estimation of Damage 
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Calibration of nonlinear signal 

Fz 
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Calibration of nonlinear sensitivity 
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Better than Heisenberg scaling 

sensitivity 
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Conclusion 

M.Napoloitano, M.Koschorreck, B.Dubost, N.Behbood, R.J.S. & M.W.Mitchell, 
Nature 471, 486 (2011) 

Quantum-limited nonlinear 
measurement of atomic spins 

Better than Heisenberg scaling 
of measurement sensitivity 

Interaction based enhancement 
of measured signal 
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M. Koschorreck, M. Napolitano, B. Dubost, N. Behbood, !
R.J. Sewell and M.W. Mitchell!

Quantum Metrology at ICFO 

M. Koschorreck, M. Napolitano, B. Dubost, N. Behbood, !
R.J. Sewell and M.W. Mitchell!



Thank you. 
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Thank you 

M.Napoloitano, M.Koschorreck, B.Dubost, N.Behbood, R.J.S. & M.W.Mitchell, 
Nature 471, 486 (2011) 

Quantum-limited nonlinear 
measurement of atomic spins 

Better than Heisenberg scaling 
of measurement sensitivity 

Interaction based enhancement 
of measured signal 
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Calibration 
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Shot-noise limited detection 
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Systematic linearity check 
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Effective Hamiltonian 

Jz 

Pseudo-spin system 
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Effective Hamiltonian 

Jz 

Full Hamiltonian 
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Spectra of Hamiltonian terms 
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Experimental Working Point 
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Numerical Simulation 


