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Section I. :

Sr optical clocks
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I. Sr optical clocks, I.1. Working principles

• ultra stable laser probing narrow atomic
transition (3 Hz)

−→ Q ∼ 1014
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• atoms trapped in a lattice
−→ large number of atoms
−→ Lamb-Dicke regime

motional effects cancelled

• 2 Sr clocks at SYRTE
−→ comparison
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Section II. :

Accuracy
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II. ACCURACY, II.1. Budget

accuracy budget (2018)
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II. ACCURACY, II.2. Collision shift

Effect of hot collisions with residual back ground gas (H2, pressure P)

• atoms lost at rate 1
τ ∝ P

• frequency shift δν ∝ P ∝ 1
τ

effect largely underestimated for Sr until now
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Section III. :

Stability
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III. STABILITY, III.1. 3 cornered hat stability

June 2017:thanks to our colleagues from

3 cornered-hat → single clock stability
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III. STABILITY, III.2. Challenges
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III. STABILITY, III.2. Challenges
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Section IV. :

Non-destructive detection
(NDD)
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IV. NDD, IV.1. principles

L

deduce the total
phase shift imprinted
by the atoms

number of atoms
in the cavity

measure how far the
cavity is from resonance

multiple of
keep L half an integer

knowing the phase
shift per atom
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IV. NDD, IV.2. Classical NDD
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IV. NDD, IV.2. Classical NDD results
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38 photons/µs per atom,
SNR ~ 135  (for 500 atoms)
> classical non destructivity

extrapolating to 1 photon/T :
SNR ~ 20 (for 500 atoms) 
> quantum non destructivity
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IV. NDD, IV.2. Classical NDD limitations

J  J  too low to lock1

FSR determined by
cavity geometry

entering the
quantum regime
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IV. NDD, IV.3. Quantum NDD
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IV. NDD, IV.3. Quantum NDD results
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V. Conclusion and out looks

• First measurement of back ground collision shifts: currently
deriving a workable model,

• Quantum NDD detection SNR to be improved: new
photodetector arrived recently,

• check squeezing: artificially increase the QPN above DICK effect
decreasing the number of atoms

QPN ∝ 1√
Nat

• Postdoc position available
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