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Towards the development of an optical lattice 

clock using bosonic isotopes of mercury

The choice of Mercury

Experimental setup

LNE-SYRTE, Observatoire de Paris, Université PSL, CNRS, Sorbonne Université,

61 avenue de l’Observatoire, 75014 Paris, France
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Exquisite properties for optical lattice clocks…

• Low sensitivity to black-body radiation shift (Yb/16, Sr/30) 

• Simple structure of the clock transition 

• High vapour pressure at room temperature

(no oven, possibility for a 2D-MOT…)

• 7 stable isotopes

• Sensitive to variations of α

…that come at a price

• Deep-UV wavelengths hard to reach

• 106 atoms trapped in the 3D-MOT

• 1000 spin-polarised atoms in the lattice

Systematic effect Correction ( 10-17) Uncertainty ( 10-17)

Linear lattice light 

shift

-3 2.1

Quadratic 

Zeeman effect

1.3 0.2

Collisional shift 2.6 1.5

Nonlinear lattice 

light shift

-3 3

Black-body 

radiation

15.1 2

Background gas 

collisions

0 2

Probe light shift 0 0.1

Probe laser AOM 

phase transient

0.2 0.4

TOTAL 14.2 4.8

Motivations and applications

 Lattice light shifts are 

dominant

 Some systematics are 

limited by statistics

 For a few effects only 

theoretical estimates 

available

 BBR shift is manageable 

at room

T with almost no effort

 Total uncertainty for the 

mercury clock : 4.8 x 10-17

below the SI second 

• See [12]
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Latest measurement campaigns 
199Hg (local and optical fiber links)

Sr vs Hg
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Quenching calculations (after [6])
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2 𝜋
[10-14]

Rough estimate 

of the light shift 
Δ𝐿

2 𝜋
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High 

coupling

1 1.59 155 -52.5 1.6 38.0

0.1 0.159 155 -52.5 0.16 12.0

Low 

coupling

1 1.59 15.5 -0.52 1.6 3.8

0.1 0.159 15.5 -0.52 0.16 1.20

𝐵𝑞

Probe laser I [W/m²]

From fermionic isotopes to bosonic isotopes
Fermionic isotope
199Hg

• Non zero nuclear spin

• Transition naturally allowed 

thanks to hyperfine mixing

• But 3P0 lifetime of ~ 1,5 s

• A limit to exploit new 

ultrastable lasers

Bosonic isotope

Ex : 198Hg

1S0

3P0

1S0

3P0

Yb Sr Ca Mg Hg 

(estimation)

Figure of 

merit 𝜉
0.60 0.30 0.28 0.28 0.36

Figure of merit : 

𝜉 =
𝛺12

Δ𝐿 Δ𝐵
⟹ characterises the strength of the excitation compared to 

the field shifts 

Ω𝐵


