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Light shift

Expected 199Hg atoms spin precession frequency shift linearly 

proportional to probe light intensity:

 𝜹𝐋𝐒
𝐬 : Scalar : Real absorption of  resonnant light

 𝜹𝐋𝐒
𝐯 : Vector : Virtual absorption, depends on the angle between 

the quantization axis (𝐵0  𝑧) and the light beam direction (𝑘)
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where 𝜏 refers to Hg depolarization time

Induced false nEDM of Hg atoms trapped in an 

inhomogeneous magnetic field

Dominating systematic effect in nEDM (~ 10-26 𝑒. cm)

From Redfield theory: three sources of  frequency shift arise: 

𝛿ω = 𝛿ω𝐵
2 + 𝜹𝛚𝑬𝑩 + 𝛿ω𝐸
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Hypothesis for 199Hg atoms at 300 K in a B0 = 1mT magnetic field   

trapped in a cylindrical cell:

Non-adiabatic regime: γHgB0𝜏𝑐𝑜𝑙 ≪ 1

Uniform gradient: rotation symmetry
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This frequency shift translates to a false EDM proportional to 𝜕𝑧𝐵:
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Motivations

Lower limit on the neutron EDM: 𝒅𝐧 < 𝟐. 𝟗 × 𝟏𝟎
_𝟐𝟔 𝒆 𝐜𝐦 (𝟗𝟎% 𝐂. 𝐋. )

Challenging control of  systematic effects

Confrontation of  the predicted Hg frequency shift producing false EDM 

signal from Redfield theory to the experiment at the 10−2 level.

The apparatus

Use of  the nEDM spectrometer which holds the current nEDM limit

Interplay of  two different physics : UCN & atomic physics

Complementarity of  the Cesium Magnetometer (CsM) array and the 
199Hg co-magnetometer for controlling the magnetic field structure

Data taking and CsM analysis

Applied electric field: 10 kV/cm

8 configurations explored:         4 different 𝜕𝑧𝐵0 with 𝐵0 ↑

4 different 𝜕𝑧𝐵0 with 𝐵0 ↓

16 CsM array fit with 𝐵0 field parameterization:

𝐵𝐶𝑠𝑀 = 𝑏0 + 𝑔𝑥𝑥 + 𝑔𝑦𝑦 + 𝒈𝒛𝑧

+ 𝑔𝑥𝑥 𝑥2 − 𝑧2 + 𝑔𝑦𝑦 𝑦2 − 𝑧2 + 𝑔𝑥𝑦𝑥𝑦 + 𝑔𝑥𝑧𝑥𝑧 + 𝑔𝑦𝑧𝑦𝑧

Check the linearity of  𝑔𝑧 versus the applied current in the trim coils

Jackknife error on 𝑔𝑧:      > 15 pT/cm

with       𝒈𝒛 =
𝝏𝑩𝒛

𝝏𝒛 𝑽

Light shift measurement results

𝜹𝐋𝐒
↑ = 0.34 ± 0.18 × 10−6 and        𝜹𝐋𝐒

↓ = 0.21 ± 0.14 × 10−6

It translates into an indirect nEDM systematic error:

𝒅𝜹𝐋𝐒
= (𝟐. 𝟖 ± 𝟒. 𝟗) × 𝟏𝟎−𝟐𝟕 𝒆 𝐜𝐦

Measured radiative lifetime of  199Hg atoms:      𝝉rad = 𝟏𝟎𝟓𝟎𝟎 ± 𝟓𝟎𝟎 s

Experiment vs theory

Limit on the 199Hg EDM:             𝒅(199Hg) < 3.1 × 𝟏𝟎
_𝟐𝟗 e cm (95% C.L.)

Data fitted with a single parameter, the slope:  = ± 𝑎 . 𝜕𝐵0

𝝏𝒛

𝒂𝐞𝐱𝐩 = 𝟏. 𝟏𝟐𝟐 𝟑𝟓 × 𝟏𝟎
_𝟐𝟕 𝒆 𝐜𝐦/(pT/cm) (  𝜒2 ndf = 2.1/7 )

𝑎th = 1.148 × 10−27 𝑒 cm/(pT/cm)


