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Setting the stage

A nonzero particle EDM violates 

T, P and, assuming CPT 

conservation, also CP.

𝑑𝐸 = 𝑞Ԧ𝑟
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The nEDM landscape

10 orders of magnitude

Strong CP problem

Phase in the CKM matrix



Beyond the standard model
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First CP violating operators @ DIM6

Information about the underlying physics

nEDM is sensitive to new physics at the multi-TeV scale.

Annals of Physics 318, 119 (2005)SM→“only” an effective theory valid up to some scale Λ



Matter/Antimatter Asymmetry of the Universe

𝜂 =
𝑛𝐵 − 𝑛 ത𝐵

𝑛𝛾

The abundances of the light elements depend

almost solely on the baryon-to-photon ratio

D/H measurements* + nucleosynthesis models

*Universe 3, 44 (2017)

**Astron. & Astrophys. 594, A13 (2016)

The Planck result**: fraction of cosmological 

density contained in baryons: 

5.8 10−10 < 𝜂 < 6.6 10−10

𝜂 = 6.09 (6) 10−10



Electroweak baryogenesis

How this asymmetry can be explained with particle physics? 

→ Sakharov criteria for baryogenesis

1) There must exist an interaction that violates B-number. 

2) The B-violating interaction must go out of thermal equilibrium. 

3) There must be an interaction that violates C & CP. 

1) OK (Sphalerons)

2) Baryogenesis at the weak scale (accessible to 

EDMs and LHC)

3) New source of CP violation
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Electroweak baryogenesis

Exemple in SUSY

Picture by V. Cirigliano

New CP violating phases 

contributes to 

* baryonic asymmetry of the universe

* neutron EDM

The nEDM is the most stringent test of 

electroweak baryogenesis

Another possibility is the leptogenesis 

where the new source of CP violation

is in the lepton sector 



The search for the nEDM



The search for the nEDM

1998: the mercury co-magnetometer

2009: the Cs magnetometer array



The search for the nEDM

Afach et al., J. Appl. Phys. 116, 084510 (2014) 

1 four layer mu-metal shield + 1 dynamic shield

100 pT over few hours



The search for the nEDM

The Hg co-magnetometer



The search for the nEDM



Sensitivity

2015: 112 days

2016: 139 days

After taxes: 

1.06 10−26 𝑒. 𝑐𝑚
Analysis still on-going, data still blinded



Beyond the nEDM



The neutron EDM

* Probe the Electroweak baryogenesis

* Probe physics beyond the standard model at the multi-TeV scale 

* A new result is to be expected 

* A new setup is being built

MERCI



The nEDM landscape



The search for the nEDM

Cs magnetometer array:

• Monitoring of the vertical gradient

• Homogenization of the magnetic field



Sensitivity

Statistical sensitivity

Pushing the limit of the technique 

at room temperature

World record for sensitivity



The search for the nEDM

The Ramsey’s method of separated oscillating fields



The neutron EDM in the standard model and beyond



The strong CP problem and the axion

𝐿𝑒𝑓𝑓 = 𝐿𝑄𝐶𝐷 + 𝜃
𝛼𝑆
8 𝜋

𝜀𝜇𝜈𝜌𝜎𝐺𝜇𝜈
𝑎 𝐺𝜌𝜎

𝑎

From lattice calculations: 𝑑𝑛 = −0.0039 2 9 𝜃 𝑒. 𝑓𝑚*

Experimental upper limit: |𝑑𝑛| ≤ 3.10−13 𝑒. 𝑓𝑚
𝜃 ≤ 10−10

* PRL(2015)062001

The strong CP problem

* One mass quark is exactly zero but PDG: 𝑚𝑢 = 2.2−0.4
+0.6 𝑀𝑒𝑉

* Introducing a global chiral U(1) symmetry 

This symmetry is necessarily spontaneously broken, and its 

introduction into the theory effectively replaces the static CP-violating

angle θ with a dynamical CP- conserving field- the axion. The axion is

the Nambu-Goldstone boson of the broken U(1) symmetry.



Axion detour

The axion is a well motivated dark matter candidate

Axion density relative to the critical density of the universe

Annual Review of Nuclear and Particle Science Vol. 65:485-514 (2015) 

The theory is quite predictive

Essentially all of the physics of the axion depends on a large unknown energy scale

𝑓𝑎, at which Peccei-Quinn symmetry is broken.

The axion has a two photons coupling, 

and 𝑔𝛾 is model dependant. 

≈ Ω𝑚 = 0.23 (𝑚𝑎 ≈ 20 𝜇𝑒𝑉)

Entire dark matter density



Beyond the standard model

Picture by V. Cirigliano (PPNS2018)

Constraint on non-standard CPV Higgs couplings

Higgs production at LHC

VS

EDMs


