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Theoretical preliminaries
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Starting lagrangian: ℒ𝑄𝐶𝐷 + ϑ
𝑔𝑠

2

32𝜋2 𝐺 ෨𝐺

𝑎 → 𝑎 + 𝛼𝑓𝑎

1) Strong CP problem: Peccei-Quinn solution

Removed ϑ-term, left with an axion EFT

Add the axion: a pseudo-NGB associated to the spontaneous 
breaking of a global 𝑈 1 𝑃𝑄 with pseudo-shift-symmetry

ℒ𝑎 =
1

2
𝜕𝜇𝑎

2
+ ℒ𝑖𝑛𝑡 𝜕𝑎, 𝑞 +

𝑔𝑠
2

32𝜋2

𝑎

𝑓𝑎
𝐺 ෨𝐺

⇒
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Removed 𝑎𝐺 ෨𝐺 due to chiral 

anomaly
ℒ ⊃ −𝑚 𝑒

𝑖
𝑎
𝑓𝑎 ഥ 𝑞𝐿𝑞𝑅 + ℎ. 𝑐.

2) U(1) toy model

ℒ𝐷 ⊃ −𝑚 ത𝜓𝐷𝜓𝐷 +
𝑔

2𝑚
𝜕𝜇𝑎 ത𝜓𝐷𝛾𝜇𝛾5𝜓𝐷 +

𝑒2

16𝜋2

𝑔

2𝑚
𝑎𝐹 ෨𝐹

After a chiral field redefinition: 𝑞 → 𝑒
𝑖

𝑎

2𝑓𝑎
𝛾5

𝑞

Similarly: 𝜓𝐷 = 𝑒
𝑖𝑔

𝑎

2𝑚
𝛾5

𝜓𝐸

ℒ𝐸 ⊃ −𝑚 ത𝜓𝐸,𝐿𝜓𝐸,𝑅𝑒𝑖
𝑔
𝑚

𝑎 + ℎ. 𝑐.
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3) Axion as DM candidate

From axion potential in 𝜒PT: 𝑚𝑎 ∝
𝑚𝜋𝑓𝜋

𝑓𝑎
≈ meV

109GeV

𝑓𝑎

Smallness of mass and couplings due to astrophysical bounds 𝑓𝑎 ≳ 109GeV

Motivated DM candidate, thus Non-Relativistic:

𝜌𝑎 =
1

2
𝑎0

2𝑚𝑎
2 ≈ 0.3

GeV

cm3
𝑎 = 𝑎0 cos 𝑚𝑎𝑡

⇒



Oscillating EDMs
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Axion interactions would induce P and T violation, in particular:

Neutron EDM case

𝑑𝑛 𝑎 𝑡 ≈ 10−34𝑒 cm cos(𝑚𝑎𝑡)

𝐻 ⊃ −𝑑 𝑺 ⋅ 𝑬

⇒ CASPEr-Electric 
Experiment

The SM contribution to EDM would constitute a baseline:

Oscillating Signal ⇔ New Physics

The semiclassical axion DM background would cause the EDM to oscillate in 
time



Di Luzio, Gisbert, Sørensen, 2024 [2308.16135]
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• Derivation of NR hamiltonian for the two basis.
• Proof of equivalence of state evolution.
• Effective electron EDM in time-dependent perturbation theory:

• Shift-symmetry restored through the boundary term
• No static EDM 

𝑈 𝑡, 0 ⊃ 1 + 𝑖
𝑔

2𝑚2 න
𝑡

𝑑𝑡′ 𝑎 𝝈 ⋅ 𝑒𝑬 + 𝑖
𝑔

2𝑚2 𝑎 𝝈 ⋅ 𝒑 + 𝑒𝑨 𝑡 + 𝒪 ∫ 𝑑𝑡′2

Key points:

𝑉𝐸𝐷𝑀 = −𝑑 𝑎 𝝈 ⋅ 𝑬 𝑪𝑷 test



Need of Relativistic origin: Schiff’s Theorem
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Hypotheses:
• Non-relativistic limit
• Point-like nucleus

⇒ Vanishing total EDM due 
to internal shielding

𝐻 = 𝐻0 + 𝐻𝑑 = ෍

𝑘

−
1

2𝑚
∇𝑘

2 + 𝑒𝑘𝑈 𝑟𝑘 + 𝒅𝑘 ⋅
1

𝑒𝑘
𝛁𝑘𝑈 𝑟 𝑟=𝑟𝑘

= ෍

𝑘

−
1

2𝑚
∇𝑘

2 + 𝑒𝑘𝑈 𝑟𝑘 +
𝑖

𝑒𝑘
 𝒅𝑘 ⋅ [𝒑𝑘 , 𝐻0]

෤𝑛 = 𝑛 + ෍

𝑚

⟨𝑚|𝐻𝑑 𝑛

𝐸𝑛 − 𝐸𝑚
𝑚

𝒅𝑒
𝑖𝑛𝑡 = ⟨ ෤𝑛|∑𝑒𝑙𝒓𝑙 ෤𝑛 = ⟨𝑛|∑𝑒𝑙𝒓𝑙 𝑛 + 𝑖⟨𝑛|[∑𝑒𝑙𝒓𝑙 , ∑𝑒𝑘

−1𝒅𝑘 ⋅ 𝒑𝑘] 𝑛 = −⟨𝑛|∑𝒅𝑘 𝑛 = −𝒅𝑒
𝑏𝑎𝑟𝑒

= 1 + 𝑖 ෍

𝑘

1

𝑒𝑘
𝒅𝑘 ⋅ 𝒑𝑘 𝑛

= 0
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Evans, 2024 [2412.14664]

Electron EDM by 1-loop matching of the 
𝛾𝑎 ҧ𝑒𝑒 4-point function to

ℒ𝐸𝐷𝑀 = 𝑖
𝑑(𝑎)

2
ത𝜓𝜎𝜇𝜈𝛾5𝜓𝐹𝜇𝜈, claiming

𝑑 𝑎 = 𝑒
𝛼

2𝜋

𝑔

𝑚2
𝑎 𝑡

1011 factor improvement on 𝑔
constraints!

Thesis Objectives

• Test independently such a claim
• If falsified, look for a non-spurious EDM contribution



Current state of development
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• Preliminar study of 𝛾𝑒 → 𝑎𝑒 tree-level amplitude
• Implementation of the models into FeynCalc package of 

Wolfram Mathematica (FeynRules interface)
• 1-loop automated calculation

Under study:

• 𝑝𝑎
𝜇

≪ 𝑚𝑒 limit for tree-level and 1-loop to match on the 

effective theory
• Atomic physics calculation of axion induced EDM in 

paramagnetic system, via analogy with semi-leptonic 
operators



Backup Slides



Paramagnetic systems’ EDM [e.g. ThO]
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• Schiff’s Theorem evaded: heavy atoms ⇒ Non-relativistic electrons
• Unpaired external shell electron ⇒ vicinity of opposite parity states

𝐻 ⊃ −
𝑖

2
𝑑𝑒 ҧ𝑒 𝜎𝜇𝜈𝛾5 𝑒 𝐹𝜇𝜈 −

𝐺𝐹

2
𝐶 ഥ𝑁𝑁 ҧ𝑒 𝑖𝛾5𝑒

We aim to estimate the contribution of the axion interaction term in 
analogy with the semi-leptonic operator.
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