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Theoretical preliminaries

1) Strong CP problem: Peccei-Quinn solution
gé

3272 GG

Starting lagrangian: Locp +9

Add the axion: a pseudo-NGB associated to the spontaneous
breaking of a global U(1)po With pseudo-shift-symmetry

1 2 g: a -
L, = E(a“a) + L, (0a,q) + 3202 T, GG
U, a—a+af,

Removed 9-term, left with an axion EFT
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Theoretical preliminaries
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After a chiral field redefinition: g - e q

Removed aGG due to chiral
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2) U(1) toy model
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Theoretical preliminaries

3) Axion as DM candidate

109GeV)
fa

From axion potential in yPT: m, « m]’ff” ~ meV(

a

Smallness of mass and couplings due to astrophysical bounds f, = 10°GeV

U

Motivated DM candidate, thus Non-Relativistic:

1 GeV
a = ay cos(mgt) P, ==aigmi ~ 03—

2 cm?
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Oscillating EDMs

Axion interactions would induce P and T violation, in particular:
H>—-dS:-E

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

Neutron EDM case

d,(a(t)) ~ 1073%e cm cos(mgt) _— CASPEr-Electric

Experiment

The SM contribution to EDM would constitute a baseline:

Oscillating Signal & New Physics
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Di Luzio, Gisbert, Sgrensen, 2024 [2308.16135]

Derivation of NR hamiltonian for the two basis.
Proof of equivalence of state evolution.
Effective electron EDM in time-dependent perturbation theory:

t
. g / i . g . t 12
U(t,0)31+1%f dt' a o eE}+L—2m2[aa (p + eA)] +0(fdt )

Key points:

Shift-symmetry restored through the boundary term
No static EDM
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Need of Relativistic origin: Schiff’s Theorem

Hypotheses:. e Vanishing total EDM due
« Non-relativistic limit — t0 internal shieldin
« Point-like nucleus J
=ty b Ho = | (= 4 0 ) + (A5 B0y ) ) =)+ Y L
L m n m
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Evans, 2024 [2412.14664] o
Electron EDM by 1-loop matching of the 1010

yaée 4-point function to 1012
Lepy = i@l[jﬁm’yy/)ﬂw, claiming oy 1014
a
d(a) = e—-La(t) 1016
27T m?
1018
10*t factor improvement on g

10-20 )
S -20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0
constraints! 1020101810-1610-1410-1210-10 108 106 1024 102 10

m, (eV)

Thesis Objectives

« Test independently such a claim
« If falsified, look for a non-spurious EDM contribution
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Current state of development A

Preliminar study of ye - ae tree-level amplitude
Implementation of the models into FeynCalc package of e e .
Wolfram Mathematica (FeynRules interface)
1-loop automated calculation

Under study:

pt & m, 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
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Paramagnetic systems’ EDM [e.g. ThO]

« Schiff’'s Theorem evaded: heavy atoms = Non-relativistic electrons
« Unpaired external shell electron = vicinity of opposite parity states

Gp
V2

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

i _
H > —Edeé ctys e E,, C NNeiycze
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