/

the axion &

d

UGA

Université
Grenoble Alpes

S. Roccia

GDR - 2024



Outline
1) From the neutron Electric Dipole Moment to the Axion

2) From the Axion to the Axion Like Particles

3) ... and back to the neutron Electric Dipole Moment

nEDM

ALPs Axion




What is an Electric Dipole Moment?

d,=(00+x11,,+£0.2_,)10%e.cm

syst

10 years, 34 PhD thesis, 55 persons at a given time

The neutron spin as a quantum clock
- Magnetic field -> 30 turns each second
- Electric field -> 1 turn in 200 days

But the neutron lifetime is 12 minutes
-> we store neutrons for 3 minutes




What is an Electric Dipole Moment?
dgKM dg dalp

2
200 GeV
d,=10"3%e.cm+1071%e.cm (0) + 10 %* e.cm (T) sin(@¢p)

-> P and T (CP) violating quantity receiving contributions from MANY couplings




What is an Electric Dipole Moment?

dTClKM dg dalp
200 GeV

2
M ) sin(@cp)

d,=10"3%e.cm+1071%e.cm (0) + 10 %* e.cm (

ag
Leff = LQCD + 0 ﬁ g#VpO'Gﬁlvaao_
From lattice calculations: d,, = —0.00152(71)0 e. fm

Experimental upper limit: |d,,| < 2.10713 e.fm 6 <1071

The 'Strong CP Problem’ Is
'The Most Underrated Puzzle
In All Of Physics

Ethan Siegel Senior Contributor
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What is the axion?

-> A solution to the strong CP problem

HYPOTHETICAL ELEMENTARY PARTICLE
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lllustration by Sandbox Studio, Chicago with Steve Shanabruch



( *  From the neutron Electric Dipole Moment to the Axion J

What is the axion?

-> A solution to the strong CP problem

The axion is a well motivated dark matter candidate
Axion density relative to the critical density of the universe
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Q, ~ (6 “ev> ~ Q. = 0.23 (m, ~ 20 ueV)

Mg

Entire dark matter density

The theory is quite predictive
Essentially all of the physics of the axion depends on a large unknown energy
scale f,, at which Peccei-Quinn symmetry is broken.

- }6 eV
my ~6eV (l[ Gel )
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The axion has a two photons coupling, Jay~y = —F5
and g, is model dependant. TT]Ca

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



ALPs
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Ask Less, Probe!




The nEDM apparatus as
a multipropose setup




nEDM setup: (1986) 2006-2010 @ILL and 2011-2017 @PSI
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( . {' . (' e, The search for axions and ALPs with the nEDM apparatus

with one chamber: the magnetometry approach
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Let’s take advantage of everything we are avoiding for a nEDM measurement:
Clock comparison experiments

Applied fields

Dbservables Clocks On The Wall by Setsiri Silapasuwanchai




( . [' . [. e, The search for axions and ALPs with the nEDM apparatus

Short range spin-dependent interaction
b4

In the precession chamber

Generic spin-0 N
W mediator: ALP @ -d
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D. e, The search for axions and ALPs with the nEDM apparatus

Search for the interactions of the coherently oscillating axion DM field with gluons and fermions

el att a = agycos(wt)
-> oscillating electric dipole moments (EDMs) of nucleons
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C. Abel et al., Phys. Rev. X 7, 041034 (2017)



( . r . r e, The search for axions and ALPs with the nEDM apparatus

Search for the interactions of the coherently oscillating axion DM field with gluons and fermions
-> oscillating electric dipole moments (EDMs) of nucleons
-> anomalous spin-precession effects
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Clock comparisons can probe spin-dependent interaction
nEDM setup with magnetometry can probe spin-dependent interaction with nucleons
nEDM setup has a unique window to probe Axion
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