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QCD Axion: Theory motivations

The QCD sector of particle physics demands solving the “strong-CP puzzle”

The distribution of quarks in a neutron
defines the neutron’s electric dipole moment

Experimentally, this is remarkably small '
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Pecce1, Quinn, PRL 38 (1977) 1440]

Idea: the quantity ¢ is not a parameter but a field @ (the axion) [Weinberg, PRL 40 (1978) 223]
‘Wilczek, PRL 40 (1978) 279)
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Cold axions as dark matter
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Coupling of the axion with the photon '@ """

Interactions are set by the pseudo-scalar nature of the axion, with Lagrangian:

L D gaf(Va) S + gepma S - E

Experimentally, how do they look like?
* Via E - B coupling (CP-odd) = — Additional electric current

* Via coupling to e and n spins ——> Precessions



Coupling of the axion with the photon

Axion-photon coupling [GeV~1]
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Axion mass [eV] [0'Hare, cajohare.github.io/AxionLimits/]
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Hunting for axions Haloscopes ="
p rch Il CALPS 1)
9 ConS|gI|o europeo per la ricerca nucleare (CERN) O Magnetlzed Disc and Mirror Axion Experiment (MADMAX)
= Optical Search for QED Vacuum Bifringence, Axions . . o
and Photon Regeneration (0SQAR) 9 Laboratori Nazionali di Legnaro
m CERN Axion Solar Telescope (CAST) . B POlarZzazione del Vuoto con LASer (PVLAS)
O International Axion Observatory (IAX0) B (JUest for AXions (QUAX)
............................................................................................................................................................................................................................................................................................ ’.. Laboratori Nazionali del Gran SaSSO

6 Massachusetts Institute of Technology (MIT)
{  ® ABroadband/Resonant Approach to Cosmic Axion Detection !
wrth an Amplrfylng B Freld Rlng Apparatus (ABRACADABRA]

O XENON1T

B 9 Laboratori Nazionali di Frascati
B (QUest for AXions (QUAX) 3
O KLoe magnet for Axion SearcH (KLASH)

6 \A/rlght Lab Yale University
B Haloscope At Yale Sensitive To Axion CDM (HAYSTAC) 6 Axion search experiments in Center for Axion and

Precision Physics Researches (CAPP)

6 Deep Underground Science and Engineering Laboratory (DUSEL)
O Large Underground Xenon (LUXJ

B CAPP Ultra-Low Temperature Axion Search in Korea (CULTASK)
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Haloscope searches

The axion-photon coupling g~ a B - B modifies Maxwell’s equations

Cavity resonating at frequency . T LTl Ampie
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Requires tunable cavity
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Forecast reach of FLASH: axion
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The magnet was successfully tested in January 2024
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https://doi.org/10.1016/j.dark.2023.101370

Scalar-EM coupling |d,|
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Forecast reach of FLASH: scalar DM
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Coupling with
TE modes
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Scalar field mass mg [eV]  Alesini+ (FLASH) 2309.00351
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High-frequency gravitational waves = """

Inverse Gertsenshtein effect (Domcke&Garcia-Cely "21)
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.021104
https://doi.org/10.1016/j.dark.2023.101370

High-frequency gravitational waves -/

Cavities resonate at
much higher frequencies
I\ et than those in
et | LIGO/VIRGO/KAGRA

B- Field

i -

Virtual
Photon

LVK f ~ (10-1000) Hz: Solar-mass BHs GHz: Primordial BHs

o) M Mid (201617, 80— 120 Mpe)

......... o . - Late (2018—19, 120—170 Mpc)
1. oo [ Design (2020, 190 Mpe)

B FLASH

3
[\

B BabyIAXO

\ s N BNS-optimized (210 Mpe)

B ADMX EFR

I T T T T S T B P e T T

3
N

B HAYSTAC

.................................................

_23’ | """ = ' . . ALPHA

)

Strain noise amplitude/Hz /2

..............................................................................

—24 : A ; L : : —_ : . — . L i 10.0 _— 10.5
10* 102 10° .
Frequency /Hz 1304.0670 13 Gatti+ MLQSLS@

S
o0
N
© s
-
\O
W



https://arxiv.org/abs/2403.18610

Conclusions and future directions Huca Visinell

Group goals:

- Motivate students into astroparticles: we need ideas!

- Synergy between theory, experiments, computer skills

- Boost networking between communities (e.g. | belong to COST actions and organize workshops)

Individual goals (besides getting grants and publish):

- Keep up with the theory motivations besides larger experiments

- Come up with new frameworks that challenge experimentalists

- Aspire to enter large collaborations (Xenon, LZ, IAXO) to further these theory lines
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. Conclusions and further read

|ldeas can be found in the FLASH CDR:2309.00351

Physics of the Dark Universe 42 (2023) 101370

AW Contents lists available at ScienceDirect
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QCD Axion: Theory motivations

The QCD sector of particle physics demands solving the “strong-CP puzzle”

[ts most plausible solution predicts a new particle, the QCD axion [Peccei, Quinn, PRL 38 (1977) 1440]

The QCD axion is a pseudo-scalar boson resulting from the spontaneous symmetry breaking
of a global U(1) symmetry [Weinberg, PRL 40 (1978) 223; Wilczek, PRL 40 (1978) 279]
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