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Abstract

Axions and other very light axion-like particles appear in many extensions of the Standard
Model, and are leading candidates to compose part or all of the missing matter of the Universe.
They also appear in models of inflation, dark radiation, or even dark energy, and could solve some
long-standing astrophysical anomalies. The physics case of these particles has been considerably
developed in recent years, and there are now useful guidelines and powerful motivations to attempt
experimental detection. Admittedly, the lack of a positive signal of new physics at the high energy
frontier, and in underground detectors searching for weakly interacting massive particles, is also
contributing to the increase of interest in axion searches. The experimental landscape is rapidly
evolving, with many novel detection concepts and new experimental proposals. An updated account
of those initiatives is lacking in the literature. In this review we attempt to provide such an update.
We will focus on the new experimental approaches and their complementarity, but will also review
the most relevant recent results from the consolidated strategies and the prospects of new generation
experiments under consideration in the field. We will also briefly review the latest developments
of the theory, cosmology and astrophysics of axions and we will discuss the prospects to probe a
large fraction of relevant parameter space in the coming decade.



Axions in hep-th
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Axions in hep-ex
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- Naturally produced axions could be quite copious, save production and focus on detection!

Axion Energy density

[em ™)

log(dp/dp)

-10

-
o

Search for Axions : Natural sources
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Black holes

I Arvanitaki 2016
- Kerr Black holes superradiate ALPs of m, ~ 1/Rschwarzschild ILL ) 4 ganiaxi
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- Spin radiated >> discovery/constraints? - Axion "atomic transitions” >> gravitational
waves >> discovery/constraints
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- ALP emission accelerates stelar evolution time scales: compare observations and predictions

HBs in G¢s
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Solar axions

- Sun is brighter source of axions
- Haloscopes use inverse Primakoff (coherent conversion) in strong transverse fields

‘- - Y(~ keV)

B — field

-12 htracklng/da

-8 bores (60 cm diam)
- different Detectors

- dedicated X-ray.qptics
- Collaboration 2077

’//‘ll\\

e s B ‘ Flexible Lines




1079

HB

Teraaa,,

10—10

_A®D)|*D]

T~

D
NN

DA RN

'y

NN

RS TN

NEEN
N

N
N

SRR EEEEEEEEE RSN
DR R R T T T T T T T T T T T T N NENENENEY

<

NN

SBERE
S
N
N
RN

AA ATy

N
NN
NN
NN

N
NN

R

TAAAAAIAIAYAYAYYYYA YA YA Y Y Y Y Y Y A A A Y Ny
R R T T T T T T T e T T N NN

S R R R AN

I

|

S

N
ST T T N N N NN R R R R R R R IR

NN N
N

RN
SANAYYYY N
NN

A

NN

ARRRERERE
AR

AR

YRR

N I AR

NN
N
AUNRNENEN

SRR RS

AN A YN

SANAAYYYY YA
B

R

N
~
\Et‘

N
SRR R R R R R R T T T T e e e S Y

TS vy a sy
N

I

N
N
e R R

N
N
~

AERNENRY

YRR R EEE R T R RN

~

S

EEEE

SAYAYYAYYYYAYYYYYYY YN Y

N T T T T N N T T T T T T T T T T N NENENENENENE

RRINRY S NN ENEY

ANVYYYAYIANIIYIYNAINNINNS

T T LSS Y

SRR B

AN

AN

SRR

RIRTRNERNERY

rmi NG127

5
=
v

&
=
Q
S

10—11

10—13

1079  10°®

10—10

Underground DM/nuless 2beta detectors SOLAX, COSME, DAMA, CDMS, EDELWEISS>> CUORE, GERDA, MAJORANA

Other Helioscopes

-Il, LUX >> DARWIN

XENON, XMASS, PAND



Photon propagation
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Dark radiation

- ALPs produced in the Big band at decoupled at a high-T >>> Dark radiation (extra neutrino species)

- Next generation CMB polarisation experiments can have the sensitivity to discover BSM

Baumann 2017
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ALP Dark matter is (can be) different
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ALP Dark matter is (can be) different

- Search for monochromatic lines at DM-rich structures
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ALP Dark matter is (can be) different

- post-inflation phase transition

- ultracold dark matter >>> miniclusters
- low mass, small DM clusters

- most of the DM can be in those
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ALP Dark matter is (can be) different

- miniclusters as gravitational lenses

HSC M31 constraint (95% limit)
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ISOCURVATURE T-FLUCTUATIONS

ALP Dark matter is (can be) different

- Stochastic Axion scenario (Scherlis 2018) Low-scale of inflation
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Axion DM is also different in the lab
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Oscillating EDM

Ferromagnetic resonance
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DM experiments (and lab experiments)
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purely lab experiments




the ANY-Light-Particle-Search

Light shining through walls
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Long-range forces

Long-range forces between macroscopic bodies

p-p forces are spin-spin...very hard to measure!

In some case a tiny s-coupling can lead to a larger effect

s-p forces are number-spin ... much easier

gs

Wilzcek’84, Geraci 14




Flavoured axions

- Axions related to flavour/family symmetries induce Flavour violating decays

F o )y ALK 7
F(K — T ) ~ 647‘(‘gaff/ Ko 0
fa 2 =7 X 75101 GeV,
BR(n"a) < 7.3 x 107! (E787, £949)

model dependent coefficient

(NA62,0RKA,KOTO improvement by ~ 70 on BR )

BR(BT - K%a) <107 ~107°% (Belle2?)




