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Axions in hep-th

STRONG CP PROBLEM

The QCD axion  
motivated by the 
Strong CP problem, 
found in extensions 
of the SM, predictive 
couplings~mass 
relation, dark matter

Noble ALPs 
Majorons, 
familons,  R-
axion,... 
predicted in 
well motivated 
extensions of 
the SM

Stringy axions 
O(100) predicted 
in string theory,  
large range of 
masses, 

Generic ALP 
motivated by ... 
why not ?So
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SHIFT SYMMETRY

NEW ENERGY SCALE fA
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Axions in hep-ex
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Lab CosmosStars



Search for Axions : Natural sources
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Irastorza 2018

DM axions

Dark radiation axions Supernova  
axions

Solar axions

- Naturally produced axions could be quite copious, save production and focus on detection!



Black holes
- Kerr Black holes superradiate ALPs of ma ⇠ 1/RSchwarzschild
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Arvanitaki 2016

- Spin radiated >> discovery/constraints? - Axion "atomic transitions" >> gravitational 
waves >> discovery/constraints



Stellar evolution

A
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- ALP emission accelerates stelar evolution time scales: compare observations and predictions

HBs in Gcs WDs, RGs in GCs

SN1987, Next Galactic SN

STRONG CONSTRAINTs 

SOME ANOMALIES
Energy loss required, Giannotti 2015
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Solar axions
- Sun is brighter source of axions 
- Haloscopes use inverse Primakoff (coherent conversion) in strong transverse fields 

a
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- Evolution from ... to CAST (CERN) ... to proposed IAXO (DESY)

- 1~2 h tracking/day (sunset,dawn) 
- 3 Detectors (2 bores) 
- X-ray optics 
- small aperture

CA
ST INTERNATIONAL AXION OBSERVATORY (DESY HAMBURG)

- 12 h tracking/day 
- 8 bores (60 cm diam)  
- different Detectors 
- dedicated X-ray optics 
- Collaboration 2017

IAXO
- Intermediate step to IAXO 
- Full field/length  
- X-ray optics 
- Medium aperture

�(⇠ keV)
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Other Helioscopes: Underground DM/nuless 2beta detectors SOLAX, COSME, DAMA, CDMS, EDELWEISS>> CUORE, GERDA, MAJORANA 
                                                                                                    XENON, XMASS, PANDAX-II, LUX >> DARWIN   
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Photon propagation

- Photon ALP conversion is energy dependent

- Reconversion decreases effective opacity (anomalous transparency to TeV gammas)

Meyer 2017

- Supernova-axions >> gamma ray burst
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hint!



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

Baumann 2017

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



ALP Dark matter is (can be) different

quantum pressure 
decaying dm 
miniclusters 
femto,pico,microlensing 
isocurvature T-fluctuations
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ALP Dark matter is (can be) different

quantum pressure 
decaying dm 
miniclusters 
femto,pico,microlensing 
isocurvature T-fluctuations
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- Search for monochromatic lines at DM-rich structures
Abel cluster (visible)

Dsph. gal. Galactic halo? a+ �⇤ ! �
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Grin 2007

Caputo 2007

Quinn 2017, Sigl 2018

Magnetospheres a+ �⇤ ! �
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Hook 2018



ALP Dark matter is (can be) different

quantum pressure 
decaying dm 
miniclusters 
femto,pico,microlensing 
isocurvature T-fluctuations

- post-inflation phase transition 
- ultracold dark matter >>> miniclusters 
- low mass, small DM clusters 
- most of the DM can be in those 
- only QCD axion miniclusters studied



ALP Dark matter is (can be) different

quantum pressure 
decaying dm 
miniclusters 
femto,pico,microlensing 
isocurvature T-fluctuations

- miniclusters as gravitational lenses 

Marsh 2017

HSC M31 PBHs Niikura 2017

 Inomata 2018

see Katz 2018

Femtolensing for smallest Minicluster masses 



ALP Dark matter is (can be) different

quantum pressure 
decaying dm 
miniclusters 
femto,pico,microlensing 
isocurvature T-fluctuations

- Axion field fluctuations during inflation 
- Axion DM fluctuations >>> T-isocurvature fluct

- Stochastic Axion scenario (Scherlis 2018) Low-scale of inflation 
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- If        is measured by next generation CMB Polarisation 
  axion DM is excluded (avoided in some models)

Depends on Hubble rate  
during inflation ... HI

HI

100%DM

10%DM

1%DM



Axion DM is also different in the lab

⇢aDM = 0.3
GeV

cm3

✓0 = 3.6⇥ 10�19

Local Dark Matter density*

time

✓(t) = ✓0 cos(mat)
0 ⇡�⇡ ✓

V (✓)



Oscillating EDM Cavities 

Mirrors

LC-circuit

Atomic transitionsFerromagnetic resonance



DM experiments (and lab experiments)

Hot-DM ê CMB ê BBN
SN1987ABurst Duration SK

Globular Clusters HgagLHgaeL?

White Dwarfs HgaeL?

Solar Neutrino flux HgagLHgaeL

IAXO CAST Telescope Beam
DumpADMX-IIADMX

Cold DM predictions
PreInflation-PQ

PostInflation-PQ
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✓I ⇠ O(1)
<latexit sha1_base64="x77/Xu11fTEZ8F9wefXxvDzZNwU="></latexit><latexit sha1_base64="fwY7UfjHPTUtt2Mcmmw1kX+s4Dg="></latexit><latexit sha1_base64="fwY7UfjHPTUtt2Mcmmw1kX+s4Dg="></latexit><latexit sha1_base64="fwY7UfjHPTUtt2Mcmmw1kX+s4Dg="></latexit><latexit sha1_base64="fwY7UfjHPTUtt2Mcmmw1kX+s4Dg="></latexit><latexit sha1_base64="UyFMl16pCFl1A5BM0mHFBUPyXkI="></latexit>

SCENARIO A  

SCENARIO B(N>1) ok?

CASPER DM RADIO

DISH

Dielectric 
haloscope

CAVITY
hybrid 
ferro-e 
cavity

ADMX 
HAYSTAK 
CULTASK 

KLASH? 
CASTCAPP 
ORGAN 
RADES 

DM RADIO 
ABRACADABRA 

MAINZ-BERKELEY MADMAX BRASS 

IAXO  
TASTE 

R&D

Mature techniques



purely lab experiments



the ANY-Light-Particle-Search

Light shining through walls

Resonant regeneration in the receiving cavity



Long-range forces

Long-range forces between macroscopic bodies

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

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

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

Wilzcek ’84, Geraci 14

ARIADNE, University of Nevada in Reno



Flavoured axions 

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

�(K+ ! ⇡+a) ' mK

64⇡
g2aff 0
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BR(⇡+a) < 7.3⇥ 10�11 (E787, E949)
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model dependent coefficient
(NA62, ORKA, KOTO improvement by ~ 70 on BR )

BR(B+ ! K+a) < 10�8 ⇠ 10�6 (Belle2?)
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