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Axions are the Best DM candidate ;-)
• Axions are motivated by SM problem

• Axions are dark and cold matter

• Axions are produced in the early Universe

• Axion’s scale makes sense

• Axions are testable in reasonable experiments

• Axions can tell us a lot about astro and cosmo
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Axion(-like particle) Dark Matter

~1012 GeV

~107 GeV

String models ~1010 -1013 GeV



Detecting Axion
DM
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Use a plentiful source of axions

• Photon Regeneration

axion
(dark matter)

Photon 
(amplified in resonator)
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Signal: Total energy of axion

Virial velocity 
in galaxy halo!

RF 
Receiver
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An extremely sensitive probe!!!
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A discovery possible any minute!



Heidelberg 
University

Electricity from Dark Matter ;-).

• Photon Regeneration

axion
(dark matter)

Photon 
(amplified in resonator)



Heidelberg 
University

Really sustainable Energy
• Galaxy contains (6-30)x1011 solar masses 

of DM
è (3-15)x1043 TWh

@100000 TWh per year (total world today)
è 1038 years J

DM power 
½*v~300 MeV/cm3*300km/s~10 W/m2

compared to 2W/m2 for wind
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Electricity from Dark Matter ;-).

• Photon Regeneration

axion
(dark matter)

Photon 
(amplified in resonator)

10
-23W

!
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Many more experiments…
• Abracadabra
• BRASS
• Bread
• Cultask
• DMRadio
• EDM ring
• Haystac
• Lamppost
• Organ
• SRFcavities
• TooRad
• Quax
• …

Plot from super-useful website by
Ciaran O‘Hare

https://cajohare.github.io/AxionLimits/



DM Astrophysics
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Signal: High resolution possible

RF 
Receiver
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Axion Astronomy...

The Axion DM distribution...

Streams and local objects...
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Axion interferometry
• Networks of multiple detectors can give

directional sensitivity

• But even suitably shaped cavities can
already give some sensitivity to that



Dark Matter Antenna

Antenna converts axion->photon

Radiation concentrated in center

Detector

Probes here;
very sensitive!!

B



The FUNK Experiment

Recycle Auger mirror

Detector

No magnet:
Only sensitive to hidden photons



Taking a picture of the DM velocity

VDM =0 VDM¹0=

Screen

• Emission from moving dark matter

• A picture of the DM-velocity distribution

7



Can also use cool geometries: BREAD



Going Mad(Max)
Ambitious new project at MPP

Natural DM



Also with
other couplings?



Looking for oscillating dipoles
• Remember: 

Axion field controls electric dipole moment:

• Dipole moments follow the oscillating axion field
è Tiny oscillating electric dipole



In an electric field

E

de~s

T Energy in an electric field

Torque tries to tilt dipole moment/spin



Dealing with oscillation
Problem: the dipole moment is rapidly  
oscillating ~ma

è Danger of cancellation

Solution: Rotate spin to compensate
è Use Spin Precession in magnetic field

S

Resonance when



Measure velocity2 distribution?
• Yes

JJ, C. Quint (in preparation)



Establishing
Axions

as “The Dark Matter“



Part I
If we are lucky...
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A signal does not yet establish DM
• Once we have a signal...

• and not independently measured

• We could have detected a sub-dominant 
DM

è Can we disentangle?
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Let‘s find an Axion Mini-cluster
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...and fly through it
Power spectrum along the path
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Reconstruct minicluster density...
• Poisson equation (along path)

+ Determined
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Measure coupling...
• Power along the path

Already known

è Obtain
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Measure coupling...
• Power along the path

Already known

è Obtain

+ Measure outside minicluster

è ?

BUT:
Need to be lucky ~10-3/year
(and cluster not too destroyed)



Part II
If we are dedicated...

JJ, G. Lucente, S. Hoof in preparation
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We build HyperLSW J

• What is an LSW experiment?

• Probability to see the light

A. Lindner @ PBC Workshop 2016Purely laboratory based è determine g
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Not so easy... ALPS II

ALPS II homepage: https://alps.desy.de/our_activities/axion_wisp_experiments/alps_ii

Does not 
quite reach
axion masses

A few orders
in sensitivity

to go
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Making magnets
longer is not 

sufficient



Heidelberg 
University

Optimize magnet configuration

Alternating
magnets
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Very narrow?

èNot a problem. DM discovery tells us mass
with better than 10-10 accuracy
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Discovery region



Heidelberg 
University

Price tag...

Long tunnel
+

many strong magnets
~

few x 100 GEuro

èPick cheapest option



going full 
Astronomy



Taking the 
sun’s temperature
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Helioscope:
International Axion Observatory = IAXO

Ion
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Temperature measurement

Measure axion flux
and spectrum

along the solar disc

è



Theory 
+ 

Astrophysics
Learning about 

models 
(axion and solar)
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Could also tell us about axion models...

QCD axion models live on “lines“ 
in parameter space

è mass + coupling also tells us about model

Charges of
heavy particles
in axion model
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But also about solar models...

Different solar models
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Probing solar „metals“
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Axions as solar magnetometers



Dark Cosmology
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Axionic/ALPy Dark Radiation
• Many (string) models feature a

long-lived modulus
• This  reheats the Universe

• Significant branching ratio into axions/ALPs

• These a are effective degrees relativistic of
freedom visible in BBN and CMB

• often dangerous „Dark Radiation Problem“

• Can be addressed but leaves
some DR
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We expect some dark radiation

This dark radiation is made from axions.
A significant part is QCD axions

Detectable
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Dark Radiation may be detectable + useful

• For example in IAXO

• But also other experiments

• Might be interesting to think beyond scalar
photon couplings!
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https://arxiv.org/pdf/2102.00006.pdf

New tool to probe Reheating
• This dark radiation may allow to get

access to information about reheating
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New tool to probe Reheating
• This dark radiation may allow to get

access to information about reheating

Measures
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Measure reheating temperature

https://arxiv.org/pdf/2102.00006.pdf



Conclusions
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Conclusions

• Axion coolest Dark Matter J

• Current and near future experiments probe best 
motivated parameter space

• Axion DM can give us much more information: 
– DM density è Is it THE Dark Matter
– DM velocity

• Axions tell us about the sun
è Temperature + Composition

• Axion coupling and mass è Axion model?

• Axions can be a messenger of Inflation and Reheating
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A little survey
• Looking for potentially wrong or problematic

papers
• (focused on experiments/experimental proposals)

Please participate!


