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The theta angle of the strong interactions
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Axions
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Axions are necessarily dark matter
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~ One parameter theory

axion mass
✓(t, x) = a(t, x)/fa

ma = 6meV
109 GeV
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Axion dark matter

- The amount of axion DM produced depends on fa

- large fa, small curvature, oscillations start later->more DM

- small fa, large curvature, oscillations start earlier -> less DM
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no preferred value at high Temperature (                    )
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below confinement, theta = 0 minimises vacuum energy!



- Peccei-Quinn symmetry, color anomalous, spontaneously broken at fa
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- At energies below                ,                                                     mixing  ⇤QCD a� ⌘0 � ⇡0 � ⌘ � ...
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Dark matter density, inhomogeneous at comoving mpc scales

minicluster seed!



Strings



- Axion DM scenarios

Axion dark matter (Scenario I)

Initial conditions set by : 
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Phase transition (N=1)
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- Axion DM scenarios
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Dark Matter
huge parameter space!



Detecting SCI Axions
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Detecting Axion (Dark Matter) in the lab

v . 300 km/s ⇠ 10�3cvelocities in the galaxy

phase space density

occupation number is HUGE! treat it like a classical coherent (NR) field
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Cavities Mirrors LC-circuit

Spin precession Atomic transitions Optical



Axion Dark matter experiments (target areas)
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Axion Dark Matter eXperiment (Seattle, Yale...)

SCENARIO I



Axion Dark matter experiments (target areas)

osc. EDM

CAPP

QU
AX

?

LC

5th forces?

only one runningADMX
ADMX-HF

baby born
Munich Axion Dark MAtter “eXperience”SCENARIO I

MADMAX



- In a static magnetic field, the oscillating axion field generates EM-fields

B-field

Axion DM in a B-field : two photon coupling
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- Axion DM,                         , in a B-field is a source in Maxwell’s eq. ✓ = ✓0 cos(mat)

Detecting axion DM
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In a magnetised medium

- Electric fields
   
- Oscillating at a frequency

(amp independent of mass!)
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Radiation from a dielectric interface ...

Boundary conditions!
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Radiation from a dielectric interface ...

Emitted EM-wave
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Radiation from a magnetised mirror : Power

Emitted EM-wave
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spherical reflecting dish

Dish antenna experiment?
The Ea-field excites surface electrons coherently
EM radiation from a reflecting surface
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Mixed scheme?

If we could add the power emitted by many mirrors...



Many dielectrics : MADMAX at MPP Munich

Emitted EM-waves from each interface

+ internal reflections ......

- Emission has large spatial coherence; adjusting plate separation -> coherence

boost factor

- Work in progress at Max Planck Institute fur Physik (Conceptual design)
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Close to nu0, many layers
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Emitted EM-waves from each interface

+ internal reflections ......

boost factor (N=10,40,80; n=3,nu0=20 GHz)

⌫[GHz]
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Even larger boosts are possible (small resonant enhancement)

Conceptual paper in preparation:
(ALMOST)

Numerical optimisation of distance between 17 layers n=5 (flat response) 



and if a candidate is found ...

Conceptual paper in preparation:
(ALMOST)

Numerical optimisation of distance between 17 layers n=5 (max response) 
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Conclusions

- Strong CP problem and dark matter motivate Axions

- Most predictive model (N=1) mass~ 0.1 meV (fa ~ 10^11 GeV)

- Many experimental efforts, solid player missing in that range

- MW emission from interfaces is weak , make layered haloscope

- Munich Axion Dark MAtter eXperiment 



SMASH : Standard Model Axion See-saw Hidden scalar inflation


