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The theta angle of the strong interactions
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- In particular neutron (and proton) Electric dipole moment
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~ One parameter theory

axion mass
✓(t, x) = a(t, x)/fa

ma = 6meV
109 GeV
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Measured today |✓| < 10�10 (strong CP problem)
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generated by QCD!

✓(t) = ✓0 cos(mat)
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Dark Matter
huge parameter space!



Axions in the galactic Halo
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(ȧ)2 +

1

2
m2

aa
2 =

1

2
m2

af
2
a✓

2
0



ma

Fourier-transform
a(x)

! ' ma(1 + v2/2 + ...)

Axions in the galactic Halo

Energy density ✓(t) = ✓0 cos(mat)

✓0 ⇠ 3.6⇥ 10�19⇢CDM = 0.3
GeV

cm3
⌘ 1

2
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2 photon proton neutron electron

Detection channels, Axion Couplings
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[iē�5e] + ...

a

p

p

a a

n

n

e

e

Pions, etc...

CP conserved at                but otherwise, CP violation ✓ = 0, / ✓

Neutron EDM dn ⇠ ✓ ⇥O(10�15)[e cm]



Cavities Mirrors LC-circuit

Spin precession Atomic transitions Optical



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

B-field

- Electric fields
   
- Oscillating at a frequency

- B-fields 

(amp independent of mass!)

Axion DM in a B-field
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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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- Past experiments Florida U., RBF, ADMX, CARRACK
- Future endeavors: ADMX, ADMX-HF, YMCE, CAPP
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ADMX

Scanning over frequencies

Goals

Washington University, DOE, NSF



ADMX 2015



ADMX HF

- Test bench for higher frequencies
- Hybrid Superconducting cavities
- Josephson parametric amps
- Single photon detectors at > 10 GHz

Set up running at f ~ 5.6 GHz, 25 mK temperatures, 9T 

Yale, L



CAPP 

- Korean IBS Center for Axion and Precision Physics
+ proton EDM experiment (with Fermilab)
+ Axion DM experiments
  * CULTASK at ~ 6-10 GHz?
  * Lots of R+D

  - High Tc superconducting magnets (25,35 T !)
  - hybrid resonant cavities, toroidal?
  - SQUIDS at HF
  - Add up cavity outputs

Daejeon, Korea



CAPP plans 



Dielectric multi-mirror 
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LC- circuit
Sikivie 2012

- Detect low-frequency B-field with a tunable LC
- First moves in Florida U.

|Ba| ⇠ hvi|Ea|

Earth-DM relative velocity



CASPER : Spin precession
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- B-field, coherence time, sensitivity to m < neV
- Phase I starts in 2016, Phase II physics results
- Mass range limited by B-field strength
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CASPER : Spin precession
Mainz, Berkeley



QUAX : electron Spin precession

- Electron coupling in the non-relativistic limit, Electron spin - axion “wind”

Lae = Cae[ē�
µ�5e]@µ✓ ! Cae(r✓) · �eµB ⇠ Caemah~vi✓ · �eµB

Effective Magnetic field

- Use Electron Spin Resonance (similar to NMR but with electrons)
- Bohr magneton much larger, smaller B-fields required for large axion mass
- Short coherence times, radiation damping (R+D)
- HF detection ? Use non-linearity and search for LF oscillations 

! = µB
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INFN, Legnaro



Axion DM : A developing picture

osc. EDM

Dielectic 
mirror

CAPP

5th forces?

ADMX
ADMX-HF

QU
AX

?

LC


