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² Why axions (or Axion-Like Particles) ?
² How to search for them ?
² A few ongoing and planned experiments 

§ ADMX and ADMX-HF
§ ALPS-2
§ IAXO 

² Cosmic Axion Spin Precession Experiment
² Global Network of Optical Magnetometers for 

Exotic physics searches
²Beyond Axions: e.g., dilatons
² Dark Sector searches and fundamental symmetries
² Conclusions
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Ø Big clean-up ?
§ Strong CP problem
§ Dark Matter
§ Dark Energy
§ Baryon asymmetry of the Universe
§ Hierarchy?
§ …
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Astrophysical
hints for ALPs

IAXO in the high mass end, 
and future phases of ADMX 

in the low mass end will
explore largepart of the

QCD axion model region in 
the next decade.

Much larger QCD 
axion region

explored

J. Redondo and I. Irastorza
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The principle of the microwave cavity experiments:
ADMX, ADMX-HF, CAPP

Karl van Bibber
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Axion Dark Matter

Misalignment production:
Early Universe: Field has some initial value è oscillations carry energy density è

natural dark matter

Preskill, Wise & Wilczek, Abott & Sikivie, Dine & 
Fischler (1983)

Axion easily produces correct abundance

Many experiments search for WIMPs, only a few (ADMX, ADMX-HF, CAPP) can search for axion DM

Important to find new ways to detect axions

Currently challenging to discover axions in much of parameter space
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Resonance:

Nuclear Magnetic Resonance (NMR)
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SQUID
pickup
loop

Larmor frequency = axion mass ➔ resonant enhancement

CASPEr

axion “wind”
OR

SQUID measures resulting transverse magnetization

Example materials: liquid 129Xe, ferroelectric PbTiO3
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15Prof. Derek F. Jackson Kimball



ALPs may form domains

But how to detect them?
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¨ Synchronized separated, shielded mags

¨ Detect pseudomagnetic field from wall crossing

¨ Modern atomic magnetometers are sensitive ! 
<1 fT/Hz1/2

¨ Electron and nuclear spin based mags





¨ Ultralight (ma~neV) axion-like fields forming 
domain networks

¨ Wall thickness d ∼ 2/ma (~200 m)
¨ Domain size               consistent with Dark Energy density 

constraints 
¨ We may be going through a wall every 10 y or so!
¨ Bottom line: GNOME is quite sensitive to such events! 



¨ Current collaboration: Berkeley/Mainz, CSUEB, Krakow,
USTC, U.Fribourg, TUM, KAIST, members of the LIGO 
analysis team, M. Pospelov

¨ Future members: PU, BGU, UW, Oberlin, PTB…
¨ Test runs done and analyzed (no wall yet)
¨ Taking data now!
¨ Also clocks! (A. Derevianko and M. Pospelov, 2014)

Issue edited by: Klaus Blaum, Holger Müller, Nathal Severijns
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A B

Δè3 MHz – 2 
GHz

transitions
in 5 isotopes

Δ(t)

dΔ/dt ~2.0 x 1015 Hz Ÿ

V. Dzuba et al, Phys. Rev A 77, 012515 (2008)

• Limits on alpha variation
• Dependence on gravitational potential
• Lorentz-Invariance violation (for electrons)
• …





arXiv:1503.06886

Phys. Rev.Lett.
115, (2015)



Constraints on Scalar/Pseudoscalar 
Quadratic Interaction with the Photon

BBN, CMB and Dy: [Stadnik, Flambaum, arXiv:1503.08540 + arXiv:1504.01798]
Supernova energy loss bounds: [Olive, Pospelov, PRD 77, 043524 (2008)]

Victor V. 
Flambaum



http://earthsky.org/space/

Dark Matter

Dark Energy

Ø Apparent violations/variations of “constants”
may be due to “cosmic fields”

Ø Oscillating or transient effects !



From nuclear anapoles

Phys. Rev. Lett. 113; Phys. Rev. D 90 (2014)



Dark-side 
connection 

http://earthsky.org/space/



Light axions may solve all our problems…
… and we are looking for them!

Thanks to Prof. G. Raffelt



All precision-measurement data need to be

• Time stamped
• Stored
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