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Outline

Part I: Axion Theory and Experiment Review

Why look for an axion?

What do we know about the axion?
Who is looking for an axion?

How can we learn more?

Part Il: Torsion Pendulums and exotic forces

Tests of Gravity, Equivalence Principle, Lorentz
Symmetry

Axion Search
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QCD Axion Properties
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Most Discussed Models:
KSVZ: “Hadronic.” One super-heavy quark.
DFSZ: “GUT.” Quarks and Leptons.




Axion is one of many hypothesized
axion-like-particles
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After 30 years, we know a lot about
what the axion or ALPcan not be.
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X nuclei

Primakoff Process:

*QOur Sun
oL ife time of HB Stars
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Charged Bremsstrahlung:
*Degenerate Red Giants
*White Dwarfs
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Compton Scatter:

*QOur Sun

Neutral Bremsstrahlung:

eSupernova

G. Raffelt, Stars as Laboratories for
Fundamental Physics, 1996




Astrophysics limits on axion
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G. Raffelt, Lecture Notes in Physics 741 (2008)




Axion cosmology provides an upper bound...
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Cosmology also provides a lower bound on axion mass
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The QCD Axion Window

Excluded by
understanding:

V\J < Wd *Supernova
a m Battye and Shellard 1987A
Axion “Strings” e
*HB Lifetime

Hagmann and Sikivie «White Dwarf

Axion “Strings” cooling rate
Fine Tuned Inflation

Hot Dark Matter
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Experiments .

Torsion Pendulums?
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Current Axion Search Experiments
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CAST: CERN Axion Solar Telescope
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ADMX: Axion Dark Matter eXperiment

>>-> 7 " For m =1 neV.
D - ? 4 Expect 1016 axions/cm3
v ~ 100 km/s




ADMX Hardware




ADMX exclusion bounds
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CARRACK: Cosmic Axion Research with Rydberg
Atoms in resonant Cavities in Kyoto
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K. Yamamoto et al hep-ph/0101200
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Other efforts measure the optical properties of the
vacuum or look for light “shinning through walls”
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PVLAS: Hardware and Results

PVLAS observed:
*A dichroism of 3.9 0.5 1012 rad/m
*A birefringence of 4.5 1012 rad/m

*Consistent with a scalar particle.

m, »1meV g, »2 10°GeV*

Zavattini et al PRL 96 110406 (2006)

eInconsistent with astrophysics and cosmology.
sInconsistent with Eot-Wash 1/r? limits by 10,

Excluded by PVLAS upgrade

Zavattini et al arXiv:0706.3419
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PVLAS Inspired Five Photon Disappearance
Experiments

Photon
BO Wall BO Detector
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Four experiments have results:

Experiment Sensitivity Reference

Robilliard etal (LULD) | g <12"10°GeV* (95%)PRL 99 190403 (June 2007)

GammeV / Fermi-Lab Oy <5 10 "GeV?! (99%)| A-S. Chou etal PRL 100 080402

(2008)
OSQAR/CERN 0., <5 10 'GeV? (95%) | P. Pugnat et al PRD 78 092003
%9 (2008)
LIPSS/JLAB 040 < 1" 10°GeV? (95%) g OAofgf;l)nasev et al PRL 101 120401
One experiment is still working:
Experiment Reference
ALPS/DESY arXiv:0905.4159 (May 2009)
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Axions will mediate a macroscopic force
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Advantage: Does not depend on cosmology or astrophysics.

Disadvantage: Coupling proportional to gocp.

Moody and Wilczek PRD 30 130 (1984)




Most recent short—range macroscopic force tests

Hammond et al PRL 98 081101 (2007)

Measured torsion angle of levitating

pendulum as polarization of adjacent
magnet flipped.

W.T. Ni et al PRL 82, 2439 (1999)

Measured the induced magnetization of
a paramagnetic salt as a function of the
position of a copper mass. r~6 cm.
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As you know, Ultra-Cold Neutrons are also sensitive




Outlook...

*The axion remains a compelling solution to the

Strong CP Problem and a well motivated dark
matter candidate.

*Experimental community is vibrant




