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AXIONS

Originally invoked to explain QCD CP problem, there are many theories with
pseudo-scalar axions which couple to the electro magnetic field as:-

I ol
L=-—(d"ad,a+m*a*)+~—F, F" ——F, F"
2 M 4"

a is the axion field, m is the mass of the axion, and M is the inverse coupling of
the axion to the gauge field. The mass m drives the coupling a/M to zero to
avoid CP violating vertices.

For QCD axion m~ 103-10 eV, M~101° GeV

maqM ~ mafa ~ mwfw



PHOTON-AXION MIXING

In presence of non-zero B-field, axion can lead to photon axion mixing

Probability of a photon remaining a photon after traveling a length L is given by

BZ 2 . [ 4M2 BZ 2
P_ =1-— 20) > 2sm2 \/m o L
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Here w is the energy of the photon, m is the axion mass, M is the inverse coupling
of the axion to the photon, L is the distance traveled and B is the magnetic field
perpendicular to the direction of propagation of the photon.

So some photons disappear...



and reappear! C.A.S.T. Cern Axion Solar Telescope
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10m LHC prototype dipole magnet




What does C.A.S.T. look for?

axions would be produced in the centre of the sun due to thermal
x-ray photons converting in the magnetic field of nucleons
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These axions can then convert back into photon in the magnetic
field of the experiment.
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Lazarus et al :




BI-REFRINGENCE AND ELLIPTICITY

In a bi-refringent vacuum, different polarisations propagate at
different velocities - induces an ellipticity.

Example:- Cotton-Mouton effect due to fermion loops in presence of B-field



FROM DICHROISM TO ELLIPTICITY

Dichroism - one polarisation dissapears c.f. photon turning into axion in B field

Linearly polarised light at 45° to B-field
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PVLAS Experiment
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PVLAS DETECTION PROCEDURE

Magnetic field rotated at frequency wm

Ellipticity induced with frequency WATOD

If there is an ellipticity induced by the rotating magnet, it will
beat with that from them modulator, creating side bands.

W — WNOD —Wm



PVLAS BEAT FREQUENCY DETECTED
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PVLAS RESULTS - ROTATION/PASS
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AXION INTERPRETATION

Production of axions rotates the plane of polarisation by

2 2 2
e = N2 4SII’12(4L) sin 260 ~ 46 (572)2 sin 20

In particular, the PVLAS results are compatible with

m = 10~ 3eV M = 10°GeV

Which is rather strongly coupled compared with existing bounds

EG, supernova explosions no longer a bound because of coupling
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EXPLAINING THE DISCREPANCY
WITH C.A.S.T.

Composite model (Masso & Redondo 2005)

:HZOYY vertex described by quark triangle loop with off-
- || =
shell photons leads to form factor and suppression q

Can try to imagine that the PVLAS axion is made of partons and that

FRop—| 13— < 7|
Mp’ulas_ Mpfula,s Mcast Mcast

(photons exchanged with protons in sun off shell, with B-field in CAST not)



EXPLAINING THE DISCREPANCY
WITH C.A.S.T.

Composite model (Masso & Redondo 2005)

/ Mass of partons

We require 5
(2m%)
|F| ~ 102 <2 x 1072
|5m’r\t|
Momentum exchanged with proton
—2
Whichleads o TV F = 2 X 107 <eV
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EXPLAINING THE DISCREPANCY
WITH C.A.S.T.

Self interaction (Jain & Mandal 2006)

MASSIVE production of pseudo-scalars in core of sun
Pseudo-scalars trap themselves in core via ¢p—>¢¢

also lose energy via loop diagram ¢dp—>phppd

Final mean free path 10-'' cm in core of sun
Come into equilibrium with photons via inverse Primakov effect

(probably 1001 ways to kill this model!)



How to test PVLAS : Shining Light Through Walls

Rabadan, Ringwald and Sigurdson 2005

X-ray ‘ ‘ ‘ ‘ A axion beam ‘ ‘ ‘ ‘
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wall

PROPOSAL: use free electron laser x-ray laser (SLAC-LCLS 2009 or DESY-XFEL 2012)
generates 10'7-19 keV photons per second

Also use conventional magnets (1T) or decommissioned HERA magnets (10 T)



How to test PVLAS : S
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DIMMING IN BINARY PULSAR SYSTEMS

Photons from one pulsar pass through the magnetosphere of companion

Binary Pulsar System JO737-3039
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May be detected by GLAST (Dupays et al 2005)



RESONANT MIXING IN STELLAR
ATMOSPHERES

Effect of refractive index for photons on mixing angle:-

B22

s
Sin© 0 = (m?—w2)2 M2+ B2a2

Where the plasma frequency is given by w}% —_— 4770477@
Me

=~

number density of
electrons in plasma

Resonant mixing:-

w}% — 4mane mg e~ 1ol4cm—3
Me

Happens almost exactly at the surface of the sun.



The Magnetic field at the solar surface (yesterday)
Observed Photospheric Field from National Scolar Observotory /SOLIS
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So we may expect some anomalous events from the sun...



CoOosMIC RAYS: QCD vs. PVLAS AXION

See Gorbunov, Raffelt and Semikoz (2001)

QCD axion PVLAS axion
M > 1010Gev M = 10°GeV
1073 < m< 1leV m = 10— 3eV

Magnetic field required for maximal mixing for
a high energy cosmic ray (w = 1019%eV)

[ R 104G Biazmiz = 10~°G



CosMmiIC RAYS: QCD vs. PVLAS AXION
QCD axion PVLAS axion

Mixing length in cluster/galaxy (w = 1019eV, B = 10_6G)
losc > 1KpC losc ~ 10pcC

Photon energy required for maximal mixing in cluster/galaxy

(B=10"°@)

21
Wmnazmiz = 1077V Wmaxmiz ™ 1017eV
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CONCLUSIONS

e PVLAS results predict rather strongly
coupled axion

e Incompatibility with stellar axion
production needs to be understood

 If particle exists, there may be interesting
implications for cosmic ray physics



