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Producing Chameleons




Chameleons

Chameleon field: field with a matter dependent mass

A way to reconcile gravity tests and cosmology:

Nearly massless field on cosmological Massive field in the laboratory
scales




Scalar-Tensor Effective Theory

cffective field theories with gravity and scalars:
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Scalars differ from axions inasmuch as they can couple to matter with non-derivative
interactions. All the physics is captured by the function A(¢).



Induced Coupling
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Figure 1. Disgrams eontributing to the leading interaction between dark energy
and the electrowesk gaure bosons, which determine an effective operator acting on
Aa(gldg(piy(r). Note that the momentum carried by y is taken to How inmto the
TR diagram. Double lines represent a species of hesvy fermion charged under SU{2) = U{1).
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When the coupling to matter is universal, and heavy fermions are integrated
out, a photon coupling is induced. Other contributions from conformal
anomaly.
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The effect of the environment

When coupled to matter, scalar fields have a
matter dependent effective potential
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An Example:
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Chameleons Coupled to Photons

The chameleon mixes with the polarisation orthogonal to the magnetic field
and oscillations occur. Mixing happens when the chameleon is not tachyonic:
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The mixing angle between chameleons and photons is:
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Solar Chameleons




Chameleons can be produced in the tachocline region at a radius 0.7 Rs. The
magnetic field is 20-50 T. The mean free path is about 10 cm. The photons have a
temperature of 200 eV and the photon flux is 5. ~ 10%'s 1em 2. These thermal
photons create chameleons.
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Most chameleons escape the sun, a tiny fraction are back-converted to photons in the
outer sun (the photosphere) over magnetic regions of about 10-100 km where the
magnetic field is 0.2 T. The photons perform a random walk and lose their
directionality.



The back converted photons can saturate the Sphinx bound for the solar luminosity
in the soft X-ray region:

D ~ 10_3erg/5.cm2, k> 1 keV

This can only happen if the chameleon mass is resonantly close to the plasma frequency
in the outer sun.

The emitted chameleons can penetrate the CAST experiment and would lead to too many
regenerated photons.

These two competing effects lead to a drastic reduction of the chameleon parameter
scale. In particular, the photon coupling must be small enough to evade the CAST bound
and large enough to allow for a resonant production of photons.



Fegenerated solar photon spectiam
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Regenerated solar photon spectnam
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In the photosphere:



Chateleon spectnan .
Humber of escaping chameleons
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Lehameleon = 4 erg/s.cm? < L, ~ 10! erg/s.cm?



L =926m, B=91,d =43mm

Chameleon mass in CA3T pipes
Predicted number of photons per hour in CAST
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Ny = 0.04

With a noise of 0.13 photons per hour and 200 hours of observation, it is only a 1.5
standard deviation.

With a pipe length L=15m, B=6 T and an aperture 0.15 m2, a 5 standard deviation in 3
hours for a noise of 4 photons per hour.



Conclusions

The quiet sun luminosity in the soft X-ray region can be
generated by the back-converted photons produced from
chameleons inside the photosphere.

Most chameleons escape the sun and could regenerate
photons in the CAST pipes. Detection rate low for present
CAST.

Regenerated photons detectable with upgraded CAST
specifications.




	 
	Outline
	Producing Chameleons 
	Slide Number 4
	Scalar-Tensor  Effective Theory
	Induced Coupling
	The effect of the environment
	Slide Number 8
	Chameleons Coupled to Photons
	Solar Chameleons
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Conclusions

