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Dark Energy

Dark Matter 26.8%

LAl
A scalar field could act a dark energy
provided its mass today

mg < Ho & 10 2%eV
AL 08.3%

We only know dark energy dominates today
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Deviations from Newton’s
Laws parametrised by
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tightest constraint from Cassini
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Fifth Force must be screened




The Chameleon Mechanism

Khoury and Weltman astro-ph/0309300
consider the action
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gives the effective potential
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https://arxiv.org/abs/astro-ph/0309300

There is an environmental effect: when coupled to matter the
potential depends on the ambient matter density as well

chf(g*')) = V(¢) + pmA(9)



To screen fifth forces in the solar system one needs the thin shell effect.

The fifth force is AR

proportional to the size of I3 &
the thin shell where the Ro N

field varies
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Symmetrons

. . Khoury&Hinterbichler, 1001.4525
This has potential
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with Z2symmetry and coupling function
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In a dense environment the field is at the origin whilst
In a sparser one the field is at the minimum of the
potential with the transition happening at density 0O«




The Sun

we originally considered production of chameleons in

the tachocline where the B field is 50T. In our work we
consider production in all regions of the sun, taking into
account the density dependent mass of the chameleon.
In the radiative zone where the magnetic field is 3 x 10°T
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t84 Convective
-y zone Hence we consider the bulk magnetic field with

e production of chameleons via the Primakoff
effect. We consider Primakoff production in the
electric field of the electrons and ions. This is a
new channel.




We used thermal field theory techniques to evaluate
the Feynman diagrams. Since the coupling is

DF " o ¢(B* — E7)

The B field gives the scalar photon coupling whilst the E field gives the
scalar coupling with the photon and plasmon. This gives rise to T'T, TL
and LL modes unlike the case for axions where the L modes are
forbidden. We used a model for the solar magnetic field and considered
the three sections of the core, the tachycline and the outer region.



Solar Production
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Solar Energy Loss Bounds XENONNT
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Symmetrons

Due to the nature or the model they are only likely to be in the symmetry breaking
phase, where the scalar field can couple to matter, in the tachocline. In the tachocline
the magnetic contribution dominates over the Primakoff, so only this is considered.
The coupling in this case is  ¢°F),, F'**
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The Future

Include Longitudinal Modes (not entirely straightforward) for production in the solar core

One can do something similar with dark matter scalars

NuStar Predictions and Constraints

Helioscope Predictions —- IAXO

In progress




