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Introduction

* Scalar fields corresponding to flat directions are called
moduli fields.

* They are usually massless, non-perturbative effects can
give a small mass to these fields.

* Moduli fields usually have gravitational interactions, or in
other words have Planck mass suppressed interactions.

* Due to Planck suppressed interaction to the matter,
moduli could serve as mediator to dark matter in Freeze-
In scenario.



Constraints on Moduli

* Moduli are light and have gravitational interactions =
long lived!

* Moduli would decay at present time if
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* if 107*° eV < mg < 20 MeV, moduli has not
decayed until now and there is too much energy

stored In It.

* for 20 MeV < mo < 10 TeV, the entropy release
following the modulus decay is too large tobe ., ... et 3

consistent with present observations. e
Is et al.,



Model Set-up

* We decomposethemodulias 9 =s+i a

* We assume the imaginary part of the modulus
posses a shift symmetry = real part of the

modulus has non-derivative coupling to other
fields.

* Lagrangian to be CP-symmetric and we consider
terms until d=6.



Lagrangian
Scalar DM
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Rates
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Scalar DM production rate

from moduli
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DM Evolution
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Dimensionless abundances
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Results
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Conclusion

* Modulus field usually have Planck mass
suppressed interactions, thus is an excellent
candidate as a mediator for Freeze-in dark matter
scenario.

* The DM production gets enhanced due to s-
channel production at 7' ~ mo = 2mypy,.

* [In most of the parameter space considered, non-
derivative terms are suppressed compared to the
derivative terms.
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