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We consider extensions to Einstein’s theory, In
which the action is given, in the Einstein frame, by:




The gravitational sector can be written in another
frame, using a disformal transformation:
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. Coupled Quintessenc
with a twist

* Consider distormally coupled dark matter only.

e This simplifies a lot but we learn a great deal about
the possible role of distormal terms in cosmology.




Wetterich 1995, Amendola 1999

Reminder: coupled quintessence
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Mota, Koivisto ,Zumalacarregui (2012)
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BSackground evolution:
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BSackground evolution:
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Background evolution:
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Background evolution:

Luminosity distance: relative change to uncoupled
case:
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Background evolution:

radiation
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Background evolution:
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Cosmological Perturbations:

Newtonian gauge. s* = a’(n)[-(1+ 2¥)dn® + (1 — 2®)4;,;dx"dx’
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Cosmological Perturbations:
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Cosmological Perturbations:

Unlike in the case of pure conformal couplings, the
oerturbation of the coupling is k-dependent! |In the

imit of large k, things simplify: 6QQ — Q dcam




Cosmological Perturbations:
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Cosmological Perturbations:
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Cosmological Perturbations:

— Uncoupled

Conformal

Disformal
— Mixed




Cosmological Perturbations:
A model with large conformal couplings
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Cosmological Perturbations:
A model with large conformal couplings
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Cosmological Perturbations:
A model with large conformal couplings
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Cosmological Perturbations:
A model with large conformal couplings
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Cosmological Perturbations:
A model with large conformal couplings
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Cosmological Perturbations:

Distformal coupling suppresses conformal coupling
contribution.




Koivisto, Wills, Zavalla (2014)

Coupled Quintessence: a brane model

Dark matter coupled both conformally and distormally to a
scalar tield can be motivated from a string theory setup: dark
matter lives on a brane, moving in an extra-dimensional space
along an AdS throat. The induced metric provides a conformal

and disformal coupling:

6D Calabi-Yau

g,iunyd o h_1/2 (T)g,ul/ np hl/Q(T)T,,u,T,V

Dark energy scalar field is proportional to r, of D

3| nature.



Koivisto, Wills, Zavalla (2014)

Coupled Quintessence: a brane model

We assume that the scalar is slowly moving,
we ignore DBI form here. The conformal and
distormal couplings are specitied by the warp
factor:




vdB, Koivisto, Morrice (2014)

Coupled Quintessence: a brane model
Evolution of effective coupling:




Coupled Quintessence: a brane model

- A CDM
- Brane Model




Coupled Quintessence: a brane model
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matter and/or neutrinos. Consider couplings to two
species with different equation of state:




vdB, Morrice, Vu (2013)  vdB, Nunes, Mimoso (2014)

Multiple couplings - 2 species:
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vdB, Morrice, Vu (2013)

Multiple couplings - 2 species:

—guation of state not frame invariant!
—.Q. case of pure distormal couplings:
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To be seen whether there Is interesting phenomenology
for warm dark matter cosmology.

Interesting phenomenology when considering
coupling to photons (temperature redshitft

relation, spectral distortions, varying speed
of light).




4. Summar

Both from the model building point of view as well
as phenomenology of structure formation, disformal
couplings are interesting. Viable models can be

found.

Questions to be addressed:
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4. Summar

Both from the model building point of view as well
as phenomenology of structure formation, disforma
couplings are interesting. Viable models can be

found.

Questions to be addressed:

* Itis essential to study non-linear behaviour.




