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INtroduction

DE-DM unknown
May support interactions?

Interaction may explain: CoinCIdENCE: Wetterich, Amendola,
Copeland, Tsujikawa etc

Can appear to have w<-=
Interactions exist in perturbation.

Goal : develop tormalism for general setting, few
applications



Quintessence
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Phase-space approach

. Dimensionless variables Copeland,; Liddle, Wands
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® Friedmann constraint
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x Phase-space = (part of) circle



Quintessence as trajectories




Quintessence as trajectories
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x ‘Roll’ variable parametrizes potential:
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x £.g. A = constant gives exponential potential.

x Attractor dynamics are known for each A= constant slice...



Examp‘e 1 : Q /6H/0C Billyard+Coley, Zimdahl etc.

x DM—=DE conversion speeds up scaling process - we
can't live in a scaling solution. jAmendola]

x DE =DM conversion works against field motion



Examp‘e 2: Q Y 2/3bﬁ¢pc Wetterich, Amendola

x DM—=DE conversion speeds up scaling process

x DE =DM conversion pushes field “uphill’



Perturbations
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® Hwang+Noh approch; in-comoving gauge
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®x Possible to do perturbations in phase-space (useful for
perturbations at attractors)




Perturbations

® |n phase-space variables
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x Just a set of coupled ODES, perturbed interactions =
exira source terms.



Perturbations

® |n phase-space variables
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Perturbations

® [N phase-space variables
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Perturbations

® |n phase-space variables
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x \alid for any potential-and interaction.

x Can calculate DE-density contrast (clustering)
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Examp‘e 1 : Q s /6H/0C Billyard+Coley, Zimdahl etc.

» Growth rate increases with p<0.
x Bigger B make perturbations blow up

x Need large P to be distinguishable from uncoupled case



Examp‘e 2: Q Y 2/3bﬁ¢pc Wetterich, Amendola

® More sensitive to changes in interaction



Examp‘e 2: Q Y 2/3bﬁ¢pc Wetterich, Amendola

x Almost flat / ‘skater’ model [Sahnen+Liddle+Parkinson]
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x \ery hard to distinguish without including DE
perturbations [Sc+Efstathiou ‘07]




Conclusions

x DM-DE interactions means that their perturbations are
also coupled with extra source terms.

®x Developed a formalism for applications to-any. potential/
Interaction.

x Perturlbations and background are evolved together In
ohase-space. Easy to see behaviour near attractors
and identify-any: instability.

x Ongoing : numerical work on CMB/LSS and prospects
for detection.
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