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Disformal Theories
Disformal Gravity
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Disformal Theories

This Talk

@ Local behaviour not well understood
@ No universal paradigm

@ Lack of viable models



Screening
Local Behaviour

Recall GR:
V20y = 4nGp Fy = —Vdy

Disformal: No fifth-force in Minkowski but in FRW get
V¢ =8rQGp F5=—QV¢
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Screening
Screening?

Can screen locally if cosmological dynamics are such that Q < 1.
Simple Example: B(¢) =A(¢)=1=7y=a=0
Model studied by Brax, van de Bruck, Burrage, Davis... et al.

_ e

0=z

Want slowly-rolling fields!

V(p) = Hi(1+ ¢%)



Screening
Cosmology

Friedmann equations are same as GR.

Q'b.oo + 3H(Z.soo + V(‘boo)#) =—Qo
pm + 3H pm = Qodoo

BH
QO = QO <pmaa) A77>

Field/matter EOM encodes MG effects.



Screening

Local Scalar Charge
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Screening

Solar System Tests

Best constraint: Cassini
lvppNn — 1] < 2.1 x 107°

Use measurements of Hy, {pg, wy and w, to find

A

— 2 56x10° (M= eV)
Hy

What does this mean?

AG —24
— < 107
a <

Background cosmology indistinguishable from quintessence!



Viable Models

More General Models?

Important next step: Find viable models
What we want: Dark energy dominated solutions with @ = 0.

Do this using a phase-plane analysis - classify all solutions and find
fixed points with these properties.

A(¢) =e* B(¢) =€ V(¢) =mie

Model of Koivisto, Mota & Zumalacarregui.



Viable Models
Phase-plane analysis

C.f. Coupled dark energy (conformal but no disformal).

Phase space is 2D.
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Viable Models

Phase-Plane

3D phase space because )y depends on B(¢) and v — c.f.
conformal has Qg = o = 2D.

General Case:
@ No DE @ = 0 fixed points = dark energy but large fifth-forces

e Old fixed points unstable - system evolves towards dark
energy domination and (Q — oo



Viable Models

General Case




Viable Models
Special Case

v=A/2
Reduces the phase space to 2D and gives a new fixed point with
e Q = 0 = no fifth-forces
) wDE(/\,A/mO) and QDE(/\,A/mo)

Can always reproduce any value of wpg and Qpg e.g.
A =3.77953, A/my = 0.174519 gives WMAP9 results exactly.



Viable Models

Special Case

Red = disformal dark energy, Blue = conformal dark energy



Viable Models

Open Questions

v =A/2 good candidate model for disformal dark energy

Open problems:
@ Proper fit to expansion history
@ What about linear perturbations?

Need to find a good candidate model before doing more
complicated things!



