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COSMOLOGICAL FORCES

Gravity is a long range force

Gravity governs the large scale dynamics of the universe Gravity couples universally

(3 i)
Are there other long-range forces in nature?

Yes! Electromagnetism

The universe is electrically neutral

No role in the cosmological evolution
g J

Could there be a dark electromagnetism playing a non-trivial role?

Wouldn’t that spoil the whole structure formation process?




SCREENING MECHANISMS

Screening mechanisms for cosmological models
have been extensively explored in the last 20 years

IR modifications of gravity add new dot’s which give
rise to 5th forces that have never been detected.

Eq;—matter = A((P)T @ D ¢ = —g(l —I—ﬁe_"")

We need to reconcile the absence of 5th forces on Solar system scales while having
non-trivial effects on cosmological scales.
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Screening mechanisms provided by non-linearities*
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* NB: We have the obvious “screening” of canceling the coupling constant at all scales.



SCREENED ELECTROMAGNETISM?

Gauge fields are massless

: No chameleon/symmetron mechanism
(required for long-range)

No-go result for Galileon
gauge fields

No Vainshtein mechanism
(possible for massive fields)
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Only remaining option, screening a la K-mouflage
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BORN-INFELD €LECTROMAGNETIIM
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INCLUDING GRAVITY
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NEWTONIAN COSMOLOQGY

(

Let us study the evolution of spherically symmetric
shells made out of identical charged (DM) particles

)
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Lagrangian coordinates

R(t,r,) = — Gﬂégm [1 ~ ﬁ2F(R/rS)}
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NEWTONIAN COSMOLOQGY

Let us study the evolution of spherically symmetric
shells made out of identical charged (DM) particles

-
Eulerian coordinates: L.ocal scale factor /
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For an initially uniform density Non-linearities in the electric force break the
profile and no electric force: scale invariance.
Comoving motion (no shell-crossing) Inhomogeneous evolution

(it does not imply shell crossing).

\WG neglect Lorentz forces due to magnetic fields.




NEWTONIAN COSMOLOQGY

Let us study the evolution of spherically symmetric
shells made out of identical charged (DM) particles

-
Eulerian coordinates: Local scale factor /
t
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For an initially uniform density profile and assuming no-shell crossing:
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Asymptotically ¢ o a; ~/“(r) and H is homogeneous.
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BREAKING OF COMOVING MOTION
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ADDING UNCHARGED BARYONS
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A little digression: Baryons and DM see different “metrics”, which could be seen as a
(fake) violation of the equivalence principle.




SHELL-CROSSING: ACCELERATION?

0.100
.. 0.001¢}
ae

1§D

T{HEAL : : : . ; :
1 100 10* 106

104}

10°

€ 102
I 101}

100}

TEEa e




THE HUBBLE TENSION

The outer shells expand with a
smaller Hubble expansion rate
than the inner shells.

The cosmological expansion would correspond to the
outermost shells, while the local measurements of
the Hubble constant would probe the inner shells.
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THE HUBBLE TENSION
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DE does not change the picture, but it can actually help.
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CONCLUSIONS/PROSPECTS

DM can be charged under a dark non-linear
electromagnetic field without spoiling the core of
structure formation.
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The dark electric force can affect the late-time evolution
with potentially interesting effects on the Hubble constant
and structure formation (dark flows?).

A fully relativistic description in terms of inhomogeneous
(Lemaitre) models.

N-body simulations should help clarifying the exact
effects on structure formation. Spherical collapse.

A proper comparison to data is needed.
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