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cosmological forces

Gravity governs the large scale dynamics of the universe
Gravity is a long range force
Gravity couples universally

Are there other long-range forces in nature?

Yes! Electromagnetism

The universe is electrically neutral

No role in the cosmological evolution

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



screened electromagnetism?

Gauge fields are massless 
(required for long-range)

No-go result for Galileon 
gauge fields

Only remaining option, screening à la K-mouflage

L = K(Y, Z)
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No chameleon/symmetron mechanism

No Vainshtein mechanism
 (possible for massive fields)
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Born-infeld electromagnetism
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including gravity

rs

<latexit sha1_base64="Ag04txBuVYYM5dE5CXS4ImEQ2A8=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqi8mt4MVjBfshbSib7aZdupuE3Y1QQn+FFw+KePXnePPfuG0jqOiDgcd7M8zMCxLOlLbtD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGcRbWumOe0lkmIRcNoNplcLv3tPpWJxdKtnCfUFHkcsZARrI93JYTaQAqn5sFyxq3bDu7A9ZMgShnhuzW00kJMrFcjRGpbfB6OYpIJGmnCsVN+xE+1nWGpGOJ2XBqmiCSZTPKZ9QyMsqPKz5cFzdGaUEQpjaSrSaKl+n8iwUGomAtMpsJ6o395C/Mvrpzp0/YxFSappRFaLwpQjHaPF92jEJCWazwzBRDJzKyITLDHRJqOSCeHrU/Q/6dSqTr3q3dQrTTePowgncArn4MAlNOEaWtAGAgIe4AmeLWk9Wi/W66q1YOUzx/AD1tsnMzeQrA==</latexit>

rs

<latexit sha1_base64="Ag04txBuVYYM5dE5CXS4ImEQ2A8=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqi8mt4MVjBfshbSib7aZdupuE3Y1QQn+FFw+KePXnePPfuG0jqOiDgcd7M8zMCxLOlLbtD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGcRbWumOe0lkmIRcNoNplcLv3tPpWJxdKtnCfUFHkcsZARrI93JYTaQAqn5sFyxq3bDu7A9ZMgShnhuzW00kJMrFcjRGpbfB6OYpIJGmnCsVN+xE+1nWGpGOJ2XBqmiCSZTPKZ9QyMsqPKz5cFzdGaUEQpjaSrSaKl+n8iwUGomAtMpsJ6o395C/Mvrpzp0/YxFSappRFaLwpQjHaPF92jEJCWazwzBRDJzKyITLDHRJqOSCeHrU/Q/6dSqTr3q3dQrTTePowgncArn4MAlNOEaWtAGAgIe4AmeLWk9Wi/W66q1YOUzx/AD1tsnMzeQrA==</latexit>

r � rs

<latexit sha1_base64="dEt/Eh4ZhxmAyCoQyBGVvLRzLOY=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuSlJbTHYFNy4r2Ac0sUymk3TozCTMTJQS+h9uXCji1n9x5984bSOo6IELh3Pu5d57wpRRpW37w1pZXVvf2Cxtlbd3dvf2KweHXZVkEpMOTlgi+yFShFFBOppqRvqpJIiHjPTCyeXc790RqWgibvQ0JQFHsaARxUgb6Vb6cQzlMPclh2o2rFTtmt30zm0PGrKAIZ5bd5tN6BRKFRRoDyvv/ijBGSdCY4aUGjh2qoMcSU0xI7OynymSIjxBMRkYKhAnKsgXV8/gqVFGMEqkKaHhQv0+kSOu1JSHppMjPVa/vbn4lzfIdOQGORVpponAy0VRxqBO4DwCOKKSYM2mhiAsqbkV4jGSCGsTVNmE8PUp/J906zWnUfOuG9WWW8RRAsfgBJwBB1yAFrgCbdABGEjwAJ7As3VvPVov1uuydcUqZo7AD1hvn6DZkpo=</latexit>

r ⌧ rs

<latexit sha1_base64="PF+qxl/jNrn4IJtZMHCrAyTqX7E=">AAAB9XicdVBNS8NAEJ34WetX1aOXxSJ4KmltMbkVvHisYD+giWWz3bRLN5uwu1FK6P/w4kERr/4Xb/4bt20EFX0w8Hhvhpl5QcKZ0rb9Ya2srq1vbBa2its7u3v7pYPDjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyeXc795RqVgsbvQ0oX6ER4KFjGBtpFvpcY7kIPNkhNRsUCrbFbvhntsuMmQBQ1yn5jQaqJorZcjRGpTevWFM0ogKTThWql+1E+1nWGpGOJ0VvVTRBJMJHtG+oQJHVPnZ4uoZOjXKEIWxNCU0WqjfJzIcKTWNAtMZYT1Wv725+JfXT3Xo+BkTSaqpIMtFYcqRjtE8AjRkkhLNp4ZgIpm5FZExlphoE1TRhPD1KfqfdGqVar3iXtfLTSePowDHcAJnUIULaMIVtKANBCQ8wBM8W/fWo/VivS5bV6x85gh+wHr7BLBqkqQ=</latexit>

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.0

0.2

0.4

0.6

0.8

1.0

~F = �G
mM

r3
~r +

qQ

4⇡KY r3
~r = �G

mM

r3

✓
1� �2

KY

◆
~r

<latexit sha1_base64="hM3ADW0JgazbSnFv4h5PE41G3TA=">AAACgXicdZFta9swFIVld1u77M3dPu6LWBi0jAY7TVjCGJQNtkEZtLC0HXEaZOU6EZVkT5I7gtAP3cf9gv2FyY4H3dsFweEcHa54lJWcaRPH34Jw69btO9s7dzv37j94+CjafXymi0pRmNCCF+oiIxo4kzAxzHC4KBUQkXE4z67e1v n5NSjNCvnJrEuYCbKULGeUGG/NI5teA7Xv3OuD92muCLXio7Pq8tA1vnIvNu6XU2cHaclScTz/jG/kf/c45GYvOdi4aQaGXPadbYouVWy5Mvttdx514148HB/GY+xFM16MR/3RcIiT1umidk7m0Y90UdBKgDSUE62nSVyamSXKMMrBddJKQ0noFVnC1EtJBOiZbSA5/Nw7C5wXyh9pcOPebFgitF6LzN8UxKz0n1lt/iubViYfzSyTZWVA0s2ivOLYFLgmjhdMATV87QWhivm3Yroino7x/9JJJXylhRBELmpINSm/gRJuj11N6BcG/H9x1u8lg974dNA9etOy2kFP0TO0hxL0Eh2hD+gETRBF34PtIAp2w61wP4zD/uZqGLSdJ+i3CV/9BMwgxaU=</latexit>

� ⌘
p
2qMPl

m

<latexit sha1_base64="KFmeHq3GmTIQm2yGpOCz9was4TY="></latexit>

Charge-to-mass ratio
1/KY

<latexit sha1_base64="/Y26faNTZdy5CEMHbkkGs/bmDPo="></latexit>

r/rs

<latexit sha1_base64="HNFqUF/3ROJYYtJt+hKG/cSS0b0="></latexit>

Repulsive nature

Ge↵ ' G

<latexit sha1_base64="oCaqi525RWcIoeeb2/mObYKdS+k="></latexit>

Ge↵ =
�
1� �2

�
G

<latexit sha1_base64="tik0CLm9BSV7aiHEVIe995AUuBQ="></latexit>



newtonian cosmology

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

Lagrangian coordinates
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newtonian cosmology

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 no electric force:  
Comoving motion (no shell-crossing)

Non-linearities in the electric force break the 
scale invariance.  
Inhomogeneous evolution  
(it does not imply shell crossing).

We neglect Lorentz forces due to magnetic fields.



newtonian cosmology

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

Eulerian coordinates: Local scale factor
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breaking of comoving motion



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.
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shell-crossing: acceleration?
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The hubble tension
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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

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.

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 
(Lemaître) models.

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

A proper comparison to data is needed.


