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Classical Gravity

Newton (Universal gravity law)

Einstein (General relativity)

Fundamental or effective?:   
we don’t know

Singularities Effective



Breakdown of GR: Infrared

Ultraviolet

Intermediate scale 
in the strong 

gravity regime

True nature of 
accelerated expansion

Renormalizability

Departures from GR 
could be seen in 
compact objects 

(multi-messenger astronomy)

Are we in the verge of a scientific crisis?



Different possibilities to extend GR:

Massive gravity 
(dRGT) Extra dimensions 

(preserving second-order 
differential structure of 

field equations - Lovelock)

Other geometric formulations

Curvature Torsion Non metricity

New gravitational  
degrees of freedom

One scalar field Multiple scalar fields 
(multi Galileons)

p-forms

Vector fields

Horndeski DHOST

Generalized Proca Extended vector-tensor

Bimetric

L. Heisenberg, Phys. Rep. 2019



Vector fields in gravity and/or cosmology

Why to introduce them? Why not?

Let’s be pragmatical: 
there are much more vector fields in nature 

than fundamental scalar fields

Despite of these problems:

Ghosts, anisotropies 
in cosmology, etc.

The role of vector fields in 
gravitation, astrophysics, and 

cosmology has attracted a 
lot of interest in recent years

Generalized Proca theory



Generalized Proca theory

Proca theory in 
curved spacetime

Terms that break 
internal gauge symmetries

Principle of construction:
         has four degrees of freedom 

but only three can propagate

According to the structure of the 
irreducible representations of 

the Poincaré group

Then, it must be degenerate by construction

Its decoupling limit reduces to the Horndeski theory, so it’s healthy

G. Tasinato, JHEP 2014

L. Heisenberg, JCAP 2014


E. Allys, P. Peter, and Y. Rodríguez, JCAP 2016

E. Allys, P. Peter, J. P. Beltrán Almeida, and Y. Rodríguez, JCAP 2016


J. Beltrán Jiménez and L. Heisenberg, Phys. Lett. B 2016
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Generalized Proca theory in astrophysics and cosmology

Compact objects Inflation Dark energy

Too much anisotropy

Restoration of the isotropy

Rapid oscillations

Dilution by a companion 
scalar field

Suppression of the spatial 
components against the 

temporal one 

Cosmic triad

L. Heisenberg, Phys. Rep. 2019



Cosmic triad Particular case of the most general 
spherically symmetric configuration:

Except for the suppression of the 
spatial components against the 

temporal one, all the other options 
require global invariance of the 

action under SU(2)

This is the main motivation for the 
construction of the generalized SU(2) 

Proca theory (GSU2P)

E. Witten, Phys. Rev. Lett. 1977 
D. Sivers, Phys. Rev. D 1986 

P. Forgács and N. S. Manton, Commun. Math. Phys. 1980
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GSU2P Globally invariant under internal SU(2)

Spherically symmetric 
configuration It spontaneously breaks:

1. the internal SU(2) symmetry
2.  the Lorentz rotational symmetry
3.  the Lorentz boosts

This is, anyway, extraordinarily 
reasonable:  it seems to be nature’s 

strategy to produce all patterns 
we see in condensed matter 

systems (fluids, superfluids, solids, 
supersolids)

A. Nicolis, R. Penco, F. Piazza, and R. Rattazzi, JHEP 2015



Building the GSU2P
Implemented by (in strict order):

Healthiness:  either second-order field 
equations or degeneracy

- The primary constraint enforcing relation

- The remotion of redundant terms via total derivatives

- The covariantization

- The decoupling limit and its healthiness

- The construction of Lorentz-invariant and group-invariant 
    Lagrangian building blocks

E. Allys, P. Peter, and Y. Rodríguez, Phys. Rev. D 2016 
A. Gallego Cadavid, Y. Rodríguez, and L. G. Gómez, Phys. Rev. D 2020 
A. Gallego Cadavid, C. M. Nieto, and Y. Rodríguez, Phys. Rev. D 2022

- The secondary constraint enforcing 



The GSU2P and beyond 
(up to six space-time indices 

in the Lagrangian building 
blocks before contractions)
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�Ã

µ⇢c✏abc

<latexit sha1_base64="Yr9b680LqIPbRgxz6roxk6+EZTA="></latexit>

L1
4,2 ⌘(Bb ·Bb)[Sµa

µ S⌫
⌫a � Sµa

⌫ S⌫
µa]

+ 2(Ba ·Bb)[S
µa
µ S⌫b

⌫ � Sµa
⌫ S⌫b

µ ]

L2
4,2 ⌘Aa

µ⌫S
µb
� B⌫

aB
�
b �Aa

µ⌫S
µb
� B⌫

bB
�
a +Aa

µ⌫S
⇢b
⇢ Bµ

aB
⌫
b

L3
4,2 ⌘BµaR↵

�⇢µB↵aB
⇢bB�

b +
3

4
(Bb ·Bb)(Ba ·Ba)R

L4
4,2 ⌘[(Bb ·Bb)(Ba ·Ba) + 2(Ba ·Bb)(B

a ·Bb)]R

L5
4,2 ⌘Gµ⌫B

µaB⌫
a(B

b ·Bb)

L6
4,2 ⌘Gµ⌫B

µaB⌫b(Ba ·Bb)
<latexit sha1_base64="6MboxVAa2EveZKGVrc5nNQaYXPA="></latexit>

L̃1
4,2 ⌘� 2Aa

µ⌫S
µb
� B↵aB�b✏

⌫�↵� + Sa
µ⌫S

⌫b
� B↵aB�b✏

µ�↵�

L̃2
4,2 ⌘Aa

µ⌫S
µb
� B↵aB�b✏

⌫�↵� � Ã↵�
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The GSU2P and beyond 
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There are new interactions of purely  
non-Abelian character!

A. Gallego Cadavid, Y. Rodríguez, and L. G. Gómez, Phys. Rev. D 2020 



A novel mechanism to implement inflation

• Let’s split artificially our vector field fluid into two components:  one 
corresponding to the Yang-Mills term and the other corresponding to the 
new Proca terms. 

• What would happen if, due to the dynamics of the vector 
field,                   ? 

• That means a singularity in the energy-momentum tensor which must be 
avoided.  How?:                       so that                              .  Fine tuning??:  
yes, but the system could “self tune”.
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A novel mechanism to implement inflation

• What about the pressure?:  since                         , we have again a 
singularity in the energy-momentum tensor unless                       , i.e.,                                      

• The only possible consistent way to do this is if the new Proca 
component behaves as radiation:                       . 

• The new Proca component:  a radiation-like component with negative 
energy density and pressure.
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A novel mechanism to implement inflation

• If the two components behave as radiation, could we say that the 
complete system also behaves as radiation? 

• No.  0 divided by 0 could be anything: 

• The actual value of the equation of state parameter depends on the 
characteristics of the model. 

• A realization of this scenario, with                , i.e.,           and self tuning will 
be presented in the following.

Y. Rodríguez and A. A. Navarro, Phys. Dark Univ. 2018

<latexit sha1_base64="CsW7h87T6Wa6uGmNG9/2X5i11Yc="></latexit>

! ⌘ PYM + PnP

⇢YM + ⇢nP

<latexit sha1_base64="oLYFnfthad2sWQcnVHOFb5AI7vs=">AAAB7HicdZDNSgMxFIUz/tb6V3XpJlgENw6Z2tZ2IRTduKxgf6AtJZPetqGZyZBkhDL0LXQl6s6n8QV8GzO1goqe1Zd7TuCe60eCa0PIu7O0vLK6tp7ZyG5ube/s5vb2m1rGikGDSSFV26caBA+hYbgR0I4U0MAX0PInV6nfugOluQxvzTSCXkBHIR9yRo0ddboygBHFF/jU6+fyxCXlUpVUMXFLxKvMgZBypXCGPQup8mihej/31h1IFgcQGiao1h2PRKaXUGU4EzDLdmMNEWUTOoKOxZAGoHvJfOUZPh5Khc0Y8Pz9PZvQQOtp4NtMQM1Y//bS4V9eJzbDSi/hYRQbCJmNWG8YC2wkTpvjAVfAjJhaoExxuyVmY6ooM/Y+WVv/qyP+H5oF1yu7xZtivna5OEQGHaIjdII8dI5q6BrVUQMxJNEDekYvTujcO4/O02d0yVn8OUA/5Lx+AO7djg0=</latexit>

! = �1
<latexit sha1_base64="15CliOdmFd69Ypw02km0LBHv4Vk=">AAAB7XicdZDNTgIxFIU7+If4h7p000hMXJEOAsLChOjGJSbykzAT0ikXaOhMJ23HhBAeQ1dG3fkyvoBvYwcxUaNn9fWe0+SeG8SCa0PIu5NZWV1b38hu5ra2d3b38vsHbS0TxaDFpJCqG1ANgkfQMtwI6MYKaBgI6ASTq9Tv3IHSXEa3ZhqDH9JRxIecUWNHngex5kJG+AKTfr5AiqRaqZM6JsUKcWsLIKRaK51h10KqAlqq2c+/eQPJkhAiwwTVuueS2PgzqgxnAuY5L9EQUzahI+hZjGgI2p8tdp7jk6FU2IwBL97fszMaaj0NA5sJqRnr3146/MvrJWZY82c8ihMDEbMR6w0TgY3EaXU84AqYEVMLlClut8RsTBVlxh4oZ+t/dcT/Q7tUdKvF8k250LhcHiKLjtAxOkUuOkcNdI2aqIUYitEDekYvjnTunUfn6TOacZZ/DtEPOa8fPPyO2g==</latexit>

✏ = 0



• Cosmic triad:   

• Almost all the available parameter space 
exhibits a non-eternal asymptotic 
behaviour that corresponds to an 
inflationary solution with            .                                          


• These results can be made 
consistent with the gravity waves 
speed constraint!

Constant-roll inflation (              ) 
as a non-eternal asymptotic 
behaviour (              )

<latexit sha1_base64="w7yBNjnFLAz8g0PzWoOrqoA7HM4=">AAAB6XicbZDNTgIxFIXv4B/iH+rSTSMxcUVmDFGXRDcuMZGfBCakU+5AQ6edtB0TQngIXRl15+v4Ar6NBWeh4Fl9vec0uedGqeDG+v6XV1hb39jcKm6Xdnb39g/Kh0ctozLNsMmUULoTUYOCS2xabgV2Uo00iQS2o/Ht3G8/ojZcyQc7STFM6FDymDNq3ajTw9RwoWS/XPGr/kJkFYIcKpCr0S9/9gaKZQlKywQ1phv4qQ2nVFvOBM5KvcxgStmYDrHrUNIETThd7DsjZ7HSxI6QLN6/s1OaGDNJIpdJqB2ZZW8+/M/rZja+DqdcpplFyVzEeXEmiFVkXpsMuEZmxcQBZZq7LQkbUU2ZdccpufrBctlVaF1Ug8tq7b5Wqd/khyjCCZzCOQRwBXW4gwY0gYGAZ3iDd2/sPXkv3utPtODlf47hj7yPbzNhjb4=</latexit>✏
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<latexit sha1_base64="1gFqczoYkYvZ4aY1m2SpWMFU/V8="></latexit>

B0a(t) =0

Bia(t) =a(t) (t)�ia

<latexit sha1_base64="G29ZNr5SITJhHDSGELmWgoL3iNU="></latexit>

x ⌘  ̇p
2mPH

y ⌘  p
2mP

<latexit sha1_base64="7pZpIRAayA/Zo3VQOwbN8h9Ok1A=">AAAB/HicdVDLSgNBEJyNrxhfq57Ey2AQPC2zJmi8iV48RjAaSMIyO+kkQ2YfzPSqIag/oydRb36FP+DfOIkRVLRO1V3V0FVhqqRBxt6d3NT0zOxcfr6wsLi0vOKurp2bJNMCaiJRia6H3ICSMdRQooJ6qoFHoYKLsH880i8uQRuZxGc4SKEV8W4sO1JwtKvA3RgEKW1q2e0h1zq5os0QkNPrIA3cIvNKBxYVyrwyY8xnE8JK1PfYGEUyQTVw35rtRGQRxCgUN6bhsxRbQ65RCgU3hWZmIOWiz7vQsDTmEZjWcBzhhm53Ek2xB3Q8f/cOeWTMIAqtJ+LYM7+10fIvrZFhp9IayjjNEGJhLVbrZIpiQkdN0LbUIFANLOFCS/slFT2uuUDbV8HG/8pI/yfnu56/55VPy8XDo0kRebJJtsgO8ck+OSQnpEpqRJA78kCeyYtz69w7j87TpzXnTG7WyQ84rx8jV5UK</latexit>

yp ! �xp

<latexit sha1_base64="bYKv+0INTyJY+2vWdGb/yRGGuH0=">AAACDXicdVDLSgNBEJz1bXxFPXoZDIJ4WGZN8HEQgl5yVDAqZEOYnfSawdkHM71CWPYb9Gf0JOrNiz/g3ziJUVS0TtVd1dBVQaqkQcbenLHxicmp6ZnZ0tz8wuJSeXnlzCSZFtAUiUr0RcANKBlDEyUquEg18ChQcB5cHQ3082vQRibxKfZTaEf8MpahFBztqlPe8rvdBHM/NbKgB9QPNRe5V+R+AMgL2qD+l9wpV5hb3bfYo8ytMcY8NiKsSj2XDVEhIxx3yq/2WGQRxCgUN6blsRTbOdcohYKi5GcGUi6u+CW0LI15BKadDzMVdCNMNMUe0OH83ZvzyJh+FFhPxLFnfmuD5V9aK8Nwr53LOM0QYmEtVgszRTGhg2poV2oQqPqWcKGl/ZKKHreFoC2wZON/ZqT/k7Nt19txaye1Sv1wVMQMWSPrZJN4ZJfUSYMckyYR5Jbckyfy7Nw4d86D8/hhHXNGN6vkB5yXdxA9nCg=</latexit>

 ̈ =
1

�
H ̇

<latexit sha1_base64="APxRbrZbxkO8KyNTr6CEcp+7IyM=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjK2aF0IRTcuK9gHdIaSSW/b0MxkSDJCGfoZuhJ158/4A/6NaR1BRc/q3HvOhXNumAiuDSHvTmFpeWV1rbhe2tjc2t4p7+61tUwVgxaTQqpuSDUIHkPLcCOgmyigUSigE06u5nrnDpTmMr410wSCiI5iPuSMGrvyfUg0FzLGF5j0yxXiVs8t6pi4NUKIR3JCqthzyQIVlKPZL7/5A8nSCGLDBNW655HEBBlVhjMBs5Kfakgom9AR9CyNaQQ6yBaZZ/hoKBU2Y8CL+bs3o5HW0yi0noiasf6tzZd/ab3UDOtBxuMkNRAza7HaMBXYSDyvjgdcATNiagllituUmI2poszYB5Vs/a+O+H/SPnG9U7d2U6s0LvNHFNEBOkTHyENnqIGuURO1EEMJekDP6MWRzr3z6Dx9WgtOfrOPfsB5/QAtG47O</latexit>

✏ = 0

J. C. Garnica, L. G. Gómez, A. A. Navarro, and Y. Rodríguez, Ann. Phys. (Berlin) 2022



• When      and      approach 0, 
solutions leave the asymptotic 
behaviour and inflation ends 
through oscillations of      around 0 
and oscillations of      around 2 (like 
a scalar inflaton decaying into 
radiation). 

• This scenario is free of ghosts and 
Laplacian instabilities in the tensor 
sector since it behaves as general 
relativity at the perturbative 
(tensorial) level at least up to second 
order.

Inflation exit

<latexit sha1_base64="G29ZNr5SITJhHDSGELmWgoL3iNU="></latexit>

x ⌘  ̇p
2mPH

y ⌘  p
2mP

<latexit sha1_base64="+cj+450TsSgeyQNDoswQjmw9GGs=">AAAB5HicdVDLTgJBEOzFF+IL9ehlIjHxtJlVongjevGIUR4JEDI79MKE2UdmZo1kwx/oyag3v8gf8G8cEBM1Wqfqruqkqv1ECm0ofXdyC4tLyyv51cLa+sbmVnF7p6HjVHGs81jGquUzjVJEWDfCSGwlClnoS2z6o4up3rxFpUUc3Zhxgt2QDSIRCM6MXV3f9ZJesUTd4zOLCqFumVLq0Tmhx8Rz6QwlmKPWK751+jFPQ4wMl0zrtkcT082YMoJLnBQ6qcaE8REbYNvSiIWou9ks6oQcBLEiZohkNn/3ZizUehz61hMyM9S/tenyL62dmqDSzUSUpAYjbi1WC1JJTEymjUlfKORGji1hXAmbkvAhU4wb+5eCrf/VkfxPGkeud+KWr8ql6vn8EXnYg304BA9OoQqXUIM6cBjAAzzDixM4986j8/RpzTnzm134Aef1A7Oci7g=</latexit>xp
<latexit sha1_base64="vACXS2oVvGXNbN6WqNt6dWFWDrA=">AAAB5HicdVDLTgJBEOzFF+IL9ehlIjHxtJkVongjevGIUR4JEDI79MKE2UdmZk0I4Q/0ZNSbX+QP+DcOuCZqtE7VXdVJVfuJFNpQ+u7klpZXVtfy64WNza3tneLuXlPHqeLY4LGMVdtnGqWIsGGEkdhOFLLQl9jyx5dzvXWHSos4ujWTBHshG0YiEJwZu7qZ9JN+sUTd8rlFlVC3Qin1aEZomXguXaAEGer94lt3EPM0xMhwybTueDQxvSlTRnCJs0I31ZgwPmZD7FgasRB1b7qIOiNHQayIGSFZzN+9UxZqPQl96wmZGenf2nz5l9ZJTVDtTUWUpAYjbi1WC1JJTEzmjclAKORGTixhXAmbkvARU4wb+5eCrf/VkfxPmieud+pWriul2kX2iDwcwCEcgwdnUIMrqEMDOAzhAZ7hxQmce+fRefq05pzsZh9+wHn9ALUci7k=</latexit>yp

<latexit sha1_base64="gDG7IxVK/LmgFYRkpXTjcHqZ48E=">AAAB5XicdVDLTgJBEOzFF+IL9ehlIjHxtJkVongjevGIiQgJbMjs0MCE2UdmZk0I4RP0ZNSbP+QP+DfO4pqo0TpVd1UnVR0kUmhD6btTWFpeWV0rrpc2Nre2d8q7e7c6ThXHFo9lrDoB0yhFhC0jjMROopCFgcR2MLnM9PYdKi3i6MZME/RDNorEUHBmslUv0aJfrlC3em5RJ9StUUo9mhNaJZ5LF6hAjma//NYbxDwNMTJcMq27Hk2MP2PKCC5xXuqlGhPGJ2yEXUsjFqL2Z4usc3I0jBUxYySL+bt3xkKtp2FgPSEzY/1by5Z/ad3UDOv+TERJajDi1mK1YSqJiUlWmQyEQm7k1BLGlbApCR8zxbixjynZ+l8dyf/k9sT1Tt3ada3SuMgfUYQDOIRj8OAMGnAFTWgBhzE8wDO8OCPn3nl0nj6tBSe/2YcfcF4/AGpjjCM=</latexit>

 
<latexit sha1_base64="FlN8J5e8DxSoc25kEnsNkoyB79o=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GjK2aN0V3bisYG2hHUomvdOGZpIhyQil9CN0JerO3/EH/BvTOoKKntW595wL59woFdxYQt69wtLyyupacb20sbm1vVPe3bs1KtMMWkwJpTsRNSC4hJblVkAn1UCTSEA7Gl/O9fYdaMOVvLGTFMKEDiWPOaPWrTo9SA0XSvbLFeJXzx3qmPg1QkhAckKqOPDJAhWUo9kvv/UGimUJSMsENaYbkNSGU6otZwJmpV5mIKVsTIfQdVTSBEw4XeSd4aNYaWxHgBfzd++UJsZMksh5EmpH5rc2X/6ldTMb18Mpl2lmQTJncVqcCWwVntfGA66BWTFxhDLNXUrMRlRTZt1zSq7+V0f8P7k98YNTv3ZdqzQu8kcU0QE6RMcoQGeoga5QE7UQQwI9oGf04o29e+/Re/q0Frz8Zh/9gPf6AYjJjfk=</latexit>✏

<latexit sha1_base64="w7yBNjnFLAz8g0PzWoOrqoA7HM4=">AAAB6XicbZDNTgIxFIXv4B/iH+rSTSMxcUVmDFGXRDcuMZGfBCakU+5AQ6edtB0TQngIXRl15+v4Ar6NBWeh4Fl9vec0uedGqeDG+v6XV1hb39jcKm6Xdnb39g/Kh0ctozLNsMmUULoTUYOCS2xabgV2Uo00iQS2o/Ht3G8/ojZcyQc7STFM6FDymDNq3ajTw9RwoWS/XPGr/kJkFYIcKpCr0S9/9gaKZQlKywQ1phv4qQ2nVFvOBM5KvcxgStmYDrHrUNIETThd7DsjZ7HSxI6QLN6/s1OaGDNJIpdJqB2ZZW8+/M/rZja+DqdcpplFyVzEeXEmiFVkXpsMuEZmxcQBZZq7LQkbUU2ZdccpufrBctlVaF1Ug8tq7b5Wqd/khyjCCZzCOQRwBXW4gwY0gYGAZ3iDd2/sPXkv3utPtODlf47hj7yPbzNhjb4=</latexit>✏
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J. C. Garnica, L. G. Gómez, A. A. Navarro, and Y. Rodríguez, Ann. Phys. (Berlin) 2022



• The Hubble parameter 
contourplot reveals there are 
no Big-Bang singularities! 

• The amount of constant-roll 
inflation is enough to solve the 
classical problems of the 
standard cosmology.

Inflation exit

<latexit sha1_base64="G29ZNr5SITJhHDSGELmWgoL3iNU="></latexit>

x ⌘  ̇p
2mPH

y ⌘  p
2mP

-��� -��� ��� ��� ���
-���

-���

���

���

���

<latexit sha1_base64="I3sFO8wsr+Rb4Bnwga/wAG0Z4yg=">AAAB+HicbZC9TsMwFIVv+C3lL4CYWCwqJKYqQRUwVrB0LBL9kZooclyntWonke0glSjvAhMCNp6DF+BtcEsGaDnT53uOpXtPmHKmtON8WSura+sbm5Wt6vbO7t6+fXDYVUkmCe2QhCeyH2JFOYtpRzPNaT+VFIuQ0144uZ35vQcqFUviez1NqS/wKGYRI1ibUWAfe5HEJG8VuQjayBtjnY+KIrBrTt2ZCy2DW0INSrUD+9MbJiQTNNaEY6UGrpNqP8dSM8JpUfUyRVNMJnhEBwZjLKjy8/n6BTqLEon0mKL5+3c2x0KpqQhNRmA9VovebPifN8h0dO3nLE4zTWNiIsaLMo50gmYtoCGTlGg+NYCJZGZLRMbYNKFNV1Vzvrt47DJ0L+ruZb1x16g1b8oiKnACp3AOLlxBE1rQhg4QyOEZ3uDderSerBfr9Se6YpV/juCPrI9vXguTfw==</latexit>

H

mP ĝ

�
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�

�

J. C. Garnica, L. G. Gómez, A. A. Navarro, and Y. Rodríguez, Ann. Phys. (Berlin) 2022

<latexit sha1_base64="HBiWcIXDZSyGEaq5/xELzGL1pfs=">AAACAXicdVDLSgNBEJz1GeNr1aMgg0Hw4jJrgsZb0IsniWAekA1hdtJJhsw+mJkVlyQn/Rk9iXrzF/wB/8ZJjKCidaruqoau8mPBlSbk3ZqZnZtfWMwsZZdXVtfW7Y3NqooSyaDCIhHJuk8VCB5CRXMtoB5LoIEvoOb3z8Z67Rqk4lF4pdMYmgHthrzDGdVm1bJ3LrBH41hGN/jA80FT7IkQD9PWgId8NGzZOeLkTwyKmDgFQohLpoTkseuQCXJoinLLfvPaEUsCCDUTVKmGS2LdHFCpORMwynqJgpiyPu1Cw9CQBqCag0mOEd7rRBLrHuDJ/N07oIFSaeAbT0B1T/3Wxsu/tEaiO8WmyRInGkJmLEbrJALrCI/rwG0ugWmRGkKZ5OZLzHpUUqZNaVkT/ysj/p9UDx33yClcFnKl02kRGbSNdtE+ctExKqFzVEYVxNAdekDP6MW6te6tR+vp0zpjTW+20A9Yrx9nVZbX</latexit>

N ⇡ �� ln |yini|



Equations of state parameters

• Analytical results demonstrate that, in the asymptotic limit, when                
and                  , the system reveals the following behaviour for energy 
densities, pressures, and equations of state parameters: 

• This is consistent with our previous expectations! 

Y. Rodríguez and A. A. Navarro, Phys. Dark Univ. 2018

<latexit sha1_base64="LnsawstPUiBZHkA7DHtoNdby+Dg=">AAAB/3icdVDLSgMxFM34rPVVdamLYBFclUxt1e6KbtwICrZVOqVkYqYTmpkMyR2lDF3oz+hK1J3/4A/4N6ZaQUXP6tx7zoV7jp9IYYCQN2dicmp6ZjY3l59fWFxaLqysNo1KNeMNpqTS5z41XIqYN0CA5OeJ5jTyJW/5/cOR3rri2ggVn8Eg4Z2I9mIRCEbBrrqFDU+HqptdHA+xp0UvBKq1usaeiAMYdAtFUipXSW2vjEmpStxadccSQvZrVRe7loxQRGOcdAuv3qViacRjYJIa03ZJAp2MahBM8mHeSw1PKOvTHm9bGtOIm072kWKItwKlMYQcf8zfvRmNjBlEvvVEFELzWxst/9LaKQT7nUzESQo8ZtZitSCVGBQelYEvheYM5MASyrSwX2IWUk0Z2MryNv5XRvw/aZZL7m6pclop1g/GReTQOtpE28hFe6iOjtAJaiCGbtE9ekLPzo1z5zw4j5/WCWd8s4Z+wHl5BwEqlrU=</latexit>

⇢YM ! 1 <latexit sha1_base64="JCpcNAPak/ZDRZR2Jc4wC1FtvNI=">AAACAHicdVDLSgMxFM34rPVVdSlCsAhuLJlq1e6KblxWsCp0SsnETCeYSYbkjlKGbvRndCXqzm/wB/wbU62gomd17j3nwj0nTKWwQMibNzY+MTk1XZgpzs7NLyyWlpZPrc4M4y2mpTbnIbVcCsVbIEDy89RwmoSSn4WXh0P97IobK7Q6gX7KOwntKREJRsGtuqW1wMS6m6vmAAdG9GKgxuhrvBUIFUG/WyqTSrVG6ntVTCo14tdr244Qsl+v+dh3ZIgyGqHZLb0GF5plCVfAJLW27ZMUOjk1IJjkg2KQWZ5Sdkl7vO2oogm3nfwjxgBvRNpgiDn+mL97c5pY209C50koxPa3Nlz+pbUziPY7uVBpBlwxZ3FalEkMGg/bwBfCcAay7whlRrgvMYupoQxcZ0UX/ysj/p+cViv+bmXneKfcOBgVUUCraB1tIh/toQY6Qk3UQgzdonv0hJ69G+/Oe/AeP61j3uhmBf2A9/IOmPWXBA==</latexit>

⇢nP ! �1
<latexit sha1_base64="fNstRhoentF56jc389FwBZ/Btv4=">AAAB/XicdVDLSgMxFM34rPU16k43wSK4sWRqq3ZXdOOyglWhU0omZtrQTGZI7ihlKPozuhJ150/4A/6NGa2gomd17j3nwj0nSKQwQMibMzE5NT0zW5grzi8sLi27K6tnJk414y0Wy1hfBNRwKRRvgQDJLxLNaRRIfh4MjnL9/IprI2J1CsOEdyLaUyIUjIJddd31ZjdTzRH2tej1gWodX+MdX6gQhl23RMqVGqnvVzAp14hXr+1aQshBveZhz5IcJTRGs+u++pcxSyOugElqTNsjCXQyqkEwyUdFPzU8oWxAe7xtqaIRN53sI8MIb4WxxtDn+GP+7s1oZMwwCqwnotA3v7V8+ZfWTiE86GRCJSlwxazFamEqMcQ4rwJfCs0ZyKEllGlhv8SsTzVlYAsr2vhfGfH/5KxS9vbK1ZNqqXE4LqKANtAm2kYe2kcNdIyaqIUYukX36Ak9OzfOnfPgPH5aJ5zxzRr6AeflHQjBlZE=</latexit>

PnP ! �1<latexit sha1_base64="4WtXUPFP0zhhyCeUNLsmE2KXRY0=">AAAB/HicdVDLTgJBEJz1ifhCPRkvE4mJJzKLrMCN6MWLCSbyMEDI7DALE2YfmenVkA36M3oy6s2v8Af8GwfERI3WqbqrOukqN5JCAyHv1tz8wuLScmolvbq2vrGZ2dqu6zBWjNdYKEPVdKnmUgS8BgIkb0aKU9+VvOEOTyd645orLcLgEkYR7/i0HwhPMApm1c3sVrvJ1fkYt5XoD4AqFd7gtgg8GHUzWZLLO6RczGOSc4hddo4MIaRUdmxsGzJBFs1Q7Wbe2r2QxT4PgEmqdcsmEXQSqkAwycfpdqx5RNmQ9nnL0ID6XHeSaYQxPvBChWHA8XT+7k2or/XId43HpzDQv7XJ8i+tFYNX6iQiiGLgATMWo3mxxBDiSRO4JxRnIEeGUKaE+RKzAVWUgekrbeJ/ZcT/k3o+Zx/nCheFbOVkVkQK7aF9dIhsVEQVdIaqqIYYukMP6Bm9WLfWvfVoPX1a56zZzQ76Aev1A3JClUI=</latexit>

PYM ! 1
<latexit sha1_base64="022/3eUQV7PbVqMDiyhFKtug17w="></latexit>

!YM ⌘ PYM/⇢YM ! 1

3

<latexit sha1_base64="MIWlgeUA2ip3MkUQPUftlYPGX+c="></latexit>

!nP ⌘ PnP /⇢nP ! 1

3
<latexit sha1_base64="eBPR+CoVEUxiqm4LspjRjPccs3I="></latexit>

⇢nP /⇢YM ! �1
<latexit sha1_base64="JILZngO6htxg/FwZJaFrTDuuMnw=">AAACAXicdVDLTgIxFO3gC/E16tLENBITN44dZAR2RDduTDARxACZdEqBhs4jbUdDJrPSn9GVUXf+gj/g31gQEzV6Nvfce06TnuNFnEmF0LuRmZmdm1/ILuaWlldW18z1jYYMY0FonYQ8FE0PS8pZQOuKKU6bkaDY9zi99IYnY/3ymgrJwuBCjSLa8XE/YD1GsNIn19yuuUlQSw/0uDpLYVuw/kBhIcIbuG9D6Jp5ZBUcVCkVILIcZFecQ00QKlccG9qajJEHU9Rc863dDUns00ARjqVs2ShSnQQLxQinaa4dSxphMsR92tI0wD6VnWSSI4W7vVBANaBwsn/3JtiXcuR72uNjNZC/tfHxL60Vq165k7AgihUNiLZorRdzqEI4rgN2maBE8ZEmmAimfwnJAAtMlC4tp+N/ZYT/k0bBso+s4nkxXz2eFpEFW2AH7AEblEAVnIIaqAMC7sADeAYvxq1xbzwaT5/WjDF9swl+wHj9AF0CliA=</latexit>

PnP /PYM ! �1

<latexit sha1_base64="CFN3GUCPqjxCqN891w0YpvKq4Ho="></latexit>

! ⌘ PYM + PnP

⇢YM + ⇢nP
! �1

<latexit sha1_base64="VfRTnPNJ+nE2QUekqM3o2zaU1S8=">AAAB+HicdZDNSgMxFIUz/tb6VxVXboJFcFUytaN2J7pxqWBV6JSSSW/b0MwPyR11HPouuhJ153P4Ar6NqVZQ0bP6cs8J3HuCREmDjL05E5NT0zOzhbni/MLi0nJpZfXcxKkW0BCxivVlwA0oGUEDJSq4TDTwMFBwEQyORv7FFWgj4+gMswRaIe9FsisFRztql9Yz6mvZ6yPXOr6mfgDI6U27VGaVqsfqe1XKKh5z696OBcb2655LXQsjlclYJ+3Sq9+JRRpChEJxY5ouS7CVc41SKBgW/dRAwsWA96BpMeIhmFb+sf6QbnVjTbEP9OP9PZvz0JgsDGwm5Ng3v73R8C+vmWJ3v5XLKEkRImEj1uumimJMRy3QjtQgUGUWuNDSbklFn2su0HZVtOd/3Uj/h/Nqxd2t1E5r5YPDcREFskE2yTZxyR45IMfkhDSIIDm5J0/k2bl17pwH5/EzOuGM/6yRH3Je3gERGZNQ</latexit>

y ! �x
<latexit sha1_base64="M6jry/+H8+4xGFFe2sbJEU0wps0=">AAAB+3icdVDLTgJBEJz1ifhCvZh4mUhMPJFZBIEb0YtHTOSRsITMDrMwYfaRmV51Q/Bn9GTUm3/hD/g3ziImarRO1V3VSVe5kRQaCHm3FhaXlldWM2vZ9Y3Nre3czm5Lh7FivMlCGaqOSzWXIuBNECB5J1Kc+q7kbXd8nurta660CIMrSCLe8+kwEJ5gFMyqn9u/xY4SwxFQpcIb7EQ+dkTgQdLP5UmhWCa1ShGTQpnYtfKJIYRUa2Ub24akyKM5Gv3cmzMIWezzAJikWndtEkFvQhUIJvk068SaR5SN6ZB3DQ2oz3VvMkswxUdeqDCMOJ7N370T6mud+K7x+BRG+reWLv/SujF41d5EBFEMPGDGYjQvlhhCnBaBB0JxBjIxhDIlzJeYjaiiDExdWRP/KyP+n7SKBfu0ULos5etn8yIy6AAdomNkowqqowvUQE3E0B16QM/oxZpa99aj9fRpXbDmN3voB6zXD4uglLw=</latexit>

x ! ±1



• There is only one degree of 
freedom in the background:  
the norm      of the fields in the 
cosmic triad. 

• Assuming the problem can be 
treated, perturbatively, as a 
single-field scenario, the 
spectrum is given by: 

• Consistency with observations!

Spectrum of     
<latexit sha1_base64="Yknv55s99gxCBAhJ50U6UVb6yhc=">AAAB5nicdZDNTgIxFIU7/iL+oS7dNBITV2SGEIQd0Y1LTBwggQnplDtMQ+cn7R0TJLyCroy684F8Ad/GDmKiRs/q9H6nyT3XT6XQaNvv1srq2vrGZmGruL2zu7dfOjjs6CRTHFyeyET1fKZBihhcFCihlypgkS+h608uc969BaVFEt/gNAUvYuNYBIIzNCN3cAfIhqWyXbGN6nWaG6dhO8Y0m41qtUmdBbLtMlmqPSy9DUYJzyKIkUumdd+xU/RmTKHgEubFQaYhZXzCxtA3NmYRaG+2WHZOT4NEUQyBLt7fszMWaT2NfJOJGIb6N8uHf7F+hkHDm4k4zRBibiKGBZmkmNC8Mx0JBRzl1BjGlTBbUh4yxTiayxRN/a+O9H/TqVaceqV2XSu3LpaHKJBjckLOiEPOSYtckTZxCSeCPJBn8mKF1r31aD19Rles5Z8j8kPW6wcsqoyX</latexit>

⇣

<latexit sha1_base64="tM6ElPLju4k7zkCY0bGi2WW0RAk=">AAAB5XicdZDLSsNAFIZP6q3WW9Wlm8EiuCpJKbXdFd24rGAv0IYymZ40QycXZiZCCX0EXYm684V8Ad/GSa2gov/qn/P9A+c/XiK40rb9bhXW1jc2t4rbpZ3dvf2D8uFRT8WpZNhlsYjlwKMKBY+wq7kWOEgk0tAT2PdmVznv36FUPI5u9TxBN6TTiPucUZ2PRoni43LFrtpGjQbJjdO0HWNarWat1iLOEtl2BVbqjMtvo0nM0hAjzQRVaujYiXYzKjVnAhelUaowoWxGpzg0NqIhKjdb7rogZ34siQ6QLN/fsxkNlZqHnsmEVAfqN8uHf7Fhqv2mm/EoSTVGzEQM81NBdEzyymTCJTIt5sZQJrnZkrCASsq0OUzJ1P/qSP43vVrVaVTrN/VK+3J1iCKcwCmcgwMX0IZr6EAXGATwAM/wYk2te+vRevqMFqzVn2P4Iev1A2rSjCU=</latexit>

 

<latexit sha1_base64="OEaPdDtXnSNkFLohhfkGxNynrys="></latexit>
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Some open questions

Technical questions:

Consistency with observations:

- Does the theory propagate the right 
number of degrees of freedom in  

curved spacetime?

- Stability issues (partially studied in [1] and [2])

- The cutoff scale of the theory

- The causal structure of the theory

-  Does there exist a screening mechanism?

- Applications to dark energy (partially 
explored in [3])

[1] L. G. Gómez and Y. Rodríguez, Phys. Rev. D 2019

[3] Y. Rodríguez and A. A. Navarro, Phys. Dark Univ. 2018

- Does the theory respect the equivalence 
principle?

[2] J. C. Garnica, L. G. Gómez, A. A. Navarro, and Y. Rodríguez, Ann. Phys. (Berlin) 2022



Thank you!


