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Medición directa

Geometria (Cefeidas)      Cefeidas - SNe Ia      SNe Ia ⇒ ⇒

Anchors 
D~kpc or Mpc

Cross-calibrate

D~10 - 40 Mpc

Hubble flow

D~Gpc (z~0.023-0.15)

+

redshift



5 different 

sources

19 calibrations

300 SNe Ia

Medición directa
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Problema de la constante cosmologica

1- Ajuste fino
⇤ = (2.108 + 10�47) GeV 4

<latexit sha1_base64="uxNzzWZFVACKZccy5taLaipUUJY=">AAACCnicbVBLSwMxGMzWV62vVY9eokWoiMtuLbQXoeBBDx4q2Ae025LNZtvQ7IMkK5SlXr34V7x4UMSrv8Cb/8a03YO2DiQMM/ORfONEjAppmt9aZml5ZXUtu57b2Nza3tF39xoijDkmdRyykLccJAijAalLKhlpRZwg32Gk6QwvJ37znnBBw+BOjiJi+6gfUI9iJJXU0w87NyrsootCERqW2a2cqis5K5XHJ/DhijS6pZ6eNw1zCrhIrJTkQYpaT//quCGOfRJIzJAQbcuMpJ0gLilmZJzrxIJECA9Rn7QVDZBPhJ1MVxnDY6W40Au5OoGEU/X3RIJ8IUa+o5I+kgMx703E/7x2LL2KndAgiiUJ8OwhL2ZQhnDSC3QpJ1iykSIIc6r+CvEAcYSlai+nSrDmV14kjaJhnRvF21K+WknryIIDcAQKwAJlUAXXoAbqAINH8AxewZv2pL1o79rHLJrR0pl98Afa5w/6aJc9</latexit>

2- Coincidencia

Es un problema difícil….. degravitación?

Es un problema más simple

atractor 

A- Podemos resolver el problema de la constante cosmológica y la expansión acelerada 
del universo

B- La constante cosmologica es nula, no sabemos todavia porque. Tenemos que explicar 
la aceleración del universo sin constante cosmológica. 

Son los modelos de energía oscura



Quintaesencia

S =

Z p
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<latexit sha1_base64="A8Vz7ekbS0IIFXEuO3ZXKIFHDhw="></latexit>

Energía oscura (quintaesencia, gas de Chaplygin…)

w ⌘ P

⇢
=

1
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1
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2 + V
<latexit sha1_base64="uDiJ88vC4snk3u3QxM+dAM9rgfs="></latexit>

P = w⇢
<latexit sha1_base64="tODoBM5WC5sLZoPr492xFJbrJ70=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4KrtVsBeh4MVjBfsB7VKyabYNzSYhySpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7a2tb2xubRd2irt7+weHpaPjlpGpJrRJJJe6E2FDORO0aZnltKM0xUnEaTsa38789iPVhknxYCeKhgkeChYzgq2T2o2bp54eyX6p7Ff8OdAqCXJShhyNfumrN5AkTaiwhGNjuoGvbJhhbRnhdFrspYYqTMZ4SLuOCpxQE2bzc6fo3CkDFEvtSlg0V39PZDgxZpJErjPBdmSWvZn4n9dNbVwLMyZUaqkgi0VxypGVaPY7GjBNieUTRzDRzN2KyAhrTKxLqOhCCJZfXiWtaiW4rFTvr8r1Wh5HAU7hDC4ggGuowx00oAkExvAMr/DmKe/Fe/c+Fq1rXj5zAn/gff4AG9ePYw==</latexit>

Usualmente introducen de manera no natural una pequeña escala

Ejemplo:

Freezing models Thawing models

V (�) = M4+n��n
<latexit sha1_base64="aR1lMCP9r0nj6d/phq9CmwbVT10=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKmJJasFuhIIbN0IF+4A2LZPpxA6dTMLMRCghbvwVNy4UcetfuPNvnLRZaOuBC2fOuZe597gho1JZ1reRW1peWV3Lrxc2Nre2d8zdvZYMIoFJEwcsEB0XScIoJ01FFSOdUBDku4y03fFV6rcfiJA04HdqEhLHR/ecehQjpaWBedAq9cIRPbm86cfVU56kj358xpOBWbTK1hRwkdgZKYIMjYH51RsGOPIJV5ghKbu2FSonRkJRzEhS6EWShAiP0T3pasqRT6QTTy9I4LFWhtALhC6u4FT9PREjX8qJ7+pOH6mRnPdS8T+vGymv5sSUh5EiHM8+8iIGVQDTOOCQCoIVm2iCsKB6V4hHSCCsdGgFHYI9f/IiaVXK9nm5clst1mtZHHlwCI5ACdjgAtTBNWiAJsDgETyDV/BmPBkvxrvxMWvNGdnMPvgD4/MHN3mWFA==</latexit>

V (�) = M4(1 + cos�)
<latexit sha1_base64="jt05Rp71DOGCji3o03jjqq1xjWc=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEilBmasFuhIIbN0IF+4DOWDJp2oZmkiHJCGUobvwVNy4UcetXuPNvTKez0OqBC4dz7uXee4KIUaUd58vKLS2vrK7l1wsbm1vbO/buXkuJWGLSxIIJ2QmQIoxy0tRUM9KJJEFhwEg7GF/O/PY9kYoKfqsnEfFDNOR0QDHSRurZB62SF43oycX1XVKdltxTDwuVKj276JSdFPAvcTNSBBkaPfvT6wsch4RrzJBSXdeJtJ8gqSlmZFrwYkUihMdoSLqGchQS5SfpC1N4bJQ+HAhpimuYqj8nEhQqNQkD0xkiPVKL3kz8z+vGelDzE8qjWBOO54sGMYNawFkesE8lwZpNDEFYUnMrxCMkEdYmtYIJwV18+S9pVcruWblyUy3Wa1kceXAIjkAJuOAc1MEVaIAmwOABPIEX8Go9Ws/Wm/U+b81Z2cw++AXr4xsGVZXi</latexit>

w decrece hacia -1 w crece desde -1ẇ < 0
<latexit sha1_base64="SpZDXvfXRiHtSd1a7hy6y//+aE0=">AAAB73icbVC7SgNBFL0bXzG+opY2g0GwCrtRMIVFwMYygnlAsoTZyWwyZHZ2nbmrhJCfsLFQxNbfsfNvnCRbaOKBgcM59zD3niCRwqDrfju5tfWNza38dmFnd2//oHh41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG5mfuuRayNidY/jhPsRHSgRCkbRSu1uP0bydO32iiW37M5BVomXkRJkqPeKXzbK0ogrZJIa0/HcBP0J1SiY5NNCNzU8oWxEB7xjqaIRN/5kvu+UnFmlT8JY26eQzNXfiQmNjBlHgZ2MKA7NsjcT//M6KYZVfyJUkiJXbPFRmEqCMZkdT/pCc4ZybAllWthdCRtSTRnaigq2BG/55FXSrJS9i3Ll7rJUq2Z15OEETuEcPLiCGtxCHRrAQMIzvMKb8+C8OO/Ox2I052SZY/gD5/MHP0+Pag==</latexit>

ẇ > 0
<latexit sha1_base64="CAjW5fiGmo5pb409gvN3xhWLy6s=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsxUwa6k4MZlBfuAdiiZNNOGZjJjckcppT/hxoUibv0dd/6NaTsLbT0QOJxzD7n3BIkUBl3328mtrW9sbuW3Czu7e/sHxcOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDPzW49cGxGrexwn3I/oQIlQMIpWanf7MZKna7dXLLlldw6ySryMlCBDvVf8slGWRlwhk9SYjucm6E+oRsEknxa6qeEJZSM64B1LFY248SfzfafkzCp9EsbaPoVkrv5OTGhkzDgK7GREcWiWvZn4n9dJMaz6E6GSFLlii4/CVBKMyex40heaM5RjSyjTwu5K2JBqytBWVLAleMsnr5JmpexdlCt3l6VaNasjDydwCufgwRXU4Bbq0AAGEp7hFd6cB+fFeXc+FqM5J8scwx84nz9CWY9s</latexit>



Alternativa: Gravedad Modificada

Debemos modificar la relatividad general a grandes escalas

Para explicar la aceleración del Universo

Debemos recubrir la relatividad general a pequeñas escalas

se necesita un mecanismo …. Vainshtein, camaleón, symmetron….

La relatividad general es directamente verificada a pequeñas escalas: sistema solar, estrellas…. 
pero no a grandes escalas

Ejemplo de mala teoría: Brans-Dicke
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<latexit sha1_base64="x/fGHFDxPXFAQ+JDPbgwB14g/Bo="></latexit>

Explica la aceleración del Universo

Pero las condiciones en el sistema solar ponen como restricción 

! > 50000
<latexit sha1_base64="73r5A2wfN8qRjjqcUXvq3ZSA7Jo=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hd2omJMEvHiMYB6QXcLsZDYZMo9lZlYIIb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vp5wZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZVpQptEcaU7MTaUM0mblllOO6mmWMSctuPR3cxvP1FtmJKPdpzSSOCBZAkj2DopDJWgA3x77Tv0SmW/4s+BVkmQkzLkaPRKX2FfkUxQaQnHxnQDP7XRBGvLCKfTYpgZmmIywgPadVRiQU00md88RedO6aNEaVfSorn6e2KChTFjEbtOge3QLHsz8T+vm9mkFk2YTDNLJVksSjKOrEKzAFCfaUosHzuCiWbuVkSGWGNiXUxFF0Kw/PIqaVUrwWWl+nBVrtfyOApwCmdwAQHcQB3uoQFNIJDCM7zCm5d5L96797FoXfPymRP4A+/zB08wkIQ=</latexit>

Ajuste fino



Receta

Queremos una teoría que explica la aceleración del Universo

Queremos una teoría consistente con experimentos locales: laboratorio, sistema solar….

Queremos una teoría que no tiene patologías: el ghost de Ostrogradski….

No queremos tener ajuste fino

No es facil



Teorias f(R)

S =

Z p
�gR

<latexit sha1_base64="f1bZTR7KlRRUaiv2VTbT+POwbK4=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBjSWpgt0IBTcu66MPaEKZTCft0MnDmYlYQn7FjQtF3Poj7vwbp20W2npg4HDOvdwzx4s5k8qyvo3Cyura+kZxs7S1vbO7Z+6X2zJKBKEtEvFIdD0sKWchbSmmOO3GguLA47Tjja+mfueRCsmi8F5NYuoGeBgynxGstNQ3y3eXDgsVcuSDUOnpMEO3fbNiVa0Z0DKxc1KBHM2++eUMIpIENFSEYyl7thUrN8VCMcJpVnISSWNMxnhIe5qGOKDSTWfZM3SslQHyI6GfzjFTf2+kOJByEnh6MsBqJBe9qfif10uUX3dTFsaJoiGZH/ITjlSEpkWgAROUKD7RBBPBdFZERlhgonRdJV2CvfjlZdKuVe2zau3mvNKo53UU4RCO4ARsuIAGXEMTWkDgCZ7hFd6MzHgx3o2P+WjByHcO4A+Mzx8lYJPU</latexit>

S =

Z p
�gf(R)

<latexit sha1_base64="Tst//mTSg+LtU32ABa5w4vSb+9Q=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2AR6sIyUwW7EQpuXNZHH9AZSibNtKGZh0lGKEPBX3HjQhG3foc7/8a0nYW2HggczrmXe3K8mDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5TRokgtEEiHom2hyXlLKQNxRSn7VhQHHictrzh1cRvPVIhWRTeq1FM3QD3Q+YzgpWWuubB3aXDQoUc+SBUetofI790e9I1i1bZmgItEjsjRchQ75pfTi8iSUBDRTiWsmNbsXJTLBQjnI4LTiJpjMkQ92lH0xAHVLrpNP4YHWulh/xI6KejTNXfGykOpBwFnp4MsBrIeW8i/ud1EuVX3ZSFcaJoSGaH/IQjFaFJF6jHBCWKjzTBRDCdFZEBFpgo3VhBl2DPf3mRNCtl+6xcuTkv1qpZHXk4hCMogQ0XUINrqEMDCKTwDK/wZjwZL8a78TEbzRnZzj78gfH5A76PlKk=</latexit>

Queremos una teoría que explica la aceleración del Universo

Queremos una teoría consistente con experimentos locales: laboratorio, sistema solar….

Queremos una teoría que no tiene patologías: el ghost de Ostrogradski….

No queremos tener ajuste fino

S =

Z p
�g

h
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<latexit sha1_base64="QhgRuC8iNkCJx+wfLv+OBq5SyjQ=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSII0pJUwW6EohuXtdoHJKFMppN06EwSZyZCCfkIN/6KGxeKuHXhzr9xmnahrQcuHM65l3vv8WJKhDTNb62wtLyyulZcL21sbm3v6Lt7HRElHOE2imjEex4UmJIQtyWRFPdijiHzKO56o6uJ333AXJAovJPjGLsMBiHxCYJSSX395PbCIaE0HHHPZVoJMueSBNRuVRyfQ5Q6LMnSVi5yt6+XzaqZw1gk1oyUwQzNvv7lDCKUMBxKRKEQtmXG0k0hlwRRnJWcROAYohEMsK1oCBkWbpo/lRlHShkYfsRVqQNz9fdECpkQY+apTgblUMx7E/E/z06kX3dTEsaJxCGaLvITasjImCRkDAjHSNKxIhBxom410BCqNKTKsaRCsOZfXiSdWtU6rdZuzsqN+iyOIjgAh+AYWOAcNMA1aII2QOARPINX8KY9aS/au/YxbS1os5l98Afa5w/9757F</latexit>

Por ejemplo

Es posible, gracias a un mecanismo que se llama mecanismo de Vainshtein

No tiene este problema

Es difícil,  µ ' H0
<latexit sha1_base64="oPwjPn76jhvnpw1FVqdXr8eFYws=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtVsMeClx4r2A/oLiWbZtvQJLtNsoWy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5YcKZNq777Wxt7+zu7RcOiodHxyenpbPzto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh+GHhd6ZUaRbLJzNLaCDwULKIEWysFPgi9TUTdIIafbdfKrsVdwm0SbyclCFHs1/68gcxSQWVhnCsdc9zExNkWBlGOJ0X/VTTBJMxHtKepRILqoNsefQcXVtlgKJY2ZIGLdXfExkWWs9EaDsFNiO97i3E/7xeaqJakDGZpIZKsloUpRyZGC0SQAOmKDF8ZgkmitlbERlhhYmxORVtCN76y5ukXa14t5Xq4125XsvjKMAlXMENeHAPdWhAE1pAYALP8ApvztR5cd6dj1XrlpPPXMAfOJ8/I/6Rpg==</latexit>

)
<latexit sha1_base64="zUsj/hMe0e7V5xZpQ6IxrApiKQo=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV7LHgxWMV+wFNKJvttl262YTdiVJC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuhNRwKRRvokDJO4nmNAolb4fjm5nffuTaiFg94CThQUSHSgwEo2gl378XwxFSreMn0iuV3Yo7B1klXk7KkKPRK335/ZilEVfIJDWm67kJBhnVKJjk06KfGp5QNqZD3rVU0YibIJvfPCXnVumTQaxtKSRz9fdERiNjJlFoOyOKI7PszcT/vG6Kg1qQCZWkyBVbLBqkkmBMZgGQvtCcoZxYQpkW9lbCRlRThjamog3BW355lbSqFe+yUr27KtdreRwFOIUzuAAPrqEOt9CAJjBI4Ble4c1JnRfn3flYtK45+cwJ/IHz+QPpZJGR</latexit>



Teorias f(R)

Buena cosmología, si               (arXiv: 0612180)

f 0(R) > 0
<latexit sha1_base64="sSFb3unQghgaPbyFcUYfKaTr8Yc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBaxXkrSCvYkBS8eq9gPaEPZbDft0s0m7m6EEvonvHhQxKt/x5v/xk2bg7Y+GHi8N8PMPC/iTGnb/rZya+sbm1v57cLO7t7+QfHwqK3CWBLaIiEPZdfDinImaEszzWk3khQHHqcdb3KT+p0nKhULxYOeRtQN8EgwnxGsjdT1z8v3F9d2YVAs2RV7DrRKnIyUIENzUPzqD0MSB1RowrFSPceOtJtgqRnhdFbox4pGmEzwiPYMFTigyk3m987QmVGGyA+lKaHRXP09keBAqWngmc4A67Fa9lLxP68Xa7/uJkxEsaaCLBb5MUc6ROnzaMgkJZpPDcFEMnMrImMsMdEmojQEZ/nlVdKuVpxapXp3WWrUszjycAKnUAYHrqABt9CEFhDg8Ayv8GY9Wi/Wu/WxaM1Z2cwx/IH1+QO6w45s</latexit>

f 00(R) � 0
<latexit sha1_base64="aGScBu0wf9NfV4gy0qpW4JcOsfw=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmLAC2nRRI4kXjyiESSBhmyXLWzYbsvuloQ0/A4vHjTGqz/Gm//GLfSg4EsmeXlvJjPzvIgzpW3728ptbG5t7+R3C3v7B4dHxeOTtgpjSWiLhDyUHQ8rypmgLc00p51IUhx4nD5549vUf5pSqVgoHvUsom6Ah4L5jGBtJNcvlysPl70hnSC70C+W7Kq9AFonTkZKkKHZL371BiGJAyo04ViprmNH2k2w1IxwOi/0YkUjTMZ4SLuGChxQ5SaLo+fowigD5IfSlNBoof6eSHCg1CzwTGeA9Uiteqn4n9eNtV93EyaiWFNBlov8mCMdojQBNGCSEs1nhmAimbkVkRGWmGiTUxqCs/ryOmnXqs5VtXZ/XWrUszjycAbnUAEHbqABd9CEFhCYwDO8wps1tV6sd+tj2ZqzsplT+APr8wf675BA</latexit>

También si:

r = �R
f 0(R)

f(R)
<latexit sha1_base64="OqY2FNRizBAc0/fYKjEcwJvisu0=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2AR68KSVMFuhIIbl7XYB7ShTKaTduhkEmYmQold+CtuXCji1t9w5984abPQ6oF7OZxzL3PneBGjUtn2l5FbWl5ZXcuvFzY2t7Z3zN29lgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS98XXqt++JkDTkd2oSETdAQ059ipHSUt88EFdnjZ4vEE78k1LjdJr4ae+bRbtsz2D9JU5GipCh3jc/e4MQxwHhCjMkZdexI+UmSCiKGZkWerEkEcJjNCRdTTkKiHST2f1T61grA8sPhS6urJn6cyNBgZSTwNOTAVIjueil4n9eN1Z+1U0oj2JFOJ4/5MfMUqGVhmENqCBYsYkmCAuqb7XwCOkwlI6soENwFr/8l7QqZee8XLm9KNaqWRx5OIQjKIEDl1CDG6hDEzA8wBO8wKvxaDwbb8b7fDRnZDv78AvGxzcR1ZTQ</latexit>

m = R
f 00(R)

f 0(R)
<latexit sha1_base64="swZcXO4W9fE1gXLxdoijr64fQnc=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLtG7KTBXsRii4cVmLfUA7lEyaaUOTzJBkhDJ046+4caGIWz/DnX9jpp2Fth4I93DOvdzc40eMKu0431ZubX1jcyu/XdjZ3ds/sA+P2iqMJSYtHLJQdn2kCKOCtDTVjHQjSRD3Gen4k9vU7zwSqWgoHvQ0Ih5HI0EDipE20sA+4TfNfiARToJSqdy8mJmaloFddCrOHHCVuBkpggyNgf3VH4Y45kRozJBSPdeJtJcgqSlmZFbox4pECE/QiPQMFYgT5SXzA2bw3ChDGITSPKHhXP09kSCu1JT7ppMjPVbLXir+5/ViHdS8hIoo1kTgxaIgZlCHME0DDqkkWLOpIQhLav4K8RiZOLTJrGBCcJdPXiXtasW9rFTvr4r1WhZHHpyCM1AGLrgGdXAHGqAFMJiBZ/AK3qwn68V6tz4WrTkrmzkGf2B9/gBpSpT2</latexit>

) m(r)
<latexit sha1_base64="Gdt6pIQXbZq82h5U2k635Wgc71c=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiDES5iJgjkGvHiMYhZIhtDT6Uma9DJ09yhxiP6KFw+KePU/vPk3dpI5aOKDgsd7VVTVC2NGtfG8b2dpeWV1bT23kd/c2t7Zdff2G1omCpM6lkyqVog0YVSQuqGGkVasCOIhI81weDnxm3dEaSrFrRnFJOCoL2hEMTJW6rqHnRvaHxiklLyHjxa8qE67bsEreVPAReJnpAAy1LruV6cnccKJMJghrdu+F5sgRcpQzMg430k0iREeoj5pWyoQJzpIp9eP4YlVejCSypYwcKr+nkgR13rEQ9vJkRnoeW8i/ue1ExNVgpSKODFE4NmiKGHQSDiJAvaoItiwkSUIK2pvhXiAFMLGBpa3IfjzLy+SRrnkn5XK1+eFaiWLIweOwDEoAh9cgCq4AjVQBxg8gGfwCt6cJ+fFeXc+Zq1LTjZzAP7A+fwBhMqVOg==</latexit>

Problemas con objetos compactos  (arXiv: 1309.3279)

r

S =

Z
d4x

p
�gR

<latexit sha1_base64="Loy6jUHmPgjbSUZW9DB/VQ2KlLM=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpLUgt0IBTcu66MPaGKZTKbt0MkkzkzEErJy46+4caGIW7/BnX/jtM1CWw9cOJxzL/fe40WMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3mjKMBSYNHLJQtD0kCaOcNBRVjLQjQVDgMdLyhudjv3VPhKQhv1GjiLgB6nPaoxgpLXXN/eszh3IFE0cE0E9vKw/QkXdCJcf9FF51zaJVsiaA88TOSBFkqHfNL8cPcRwQrjBDUnZsK1JugoSimJG04MSSRAgPUZ90NOUoINJNJm+k8FArPuyFQpc+aaL+nkhQIOUo8HRngNRAznpj8T+vE6te1U0oj2JFOJ4u6sUMqhCOM4E+FQQrNtIEYUH1rRAPkEBY6eQKOgR79uV50iyX7JNS+bJSrFWzOPJgDxyAI2CDU1ADF6AOGgCDR/AMXsGb8WS8GO/Gx7Q1Z2Qzu+APjM8f+XGYIw==</latexit>

S =

Z
d4x

p
�g

h
R+ ↵R2

i

<latexit sha1_base64="AMEEKzW8jwVsfhV3/IaB+knmIPw="></latexit>

No hay soluciones, tampoco cuando ↵ ! 0
<latexit sha1_base64="KQtEnzf+y/W3zhXEW4JvL3jxT6o=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JUwR4LXjxWsB/QhjLZbpqlm03Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbm+QlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTropTSWiHxDyWfR8U5UzQjmaa034iKUQ+pz1/ejP3ew9UKhaLe50l1ItgIljACGgjjezqEHgSwlCySahByvgROyO75tSdBfA6cQtSQwXaI/trOI5JGlGhCQelBq6TaC8HqRnhdFYZpoomQKYwoQNDBURUefni+Bk+N8oYB7E0JTReqL8ncoiUyiLfdEagQ7XqzcX/vEGqg6aXM5GkmgqyXBSkHOsYz5PAYyYp0TwzBIhk5lZMQpBAtMmrYkJwV19eJ91G3b2sN+6uaq1mEUcZnaIzdIFcdI1a6Ba1UQcRlKFn9IrerCfrxXq3PpatJauYqaI/sD5/AKWSlLo=</latexit>

Schwarzschild

r R = 0
<latexit sha1_base64="b6fUws/mF78Ud02OleT4xYMAGlw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGwVyEgBeP8ZEHJEuYnfQmQ2Znl5lZIYR8ghcPinj1i7z5N06SPWhiQUNR1U13V5AIro3rfju5tfWNza38dmFnd2//oHh41NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbmt55QaR7LRzNO0I/oQPKQM2qs9HB/7faKJbfszkFWiZeREmSo94pf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZnzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQmr/oTLJDUo2WJRmApiYjL7m/S5QmbE2BLKFLe3EjakijJj0ynYELzll1dJs1L2LsqVu8tSrZrFkYcTOIVz8OAKanALdWgAgwE8wyu8OcJ5cd6dj0VrzslmjuEPnM8fmtuNUQ==</latexit>

R0 = 0
<latexit sha1_base64="ZwFU+rDU+BiD88yP1LGn8WYVpL0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRU9mtgr0IBS8eq9gPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxmfueJKs0i+WimMfUFHkkWMoJNJj2c37iDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSas+ymTcWKoJItFYcKRiVD2OBoyRYnhU0swUczeisgYK0yMjadkQ/CWX14l7VrVu6zW7q8qjXoeRxFO4BQuwINraMAdNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/APt/jYI=</latexit>



Modelas de branas

Ejemplo: DGP

H
2 � H

rc
=

8⇡G

3
⇢

<latexit sha1_base64="qZBtIIT1FApUU37G3ZIcBU7w2uk=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxY0lawW6Eggu7rGAf0MQwmU7aoZNMmJkIJeQP3Pgrblwo4tatO//GaZuFth64cOace5l7jx8zKpVlfRuFldW19Y3iZmlre2d3z9w/6EieCEzamDMuej6ShNGItBVVjPRiQVDoM9L1x9dTv/tAhKQ8ulOTmLghGkY0oBgpLXnmafO+eu4EAuG0maXCw9nV/FV3YgpvsrSWOWLEPbNsVawZ4DKxc1IGOVqe+eUMOE5CEinMkJR924qVmyKhKGYkKzmJJDHCYzQkfU0jFBLpprN7MniilQEMuNAVKThTf0+kKJRyEvq6M0RqJBe9qfif109UUHdTGsWJIhGefxQkDCoOp+HAARUEKzbRBGFB9a4Qj5COQ+kISzoEe/HkZdKpVuxapXp7UW7U8ziK4AgcgzNgg0vQAE3QAm2AwSN4Bq/gzXgyXox342PeWjDymUPwB8bnD5X6nFs=</latexit>

S =
1

rc

Z
d5x

p
�gR+

Z
d4x

p
�hR

<latexit sha1_base64="FZaoLJGvjA5SKG0lg+LevJ3Zv/U="></latexit>



Modelas de branas

� = 0
<latexit sha1_base64="KyPQBamkI/OAfoMDLKQbx5TIKPw=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWwV6EghePFWwttEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyaCG+t536iwtr6xuVXcLu3s7u0flA+P2kalmrIWVULpTkgME1yyluVWsE6iGYlDwR7C8c3Mf3hi2nAl7+0kYUFMhpJHnBLrpHYvGfFrr1+ueFVvDrxK/JxUIEezX/7qDRRNYyYtFcSYru8lNsiItpwKNi31UsMSQsdkyLqOShIzE2Tza6f4zCkDHCntSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbVQPMi6T1DJJF4uiVGCr8Ox1POCaUSsmjhCqubsV0xHRhFoXUMmF4C+/vEratap/Ua3dXVYa9TyOIpzAKZyDD1fQgFtoQgsoPMIzvMIbUugFvaOPRWsB5TPH8Afo8wcEZI66</latexit>

�(x)
<latexit sha1_base64="BPfdBkTiQ4qhSJd2bIXk8Yb61Qc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuFeyx4MVjBfsB7VKyabYNzWZDkhXL0h/hxYMiXv093vw3pts9aOuDgcd7M8zMCyRn2rjut1PY2Nza3inulvb2Dw6PyscnHR0nitA2iXmsegHWlDNB24YZTntSURwFnHaD6e3C7z5SpVksHsxMUj/CY8FCRrCxUncgJ6z6dDksV9yamwGtEy8nFcjRGpa/BqOYJBEVhnCsdd9zpfFTrAwjnM5Lg0RTickUj2nfUoEjqv00O3eOLqwyQmGsbAmDMvX3RIojrWdRYDsjbCZ61VuI/3n9xIQNP2VCJoYKslwUJhyZGC1+RyOmKDF8ZgkmitlbEZlghYmxCZVsCN7qy+ukU695V7X6/XWl2cjjKMIZnEMVPLiBJtxBC9pAYArP8ApvjnRenHfnY9lacPKZU/gD5/MHtuqPIA==</latexit>

S =
1

rc

Z
d5x

p
�gR+

Z
d4x

p
�hR

<latexit sha1_base64="FZaoLJGvjA5SKG0lg+LevJ3Zv/U="></latexit>

S =

Z
d4x

p
�h

h
R� (@�)2 +

1

rc
(@�)2⇤�

i

<latexit sha1_base64="5lYoOK5E/9Sel9j4tNdEXzlHajs="></latexit>

Galileon

(@�)2 ⌧ 1
<latexit sha1_base64="OsJlXHcKN/7mG4PLvN1evUtnx2g=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVOSKthlwY3LCvYBTSyT6bQdOkmGmYlQQsFfceNCEbd+hzv/xkmbhbYeuHA4596Ze08gOFPacb6twtr6xuZWcbu0s7u3f2AfHrVVnEhCWyTmsewGWFHOItrSTHPaFZLiMOC0E0xuMr/zSKVicXSvp4L6IR5FbMgI1kbq2ycVT2CpGeaeGLOLh5rHOXL7dtmpOnOgVeLmpAw5mn37yxvEJAlppAnHSvVcR2g/zV4mnM5KXqKowGSCR7RnaIRDqvx0vv4MnRtlgIaxNBVpNFd/T6Q4VGoaBqYzxHqslr1M/M/rJXpY91MWiUTTiCw+GiYc6RhlWaABk5RoPjUEE8nMroiMscREm8RKJgR3+eRV0q5V3ctq7e6q3KjncRThFM6gAi5cQwNuoQktIJDCM7zCm/VkvVjv1seitWDlM8fwB9bnD+eLlMM=</latexit>



Mecanismo de Vainshtein

(r2cM)1/3
<latexit sha1_base64="stqI6Ub9VoX4urKiCFO52HPd8l8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAI8RJ3E8EcA168CBHMA5LNMjuZTYbMPpiZFeKSL/HiQRGvfoo3/8ZJsgdNLGgoqrrp7vJizqSyrG8jt7G5tb2T3y3s7R8cFs2j47aMEkFoi0Q8El0PS8pZSFuKKU67saA48DjteJObud95pEKyKHxQ05g6AR6FzGcEKy25ZrEsXDKooruLQWpf1mauWbIq1gJondgZKUGGpmt+9YcRSQIaKsKxlD3bipWTYqEY4XRW6CeSxphM8Ij2NA1xQKWTLg6foXOtDJEfCV2hQgv190SKAymngac7A6zGctWbi/95vUT5dSdlYZwoGpLlIj/hSEVongIaMkGJ4lNNMBFM34rIGAtMlM6qoEOwV19eJ+1qxa5VqvdXpUY9iyMPp3AGZbDhGhpwC01oAYEEnuEV3own48V4Nz6WrTkjmzmBPzA+fwB9T5Gm</latexit>

Radio de Vainshtein

�
<latexit sha1_base64="UCo1fmcOUuSBKTBCb5bGsNwjZgo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqwR4LXjxWsB/QhrLZbpqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzgoQzbVz32yltbe/s7pX3KweHR8cn1dOzno5TRWiXxDxWgwBrypmkXcMMp4NEUSwCTvvB7C73+09UaRbLRzNPqC/wVLKQEWxyaZREbFytuXV3CbRJvILUoEBnXP0aTWKSCioN4Vjroecmxs+wMoxwuqiMUk0TTGZ4SoeWSiyo9rPlrQt0ZZUJCmNlSxq0VH9PZFhoPReB7RTYRHrdy8X/vGFqwpafMZmkhkqyWhSmHJkY5Y+jCVOUGD63BBPF7K2IRFhhYmw8FRuCt/7yJuk16t5NvfHQrLVbRRxluIBLuAYPbqEN99CBLhCI4Ble4c0Rzovz7nysWktOMXMOf+B8/gAR1I45</latexit>

�
<latexit sha1_base64="UCo1fmcOUuSBKTBCb5bGsNwjZgo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqwR4LXjxWsB/QhrLZbpqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzgoQzbVz32yltbe/s7pX3KweHR8cn1dOzno5TRWiXxDxWgwBrypmkXcMMp4NEUSwCTvvB7C73+09UaRbLRzNPqC/wVLKQEWxyaZREbFytuXV3CbRJvILUoEBnXP0aTWKSCioN4Vjroecmxs+wMoxwuqiMUk0TTGZ4SoeWSiyo9rPlrQt0ZZUJCmNlSxq0VH9PZFhoPReB7RTYRHrdy8X/vGFqwpafMZmkhkqyWhSmHJkY5Y+jCVOUGD63BBPF7K2IRFhhYmw8FRuCt/7yJuk16t5NvfHQrLVbRRxluIBLuAYPbqEN99CBLhCI4Ble4c0Rzovz7nysWktOMXMOf+B8/gAR1I45</latexit>

Libre Acoplado

(@�)2 ⌧ (@�)2⇤�
<latexit sha1_base64="E6TjJqRf6n8GmgOiwllLHd6pouE=">AAACFnicbZC7TsMwFIYdrqXcAowsFhVSGaiSgkTHChbGItGL1ITKcZ3WqmNHtoOooj4FC6/CwgBCrIiNt8FpM0DLL1n69J9zbJ8/iBlV2nG+raXlldW19cJGcXNre2fX3ttvKZFITJpYMCE7AVKEUU6ammpGOrEkKAoYaQejq6zevidSUcFv9TgmfoQGnIYUI22snn1a9mIkNUXMi4f05K7qMQYXvEvxkGGxZ5ecijMVXAQ3hxLI1ejZX15f4CQiXGOGlOq6Tqz9NLsdMzIpeokiMcIjNCBdgxxFRPnpdK0JPDZOH4ZCmsM1nLq/J1IUKTWOAtMZIT1U87XM/K/WTXRY81PK40QTjmcPhQmDWsAsI9inkmDNxgYQltT8FeIhkghrk2QWgju/8iK0qhX3rFK9OS/Va3kcBXAIjkAZuOAC1ME1aIAmwOARPINX8GY9WS/Wu/Uxa12y8pkD8EfW5w/Fi551</latexit>

Acoplamiento fuerte

Galileon S =
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p
�h

h
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1

rc
(@�)2⇤�

i

<latexit sha1_base64="5lYoOK5E/9Sel9j4tNdEXzlHajs="></latexit>



Soluciones

La mejor solución es resolver el problema de la constante cosmológica y explicar la aceleración del Universo

Una posible solución es la degravitación

Rµ⌫ � 1

2
Rgµ⌫ = 8⇡G(⇤)Tµ⌫

<latexit sha1_base64="PHqYxW6wNx0zZ1f0nbuGiZDxp0Y=">AAACI3icbZDLSgMxFIYz9VbrbdSlm2AR6sIyUwWLIBRd6LKW3qBTSibNtKGZzJBkxDLMu7jxVdy4UIobF76L6YWirT8Efr5zDifnd0NGpbKsLyO1srq2vpHezGxt7+zumfsHdRlEApMaDlggmi6ShFFOaooqRpqhIMh3GWm4g9txvfFIhKQBr6phSNo+6nHqUYyURh3zqtKJHT9yeJScOZ5AOLaTuJBUYG/Or4tOSOFdzrkJnk5hdc47ZtbKWxPBZWPPTBbMVO6YI6cb4MgnXGGGpGzZVqjaMRKKYkaSjBNJEiI8QD3S0pYjn8h2PLkxgSeadKEXCP24ghP6eyJGvpRD39WdPlJ9uVgbw/9qrUh5xXZMeRgpwvF0kRcxqAI4Dgx2qSBYsaE2CAuq/wpxH+mklI41o0OwF09eNvVC3j7PFx4usqXiLI40OALHIAdscAlK4B6UQQ1g8AxewTv4MF6MN2NkfE5bU8Zs5hD8kfH9A+u/pGM=</latexit>

Filtra una constante cosmológica
Unimodular, la constante aparece de nuevo

Gravedad masiva, pero no funciona bien

Extra dimensiones, buena motivación pero no resuelven el problema con D=5

La segunda solución es imaginar que la gravedad cuántica o otra teoría podrá resolver el problem de la 
constante cosmológica

) ⇤ = 0
<latexit sha1_base64="4vkbnWMCcCU03UgLxqfd66YhHZ8=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieCpJFexFKHjx4KGKbYUmlM1m2y7dbMLuRimh4F/x4kERr/4Ob/4bt20O2jqwMMy84b2dIOFMacf5tgpLyyura8X10sbm1vaOvbvXUnEqCW2SmMfyPsCKciZoUzPN6X0iKY4CTtvB8HLitx+oVCwWd3qUUD/CfcF6jGBtpK594N2y/kBjKeNH5F2bYIgvnK5ddirOFGiRuDkpQ45G1/7ywpikERWacKxUx3US7WdYakY4HZe8VNEEkyHu046hAkdU+dn0/DE6NkqIerE0T2g0VX8nMhwpNYoCMxlhPVDz3kT8z+ukulfzMyaSVFNBZot6KUc6RpMuUMgkJZqPDMFEMnMrIgMsMdGmsZIpwZ3/8iJpVSvuaaV6c1au1/I6inAIR3ACLpxDHa6gAU0gkMEzvMKb9WS9WO/Wx2y0YOWZffgD6/MHgVGVJg==</latexit>

Hay que explicar la aceleración del universo)
<latexit sha1_base64="zUsj/hMe0e7V5xZpQ6IxrApiKQo=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV7LHgxWMV+wFNKJvttl262YTdiVJC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuhNRwKRRvokDJO4nmNAolb4fjm5nffuTaiFg94CThQUSHSgwEo2gl378XwxFSreMn0iuV3Yo7B1klXk7KkKPRK335/ZilEVfIJDWm67kJBhnVKJjk06KfGp5QNqZD3rVU0YibIJvfPCXnVumTQaxtKSRz9fdERiNjJlFoOyOKI7PszcT/vG6Kg1qQCZWkyBVbLBqkkmBMZgGQvtCcoZxYQpkW9lbCRlRThjamog3BW355lbSqFe+yUr27KtdreRwFOIUzuAAPrqEOt9CAJjBI4Ble4c1JnRfn3flYtK45+cwJ/IHz+QPpZJGR</latexit>

Modelos de energía oscura, gravedad modificada

Hay que estudiar la cosmología, la evolución de fondo

)
<latexit sha1_base64="zUsj/hMe0e7V5xZpQ6IxrApiKQo=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV7LHgxWMV+wFNKJvttl262YTdiVJC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuhNRwKRRvokDJO4nmNAolb4fjm5nffuTaiFg94CThQUSHSgwEo2gl378XwxFSreMn0iuV3Yo7B1klXk7KkKPRK335/ZilEVfIJDWm67kJBhnVKJjk06KfGp5QNqZD3rVU0YibIJvfPCXnVumTQaxtKSRz9fdERiNjJlFoOyOKI7PszcT/vG6Kg1qQCZWkyBVbLBqkkmBMZgGQvtCcoZxYQpkW9lbCRlRThjamog3BW355lbSqFe+yUr27KtdreRwFOIUzuAAPrqEOt9CAJjBI4Ble4c1JnRfn3flYtK45+cwJ/IHz+QPpZJGR</latexit>

Sistema dinamico

Hay que estudiar las perturbaciones

SNIa, BAO…

)
<latexit sha1_base64="zUsj/hMe0e7V5xZpQ6IxrApiKQo=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV7LHgxWMV+wFNKJvttl262YTdiVJC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuhNRwKRRvokDJO4nmNAolb4fjm5nffuTaiFg94CThQUSHSgwEo2gl378XwxFSreMn0iuV3Yo7B1klXk7KkKPRK335/ZilEVfIJDWm67kJBhnVKJjk06KfGp5QNqZD3rVU0YibIJvfPCXnVumTQaxtKSRz9fdERiNjJlFoOyOKI7PszcT/vG6Kg1qQCZWkyBVbLBqkkmBMZgGQvtCcoZxYQpkW9lbCRlRThjamog3BW355lbSqFe+yUr27KtdreRwFOIUzuAAPrqEOt9CAJjBI4Ble4c1JnRfn3flYtK45+cwJ/IHz+QPpZJGR</latexit> CMB, formación de estructuras

Objetos compactos

Agujeros negros, estabilidad, modos QNM

Estrellas de neutrones, signatura, existencia

Ondas gravitacionales



Obrigado


