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The problem of initial 
conditions in cosmology

• Although there is no firm 
physical principle that 
underlies it, the reasonable 
expectation is that models of 
the universe should not be 
sensitive to initial conditions.



The problem of initial 
conditions in cosmology

• Inflation addresses the 
special initial conditions of 
the Hot Big Bang theory 
(underlying the flat and 
horizon problems) in an 
interesting and important 
way. 

• Nontheless, inflation remains 
as a phenomenological 
scenario that is yet to be 
rooted in a fundamental 
theory.



The problem of initial 
conditions in cosmology

• The era of inflation is believed 
to set the initial conditions for 
the Big Bang. 

• Nevertheless, inflation itself is 
not completely free of initial 
conditions.

For example:  the inflaton 
velocity must be small 
enough to allow inflation 
to start.



Slow-roll inflation as an 
attractor in scalar-field inflation

• Slow-roll inflation is an attractor for every single-scalar-field model.  
However, do all the phase-space trajectories approach the attractor?

Quadratic potential Starobinsky potentialGrain et. al., JCAP 2007



Some properties of a good 
physical theory

• It must avoid any kind of instability:  
• - Tachyonic:  a Hamiltonian that is 

unbounded from below. 

• - Ghost:  negative kinetic energy terms. 

• - Laplacian:  limitless growing perturbations.



Some properties of a good 
physical theory

• It must preserve causality. 

• It must preserve unitarity.



The Horndeski theory

• It is a scalar-tensor theory of 
gravity. 

• The action involves, at most, 
second-order derivatives of 
the fields involved. 

• The field equations are, at 
most, second order. 

• It is a instability-free theory.

Gregory W. HorndeskiHorndeski, Int. J. Theor. Phys. 1974



The Horndeski theory

“Horndeski scalar theory-or-past, 
present & future, No. 1”
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Extensions to the Horndeski 
theory

• Multi Galileons. 

• Beyond Horndeski. 

• DHOST (Degenerate Higher-
Order Scalar-Tensor theories). 

• Generalized Proca. 

• Beyond generalized Proca. 

• Extended vector-tensor (or 
DHOVT). 

• Generalized SU(2) Proca 

• Beyond generalized SU(2) Proca
“Overcoming Gravity”



The generalized SU(2) Proca 
theory

• The standard Proca theory may be seen as the limit (a 
frozen Higgs) of a valid particle physics model based 
on a Higgs condensate. 

• The generalized SU(2) Proca theory may be seen as 
the limit (invariance under a global SU(2) 
transformation) of a non-Abelian SU(2) field theory. 

Heisenberg, JCAP 2014 
Tasinato, JHEP 2014

Allys et. al., Phys. Rev. D 2016



Building elements

• Theories invariant under continuous local 
transformations, either Abelian or non Abelian, are 
built from the gauge field strength tensor        , its 
Hodge dual        , and (if the symmetry is 
spontaneously broken) from the gauge field itself       . 

• Theories that don’t invoke gauge symmetries are built 
also from the symmetric version         of the gauge field 
strength tensor:  

Fµ⌫
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The generalized SU(2) Proca 
theory

up to six contracted Lorentz indices
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The generalized SU(2) Proca 
theory

up to six contracted Lorentz indices
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The cosmic triad
• We want to describe the 

observable universe.  Therefore, 
we employ the Friedmann-
Lemaitre-Robertson-Walker 
metric at the background level. 

• This is only possible if the field 
configuration is a “cosmic 
triad”:                      . 

• This configuration is invariant 
both under SU(2), for the field 
space, and SO(3), for the 
physical space, in agreement 
with the homomorphism 
between the two groups.

Aa
µ = a �aµ
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The model
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Absence of ghosts and 
Laplacian instabilities
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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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<latexit sha1_base64="HiIq50/oO/kNQH/Cw8fUjR0iixk=">AAAB/3icdVDLSsNAFJ34rPVVdamLwSK4Ckmr1O6KbtwICvYhTSmT6aQZOsmEmRulhC70Z3Ql6s5/8Af8G6e1goqe1bn3nAv3HD8RXIPjvFszs3PzC4u5pfzyyuraemFjs6FlqiirUymkavlEM8FjVgcOgrUSxUjkC9b0BydjvXnNlOYyvoRhwjoR6cc84JSAWXULO54KZTe7OhthT/F+CEQpeYM9Hgcw7BaKju2WKpVDFzt2tVqtHJY/iVM+wq7tTFBEU5x3C29eT9I0YjFQQbRuu04CnYwo4FSwUd5LNUsIHZA+axsak4jpTjZJMcJ7gVQYQoYn83dvRiKth5FvPBGBUP/Wxsu/tHYKwVEn43GSAoupsRgtSAUGicdl4B5XjIIYGkKo4uZLTEOiCAVTWd7E/8qI/yeNku2W7dLFQbF2PC0ih7bRLtpHLqqgGjpF56iOKLpDD+gZvVi31r31aD19Wmes6c0W+gHr9QMsu5bQ</latexit>

⇢Gal ! �1
<latexit sha1_base64="Uprj9UUqjU8HGB1ucoobEAMOHnc=">AAACBXicdVDLSsNAFJ34rPVVdelmsAhuDEmr1O6KLnRZwarQhDIZJ83gJBNmbpQQutaf0ZWoO3/AH/BvnD4EFT2rc+85F+45QSq4Bsf5sKamZ2bn5ksL5cWl5ZXVytr6uZaZoqxDpZDqMiCaCZ6wDnAQ7DJVjMSBYBfB9dFQv7hhSnOZnEGeMj8m/YSHnBIwq15ly1OR7BWeivExEQPsKd6PgCglb/Gux5MQ8l6l6thurdHYd7FjN5vNxn59TJz6AXZtZ4QqmqDdq7x7V5JmMUuACqJ113VS8AuigFPBBmUv0ywl9Jr0WdfQhMRM+8UoywBvh1JhiBgezd+9BYm1zuPAeGICkf6tDZd/ad0MwgO/4EmaAUuosRgtzAQGiYeV4CuuGAWRG0Ko4uZLTCOiCAVTXNnE/8qI/yfnNdut27XTvWrrcFJECW2iLbSDXNRALXSC2qiDKLpHj+gFvVp31oP1ZD2PrVPW5GYD/YD19gk79JkC</latexit>

⇢Gal/⇢YM ! �1
<latexit sha1_base64="YKxw/IH8Z21j4oAB/RmQe3g0S0U="></latexit>

Rodríguez et. al., Phys. Dark Univ. 2018



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 fluid behaves as radiation:                       . 

• The new Proca fluid:  a radiation fluid with negative 
energy density and pressure.

PYM =
⇢YM

3
<latexit sha1_base64="Gcy/IYLcGE50YPKBAW0bGqprqlk=">AAAB/3icdVDNSsNAGNzUv1r/oh71sFgETyFpLWkPQtGLF6GCbZW2lM120y7dZMPuRighB30ZPYl68x18Ad/GbVpBRec0OzML34wXMSqVbX8YuYXFpeWV/GphbX1jc8vc3mlJHgtMmpgzLq49JAmjIWkqqhi5jgRBgcdI2xufTf32LRGS8vBKTSLSC9AwpD7FSGmpb+43+snNRQpPYNcXCCddMeKZkibltG8WbcspuW7FgbZVq9XcSnlG7HIVOpadoQjmaPTN9+6A4zggocIMSdlx7Ej1EiQUxYykhW4sSYTwGA1JR9MQBUT2kqxFCg99LqAaEZi9v2cTFEg5CTydCZAayd/eVPzL68TKr/YSGkaxIiHWEe35MYOKw+kYcEAFwYpNNEFYUH0lxCOkd1B6soKu/9UR/k9aJcspW6XL42L9dD5EHuyBA3AEHOCCOjgHDdAEGNyDR/ACXo0748F4Mp5n0Zwx/7MLfsB4+wRYXZZK</latexit>

PGal ! �1
<latexit sha1_base64="o8yHqc4irUb05+XfU1mRW2IFxrI=">AAACAnicdVDJSgNBFOxxjXEb9ejBxiB4cZhJDEluQQ96jGAWyITQ0+lJmvQsdL9RwpCb/oyeRL35Cf6Af2NnEVS0TvVe1YNX5cWCK7DtD2NhcWl5ZTWzll3f2NzaNnd2GypKJGV1GolItjyimOAhqwMHwVqxZCTwBGt6w/OJ3rxhUvEovIZRzDoB6Yfc55SAXnXNg1o3dWWAL4gYY1fy/gCIlNEtPnF56MOoa+Zsy8mXSkUH21alUikVCzNiF8rYsewpcmiOWtd8d3sRTQIWAhVEqbZjx9BJiQROBRtn3USxmNAh6bO2piEJmOqk0yBjfORHEsOA4en83ZuSQKlR4GlPQGCgfmuT5V9aOwG/3El5GCfAQqotWvMTgSHCkz5wj0tGQYw0IVRy/SWmAyIJBd1aVsf/yoj/J4285RSs/NVprno2LyKD9tEhOkYOKqEqukQ1VEcU3aNH9IJejTvjwXgynmfWBWN+s4d+wHj7BKTql48=</latexit>

PGal/PYM ! �1
<latexit sha1_base64="7Jb4rmY1hNx2ZhrJi5wOvqNVQLI=">AAACBHicdVDLTsJAFJ3iC/GFunQzSkzcWFuQADuiC92YYCIPA00zHQaYMO00M1MNabrVn9GVUXd+gT/g3zg8TNToWZ17z7nJPccLGZXKsj6M1Nz8wuJSejmzsrq2vpHd3GpIHglM6pgzLloekoTRgNQVVYy0QkGQ7zHS9IanY715Q4SkPLhSo5A4PuoHtEcxUnrlZndrbtwRPjxDLDnS/PoigR1B+wOFhOC38NB2sznLtPOlUtGGllmpVErFwpRYhTK0TWuCHJih5mbfO12OI58ECjMkZdu2QuXESCiKGUkynUiSEOEh6pO2pgHyiXTiSZQE7ve4gGpA4GT+7o2RL+XI97THR2ogf2vj5V9aO1K9shPTIIwUCbC2aK0XMag4HDcCu1QQrNhIE4QF1V9CPEACYaV7y+j4Xxnh/6SRN+2Cmb88zlVPZkWkwQ7YAwfABiVQBeegBuoAg3vwCF7Aq3FnPBhPxvPUmjJmN9vgB4y3Tz5Rl8o=</latexit>

PGal =
⇢Gal

3
<latexit sha1_base64="8cX0Blxcf1g+BTmuLSbjdPn1L60=">AAACCXicdVBLS8NAGNzUV62vqEcvi0XxFJLGkvYgFD3osYJthbaUzXbTLt1Nwu5GKCG/QP+MnkS9efUP+G/cPsQHOqfZmVn4ZvyYUals+93ILSwuLa/kVwtr6xubW+b2TlNGicCkgSMWiWsfScJoSBqKKkauY0EQ9xlp+aOzid+6IULSKLxS45h0ORqENKAYKS31zMN6L+0IDs8Ry+AJ7AQCYS0Moy85S92sZxZtyyl5XtmBtlWtVr2yOyO2W4GOZU9RBHPUe+Zbpx/hhJNQYYakbDt2rLopEopiRrJCJ5EkRniEBqStaYg4kd102ieDB0EkoBoSOH1/z6aISznmvs5wpIbytzcR//LaiQoq3ZSGcaJIiHVEe0HCoIrgZBbYp4JgxcaaICyovhLiIdJjKD1eQdf/7Aj/J82S5bhW6fK4WDudD5EHe2AfHAEHeKAGLkAdNAAGd+ABPIMX49a4Nx6Np1k0Z8z/7IIfMF4/AJZ5mkA=</latexit>

Rodríguez et. al., Phys. Dark Univ. 2018



A novel mechanism to 
implement inflation

• If the two fluids behave as radiation, could we say that 
the actual total fluid 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.

! ⌘ PYM + PGal

⇢YM + ⇢Gal
<latexit sha1_base64="ubdKA/6iWGDzh4HUxrLyXG8DnuU="></latexit>

! = �1
<latexit sha1_base64="TXqovtxuIwiVtoCev8L8kFCyDjo=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0VwY0haS9qFUHTjsoKthTSUyfSmHTrJhJmJUEr/Qlei7vwaf8C/cfoQVPSszr3nXDjnhilnSjvOh5VbWV1b38hvFra2d3b3ivsHbSUySaFFBReyExIFnCXQ0kxz6KQSSBxyuAtHVzP97h6kYiK51eMUgpgMEhYxSrRZ+V0Rw4DgC3zm9oolx3bLnld1sWPX63WvWlkQp1LDru3MUUJLNHvF925f0CyGRFNOlPJdJ9XBhEjNKIdpoZspSAkdkQH4hiYkBhVM5pGn+CQSEush4Pn83TshsVLjODSemOih+q3Nln9pfqajWjBhSZppSKixGC3KONYCz5rjPpNANR8bQqhkJiWmQyIJ1eY/BVP/qyP+n7TLtluxyzfnpcbl8hF5dISO0SlykYca6Bo1UQtRJNAjekGvVmI9WE/W88Kas5Y3h+gHrLdPGkWOKA==</latexit>

" = 0
<latexit sha1_base64="Hkqb7Ut4cLac+6P31tgw6IeMQZ4=">AAAB8nicdVDLSsNAFJ3UV62PRl26GSyCq5C0lrQLoejGZQX7gDaUyfSmHTp5MDMplNAf0ZWoOz/FH/BvnD4EFT2rc+85F865fsKZVLb9YeQ2Nre2d/K7hb39g8OieXTclnEqKLRozGPR9YkEziJoKaY4dBMBJPQ5dPzJzULvTEFIFkf3apaAF5JRxAJGidKrgVnsT4mARDIeR/gK2wOzZFtO2XWrDrater3uVisrYldq2LHsJUpojebAfO8PY5qGECnKiZQ9x06UlxGhGOUwL/RTCQmhEzKCnqYRCUF62TL4HJ8HscBqDHg5f/dmJJRyFvraExI1lr+1xfIvrZeqoOZlLEpSBRHVFq0FKccqxov+eMgEUMVnmhAqmE6J6ZgIQpX+UkHX/+qI/yftsuVUrPLdZalxvX5EHp2iM3SBHOSiBrpFTdRCFKXoEb2gV0MZD8aT8byy5oz1zQn6AePtE0nRkI0=</latexit>

Rodríguez et. al., Phys. Dark Univ. 2018



Inflation as a non-eternal 
asymptotic behaviour

• The whole available 
parameter space exhibits a 
non-eternal asymptotic 
behaviour that corresponds 
to an inflationary solution with                                
. 

•                    where 
y

<latexit sha1_base64="gnlP/FBfUe5Y8xKZ6P3OKYkni5M=">AAAB4nicdVDLTgJBEOzFF+IL9ehlIjHxtNkFCXAjevEIiTwS2JDZoRcmzD4yM2tCCD+gJ6Pe/CR/wL9xeJio0TpVd1UnVe0ngivtOB9WZmNza3snu5vb2z84PMofn7RVnEqGLRaLWHZ9qlDwCFuaa4HdRCINfYEdf3Kz0Dv3KBWPozs9TdAL6SjiAWdUm1VzOsgXHNstVipllzh2rVarlEsr4pSqxLWdJQqwRmOQf+8PY5aGGGkmqFI910m0N6NScyZwnuunChPKJnSEPUMjGqLyZsugc3IRxJLoMZLl/N07o6FS09A3npDqsfqtLZZ/ab1UB1VvxqMk1RgxYzFakAqiY7LoS4ZcItNiaghlkpuUhI2ppEybr+RM/a+O5H/SLtpuyS42rwr16/UjsnAG53AJLlSgDrfQgBYwQHiEF3i1htaD9WQ9r6wZa31zCj9gvX0CcFaK/Q==</latexit>

x
<latexit sha1_base64="73WaqhnkjJLo5rJP6l5bvhP98FY=">AAAB4nicdVDLTgJBEOz1ifhCPXqZSEw8bXZBsnAjevEIiTwS2JDZoYEJs4/MzBoJ4Qf0ZNSbn+QP+DcODxM1WqfqruqkqoNEcKUd58NaW9/Y3NrO7GR39/YPDnNHx00Vp5Jhg8Uilu2AKhQ8wobmWmA7kUjDQGArGF/P9dYdSsXj6FZPEvRDOoz4gDOqzap+38vlHdsteF7JJY5dqVS8UnFJnGKZuLazQB5WqPVy791+zNIQI80EVarjOon2p1RqzgTOst1UYULZmA6xY2hEQ1T+dBF0Rs4HsSR6hGQxf/dOaajUJAyMJ6R6pH5r8+VfWifVg7I/5VGSaoyYsRhtkAqiYzLvS/pcItNiYghlkpuUhI2opEybr2RN/a+O5H/SLNhu0S7UL/PVq9UjMnAKZ3ABLnhQhRuoQQMYIDzCC7xafevBerKel9Y1a3VzAj9gvX0CbtiK/A==</latexit>

x ⌘  ̇p
2mPH

y ⌘  p
2mP

<latexit sha1_base64="VNhwg1CO+ZVtZKX+kwfq5CAyRgE="></latexit>

"
<latexit sha1_base64="Nj6eFYqqJxUrTJB2+xw6t/xeEXo=">AAAB7HicdVDLTgIxFO3gC/GFunTTSExcTWZAMrAjunGJiTySgZBOuUBDp520HRJC+AtdGXXn1/gD/o3lYaJGz+rce85NzrlRwpk2nvfhZDY2t7Z3sru5vf2Dw6P88UlTy1RRaFDJpWpHRANnAhqGGQ7tRAGJIw6taHyz0FsTUJpJcW+mCXRjMhRswCgxdhV2JkRBohmXopcveK5fDIKyjz23Wq0G5dKKeKUK9l1viQJao97Lv3f6kqYxCEM50Tr0vcR0Z0QZRjnMc51UQ0LomAwhtFSQGHR3tow8xxcDqbAZAV7O370zEms9jSPriYkZ6d/aYvmXFqZmUOnOmEhSA4Jai9UGKcdG4kVz3GcKqOFTSwhVzKbEdEQUocb+J2frf3XE/5Nm0fVLbvHuqlC7Xj8ii87QObpEPgpQDd2iOmogiiR6RC/o1RHOg/PkPK+sGWd9c4p+wHn7BClIj4c=</latexit>

" = 0
<latexit sha1_base64="Hkqb7Ut4cLac+6P31tgw6IeMQZ4=">AAAB8nicdVDLSsNAFJ3UV62PRl26GSyCq5C0lrQLoejGZQX7gDaUyfSmHTp5MDMplNAf0ZWoOz/FH/BvnD4EFT2rc+85F865fsKZVLb9YeQ2Nre2d/K7hb39g8OieXTclnEqKLRozGPR9YkEziJoKaY4dBMBJPQ5dPzJzULvTEFIFkf3apaAF5JRxAJGidKrgVnsT4mARDIeR/gK2wOzZFtO2XWrDrater3uVisrYldq2LHsJUpojebAfO8PY5qGECnKiZQ9x06UlxGhGOUwL/RTCQmhEzKCnqYRCUF62TL4HJ8HscBqDHg5f/dmJJRyFvraExI1lr+1xfIvrZeqoOZlLEpSBRHVFq0FKccqxov+eMgEUMVnmhAqmE6J6ZgIQpX+UkHX/+qI/yftsuVUrPLdZalxvX5EHp2iM3SBHOSiBrpFTdRCFKXoEb2gV0MZD8aT8byy5oz1zQn6AePtE0nRkI0=</latexit>

y ! �x
<latexit sha1_base64="1vAT23PRA89HDscr8oyWJoxgXuc=">AAAB+HicdVDLTgJBEJz1ifhCjScvE4mJp80uSIAb0YtHTOSRACGzQwMTZh+Z6VVxw7/oyag3v8Mf8G8cHiZqtE7VXdVJdXmRFBod58NaWl5ZXVtPbaQ3t7Z3djN7+3UdxopDjYcyVE2PaZAigBoKlNCMFDDfk9DwRhdTvXEDSoswuMZxBB2fDQLRF5yhWXUzh2PaVmIwRKZUeEvbHiCjd91M1rHdXLFYcKljl8vlYiE/J06+RF3bmSFLFqh2M+/tXshjHwLkkmndcp0IOwlTKLiESboda4gYH7EBtAwNmA+6k8ziT+hJP1QUh0Bn83dvwnytx75nPD7Dof6tTZd/aa0Y+6VOIoIoRgi4sRitH0uKIZ22QHtCAUc5NoRxJUxKyodMMY6mq7R5/+tH+j+p52w3b+euzrKV80URKXJEjskpcUmRVMglqZIa4SQhj+SFvFr31oP1ZD3PrUvW4uaA/ID19gk8qpNr</latexit>

� =
203�4,1 + 64�4,2 + 23fCurv

4

77�4,1 � 16�4,2 � 9fCurv
4

<latexit sha1_base64="EZAjSAktbmzAa0iUndDYkAx9rvI="></latexit><latexit sha1_base64="EZAjSAktbmzAa0iUndDYkAx9rvI="></latexit><latexit sha1_base64="EZAjSAktbmzAa0iUndDYkAx9rvI="></latexit><latexit sha1_base64="EZAjSAktbmzAa0iUndDYkAx9rvI="></latexit>



Inflation exit

• 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).

y
<latexit sha1_base64="gnlP/FBfUe5Y8xKZ6P3OKYkni5M=">AAAB4nicdVDLTgJBEOzFF+IL9ehlIjHxtNkFCXAjevEIiTwS2JDZoRcmzD4yM2tCCD+gJ6Pe/CR/wL9xeJio0TpVd1UnVe0ngivtOB9WZmNza3snu5vb2z84PMofn7RVnEqGLRaLWHZ9qlDwCFuaa4HdRCINfYEdf3Kz0Dv3KBWPozs9TdAL6SjiAWdUm1VzOsgXHNstVipllzh2rVarlEsr4pSqxLWdJQqwRmOQf+8PY5aGGGkmqFI910m0N6NScyZwnuunChPKJnSEPUMjGqLyZsugc3IRxJLoMZLl/N07o6FS09A3npDqsfqtLZZ/ab1UB1VvxqMk1RgxYzFakAqiY7LoS4ZcItNiaghlkpuUhI2ppEybr+RM/a+O5H/SLtpuyS42rwr16/UjsnAG53AJLlSgDrfQgBYwQHiEF3i1htaD9WQ9r6wZa31zCj9gvX0CcFaK/Q==</latexit>

x
<latexit sha1_base64="73WaqhnkjJLo5rJP6l5bvhP98FY=">AAAB4nicdVDLTgJBEOz1ifhCPXqZSEw8bXZBsnAjevEIiTwS2JDZoYEJs4/MzBoJ4Qf0ZNSbn+QP+DcODxM1WqfqruqkqoNEcKUd58NaW9/Y3NrO7GR39/YPDnNHx00Vp5Jhg8Uilu2AKhQ8wobmWmA7kUjDQGArGF/P9dYdSsXj6FZPEvRDOoz4gDOqzap+38vlHdsteF7JJY5dqVS8UnFJnGKZuLazQB5WqPVy791+zNIQI80EVarjOon2p1RqzgTOst1UYULZmA6xY2hEQ1T+dBF0Rs4HsSR6hGQxf/dOaajUJAyMJ6R6pH5r8+VfWifVg7I/5VGSaoyYsRhtkAqiYzLvS/pcItNiYghlkpuUhI2opEybr2RN/a+O5H/SLNhu0S7UL/PVq9UjMnAKZ3ABLnhQhRuoQQMYIDzCC7xafevBerKel9Y1a3VzAj9gvX0CbtiK/A==</latexit>

x ⌘  ̇p
2mPH

y ⌘  p
2mP

<latexit sha1_base64="VNhwg1CO+ZVtZKX+kwfq5CAyRgE="></latexit>

"
<latexit sha1_base64="Nj6eFYqqJxUrTJB2+xw6t/xeEXo=">AAAB7HicdVDLTgIxFO3gC/GFunTTSExcTWZAMrAjunGJiTySgZBOuUBDp520HRJC+AtdGXXn1/gD/o3lYaJGz+rce85NzrlRwpk2nvfhZDY2t7Z3sru5vf2Dw6P88UlTy1RRaFDJpWpHRANnAhqGGQ7tRAGJIw6taHyz0FsTUJpJcW+mCXRjMhRswCgxdhV2JkRBohmXopcveK5fDIKyjz23Wq0G5dKKeKUK9l1viQJao97Lv3f6kqYxCEM50Tr0vcR0Z0QZRjnMc51UQ0LomAwhtFSQGHR3tow8xxcDqbAZAV7O370zEms9jSPriYkZ6d/aYvmXFqZmUOnOmEhSA4Jai9UGKcdG4kVz3GcKqOFTSwhVzKbEdEQUocb+J2frf3XE/5Nm0fVLbvHuqlC7Xj8ii87QObpEPgpQDd2iOmogiiR6RC/o1RHOg/PkPK+sGWd9c4p+wHn7BClIj4c=</latexit>

x
<latexit sha1_base64="73WaqhnkjJLo5rJP6l5bvhP98FY=">AAAB4nicdVDLTgJBEOz1ifhCPXqZSEw8bXZBsnAjevEIiTwS2JDZoYEJs4/MzBoJ4Qf0ZNSbn+QP+DcODxM1WqfqruqkqoNEcKUd58NaW9/Y3NrO7GR39/YPDnNHx00Vp5Jhg8Uilu2AKhQ8wobmWmA7kUjDQGArGF/P9dYdSsXj6FZPEvRDOoz4gDOqzap+38vlHdsteF7JJY5dqVS8UnFJnGKZuLazQB5WqPVy791+zNIQI80EVarjOon2p1RqzgTOst1UYULZmA6xY2hEQ1T+dBF0Rs4HsSR6hGQxf/dOaajUJAyMJ6R6pH5r8+VfWifVg7I/5VGSaoyYsRhtkAqiYzLvS/pcItNiYghlkpuUhI2opEybr2RN/a+O5H/SLNhu0S7UL/PVq9UjMnAKZ3ABLnhQhRuoQQMYIDzCC7xafevBerKel9Y1a3VzAj9gvX0CbtiK/A==</latexit>

y
<latexit sha1_base64="gnlP/FBfUe5Y8xKZ6P3OKYkni5M=">AAAB4nicdVDLTgJBEOzFF+IL9ehlIjHxtNkFCXAjevEIiTwS2JDZoRcmzD4yM2tCCD+gJ6Pe/CR/wL9xeJio0TpVd1UnVe0ngivtOB9WZmNza3snu5vb2z84PMofn7RVnEqGLRaLWHZ9qlDwCFuaa4HdRCINfYEdf3Kz0Dv3KBWPozs9TdAL6SjiAWdUm1VzOsgXHNstVipllzh2rVarlEsr4pSqxLWdJQqwRmOQf+8PY5aGGGkmqFI910m0N6NScyZwnuunChPKJnSEPUMjGqLyZsugc3IRxJLoMZLl/N07o6FS09A3npDqsfqtLZZ/ab1UB1VvxqMk1RgxYzFakAqiY7LoS4ZcItNiaghlkpuUhI2ppEybr+RM/a+O5H/SLtpuyS42rwr16/UjsnAG53AJLlSgDrfQgBYwQHiEF3i1htaD9WQ9r6wZa31zCj9gvX0CcFaK/Q==</latexit>

"
<latexit sha1_base64="Nj6eFYqqJxUrTJB2+xw6t/xeEXo=">AAAB7HicdVDLTgIxFO3gC/GFunTTSExcTWZAMrAjunGJiTySgZBOuUBDp520HRJC+AtdGXXn1/gD/o3lYaJGz+rce85NzrlRwpk2nvfhZDY2t7Z3sru5vf2Dw6P88UlTy1RRaFDJpWpHRANnAhqGGQ7tRAGJIw6taHyz0FsTUJpJcW+mCXRjMhRswCgxdhV2JkRBohmXopcveK5fDIKyjz23Wq0G5dKKeKUK9l1viQJao97Lv3f6kqYxCEM50Tr0vcR0Z0QZRjnMc51UQ0LomAwhtFSQGHR3tow8xxcDqbAZAV7O370zEms9jSPriYkZ6d/aYvmXFqZmUOnOmEhSA4Jai9UGKcdG4kVz3GcKqOFTSwhVzKbEdEQUocb+J2frf3XE/5Nm0fVLbvHuqlC7Xj8ii87QObpEPgpQDd2iOmogiiR6RC/o1RHOg/PkPK+sGWd9c4p+wHn7BClIj4c=</latexit>

 
<latexit sha1_base64="IpNtzL6cYcT9NTsdPGmH85DFB7o=">AAAB5XicdVDLSsNAFL3xWeur6tLNYBFchaS1pN0V3bisYB/QhjKZ3jRDJw9mJkIp/QRdibrzh/wB/8akraCiZ3XuPefCOddLBFfasj6MtfWNza3twk5xd2//4LB0dNxRcSoZtlksYtnzqELBI2xrrgX2Eok09AR2vcl1rnfvUSoeR3d6mqAb0nHEfc6ozleDRPFhqWyZdsVxajaxzEaj4dSqS2JV68Q2rQXKsEJrWHofjGKWhhhpJqhSfdtKtDujUnMmcF4cpAoTyiZ0jP2MRjRE5c4WWefk3I8l0QGSxfzdO6OhUtPQyzwh1YH6reXLv7R+qv26O+NRkmqMWGbJND8VRMckr0xGXCLTYpoRyiTPUhIWUEmZzh5TzOp/dST/k07FtKtm5fay3LxaPaIAp3AGF2CDA024gRa0gUEAj/ACr8bYeDCejOeldc1Y3ZzADxhvn6WdjEo=</latexit>



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 ! �x
<latexit sha1_base64="1vAT23PRA89HDscr8oyWJoxgXuc=">AAAB+HicdVDLTgJBEJz1ifhCjScvE4mJp80uSIAb0YtHTOSRACGzQwMTZh+Z6VVxw7/oyag3v8Mf8G8cHiZqtE7VXdVJdXmRFBod58NaWl5ZXVtPbaQ3t7Z3djN7+3UdxopDjYcyVE2PaZAigBoKlNCMFDDfk9DwRhdTvXEDSoswuMZxBB2fDQLRF5yhWXUzh2PaVmIwRKZUeEvbHiCjd91M1rHdXLFYcKljl8vlYiE/J06+RF3bmSFLFqh2M+/tXshjHwLkkmndcp0IOwlTKLiESboda4gYH7EBtAwNmA+6k8ziT+hJP1QUh0Bn83dvwnytx75nPD7Dof6tTZd/aa0Y+6VOIoIoRgi4sRitH0uKIZ22QHtCAUc5NoRxJUxKyodMMY6mq7R5/+tH+j+p52w3b+euzrKV80URKXJEjskpcUmRVMglqZIa4SQhj+SFvFr31oP1ZD3PrUvW4uaA/ID19gk8qpNr</latexit>

⇢YM ! 1
<latexit sha1_base64="HiIq50/oO/kNQH/Cw8fUjR0iixk=">AAAB/3icdVDLSsNAFJ34rPVVdamLwSK4Ckmr1O6KbtwICvYhTSmT6aQZOsmEmRulhC70Z3Ql6s5/8Af8G6e1goqe1bn3nAv3HD8RXIPjvFszs3PzC4u5pfzyyuraemFjs6FlqiirUymkavlEM8FjVgcOgrUSxUjkC9b0BydjvXnNlOYyvoRhwjoR6cc84JSAWXULO54KZTe7OhthT/F+CEQpeYM9Hgcw7BaKju2WKpVDFzt2tVqtHJY/iVM+wq7tTFBEU5x3C29eT9I0YjFQQbRuu04CnYwo4FSwUd5LNUsIHZA+axsak4jpTjZJMcJ7gVQYQoYn83dvRiKth5FvPBGBUP/Wxsu/tHYKwVEn43GSAoupsRgtSAUGicdl4B5XjIIYGkKo4uZLTEOiCAVTWd7E/8qI/yeNku2W7dLFQbF2PC0ih7bRLtpHLqqgGjpF56iOKLpDD+gZvVi31r31aD19Wmes6c0W+gHr9QMsu5bQ</latexit>

PYM ! 1
<latexit sha1_base64="zo6Kul7E9+1TZIwSD4AB8eto29Q=">AAAB/HicdVDJSgNBFOxxjXGLehIvjUHwNMwkhiS3oBcvQgSzSCaEnk5P0qRnofuNMgzRn9GTqDe/wh/wb+wsgorWqd6revCq3EhwBZb1YSwsLi2vrGbWsusbm1vbuZ3dpgpjSVmDhiKUbZcoJnjAGsBBsHYkGfFdwVru6Gyit26YVDwMriCJWNcng4B7nBLQq15uv95Lry/G2JF8MAQiZXiLHR54kPRyecu0C+VyycaWWa1Wy6XijFjFCrZNa4o8mqPey707/ZDGPguACqJUx7Yi6KZEAqeCjbNOrFhE6IgMWEfTgPhMddNphDE+8kKJYcjwdP7uTYmvVOK72uMTGKrf2mT5l9aJwat0Ux5EMbCAaovWvFhgCPGkCdznklEQiSaESq6/xHRIJKGg+8rq+F8Z8f+kWTDtolm4PMnXTudFZNABOkTHyEZlVEPnqI4aiKJ79Ihe0KtxZzwYT8bzzLpgzG/20A8Yb5+d05Vd</latexit>

PGal ! �1
<latexit sha1_base64="o8yHqc4irUb05+XfU1mRW2IFxrI=">AAACAnicdVDJSgNBFOxxjXEb9ejBxiB4cZhJDEluQQ96jGAWyITQ0+lJmvQsdL9RwpCb/oyeRL35Cf6Af2NnEVS0TvVe1YNX5cWCK7DtD2NhcWl5ZTWzll3f2NzaNnd2GypKJGV1GolItjyimOAhqwMHwVqxZCTwBGt6w/OJ3rxhUvEovIZRzDoB6Yfc55SAXnXNg1o3dWWAL4gYY1fy/gCIlNEtPnF56MOoa+Zsy8mXSkUH21alUikVCzNiF8rYsewpcmiOWtd8d3sRTQIWAhVEqbZjx9BJiQROBRtn3USxmNAh6bO2piEJmOqk0yBjfORHEsOA4en83ZuSQKlR4GlPQGCgfmuT5V9aOwG/3El5GCfAQqotWvMTgSHCkz5wj0tGQYw0IVRy/SWmAyIJBd1aVsf/yoj/J4285RSs/NVprno2LyKD9tEhOkYOKqEqukQ1VEcU3aNH9IJejTvjwXgynmfWBWN+s4d+wHj7BKTql48=</latexit>

⇢Gal ! �1
<latexit sha1_base64="Uprj9UUqjU8HGB1ucoobEAMOHnc=">AAACBXicdVDLSsNAFJ34rPVVdelmsAhuDEmr1O6KLnRZwarQhDIZJ83gJBNmbpQQutaf0ZWoO3/AH/BvnD4EFT2rc+85F+45QSq4Bsf5sKamZ2bn5ksL5cWl5ZXVytr6uZaZoqxDpZDqMiCaCZ6wDnAQ7DJVjMSBYBfB9dFQv7hhSnOZnEGeMj8m/YSHnBIwq15ly1OR7BWeivExEQPsKd6PgCglb/Gux5MQ8l6l6thurdHYd7FjN5vNxn59TJz6AXZtZ4QqmqDdq7x7V5JmMUuACqJ113VS8AuigFPBBmUv0ywl9Jr0WdfQhMRM+8UoywBvh1JhiBgezd+9BYm1zuPAeGICkf6tDZd/ad0MwgO/4EmaAUuosRgtzAQGiYeV4CuuGAWRG0Ko4uZLTCOiCAVTXNnE/8qI/yfnNdut27XTvWrrcFJECW2iLbSDXNRALXSC2qiDKLpHj+gFvVp31oP1ZD2PrVPW5GYD/YD19gk79JkC</latexit>

!YM ⌘ PYM/⇢YM ! 1

3
<latexit sha1_base64="Qwr4pCQfaVmMqvbEd+7zxdOtJtE="></latexit>

!Gal ⌘ PGal/⇢Gal !
1

3
<latexit sha1_base64="HslMWH0e7nKwc2HHiCKXtx5rA/o="></latexit>

! ⌘ PYM + PGal

⇢YM + ⇢Gal
! �1

<latexit sha1_base64="UdtXUV3XzpM262R0Bdi5XtKoaDM="></latexit>

⇢Gal/⇢YM ! �1
<latexit sha1_base64="YKxw/IH8Z21j4oAB/RmQe3g0S0U="></latexit>

PGal/PYM ! �1
<latexit sha1_base64="7Jb4rmY1hNx2ZhrJi5wOvqNVQLI=">AAACBHicdVDLTsJAFJ3iC/GFunQzSkzcWFuQADuiC92YYCIPA00zHQaYMO00M1MNabrVn9GVUXd+gT/g3zg8TNToWZ17z7nJPccLGZXKsj6M1Nz8wuJSejmzsrq2vpHd3GpIHglM6pgzLloekoTRgNQVVYy0QkGQ7zHS9IanY715Q4SkPLhSo5A4PuoHtEcxUnrlZndrbtwRPjxDLDnS/PoigR1B+wOFhOC38NB2sznLtPOlUtGGllmpVErFwpRYhTK0TWuCHJih5mbfO12OI58ECjMkZdu2QuXESCiKGUkynUiSEOEh6pO2pgHyiXTiSZQE7ve4gGpA4GT+7o2RL+XI97THR2ogf2vj5V9aO1K9shPTIIwUCbC2aK0XMag4HDcCu1QQrNhIE4QF1V9CPEACYaV7y+j4Xxnh/6SRN+2Cmb88zlVPZkWkwQ7YAwfABiVQBeegBuoAg3vwCF7Aq3FnPBhPxvPUmjJmN9vgB4y3Tz5Rl8o=</latexit>

x ! ±1
<latexit sha1_base64="ZOZ+BaSoFpoi6iuOXsZBJetJ/xo=">AAAB+3icdVDLSsNAFJ34rPUVdSO4GSyCq5C0lra7ohuXFewDmlAm00k7dPJg5kYtof6MrkTd+Rf+gH/j9CGo6Fmde8+5cM/xE8EV2PaHsbS8srq2ntvIb25t7+yae/stFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3RxVRv3zCpeBxdwzhhXkgGEQ84JaBXPfPwDruSD4ZApIxvsZuE2OVRAOOeWbAtp1iplB1sW7VarVIuzYldqmLHsmcooAUaPfPd7cc0DVkEVBCluo6dgJcRCZwKNsm7qWIJoSMyYF1NIxIy5WWzBBN8EsQSw5Dh2fzdm5FQqXHoa09IYKh+a9PlX1o3haDqZTxKUmAR1RatBanAEONpEbjPJaMgxpoQKrn+EtMhkYSCriuv439lxP+TVtFySlbx6qxQP18UkUNH6BidIgdVUB1dogZqIoru0SN6Qa/GxHgwnoznuXXJWNwcoB8w3j4BtzGU1w==</latexit>



Some numerical results

• Asymptotic behaviour y ! �x
<latexit sha1_base64="1vAT23PRA89HDscr8oyWJoxgXuc=">AAAB+HicdVDLTgJBEJz1ifhCjScvE4mJp80uSIAb0YtHTOSRACGzQwMTZh+Z6VVxw7/oyag3v8Mf8G8cHiZqtE7VXdVJdXmRFBod58NaWl5ZXVtPbaQ3t7Z3djN7+3UdxopDjYcyVE2PaZAigBoKlNCMFDDfk9DwRhdTvXEDSoswuMZxBB2fDQLRF5yhWXUzh2PaVmIwRKZUeEvbHiCjd91M1rHdXLFYcKljl8vlYiE/J06+RF3bmSFLFqh2M+/tXshjHwLkkmndcp0IOwlTKLiESboda4gYH7EBtAwNmA+6k8ziT+hJP1QUh0Bn83dvwnytx75nPD7Dof6tTZd/aa0Y+6VOIoIoRgi4sRitH0uKIZ22QHtCAUc5NoRxJUxKyodMMY6mq7R5/+tH+j+p52w3b+euzrKV80URKXJEjskpcUmRVMglqZIa4SQhj+SFvFr31oP1ZD3PrUvW4uaA/ID19gk8qpNr</latexit>

↵1 = 0.1m2
P

↵2/↵1 = 30

fCurv
4 /↵1 = 5

xi = �4⇥ 109

yi = 1010
<latexit sha1_base64="ZY3q//une5lArVNd3fWqqf9e3dc="></latexit>

� �� �� �� �� ���

-�

-�

-�

-�

�



Some numerical results

•     behaviour:  first going to 0 and 
then going to 2.  Inflation lasts 
enough e-folds to solve the 
classical problems of the standard 
cosmology.

"
<latexit sha1_base64="Nj6eFYqqJxUrTJB2+xw6t/xeEXo=">AAAB7HicdVDLTgIxFO3gC/GFunTTSExcTWZAMrAjunGJiTySgZBOuUBDp520HRJC+AtdGXXn1/gD/o3lYaJGz+rce85NzrlRwpk2nvfhZDY2t7Z3sru5vf2Dw6P88UlTy1RRaFDJpWpHRANnAhqGGQ7tRAGJIw6taHyz0FsTUJpJcW+mCXRjMhRswCgxdhV2JkRBohmXopcveK5fDIKyjz23Wq0G5dKKeKUK9l1viQJao97Lv3f6kqYxCEM50Tr0vcR0Z0QZRjnMc51UQ0LomAwhtFSQGHR3tow8xxcDqbAZAV7O370zEms9jSPriYkZ6d/aYvmXFqZmUOnOmEhSA4Jai9UGKcdG4kVz3GcKqOFTSwhVzKbEdEQUocb+J2frf3XE/5Nm0fVLbvHuqlC7Xj8ii87QObpEPgpQDd2iOmogiiR6RC/o1RHOg/PkPK+sGWd9c4p+wHn7BClIj4c=</latexit>

� �� �� �� �� ���
�

�

�

�

�
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�

�
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�



Some numerical results
•         behaviour:  during 

inflation, it goes to -1.  After 
the end of inflation, it goes to 
0

⇢Gal

⇢YM
<latexit sha1_base64="GmhfFJ3s4wDvjr9M8++XJ1cXBa8=">AAACA3icdVDLSsNAFJ3UV62vqEs3g0VwFZLWknZXdKEboYJ9SFPKZDpphk4ezEyEErLUn9GVqDv/wB/wb5y2EVT0LIZz7zkX5hw3ZlRI0/zQCkvLK6trxfXSxubW9o6+u9cRUcIxaeOIRbznIkEYDUlbUslIL+YEBS4jXXdyNtO7t4QLGoXXchqTQYDGIfUoRlKthjp0PI5w6nA/Gqo3gOeIZVk+31xm2VAvm4ZVse2aBU2j0WjYteqCmNU6tAxzjjLI0Rrq784owklAQokZEqJvmbEcpIhLihnJSk4iSIzwBI1JX9EQBUQM0nmSDB55EYfSJ3A+f/emKBBiGrjKEyDpi9/abPmX1k+kVx+kNIwTSUKsLErzEgZlBGeFwBHlBEs2VQRhTtUvIfaRKkWq2koq/ldG+D/pVAyralSuTsrN07yIIjgAh+AYWMAGTXABWqANMLgHj+AFvGp32oP2pD0vrAUtv9kHP6C9fQLNDpjg</latexit>

� �� �� �� �� ���
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Some numerical results
•         behaviour:  during 

inflation, it goes to -1.  After 
the end of inflation, it goes to 
0

PGal

PYM
<latexit sha1_base64="7cwYQAyhFZz0KhY0YZHhLXechtc=">AAAB/XicdVDLSsNAFJ3UV62vqDvdDBbBVUhaS9pd0YVuhAq2VZpQJtNJO3TyYGYilBD0Z3Ql6s6f8Af8GydtBRU9q3PvORfuOV7MqJCm+aEVFhaXlleKq6W19Y3NLX17pyOihGPSxhGL+LWHBGE0JG1JJSPXMSco8BjpeuPTXO/eEi5oFF7JSUzcAA1D6lOMpFr19T3H5winrX7q8ACeIZZl+XBzkWV9vWwaVsW2axY0jUajYdeqM2JW69AyzCnKYI5WX393BhFOAhJKzJAQPcuMpZsiLilmJCs5iSAxwmM0JD1FQxQQ4abTDBk89CMO5YjA6fzdm6JAiEngKU+A5Ej81vLlX1ovkX7dTWkYJ5KEWFmU5icMygjmVcAB5QRLNlEEYU7VlxCPkKpDqsJKKv5XRvg/6VQMq2pULo/LzZN5EUWwDw7AEbCADZrgHLRAG2BwDx7BC3jV7rQH7Ul7nlkL2vxmF/yA9vYJq/eV+g==</latexit>

� �� �� �� �� ���
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Some numerical results

• Arbitrary trajectory in the 
phase in an    contour plot 
of the phase space.

"
<latexit sha1_base64="Nj6eFYqqJxUrTJB2+xw6t/xeEXo=">AAAB7HicdVDLTgIxFO3gC/GFunTTSExcTWZAMrAjunGJiTySgZBOuUBDp520HRJC+AtdGXXn1/gD/o3lYaJGz+rce85NzrlRwpk2nvfhZDY2t7Z3sru5vf2Dw6P88UlTy1RRaFDJpWpHRANnAhqGGQ7tRAGJIw6taHyz0FsTUJpJcW+mCXRjMhRswCgxdhV2JkRBohmXopcveK5fDIKyjz23Wq0G5dKKeKUK9l1viQJao97Lv3f6kqYxCEM50Tr0vcR0Z0QZRjnMc51UQ0LomAwhtFSQGHR3tow8xxcDqbAZAV7O370zEms9jSPriYkZ6d/aYvmXFqZmUOnOmEhSA4Jai9UGKcdG4kVz3GcKqOFTSwhVzKbEdEQUocb+J2frf3XE/5Nm0fVLbvHuqlC7Xj8ii87QObpEPgpQDd2iOmogiiR6RC/o1RHOg/PkPK+sGWd9c4p+wHn7BClIj4c=</latexit>

x
<latexit sha1_base64="73WaqhnkjJLo5rJP6l5bvhP98FY=">AAAB4nicdVDLTgJBEOz1ifhCPXqZSEw8bXZBsnAjevEIiTwS2JDZoYEJs4/MzBoJ4Qf0ZNSbn+QP+DcODxM1WqfqruqkqoNEcKUd58NaW9/Y3NrO7GR39/YPDnNHx00Vp5Jhg8Uilu2AKhQ8wobmWmA7kUjDQGArGF/P9dYdSsXj6FZPEvRDOoz4gDOqzap+38vlHdsteF7JJY5dqVS8UnFJnGKZuLazQB5WqPVy791+zNIQI80EVarjOon2p1RqzgTOst1UYULZmA6xY2hEQ1T+dBF0Rs4HsSR6hGQxf/dOaajUJAyMJ6R6pH5r8+VfWifVg7I/5VGSaoyYsRhtkAqiYzLvS/pcItNiYghlkpuUhI2opEybr2RN/a+O5H/SLNhu0S7UL/PVq9UjMnAKZ3ABLnhQhRuoQQMYIDzCC7xafevBerKel9Y1a3VzAj9gvX0CbtiK/A==</latexit>

y
<latexit sha1_base64="gnlP/FBfUe5Y8xKZ6P3OKYkni5M=">AAAB4nicdVDLTgJBEOzFF+IL9ehlIjHxtNkFCXAjevEIiTwS2JDZoRcmzD4yM2tCCD+gJ6Pe/CR/wL9xeJio0TpVd1UnVe0ngivtOB9WZmNza3snu5vb2z84PMofn7RVnEqGLRaLWHZ9qlDwCFuaa4HdRCINfYEdf3Kz0Dv3KBWPozs9TdAL6SjiAWdUm1VzOsgXHNstVipllzh2rVarlEsr4pSqxLWdJQqwRmOQf+8PY5aGGGkmqFI910m0N6NScyZwnuunChPKJnSEPUMjGqLyZsugc3IRxJLoMZLl/N07o6FS09A3npDqsfqtLZZ/ab1UB1VvxqMk1RgxYzFakAqiY7LoS4ZcItNiaghlkpuUhI2ppEybr+RM/a+O5H/SLtpuyS42rwr16/UjsnAG53AJLlSgDrfQgBYwQHiEF3i1htaD9WQ9r6wZa31zCj9gvX0CcFaK/Q==</latexit>

"
<latexit sha1_base64="Nj6eFYqqJxUrTJB2+xw6t/xeEXo=">AAAB7HicdVDLTgIxFO3gC/GFunTTSExcTWZAMrAjunGJiTySgZBOuUBDp520HRJC+AtdGXXn1/gD/o3lYaJGz+rce85NzrlRwpk2nvfhZDY2t7Z3sru5vf2Dw6P88UlTy1RRaFDJpWpHRANnAhqGGQ7tRAGJIw6taHyz0FsTUJpJcW+mCXRjMhRswCgxdhV2JkRBohmXopcveK5fDIKyjz23Wq0G5dKKeKUK9l1viQJao97Lv3f6kqYxCEM50Tr0vcR0Z0QZRjnMc51UQ0LomAwhtFSQGHR3tow8xxcDqbAZAV7O370zEms9jSPriYkZ6d/aYvmXFqZmUOnOmEhSA4Jai9UGKcdG4kVz3GcKqOFTSwhVzKbEdEQUocb+J2frf3XE/5Nm0fVLbvHuqlC7Xj8ii87QObpEPgpQDd2iOmogiiR6RC/o1RHOg/PkPK+sGWd9c4p+wHn7BClIj4c=</latexit>



Some numerical results

• Arbitrary trajectory in the 
phase in an    contour plot 
of the phase space (zoom).

"
<latexit sha1_base64="Nj6eFYqqJxUrTJB2+xw6t/xeEXo=">AAAB7HicdVDLTgIxFO3gC/GFunTTSExcTWZAMrAjunGJiTySgZBOuUBDp520HRJC+AtdGXXn1/gD/o3lYaJGz+rce85NzrlRwpk2nvfhZDY2t7Z3sru5vf2Dw6P88UlTy1RRaFDJpWpHRANnAhqGGQ7tRAGJIw6taHyz0FsTUJpJcW+mCXRjMhRswCgxdhV2JkRBohmXopcveK5fDIKyjz23Wq0G5dKKeKUK9l1viQJao97Lv3f6kqYxCEM50Tr0vcR0Z0QZRjnMc51UQ0LomAwhtFSQGHR3tow8xxcDqbAZAV7O370zEms9jSPriYkZ6d/aYvmXFqZmUOnOmEhSA4Jai9UGKcdG4kVz3GcKqOFTSwhVzKbEdEQUocb+J2frf3XE/5Nm0fVLbvHuqlC7Xj8ii87QObpEPgpQDd2iOmogiiR6RC/o1RHOg/PkPK+sGWd9c4p+wHn7BClIj4c=</latexit>

x
<latexit sha1_base64="73WaqhnkjJLo5rJP6l5bvhP98FY=">AAAB4nicdVDLTgJBEOz1ifhCPXqZSEw8bXZBsnAjevEIiTwS2JDZoYEJs4/MzBoJ4Qf0ZNSbn+QP+DcODxM1WqfqruqkqoNEcKUd58NaW9/Y3NrO7GR39/YPDnNHx00Vp5Jhg8Uilu2AKhQ8wobmWmA7kUjDQGArGF/P9dYdSsXj6FZPEvRDOoz4gDOqzap+38vlHdsteF7JJY5dqVS8UnFJnGKZuLazQB5WqPVy791+zNIQI80EVarjOon2p1RqzgTOst1UYULZmA6xY2hEQ1T+dBF0Rs4HsSR6hGQxf/dOaajUJAyMJ6R6pH5r8+VfWifVg7I/5VGSaoyYsRhtkAqiYzLvS/pcItNiYghlkpuUhI2opEybr2RN/a+O5H/SLNhu0S7UL/PVq9UjMnAKZ3ABLnhQhRuoQQMYIDzCC7xafevBerKel9Y1a3VzAj9gvX0CbtiK/A==</latexit>

y
<latexit sha1_base64="gnlP/FBfUe5Y8xKZ6P3OKYkni5M=">AAAB4nicdVDLTgJBEOzFF+IL9ehlIjHxtNkFCXAjevEIiTwS2JDZoRcmzD4yM2tCCD+gJ6Pe/CR/wL9xeJio0TpVd1UnVe0ngivtOB9WZmNza3snu5vb2z84PMofn7RVnEqGLRaLWHZ9qlDwCFuaa4HdRCINfYEdf3Kz0Dv3KBWPozs9TdAL6SjiAWdUm1VzOsgXHNstVipllzh2rVarlEsr4pSqxLWdJQqwRmOQf+8PY5aGGGkmqFI910m0N6NScyZwnuunChPKJnSEPUMjGqLyZsugc3IRxJLoMZLl/N07o6FS09A3npDqsfqtLZZ/ab1UB1VvxqMk1RgxYzFakAqiY7LoS4ZcItNiaghlkpuUhI2ppEybr+RM/a+O5H/SLtpuyS42rwr16/UjsnAG53AJLlSgDrfQgBYwQHiEF3i1htaD9WQ9r6wZa31zCj9gvX0CcFaK/Q==</latexit>

"
<latexit sha1_base64="Nj6eFYqqJxUrTJB2+xw6t/xeEXo=">AAAB7HicdVDLTgIxFO3gC/GFunTTSExcTWZAMrAjunGJiTySgZBOuUBDp520HRJC+AtdGXXn1/gD/o3lYaJGz+rce85NzrlRwpk2nvfhZDY2t7Z3sru5vf2Dw6P88UlTy1RRaFDJpWpHRANnAhqGGQ7tRAGJIw6taHyz0FsTUJpJcW+mCXRjMhRswCgxdhV2JkRBohmXopcveK5fDIKyjz23Wq0G5dKKeKUK9l1viQJao97Lv3f6kqYxCEM50Tr0vcR0Z0QZRjnMc51UQ0LomAwhtFSQGHR3tow8xxcDqbAZAV7O370zEms9jSPriYkZ6d/aYvmXFqZmUOnOmEhSA4Jai9UGKcdG4kVz3GcKqOFTSwhVzKbEdEQUocb+J2frf3XE/5Nm0fVLbvHuqlC7Xj8ii87QObpEPgpQDd2iOmogiiR6RC/o1RHOg/PkPK+sGWd9c4p+wHn7BClIj4c=</latexit>



Some numerical results
•      contour plot of the 

phase space.  The 
inflationary energy scale is 
always under control:             
.

x
<latexit sha1_base64="73WaqhnkjJLo5rJP6l5bvhP98FY=">AAAB4nicdVDLTgJBEOz1ifhCPXqZSEw8bXZBsnAjevEIiTwS2JDZoYEJs4/MzBoJ4Qf0ZNSbn+QP+DcODxM1WqfqruqkqoNEcKUd58NaW9/Y3NrO7GR39/YPDnNHx00Vp5Jhg8Uilu2AKhQ8wobmWmA7kUjDQGArGF/P9dYdSsXj6FZPEvRDOoz4gDOqzap+38vlHdsteF7JJY5dqVS8UnFJnGKZuLazQB5WqPVy791+zNIQI80EVarjOon2p1RqzgTOst1UYULZmA6xY2hEQ1T+dBF0Rs4HsSR6hGQxf/dOaajUJAyMJ6R6pH5r8+VfWifVg7I/5VGSaoyYsRhtkAqiYzLvS/pcItNiYghlkpuUhI2opEybr2RN/a+O5H/SLNhu0S7UL/PVq9UjMnAKZ3ABLnhQhRuoQQMYIDzCC7xafevBerKel9Y1a3VzAj9gvX0CbtiK/A==</latexit>

y
<latexit sha1_base64="gnlP/FBfUe5Y8xKZ6P3OKYkni5M=">AAAB4nicdVDLTgJBEOzFF+IL9ehlIjHxtNkFCXAjevEIiTwS2JDZoRcmzD4yM2tCCD+gJ6Pe/CR/wL9xeJio0TpVd1UnVe0ngivtOB9WZmNza3snu5vb2z84PMofn7RVnEqGLRaLWHZ9qlDwCFuaa4HdRCINfYEdf3Kz0Dv3KBWPozs9TdAL6SjiAWdUm1VzOsgXHNstVipllzh2rVarlEsr4pSqxLWdJQqwRmOQf+8PY5aGGGkmqFI910m0N6NScyZwnuunChPKJnSEPUMjGqLyZsugc3IRxJLoMZLl/N07o6FS09A3npDqsfqtLZZ/ab1UB1VvxqMk1RgxYzFakAqiY7LoS4ZcItNiaghlkpuUhI2ppEybr+RM/a+O5H/SLtpuyS42rwr16/UjsnAG53AJLlSgDrfQgBYwQHiEF3i1htaD9WQ9r6wZa31zCj9gvX0CcFaK/Q==</latexit>

H
<latexit sha1_base64="xcc5cVZUxLYVa6AIIbooZU3pJrE=">AAAB4nicdVDLTgJBEOz1ifhCPXqZSEw8bXZBAtyIXjhCIo8ENmR26IUJs4/MzJoQwg/oyag3P8kf8G8cHiZqtE7VXdVJVfuJ4Eo7zoe1sbm1vbOb2cvuHxweHedOTtsqTiXDFotFLLs+VSh4hC3NtcBuIpGGvsCOP7ld6J17lIrH0Z2eJuiFdBTxgDOqzapZH+Tyju0WyuWSSxy7Wq2WS8UVcYoV4trOEnlYozHIvfeHMUtDjDQTVKme6yTam1GpORM4z/ZThQllEzrCnqERDVF5s2XQObkMYkn0GMly/u6d0VCpaegbT0j1WP3WFsu/tF6qg4o341GSaoyYsRgtSAXRMVn0JUMukWkxNYQyyU1KwsZUUqbNV7Km/ldH8j9pF2y3aBea1/nazfoRGTiHC7gCF8pQgzo0oAUMEB7hBV6tofVgPVnPK+uGtb45gx+w3j4BJziKzA==</latexit>

H/mP < 1
<latexit sha1_base64="JW7HmpWoRZXSUBTdN8lECUzqRPg=">AAAB6nicdVDLSsNAFJ34rPVVdelmsAiuYtJa0oKLopsuK9iHtKFMprft0JkkzEyEEvoTuhJ15+f4A/6N04egomd17j3nwjk3iDlT2nE+rJXVtfWNzcxWdntnd28/d3DYVFEiKTRoxCPZDogCzkJoaKY5tGMJRAQcWsH4eqa37kEqFoW3ehKDL8gwZANGiTaru9q56NXxJXZ7ubxjuwXPK7nYsSuVilcqLohTLGPXdubIoyXqvdx7tx/RRECoKSdKdVwn1n5KpGaUwzTbTRTEhI7JEDqGhkSA8tN54Ck+HUQS6xHg+fzdmxKh1EQExiOIHqnf2mz5l9ZJ9KDspyyMEw0hNRajDRKOdYRnvXGfSaCaTwwhVDKTEtMRkYRq852sqf/VEf9PmgXbLdqFm4t89Wr5iAw6RifoDLnIQ1VUQ3XUQBQJ9Ihe0KvFrQfryXpeWFes5c0R+gHr7RNI1o0U</latexit>

H/mP
<latexit sha1_base64="Dyd62r8h4b5vMdZzsJa/OFMWCzg=">AAAB5nicdZDLSsNAFIZPvNZ6q7p0M1gEVzFpLWl3RTddVjBtoQ1lMp00QycXZiZCCX0FXYm684F8Ad/G6UVQ0X/1z/m/gfMfP+VMKsv6MNbWNza3tgs7xd29/YPD0tFxRyaZINQlCU9Ez8eSchZTVzHFaS8VFEc+p11/cjPPu/dUSJbEd2qaUi/C45gFjGClR27rMhq2h6WyZdoVx6nZyDIbjYZTqy6NVa0j27QWKsNKmn8fjBKSRTRWhGMp+7aVKi/HQjHC6aw4yCRNMZngMe1rG+OISi9fLDtD50EikAopWry/szmOpJxGvmYirEL5O5sP/8r6mQrqXs7iNFM0JhrRWZBxpBI074xGTFCi+FQbTATTWyISYoGJ0pcp6vpfHdH/plMx7apZub0qN69XhyjAKZzBBdjgQBNa0AYXCDB4hBd4NULjwXgynpfomrH6cwI/ZLx9AquqjD8=</latexit>



Further exploration of the 
model

• To investigate the possible attractor nature of the 
cosmic triad configuration in a more general 
anisotropic background. 

• To investigate the causal structure of the theory. 

• To include beyond generalized SU(2) Proca terms and 
see how they change the model features. 

• To obtain the tensor to scalar ratio and the spectral 
index for the curvature perturbation and see how it fits 
with observations.



Further exploration of the 
model

• There is an interesting prediction of the model:
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<latexit sha1_base64="9qpr5I8tw8RMDKOQua2A+itZ3+0="></latexit>
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⌘
<latexit sha1_base64="vCq4H7TXTjptan8l/XTmdMsdsnw=">AAAB5XicdVDLSsNAFJ34rPVVdelmsAiuQtJa0u6KblxWsA9oQ5lMb5qhkwczN0Ip/QRdibrzh/wB/8akraCiZ3XuPefCOddLpNBoWR/G2vrG5tZ2Yae4u7d/cFg6Ou7oOFUc2jyWsep5TIMUEbRRoIReooCFnoSuN7nO9e49KC3i6A6nCbghG0fCF5xhvhoAsmGpbJl2xXFqNrXMRqPh1KpLYlXr1DatBcpkhdaw9D4YxTwNIUIumdZ920rQnTGFgkuYFwephoTxCRtDP6MRC0G7s0XWOT33Y0UxALqYv3tnLNR6GnqZJ2QY6N9avvxL66fo192ZiJIUIeKZJdP8VFKMaV6ZjoQCjnKaEcaVyFJSHjDFOGaPKWb1vzrS/0mnYtpVs3J7WW5erR5RIKfkjFwQmzikSW5Ii7QJJwF5JC/k1RgbD8aT8by0rhmrmxPyA8bbJ4qsjDg=</latexit>



Thank you!


