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Based on the papers:

- Unified dark energy and dark matter from dynamical spacetime
Phys.Rev. D98 (2018) no.2, 023506

- Dark energy and dark matter unification from dynamical space time:
observational constraints and cosmological implications
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* Inflation compactification from dynamical spacetime
Phys.Rev. D98 (2018) no.4, 043522

* Interacting Diffusive Unified Dark Energy and Dark Matter from Scalar Fields
Eur.Phys.J). C77 (2017) no.6, 396

- Unification of dark energy and dark matter from diffusive cosmology
Phys.Rev. D99 (2019) no.12, 123521



Dark Energy & Dark Matter
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26.8% Dark

* Why is the observed value so many orders of magnitude Matter

smaller than that expected in QFT? 65.3% Dark
Energy

Dark E
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Dark Ages Development of
/ Galaxies

 Why is it of the same order of magnitude as
the matter density of the universe at the
present time?

13.7 billion years
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A sign for Dynamical DE?
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PHYSICAL REVIEW D 97, 043503 (2018)
Jean-Baptiste Durrive, Junpei Ooba,

QUintessence Kiyotomo Ichiki, Naoshi Sugiyama

Ratra, P.; Peebles, L. (1988)

* May describe dynamical dark energy
Physical Review D. 37 (12) 3406
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Gao, Martin Kunz,
Andrew R. Liddle, David Parkinson

Unified DE&DM different from quintessence

* A basic stress energy tensor unified DE — DM from a single scalar field.

T = 2 phYY + U(P)g"

Demanding V,T*" = 0 gives:

$+§H¢3+U’(q§) =0

* For U(¢) = Const, and in FRW metric:
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Exponential Potential

* The density equations:

3H* = k7[5 b+ A(d) + p, + p,l.
U(¢) = Uyexp —A¢

2H + 3H* = —k*[—A(d) + 1p,],

- With the dimensionless quantities: v = K | - H\/T
JOoH " J3H
o K
- \BH' b J3H
* Gives the Dynamical System Method:
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Existence Stability Qg
All A Unstable node 0
All A Saddle line segment for 0 = x = | x>

2 =3 Stable node for A < ;‘35 !




A toy model

« We start with a simple action of one dimensional particle in a potential V(x).

S = fB mez + V(x)] dt

* OB gives the total energy of a particle:

1 .
mez +V(x)=E

* 0x gives the condition for B: :
a(m:’cB) = BV'(x)



GRAVITATIONAL THEORY WITH A DYNAMICAL SPACE-TIME
E. l. GUENDELMAN Int.J.Mod.Phys. A25 (2010) 4081-4099

Dynamical time Theories

* L. multiplier which force a covariant conservation of a stress energy tensor:

SG0 = [ VT Tl d'x
. )(’1 - dynamical space-time vector field .
Xuv = Op Xy — F;fv)(}t in the metric formalism (gqg., = 0).
0L 0
o =5 = Tow
. T(i% - stress energy tensor. The variation according to y gives a conserved

e - . W A - w _ 8
diffusive energy: VﬂT(X) = 0, in addition to T(G) = Sghv

- Dynamical time is as T.M.T for T(% = gtvA.


https://www.worldscientific.com/doi/pdf/10.1142/S0217751X10050317

Symmetries

* If the matter is coupled through its energy momentum tensor as:

uv uwv Uuv
Ton 2 Top T 19

the process will not affect the equations of motion.

* Similar to “normal ordering” in QFT.

Xu = Xu T ky
* Where k ,, is a Killing vector.



Phys.Rev. D98 (2018) no.2, 023506
David Benisty, Eduardo Guendelman

The action

The complete action

1 L/ ]' (1,3 | | i
L= _EB + X;LL:UT(‘L;) — Eg "Q.aP.B — V(@)
With the coupled stress energy tensor:
’:I_‘.li""'“il'l""r - _1(;-'}!-"-'[@!” _I_ U(G)) H
(x) = 79 g

The action contains three variables: g*V, ¢, x*



dr?
1— kr?

ds® = dt® — a(t)? (

+ r2d6? + r? sin® 0d¢2>

EoM

« Oy* -A constraint on scalar field:

¢+;H¢+ U'(¢) =0

* 5¢ - A current:
6(%o0 — 1) + ¢[Xo + 3H (%o — )] = U’ () (X0 + 3Hx0) — V' (¢)
- §g"V - Dark energy and dark matter: % 5;76
/A
R
p= (%0~ 5)8 +V(9)

1.
p= §¢'2(1 — X0 — 3Hxo0) — V(9) — x000



U(¢p) = Const

.. 3 . :
bHIHGTU@P) =0 & $=-H) or &=

5= o — 1
b(xo — 1) + d[xo + 3H(x0 — 1)] = .3
e S+ Z_HS) = -V’
U'(6) (o + 3Hxo) — V'() O+ 10y = V@)
p=(to— )8+ V(9) p= 0+ )+ V(O
e
p= 26%(1 - o - 3Hx0)  V(6) - x06d N
p=5&—vwx

matterw = 0
D. Cosmological constant w = —1

Negative 2D radiationw = 1/2




Constant potentials

.3 2 _ 2m
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A bouncing LCDM
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A dynamical time vs. cosmic time

* This correspondence between dynamical time and the cosmic time
could be a solution of the time problem in quantum cosmology.
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Exponential potential v =c, v(e) =7

5 20,
* The scalar field still behaves as dust: ¢ = 3

a

L2
(1+ 25)7+ V(¢) = 3H?

* In terms of dimensionless quantities:

(1+28)z* +y* =1
_ ¢ VY
V6H ' V3H

£I
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Late time expansion data fitting

Qmo = 0.304815 5344

h = 0.625720 533

£ = 0.1830%] 133

M = —19.3975+00340

JCAP 1906 (2019) 003
F. K. Anagnostopoulos

D. Benisty
S. Basilakos
E.l. Guendelman
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Better then LCDM for late time expansion data

Model Qo h afk B M Xein
V.Uconst. 03055032 0.68967001%%  —0.183701% - ~19.397003%  84.049
Vi 0.277°00%4 0.688500139 - ~0.593713¢7  ~19.3907)03F  88.100
Va(cosine) 0270 £0.015  0.6895709128 - 1 -19.388 £ 0.035  87.954
Vs 02737002 0.6890*09130  1.152*1309 1 -19.389 £ 0.034  87.942
ACDM 0.2817081°  0.686 = 0.013 - - ~19.403 £0.035  85.700

Model AlIC AAIC BIC ABIC DIC  ADIC
V.Uconst 92470 0518 102470 2955 88.473 0

Vi 96.521 4.569 106.5210 7.006 95908 7.435
Vs 94204 2252 101770  2.255 93930 5457
Vi 96.363 4.411 106.363  6.848 95.805 7.332
ACDM  91.952 0 99.515 0 91.671 3.198

TABLE V. The information criteria values AIC, BIC and DIC for
the different potentials and the concordance model along with the
corresponding differences AIC = IC = IC,;,.
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General Consideration of T(%

. . Uv
For a generalizes T(X).

Uv A LA,V Az UV 4,0 uv
T(X)Z_?d)' ¢’ _?g ¢“ho + 8" U(P)

12
With the “density and the pressure™.  pP(,) = (/11 + /12) % + U(Qf)),
&2
P = —/127— U(p).

The general action is again:

1

]- L4 af | [ :
L = —EH -I- Xp:uT{;) — ig "TQaPp — V(@)



S. Banerjee D. Benisty E.l. Guendelman
arxiv:1909.01982

The EoM

* The variation with respect to y,: gb — Cla—3)\1/2)\

)

* Power Law a ~ t%

(A + 3a(A1 + 3)))

p=C; a M/ Ly

- Exponential a ~ et

A A
1+ 3 a3/

_ 2
=g =

+V


http://arxiv.org/abs/arXiv:1909.01982

Mon.Not.Roy.Astron.Soc. 431 (2013) 923-929
J.A.S. Lima, S. Basilakos, Joan Sola

The Running Vacuum Model

* From QFT in curved spacetime:

2
pa(H;v,a) = 3 (cn +vH? + §O:H) + O(H?Y),

8mG
(0) (0)
* For G = Const:  p=0\" + Pm_ 3¢ + Q,; a™
3 §
1 —-v 1 —v
— — ]_ — e . / — = 1 — g -
$=1"4 Veff, & i, Vef s

- Corresponds to DST cosmology with: §=XA1/A, & =1


http://inspirehep.net/author/profile/Lima%2C%20J.A.S.?recid=1185361&ln=en
http://inspirehep.net/author/profile/Basilakos%2C%20S.?recid=1185361&ln=en
http://inspirehep.net/author/profile/Sola%2C%20Joan?recid=1185361&ln=en

. . . ] Phys. Rev. D 31, 2697 (1985)
Inflation Compactification Yasunari Tosa

* The metric:  ds? = —dt2? + R(t)2dx? + r(t)%dy?

* The volume:
V = RPyd

* For separate equation of states, the compactification mechanism uses:

L 1 2Ed(D+d-1) ([ dt
R(r)—VDfexp[+D+d\/ D fv]

e | 2ED(D+d—-1) dt
r(t) = Vb exp[—D 2 \/ y f?]


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.31.2697

Phys.Rev. D98 (2018) no.4, 043522
David Benisty, Eduardo Guendelman

Inflation Compactification With D.S.T

Q Q)
* For constant potentials, the density is: Q=0+ " + V;j
1.,
with the appropriate effective potential:
D+d .
Uet(V) = — QAV? + Q,V + QNVV)
D+d-1
Gerr | - Gt
. .‘ﬁ- ‘_f' 7 , ..... e s s e e .. . . . “?
———  Emin "
.............. ‘|7c1‘7

FIG. 1. The effective potential, for two cases, where Q,, Q,<0 and €2, > 0.
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End of inflation compactification,
using a step function potential

* For obtaining a partially analytic and more simple solution, lets use a

step function:
N A . N F Ao
V(g) =— > Sign(¢) +— > .

A are the vales of the potential from right and left.

- . . : 20
The variation with respect to the vector field: ¢p* = —™

The variation with respect to the scalar: 22 d(EVE) = —dV (¢h).

3
=

whereé =y, — 1



K K.y

With the solution: &(¢p <0) = —/———. & >0)=—
Vig—0) Vie—0)
The discontinuity condition gives:
VZ
- (9=0)

H

The “energy equation” (EOM with respect to the metric):

I . D+d 2Q, (. 1\ A,y —A_y .. Apo + A,
: (g-l——)—i— as Sign(¢) + — ]

E=-V—
2 D+d-1

2

V 2 2 2

* There is no jump of the volume:

—AV" =

l ., D+d [2Q,
2 - D+d-1

Vig=0) =

This fact gives a pure proof that there is a solution for any potential.



Final Remarks

Dynamical dark energy and dark matter:
* For understanding the nature of the coincidence problem
* Hubble constant tension?

The Dynamical space time Theories — both energy momentum tensor are
conserved.

Valid after GW170817!
- Dynamical time has a correspondence to the cosmic time.
* Dynamical DE — DM from potentials - stable for low couplings values.

« With higher dimensions gives inflation.






