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Abstract: Dark matter and dark energy can be explained without resorting to exotic fields if one accepts that the geometry of spacetime is governed
by suitable generalized gravitational theories based on Lagrangians that are non-linear in the curvature of a metric and/or a torsionless linear
connection, i.e. in second order and first order formalisms. A convenient choice of nonquadratic Lagrangians can fit well most of the astrophysical,
cosmological and solar system requirements imposed by experimental results, without drastic modifications of Einstein field equations and with
FRW Cosmologies preserved as a good approximation of Nature at a global scale.
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Perimeter Institute, Canada,

24 April 2007 Standard Cosmological Model

[FRIEDMANN 1927]

~z Copernicus made the Farth goround the Sun,
— Cﬂsmi}lﬂglCﬂl prmclple co Friedmann made the Uni~erce expand.

EA Tropp al., Alexamder & friedmanm » the man who made tfie

= Einstein’s field Equatiﬂﬂs universe expand (Cambridge, 1393).

1
G,u.u — R,a.-.u = iﬁg;:u — STFGT;:U
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® Cosmological principle

= Einstein’s field equations

1
G;zu — R;.ﬂ.u = §R!};xu — STTGT:M,U

Stress-energy tensor of perfect fluid

T = (p+pluu. + pg,..

p . pressure
p . density of matter
ut . 4-velocity of co-moving fluid vector
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24 April 2007 Standard Cosmological Model
[FRIEDMANN 1977

~g Copernicus made the Earth goround the Sun.
- Cﬁsmnloglcal prmclple co Friedmann made the Univerce expand.

EA Troppl al., dlexander & Friedmann : the man who made the

= Einstein’s field Equatiﬂﬂs universe expand (Cambridge, 1933).

1
G“y — R;;_._u = iﬂg“y — Sﬂ'GﬂLy

Stress-energy tensor of perfect fluid

I_;.i.u —_ (P + p)'u.“-uu '+" PGuv

p . pressure
p . density of matter
u* . 4-velocity of co-moving fluid vector

Friedmann-Robertson-Walker metric
1

1— Kr2
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24 April 2007 Standard Cosmological Model

[FRIEDMANN 1977]

~g Copernicus made the Earth go round the Sun.

- Cﬁsmﬂlogica[ principle co Friedmann made the Univerce expand.
: = = i EA Tropp& al., Alexander A Friedmann : the man who made tfie
= Einstein’s field EqUﬂtlﬂﬂS universe expand (Cambridge, 1933).
1 - L
Guv = Ry — iﬁ.,f},u.-u = 8nGT Friedmann equations

Stress-energy tensor of perfect fluid

T:{.i.v e (P - P)Up’li-v i Pguv

p . pressure
p . density of matter
u* . 4-velocity of co-moving fluid vector

Friedmann-Robertson-Walker metric
1

1— Kr2
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[FRIEDMANN 1977]

~g Copernicus made the Earth goround the Sun,

- Cﬁsm{)logical principle co Friedmann made the Univerce expand.
: e = Z EA Troppk al., Alexander A Friedmann : the man who made tfie
= Einstein’s field EquatlﬂﬂS unmiverse expand (Cambridge, 1333).
1 - L
G;w — Rp...u = EHQ;}.-U — Sﬂ'GT;LH Friedmann equatlons
D ;
a 8rGG K
H2=|[Z = p——
: a = a?
Stress-energy tensor of perfect fluid

T = (p+ Pluv+ PG

p . pressure
p . density of matter
u* . 4-velocity of co-moving fluid vector

Friedmann-Robertson-Walker metric

1
1— Kr?
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[FRIEDMANN 1977]

~g Copernicus made the Earth goround the Sun.

- Cusmﬂlogical pl‘il](fipl& co Friedmann made the Univergce expand.
3 z = z EA Troppk al., Alexander A friedmann : the man who made tfie
= Einstein’s field Equatlﬂﬂs universe expand (Cambridge, 1333).
T 1 - L
G;w — R;J..u = iﬂ_gp_.u = Bﬂ'GT;LU Friedmann equatlons
.y 2 . .
: a 3 a”
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w = —1 vacuum
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[FRIEDMANN 1927]

~g Copernicus made the Earth goround the Sun.

- Cﬂsm{)logical pl‘i[l("ipl& co Friedmann made the Univerce expand.
: = = i EA Tropp& al., Alexander A friedmann : the man who made tfie
= Einstein’s field Equatlﬂﬂs umiverse expand (Cambridge, 1333).
1 L L
Guv = Ruv — iﬁgﬂ-b’ = 8nGTuw Friedmann equations
-y, 2 . %
2 —[(2) — 3G K
: a 3 a?
Stress-energy tensor of perfect fluid
e — —3(14w)
. _ P=wp, pp—=—Ta
T;r.u — (P ‘l" 'p)up.uu + PYuv
w = —1 vacuum
p . pressure { w=0 dust
p . density of matter w = % radiation K—=0

i =

ut . 4-velocity of co-moving fluid vector 2
a(t) = C(n,w, k) t3@+D

Friedmann-Robertson-Walker metric

g = _"”2 + “_'2 |: ff‘{'g —i— F'E (JHE —I— Siﬂz(ﬂ]-rf?:z)

1— Kr2
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[FRIEDMANN 1977]

~g Copernicus made the Earth goround the Sun,

- Cﬂsmﬂlogical principle co Friedmann made the Univerce expand.
=+ : = z EA Tropp& al., Alexander A Friedmann : the man who made tfie .
= Finstein’s field equatlﬂﬂS universe expand (Cambridge, 1933). I
|
|
1 - L i
G;w — R;:..u = ERQ,{LU p— Sﬂ'GT;Lu Friedmann equatlons |
T, : |
a 8rG K |
: a 3 a? |
Stress-energy tensor of perfect fluid |
. _ —3(14+w) '

—— p=wp, Qp=na

T, = (p + P)upuy + Pguv |
w = —1 vacuum |
p . pressure { w=0 dust |
p . density of matter w= 3 radiation & K=0 |

ut : 4-velocity of co-moving fluid vector 5 |
a(t) = C(n,w, ) t3(w+l)
Friedmann-Robertson-Walker metric |
: ; : , _ q(t.w = 0, %:-‘ >0 g8
:f'{'z + F'l (J."HE e EILHE(H}N;T:E) H

w=wypp > —1 orp € [-1.45,-0.74]
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G“y — (871‘6'@) Ty = T

Dark Energy and A

irsa: 07040028 Page 20/96



renmeeraime s Modified Cosmological Models

G“y — (BTTG Ty = T;w

Dark Energy and A

o Cosmological constant (A)
o Time varing A

o Scalar field theories

o Phantom fields

o Phenomenological Theories

o Exotic matter
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reme e Modified Cosmological Models

Guw = Guu (STTG Ty = Tp,u

Alternative Gravitational
Theories

[Starohinsley, 1950], [Capozaello 2002], [Carrdll 2003]

Dark Energy and A

o Cosmological constant (A)
o Time varing A

o Scalar field theories

o Phantom fields

o Phenomenological Theories

o Exotic matter
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Alternative Gravitational
Theories

[Starobinsky, 1980], [Capazzello 2007], [Carrall 2003]
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Dark Energy and A

0 Cosmological constant (A)
o Time vaning A
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o Phenomenological Theories

o Exotic matter
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Alternative Gravitational
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We do not suitably understand gravity at large scales
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Pernmeter Institute, Canada, = [Buchdzhl, 1960
24 April 2007 f( R) GraVIty [Francaviclia & al., 1987.1990, ]

A = ‘4_5,.3,# + Arat = /(\/Ef(ﬁ’) + 26 Lmat)d’z Action functional

Metric formalism: field equations

f’(R(ﬂ))Rm-(g)-%f(f?(g))ﬂyu@f(f?(y))-l-ym—ii@: 4 ;
9

Higher order Gravity (4th)!

Properties and problems:

q(t){{) [Capozziello, 2007]
[Carroll, 2003]

e f(R)=R+AR1 ‘[
1";""'?f:ff{_]'
e Newtoman limit 1s recovered

 Nice fitting with [a-Supernovae data

e Solar System test incompatibility [Chite Phys Lett B575 (2003)]

e [nstability problems of gravitational field [Dolgov. Rawasaki Phys Lett BS73 (2003)]
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A = ‘4_5,.3,# A — /(\/Ef(ﬁ) + 26 Lmat)dz Action functional

Metric formalism: field equations
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9

Higher order Gravity (4th)!

Properties and problems:

q(t)<0 [Capozzelio, 2007
[Carmroll, 2003]

e f(R)=R+AR1 ‘[
1":':"rf:ﬂ"{_l
e Newtoman limit 1s recovered

e Nice fitting with [a-Supernovae data
e Solar System test incompatibility [Chite Phys Lett B575(2003)]
e [nstability problems of gravitational field [Dolgov, Rawasaki Phys Lett BS73 (2003)]

e Polynomial LLagrangian are realistic models [odintsor & Wojn, 2003]
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e Palatini Formalism in f(R) Gravity

5 Field

* RR » r ‘—1 R ,,«= -.TI = i 1
f(R)R(u) () — 3F(R)gpu P dg o slex il

/ 1 7 ) — 0 t 5
Vio(Vaf'(R)g") =0 < > ir o

Vollick Phys Rev DGE, 2003]
Flanagan CQG 21, 2003]
Meng&Wang CQG 20, 2003]
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e Palatini Formalism in f(R) Gravity

5 Field
H
r - g~ L
f'(R) R{;m}( ) f(R)J; v = Klyy <% 5 %uatml“nrder field
g uations
Val(vaf' (R)g") =0 ¢ o
Bi-metric conformal structure of spacetime, i.e. solving field equations:

h;.w — ff(H)gI-'U* o r,[.—(_r_f(h)

[ollick Phys Rev DGB, 2003]
Flanagan CQG 21, 2003]
Meng&Wane CQG 20, 2003]

Page 45/96

B .E Phys Rev. D 2004

Pirsa: 07040028

[V
[
[
[A




Frmeer e coie. P atini Formalism in f(R) Gravity

: 5 Field
/ _ 1 p— =
f'(R) R(;m}(r) zf( R)g,u.u KT, <> guatml“nrder field
0 ti
Vi(vaf' (R)g) =0 < =
Bi-metric conformal structure of spacetime, i.e. solving field equations:

h,uu — fﬁ(R)g!-‘U‘ > [ = r.[-—(f_f(h)
Structural equation
f'(R)R—-2f(R) = k7
T=Tuwg"" =3p—p

[ollick Phys Rev DaB, 2003]
HFlanagan CQG 21, Z003]
Meng&Wane CQG 20, 2003]
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A= Aérau + Amat = /(\/Ef(ﬁ?) + 26 Lmat)d’z Action functional

Metric formalism: field equations

f’(R(g))ni.t..m-%f(ﬂ(g))gm.,@rm(g))Jrg;wm@ pa—
9

Higher order Gravity (4th)!

Properties and problems:

q(t)<0 [Capozsilo, 2007]
[Camoll, 2003]

e f(R)=R+AR1 ‘[
W_<-1
e Newtoman limit 1s recovered

 Nice fitting with [a-Supernovae data
e Solar System test incompatibility [Chite Phys Lett B575(2003)]

e [nstability problems of gravitational field [Dolgov, Rawasaki Phys Lett BS73 (2003)]
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[Carroll, 2003]
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1ﬂ"’,ﬂfﬁ'—{_l
e Newtoman limit 1s recovered

 Nice fitting with [a-Supernovae data
e Solar System test incompatibility [Chite Phys Lett B575(2003)]
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Frmeer e Cunin. Paatini Formalism in f(R) Gravity |

: r; Field
! R R P r = R i — LE! ¢ ’

f'(R) (pr }( ) zf( )g; e Rl guatml“order field
| o d tion:

VT (Vaf (R)g"™) =0 = o
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Fenmee e Palatini Formalism in f(R) Gravity

: 5 Field
/ E — xT.., —
f (R) R(;w}(r) zf( R)Q;m h-rrjeu gﬂﬂtlﬁf]ﬂrder field
s d uations
Vi(vaf' (R)g) =0 < 5F
Bi-metric conformal structure of spacetime, i.e. solving field equations:

h,uif —_— ff(R)gI-'U‘ - | = I_.-':.—C(h)

follick Phys Rev Da8, 2003]
Flanagan CQG 21, 2003]
Meng&Wang CQG 20, 2003]
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e Palatini Formalism in f(R) Gravity

: ,; Field
"(R)R( H(T) — =f(R) gy = KT, =
f'(R) [;u}( ) Qf( )E’hu Ko %uatmlnnrderﬁeld
0 tion:
Vi(vaf' (R)g") =0 < I
Bi-metric conformal structure of spacetime, i.e. solving field equations:

huw = f#(R)g;w* ol T r‘,-:__(:f(}!)
Structural equation
f(R)R - 2f(R) = k1
T=Twg" =3p—0p

Jollick Phws Rev Da8, 2003]
Flanagan CQG 21, Z003]
Meng&Wane CQG 20, 2003]
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e Palatini Formalism in f(R) Gravity

r,- Field
! - —
f (R)R(;w}(r) f(R)J;Hf KAy H gﬂﬂtlﬁf]ﬂrder field
> d uations
Vi(vaf' (R)g) =0 < S
Bi-metric conformal structure of spacetime, i.e. solving field equations:

hw = [ (R) gy > =8 ¢dh)

Structural equation

/ Algebraic equation controlling =
f(R)R—2f(R) = kT —
N v the solutions of field equations [ f(R) = f(F(7)) = £(7)
F — Lue§ == 3;9 — P l :F"u R) PE(T)) f’ )

[ollick Phys Rev D@8, 2003]
Flanagan CQG 21, 2003]
Meng&Wane CQG 20, Z003]
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e Palatini Formalism in f(R) Gravity

5 Field
F(R) R (1) = %f( R)Guw = KT < 59 guatmlnﬂr(ler field
VE(\@‘}C!(R)Q'“”) — ) . ;r equations
Bi-metric conformal structure of spacetime, i.e. solving field equations:
h,u.*.f — ff(R)gﬁ-'U* » [ = r.[-—f_f(h)
Structural equation SDI}EOES_l
f;(R)R R — Algebraic equation mntrﬂlling_’ '
r=Tuwg" =3p—p the solutions of field equations { I,;il}_ ;J,Ir;- ,.'-l __j} :.L:

Generalized Einstein equations
f LAY 1 - w LAck
f (R) Rr.t;:(h) il é‘f(R)o“ =g T-.t;.:

o BRI, 08
PI Lr e
=2 T R)?

q —

(Ll

Vollick Phys Fev DGE, 2003]
Flanagan CQG 21, Z003]
Meng&Wane COQG 20, 2003]
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e Palatini Formalism in f(R) Gravity

: 5 Field
"(RYR : N —= R e — ',T_i «—» —
f'(R) (e }( ) zf( )G oL pu 0{9' 'e - lol“nrder field
Vo(Vaf' (R)g") =0 < g ;r‘ S
Bi-metric conformal structure of spacetime, i.e. solving field equations:
h,uu — fﬁ(R)gﬂU* > [ = r.[-—(r.f(h)
Structural equation SDI}}UO?S_
, Algebraic equation controllin =
f(RR—-2f(R)=rt [ = | i -
- wo__ o the solutions of field equations 'Y = FLF) = Firy
r=Tuwg"" =3p—0p {:; R s o ch
(= Ftretel) = ri7)

Generalized Einstein equations

1 X
ff(R)gml R”H(h) o é‘f(R)o:: — Hg.!f:r.-l—;-l#
_1FR) ko
PI L'y
=2t T rR)y?

Modified Friedmann equations: g=FRW; T=perfect fluid

_."R;w(h') = P:grw

¥

[Vollick Phys Rev DGE, 2003]

_ 5 . _ [Flanagan CQG 21, Z003]
-~y -f} ;!r' - f }[(T) _+_hr | IL"L Ty s A
2 __ ( _|__) _ Sl [Meng&Wane CQG 20, 2003]
[A
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e Palatini Formalism in f(R) Gravity

(5 Field
F(R) Ry (M) — %f(R)g’”” L S sl Tl
Vi.(Vaf'(R)g") =0 < g ;r S
Bi-metric conformal structure of spacetime, i.e. solving field equations:
hyw = f'(R) g < ~F=F; gh)
Structural equation Sollioﬁsﬂ
FODR—2FR) = xr Algebraic equation cnntrulling_’
=g —3p—p the solutions of field equations { jcl;i.}—_;HFI- - | ,__fi.r T._l.-:

Generalized Einstein equations

r [ X8 1 g o LACE
f (R)g th,u(h) e §.f(R)O# = kg Tau
1 ICR) ko,
PIJ IK*T—TTI
=2 T Em?

Modified Friedmann equations: g=FRW; T=perfect fluid

—> R,,(h) = P gav

Tollick, Phys Rev D&S, 2003]

[V

- - s, = [Flanagan CQG 21, 2003]
A2 = ”_l_ by p+f(T)+““ a [Meng&Wang,CQG 20, 2003]
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Palatini Formalism

e Second order field equations;
» Absence of Divergences;

e Easy interpretation and solutions of field equations: possibility to find
exact solutions;

e Nice accordance with experimental Data (Acceleration of the Universe);

» Accordance with Solar System Experimeg

e Hamiltoman mechamcs-like theory;

e Prediction of Inflation:

e Cosmological perturbations and

formation of large scale inomogeneities;
[Koivisto 2003]

 Physical interpretation of conformal
Transtformations;
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e Easy interpretation and solutions of field equations: possibility to find
exact solutions;
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» Accordance with Solar System Experimeg

e Hamiltoman mechamcs-like theory;

e Prediction of Inflation:

e Cosmological perturbations and
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[Koivisto 2003]

* Physical interpretation of conformal
Transtormations;
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reme e Palatini Formalism in f(R) Gravity

5 Field
fI(R)R(;w}(r) - %f(R)g““ = %“atwl“ﬂrder field
V(3 (R)g") =0 g ;r e
Bi-metric conformal structure of spacetime, i.e. solving field equations:
hy = f(R)guv < > =T_c(h)
Structural equation SDI}EO?ﬂ
fF(R)R _ R —kr Algebraic equation cuntrulling_’
=T —p—p the solutions of field equations { ’ilil}__ ’:"LF;- ) II___I.FIIL:

Generalized Einstein equations

] )
fF(R)g““R t,u(h) il é‘f(R)o:: —= H-QHWIIJ;:
o TR .. m
pr — 4
=2t T ey?

Modified Friedmann equations: g=FRW; T=perfect fluid

— R, (h) = P gav

¥ {1

Jollick Phys Rev DaB, 2003]
HFlanagan CQG 21, Z003]

[V
- O : . [
A2 = (”“ ir] b ) S [p it f(r) + ““_] K [Meng&Wane CQG 20, 2003]
o 2b 3b 2k a? [ABF Fhys Bev D, 2004
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e Pure powers and polynomial Lagrangians

f(R)y/g = BR"\/g

gln,w) = 3(1"‘2“;}_2“
' e = 0=qg(n.w) <0&
-'_L*Ffr:—'l—f‘%ﬂ‘% :‘:*'EL-'Fff{ —1

e Logarithmic LLagrangians
f(R) = aIn(3R)

5 Early time universe ¢(t) ~ 3(w + 1) — 2 decelerating
Late time universe g(t) = —1 de-Sitter accelerating

 sh'l(R) Lagrangians

b
R)=R— ——
f(R) sinh(R)
H* ~ 1
Pirsa: 07040028 { Page 74/96
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A= Agrav + Amat = (\g'r';dEt gf(S) + 2k Lmat(w)}ffi'

E‘.E}EI[}::TIDNE 2f(S)g" H“, 1}(F)H {r) - %f(ﬁjﬂpw = k1w
Vi(\/det gf (S)g"* R (M)g™) =0 e Action functional

e Bi-metric structure
Vdeth b’ = \/detg f'(S)g"" R, 3 () g" e [ =T, (h)

e Scalar struc mral eqmtmn

f(S)S - f(S)= ‘IH_E.-

{j{h) =Fi) = iz
F'(S) = F(F(7)) = f(7)

» Generalized Einstein equations
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24 Apnl 2007 ( Palatini formalism)

P — _'1qr3'._.' _I_ ;l'h'ﬂa'[ - (‘V-'lrdet I‘j_f(br) _l_ 2HL1113T(W))f_£4.1'

rorarions | 2f(5)9%7 B0y (M) Ry (M) — 2f(S)gu = wTy
Vi (y/detgf'(S)g"* R4 (M)g™) =0
e Bi-metric structure

Vdeth i = \/detg f/(S)g" R,z (g’ gy =T,

e Scalar strucmral eqmtlon

F(8)S = £(8) = 56" Tos = 57

f(8) = f(F(r)) = f(r)
f'(S) = F(F(7)) = f(7)

2 3 5 = — 4 T IS
» Generalized Einstein equations { ;j — ; ”:m f
pr— L —_ .f_ll'
- 1 [ -
S e & V) e e &
4f'(S) 2f'(S)

Pirsa: 07040028

e Action functional

c(h)
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A= Agrav + Amat = f( V"{dEt!}f(br) -t= 2Hi-mat(w))"-£4~f

EQUATIONS { 2f'(5)9*7 Ry (M) Ry (M) — 3£ (S)guw = 5T

Vi (y/detgf'(S)g“* R4 (Mg™) =0
e Bi-metric structure

vdeth bt = y, 'det g f'(S)g" HH;}(F)G 'y =

* Scalar structural equation

F(S)S —1(5) = 2g"'Tas = 7

{f(h) = f(F(r)) = f(7)
F'(S) = F(F(7)) = f(7)

e Generalized Einstein eqtntlons {

= S)HI
4,f"(-‘:')fw + 2f’(:v'}

P= P! =geR,_
T — Tﬁ-! — rj'““T
T

Pirsa: 07040028

e Action functional

_.'_'(I‘!}

e

R,u,u (h) — Pﬂgpa
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A= ;1qrau _I_ ‘l'lma-[ — f( ‘,v.-" det ij(br) + 2Hj{.ma'r(w))d4.1'

EE}EIII‘:TIDNE Qj (‘j)q 'Hﬂ]'}(r) H'{ I 1[:[_) f('h;)yill" - HT—,'[H-"
VI (\/det gf'(S)g" Rnsy(M)g™) =0 * Action functional

* Bi-metric structure
Vdeth h'’ = y/detg f'(S)g"" R(,3)([M)g’" iy [ =1 (h)

e Scalar struemral equation

F(S)S - f(S) = q”r =¥
{J(h) = f(F(r )) = f(r)
) =FEE=10)

. Generalized Einstein equatiens { ; ~ ;: = g:“ﬁ' ]ff{, v) -
p? = f(S)I + - =5 RHL’ (h) = Pp Gua
4!( ) 2:”(“)
e Generalized Friedmann equations (g=FRW, perfect flud)
by = b(t JDHag( ege(t), - _—;;F—_.HIW e3rZa’sin?(0) )
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A= ;1qr3u _l_ ‘l'lma-[ — f( ‘,v.-' det U‘f(br) + 2HLma'{(w)){i4J.'

LD o [ 27/ (9)8% Ry (M Ry (M) — 1£(8) g = wT
VT (\/det gf (5)g"* Rins)(M)g™) =0 * Action functional

e Bi-metric structure
vVdethh" = /detg f'(5)g"" R(,3) (g’ el [ = (h)

e Scalar structural eqmti(_}n
P(S)S—1(S)=Sg"Tag =7
2

{J(b) = f(F(s )) = f(7)
F'(S) = F(F(7)) = f'(7)

» Generalized Einstein equations { ? —

P2
4f(r“) T

e Generalized Friedmann equations (g=FRW, perfect flud)

— Rﬂy (h) — Pﬁ.gﬂg

h,. = b(t)Diag (—ng(f} - *11— earla’, {3r*"?¢125in2(£))) {h(ﬂ:: I_-'*f( ) (7) + 26p)z[f(7) — 28p]=
— R r?

T "'.r_hlrl

) =/ Tt
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,'1 — ;'1grau + *Ilm&'[ — f( 'qv.-' det [j'f(br) + 2HLma'{(w))d4.l'
EEQ:I[I‘:TIDNE 2Jf (H){_j‘ ;m}(r)R{ i ,I(r) QI(H)JH - T:Era
VT (\/det gf'(S)g"* Rios)(M)g™) =0 e Action functional

e Bi-metric structure
Vdeth h'’ = /detg f'(S)g"" R(,3) (Mg’ el =, (h)

e Scalar structural equation

[

. — ¢ ':'J —_
f(S)8 —1(S) 0% Tap =57

{f(fv) =F(F= D = f{=)
F'(S) = F(F(7)) = f(7)

* Generalized Einstein equations {

P2
4f(b)f( N+ e T

e Generalized Friedmann equations (g=FRW, pertect flud)

:.'-'.:l

R.J.r: — H_urr H{.
B =T

b)Yy

| R, () = P, gua

1=Kr2

_— [ () + 67+ 28p h(] \
H* = ¢g

— €1 —— . .
Signature Chan®&itre

'r..-_h,_l

hy. = b(t)Diag (@f(f) —@—@ @ a smg(f))) {”(” = x-'?f'( )f(7) + 26p]5[f(7) — 25p)7
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* Pure power Lagrangians
f(S) =Bs"

{ b(t) ~ a-31+=)(1-3;)

e(t) = /53

* MFE and cosmological parameters

-\ 2
a L Hiew oy

Heirssms0 ocza) = eP(n.w)nza ~ = —ee1Q(n,w)Ka 2 Page 86/96
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» Pure power Lagrangians
f(S) =Bs™

{ b(t) ~ a=31+=)(1-3;)

LORRe===

* MFE and cosmological parameters

q(w.n) = -1+ 2 T
2 a\? N L Nitw) . 4n
Heesamoloos) = coP(n.w)nza — = — epe1Q(n. w)Ka < (14 ) Poaesmss
a

wtff(mﬂ 'ﬂ-) =—1+ >
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e Scalar tensor theories (NMC)

2 - 1 -
_ul — / ' \b._j.lll [Ffr; ﬁ' - ‘_),r_j"“l“r-J'-_i.'" )y — I -:-'}]]

y,tux = EEJFH.LH* = _EFH.EW _ Sﬂalar fadﬂr

— | — ] ! . ;
vV —4 ( FR + le;“w:'l_“r'ﬁ:,. = i.) ——f ( e R+ I—Jr'l_.,n.'}" = i-) Einstein frame

e Alternative theories of Gravity (FOG)

A= / d*rv—aqf(R).

<= Lin|f(R) _ Scalar factor

— =f R bo =, '
v—af(R) =y .r:( SR 5 @@ ’ ) Einstein frame

Lroa — Lxye S LCHE

FOG Eqs. —— NMC Egs. +—— Einstein Eqs.

Pirsa: 07040028 i ¥ ' Page 88/96
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= Conformal Transformations

e Palatini transformations for non mimmally coupled theories | |
Bi-metric struct.

§ i = o g i

Az = / V=g [K(6.R) + =V, 0V 06—=V(0) +KLua(¥.V O)|d"r _— :

o | » L \ ) i pob reiemna L ] E.jfr"._ (o). R+

: A ‘ h.“” = ———— .U,H-'f
dR
FIELD = 2 —_
EQUATIONS | 08180 | Ry — 5K (0. R)gpw = &[Tho, + T2 R =2 O Limit
T.E-.I ("-..__'ir I h;H H'.I' .;JIII-H ~:| = U "r-";.-rf = F"-]':F-.*.]J.;J'IHJ-'

/\-\\

e Einstein frame for cosmological applications: FRW metric
1

. g i) - R - e 5 by 7
L; =6F(o)aa” + Eu"__-.l_r'- a a0 — 6F(o)ak + ;a:"e_‘:‘ —a Vo).

i

a =/ —-2F(0)a

| defined in the

- Palatini formalism
g — \ jf"[r'i-:lf.lrl".

%
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