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introduction

beyond General Relativity

» ongoing search for a unified description of
O gravity
O gauge interactions of the Standard Model
— string theories as the most promising proposal
» low-energy effective action in string theories
O dilaton (¢): a scalar field accompanying gravity
O at the leading order (when restricted to gravity and the dilaton)
— Einstein gravity coupled to the dilaton
» additional spatial dimensions
O required by the string theories’ formulation
O have to be compactified or warped
— dilaton gravity in a 5d brane scenario
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scalar-tensor theories of gravity & conformal frames

» dilaton gravity: a scalar-tensor theory of gravity
— can be formulated in various conformally-related frames
O gravitational Lagrangians differ e.g. in the coefficient of the Ricci scalar
< (generically) scalar field dependent coefficients

O Einstein frame: £ = % R+ --- (coefficient: a constant)
O Jordan frame: e.9. £ = =R + - - -
(coefficient: a polynomial function of the scalar field)

O stingframe:eg. L=e ? LR+
(coefficient: an exponential function of the dilaton)

O related (g & guv) by a conformal (Weyl) transformation: g, = Q(x)? g,
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non-minimal matter-dilaton coupling

» if a matter term L, is included into the Lagrangian in one frame

O conformal transformation to another frame will change its coefficient
— if constant in one frame, it will become dilaton dependent in the other

» which conformal frame is the natural physical frame?
O no clear consensus
< in which frame the matter-dilaton coupling should be minimal?
» thus: a general non-minimal coupling f(¢) Lm
of the dilaton to the brane matter Lagrangian

O choice: working in the Einstein frame
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at the brane: effective Einstein-like equation
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dilaton gravity at the brane with general matter-dilaton coupling
» 5d Lagrangian density:
£=5[R-3V70:6 - }(90)2] - V(9) + (¢) Lo o5
O f(¢p)Lpdg: brane localized term
— position of the co-dimension 1 brane: Dirac delta type distribution ¢z

¢ ‘cosmological constant’-type term (\) on the brane:
f(¢)Lg = f(P)Lm + X&) (L£m: matter content of the universe)
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dilaton gravity at the brane with general matter-dilaton coupling
» 5d Lagrangian density:
£=5[R-3V70:6 - }(90)2] - V(9) + (¢) Lo o5
O f(¢p)Lpdg: brane localized term
— position of the co-dimension 1 brane: Dirac delta type distribution ¢z

¢ ‘cosmological constant’-type term (\) on the brane:
f(¢)Lg = f(P)Lm + X&) (L£m: matter content of the universe)

» induced (projected) brane metric: h.., = guw — nNuny (covariant approach)
© n*: vector field orthonormal to the brane at its position
O vt R’ &V, vs huv: Ruw”® & Dy,

» assume a Z, symmetry for the bulk (with its fixed point at the brane position)

¢ usually imposed ‘automatically’
O crucial for the existence of the effective brane equations
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at the brane: effective Einstein-like equation

» consequently, the effective Einstein-like equation at the brane reads

2(p
Ruv — % huw R = 87G 7w — huu N(9) + f4fj$) T — Ep

+2 (940)(006) — & huw (06)?

O G= 48;( ()N (@) (effective brane Newton’s constant)
O Tuw = huu Lm—2 L?m/{i VT = f((¢)) Lm+ 2 50 (brane localized sources)
O A= ﬁ V- 4; [3£2 2 _ )\2 + %)\/2 + %)\,7‘(/)] (eff. brane cosmol. const.)
O Ty = — TupTh + %TTW, + 3 huy’rng - é huw 72

O bulk’s influence on the brane gravity: E,.,, = n® hd " h % Caprs

(bulk Weyl tensor projected on the brane)

» consistency condition (on the brane sources): D, (f(¢)7})) = f(¢) 7(9,¢)

(brane: ‘generalized’ covariant conservation of the energy-momentum tensor)

inika Konikowska i i tute for Theoretical Physics and Astrophysics

gravity at the brane with g aton coupling



introduction at the brane: effective Einstein-like e on inhomogeneous perfect fluid on the brane in AdSg ?

Outline

inhomogeneous perfect fluid on the brane in AdSs?
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on the brane: spatial derivative of the energy density

» effective Einstein-like equation at the brane:

Ruv — 3 B R = 87G 7 — My N(6) + - r,, — E
% 5 Mpp M= % v y v %

od
+ 5 (9u0)(9r8) — 5 s (9)°
» assumptions:
O bulk: anti de Sitter type spacetime: AdSs — E,,, =0
O brane: perfect fluid — 7, = pm tu by + PmYur (pm: (dark) matter & radiation)
» calculus ingredients
O 4d Bianchi identity: D” (R, — $huwR) =0
O consistency condition: Dy (f(¢)7) = f(¢) 74 (9u)
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on the brane: spatial derivative of the energy density

» effective Einstein-like equation at the brane:

Ruv — 3 P R = 87G 1 — My N(6) + 2D, — E
% 5 N =0mG Ty v ()+ Tuv 7%

4of
+ 5 (0u0) (00 0) — g5 huv (99)?
» assumptions:
O bulk: anti de Sitter type spacetime: AdSs — E,,, =0
O brane: perfect fluid — 7, = pm tu by + PmYur (pm: (dark) matter & radiation)
» calculus ingredients
O 4d Bianchi identity: D” (R, — $huwR) =0
O consistency condition: Dy (f(¢)7) = f(¢) 74 (9u)

» consequently, the spatial derivative of the energy density reads

/ AW 2 va o =1, pra ] (s
Pmyi = — (%pm - AT) b, + m [D‘ i — o~ 1,; D" (’);(D} (v o)
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on the brane: late universe

> ¢ = const (induces variation of fundamental constants)
O terms O((0¢)) still treated as non-negligible
O terms O((8¢)Dd¢) can be dropped, as ¢ < ¢? expected

(if ¢ $2: currently observed ¢ ~ const would be another coincidence problem)

» also: typically ¢,; < c; ¢ where ¢ ~ O(1)

O spatial variation of the fundamental constants
expected to be smaller than their time variation

(any initial inhomogeneities of the dilaton washed out by inflation)

> to start with: X # A(¢)

(‘cosmological constant’-type term in the energy-momentum tensor on the brane)
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late universe: spatial derivative of the energy density

» hence for the late universe we obtain
f |
Pmsi = —F Pm P

spatial inhomogeneities in the matter energy density
are highly constrained

for the ‘popular’ assumptions of AdSs bulk and perfect fluid on the brane

¢ inhomogeneous perfect fluid (om,; # 0) on the brane is allowed
only if the matter on the brane non-minimally coupled to the dilaton (f" # 0)
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example: observationally allowed values

» experimental limits: G/G < 10~ 12 yr—1

(observations: solar system, pulsar timing, CMB, BBN)

s for N =0 — £ <102y
O with ¢, < 1 ¢
< observationally allowed values: Lf/gf),,' < o107 121yt

» thus spatial inhomogeneities in the energy density:
pmsi S —C1 pm - 10 121y ~!

— to be compared with the observational data!. ..

however: perhaps not so restrictive for X = \(¢)?
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on the brane: late universe

» again: the spatial derivative of the energy density reads

pmi=—(Fom =) 6.+ gy [07016 — 67104 0" 016] (919)
si 7 Pm si 372 (pm-+pm) i 5i t¢ v

» ingredients: late universe approximations
> ¢ = const
O terms O((0¢)) still treated as non-negligible
O terms O((0$)DA¢) can be dropped

» G = const

~

5 experimental limits: G/G < 10~ 12 yr~
O Gi<ciGas G= G(¢)and ¢

— N(¢) = —HBN(9)

Ct ()

~

7/,\,
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late universe: spatial derivative of the energy density
» hence for the late universe we obtain

pm;i = —Lf/(pm +3) i

— similar conclusions as for the A\ # A\(¢) case!
O spatial inhomogeneities in the matter energy density are highly constrained
for the ‘popular’ assumptions of AdSs bulk and perfect fluid on the brane
— inhomogeneous perfect fluid (p,; # 0) on the brane is allowed
only if the matter on the brane non-minimally coupled to the dilaton (' # 0)
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inhomogeneous perfect fluid on the brane in AdSg ?

late universe: spatial derivative of the energy density
» hence for the late universe we obtain

pm;i = —Lf/(pm +3) i

— similar conclusions as for the A\ # A\(¢) case!

O spatial inhomogeneities in the matter energy density are highly constrained
for the ‘popular’ assumptions of AdSs bulk and perfect fluid on the brane
— inhomogeneous perfect fluid (p,; # 0) on the brane is allowed
only if the matter on the brane non-minimally coupled to the dilaton (' # 0)

» inhomogeneities in the matter energy density suppressed by small ¢.;:
O o <25Hy~1.8-10"10 yr1
O (model-independent) bound set by current observational data
() analysis: deceleration parameter gy < 0 for [p%,] < [pm] (in modified Friedmann eq.)
With Quor = Qm + Q5 + Qo = 1, Qo > 0.2, Hy = 70%
O ¢, < oy ¢, where ¢ ~ O(1)
— ¢p,; <1.8¢1 - 1010 |y—1
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example: maximal observationally allowed values

» ingredients (late universe):
O ¢~ 1.8¢c1 107101y~ (max)
O observations: >, Q; =1 upto 2%
dilaton gravity at the brane - modified Friedmann equation:
Sii=14Qn ’<””’> (AdSs, perfect fluid; Qm = (pm)/ pe)
thus for Qm% ~ 2% (max) — flpm)/A ~0.14 (for 2m = 0.28)

» thus spatial inhomogeneities in the energy density:
pmsi =~ = (0.14 pm + (pm)) 1.3 ¢ - 10721y~

O abit less restrictive than for A\ # A\(¢) ...
< but will it be possible to adjust 7’ /f to fit our universe?...

Dominika Konikowska University of Wiirzburg, Institute for Theoretical Physics and Astrophysics

Dilaton gravity at the brane with general matter-dilaton coupling



introduction e ective Einstein-like E s e : ) conclusions

Outline

conclusions

Dominika Konikowska University of Wiirzburg, Institute for Theoretical Physics and Astrophysics

Dilaton gravity at the brane with general matter-dilaton coupling



introduction at the br instein-like e n ho ec 57 conclusions

conclusions & outlook

~
A

dilaton gravity addressed in a 5d brane scenario

G

brane: non-minimal dilaton—matter coupling f(¢)

~
A

assumptions (popular in the literature):
O bulk: anti de Sitter type spacetime

O brane: perfect fluid (matter content of the universe)

~ energy density inhomogeneities constrained
¢ non-minimal dilaton—matter coupling essential

— X # \(¢): an upper bound on ppm,j,

to be compared straight away with the observational data!
— X\ = \(¢): can f'/f be appropriately adjusted,

so that our universe’s structures can be described?

¢ or: no pure AdSs bulk if on the brane minimal matter-dilaton coupling?
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