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Ay Motivations A

1
~guwR = 8rGT + 8rGT,, (DE)

0G,, (MG) + Ry — 5

S = ]d”:c\/_[ F(R,0) + Lo, 6 00) + Lon(Gs T)

Observations are inconsistent with the expected universe

( GR[FLRW] + Matter). Based on homogeneous and
Isotropic space-time.

Need to change either Gravity or Matter (if we still
believe homogeneity and isotropy).
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‘o» Generalized Gravity Theories | 42

A broad class of alternative gravity theories
W . matter fields
® : ascalar field

1
5 f d"o/=g| 5 (R, 8) + Lo(guv: 6,00) + Lm (g, )]

M?

Lo=—"5w(®)00) ~ V()

(0¢) = V,¢VH¢. F (R, ¢) = Of(R, $)/OR.
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oy Generalized Gravity Theories 11

Generalized gravity | 3 f(R,¢) Ly, ) p(R,¢) @ V(y) |Ref
Nonlinear gravity =f(R) w=0,V=0 p=F(R) sInF %}L 1]
R*-gravity +(R +aR?) w=0,V=0 p=1+42aR SInF %;i [2]
1/R-gravity s(R—p'/R)| w=0,V=0 |p=1+p"/R* SInF %-’r— [3]
Scalar-tensor theory ,IEF (¢)R w(g), V() p=F(¢) | \/ <+ {;%E—d(,b ?VI [4]
Brans-Dicke theory OR w(¢) =2%, V=0 p=2¢ IRV %—d{) 0 [9]
Dilaton .1_.7{-.' “°R wip) =e %, V=0 p=e? E(f) 0 [6]
NMC scalar (1 +&¢0°)R w=1, V(¢p) p=1+¢&° |f -\/1-|-1§_{{;;1]m2 d¢ 1—2.6‘-5 [7]

_ 2 1 v o 2 - -1 ¢ v
CC(§=3) s(1+07)R w=1, V(¢) p=1+2¢ /6 tanh % | 8]
Induced Gravity 2€¢p°R w=1, V(o) p = e’ \/ 6+ -lng 7}:5 [9]

GR with a scalar =R w=1, V(o) p=1 ) V
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Ay Quartessence (unification of DM & DE) by

Model 0o Ret

Modified polytropic Cardassian [Aa?2tv—1) 4 Ba—39)] T [10]
New generalized Chaplygin gas Same [11]
ACDNM g =1,v =1 [12]

Cardassian expansion g =1 [13]
Polytropic Cardassian =1 [11]
generalized Chaplygin gas =2 [14]
variable Chaplygin gas g = 2 11 5]
Chaplygin gas =2 g=1 [16]
Modified Chaplygin gas (A 4+ Ba ~)4 [17]
Exponential Cardassian (Aa™> + B)exp|[( ﬁ}l “1 [[18]
Extra dimension inspired Aa”"[1 +exp(—Ba™ ~)]? [19]
Phenomenological approach A(l + Ba )" Y[1 4+ Ca "] [[20]
Leaking gravity (DGP) Aa"* + B — /B2 + ABa— 2 |[21]
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Ay Background Evolution Ay

25 — . . . : . .
9 9 87G 245 | e
H* — 6H" = § pi o
: 3 24 ¢ i ;
i=rad,mat 7
235t
9 T ot
- 1 dindH
WDE = — — 225 ¢ LCDM: wg=1, ;=0 ——
3 'd ]'Il []' + E} 22 | SUGRA: wp=-0.8, w,=0.3
DGP model with Omega, =020 weeeese
2o DGP model with Omegay, =027 -
o : . . : : :
04 06 08 1 12 14 16 18

Z

SNe Hubble diagrams for DE and DGP models (Fig
from M.Ishak et al, 06)
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Ay Growth Factors Ay
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DETF probes

CMB (out to z=1000)
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Table 4: Results for Aa/ov for comparisons with the Oklo, meteoritic, present-day,
and equivalence principle bounds. Values of Aa/ry, £, and { have been scaled by a
factor of 108, values of i /e and Ag/g have been scaled by a factor of 1017,

S T B | & | [ [ CRoas [E0r) [ 3
exp(A¢*/2) | =54 | =34 [ 0 [-76] —0.24 | —0.42 9.6 -25
-84 | =21 22 ) =0.011 | —0.05 0.048 =0.074

=093 | —0.6 0 (-13 | —=0.041 | =0.073 L7 —0.076

-14 | =0.6 | 5.8 0| =0.0028 | =0.013 | 0.013 | =0.0053

cosh(Ag) | =54 | =054 | 0 [ =29 | =0.097 | 0.20 0.17 —36
=54 | =0.054 | 310 0 =0.0017 | =0.029 | 0.0014 -1.5

=45 | —0.6 0 | —-24 [ —0.082 0.17 0.16 -2

=3 | =06 (1900 [ 0 -0.011 | —0.18 0.012 -9
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‘o Time Varying Mass ‘o

Time Varying proton to electron mass ratio. (SL, 07) :
observation : E-5 Chand et.al, 04 (z ~ 2.8)
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% Spontaneous Baryogenesis &%

Log,,T

q S Lol
EM@L@JL

To obtain the expected value of the baryon asymmetry
(E-10), the freeze-out temperature are 10E10 GeV and
1Mev for GUTs and EW, respectively. (SL, personal
note)
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2 CMB E,B,EB 3

Due to cosmological birefringence (double refraction),
we have mixing between E and B modes (S.L, G-C.Lliu,
K-W.Ng, 06) : counter example of Schiff’s conjecture
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iy Summary )

Homogeneity and Isotropy should be checked.

Alternative scenario on cosmology will give huge
effects on particle physics.

Both MG and DE models can satisfy current
observations.

Geometric tests are not enough to separate MG
with DE.

Need to distinguish possible models with
upcoming observations.
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Quintessence vy

Quintessence = Fifth
Element ({588 3 %
Air, Earth, Fire, Water
(In Alchemy)

b, DM, n, y

(In Cosmology)

Tip : Milla Jovovich
(In Film)

@ www.millaj.com

AT @THEMAS MAY 15
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&% Quintessence Potentials (sL o6) &%

Chiintessenor Potential
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&y Matter Power Spectrum ||
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¥ DE
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< DARK ENERGY IS NOWHERE!
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