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Scalar-Tensor Theories:

S Simple extensions of GR

o Describe corners of other extensions of

GR (e.g. massive gravitg)

o Useful for Phenome ﬂological

o .
aPProaches to moci: 1ecl gra\/ltg




'; Form considered here is:

e oty i
o /\/—79 {m e §g,u (8M¢)(81/¢) = V((/b):| gl Ty o (g’l(,l,lz7X’l:)

with

G = C(0)guw + DV (9)¢,u0,0

| g,uu
C is called conformal factor, D is the disformal

- factor. D is not well constrainted bg local experiments

| (Brax (2012), Noller (2012), Brax et al (2012)).
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Field equations:

Koivisto et al (2012); CvdB & G. Scultlﬁorpe (2012)

=

O matter
K (T p(w) + Tuv )

_¢,MTMV

Tuesday, 26 June 12




FRW , conformal time:
5 dV =

+ 9Hd + g’ — = ag?
o ¢ o o,
20 = — . piel — 3w) — w ad—v Cs h2
22— 2(C+D(p_q.§/a2))[ 51— 3u) 2D<3Hgb(1+ B e ¢)+D,¢¢]

Effective coupling (at background level) is

ﬁeﬂ" o~ _Q
0
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Perturbation equations

(one sl:)cc:ies only}:
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| 0
N et
b= ~H(1-3w)f ~ ———0+

(6d) + 2H(dp) + (k2 +

0Q - @

25— 259y
p p

k2 2 2 2 2 Q Q

= 1+w685—]€0'—|—k\11—]€p(l_l_w)(SQb—F;qbe
NV i AT eeawi

Tuesday, 26 June 12



Perturbed coupling

IO ,,
0(Q) = —(B10 + Bo® + BV + Bs(0o) + Bxo
Q a2C+D(a2p—gb2)[ 1 2 3 4(09) 50|
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Consider Coupling to bargons here. Take
Newtonian limit, find equation for radiation clensitﬂ

contrast. One finds
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Coupling IS NOW
B4
a?C + D(a?p — ¢?)

Bp =

: CL2C/ : 5 : = - Cr/ D/
Bl = 9 3DH¢—DCL (V —Q)—D¢ (C 2D>

*Modified sound speecl reduces to Brax&Davis (201)

one for pure conformal case.
| 'Coupling and (etfective) mass could be Complicatecl
function of time in general.

. eNote that mass contains D5 term.
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Q 2 2
& = ? (1 : bﬁbRH)

S S 2 e a2m?

Sound speecl can be comp icated function of time,

depencling on the details of the tlﬁéorg. ‘.ixpression
above can g0 negative (Issue neglectecl here - insta-

bilities Possible). Note that

90,32 RH? ~ 1.53210 °Mpc ™ *

and therefore larger couplings are needed to modi?g
sound sPeecJ signiﬁcantlg.
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Modified sound speecl changes sound horizon:

‘ 90, 32 RH?
N T = O D) b b
R /0 Csdm Cii—tts (1 13 a2m2>
1

Cl’)anges, cie Pos:tlon of Peaks, since e =

Position of first Peak well know (220.1+0.8),
s0 assuming ACDM evolution for most of the time,
sound horizon cannot vary too much. (Otlﬁer etfects

of scalar on CMB to be explorecl too!)
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CMDB distortion due to clissil:)ation of acoustic waves:

J njection of energy into baryon-—l:)hoton fluid
*Processes hal:)l:)en for 2x10°= z =25X10*.

*Probe scales k>1 MPC"'

*Chemical Potential created

1 1

GIZL_’_ZZ/”—l / h_T wv) _ 1

Constraints  |u| < 9 x 107°
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Time evolution governecl bg (Hu et al (1992.1994) )

d
o BB T
dt tDC(Z) IO")/

Y _1
tpc = 2.06 x 1033 (1 — 729) (Qbh2) Gy

e 1,4/ dz /d'z —(2/2pc)®/?
Zf 10’7

a2 () 12 —2/5
ZRoeGle H
o ( 2 024) (0.0224)
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.i’:nergg stored in wave:
()= _pv <52( )>
with

. 3k
(500) = [ GPy(®
with (Chluba et al 2om):

P(k) = A2(B)Pi(k) A (k) ~ 3cos(kr,)e” (k/kp)”

27T2AC ( k >n31—|—%1n(k‘/k0)a dns

£, =145 13 k_o S

(ko=0.002 Mpc™)
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In case of modified gravitg with l<~cle|:>enclent

sou nd sPeécl: (CvdB & sculthorpe (2012))

Q=30 | Gt IPo (k)

Modifications of transfer functions are in general

necessary too, but we consider
m? > H?

and modifications of gravitg suPPressecl on large

scales. Details will be mode clel:)enclent.
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" Standard GR case: Modified Gravity:
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As exPectecl, signal is smaller in modified gravitg case. For stronglg couplecl

_ models, signal can be as Iarge as other processes (Chluba et al Cre AL
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Summarﬂz

> SPeecl of sound of bargon-l:)hoton fluid is moditied in modified gravitg

theories in which bargon couple to extra clegrees of freedom
& Possible window to look for mod. grav. in the very earlg universe

+ Need a moderate Iarge coupling (=10%) to 5igniﬁcant|9 moclhcg sound

speecl and a not too large effective mass; smaller couPIings not

constrainted bg these considerations.

* Sound horizon at decoupling can deviate onlg very little from ACDM,
but CMB distortions can be atfected bg mod. grav. effects.

* Signal reduced (sma”er sound sPeed), but sPectral distortions

carliest Possible direct test of mod. grav. etfects.

& -HAS usual: need to unclers’cancl o’ther contributions
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