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Modified Gravity < Dark Energy

MG here e DE here

\ 1 m D
Gy — Zp(m) | = G, =k (T,EV) + T;(WE))

2 =

DE Tensor: “T,SBE) =Gy — 2KG,, &2 Park Energy PDE, PpE
Density and Pressure:

\ DE Perturbations:

SppE = (- YU+ (- )P+ (- )W+ (---)® + (- - - )Other Fields,
Pog=(- ) +(- )+ )+ )P+ (- )T+ (---)® + (- - - )Other Fields,
Vo= (- )0+ (- )0+ (- )T+ (---)® + (- - - )Other Fields,



f (R) Theories

1
KTD™ = (1 - F) G + 5 (f = FR) g — (90— VuV,) F.

KPDE = —g +3H?(1+ F)+3FH — 3HF,

,JDDE:£—3H2(1+F)—H(2+F)+2HF+F,




f (R) Theories

1
KTD™ = (1 - F) G + 5 (f = FR) g — (90— VuV,) F.

. . k.2 k2
kOppE = W1® + WU + (W3 + W4a—2) d + (W5 -+ W6¥) v,

3y . : : k2 k2
kKOPpE = Y19 + YoU + Y30 + YW + (Y5+Y6a—2) D + (Y7‘|‘Y8$) v,

= Vop = 218 + 2o + Z3® + Z4¥,
k‘2
KPDETDE = 3 (®+ ¥),




Quasi-Static and Sub-Horizon Approximations

®(k,n) / (K, 0)

e Dodelson 2nd Edition
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Standard Procedure

2
SR =| 64 +24H/¢/ 6HW + 4— <I>+(2k——12H—|-24H2)\If

Applying >
QSA-SHA: QSA 4k <I>+<2——12/I‘{+24/b/)

& 2

SgA4k2(I)+2k2\P

a a
K2 F+25F, s B2 F+4bFg oy
a?”  2F24 6N FFR T d? 2F2 + 65 FFp




Standard Procedure

k2 :
OR =|64 +24H}/ 6H +4 <I>—|— (2— — 12H—|—24H2) U
Applying ;
_GHA- SA| k
QSA-SHA; R|a2 <I>+(2——12/I‘{+24/6/)
SHA k2 k2
~ |[4— <I> + 2— \I’
CL CL
(1— F)F +(2 - 3F)5 Fg 5, aF F +6%Fr p,
5DE — 12 = — 5m7 VDE — 2 5m
F(F + 3% Fg) PDE 2F 3% Fp + F PDE
5Ppr 1 251 Fg + 155 Fpk + 3FF 5, EFrR  pm
— — 2 mo TDE = k2 5m
ppe  3F 3%, FR + F PDE F2 + 35 FFR PDE




.. . . 2 B
SPor _ 1 2K Fp+ 15’“2FRF—|-3FF A LT oF F +6%Fg p,,

PDE 3F 3 P+ F PDE 2F 3Z—§FR + F' PDE

m-

F=FrR| & » |[R=6(H+2H?), & * |F=0,

/’

5PDE - 1 2 FR Pm 5
ppE  3F 3’;—§FR + F PDE

m Vb =~ 0.

Where is the mistake here?
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Tracking the Accuracy of the QSA and the SHA

. aH 5 — g ¢ = g €
— 3 3 p— —H, — _172° X = —37
“Slow-Roll” g © © ©
Parameters: <i> \i! ds Ao
EP = —, EY = ——, = —, =
= %H Y= 9H A= osH® AT aLH

SHA:

QSA:

e K 1,

ep ~ ey <K 1.
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Tracking the Accuracy of the QSA and the SHA

aH 9 g €
€= I 0= -’ E= -2’ XfEfg——gy
“Slow-Roll”
Parameters: . . .
i), 1/ Ed EV
EP = —— Ey = —— = —— =
P SH’ v UH’ X 6(I)H, X ew H

. . . k2 k2 .
6R =60 +24H$ — 6HY +4 6 + (2a—2 —12H + 24H2> v,

2 _ % ;
e (4— + (24H? + 6H)eg + 3H22 + 3H25q>xq>) o+ (2—2 — 24H% — 12H — 6H25\p> v,
a

SHA 2 3 k? 5 k?
= (4 +6e%[ea{3+ 0} +e3 + sq>><q>]) oy (2 — 672+ 26 + &p]) poid




2nd Order in SHA — 0th Order in QSA

k2
k_z — F+2 QFR K Dm0 »~_ @ Deepest modes
a®  |2F2 4 6% FFp
35PmOm k*
5PmOme” {F2 6+8)FFR+2 £(35+8)F3},
oF (F+3k2FR)
L F+4k Fp it o
a2 2F2—|—6Z—§FFR mYm /‘O nd order
3K Pm0 g2 k2 L4
+ mOm 2{F2_a_2(35 6)F Fir — 2—7(6) — 93},

2F (F + 3% Fr)
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(1- F)F + 52— 3F)Fg ppn,
ODE = 3 Om
F(F + 3a—2FR) PDE
3k Fre? 2
= a?” I {(5 +1)F + 2’“ -(36 + 2)FR} Pm 5
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F +3a7FFRpDE F(F+3Z_§FR .




Specific Models

f DES:
A @ 3 13 A
= R — 2A + aH¢ F = — 42
Hu-Sawicki:
2A
R)=R— n
ANRRTAC)

* Nojiri, Odintsov: 0608008 * Hu, Sawicki: 0708.1190 T
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Comparison with Numerical Solutions
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Preliminary Results: Designer Horndeski
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* Arjona, Cardona, Nesseris: 1504.06294




Take-Home Points

Novel parameterization to make transparent the QSA-SHA.

Some terms are neglected in the standard approach = What are their relevance?
No much improvement for viable f(R) theories > What about other MG theories?
Changes could be dramatic in general = See “Preliminary results”.

Further details: 2303.14251 (Orjuela-Quintana & Nesseris)... Soonly available in JCAP.
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