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Introduction

= One of the origin for the late-time acc.: Modified Gravity (MG)

Scalar-Tensor theories: f(R)<Horndeski< DHOST Horndeski (1974)

Deffayet+ (2011)
(recent) U-DHOST, ... Kobayashi+ (2011)

Langlois-Noui (2015)
De Felice+ (2018)

® Non-linear scalar interactions

Large Scale Structure (LSS) in DHOST  Hirano+ (2018), Hirano+ (2020)

folded-type bispectrum, UV divergent 1-loop power

violation of consistency relation  Lewandowski+ (2019), Lewandowski (2019)
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Rescue of UV-divergent 1-loop power

1. we extend the procedure of EFTofLSS to MG
2. its application to DHOST
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violation of consistency relation  Lewandowski+ (2019), Lewandowski (2019)




SPT in Lss cf) Barnardeau+ (2000)

» non-rela. irrotational dust (DM fluid), inside cosmological horizon

= metric  ds?=— (1 +2®)d* + (1 — 2¥)dx*
2Pl

Pb -
= Einstein eq. = Poisson eq.  0°® = 5“2H29m5

= fluid variables 6 , 0 =0u'l(aH)

= fluid equations

=] :
(continuity) 6 + —0,[(1 +8)]u’' =0
a

] gm 1
(Eular) 4; + Hu; + —w'ou; + —0,® = 0
a a

= gravity: Poisson, non-linearity (fluid)




cf) Barnardeau+ (2000)

1-loop power spectrum o

. 5(t9 p) = 51(t, p) 5 52(t? p) ar 53(t9 p) -
leading
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standard: P; (k) ~ k(k < keq), k‘3(keq < k) notdiverge




= Baumann+ (2010), Carrasco+(2012)
O L I n , Hertzberg (2012)

» Loop corrections include UV integrals

SPT is not taken into account of effects of small scale (UV) physics.

e.g.) perturbative expansion may be wrong

Blas+ (2013): linear > 3-loop > 2-loop even if on large scales

— we need to introduce effects of UV physics

m EFTofLSS (cf. Wilson's renormalization)

integrating out short modes & introduce effective fluid as UV physics

— effective fluid can cancel out large (or divergent) terms

= eff. fluid are counterterms




- Baumann+ (2010), Carrasco+(2012)
O I n , Hertzberg (2012)

= separation of fields &introducing coarse-graind fields

6§=0,+0, ,0,= Jd3x’WA(X, x)6(x") , W,: window function

— we can rewrite the system about short/long modes

" Eular eq. has s-s nonlinear interactions wou' = u/du; — —0;z;
p
S-S

= |ntegrating out small scale ~ counterterms from UV
— averaging on log-w. BG and introducing eff. fluid (NS like)

=l ] 2 Cgv k ij 5 Cs2v i i 2 o 02
ce e Se o e e e e T s

— regarded as source terms (we assume ¢ = O(57))




- Baumann+ (2010), Carrasco+(2012)
O I n , Hertzberg (2012)

m Standard terms

P;(P) : o; is replaced to ¢
A
P5(t,p) : 07 is replaced to §; , [ d*k — Pp’ ~ finite X p*P;(p)

= EFT terms
t -
Oc :P2J diG@t, )| ¢} — aleI & < O(5) ,Gis Green's func.
in evolution eg.
D, (1)

P515c =p2PL(p) (272_)3

t 6'2
J diG(t, f><c3 i —H> D, (f) ~ finite X p>P;(p)
a

— EFT terms can cancel out leading contribution on P;"




Renormalization & parameter fitting

Baumann+ (2010), Carrasco+(2012), Hertzberg (2012)

P55

1Y%

= Ccomb(t’ A)psz(p)’ Ccomb(t’ A) = Cren (t’ kren) B Cctr (t’ kren’ A)

® Renormalization conditions

Pobltik ) £ C ik sAJk:

ren’ ren

P L(kren) =0

= Parameter fitting by obs. or simulations

P obs(t’ kren) =D -|2—(I)P L(kren) + W T Cren(t ? kren)krzenP L(kren) an i o ’ ren)

Pobs(t’ kren) = D-Iz—(t)PL(kren)
krzenP L(kren)

2 Cren(t ’ kren) =

% From Py, we can determine the time-dependece of EFT parameters.




EFTofLSS in MG

= EFTofLSS in GR

s-s interactions come from Euler eq.

— eff. fluid becomes counterterms
= EFTofLSS in MG  Hirano, Fujita in prep.

s-s interactions come from gravitational field egs.

3
O°® + 04, [(0°D@)* — (0,0,P)*] + 0, [(0°D)* + 0,D0%0,D] = EazHZQmé




EFTofLSS in MG

= EFTofLSS in GR

s-s interactions come from Euler eq.
— eff. fluid becomes counterterms
= EFTofLSS in MG  Hirano, Fujita in prep.
given by MG model

s-s interactions com M gravitatiopat tield egs.

3
O°® + 0¢, [(0°D@)* — (0,0,P)*] + 0, [(0°D)* + 0,D0%0,D] = EazHZQmé

long 2
= 0’®, +c,0°D;+ ¢y

3
2

a2
new source terms!

where ¢, = 0(57) and ¢; = O(5) in order to be counterterms




Application to DHOST

m counterterms in MG

s 5 3 .
Pss, = Pr(p) 27) [ drG(t, 1 )(%EazHZQmD +> = finite X P;(p)

P “tdfG(l‘ f) C ——ZQ D = ﬁll'teX 2P ( )
VZ' 2 A m 1 [

= UV-divergent 1-loop power Hirano+ (2020) UV divergent

%

D4 A
PB(t p) — PL(p) J dk PL(k)(dDHOSTk2 i dGR,Hornpz)
(277:) p<k

(standard: P; (k) ~ k(k < Kl k‘3(keq < k))

— P s can cancel first term and P; 5 can cancel second one!
1D Fees




Renormalization & EFT paras.

) E O (1 5

ren’

Pss = Cyt, NP(p), C(t,A):=C*(t,k

ren
P55 = Cy(t, A)p*P(p)

® Renormalization conditions

b 2
PL(kren)wJ dp P(p) dpuostP* + Cs™ (1, kyens A) Pr(ken) = 0

kren <<p

2 Di : ctr 2
krenP L(kren)w dp P L(p )dGR,Horn s C3 (t ) kren’ A) krenP L(kren) =0

kI‘CIl <<p

= Running relations (cf. Callan-Symanzik equation)

P I:(kren) — Cgtr( k

Sl e G =
bl ) 16 e ) ()]PL(kren)

) x 1/k..,

cn

= EFT parameters C,, C; cannot be determined independently.




Summary

= Loop corrections include UV integral

This leads to some problem inSPT

—  EFTofLSS introduce effectively UV physics

and EFT terms can cancel out problematic terms

= we extend the procedure of EFTofLSS in GR to MG

counterterms come from non-linearity of gravitational field egs.

— similar to that in GR, EFT terms can cancel out problematic terms

in particular, UV divergence in DHOST can be cancelled out!




