Ciao Tuttl!



~ Effective Field Theory
approach for Dark Energy/
. Modified Gravity

: r »r
P oy i
‘-.’ s S \ st 4 ke te) Chot .
- 9 ('. 1 14 A D o ’
. ! o SO (WYY . . »
; ’ .
. I n . .
.

Lorentz Institute, Leiden University

- Instituut-Lorentz f Padova;May,2015
: | G ? EFTCAMB team



Effective Field T heory with CANMIB

Raveri

(SISSA)
Silvestri  Frusciante . Hu

(Leiden) (Leiden)

Beatncef

Pic: July-2014@Katwijk

[Hu et.al. PRD89,103530(2014); PRD90,043513(2014); PRD91,063524(2015)]
http://wwwhome.lorentz.leidenuniv.nl/~hu/codes/




http://wwwhome.lorentz.leidenuniv.nl/~hu/codes/

T ROV O W

3P T«

BB Bdtish  71% @) Wed 27 May 00:07 Q =

@ Safari File Edit View History Bookmarks Window Help

<

(L

Falconic

Ganglia

-1.%

6.0

Inbox
EFTCAMB

O

Nl

wwwhome.lorentz leidenuniv.nl

LAMBDA Euclid Redmine PLA CosmcCoffee SAO/NASA ADS

ING Google M5N

YouTube arXiv

-

INSPIRE

IL

Geoogle B Biabucket

How 1o take a screenshot on your Mac - Apple Support

Effective Field Theory with CAMB

-0.991
-0.992
-0.99)
) -0.994

4 0.996
0997
0998
0.99

0270 0285

1.000

0300 031% 03N

-0.99% F

148

By B. Hu, M. Raveri, N. Frusciante and A, Silvestri

0.36

M0 625 650 675

1,

0.13

0.12 080

0.11

0.10 ~ -088

Y I

0. -0.9¢6

007

0.06
M -1 04} M A
70.0 0275 0300 0325 0350

-+

0105
0.0%

0.07%

O

0.060 &

Loy

0.045
0.030
0.01%
0.000

EFTCAMB is a patch of the public Einstein-Boltzmann solver CAMB, which implements the Effective Field Theory approach to cosmic
acceleration. The code can be used to investigate the effect of different EFT operators on linear perturbations as well as to study

perturbations in any specific DE/MG model that can be cast into EFT framework. To interface EFTCAMB with cosmological data sets, we

equipped it with a modified version of CosmoMC, namely EFTCosmoMC, creating a bridge between the EFT parametrization of the

dynamics of perturbations and observations.
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1. The test of gravity at linear perturbation level: EFT for DE/MG

 Effective Field Theory (EFT) approach provides generic
parametrisation of the action of the scalar perturbation
DE/MG with single scalar field.
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*Q, A and c relate with background operators, only one are independent

* EFT functions depend on time only
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1.1 The logic of construction of the action

1. Choose the time coordinate (clock), by asking

dp(t,Z) = o(t, %) — @(t) =0 (breaking time translation

diffemorphism)

2. Build the block of the EFT by the operators which
keep the unbroken 3D spatial Diffs

6q'°, 0K, 0R 0 (Or Clups), OR,,, and OR,

3. Multiply these operators by a only
time dependent function
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1.2 Another point of view of EF]
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Covariant approach
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¢(t) : background
field config
@(t,x,) :field config
at point 'p’
dp(ty, ) : field fluct.
at point 'p’

\Valid in ALL the gauge)
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EFT approach
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©(t) : background
field config

S

p(t,Zp) :field config

at point 'p’

Only Valid in the unitary gauge




EFT approach=> Covariant approach

A

i field: Goldstone
boson of breaking
Identify time shift symm
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t

Zl T W(tl, )

Stuckburg trick: restore full covariance;




1.3 Parametrizations

1. Full mapping

(From the covariant form)

€.4g. B i (R/m?)"
f®) = —m’ c,(R/m*)" +1°

[Hu,Sawicki PRD76, 064004 (2007)]

> w
A==LIf-Rfr] 5 ¢=0 ;5 Q=fr | |

(Work in progress with Rizzato et. al.)

' |to be viable, e.g. ghost-free!’

2. Pure EFT parametization

(Phenomenological param)

Constant models: (a) = p;
Linear models: (a) = Qpa;
Power law models: Q(a) = Qpa®;

Exponential models: (a) = exp (2pa®) — 1.

Have to make sure
that your parametrisation
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2. The structure of EFTCAMB




[ EFTCAMB STRUCTURE ]
(Main EFT flag: EFTflag)

EFTCAMB_V1.1

0: GR code

Standard CAMB
Background DE equation of state:
(Flag: EFTwDE)
Pure EFT \Omega model selection:
Flag: PureEFTmodelOmega
1: pure EFT

Flag: PureEFTmodelAlphal

Use some

trized
:):,:?feo?fm Pure EFT \alpha_2 model selection:
EFT functions (Flag: PureEFTmodelAlpha?2)

Flag: PureEFTmodelAlpha3

Pure EFT \alpha_4 model selection:

(Flag: PureEFTmodelAlphad)

Pure EFT \alpha_5 model selection:

Flag: PureEFTmodelAlphas

Pure EFT \alpha_6 model selection:

Flag: PureEFTmodelAlphat

Designer EFT model selection:

Pure EFT \alpha_1 model selection:

Pure EFT \alpha_3 model selection:

0: LCDM
1: wCDM
2: CPL

3: JBP

4: Turning point

5: Taylor expansion

6: User defined

0: Zero

1: Constant

2: Linear model

3: Power law model

4: Exponential model

5: User defined

1: f(R)

2: minimally coupled quintessence

3: non-minimally coupled quintessence

(Flag: DesignerEFTmodel 4: k-essence
5: Horndeski
6: Brans-Dicke 0: LCOM
2: designer matching EFT S
7: -
Use a theory whose _
background mimics 2: CPL
exactly the one specified Background DE equation of state: 3 JBP

(Flag: EFTwDE)

Structure of EFTCAMB

4: Turning point

5: Taylor expansion

6: User defined




2.1 Background parametrization—E0S

EFTCAMB provides 6 different kinds of parametrization of EoS
(Flag: EFTwDE), including:

LCDM (w=-1),

wCDM (w=wo),

0: LCDM

CPL (w=wo+wa-a),

Background DE equation of state:

(Flag: EFTWDE) 3. JBF

4: Turning point

5: Taylor expansion

6: User defined



2.2.1 EFT parametrization: Pure EFT

Phenomenological parametrization, e.g.

Constant models: Q(a) = Qp;
Linear models: Q(a) = Qoa;
Power law models: Q(a) = Qpa®;

Exponential models: Q(a) = exp (2pa®) — 1.

Pure EFT \Omega model selection:
(Flag: PureEFTmodelOmega)

1: pure EFT Pure EFT \alpha_1 model selection:

(Flag: PureEFTmodelAlphat)

Use some . 07

parametrized ) \ . Zero

forms for the Pure EFT \alpha_2 model selection: .

EFT functions (Flag: PureEFTmodelAlpha2 \ 1: Constant
Pure EFT \alpha_3 model selection: \\‘ \ 2: Linear model

(Flag: PureEFTmodelAlpha3)

3: Power law model

Pure EFT \alpha_4 model selection: .
(Flag: PureEFTmodelAlpha4d _7 ,’[ ' 4: Exponential model
/
/
Pure EFT \alpha_5 model selection: ¢/ 5: User defined
(Flag: PureEFTmodelAlphas) A}

Pure EFT \alpha_6 model selection:
(Flag: PureEFTmodelAlphat) ’



2.2.2 EFT parametrization: Full mapping—designer mapping

e.g. Designer f(R) gravity

[Song,Hu,Sawicki PRD75:044004,2007]

2: designer matching EFT

Use a theory whose
background mimics
exactly the one specified

y HI RII
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By
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~ O+fr)

Designer EFT model selection:
(Flag: DesignerEFTmodel)

RI
6H?

1: f(R)

2: minimally coupled quintessence

3: non-minimally coupled quintessence

4: k-essence

RI
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5: Horndeski

6: Brans-Dicke

GR limit: BO—> 0,
effetive mass —> Infty
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2.2.3 EFT parametrization: Full mapping (coming soon v2.0)

A few examples work in progress:
1. Hu-Sawicki f(R) model (with Rizzato et.al.)
2. Horava gravity (with Frusciante,Raveri,Silvestri,Vernieri)

3. K-mouflage

Advantage: the stable parameter regime are fully

controlled by the user instead of the code per se!




2.3 Perturbation equations

We implement the pi tield into the Einstein-Boltzmann solver
CAMB —> EFTCAMB

Evolving the full Einstein equation, Klein-Golden equation (pi

field), fluid equation (CDM,baryon, massive

neutrino),Boltzmann hierarchy equation sets (CMB, massless
Nneutrino)




e EFT: Do NOT rely on QS approx!

time-time Einstein equation:

a

_2m(2,(1 + Q)

3(3H? — H)x + 3H7 + k=
[ ]

k*n =

. . Q - Q
[0pm + pom + 2¢ (7 + Hrm)| + (H + 2(1 + Q)) sk 2(1+9Q)

momentum Einstein equation:

2k2 2) = a?
3k (o - )-m%(1+Q)[(

(7 + Hrm) ,

)
Pm +Pm)vm +(PQ+PQ)L”] +L(1 +Q)

space-space off-diagonal Einstein equation:

a’Pll, O
mi(1+Q) (1+9Q)

ko. + 2kHo, — k*n= - (ko. + k*x),

space-space trace Einstein equation:

Q
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e For Klein-Golden Eq. Of m field

3m2 Q2 3 3mZ Q - . (po + Pg)a? ) 0 ,
Q + 4H) 4He — ‘
(”+.m2(1+sn)7“+[4mzu-fu)( i )’*"+ He=saxo°| ™

i [3 my__ <k <(3PQ —pe +3Hpo + Fo)la” | 46y | 8320 4 21 + Q) (5L - zu“))

4 a2 (1+9Q) 3m?
—2He + (c'- - 2(129)‘) H + 6H*c + (<-+ i’:ﬁ a 229)> k'1 ™
Lo %lﬁ (1229)] ' %(1 -S:Q) (S0 0P) =04
Kinetic friction mass sound speed source

A(T)7#+B(n) 7+ C(r)m+k*D(t)mr +E(1) =0
Have pass the viability condition:
1. Effective Newton constant does not change
sign: 1+0>0
2. ghost instability: A>0

3. sound speed <=1: D/A<=1

4. mass square >= 0: C/A>=0
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2.4 CMB spectra—example: f(R)
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2.5 Transfer function of CDM
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3. Parameter estimation results from EFTCosmoMC and Planck-2015

CosmoMC—>EFTCosmoMC

| | |

. 1.0 Planck |
Designer f(R) Planck + BSH
Planck + WL
Planck 4+ BAO/RSD 7
B Planck “0 Planck+BAO/RSD Planck + BAO/RSD + WL

2 Planck+BSH B Planck+BAO/RSD+WL
B Planck+WL
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4. Conclusion

EFTCAMB include most of viable single field DE/MG
model

For scalar field: full perturbative treatment, does not rely
on quasistatic approx

Support LCDM/wCDM/CPL background
Automatical stability check for given parameterization
Selected by Planck 2015 data release

Selected by Theory Working Group of Euclid
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