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The interface between EFTCAMB with
C of N-body simulation of DE/MG—
FalconlIC

C++ code

|http://talconic.org

[Wessel Valkenburg, BH
arXiv:1505.05865, to appear JCAP]



http://falconic.org

FalconlC

(developed by Wessel Valkenburg)

* Integrated with CAMB/CLASS/EFTCAMB

e Work for GR and DE/MG model

 (Generates IC at arbitrary scales, of arbitrary size

 Compile with MPIl and OpenMP

Parameter set 0

nGrid 256

convolveWindowFunction

boxSize 200 Mpc
randomSeed FalconIC rocks.
zStart 49
reality Full GR

. CAMB
coordinateGauge CLASS
linearPowerSpectrum v EFTCAMB

TabulatedPLANCK2015

HO S —————

Tems 2.7255 K

[http://falconic.org]

EFTflag
cerwpe | Mac OX APP
PureEFTmodelQ
PureEFTmodelA1
PureEFTmodelA2
PureEFTmodelA3
PureEFTmodelA4
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http://falconic.org

Zeldovich Approximation-|

Take the flat space-time, choose a coordinate frame {t, Z}

Define some conserved charge, €.g. mass

dM (1,%) = p(1 + D(Z))d" o =pd" 12/,

Change to another frame {x\prime}, \rho is unperturbed
4 ) =3 a )
Euler frame| 2t —z% V2 D(z") | Lagrangian frame
\§ , V, \§ ,
axz’ 4 ~ )
1+ D(Z)) = — |, N Vv .
( () oxJ 7 (1, 7) = —ﬁﬁtp('r, 7).
\ J
Jacobian

/ZA: Velocity is gradient of density



Zeldovich Approximation-ll

In the linear sub-Horizon regime, GR gives

Om + 2H by, — 4G pm0m = 0

The growth rate of CDM only depends on time!

4 h

. . S L l = .
The displacement field =4 —D(7) 55 VyAc(Ti, §)

. J J

In GR: CDM particles trajectory is straight line!



Video of ZA

credit: Wessel Valkenburg
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Matter Power Spectrum—Best-fit Planck15
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Peter: The phase info was lost in p(k)



DE/MG:

Quasic-Static Approx:

GR:

\_

P
k% = —4nG p(a, k)a’ pA |

% — 7(aak) .

o

2H5m — A Gegr (t, k)pm5m

=0

growth rate of CDM

DE/MG: at linear regime

depends on the scales!
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The displacement tield
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Beyond Zeldovich Approximation

~

DE/MG: at linear regime

growth rate of CDM Deflection by the
depends on the scales! gravitational potential
\_ J
\ —
- \ R z = 100
= = 1 = 1 -
T=19y— D(T,g]’)ﬁvyAc(n,g’) — A(T3, g‘)ﬁvyD(r,g') :
\_ J
.

4 A

Even at linear regime,
\trajectory of CDM particles are curved!

J




Modified Einstein EQ.

m(z)(l + Q)G uvlgu| = T(m) [om Omy - -+ | + T(w)["r Ty,

Define a conserved Fluid EMT (VT =0)

mngu[g/.u/ T(m) [pm, ’ ] + T(Q) [p’ﬂ‘a 071-, Pmsy """ ] 3

0 . 1 -
( ) .- —_— —{ —_— ( ) (W) }
T;w [p'mg'mpma =73 L Q) QT# [pm’ my " ] i T [" 7‘ ] .

L /

e energy density p=p+dp=p(1+A,) = U*UYT,,,
e pressure P = P+ 6P = P(1+ Ap) =5 LW T},
e energy flow (or heat transfer) g# =1* U T,

e anisotropic shear perturbation X#¥,



At linear order the fluid variables via EFT pi field
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Transfer function of Q-fluid

/\ o Take Newtonian limit
ol | R | 167G OR
S 12,0 _ o
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In the CDI\/I over dense reg|me Q-fluid is under dense!

Dark Matter (Eulerian) Q-fluid (Eulerian)



Transfer function of CDM
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Designer f(R) with LCDM background
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f(R) GR
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(box size -> particle mass) (box color -> pressure)
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Q-particles (Langrangian)

 CDM particle mass is conserved, Pressureless

e (QQ-paricle mass is non-conserved, Pressure



From IC to N-body (in progress)

On the linear regime:

1. Solve the linearised Klein-Golden eq.
A(T)it+B(n)7+C(r)7+k*D(t)m+ E(1) =0

€.J. 2. Solve the fluid (perfect/imperfect) conservation eq.

VT =0
On the non-linear regime:

1. Solve the NON-LINEAR Klein-Golden eq.,

e.g. f(R) csn2=1:  V32§fp = —[5R 8T G o)

Ike the potential

-

-

N
See Marco Baldi talk

for code comparison
J

2. Solve its world line eq., like CDM

' . 2.1
e.g. collapsing DE, csA2~0: 7;):; _ A




Conclusion

The EFT of Cosmic Acceleration provides a generic
and powerful framework to efficiently study DE/MG

The EFT framework has been implemented in the

Finstein/Boltzmann code CAMB, EFTCAMB (HiCLASS,
E. Bellini et. al.)

EFTCAMB is publicly available, does not rely on
QSAetc.

|C for N-body can be important for some DE/MG

The new release after Planck?2015 come soon



\\f’EFTCAMB

FEE, £HRE!
Sabino, Happy Birthday!

Tanti auguri Sabino!




