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Coupled Dark Energy Fitting functions Fisher forecasts Ongoing Projects

Motivation

e Future LSS probes:
> Euclid, positions, shapes and spectroscopic redshifts of ~10’ galaxies over
15,000 sq.deg. Many more photometric z.

> SKA2 and LSST, allegedly 30,000 sg.deg and provide 10° redshifts.
Intensity mapping is a promising method. Deep, wide, sample variance-
limited surveys.
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Motivation

e Future LSS probes:
> Euclid, positions, shapes and spectroscopic redshifts of ~10’ galaxies over
15,000 sq.deg. Many more photometric z.

> SKA2 and LSST, allegedly 30,000 sg.deg and provide 10° redshifts.
Intensity mapping is a promising method. Deep, wide, sample variance-
limited surveys.

« General models of Dark Energy (DE) are becoming increasingly close to
ACDM at the background and linear perturbation levels (due to data).
> Predict interesting features at the nonlinear level of structure formation.

 Either test these signatures by N-body simulations and then fitting
functions or calculating perturbatively the non-linear power spectrum.

> On the way there we have to understand much more about systematics,
bias and baryonic features.
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Outline

 Working on an interface between simulations, perturbation theory and
forecasts for future LSS surveys.

Main topic of the talk:

 Coupled DE models, fitting functions for the non-linear PS.

> Improve forecasts on the coupling parameter, using information from N-
body simulations®.

e Take into account some systematics, numerics and theoretical uncertainties.

1S.C, L.A, V.P.,, Marco Baldi, A.V, 1508.07208; col.: 2C.Wetterich, F.Fiihrer; *M.Pietroni; “M.Kunz, M.Martinelli
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Outline

 Working on an interface between simulations, perturbation theory and
forecasts for future LSS surveys.

Main topic of the talk:

 Coupled DE models, fitting functions for the non-linear PS.

> Improve forecasts on the coupling parameter, using information from N-
body simulations®.

e Take into account some systematics, numerics and theoretical uncertainties.

Other ongoing projects:

* N-body simulations of growing neutrino quintessence. Non-linear dynamics
and backreaction are very important.

> Clustered structures affect the background evolutionZ.

« Eikonal renormalized perturbation theory for “Horndeski” models in the QS
limit. »Testing effects of scale-dependent potentialss.

 Fisher forecasts for Euclid and LSS probes, testing several models of DE,
scale-dependence”, code comparisons and Fisher Taylor expansions.

1S.C, L.A, V.P,, Marco Baldi, A.V, 1508.07208; col.: 2C.Wetterich, F.Fiihrer; *M.Pietroni; “M.Kunz, M.Martinelli
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The problem:

» Coupled dark energy models - interesting phenomenology.
Background very close to ACDM, but important differences at the
perturbation level (fifth force) and structure formation.

Pettorino, Phys. Rev. D 88, 063519 (2013)
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The problem:

* Coupled dark energy models - interesting phenomenology.
Background very close to ACDM, but important differences at the
perturbation level (fifth force) and structure formation.

 However, coupling parameter has only been constrained using Planck
data® --> other forecasts have used only linear quantities.

* We don't have any analytical method available that can give us a reliable
prediction of its behavior in the non-linear regime.

Proposed solution:

 Let's take the N-body simulations we have available and create fitting
functions, which then can be used in forecasts.

* The caveat is that we have to be careful with numerical and theoretical
uncertainties.

——»Show that even being very conservative, we can improve, by more
than one order of magnitude, the present constraints on the coupling.

1Pettorino, Phys. Rev. D 88, 063519 (2013)
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Short review on coupled quintessence

« Dark Matter is coupled to a scalar field through its mass

S=[d*z /=g (1 R+ — 59" 0,00,¢ — V(6) — m($)0v + Liin,y]

« Mass of DM particles depends on value of field, this defines the coupling
strength as: dl
Q(Cb) - ndTg(qb)

- Baryons are not coupled, radiation is traceless. Total T}, Is conserved:
v V(C) — +Qc(¢)T(c)vu¢ v T" v(b) — =0 v ,/(g/)) — Qc(gb)T(c)vz/gb

« We use an exponential potential and assume a constant coupling:
V(p) = Voe= ¢ B=+3/2Q

* Interesting background tracking solutions, helps to alleviate the
coincidence problem and predicts characteristic features at the
perturbative level.

See among others: Amendola (2000), Pettorino (2008)
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CQ at the perturbation level

 Effective gravitational constant affecting only DM patrticles:
GCQ — GN(l + 2/82)
* Modified Hubble friction term in the Euler equation:
Hv =H(1 - B¢/H)v

See among others: Maccio et al. (2004), Baldi et al. (2010), Li et al. (2011), Carlesi et al. (2014)



Coupled Dark Energy Fitting functions Fisher forecast Ongoing Projects

CQ at the perturbation level

 Effective gravitational constant affecting only DM patrticles:
GCQ — GN(l + 2/82)
* Modified Hubble friction term in the Euler equation:
Hv =H(1 - B¢/H)v

This has been implemented in N-body simulations, yielding interesting
results for modified structure formation:

See among others: Maccio et al. (2004), Baldi et al. (2010), Li et al. (2011), Carlesi et al. (2014)



Coupled Dark Energy Fitting functions Fisher forecast Ongoing Projects

CQ at the perturbation level

 Effective gravitational constant affecting only DM patrticles:
GCQ — GN(I + 2/82)
* Modified Hubble friction term in the Euler equation:
Hv =H(1 - B¢/H)v

This has been implemented in N-body simulations, yielding interesting
results for modified structure formation:

Gravitational bias between baryons and DM at the linear level,
decreasing baryon fraction in halos.

Increase of number density of high-mass objects compared to ACDM at
all z.

Lower concentration of halos, emptier voids

Modifications of the small scale power spectrum

See among others: Maccio et al. (2004), Baldi et al. (2010), Li et al. (2011), Carlesi et al. (2014)
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The nonlinear power spectrum in CQ
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This “bump” is also present in f(R) simulations with screening.
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The nonlinear power spectrum in CQ

* After normalizing to the same ¢8 , compared to ACDM there is a “bump” that
Increases its amplitude with increasing coupling while its maximum locates at
smaller scales for higher redshifts.
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What do we need to forecast using the
nonlinear power spectrum?

* We cannot run N-body simulations varying all
Interesting cosmological parameters.

* Perturbation Theory or Effective Theories of LSS do
not reach yet the interesting range in k for this
particular case. Furthermore it is complicated to
Include beyond-ACDM models?. (discussed later in
this talk)

* We need fitting functions that can be varied w.r.t.
cosmological parameters.

'We have tried to use an implementation by A.Vollmer of cDE in TRG, but not very successfully.
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Fitting functions

 Use CoDECS! EXP simulations with three different couplings.

 We developed an automatic method that corrects numerical anomalies
around the Nyquist frequency.

e Multidimensional nonlinear fit: Tested 8 “sigmoidal” models for goodness
of fit, each with 5 coefficients depending polynomially (3 order) on the

parameters.
Model Name Analytical expression N,
M1 f(k)=14ag+ay-k+c-k-tanh((k — ko) - ) D
M2 f(E)=14ag+ay-k+c-k-arctan((k — ky) - b) 5
M3 f(k)=1+ag+a;-k+ck-Gudermannian((k — ko) - b) | 5
1\/14 f(k') = 1 -+ ag -+ a ]{’ +c- k’ . erf((k — k(}) . b) 5 M3: Fit for coefficient kO
M5 f(K)=T+ao+a k+ —Fmm 51  mog
M6 flk)=14ao+ar-k+c-k- (5 + etk 50 1
f— s . N b.(k_ko) l.OE
M7 f(k)=14a+a-k+c-k N 5 o
B ( K —A) " 0.0 LL.kl.Ls\‘\‘\iatkn
1\/18 f(k) — h - (11 : k: + C- (A + (1+Q,E—B(k—ﬂf{))1/v) 9 1.0 ZN\K[E““H\ B

The Gudermannian function is something like Integrate[dt/cosh(t)]. Inverse of Mercator projection.
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Fitting functions

 Use CoDECS! EXP simulations with three different couplings.

 We developed an automatic method that corrects numerical anomalies
around the Nyquist frequency.

« Multidimensional nonlinear fit: Tested 8 models for goodness of fit.

o Accuracy gOal 1'2% - IModgl M7.f01.. B=0705. - | Percentage Error

1.0987

0.8562

0.6136

k in h/Mpc

0.3711

0.1285

| . \ . \ 1 . \ \ \ 1 . \ \ \ 1
0.0 0.5 1.0 1.5

Redshift z



Coupled Dark Energy Fitting functions Fisher forecast Ongoing Projects

Fisher Forecast

 We use 6 cosmological parameters:
2
{/8 ) h7 lOgA, Ng,Wh, wc}
 The observed power spectrum for galaxy clustering:

D3 (2)refH(z) o
D3 (2)H(2)res

Povs (2, k, 1;0) = Py(z) + b2(2) (1+ B(2)p2) Pk, z)e k0 (@2 HE+00(E)

« Using information on the Growth, the Hubble function, the Angular Diameter
Distance and the Growth Rate at 6 redshift bins, using Euclid specifications.

B o
g i ':'-n-l. | I8

We include a first order correction on the Kaiser formula, due to non-linear peculiar velocity dispersion.
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Inclusion of errors

 We include in our Fisher analysis the errors on the PS coming from the
fitting functions, the cosmic emulator and the sample variance of the N-
body PS.

* These errors add noise to the Fisher matrix in the form of an effective

galaxy number density:
nerr(k,z) =n(z)/(1+n(z)op(k,z))

. . NS
fiducial n(z),” | “~
VA SN

0.1 0.0015

0.0010

0.001; 4

107 k4 __ Sample variance errorz=0 0.0005

|Relative Error on P(k)|
Effective number density n(z)

— Sample variance error z=1.6
.- Emulator error z=0

10-5 .-.- Emulator error z=1.6

- Fitting error z=0

kny/2 k
--- Fitting error z=1.6 Nyl Ny

‘ . 0.0000 ‘ ‘ ‘ ‘ ‘ ‘ ‘
01 02 ‘ s 10 20 ‘ Y 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
k [h/Mpc] redshift z

« We will perform the analysis using two different cuts in k: at the Nyquist
frequency and at half of the Nyquist frequency (conservative).

* See analogous plot by Fosalba, Crocce, et al. (2013) MICE simulations
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Fisher Forecast for WL

* Fisher matrix for the WL multipoles:

loae (204 1)ALIP(0) . OPeu(l)
aﬁ—fskyz Z ) 8éa Cjkl 89,3 le-l

¢ i,jkm

« Here the matter power spectrum enters the game:

o (N3 (N2
Fij(f) = % /o & W(Z)WJ((IZ )fz)(f)gm I, n(£/1(2))

 We include an “error” matrix K in the covariance to account for the cut in k,
which translates into a cut in multipoles depending on z.

Cij(£) = Pij(0) + &;jYmun; ' + Kij(£)

Non-linearities are really important here. Already for I=2000 at the min z of Euclid, you need k=1.1 h/Mpc.
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Results

* Including more of the nonlinear scales, improves considerably the
constraints on the cosmological parameters, especially on 3°.

« At small scales, information from initial conditions is lost due to mode-
mode coupling, but signal from the DE coupling starts being important.

0.100f

0,050}

0.010}

0,005} ¢

10 marginalized error on p;

0.001}

5% 1074

0.10 0.15 0.20 0.30 0.50 0.70 1.00 1.50 2.00
Maximum scale cutoff k,,x [h/Mpc]
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Results

 Including more of the nonlinear scales, improves considerably the
constraints on the cosmological parameters, especially on 32

 When using only linear PS + Halofit, there is not much gain on the errors
on (> since there is no extra information contained in there.

0.74 GC-linear | 0.26 WL-linear
GC-Halofit WL-Halofit
; GC-kNy/2 | T WL-kNy/2
0.73 e | N
LT T . | 024 =i e
0.71 SN
< IENAR g022 . . R
0.70 . I ST e . .
069. T e N Ml el el
‘, | 020 — Tl eeaaen X
068 T e Voo T
067 T 0.18
0.000 0.005 0.010 0.015 0.00 001 002 0.03 004 0.05 006 0.07
2 2
B B

It is still important to check what is the parameter estimation bias by doing this.
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Results

Igr?straint Parameter [32 h 1007, | ng Q Q.
on the DM- fiducial 0.0025 [ 0.7036 | 2.42 | 0.966 [0.04503| 0.2256
DE coupling WL: 1-0 abs. error, using:

}’;’]‘;“S'ir?]ee of linear CDE 0.0189 | 0.040 |0.221 | 0.0139 | 0.0062 | 0.0127
order as the linear CDE+Halofit 0.0184 | 0.044 | 0.256 | 0.0109 | 0.0066 | 0.0079
present non-linear CDE fitting functions  [0.000125|0.00835| 0.112 | 0.0105 | 0.0032 | 0.0046
constraint GC: 1-0 abs. error, using:

gg_r;hoenDE- linear CDE 0.0038 | 0.0097 | 0.117 | 0.0176 | 0.0021 | 0.0055
coupling in linear CDE+Halofit 0.0011 | 0.0029 | 0.024 | 0.0023 | 0.0007 | 0.0006
g\e tSoIar non-linear CDE fitting functions 0.00035 | 0.0016 | 0.018 | 0.0027 | 0.0008 | 0.0009

ystem.

Old results?, linear PS

Parameter o; CMB a; P(k) o WL
,82 0.0094 0.0015 0.012
oy 0.55 0.12 0.083
Q. 0.022 0.010 0.012
h 0.15 0.036 0.039
Qp 0.00087 0.0022 0.010
s 0.014 0.034 0.026
o8 - 0.0084 0.024
log A 0.0077 - -

! Amendola, Pettorino, Quercellini, Vollmer (2012).
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0.73 WL
- \ Comb.
0.72
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=
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B
0.240 Wi
! K Comb.
0.235
0.230
[5)
S 0225
0.220
0215
0.210 N
0.0015 0.0020 0.0025 0.0030 0.0035
B

Weak Lensing
and Galaxy
Clustering

observables are

complimentary
and break some
parameter
degeneracies.

If we manage to
understand the
nonlinear power
spectrum
accurately,
Euclid will be a
powerful tool.

S.Casas, L.Amendola, M.Baldi, V.Pettorino, A.Vollmer. (arxiv: 1508.07208)
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FisherTools and Cosmomathica

 Fisher forecasting led me to develop a set of very flexible Mathematica
packages for computing, analyzing and plotting GC and WL Fisher
forecasts.

* |t interacts with Cosmomathica, a code started by Adrian Vollmer, which |
now constantly extend and maintain. It creates a very useful interface
between Mathematica and codes like CAMB, (CLASS"), CosmicEmulator,
Copter, Halofit, Eisenstein&Hu TF, without the need to import/export text
files constantly.

* The FisherTools code was used for the Euclid Fisher Code Comparison
Project.

If you want to participate and benchmark your Fisher matrices, go to WP6
and follow the instructions.

https://github.com/santiagocasas/cosmomathica.git GitHUb

CURLY: http://www.thphys.uni-heidelberg.de/~cosmo/dokuwiki/doku.php/codes

“Still in beta-testing phase.
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What else can we do with Fisher forecasts?

SKAZ2 and Euclid comparison + Planck Planck DE paper 2015
priors
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In collaboration with M.Kunz, M.Martinelli and V. Pettorino
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What else can we do with Fisher forecasts?

Predict Fisher ellipses at different fiducial points without the
need to recompute them. Using “Fisher-Taylor tensors”.

0.047} o
: S\ fidl I
P fid2 P
fid3 Jlf T
II”“II fid2-taylor |/ ]u :
0.046_ ’l ll ] '; __
i ,',/’\r
! 1 II, !
< i ! i JJ’ ’I'
S 0.045¢ L i ,l' I;L -
I ]” ln', I '
TN l, i
1" /1 ’ 1
o I' L//f
I
0.044/ W 1 i
171 : \/
L ‘ql 1 ’! i
0.043F \ :

0.29 0.30 0.31 0.32 0.33

O

In collaboration with L.Amendola and V. Pettorino, thanks to B.Schafer and E.Sellentin for discussions.
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What other problems do we have?

* If we want to test modified gravity with scale dependent growth, we need
also the non-linear power spectrum, otherwise we are throwing away
information.
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What other problems do we have?

* If we want to test modified gravity with scale dependent growth, we need
also the non-linear power spectrum, otherwise we are throwing away
information.

* As we have shown before, especially for WL, using the wrong non-linear
modeling can bias the results or simply not give any useful constraints.

* In principle we need to take care of the P(k) covariances and take non-
Gaussian variables into account. Higher order statistics are another

challenge.
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What other problems do we have?

* If we want to test modified gravity with scale dependent growth, we need
also the non-linear power spectrum, otherwise we are throwing away
information.

* As we have shown before, especially for WL, using the wrong non-linear
modeling can bias the results or simply not give any useful constraints.

e In principle we need to take care of the P(k) covariances and take non-
Gaussian variables into account. Higher order statistics are another
challenge.

v In some models and parametrizations of Modified Gravity we can try to get
the mildly non-linear regime using eikonal Renormalized Perturbation
Theory. (?)

> For other models, we have little hope of capturing the non-linear dynamics
analytically --> Go back to Nbodys.!

1 See for example Growing Neutrino Quintessence at the end of the talk.
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Horndeski-like theories in the
“quasistatic” limit

 In general Horndeski models, assuming the quasistatic limit, the
anisotropic stress and the “effective gravitational constant” can be
expressed as’:
P 14+k%h 2k 14+k2h
n(k,a) = —F = hs (Jk—zhi) Y(ka) = —555- =M (u)
« This modified Poisson's equation will have an effect on structure

formation of DM that we would like to study at the mildly nonlinear
scales.

« We will just take general functions of time h; (¢) which given a
particular model, can always be specified.

1 Other EFT's of DE can be parametrized in a similar way (alphas). Important here is the scale dep.
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Fluid equations and approximations

00,
« Continuity 5 [(14+6.)v]=0
+ Euler VL AV]) 4 (v )y = -V
PPolsson g2y = 220, (1) (4. + [BAd)

» These equations are only valid in the single stream approximation.
We neglected initial vorticity and the stress tensor from the Vlasov-
Poisson system.

wa(k,n)ze‘”( 57*1<k777>) N oo )

—0(k,n)/H 2 () (1 + B(k,m) 2+ 3 + Ak, n)
Onealk,n) = \Oab(k ) @ + el mbc(k p —q) (P, 7?) oe(d, '7?)/
— —
Linear perturbation theory Non-linear terms, mode coupling, causing trouble
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Coupled Dark Energy Fitting functions Fisher forecast

eRPT Resummation

« Resummation method developed by Stefano Anselmi and Massimo
Pietroni, “...A leap beyond the BAO scale” (2012). We use here the eikonal

approximation.

« We start with the evolution equation for the PS in this method, but add scale
dependence and a “Horndeski modified” propagator:

1 Y 2 1 2 -9 (24+3Y) ’
A I AN - ——— (A=)
9(&, &) = O ‘”’“[Ha}f (3}’ 2)+2+3y (—SY 3}’)“3 : }

Ox Py (k; X) = —Qqe(k; X) Pop(k; X) — Qpe(k; X) P (k; X)
+ Ha(k; X, Xin) Pap(k; X) + Hp (k; X, Xi,) Pap (k; X)

- /ds [i)ad(k; X, $)GEF(k: X, s) + GOF (k; X, 8)Dyp (k3 X, s)]

Time variable has to be changed from usual D, back to the scale factor a.
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b o o o cm—2 propagator tree-level: —iG % (K514, 1p)

b e — 2 power spectrum tree-level: Psik(k;qa,qb)

[
’ .
A interaction vertex: —ie"y pc(Kq, Kp, K.)
b c

D o = ©— a counter term propagator: i X4 (k;1,,15)

b @ @ @ e = @ counter term power spectrum: —®°2 (k;1,,15)

Quantities can be obtained by performing functional derivatives of a generating functional
that has the same dynamical structure as SPT:

52w . p
573 =i0p(k+ k)P,
Z[Ju, Ky; P°] = / D%Dxbexp{—% / dnadnpXa Payd(11a)0 (1) X Ja 0Jp Ja, Kp=0
W
+ 1 dn xaga_ltp — e YabeXaPbPe + Ja‘fga + KbXb - — _5 k k, Ga,
[ inusston = aons ) T

! For more details: Next-to-leading resummations in cosmo. pert. theory, Anselmi, Matarrese, Pietroni. (2010).
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Of course | need to compare with actual N-body simulations (f(R), Gallileons, etc.)
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Some common observational quantities are modified when including the non-linear scale
dependent predictions:

—_— k=02

;]_5-_ — k:u.m] YB1

- [—|— Nonlinea r]

0.5F

fo8(z)

u.4:. ://'// T " F | \.\r\‘

N

l]_3-_ Q

0.0 0.2 0.4 0.6 0.8 1.0

1 To calculate cosmological quantities from the models, we will use the Hi-CLASS output by Zumalacarregui et al..
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Some common observational quantities are modified when including the non-linear scale
dependent predictions:

06l | —— k=0.01
— k=), 2
[—c— Nunlinear] )(\
[)’12( 2. 1y, 1‘ 1
Y 3 I N
U‘(?-HI)F( I * N
Ly L
- 2° 5 +2\,\'+2 _ B G
0.4} 2 "?/2) 1+"\ P()U‘ﬂ
oY (2 1) \Og’\l’
“ I _
ﬁt ar? +V) " r
' 6+ 3Y B
3 Jd” ' U/&
03 _o0)= 7 30Y +4)
HD’U‘
ul_ﬂ ' ' ul_:: ' ' ' DI_4 ' ' ' DI.E ' ' ' nfa ' ' ' 1:u

1 To calculate cosmological quantities from the models, we will use the Hi-CLASS output by Zumalacarregui et al..
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Growing Neutrino Quintessence

* Model of coupled quintessence, motivated by the fact that the
energy density of dark energy and neutrino masses, are not that
far away: 2x10°eV.

e Addresses the CC and the “why now” problem.

Modified Klein-Gordon eqn.

Coupli d y . .
th?gﬁglﬂg B=- Z(m ) <0 G+ 3Hp+ V' (o) = —pT,
the mass Y

Modified continuity eqgn.

Py + ?’H(Pso T Pw) = —p1p

Varying beta model

Constant beta model Fuihrer&Wetterich (2015), non-linear background evolution: Ayaita et al (2014).
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Growing Neutrino Quintessence

Modell
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Growing Neutrino Quintessence

* For small neutrino masses, lumps form and dissolve rapidly.

* We have discovered that for high neutrino masses > 1eV, the neutrinos do
not oscillate between relativistic and non-relativistic, forming always larger
and denser lumps.

» We need better resolution and therefore a decent parallelization.
—p» Collaboration with gevolution code by the Geneva group?

field
_1.162e+01

=10

GNQ N-body animation



field-nu-05-movie.avi
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Main Conclusions:

* N-body simulations together with semi-analytical methods are a
powerful way of estimating the predictions of DE theories in the
nonlinear regime.

« Using information from nonlinear PS, where there is a characteristic
feature coming from MG improves strongly the estimation of
parameters using future LSS surveys.

* For some models we cannot hope to have a semi-analytic solution,
we need a way of running relativistic MG simulations. Ideally, the
raw datasets should be analyzed within that framework too.

* It is still necessary to do this consistently for all viable models, also
taking into account massive neutrinos, baryonic feedback, etc.
Other systematics related to GC and WL are still mostly unresolved.

Santiago Casas Institute for Theoretical Physics, Heidelberg
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Fitting functions

 Use CoDECS: EXP (exponential potential) simulations with three
different values of the DM-DE coupling.

Model Potential o Bo 51 Scalar ﬁe]c! POtentl?] _ we(z = 0) As(zcumB) og(z =0)
normalization normalization
ACDM V(qﬁ) = A - - - - A =0.0219 —1.0 2.42 x 1079 0.809
EXP0O] V(¢) = Ae—ad 0.08 005 0  Hz=0)=0  A=00218  —0.997  242x10-2  0.825
EXP002 V(g) = Ae—ad 0.08 01 0 G(z=0)=0  A=00218  —0995 242x10=9  0.875
EXP003 V(¢) = Ae— 008 015 0  H(z=0)=0  A=00218  —0.992 242x10~°  0.967
EXPO0Se3  V(d) = Ae—2? 0.08 04 3 6(z=0)=0  A=00217  —0982  242x10=°  0.895
SUGRA003 V(4) = Ap—c®> /2 215 015 0 ¢z —o00)=+a A=00202  —0901 242x10~9  0.806

1: Baldi (2011) The CoDECS project
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Fisher Forecast for GC

» Fisher matrix is a Gaussian approximation at the “minimum” of the likelihood:

survey /+1 d /kmax alnPobs(kuuaZ) alnpobs(knuaz) H(Z)Pobs(k,H,Z) ?
sn2 ), M 36, 90, n(2) Pyos (K, f1,2) + 1

F;j =

* From the Euclid specifications, the most important are the survey volume,
15,000 sg.deg. and the n(z) function which peaks at around z=0.8.

 We marginalize over the bias b(z) which is estimated from mock galaxy
simulations.
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Implement into Fisher Forecast

« We have fitting functions that describe the effect of the DM-DE coupling in CQ
on the nonlinear power spectrum.

« Since we want to extract information at high-k there is no better option than
using fitting functions that describe the nonlinear PS for ACDM.

« Halofitz introduces errors higher than 15% at the scales of interest, therefore we
use the FrankenEmu from the Cosmic Emulator projectt.*

Heitmann et al. (2014), 2Takahashi et al. (2012). *Other recent approaches: HMCode and PkANN.
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Implement into Fisher Forecast

« We have fitting functions that describe the effect of the DM-DE coupling in CQ
on the nonlinear power spectrum.

° Slnce we ‘\want tn avirant infarmatinn at hinh_Ir thara ic nn hattar nnfinr] than

using fitt T
e Halofitz i N srefore we
— CosmicEmu z=0 | |
use the | 0.3 . CosmicEmu z=1.6
__Halofit z=0

. Halofit z=1.6

|1 — Pit(K)/Pnpody(K)|

e
o

0.0—

Heitmann et al. (2014), ?Takahashi et al. (2012)
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Fitting functions

 Use CoDECS EXP simulations with three different couplings.

 We need to estimate the nonlinear PS with much more accuracy than
previously. We developed an automatic method that corrects numerical
anomalies around the Nyquist frequency. Reduce aliasing and improve
the folding method:. — Improve convergence of fitting functs.

EXPO0O2Ratio Simulations

— EXP002_z 161
~—— EXP002_z_100
~—— EXP002_z 055
~— EXP002_z_000 /

VA

Hk)

1: Colombi et al., Mon. Not. R. Astron. Soc.393, (2009)
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