alysis of CMB and LS!

Stéphane Ilic
CEICO (Prague) / IRAP (Tolouse)

Action nationale Dark Energy - Atelier Sondes @ Paris, 12/06/2019



Why we combine datasets
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Kowalski et al. 2008
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Which datasets to combine ?

 Probes of different “sectors”:

- Background evolution: all standard rulers/candles

- Perturbations: probes of structure growth
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* Probes of different epochs:

Big Bang
Inflation
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Which datasets to combine ?

 Probes of different “sectors”:

Background evolution: all standard rulers/candles

Perturbations: probes of structure growth




Which datasets to combine ?

Euclid CMBX Science Working Group

Explore and prepare the joint analysis
of Euclid and CMB data




Outline

|. Forecasting the CMB-LSS combination



How to combine probes

« All the info of a given probe :

L(M|Ops)

« At "first order”, when performing forecasts, fits, MCMC, etc :
Eprobel—l—probeQ — »Cprobel X ['probeQ

.assuming “probe 1" and "probe 2" are uncorrelated



Fisher formalism :

« For a given likelihood L(M|Oss), in a certain model (with fiducial parameters)

« Approximate posterior (~likelihood) as Gaussian fct of model parameters (<

T(®)L(O®|Ohs) o exp [—%(@ — Ogq) ' F (O — @ﬁd)]

 Fisher matrix

(_aQI_nﬁ‘ _9*InL \
2
907 |ayq 901002 | ¢4
r— | _22mmc _821n£|
- 2

\ )



Fisher formalism :

« For a given likelihood L(M|Oys), in a certain model (with fiducial parameters)

« Approximate posterior (~likelihood) as Gaussian fct of model parameters (<

T(®)L(O®|Ohs) o exp [—%(@ — Ogq) ' F (O — @ﬁd)]

 Fisher matrix

(_a%w‘ _9%InL \

2

907 |ayg 00100z | ¢ 4

F_ | _9mc 52 ln£| :©1 Forecasted errors
001002 |gq 963 |fa on parameters

\ )
* Then :

Lprobel—l—probe2 — Lprobel X LprobeZ
IS equivalent to fprobe1+probe2 — Fprobel —+ errobeZ

11



Combining future & existing datasets ?

“Adding” Planck constraints to Euclid forecasts :

- Euclid - Natural to use Fisher matrices

- CMB — Could construct "Planck-like" Fisher,
but Planck is already here |

12



Combining future & existing datasets ?

“Adding” Planck constraints to Euclid forecasts :

- Euclid - Natural to use Fisher matrices

- CMB — Could construct "Planck-like" Fisher,
but Planck is already here |

Alternative approach :

Fitting the Planck posterior

13



W

=

©
T

In(10™°A,)
w

W

o

=)
T

0.984 -

& 09681

0.952 |-

-

s

=

MCMC from Planck (LCDM)
fitted with a n-dimensional Gaussian

- Inverse covariance can
then be simply added to a
“regular” Fisher matrix

w

=3

=
T

7000~

@

@

o

L
0.0220
Qph?

L 1
0.0228 0.115

1 1
0.120 0.125

Qch?

1.02106
1006c

L L L L L
1.0420 0.03 0.06 0.09 0.12

T

L L L . .
3.00 3.06 312 318  0.952 0.968
In(101%A;) ns

0.984
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ITest case : wOwa-CDM

—— Euclid pessimistic (FoM = 124)
—— + Planck (+ BAQO) (FoM = 427)

-0.872

=1.128 7

0.405 -

-0.405

0.676 1
< 0.67
0.664 1

0.97
< 0.96 -
0.95

0.827 1

S 0.816

0.804 1

0.308
0.32 1
0.332
0.046
0.05 -
0.054
-1.0
0.0 1
0.97

15

1,795 4
-0.872 1
-0.405 1

0.405 -
0.664 -

> 0.67

0.676 -
0.95
50.96 -
0.804 1

90.816 -
0.827 1



ITest case : wOwa-CDM

—— Euclid optimistic w/ XC (FoM = 1208)
—— + Planck (+ BAQ) (FoM = 1704)

0.051 -
S 0.05-
0.049

-0.963

-1.037

0.137

-0.137

0.673 1

< 0.67
0.667 1

0.963

< 0.96 1
0.95:7

0.818 1

S 0.816

0.813 1

0.317
0.32 1
0.323
0.049
0.05 -
-1.0
0.0 1
0.96

16

0.051
1037 -
-0.963 -
-0.137
0.137 -
0.667 -

> 0.67
0.673 -
0.957 |
0.963 -
0.813 1

90.816 -
0.818 1

3
@



Test case : wOwa-CDM

0.054 - —— Euclid pessimistic (FoM = 124)
2 0.05 4 —— + Planck (+ BAQO) (FoM = 427)
—— Euclid optimistic w/ XC (FoM = 1208)

0.046 1 —— + Planck (+ BAO) (FOM = 1704)

-0.872

=1.128 7

0.405 -

-0.405

0.676 1
< 0.67
0.664 1

0.97
< 0.96 -
0.95 -

0.827 1

S 0.816

0.804 1

0.05
i
0.0 -

0.97

17

0.308 -
0.32 1
0.332
0.046 1
0.054 -
1,795 4
-0.872 1
-0.405 1
0.405 -
0.664 -
> 0.67
0.676 -
0.95
50.96 -
0.804 |
90.816 -
0.827



ITest case : wOwa-CDM

—— Planck 2018
—— Euclid + Planck 2018

0.065

~ 0.054

0.042

0.78

90.816
0.851
0.042 1

~ 0.054
0.065
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“Traditional” Fisher analysis

0.8

RIE S Euclid (opt) + Planck
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“Traditional” Fisher analysis
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Euclid (pes)
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“Traditional” Fisher analysis

O

Tig

ag

0.8

0.4

0.0 —

0.052

0.048 -

0.680 |—

0.670 -

0.660

0.970 -
0.960 -

0.950 -

Euclid (opt) + S4
Euclid (opt)
Euclid (pes) + S4
Euclid (pes)

S4

0.825|

0.815 -

0.805

0.048 0.052

0.660

0.6800.950 0.960 0.9700.805 0.815 0.825

s as

Courtesy of
J. Bermejo-Climent
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“Traditional” Fisher analysis

0.8

0.0 —===t—tt—t—
0.052 +

0.050 -

Oy

Euclid (opt) + Planck
Euclid (opt)
Euclid (pes) + Planck
Euclid (pes)

0.048 -

-0.95}

wp

-1.05}

02|

o3

0673}
0.671 |
0.669 [
0.667 | A

0.964 [
< 0.960
0.956 |

|

-

— VAN

0.316 0.320 0.324 0.048 0.050 0.052 -1.05 -0.95 -0.2 00 0.2 0.667 0.669 0.671 0.673 0.956 0.960 0.964 0.812 0.816 0.820

0.820 |
0816 |
0812 |

a3

G Qy wp Wy h U2 of:

Courtesy of
J. Bermejo-Climent 22



Outline

|. Forecasting the CMB-LSS combination

Il. Full CMB-LSS joint analysis



CMB-LSS cross-correlation
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CMB-LSS cross-correlation
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CMB-LSS cross-correlation




The integrated Sachs-Wolfe effect

In matter-dominated

....... r A : ; universe
y rﬂﬂs - 5-‘_::'* a

33 In matter +

S ' dark energy
Ove,. |1t universe
@# : *:“.'Q?" .
WS 7
- - %[\F 3
Caldwell
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LSS x CMB joint analysis

Which observables ?

o &:
- Photometric Galaxy Clustering
- Weak Lensing
- (Spectroscopic Galaxy Clustering)
- (Secondary LSS probes)

30



Which observables ?

o &:
- Photometric Galaxy Clustering
- Weak Lensing
- (Spectroscopic Galaxy Clustering)
- (Secondary LSS probes)

« CMB:
- lemperature
- Polarization (E & B)

- CMB lensing

} contains secondary anisotropies

31



Which observables ?

o &:
- Photometric Galaxy Clustering
- Weak Lensing
- (Spectroscopic Galaxy Clustering)

- (Secondary LSS probes
( / ’ ) Exploit all auto- and

Cross-correlations
« CMB: (In SH space)

- lemperature
- Polarization (E & B)
- CMB lensing

} contains secondary anisotropies



Outline

|. Forecasting the CMB-LSS combination

Il. Full CMB-LSS joint analysis

lll.Closing thoughts : current state-of-the-art



Stolzner et al. 2018

catalog Arsw %
S1)58 1.89 £ 0.57 3.29
WIxSC 0.93 £ 0.56 1.67
Quasars 241 & 1.18 213
2MPZ 0.87 +£1.07 0.81
SDSS+WIxSC 1.39 +0.40 3.49
SDSS+Quasars 1.99 +£0.51 3.9
SDSS+WIxSC+Quasars 1.51+£0.38 4

SDSS+WIxSC+Quasars+NVSS+2MPZ

1.61 =0.30 5

SDSS+WIxSC+Quasars+NVSS
SDSS+WIxSC4+NVSS+2MPZ
SDSS+Quasars+NVSS+2MPZ
SDSS+WIxSC+Quasars+2MPZ
WIxSC+Quasars+NVSS+2MPZ

1.56 £ 0.31 4.97
1.44+0.31 4.6
1.75 £ 0.36 4.88
1.44 4+ 0.36 4.04
1.36 £ 0.35 3.84




...already stringent constraints

From arXiv:1707.02263
Galileon Gravity in Light of ISW, CMB, BAO and HO data

We constrain three subsets of Galileon gravity separately known as the Cubic, Quartic and
Quintic Galileons. The cubic Galileon model predicts a negative CT2 ¢ and exhibits a 7.8¢
tension with the dc’:u:ai which effectivelz rules it out. For the quartic and quintic models the
ISW data also rule out a significant portion of the parameter space but permit regions where
the goodness-of-fit is comparable to ACDM. The data prefers a non zero sum of the neutrino

masses | S w2058V wiath o hag signiﬁcange inthose madels The hest_ﬁttjng models have

...one month before GW170817 !
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Beyond LCDM hints ?

Stolzner et al. 2018

catalog /{I}W %
SDSS /1.89 0.57 3.29
WIxSC 0.93 £ 0.56 1.67
Quasars 241 x1.13 2.13
2MPZ 0.87 44 1.07 0.81
SDSS+WIxSC 1.39 40.40 3.49
SDSS+Quasars 1.99 H40.51 3.9
SDSS+WIxSC+Quasars 1.51 H40.38 4

SDSS+WIxSC+Quasars+NVSS+2MPY, 1.51 H40.30 5

SDSS+WIxSC+Quasars+NVSS
SDSS+WIxSC4+NVSS+2MPZ
SDSS+Quasars+NVSS+2MPZ
SDSS+WIxSC+Quasars+2MPZ
WIxSC+Quasars+NVSS+2MPZ

1.56 40.31 4.97
1.44 4 0.31 4.6
1.75 £ 0.36 4.88

1.44 1= 0.36 4.04
1.36/= 0.35 3.84
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ISW effect of superstructures

Voids Supervoids
! B | I l | | : | | ’ 1 I I | | | |
: = I Kovacs et al. 2017
2 o O
- N I
] o DES Y1
! o |
: & I . Granett et al. 2008
: i i * .
: 5 | AVERA '
= | SDSS Cai ef al. 2014
= | 5 ok
2 . | Cai el al. 2016 SDSS
1 Pl . —® <
2 - L I . BOSS Kovacs 2018
& | | \ l
§ | I B : BOSS
\ I PES 3 .
8 I - 1
' BOSS+DES Y3
| | | | | | | | | | | | | | |
0 1 2 3 4 5 §) P 8 9 10 11 12 13 14
AISW

Kovacs et al. 20138



Thank you
for your attention !
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