Largé-Scalé Structul_'es and
Baryonic Acoustic Oscillations

in ftl‘lé"éira. of LSST -

»




Heavy Elements

Universe Mass p——
o el 0.03%

Composition

Neutrinos
0.3%

- LSST will only see
: stars ... |

§ cathered in a few 109 galaxies §
i ~over 18,000 deg?

| Free Hydrogen '
and Helium
. 4%

Dark Matter //%/ j Dark Energy Science Collaboration
25%

Stars

Dark Energy
69%

NASA Figure

What 1s the mysterious dark energy
that 1s driving the acceleration ot the cosmic expansion?

What 1s dark matter, how 1s it distributed,
and how do its properties affect the formation of stars,
calaxies, and larger structures ?
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LSS based on galaxies distribution

Credit: HORIZON simulation

Mapping our observable universe Simulation of dark matter distribution
—> 1mprove sensitivity to increase galaxy number (+ baryons)

density and depth —> check time evolution

—> 1mprove the sky coverage to access the large —> check matter distribution

scales and check homogeneity and isotropy —> cosmological parameters dependency

2-point (3-point) correlation function or matter power (bi)spectrum
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http://arxiv.org/abs/1712.08064
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Cosmic standard ruler
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Relic radiation L o y p
13.8 billions yrs ago ’ vl ! ‘ o !
Galaxy distribution p {0
5.5 billion yrs ago

Galaxy distribution
3.5 billion yrs ago



The BAO peak - current measurements
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Monopole of the post-reconstruction correlation function
with the best-fit models with (blue thick) and without (red
thin) a BAO peak component.

| SDSS MGS

_ T WiggleZ
1.05}
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BOSS DR12

095} |6dFGS

Distance/Distance(Planck ACDM)

........................
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Redshift

Current isotropic BAO measurements as a function of
redshift compared to the prediction given by the best-fit
cosmological parameters of Planck TT+TE+EE+lowP
(Planck Collaboration XIIIT 2016).
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Geometry and space curvature
Closed Flat Open
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Geometry and space curvature
Closed Flat Open

1 . . . [
, relic radiation i '
Y |

Strong link
between
time expansion
and
| space curvature

©

Qx=-0.040 +/- 0.04 Planck (CMB)
Qrk=-0.004 +/- 0.015 Planck (CMB + lentille)

Planck+BAO = Euclidian space + moderate expansion rate 67.90%£0.55 km/s/Mpc '



The matter power spectrum

growth: structures evolution driven by the

Growth } LSS X gravity. Amplitude increases when redshift
0 WL v/ | decreases —> more and more contrasted
o | Universe
§ Lss | + capacity to test gravity theory on very
O Scale <A\—p | large scales
= WL X |
= dependence
o BAO scale: very small oscillations
S superimposed on the main shape. Position
%_ Small scales provides the standard ruler
c LSS X
< WL v/ small scales: non-linear regime with

| complicated, but interesting !, astrophysical
Scale ingredients

Credit:: David Alonso

—> mix of LSS & WL probes 1s powertul:
* complementarity (to estimate cosmological parameters)
* consistency (to check the model validity - and systematics ...) *

8 Cécile Renault (< Fen éo . e




Primordial non-Gaussianity

CMB Planck 2016: fnr. = 0.8 £ 5.0 (local)

E 104 - -
2 / 1 * simplest, single field, slow-roll inflation
< |2 1 models predict fnr, < 1

zmn=2.5 | ~ —> not detectable

103 - -

F | e 3 *several models (multi-field models, non-
0001 « [h/Moc] o010 slow roll models) yield much Ilarger

Credit: LSST Science Book

deviations from Gaussianity

—> detectable with LSST.

Effect on the large scale observed galaxy power spectrum
of a primordial non-Gaussianity of the local type
described by an fnr, parameter of the values 5.
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Growth factor and hierarchical structure formation

clusters

nonlnear

-~
- |
-----"

Z;
gMbjects
- '_ » Zz

—

linear

LSS

- -

o orders of magnitude

dimensionless power spectrum AZ2(k)

- .
S B

Log K Credit:: Michael L. Norman

non-linear regime: all scales with k > ky (z)
have collapsed into bound objects

—> "bottom-up" hierarchy model.

Numerical simulations required because the
modes do not grow independently.

linear regime: increases uniformly
proportional to the linear growth factor.
Super- and sub-horizon scale perturbations
orow as t?/3 in the matter-dominated era.

BAO scale large enough that nonlinear evolution does not alter the scales appreciably

10 Cécile Renault (< Fen éb . e




Cross-correlations with other tracers

CMB photons traveling through a decaying potential well,
such as an overdense region in the ACDM universe, will
gain energy

—> LSS causes secondary anisotropies in the GMB, can
be measured from the correlation between galaxy over-
densities and CMB T fluctuations,

—> direct evidence for the existence of dark energy which
stretches LSS

11

I
2.7e-5 2.7e-5 K

Map of the recovered Integrated Sachs-Wolf effect anisotropie
from the combination of Planck SEVEM CMB map with radio-

sources + galaxy surveys + Planck lensing
—> detection at 40 level
Credit: Planck 2015 XXI. The integrated Sachs-Wolfe effect

ﬂ".
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Bias & non-Gaussianity

* Galaxies form at high peaks of DM —> biased tracers of the mass distribution

* Observed galaxy distribution is non-Gaussian

* non-linear gravitational instability introduces skewness in density distribution
* non-linear bias also skews the distribution

1.0 .o AR AR ,
05} 0.5
In hinear theory, bias and the
growth rate are degenerated & o.of 0.0
. Ko
—>bispectrum
B! 2=0.35 1797 2=0.95
| | shell Az=0.1] | shell Az=0.1"
e constrains on galaxy HOD —tob M 1.0 e TR
. 0 1 2 30 1 2 3
—>tests of galaxy formation b1

b1
O(1)eat = b1 0(r) D7+ (52 (r)pm — < 52 (r)pam>) Credit: LSST Science Book

* constrains on 6g{2n"-7 First objects are more biased (hierarchy model)

—> more accurate bias estimation

12 Cécile Renault (< ren :S/b e




Systematic uncertainties

* Need to have a precise redshift

 Need to know the “default” of
the redshift esttmation

Catastrophic photo-z errors

/

Redshift p» Photometric calibration

/

LSS systematic uncertainties Galactic extinction

Number density

\ Blending

Airmass, PSF, other observational effects

Stars
Sources of systematic uncertainty for the LSS analysis

Credit: LSST_DESC_SRD, wn prep.

N g
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Where are the galaxies ?

or o o Redsbifting olf a Specltrum
the photometric redshift . 0
St z = 0. z=0.4 z=0.8

o

=N
e
_
7

o
w
T T

While the angular coordinates will be
exquisitely thanks to the LSST optics and
camera design, it will be more challenging to
reconstruct the third coordinate, the redshaft.

NI

o
N

LT

normalized flux / filter transmission

o
=

—> photometry in 6 bands provides a very
low resolution spectrometer

ul 9 | T k Y &
03%00 4000 5000 6000 7000 8000 9000 10000 11000
Observed Wavelength (Angstroms)

"Template of a galaxy spectrum at various redshifls, overlaid on the
transmussion_functions of SDSS filters (u, g, 1 1, 2).
Credit :S DSS
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Photometric versus spectroscopic redshift

3.0

3 requirements :

no
o

- dispersion ¢ < 0.05 (1+z) [goal = 0.02]
- bias |median-mean| of 6z/(1+z) < 0.003

- outliers less than 15%

N
o

Gold sample: subset with mag _1 < 25.3

—_
o

Main challenges :

Photometric redshift z_p with BDT 80% cut
(&)

o

ul

L1

- Fast: billions of galaxies to monitor

oy

oo HLLLLlrin iy bl rliigl - Ethcient: new methods, for instance
00 05 1.0 15 20 25 30 i
S roscone redshift s s Deep learr%mg approach (see J. Pasquet
e — talk), cosmic web, morphology ...
1 2 3 4 5 .
Credit - Ansari ot al., in prep - Need of spectro-z on a representative
o sampling 1n galaxy type and redshift
Mock catalog of ~ 109 galaxies with photo-z - Data management: use of PDF, not only
which fulfils the LSS'T requirements up to z=2. single photo-z values

15 Cécile Renault (< ren :S/b e




LSS with photometric redshift

“'géa, T S it
200 By g st i ansverse plan ,
e not straightforward ...
=" 10U B N S R e But photometric surveys
= can have a much higher
%’ 100 B galaxy density
| g
) : —> statistics save photo-z
S0 F surveys
3 2 HUOREE § 3 52N 4 “Eﬁ‘g;pi
0 “DY% SRR LSST 10y should have
- —=spectro-z: — hoto-z :
120 PEREREE P e BT P 30-40 gal /arc-min?
— 100 fi& 3
S, 80f cBOSS:
n g0 M 0.02 quasars /arc-min?
E 0.05 emission line gal/arc-min?2
4O 0.01 LRG /arc-min?
N o0 . line-of-sight

0 50 100 150 200
y—axis [cell]
Credit : Ansari et al., in prep
—> loss of contrast everywhere

—> smoothing along the line-of-sight Sy
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LSS with photometric redshift
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—> loss of contrast everywhere

—> smoothing along the line-of-sight
16

not straightforward ...

But photometric surveys
can have a much higher
galaxy density

—> statistics save photo-z
SUIVeYs

LSST 10y should have
30-40 gal /arc-min?

eBOSS:
0.02 quasars /arc-min?
0.05 emission line gal/arc-min?

0.01 LRG /arc-min?
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What is the mysterious dark energy
that is driving the acceleration of the cosmic expansion?

Dark matter
Dark energy
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-10 0
Time (Billion Years)

Credit:: Losia Rostomian, LBNL, and Nic Ross, BOSS Lyman-alpha team, LBNL + pues from planck.fr
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http://planck.fr

What is dark matter, how is it distributed,

and how do its properties affect the formation of
stars, galaxies, and larger structures ?
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Stmulations of the distribution of dark matter ~ 3 billion years afler the Big Bang and clumps of dark matter (red), with those larger
than 300 mullion times the M, in yellow.

Credit:: Virgo consortium / A. Amblard /" EESA

Galaxies formed from clouds of gas collapsing under gravity inside halos, or clumps, of dark matter.
The way 1n which the gas collapses depends on the amount of dark matter in the neighbourhood.
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Our observable universe

LSST will provide the
largest photometric
calaxy sample of 1ts ime
for studies of the large-
scale structures

full tomographic
“3x2pt” analysis

goal = working 1n the
cosmic-variance-limited
regime

with systematic errors under

Time Since the Big Bang control
9 2 (Billions of Years)
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