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Part 0
Projected LSS tracers

u(f) = / dx W () Ui, 2(0)



Projected tracers: photometric surveys
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Projected tracers: photometric surveys

i

\\x - Outstanding numbers:
oy World largest imager
8.4m, 9.6 deg? FOV
Wide: 20k deg?
Deep: r~27
Fast: ~100 visits/year
Big data: ~15TB/day

Dark Energy Science Coll.
Supernovae

Cluster science
Strong lensing
Weak lensing
Galaxy clustering



Projected tracers: galaxy clustering

Galaxy clustering:
- 69 = f[(SM] ~ bg 5M
- Local
- Spin-0




Projected tracers: galaxy clustering

Photometric clustering:
Local probe of matter fluctuations

Ephor AB
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Nicola et al. 2020



https://arxiv.org/abs/1912.08209

Projected tracers: cosmic shear

Weak lensing:
" &Y~ Oy
- LOS-integrated
- Spin-2




Projected tracers: cosmic shear
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Projected tracers: “3x2-point”
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Projected tracers: CMB secondary anisotropies

lensing k(x) = X(2)/Zerit

. Z‘(a:)z/ dl p(l, ), Lexit =
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Projected tracers: radio observations

SPECFIND spectrum 45548

Radio spectra: 10000 . ,
- Power_law unless you’re Wl"lng “’ﬂ‘(’:{éﬁe,:;,:% Ef;sgz:zgg;gg - HIPASS public data release — v1.2 May 13 2000 {south)
to resolve HI. . ““""" :
- Hl surveys: spec-z but shallow. .| , TGCETS(NVSS) | “| NGC613 (HIPASS)
- Continuum surveys (integrate = : ) -
over freq.): super deep, but £ } i,
no z! : $ 2
100} g :
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Continuum surveys:
- Great to trace structure over huge volumes
(Siewert et al. 2019, Hale et al. 2017, Nusser et al. 2015, Lindsay et al. 2014)
- Can be good for measuring f, (Ferramacho et al. 2014, DA et al. 2015)
- Good radial overlap with CMB lensing (Allison et al. 2015)



https://arxiv.org/abs/1908.10309
https://arxiv.org/abs/1711.05201
https://arxiv.org/abs/1505.06817
https://arxiv.org/abs/1403.0882
https://arxiv.org/abs/1402.2290
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Projected tracers: radio observations

Radio spectra:

- Power-law unless you're willing
to resolve HI.

- HI surveys: spec-z but shallow.

- Continuum surveys (integrate
over freq.): super deep, but
no z!

- Intensity mapping (integrate
over area): spec-z but
foregrounds.

Battye et al. 2004
Masui et al. 2013

Intensity mapping:
- Great at mapping large volumes
- But you lose all large-scale radial modes
- You also lose angular resolution, but that's OK


https://arxiv.org/abs/astro-ph/0401340
https://arxiv.org/abs/1208.0331

Projected tracers: radio observations

Radio spectra:
- Power-law unless you're willing

to resolve HI.
- HI surveys: spec-z but shallow. -+ G.Synch
- Continuum surveys (integrate ~ f - S - ' . : - - Pol. leakage
over freq.): super deep, but ME p mtereena, —  G. free-free
) P . N | — E.G. free-free
nozl 0 peeesssssssss——| P. sources

- Intensity mapping (integrate
over area): spec-z but
foregrounds.

— Cosmo. signal

Battye et al. 2004 1 . . : 1 .
Masuj et a[_ 2073 400 500 600 700 800 900

Intensity mapping:
- Great at mapping large volumes
- But you lose all large-scale radial modes
- You also lose angular resolution, but that's OK


https://arxiv.org/abs/astro-ph/0401340
https://arxiv.org/abs/1208.0331

Projected tracers: radio observations

Radio spectra:

- Power-law unless you're willing
to resolve HI.

- HI surveys: spec-z but shallow.

- Continuum surveys (integrate
over freq.): super deep, but
no z!

- Intensity mapping (integrate
over area): spec-z but
foregrounds.
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Battye et al. 2004
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0 / /
Intensity mapping: -35 - ‘
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- Great at mapping large volumes log1o(k 1 [Mpc~" &)

- But you lose all large-scale radial modes
- You also lose angular resolution, but that's OK



https://arxiv.org/abs/astro-ph/0401340
https://arxiv.org/abs/1208.0331

Projected tracers: power spectra
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Projected tracers: power spectra

Estimation and interpretation of Cs Power spectrum covariances
0.104 . . 5 0.0 (66, 66) | | (6Ye, OYe) | 1 (YeYe. Yeve)
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- Accurate/fast accounting for all forms of mode-coupling

The particulars of cosmic shear Garcia-Garcia et al. 2019

1079 3 Standard NKA

memdxra |~ EXtreme mode-coupling.
- Inhomogeneous noise

- Noise bias ¢ NaMaSter

- Pixelization effects
- Improved covariances

Nicola et al. 2021 P g passing

https://qgithub.com/LSSTDESC/NaMaster

® Data



https://arxiv.org/pdf/1809.09603.pdf
https://arxiv.org/pdf/1906.11765.pdf
https://github.com/LSSTDESC/NaMaster
https://arxiv.org/pdf/2010.09717.pdf

Part 1
Tomographic
reconstruction



Tomographic reconstruction
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Tomographic reconstruction
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Tomographic reconstruction: tSZ Koukoufilippas et al. 2019

Thermal SZ:
- Direct tracer of gas pressure.

aor

y(h) = / X P.(xn)

mec? | 142

- Projected tracer
- Indirect cluster mass proxy

Sunyaev & Zel’dovich 1970
Shapley supercluster Planck et al. 2015 Birkinshaw et al. 1998



http://arxiv.org/pdf/1502.01596
https://arxiv.org/abs/1909.09102
https://arxiv.org/abs/astro-ph/9808050

1. Tomographic reconstruction Koukoufilippas et al. 2019
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- Direct tracer of gas pressure.
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Tomographic reconstruction: tSZ Koukoufilippas et al. 2019

WL Sims
Medezinski+17 I @
Jimeno+17 | — —
:":: Thermal SZ:
reno+ . .

Okabe+16 - Direct tracer of gas pressure.
Battaglia+16 - Projected tracer
Applegate+16
Smith+16 - Indirect cluster mass proxy.
Hoekstra+15 & . .
Smote15 4 - Ongoing o, tension.
's"’j”‘i e - Uncertainties in y(M) relation.
Donahue+14 - Hydrostatic mass bias.
Gruen+14
Mahdavi+13
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Douspis et al. 2019 MX — (1 — b)M



https://arxiv.org/abs/1909.09102
https://arxiv.org/abs/1901.05289

Tomographic reconstruction: tSZ Koukoufilippas et al. 2019

Sims

Medezinski+17

Jimeno+17

"a"°"‘*:: Thermal SZ:
:(bem - Direct tracer of gas pressure.
e ldea: constrain evolution of hydrostatic bias and |,
e cosmic gas pressure through cross-correlations.
'S'a:“_‘id » - Ongoing o, tension.
Donahue+14 - Hydrostatic mass bias.
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Tomographic reconstruction: tSZ Koukoufilippas et al. 2019

0.05<z<0.1 0.1<z<0.15

2MPZ and WIxSC

- Low-z photometric surveys.

- 2MPZ:
2MASS+WISE+SuperCOSMOS
~1M sources, z~0.1, 6,~0.013

- WIxSC:

WISE+SuperCOSMOS
~20M sources, z<0.4, ¢,~0.03

- Super high-density (cf. redMaGiC:

700k sources at z~0.5).

Bilicki et al. 2014
Bilicki et al. 2016 S 0% : = = N 4
Peacock & Bilicki 2018 0.25<z<0.3 0.3<2<0.35

x-corr with Planck
Compton-y map
Planck et al. 2015
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https://arxiv.org/abs/1502.01596

Tomographic reconstruction: tSZ Koukoufilippas et al. 2019
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https://arxiv.org/abs/1909.09102

Tomographic reconstruction: tSZ Koukoufilippas et al. 2019
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https://arxiv.org/abs/1909.09102

Tomographic reconstruction: tSZ Koukoufilippas et al. 2019

+ This work, Planck MILCA y map F'max = 27200¢
¢ This work, Planck NILC y map Fmax = 3 T200¢
’ V17 Fmax = 9 7200¢
044 ¢ P19: fiducial y map T'max = OO
¢ P19: Planck NILC y map |
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EOZ +' +Il< , H
= 'T
0.1 ¢
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Tightest constraints on mean pressure evolution at low-z.



https://arxiv.org/abs/1909.09102

Tomographic reconstruction: growth

The 88 conundrum

g3
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HEl BOSS+KV450 (Troster et al. 2020)

DES Y1 3 x 2pt (DES Collaboration 2018)
B KiDS-1000+BOSS+2dFLenS 3 X 2pt
I Planck TTTEEE+lowE

0.6

Garcia-Garcia et al. 2021

Planck A

DES Y3 -

KiDS 1000 -

unWISE x Planck -

DES Y1 + CMBk A

DES Y1 -

KV450+DES -

BOSS FS -
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Sg = OgV Q,/0.3

Iroster etal. 2020 1oy mans et al. 2020

Abbottetal. 2017 o1ewski et al. 2021
Abbott et al. 2018 Abbott et al. 2021

Joudaki et al. 2019



https://arxiv.org/pdf/2105.12108.pdf
https://arxiv.org/abs/1909.11006
https://arxiv.org/pdf/1708.01530.pdf
https://arxiv.org/pdf/1810.02322.pdf
https://arxiv.org/abs/1906.09262
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https://arxiv.org/abs/2105.13549

Garcia-Garcia et al. 2021

Tomographic reconstruction: growth

3x2pt as tomography
Cosmic shear traces amplitude of perturbations directly. What do we need clustering for?
99 272
C;” x ogb,

Y 2 g 2

Photometric clustering is not great for BAO... but it can help reconstruct growth history!

N

os(z)

2.00



https://arxiv.org/pdf/2105.12108.pdf

Tomographic reconstruction: growth Garcia-Garcia et al. 2021

Growth reconstruction

Idea: reconstruct the linear amplitude of fluctuations from all relevant projected
large-scale structure data.

- Is the growth history compatible with ACDM?

- Do different probes agree on this growth history?

- Is the current tension coming from a specific redshift range?



https://arxiv.org/pdf/2105.12108.pdf

Tomographic reconstruction: growth Garcia-Garcia et al. 2021

Growth reconstruction

Idea: reconstruct the linear amplitude of fluctuations from all relevant projected
large-scale structure data.

- Is the growth history compatible with ACDM?

- Do different probes agree on this growth history?

- Is the current tension coming from a specific redshift range?

+ Independent analysis of existing datasets (DES, KiDS)

+ Combined constraints on S,



https://arxiv.org/pdf/2105.12108.pdf

Tomographic reconstruction: growth

Garcia-Garcia et al. 2021

Growth reconstruction: the data

Shear:
- DESY1
- KiDS-1000
- Planck CMB lensing

Clustering:
- DES Y1 (redMaGiC)

- DESI Legacy Survey (DELS)

- eBOSS QSO

—— DELS

z
South Data (SD)

- eB0OSS-QSO

. ~~- KiDS
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z
North Data (ND)

CMB lensing:
- Planck 2018 convergence map

Troxel et al. 2017
Elvin-Poole et al. 2017
Asqari et al. 2017
Hang et al. 2020
Neveux et al. 2020
Planck Coll. et al. 2018
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https://arxiv.org/abs/1807.06210

Garcia-Garcia et al. 2021
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Tomographic reconstruction: growth Garcia-Garcia et al. 2021

Growth reconstruction: results

with planck (but also with shear).
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https://arxiv.org/pdf/2105.12108.pdf

Tomographic reconstruction: growth Garcia-Garcia et al. 2021

Growth reconstruction: ACDM constraints

Results:
- ACDM is an excellent fit to the Plafick:. —
low-z data A _
- North and South data compatible Carch-Carcletal 2021
- 3.50 tension with Planck on S, DES Y3 - —
- Driven by cosmic shear data KiDS 1000 A
unWISE x Planck - ——

DES Y1 + CMBk - f—_

DES Y1 A

KV450+DES - -

BOSS FS -



https://arxiv.org/pdf/2105.12108.pdf

Part 2
Calibrating N(z)



Nicola et al. 2020

N(z) calibration

Ephor_AB



https://arxiv.org/abs/1912.08209

N(z) calibration

Photo sample

Ephor_AB

COLOR 2

COLOR 1



N(z) calibration

Photo sample

Ephor_AB

COLOR 2

Spec sample

COLOR 1



N(z) calibration

Photo sample

Ephor_AB

COLOR 2

Spec sample

0.0 0.5 1.0 1.5 2.0
COLOR 1



N(z) calibration Nicola et al. 2020

Self-calibration:
- Cross-bin correlations are sensitive to the overlap between
N(z)s
- Constrain relative bin separations!

Ephor_AB

——

| | | | |
D PO O D
/Q'Q /Q'Q Q‘Q Q'Q Q'Q
Azl = AZ()

See also Schaan et al. 2020



https://arxiv.org/abs/2007.12795
https://arxiv.org/abs/1912.08209

N(z) calibration

Cross-correlation redshifts:
- x-corr with spec sample proportional to N(z)
- Spec sample does not have to be representative!
Just lie at the same redshift
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e e e I L e T 100
14+ — Spectroscopic bins |1
/\ —  Photometric bin

\

80

\

60

=
oo o

40

dN/(dzd?) [arcmin >
(o))
\
o
Multipole ¢

oL . )
0.3 0.4 0.5 0.6 0.7 0.35 0.40 0.45 0.50 0.55 0.60 0.65
A Zsp('(‘



N(z) calibration Guandalin et al. 2021

Cross-correlation redshifts:
- x-corr with spec sample proportional to N(z)
- Spec sample does not have to be representative!
Just lie at the same redshift
- Can we do this with 21cm?
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https://arxiv.org/abs/2112.05034

N(z) calibration: 21cm Guandalin et al. 2021

Cross-correlation redshifts:
x-corr with spec sample proportional to N(z)
Spec sample does not have to be representative!
Just lie at the same redshift o
Can we do this with 21cm?
Problem: foregrounds

®?

Foregrounds %

N )

235  -3.0 -25 -20 -15 -1.0 -05
log 1o (k1 [Mpc ™" h])

log1o(ky [Mpc ™ h])

/



https://arxiv.org/abs/2112.05034

N(z) calibration: 21cm Guandalin et al. 2021

Cross-correlation redshifts:
- x-corr with spec sample proportional to N(z)
- Spec sample does not have to be representative!
Just lie at the same redshift
- Can we do this with 21cm?
Problem: foregrounds

<59(k9)5HI(kHI)> X 5D(kHI + kg)

logo (k) [Mpe™ A))

sl 7
7 Photo-z /

W

Z35 -3.0 } -20 -15 -1.0 -0.5 0.0
log o (k1 [Mpc™t h))



https://arxiv.org/abs/2112.05034

N(z) calibration: 21cm Guandalin et al. 2021

Cross-correlation redshifts:
- x-corr with spec sample proportional to N(z)
- Spec sample does not have to be representative! k
Just lie at the same redshift
- Can we do this with 21cm?
Problem: foregrounds
Solution: bispectra

(04(kg)omr (k1) O (Fur2))
o< 67 (kura + ko + ky) K

HI,2

HI,1



https://arxiv.org/abs/2112.05034

N(z) calibration: 21cm Guandalin et al. 2021

Cross-correlation redshifts: k
- x-corr with spec sample proportional to N(z)
- Spec sample does not have to be representative!
Just lie at the same redshift
- Can we do this with 21cm?
Problem: foregrounds
Solution: bispectra

HI,1

HI,2


https://arxiv.org/abs/2112.05034

N(z) calibration: 21cm Guandalin et al. 2021

Cross-correlation redshifts:
- x-corr with spec sample proportional to N(z)
- Spec sample does not have to be representative! \
Just lie at the same redshift 102 5
- Can we do this with 21cm? i
Problem: foregrounds

LSST requirement

Solution: bispectra E -
= 10';
3 :
=,
e — 0 ]
Ol
E :

080 1.00 125 150 175 2.00 225 2.5
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N(z) calibration: 21cm Guandalin et al. 2021

Cross-correlation redshifts:
- x-corr with spec sample proportional to N(z)
- Spec sample does not have to be representative!
Just lie at the same redshift
- Can we do this with 21cm?
Problem: foregrounds
Solution: bispectra

Similar principle:
fy from g x HI x HI squeezed limit
- Clustering redshifts with Lya forest
- Reconstruction of super-sample density fluctuations



https://arxiv.org/abs/2112.05034

Alonso, Bellini et al. 2021

N(z) calibration: CMB lensing

1.9 — LoTSS —— VLA-COSMOS dp (z/zo)
A T SKADS — OMBx  _7Tdz " T+ (z/20)2 1+ ( z@
4% 3
L0 Direct measurement from
_~" PanSTARRSs photo-zs.
0.8 1
~ I Spec-z data from COSMOS
=i 6_} field (different sample, ~500
i 5 ‘ galaxies).
1/
0.4 Prediction from SKA
4 simulation (S-cubed).
1
0.2



https://arxiv.org/abs/2009.01817

N(z) calibration: CMB lensing Alonso. Bellini et al. 2021

The LOFAR Two-metre Sky Survey

- Cont. Survey at ~150 MHz.

- DR1: ~424 deg2, ~320k objects
@ | > 2mJy (as in Siewert et al.)

- Photo-zs from PanSTARRs matches (++)
- Large uncertainties over high-redshift tail.

- Think of a faint LSST sample with bad
photo-zs and lots of outliers.

ct ot
o Ot

dec.

W
T

- Good overlap with CMB-k kernel.

- Cross-correlation with Planck 2018 2920 200 180 160

convergence maps. R.A.

I )
-0.06 —-0.04 -0.02  0.00 0.02 0.04



https://arxiv.org/abs/1908.10309
https://arxiv.org/abs/1807.06210
https://arxiv.org/abs/2009.01817

N(z) calibration: CMB lensing Alonso. Bellini et al. 2021

107° 4
% ~ 50 detection of x-correlation.
o Main factors affecting g-g and g-k
amplitudes:
- Galaxy bias
Lo - N(z) width/tail.
' Null - 0,
1.0 1
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%; 0.61
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N(z) calibration: CMB lensing

Alonso, Bellini et al. 2021
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~ 50 detection of x-correlation.

Main factors affecting g-g and g-k
amplitudes:

- Galaxy bias

- N(z) width/tail.
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N(z) calibration: CMB lensing Alonso. Bellini et al. 2021

1074 { Data

— 0] — 0.5
Ztail = 1.25
Ztail = 2.0

~ 50 detection of x-correlation.

99
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Main factors affecting g-g and g-k
amplitudes:

- Galaxy bias

- N(z) width/tail.

- 0'8

gK

C;

You can constrain zta"!

Also, CMB-k x-corr quite
insensitive to width-like
100 200 300 400 500 systematics.



https://arxiv.org/abs/2009.01817

N(z) calibration: CMB lensing Alonso. Bellini et al. 2021

—— LoTSS
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—— VLA-COSMOS
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https://arxiv.org/abs/2009.01817

N(z) calibration: CMB lensing Robertson et al. 2021

Same logic for kxy (especially at high-z)

Planck/ACT x KiDS

1.00
0.751
0.501

0.25 N e

0.00 frmmmmrmmmmemmme oo

—-0.251 !
—— Planck cosmology R
W s NN —0.501 — KiDS —1000cosmology
Naomi Robertson - Cambridge -0.4 -0.2 0.0 0.2 0.4

Az


https://arxiv.org/pdf/2011.11613.pdf

Part 3
Detecting new effects
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Detecting new effects

R 1 1 1
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N}
12
(S/N)!? ~ 20
012 _ _
7“12 — 14 - Signal-dominated tracer
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Detecting new effects: HI properties and DLAs Alonso et al. 2018

HI at low redshifts
- After EoR, most HI in pockets
- Known as Damped Lyman-alpha systems (DLAS)
- Found as huge troughs in quasar spectra
- Bias measured by x-corr with quasars

bora—qso ~ 2.0 4 0.1

Perez-Rafols et al. 2018 -4000  -2000 0 £908
Relative velocity {km s 1)



https://arxiv.org/pdf/1805.00943.pdf
https://arxiv.org/pdf/1712.02738.pdf

Detecting new effects: HI properties and DLAs Alonso et al. 2018

HI at low redshifts
- After EoR, most HI in pockets
Known as Damped Lyman-alpha systems (DLAS)
Found as huge troughs in quasar spectra
Bias measured by x-corr with quasars

bora—qso ~ 2.0 4 0.1

Perez-Rafols et al. 2018 -4000  -2000 0 £908
Relative velocity {km s 1)

—— Best-fit

- Check with x CMB-lensing: " : gg(\;oso
bDLA_,{ ~ 2.6 0.9 o ¢ DLA
39|
S al
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Detecting new effects: SGWB anisotropies Alonso et al. 2020A

- SGWSB likely dominated by unresolved astrophysical events
- Signal heavily dominated by few events at low-redshift (high shot-noise)
- Slice in redshift?

10

Unobservable in auto-correlation —

1
<
Potentially detectable with sufficiently /<1

10°
dense sample

;

—— /<10 Cross
—— /<100 Cross
—-=-- /<10 Auto
- —— /<100 Auto

1072
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https://arxiv.org/pdf/2002.02888.pdf

Detecting new effects: SGWB anisotropies Alonso et al. 20208

Instrumental noise likely too large to detect anything any time soon:
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Cy cutoff 60Mpc
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https://arxiv.org/pdf/2005.03001.pdf

Detecting new effects: SGWB anisotropies

But you can still have fun :-) o ” |* “
- i | 1 WORK
~ - \ “ 1 lN
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Detecting new effects: UHECRs Urban et al. 2020

. . 100; AC XCopt
Ultra-high-energy cosmic rays: NG
- Not many of them 10-k \\: S N
- Deflected by GMF F N B
- Plagued by systematics % 1072}
103
B = 40 EeV §
— Bt = 63 EeV
10! 10? 103 10! 102 10

{ {

X-corr with galaxies probably better!



https://arxiv.org/abs/2005.00244

Tomographic reconstruction:
- Use localized tracers to reconstruct background quantities
E.g. 1: gas pressure from tSZ x 59
E.g. 2: structure growth from lensing x 69

Calibrate redshift distributions:
- Cross-correlate with spec-like sample:
E.g. 3: 21cm through bispectra
- Uncertain kernel width?
E.g. 4: x-correlate with CMB lensing

Detect new effects:
- Noise suppression in x-correlation:
E.g. 5: DLA bias with CMB lensing
E.g. 6: SGWBs with galaxies
E.g. 7: UHECRSs with galaxies

Thanks!
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Projected tracers: “3x2-point”

1.1
Bl BOSS+KV450 (Troster et al. 2020)
- DES Y1 3 x 2pt (DES Collaboration 2018)
"5 Bl KiDS-1000+BOSS+2dFLenS 3 x 2pt
e B Planck TTTEEE+lowE
0.9 -
g
0.8 1
0.7 1
0.6 T T T
N 5 Q o)
Q(} Qr} Qr'b Qﬂ)

Heymans et a. 2020

1.0

0.91

0.7 1

0.6 1

£ DES Y3: Fiducial
LN DES Y3: ACDM-Optimized
0.18 0.24 0.30 0.36 0.42

Abbot et al. 2021



https://www.darkenergysurvey.org/wp-content/uploads/2021/05/desy3_cosmic_shear_cosmology1.pdf
https://arxiv.org/pdf/2007.15632.pdf

Tomographic reconstruction: growth Garcia-Garcia et al. 2021

Growth reconstruction: the analysis

(1,1) (1,2) (1,3) (1,4) (1,5)
Data analysis: o I~ |
- Independent Cbased A B S | i | : .
analysis i ‘ | l*l _ "
- i i i AL
Analytical covariances inc. i 53 5 5a 55
mode-coupling. 102 - 1,
t } ’
1072 § E t 1 1
”i I | ; | il b ;
(3,1) (3,2) (3,3) (3,4) (3,5)
107° § E 1
G 107 4 t . = . ¢
10-¢ ._\IJ “'I -\’\|\‘i\ui t } | | | | ‘\M‘ I
|| II nl u } by
(4,1) (4,2) (4,3) (4,4) (4,5)
107° 4 E 1
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10? 10° 10? 10° 10% 10° 10? 10° 10? 10
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Example: Legacy survey x KiDS


https://arxiv.org/pdf/2105.12108.pdf

Tomographic reconstruction: growth Garcia-Garcia et al. 2021

Growth reconstruction: ACDM constraints

Results:
- ACDM is an excellent fit to the
low-z data
- North and South data compatible
- 3.50 tension with Planck on S,
- Driven by cosmic shear data

B SD 0.90 1 BN FDnoy
0.85 A B ND BN FD no gy
I D g, 55 I FD
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https://arxiv.org/pdf/2105.12108.pdf

Tomographic reconstruction: growth Garcia-Garcia et al. 2021

Growth reconstruction: the analysis

Model:
- Background: ACDM
- Power spectrum at z=0: ACDM

- Growth history: quadratic spline with free nodes L .
- Non-linear matter P.S.: HALOFIT PL (k7 Z) _ D (Z) PL (k> O)
- Galaxy bias: linear (k__ =0.15 Mpc™)



https://arxiv.org/pdf/2105.12108.pdf

Tomographic reconstruction: tSZ Koukoufilippas et al. 2019

I Cosmic shear
[ shear—tSZ

1.0 BN Cosmic shear + shear—tSZ . ) .
Constraints on baryonic physics:
Troster et al. 2021
0.8 7 See also:
& - Hojjati et al. 2015
- Hurier & Angulo 2017
- Gattiet al. 2021
0.6 -



https://arxiv.org/abs/1909.09102
https://arxiv.org/pdf/2109.04458.pdf
https://arxiv.org/abs/1412.6051
https://arxiv.org/abs/1711.06029
https://arxiv.org/abs/2108.01600

