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Baryons - Cosmological implications
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Lensing is Low: Cosmology, Galaxy Formation, or New
Physics?

Alexie Leauthaud'?, Shun Saito®, Stefan Hilbert*®, Alexandre Barreira®, Surhud More?,
Martin White®, Shadab Alam”®, Peter Behroozi®’, Kevin Bundy!?, Jean Coupon®®,

10 LA B e | T T LA B S | T T LA B e |

RxAYX [Mpc Mg pe?]




\ Thelllu{tns&mulatlon Cosm0|09|cal ‘4’! 2" s 4
Simulations

8 Gonel Mnmnm nucwsmnmuw

LR A

The Eagle simulaﬂgns‘

L EVOLUTION AND ASSIMELY OF SALAXES AND THER
4 A project of O Viege Consrtinm oo

‘.l. ‘.. 1..'

P fr=u g ¢ ) ar?
.

LI o
ERT YEER EEmr

The Eagle Simulations

EVOLUTION AND ASSEMBLY OF GALAXES AND THER ENVIRONMENTS
The Hubble Sequence realised in cosmological simulations
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Are the sub-grid physics models reallstlc’?
What is the work being done on these systems?
Predictions for the energetics of (massive) halos
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CMB scattering sources (secondaries):

SZ effect - n
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Kinetic Sunyaev-Zel’dovich Effect

Doppler boosting of CMB photons
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Gallery of recent kSZ resul

ts
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What is measured?

(AT )k (x+60) = —7(0) v.(x) (+2-halo)

T PARN

opticaldepth  _bulk’ radial velocity
(profile)

6 aperture

« Varyratfixed 6 -
velocity field on large
scales

« Vary 6 atfixedx =

gas profile and
abundance.

Origin TWO different measurements!

Slide credit S. Ferraro



Measuring the 7 profile

zero lag
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Gallery of recent tSZ results
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Combining tSZ & kSZ measurements
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Ostriker, Bode & Babul 2005
Model for the ICM with a couple parameters

y - polytropic index Assumptions
a - normalization of Pnr P=Kp/

€inj - Eff. of energy injected Spherical Symmetry

Hydrostatic Equilibrium (Piot)
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Spherical Symmetry & Polytropic Index

How do these assumptions look in simulations?
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AGN feedback, z=0 :
— Stacked gas
— Rotated stacked gas
—— Rotated stacked pressure
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Combining tSZ & kSZ measurements
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Combining tSZ & kSZ measurements forecasts
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Combining tSZ & kSZ measurements forecast

— tSZ +kSZ
=== tSZonly




Combining tSZ & kSZ measurements forecast
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Combining tSZ & kSZ measurements forecast

Parametric Raw S/N
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Combining tSZ & kSZ measurements forecast

Parametric Raw S/N
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Beware of fisher forecasts
What are some of the systematics?

galaxy - gas offset 2-halo term
o . | 13.5 < log,o(M/(Mph~—1)) < 14
- ...‘
- .
: . M_arkevi?ch.e't é| éa‘ocs.

Hill et al 2017



Cosmological Implications
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Cosmological impact of feedback
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kSZ with LSST - projected fields approach
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kSZ with LSST - projected fields approach
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The Simons Observatory

http://simonsobservatory.org

A five year, $45M+ program to pursue key Cosmic Microwave
Background science targets, and advance technology and
infrastructure in preparation for CMB-54.

Merger of the ACT and POLARBEAR/Simons Array teams.

Tentative plans include: =
* Major site infrastructure

» Technology development (detectors, optics, cameras)

* Demonstration of new high throughput telescopes.

* CMB-54 class receivers with part1ally filled focal planes
« Data analysis ~ |

--------



http://simonsobservatory.org

Summary and Outlook

Baryons

SZ cross-correlations are going to be
a new window into thermodynamic
process within halos

High S/N kSZ on coming soon

Learn about the

physical processes
Constrain sub-grid
energetics models

Push future
cosmological probes
iInto non-linear regime

n Workshop
. CHICagO I~







What is measured?

(AT )k (x+60) = —7(0) v.(x) (+2-halo)

T PARN

opticaldepth  _bulk’ radial velocity
(profile)

6 aperture

« Varyratfixed 6 -
velocity field on large
scales

« Vary 6 atfixedx =

gas profile and
abundance.

Origin TWO different measurements!

Slide credit S. Ferraro



Velocity field on large-scales
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Pair-wise velocity statistic & measurements

Hand et al. 2012
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Motivation - kKSZ cosmology forecasts

Pair-wise velocity estimator

Minimal AMDM

Planck
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Beware of fisher forecasts
What are some of the systematics?

galaxy - gas offset 2-halo term
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For a halo of a given mass, what is the optical depth?



Dependence on

— Stage Il Mueller et al. 2015b
—  Stage III

= Stage IV

—  Stage III

— Stage [l

102 10! 10" 10?
A bprior
b

Uncertainties on = will soon be a leading systematic uncertainty in
the cosmological parameters obtained from kSZ measurements

How does one measure 7 since it is not a “direct” observable?



r -y relation an empirical solution?
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Radiative cooling + SF Radiative cooling

Non - radiative Non — radiative
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