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A brief history of time ..and the Universe

o, RSN oy
Cosmic Dawny, Reionization
. .

First First 75 \MOdeT . Prese t
it stars  galaxies R , S & galaxiesform .~ day
13.8 13.5 Billions of yearsago 13.2 12.8 8
Big Bang

Recombination

What astrophysics? Reionization model?
What cosmology” Structure growth?



A brief history of time ..and the Universe

Goal: Push measurements to tomography, up to high redshifts, for mapping
of large number of modes and time evolution during structure formation
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Why Intensity Mapping

What is the (large scale) structure of
the Universe?

What are properties of radiating
sources?

To find out, we can identify individual
sources of emission.




Why Intensity Mapping

What is the (large scale) structure of
the Universe?

What are properties of radiating
sources?

To find out, we can identify individual
sources of emission.

OR

We can sum the emission in larger
areas and measure fluctuations.

Example: Planck satellite for the CMB
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What is measurable?

Multi-line Tomography

SPHEREx. CDIM 3pt / Bispectrum
[Cooray+, Heneka 2019] [Hutter et al. 2019]
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Multi-Line Intensity Mapping

Gain complementary information on LSS, IGM, sources:

21cm Lya Ha [CDIM
(Neutral medium) (Partially ionized) (lonizing sources) Science

Report,

SEUW  Cooray+,

@ Heneka
2019]

Optical Emission lines = near-IR lines during reionization (high redshift)



Intensity Mapping - for Astrophysics

Gain complementary information on LSS, IGM, sources: auto and cross-signals

21cm Lya Ha [CDIM
(Neutral medium) (Partially ionized) (lonizing sources) Science

Report,

LUV Cooray+,

BB Heneka
2019]
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Optical Emission lines = near-IR lines during reionization (high redshift)



Simulations: neutral - 21 cm

ionization
THI
filtering
L eee—
density (+ velocity)
(Zel'dovich approximation)
Offset 21-cm brightness temperature: Post-heating
approximation:
I Il
7 0
% % dv,. /dr

Fiducial Cosmology: Planck



Galaxy contribution:

« Recombinations [frec
 Excitations

[s?ée also Silva et al. 2013]
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Scattered IGM:

 Scattering Ly-n photons

* Excitations (UV/X-ray)
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Simulations: (partially ionised) - Lya

Galaxy contribution:

erg/s/emd [

sIGM

dIGM
(ionized)

esc

004 UV
O—> Lya

Diffuse IGM:

RO A AN . . B3

4 o i .4? * )
e "p"" T .\:‘ *. ek, 8 ~ ‘R

. ﬁ‘ *”'w’fzi’ & é Vi

"-'l ; e r.""‘ - 3 ‘:‘ .:‘“

erg/efemd e > Ba-08



Example: 21cm x Lya

density 21-cm Lya




ICCCel (k)

Example: 21cm x Lya

21-cm x Lya 21-cm Lya
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Example: 21cm x Lya




ICCChipl (k)
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Example: 21cm x Lya

21-cm




ICCCorl (K)
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Follow reionisation progress, growth of ionised regions
Parameter dependencies, e.g. escape fraction and SFR



Example: Lya x Ha
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Multi-Line Intensity Mapping

Gain complementary information on LSS, |IGM, sources:

21cm Lya Ha [CDIM
(Neutral medium) (Partially ionized) (lonizing sources) Science

Report,

SEUW  Cooray+,
& Heneka
2019]

Optical Emission lines = near-IR lines during reionization (high redshift)



What to learn from 21cm P(k)

Beyond GR

Y ~ effective G, o = 6, /din

Starting with a general
modification to GR




Beyond GR: What to learn from 21cm P(k)
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Beyond GR: What to learn from 21cm P(k)

For cosmological parameters only:

AY ~ 0.006

'the optimist’
Ao ~ 0.06

Plus reionization parameters:

AY ~ 0.013

Ao ~ 0.119
+ order % errors
on other parameters

Tomography iIs key!
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Beyond GR: What to learn from 21cm P(k)

From cosmological parameters only:

AY ~ 0.006
Ao ~ 0.06
Cut non-linear scales Shot-noise cut
AY ~ 0.12 AY ~ 0.04
Aa ~ (.88 Ao ~ 0.34

Important to model
(mildly) non-linear scales!
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Beyond GR: What to learn from 21cm P(k) + global signal

Choose a coupled ~ coupling to DM A ~exp. potential
quintessence setup: VTl = —Iint V (¢) = Voe ™

74

Iint B, QTdmvl/¢

VMT'LL(dm) = +1int

120 150
Frequency [MHz)

Q=0.0735
Fisher forecast for A=1.0

1) fiducial global experiment — 300Mpe— s

2) power spectra (SKA) [Normalized to same growth at CMB]

Liu, Heneka, Amendola, 2020

Caroline Heneka - LIM targeting Astrophysics and Cosmology




Beyond GR: What to learn from 21cm P(k) + global signal

Fisher forecast for
1) fiducial global experiment

Toxy (V) = Tig(v) + T (v)

For 6 z-bins z=15-20
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Beyond GR: What to learn from 21cm P(k) + global signal

Fisher forecast for
1) fiducial global experiment
2) power spectra (SKA)

Q

00
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Main take

away
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Liu, Heneka, Amendola, 2020
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Beyond GR: What to learn from 21cm P(k) + global signal

Fisher forecast for Maintake o global signal improves constraints Qdm
1) fiducial global experiment M e similar constraints on Q
2) power spectra (SKA) e (mildly) dependent on A

110 - 129.638
222.71(0.56%) | 0. . . 0.22(0.169%) | 0.0034(6.8%)

A=0.1 | 118.59(0.29%) 0.097(0.075%) | 0.0036(7.2%)
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2800.27.0%) 0.09938.6%)

Liu, Heneka, Amendola, 2020
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Intensity Mapping for Astro and Cosmo

Avenue to probe cosmology and astrophysics
%-precision even for extended models within reach @
.

Tomography is key

- Also large scale structure needs the non-linear Thank you!

Galaxy

Surveys

Ongoing & Upcoming:

cosmo@caroline-heneka.de, www.caroline-heneka.de
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