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Introduction



ΛCDM model

Credit:

,! COSMOLOGICAL CONSTANT �

� = ���
Credit:

Is it enough?

• What are Dark Matter and Dark Energy?

• Tensions on , � = ,

• Cosmological Constant problem

• Coincidence problem
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State-of-the-art

• All the results are broadly

compatible with ΛCDM

• Future observations ( , SKAO,

: : : ) ! improve constraints

• New observables ! 21cm signal

power spectrum
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Overview

Constraining beyond ΛCDM models with 21cm intensity mapping forecast observations combined
with latest CMB data
Supervisor: M. Viel
Collaborators: M. Spinelli, B. S. Haridasu, A. Silvestri
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Effective Field Theory for Cosmic
Acceleration



Effective Field Theory - The idea behind

Introduced for INFLATION ( ) ! applied to the LATE TIME
COSMIC ACCELERATION ( )

! description of Large Scale Structure (EFTofLSS, )

Construct the most general
ACTION

easily interfaced
with observations

includes as many DE-MG
models as possible
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EFT action

Up to second order in perturbations in the Jordan frame:
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Full EFT is described by 9 time-dependent EFT functions

• f
 ; �; g first order ! also background evolution
• f ; � ; � ; � ; ; ^ g second order ! only perturbations
• ΛCDM limit ! all EFT functions are 0
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Testing MG/DE models in the EFT formalism

!

8>>>><>>>>:
Einstein eqs.
Fluid eq.
Boltzmann eqs.
: : :

! !

Theoretical predictions
for observables

#
constraints

statistical MCMC analysis

Latest constraints

• studied in , ,
• constraints from Planck, Weak Lensing, BAO, RSD data
• no significant evidence beyond ΛCDM

! Could a new observable such as ( ; ) help constrain such models beyond ΛCDM?
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21cm intensity mapping



The 21cm signal

3 fundamental temperatures:

• 
 the CMB temperature

• the gas (IGM) temperature

• the spin temperature ! sets the population of the
hyperfine level with respect to the ground state

! the brightness temperature

= � � =
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Evolution of the 21cm signal
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Evolution of the 21cm signal
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Line intensity mapping

• Look at the total intensity of the

emission line in a large 3d pixel

(angle and frequency)

• Pixel will have integrated

emission from multiple galaxies

• relatively low-budget technique

• Challenging foreground cleaning

• wide redshift range + = �
�
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The 21cm power spectrum

We can model it as2

( ; ) = � ( )( ( ) + ( )) ( ; )

where

• � ( ) is the mean brightness temperature

• ( ) is the HI bias

• ( ) is the linear growth rate

• ( ; ) is the matter power spectrum
! in good agreement with hydro-dynamical simulation
results ( )

2
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Present and future instruments

Currently taking data (some examples):

• CHIME (Canada) ! interferometer array

• FAST (China) ! single dish

• MeerKAT (South Africa) ! single dish

The Square Kilometer Array Organization (SKAO):

• SKAO-MID: � dishes (South Africa)

• SKAO-LOW: > simple dipole antennas (Western
Australia)

! more dishes and possibly higher redshifts
Credit:
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Intensity mapping with MeerKAT

Credit:

MeerKLASS ( )

• 4000 deg , 4000 h

• IM for Cosmology

•

Science Verification Data ( )

Antennas All 64 MeerKAT dishes
Observation mode Single-dish
Frequency range 0.856-1.712 GHz

! already taking data

! we build a very realistic data
set of future MeerKAT
observations at = :
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First results with MeerKAT
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Likelihood implementation
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