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Dynamics 

Perturbation
● CMB temperature and polarisation fluctuations 
● Neutral hydrogen density to 21cm brightness fluctuation 

Cosmic inflation

Inflation in a nutshell
Flatness, horizon, absence of exotic relics problems
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The Zoo 

(Planck 2018)
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(Brinckmann et al. JCAP’19)

(CMB-S4 South pole preliminary; Credit: CMB-S4)

LiteBIRD 

CMB-S4
12 telescopes: 500,000 cryogenically-cooled superconducting 
detectors in South Pole and in the Chilean Atacama desert 
 

Second Lagrange point, 1.5 million kilometers from Earth

(LiteBIRD concept art: Credit ISAS/JAXA )

CMB

Current and future of CMB experiments
● Planck
● CMB-S4:
● LiteBIRD:
● LiteBIRD low-   +  CMB-S4 high-  : 



Resonant interaction of CMB photons & the hyperfine transition
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21cm intensity mapping by SKA
Brightness temparture Tb

Power Spectrum

Differential brightness temperature

(Sprenger et al. JCAP’19)

( TM, T. Plehn, L. Röver, and B. M. Schäfer,  B. Schosser, SciPost Phys. 15, 047 (2023))
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Neutral hydrogen fraction

21cmFAST
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SKA1-Low

The comoving radial distance line of sight to
z = 8:  8943.21 (Mpc) 
z = 10: 9440.25 (Mpc) 
The difference translates to 37.09 Mpc/h for 20 bins

( Mellema et al. 1210.0197)Avg. ionized patches few Mpc

SKA1-Low specifications

(SKA-Low prototype antennas: Credit SKA) 

Compared to LOFAR 25% better resolution, eight times the sensitivity, 
and will be able to survey the sky 135 times faster.
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The parameters

Parameters of

Hubble slow-roll parameters

● Inflationary dynamics: parametrized by expansion of Hubble parameter

(Lesgourgues et al. JCAP’08, Planck’18)

( TM, T. Plehn, L. Röver, and B. M. Schäfer,  B. Schosser, SciPost Phys. 15, 047 (2023); 
   TM, T. Plehn, L. Röver, and B. M. Schäfer, SciPostPhys. Core ’22)
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CMB 

HALOFIT: For nonlinear corrections

Class+MontePython
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With SKA
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Modified ΛCDM

Baseline parameters
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Starobinsky inflation
Action in different frames

Potential

Baseline parameters
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CMB



With SKA
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Few words on uncertainties at SKA

Biasing
Assumed linear biasing with a nuisance parameter bHI. Correct? 

           
Neutral hydrogen fraction

Better modeling for the nutral hydrogen fraction instead of fitting function
High reshift galaxies observed by JWST

           Foreground removal
Foreground: much higher than the actual signal
Assumed sufficiently smooth to be removed     
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Thank you!!

● Many models of inflation: Need narrow down or discover
● Future CMB experiments will provide sensitive probes
● 21cm inetnsity mapping by SKA: Complementary probes with CMB

Outlook



Additional Slides
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Flatness problem



Horizon problem
From epoch of last-scattering, photons free-stream and reach us untouched

Excotic relic problem
Magnetic monopoles, ....

LS

today
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Current and future of CMB experiments
● Planck
● CMB-S4:
● LiteBIRD:
● LiteBIRD low-   +  CMB-S4 high-  : 

(Brinckmann et al. JCAP’19)

(CMB-S4 South pole preliminary)

LiteBIRD 

CMB-S4
12 telescopes: 500,000 cryogenically-cooled superconducting 
detectors in South Pole and in the Chilean Atacama desert 
 

Second Lagrange point, 1.5 million kilometers from Earth

(LiteBIRD concept art: ISAS/JAXA )

CMB



Quantum fluctuations to CMB anisotropies

● Primordial fluctuation imprinted in CMB temperature and polarization anisotropies
● Scalar (density) perturbations create E-modes but no B-modes
● Vector  (vorticity) perturbations not excited during inflation
● Tensor (gravitational waves) perturbations create both E- and B-modes
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SKA1-Low

Power spectrum

The comoving radial distance line of sight: z = 8:  8943.21 (Mpc);  z = 10: 9440.25 (Mpc). 
The difference translates to 37.09 Mpc/h.

( Mellema et al. 1210.0197)Avg. ionized patches few Mpc

(SKA Red book)
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Neutral hydrogen fraction

Fitting
● 21cmFAST
● 1st order perturbative approx
● 2nd order 2LPT of velocity field
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SKA specifications

(SKA Red book)



27

(SKA Red book)

SKA1-Low specification

Noise SKA



28

LiteBIRD and CMB-S4

(Brinckmann et al. JCAP’19)







Non-linear Effects:
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Power spectrum

Neutral hydrogen fraction

21cmFAST

( TM, T. Plehn, L. Röver, and B. M. Schäfer,  B. Schosser, SciPost Phys. 15, 047 (2023))
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Generally correlated isocurvature mode

● Models with one adiabatic and 
one isocurvature mode

● Parameterized by power spectra of 
the 2x2 correlation matrix at a certain 
pivot scale
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CDI = CDM isocurvature
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