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Overview



Cosmic inflation
Inflation in a nutshell

● Flatness, horizon, absence of exotic relics problems
● Seeds the primordial density fluctuations

Two inflationary models
● Starobinsky inflation
● Slow-roll parameters
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(Planck 2018)



Starobinsky inflation
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Starobinsky Model
Action in different frames

Potential
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Baseline parameters

The background and perturbation

MCMC: MontePython+CLASS

Inflationary dynamics

Power spectrum

● CMB temperature and polarisation fluctuations
● Mapped onto neutral hydrogen density to 21cm brightness fluctuation
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CMB and 21cm intensity mapping

21cm intensity mapping
● Resonant reaction between CMB photon and hyperfine transition neutral hydrogen
● Differential brightness temperature:

● Observable: Mean differential brightness temperature:

CMB
● Planck
● CMB-S4:
● LiteBIRD:
● LiteBIRD low-   +  CMB-S4 high-  : 

(Sprenger et al. JCAP’19, Brax et al.JCAP’13)

(Brinckmann et al. JCAP’19)
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21cm power spectrum

Neutral hydrogen fraction

Square Kilometre Array

● SKA1-LOW:
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CMB
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....with SKA
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(S.M.Lee, TM, K.y. Oda, T. Tomo, EPJC’22;
        TM, K.y. Oda, EPJC’21)
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R2-Higgs inflation
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Hubble Slow-roll
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The parameters

Baseline model parameters

Hubble slow-roll parameters

● Inflationary dynamics: parametrized by expansion of Hubble parameter
● Scalar and tensor modes: constrained by given Hubble parameter 

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



Summary & outlook
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● Starobinsky inflation: One of the bestfit model
● Extension with higher order terms 
● Future CMB experiments: offers excellent probes
● CMB-S4+LiteBIRD+SKA: may discover higher order terms
● Impact of astro parameters: MCMC too difficult. Machine Learning



Additional Slides
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LiteBIRD and CMB-S4

(Brinckmann et al. JCAP’19)
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Modified ΛCDM
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SKA specifications

( Mellema et al. 1210.0197)

(SKA Red book)

at z= 8 the Comoving Radial Distance LoS to z is 8943.21 (Mpc)  and at z= 10 the distance is 9440.25 (Mpc). 
The difference is 497.04 (cMpc) which translates to 741.85 Mpc/h. Now we have 20 bins so the difference
 translates to 37.09 Mpc/h.
Avg. ionized patches few Mpc
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Modified ΛCDM
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