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Introduction to Cosmological reionization

@ UV radiation from first stars ionized intergalactic medium (IGM)
this process began at z=10-20 and ended at z=6

@ High energy photons or particles (e%, g, g, etc) might be produced
by dark matter (DM) annihilation
— affect the reionization process

Annihilation rate &« (DM density) 2

we calculate this quantity using N-body simulations
at z=10-100



Cosmological boost factor

DM mass density

ppM (7, z) = ppm(2) {1 + dpm (7, 2) }

mean density contrast

collision rate of DM particles « (DM density)?

(pDm (7, 2)) = P (2) {1 + (dpm (7, 2)) |

= pbm(2) B(2)

boost factor




How to calculate B(z) ?

1. Halo model approach

2. Power spectrum approach

both approaches give a consistent B(z) at z=0-6



1. Halo model approach

DM annihilation is enhanced at central/dense regions of halos

B(z) is obtained using the following model ingredients

{ * Halo density profile
- Halo mass function ‘

model uncertainties:
subhalo (or sub-subhalo) mass function, ellipticity, central density profile



2. Power spectrum approach

Boost factor

B(2) = 14 (dpm(7; 2))
o)
=1 —I—/ dlnk A= (k; 2)
0 dimensionless matter power spectrum
A?(k; 2) = %P(k; 2)

{ linear A? is obtained using the linear perturbation theory

non-linear A? is obtained using DM N-body simulations



Linear power spectrum

transfer function

with free-streaming (FS) damping of DM particles at k¢, = 10° Mpc™*
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Non-linear evolution of power spectrum

dark-matter-only simulations with N-body code GreeM

number of particles: 51203
side length of simulation boxes: 1kpc, 10kpc, 100kpc, 1Mpc & 10Mpc

—> covering a wide range of scales

k=1Mpc ' —2x10" Mpc™*

(Nyquist wavenumber for L=1kpc)

Initial redshift z=400
output redshifts z=100, 60, 50, 40, 30, 23,17 & 10
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z=40
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z=30
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z=30
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boost factor
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Summary

- Cosmological boost factor at z=10-100 is obtained following non-linear
gravitational evolution of DM density fluctuations with N-body sims

see also for practical application of our B(z)

* Our B(z) is consistent with linear theory prediction at z>50, but it is
strongly enhanced at z<40

- free-streaming damping still remains at z>50, but it disappears at z<40
due to power transfer from large to small scale (via mode coupling)

* Our simulation does not include density fluctuations smaller than
~ 0.4 Mpc, therefore our B(z) is lower bound






TABLEIL Summary of our N-body simulations: the side length of cubic simulation box L, the number of particles

N ,, the minimum wave number 27/ L, the particle Nyquist wave number kny = (7/L)N },/ 3 and the N -body particle
mass m,. Values in parentheses indicate differing values for the low-resolution runs.

L N, 2z/L [Mpc'] kny [Mpc™] m,[Mo]

10 Mpc 5120° (2560°) 0.63 1.6 x 10° (800) 29 (230)

1 Mpc 5120° (2560%) 6.3 1.6 x 10* (8.0 x 10%) 2.9 x 1072 (0.23)
100 kpc 5120° (2560°) 63 1.6 x 10° (8.0 x 10%) 29 x 107 (23 x 1074
10 kpc 51203 (2560°) 630 1.6 x 10° (8.0 x 10°) 29 x 1078 2.3 x1077)

1 kpc 5120° (2560%) 6.3 x 10° 1.6 x 107 (8.0 x 10%) 2.9 x 1071 (2.3 x 10719)




Introduction to Cosmological reionization

EDGES reported a detection of HI 21cm absorption at z=17

= constrain (or exclude) heating of IGM by DM annihilation

Brightness temperature, T,, (K)

0.2

Age of the Universe (Myr)
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z=17
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