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Intro for Apparent Variation in Reionization History

Mulaplicity of the end-of-reionization

Quasar Spectrum
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The reionization history seems to have a large scatter near the end.



Intro for Apparent Variation in Reionization History

Muluplicity of the end-of-reionization

Early reionization (z. = 6)
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~150 cMpc

Late reionization (z. = 5.5)
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The density fluctuations of the universe is small at scales of > 50 Mpc.
Difficult to explain the reionization process being inhomogeneous over ~150 Mpc.




Intro for Baryon-Dark Matter Streaming Motion

Baryon-Dark Matter Streaming Motion

z > 1090 (tage < 4x105 yrs) z = 1090 (fage = 4x105 yrs)
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... pressure of photon-baryon fluid generates S Ve
the Baryonic Acoustic Oscillations.

This acoustic motion created a relative motion

between baryon and dark matter.

... the streaming motion freezes out
with the cosmic recombination.

(Tseliakhovich and Hirata 2010)


https://www.youtube.com/watch?v=jpXuYc-wzk4

Intro for Baryon-Dark Matter Streaming Motion

Baryon-Dark Matter Streaming Motion

z =1090 (fage = 4x105 yrs)
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* Mostly (98%) ranges between 5 - 55 km/s.
* Decays as (1+z). Unimportant at the late time in cosmic history.
* Fluctuates at large scales (~ 150 Mpo).

(Tseliakhovich and Hirata 2010)



Intro for Baryon-Dark Matter Streaming Motion

Motvation: Can streaming motion affect reionization?

Streaming velocit
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Fluctuates at large scales (~ 150 Mpc)

~150 Mpc




Intro for Baryon-Dark Matter Streaming Motion

Impact on Gas Density

Streaming velccity

o0 T T LR a2 - o
A R A S L S S LR AL AR AL E E E T EE AR
R R S R S R R S L A A A A A A R R R AR DU
N R R R e S R L S A L A AR A R L A SO R
25 -/-/-/./.z‘-fl-r/’/ LOCAATTCA L L g ey e i
/////// . MV&‘?A‘&‘E::;; . " :¢¢
LLLL L /) Streaming zone [V U T v L 1 L | No-streaming zone || * * ~ °
l!///!./l/ ./‘/(kkkk*"“““‘*"*‘ « A4
0 - e .
0 50 100 150 2
F T / Iy (Mpc =~ 3 x 10°* m)
/ e Ay S/t
/! Y I I A
N NN z =200 (fage = 5x10° yrs)
s ! B/NY /&
Ny, TYYUNEE LN
4/// NN RN,
/A I /T
/’/‘/11/ { /i 7/ R/
A A A A A
//f/////ﬂ//‘///
T IENR Y TR TN
'// [ Bl E )
/1 /o
A VSV=70km/Sr//L/_QJ
0.00 0.10 0.20 0.28

Gas density gets smoothed by the streaming motion.



Small-scale Gas Structure during Reionization

TLHQHH — <I> - <R> :
s : rir M ~> 107 solarmasses galaxies
Net Ionization Production = Recombination : h
by galaxies by gas structures I NOt @ffected by the streaming motion

~0.1 Mpc

(x [

‘ Intergalactic gas \

Intergalactic gas structures consumes extra photons.
They are mostly M << 107 solarmasses.
Maybe affected by the streaming motion?




Intro for Baryon-Dark Matter Streaming Motion

Impact on Gas Density

Streaming velccity
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Gas density gets smoothed by the streaming motion.




Streaming velccity
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Small-scale (<<108 Mo) structures strongly suppressed by the streaming V.



Time after the Big Bang [Myr]
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Results

Recombination in Small-scale Gas Structure
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Less recombination in
streaming region.
(Park+ 2020)

Small-scale structure
adds a lot to recombination
(Park+ 2016)
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Streaming velocity
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Results

Scatter in Reionization History

Scatter tn End-of-retonization
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Results

Potental Explanation for the end-of-reionization scatter
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Discussion

Observational Prospect

21 cm background

Near infrared background




Summary

Baryon-dark matter streaming motion...
= suppresses small-scale gas structures at z ~ 6.
= adds a scatter in the end-of-reionization redshift of up to Az ~ 0.5.
= may help explaining the observed scatter in end-of-reionization.

= will impact the observables of the reionization era. (21cm, NIR, CMB, LAE)
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