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The mass of First Stars is large
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The First Star SN shell model

ESN = 1046J
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Sedov-Taylor self similar solution

v2rms(z) ' 5.8⇥ 10�6(1 + z)�1
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Pair-instability explosion Heger & Woosley 2002

Linear perturbation theory

Other
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Ø Thermal Sunyaev-Zel’dovich (TSZ) effect

Ø Kinetic Sunyaev-Zel’dovich (KSZ) effect
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of CMB anisotropy



Effect from First Star SNs on the CMB spectrum

Goal:
Calculate the angular power spectrum 
of the CMB temperature induced by the SNs

？



The distribution of the halo hosting the first star :

Anisotropy

Effect from First Star SNs on the CMB spectrum



Calculation setup

logMvir[M�] fhost logM⇤[M�]
6.5 2.4⇥ 10�4 3.41
7.0 0.052 3.59
7.5 0.28 3.88
8.0 0.90 4.60
8.5 1.0 5.74

<latexit sha1_base64="a+owZMLt2rfKXfvBC+vmKm2VhCo="></latexit><latexit sha1_base64="a+owZMLt2rfKXfvBC+vmKm2VhCo="></latexit><latexit sha1_base64="a+owZMLt2rfKXfvBC+vmKm2VhCo="></latexit><latexit sha1_base64="a+owZMLt2rfKXfvBC+vmKm2VhCo="></latexit>

• Neglect the secondary effect 
from the radiation emitted by the SN shell 

• Apply the Press-Schechter Theory

• Use the data summarized in below table

John H. Wise et al. 2014

From N-body simulation

• Assume all of the First stars have 100𝑀⊙
and explode like pair-instability



Angular power spectrum of 
the CMB temperature

q?(k) =

Z
d3k0

(2⇡)3

h
k̂0 � µ0k̂

i
v(k0)xe(|k � k0|)

<latexit sha1_base64="YO/lPCBtAPc0oGtkdhqzbhdTGEE="></latexit><latexit sha1_base64="YO/lPCBtAPc0oGtkdhqzbhdTGEE="></latexit><latexit sha1_base64="YO/lPCBtAPc0oGtkdhqzbhdTGEE="></latexit><latexit sha1_base64="YO/lPCBtAPc0oGtkdhqzbhdTGEE="></latexit>

CTSZ
` = g(⌫)2

Z
dz

dV

dzd⌦
Pyy(k, z)

<latexit sha1_base64="WfmsQHUa6BPNN2uLGJxfwpwE/Tc="></latexit><latexit sha1_base64="WfmsQHUa6BPNN2uLGJxfwpwE/Tc="></latexit><latexit sha1_base64="WfmsQHUa6BPNN2uLGJxfwpwE/Tc="></latexit><latexit sha1_base64="WfmsQHUa6BPNN2uLGJxfwpwE/Tc="></latexit>

g(⌫) =
h⌫

kBTgas
tanh�1

✓
h⌫

2kBTgas

◆

<latexit sha1_base64="2+EUMZCEWPfZJIQJw9voZ4UrAKY="></latexit><latexit sha1_base64="2+EUMZCEWPfZJIQJw9voZ4UrAKY="></latexit><latexit sha1_base64="2+EUMZCEWPfZJIQJw9voZ4UrAKY="></latexit><latexit sha1_base64="2+EUMZCEWPfZJIQJw9voZ4UrAKY="></latexit>

C
KSZ

` = (�T n̄H0)
2

Z
dz

H(z)

✓
(1 + z)2

r(z)

◆2

Pq?(`/r(z), z)
<latexit sha1_base64="/nL0l9EjWnmZhDsG2RDCrnudG+g="></latexit><latexit sha1_base64="/nL0l9EjWnmZhDsG2RDCrnudG+g="></latexit><latexit sha1_base64="/nL0l9EjWnmZhDsG2RDCrnudG+g="></latexit><latexit sha1_base64="/nL0l9EjWnmZhDsG2RDCrnudG+g="></latexit>

y(n̂, z) =

Z
drnH(r, z)xe(rn̂, z)

kBTgas(rn̂, z)

mec2
<latexit sha1_base64="sNhZ2hawum3fQuRZirf9/3scHCE="></latexit><latexit sha1_base64="sNhZ2hawum3fQuRZirf9/3scHCE="></latexit><latexit sha1_base64="sNhZ2hawum3fQuRZirf9/3scHCE="></latexit><latexit sha1_base64="sNhZ2hawum3fQuRZirf9/3scHCE="></latexit>



Result

South Pole Telescope



Summarise & Future work

We calculate the angular power spectrum induced by the SNs
We show that a certain scenario about the SNs
can be excluded by the SPT data. 
We might use this spectrum
to know more information of the First Star

We can consider the secondary-effect
from the radiation emitted by the SNs
Considering this effect, 
we can also calculate the 21-cm signal
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BACK UP
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[1] Meiksin & Whalen, 2013

Ø シンクロトロン放射

Ø 熱制動放射

Physics around a SN shell
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But the synchrotron radiaHon
is emiIed by...  

There’re many uncertaintity

ØMagnetic field
ØRelativistic electrons



But the synchrotron radiation
is emitted by...  

There’re many uncertaintity

ØMagnetic field
ØRelativistic electrons

Bremsstrahlung emissioin



Spectrum of CMB photon
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Spectrum of CMB photon

Frequency

SZ effect

Black-body 
spectrum

SN explosion
→Wide region (〜0.1kpc)

is ionized and heated

→The distortion of the CMB 
spectrum

Physics around a SN shell

Ø Thermal Sunyaev-Zel’dovich (TSZ)  effect
Ø Kinetic Sunyaev-Zel’dovich (KSZ)  effect
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Mo & White 1996



The distribution
of the halo hosting the first star :
Matter Power spectrum  × Bias

Anisotropy

Effect from SNs on the CMB spectrum


