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e First object (KM

> First star and first galaxy made from primordial gas cloud

- History of universe Observation of super massive black hole (SMBH) at z~7
o (M ~10° M)
reionization First object -> seed BH
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* Introduction

* First object formation scenario

collapse of a cloud of primordial gas <=sm Without metal

‘ Available cooling is only H and H,

* H cooling — Ty, ~ 8,000 K
* H; cooling — Ty, ~ 200K
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* Introduction

 The relation between cooling of primordial gas and first object
(direct collapse scenario)

Primordial gas cloud create first stars
Primordial cloud if there are no effect to destruct H,
mass 10*7° Mg

prevent H, formation

H, cooling UV radiation from

near cloud
® DestructH,, H™
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Formation of first star S“Pezlngf_sfa’e star
Mass ~1~100 Mo © Lyman-Werner radiation

Direct collapse scenario
mm) Formation seed BH: mass ~10476 M,



e Introduction

» Effect of Ly @ photon to prevent H, formation (Johnson & Dijkstra 2017)

* Main reaction to formation H, in primordial cloud
H+e —H +~o

@+H—>H2+e—
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At high density region, it can not prevent H, formation only outer UV radiation,
But include inner Ly & radiation can prevent H, formation.



e [ntroduction

> Problem of Ly a transfer in Johnson & Dijkstra 2017

Effect of multiple scattering and trapping — use parameter
Luminosity of Lya : gravitational potential energy  Energy density of Lya

2 clou
Live = ZMeioua 1 Lyya - =% d‘@
Lya — r ¢ Uy =
cloud T ‘/CIOU. d

(Mp: increase length to escape primordial cloud)

Uu
- Rdetach — OH- - ¢ '
ELya

B : effect of non—uniform energy density

B=1~10

We think it need to treat Ly a transfer more exactly




 Radiative transfer of Lya — radiative diffusion eq.

» One-dimension plane parallel

dl,
p— = —ay,l, +

al/SI/

decrease

increase

I, . intensity, a, . extinction coefficient,

S, « source term, u = cosf

mm) Moment equation (average of solid angle)

=

« first, second moment eq. + Eddington approximation (isotropic radiation)

Source term . approximation of redistribution (Rybicki & dell’ Antonio 1994)
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We solve this equation using numerical simulation

Normalize frequency

V — Yy

X =
AVD

line center frequency,
= % Vo - Doppler width




 Boundary condition

> Radiation source -
Only cloud center (z = 0 )and frequency line center (x=0)

O?J(r,z)  3p(z) O ( dJ(r, :z:)) 2
+ d(x) = —3¢"(z)G(7, z)
oT2 2 Ox ox
= 5(1) 5(x)

> frequency (x) : boundary =0  m—
J(1,£00) =0

> Surface of cloud (¢) :
radiation is isotropic and only escape radiation
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* Environment of gas cloud

> Isotropic gas cloud
> Parameter of simulation
* (as temperature T
« Optical depth at Lya line center (7jine center)

« Estimate of optical depth
Tline center = N 0 L = Ny o (cloud radius L)
1

L —589x10‘14(T)_2
o= Jrz mec Avp 104

Total mass of gas cloud : Mg,s = 10°M
density : n = 0.1 ~ 10°

B Tjine center - 10° ~ 10*% (assume isotropic spherical cloud)



e Result

* Spectral of escape photon red . Voigt profile : numerical (this work)

T= 10%*K — black ¢ Lorentz profile :analytical
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e Result

Frequency average mean intensity (incidence intensity = 1)

Jion(7) = / J(r, @)dz
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e Result

« H™ photodetachment rate of Ly o radiation

Ymax J(1, 1)

—— OH- (v)dv
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e Result

 Compare with H, formation and destruction

Lya radiation

: H™ destruction

Outer UV radiation : H, destruction

H, formation

form H™

Main reaction
H+e — H +7~v

H +H— Hs+e

H, formation rate

H +H-H,+e"
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Ry, form = 4.0x1079 XT ™% xny [s71]
(Galli & Palla 1998)

Restrict H, formation
only Ly a radiation




e Conclusion

> H™ photodetachment rate by Ly a describe below formula in plane
parallel primordial gas cloud

0.320 F
R™™ (1) = 225 % 107 (1 ( 0 )) 0
detach (T0) % “U M\ 7x100 % [erg-cm™2 - s7!]

> At high density, prevent H, formation only by inner Ly & radiation

> But at low density, need to outer UV radiation



