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Ly o emitters and Ly« blobs .-
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Ouchi. et al. ApJS, 176, 3010 (2008)

Matsuda et al., AJ, 128, S@(2004)
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Mass of LymanalphaemitterSe
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Lya emitters Lya blobs

O Lya luminosity: 104443 104244 erg/s

O Size (Lya): a few kpc 10-100 kpc

0 Morphology:
Lya: extended very extended
UV: compact scattered

O Stellar mass: 10%1° M ~1010-11 Mg

0 SFR: ~1-~10 Mg yr? ~10-100 M 4 yrt



Possible models.of Lya_emission
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0 Recombination

0 Cooling radiation

»  Gravitationally heated gas in pre-galactic halo

»  Shock heating by supernova driven galactic wind
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Galaxy formatiog_and_supernovae
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3D hydrodynamijcs model

We consider a forming galaxy undergoing
multitudinous supernova explosions as a possible
model of Lyman o emitters.

To verify this model, a high-resolution hydrodynamic
simulation is performed using 102423 grid points, where
supernova remnants are resolved with sufficient
accuracy.

Numerical simulation:

O Three-dimensional hydrodynamics

O Gravity of dark matter halos (fixed potential)

O Radiative cooling (including H, molecule and metals)
O Star formation

O Supernova feedback (thermal energy and metals)
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Spectral Ener??‘ljs‘frl‘b* ution -

Emission from stars
Population synthesis model: Fioc 1997 (PEGASE)

Emission from gas

Collisional ionization equilibrium: Sutherland & Dopita 1993
(MAPPING I11)

Bound-bound emission

Free-bound emission

Free-free emission

Two-photon emission

VV VY

Dust extinction

E(B-V)=(N/9.2x102* cm-2) x10 [FeHl
Extinction curve: <A ,/Ag>  Pei 1992
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Mori, Ferrara & Madau, Ap]J, 571, 49 (2002)
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M=10"1M —

Total Mass:10! Mg
Gas Mass: 1.3 x 109 Mg
No. of Subunits: 20

Box Size: 134 kpc

Grid Points: 10243

Mori & Umemura, Nature, 440, 640 (2006)
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The red (blue) lines indicate the emission from gas (stellar) component.

The absolute luminosities of Lyman « line emission are 20X1043 erg s, 1.6
X103 erg s 1, 46X104 erg s71, and 2.3X104! erg s at the elapsed time
of 0.1 Gyr, 0.3 Gyr, 0.5 Gyr, and 1 Gyr

In the first 0.3 Gyr, the luminosities completely match the observed Ly o
luminosities of Ly o emitters,




" . . ™~ . §oa
‘é ® i .-_‘ - g -J > . .
™ . - . . ¥ L .
\ ' . .| ¢ ..r d’ s .-" . ” LY
L L X} . - " P ol .
- ? . .. . ! : b . - . " \ . .‘. . I". )
. . o' .. .. b. Y ol & ¢ z
. . - '..._' '. L ."_ ..- \ .. .‘ o 5 )
. ".j
.

Real vs Virtual



—— \ . .
SED :Gasand Stars .
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After 300 Myr, the Ly o luminosity declines to less than the observed level. Then, the SED becomes
dominated by stellar continuum emission.

The galaxy in this phase is featured with diffuse, asymmetric structures, and outflows of 100500 km s,
The total stellar mass is 9.3X10° M, and the mass of 1.5X10° M is involved in the outflows at Z=3.

The X-ray luminosity changes from 1042 erg s at 300 Myr to “104! erg s around 1 Gyr.

These features look quite similar to those observed for Lyman Break Galaxies.




Evolution os‘:f\l;yoz emission and'

stellar continuum ehmissieor™
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The results of our simulation indicate the possible link among LAEs and LBGs.
The simulated post-starburst galaxy with the age of 1 Gyr can correspond to LBGs.
It is implied that LBGs are the subsequent phase of LAEs.



\

T —

e

=

OFHERNYIaL—Y3Y
oiE =2 L — 3
NA1T—~N—Iv—EFTI

Mori & Umemura (2006)
VTS TRETIV
Fixed potential of Dark matter halo
Constant gas density
Rigid rotation A =0.05




Wy .
Model and parameterss —

O Total mass: 103 Mg , Total gas mass: 1.3x10"11 Mg
0,,=0.3, Q2,=0.7, h=0.7, z=7.8, ,=0.024 h-*

Dark Matter: Navarro-Frenk-White density

Gas: Constant density

O Star formation :
Loool = T4 Teros |
pcrit=0.1 cm3 2t
dp./ dt = py / 1 |
Salpeter’s IMF "

O Supernova feedback: |
E.y=10°terg/ SN
Oxygen: 2.4 Mg /S

O 0O

Zy 4y (dotted lines) and g, (solid lines) (0,=0.3, 0,=0.7, h=0.7, 55=1.0)

£ (Ovr)
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Evolution of stellar component

Star formation rate Stellar mass
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Evolution of gas_component

Gas mass Mean metallicity
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Filling factor .

Metal free

Z » 0.001

Z > 0.001 Z
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Lyman alpha eqission

Gas cooling radiation
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Origin of Lyman_alpha photon
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Summary -~

* \We simulated a forming galaxy using a high resolution
hydrodynamic simulation, where supernova remnants are
résolved with sufficient accuracy.

®* \We have suggested that Lyman « emitters can be identified
Wl%th primordial galaxies catched in a supernova-dominated
phase.

®* The bubbly structures produced by multiple supernova
explosions are quite similar to the observed features in
Lyman ¢« surface brightness of Lyman « blobs.

®* The resultant Ly o luminosity can account for the observed
luminosity of Lyman o emitters.

* After 1 billion years the simulated galaxy is dominated by
stellar continuum radiation and looks like the Lyman break
galaxies. At this stage, the metal abundance reaches
already the level of solar abundance.
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