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If the NSs have strong dipole magnetic
fields, the accretion disks are
truncated near the NSs and matter
falls onto the magnetic poles through
an accretion column because the
strong magnetic fields prevent
accretion through a disk (Fig 1b,
Takahashi & Ohsuga 2017).

In the standard picture of structure formation, galaxies form through merging of smaller galaxies and continuous
accretion of gas. Once stars form, galaxy evolution proceeds under the influence of stellar feedback. The complicated
baryonic physics can be treated with state-­‐of-­‐the-­‐art cosmological simulations.

Separately, using the three-­‐dimensional radiation
hydrodynamic simulations, we modeled the evolution of
the first galaxies influenced by stellar UV radiation. The
simulations revealed that stellar feedback creates hot
bubbles and allows Lyman-­‐alpha photons to escape (Abe
et al. 2018). The multiple-­‐scattering process of Lyman-­‐
alpha photons resulted in the formation of extended
bright sources, which nicely reproduced recent galaxy
observations.
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Accretion flows/disks onto compact objects, such as black holes (BHs) and neutron stars (NSs), are the most powerful
energy sources in the Universe. However, neither the energy production mechanism nor the flow structure is known.

Our general-­‐relativistic radiation-­‐magnetohydrodynamics simulations revealed that the luminosity of the BH accretion
disks can exceeds the Eddington luminosity, the upper limit for a spherical system. As a result, the strong radiation
pressure force drives outflows above the disks (Fig 1a, Takahashi et al. 2016; 2018).
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SEURAT: line transfer in SPH 2671

Figure 7. Distributions of neutral hydrogen number density (left-hand
panel) and temperature (right-hand panel) for a model galaxy.

Figure 8. Emergent spectra from a model galaxy. The horizontal axis is
the wavelength and the vertical axis denotes the number count of photon
packets in each wavelength bin. A solid curve represents the result with
SEURAT, whereas a dashed curve does the result with LICORICE. The spectra
are normalized such that the integration of the spectrum over frequencies
should be unity. In upper panel, the velocity structure is disregarded, whereas
in the lower panel the velocity structure is included.

coefficient, CLyα = 3.7 × 10−17exp (−hνα/kBT)T−1/2 erg s−1 cm3

(Osterbrock & Ferland 2006). We cast 105 photon packets.

4.4.2 Emergent spectrum

We calculate the emergent Lyα spectra for the model galaxy with
SEURAT and LICORICE. In Fig. 8, the spectra calculated with the two
methods are compared. In the upper panel, we set all velocities to
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Figure 9. Velocity profile in a certain direction. Upper panel shows the
profile from the centre to the edge of the galaxy. Lower panel represents
the profile from a source located at ∼36 kpc from the centre. A solid line
indicates the velocities in SEURAT, which are determined according to the
neighbour search procedure, whereas a dashed line is the velocity in LICORICE.

zero to evaluate the difference between the two methods in a static
problem. As seen in this figure, the emergent spectra agree well with
each other. This demonstrates that there is no significant difference
between SEURAT and LICORICE for a static system. The lower panel in
Fig. 8 represents the result including the velocity structure. In both
cases, we obtain asymmetric spectra shifted to shorter wavelength,
which is typical of infalling gas. However, the red peak is slightly
weaker in the result with SEURAT, and the blue peak is stronger,
compared to that with LICORICE. Since the agreement is excellent in
a static problem, we believe this discrepancy comes from the dif-
ference in tracing the velocity structure between the two methods.
To verify this, we check the velocity profiles in the two methods.
In Fig. 9, we show the profiles measured from different points. The
upper panel represents the velocity profile from the centre to the
edge of the galaxy. We find that the two profiles behave in a fairly
similar way. The lower panel represents the profile from a certain
source located at ∼36 kpc from the centre. In this figure, we see
a significant discrepancy at 0 ! r ! 5 kpc, where the velocity is
negative in SEURAT, but is positive in LICORICE. This may come from
the difference in the way the velocity is computed. In SEURAT, a
local SPH particle with v < 0 is possibly selected when assigning
the velocity along the line of sight, whereas it can be smoothed
out by the interpolation on the grid in LICORICE. Such a discrep-
ancy is anticipated to become apparent especially in low-density re-
gions. Actually, we have confirmed that if we dismiss the sources in
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Figure 7. Distributions of neutral hydrogen number density (left-hand
panel) and temperature (right-hand panel) for a model galaxy.

Figure 8. Emergent spectra from a model galaxy. The horizontal axis is
the wavelength and the vertical axis denotes the number count of photon
packets in each wavelength bin. A solid curve represents the result with
SEURAT, whereas a dashed curve does the result with LICORICE. The spectra
are normalized such that the integration of the spectrum over frequencies
should be unity. In upper panel, the velocity structure is disregarded, whereas
in the lower panel the velocity structure is included.
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(Osterbrock & Ferland 2006). We cast 105 photon packets.

4.4.2 Emergent spectrum

We calculate the emergent Lyα spectra for the model galaxy with
SEURAT and LICORICE. In Fig. 8, the spectra calculated with the two
methods are compared. In the upper panel, we set all velocities to
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Figure 9. Velocity profile in a certain direction. Upper panel shows the
profile from the centre to the edge of the galaxy. Lower panel represents
the profile from a source located at ∼36 kpc from the centre. A solid line
indicates the velocities in SEURAT, which are determined according to the
neighbour search procedure, whereas a dashed line is the velocity in LICORICE.

zero to evaluate the difference between the two methods in a static
problem. As seen in this figure, the emergent spectra agree well with
each other. This demonstrates that there is no significant difference
between SEURAT and LICORICE for a static system. The lower panel in
Fig. 8 represents the result including the velocity structure. In both
cases, we obtain asymmetric spectra shifted to shorter wavelength,
which is typical of infalling gas. However, the red peak is slightly
weaker in the result with SEURAT, and the blue peak is stronger,
compared to that with LICORICE. Since the agreement is excellent in
a static problem, we believe this discrepancy comes from the dif-
ference in tracing the velocity structure between the two methods.
To verify this, we check the velocity profiles in the two methods.
In Fig. 9, we show the profiles measured from different points. The
upper panel represents the velocity profile from the centre to the
edge of the galaxy. We find that the two profiles behave in a fairly
similar way. The lower panel represents the profile from a certain
source located at ∼36 kpc from the centre. In this figure, we see
a significant discrepancy at 0 ! r ! 5 kpc, where the velocity is
negative in SEURAT, but is positive in LICORICE. This may come from
the difference in the way the velocity is computed. In SEURAT, a
local SPH particle with v < 0 is possibly selected when assigning
the velocity along the line of sight, whereas it can be smoothed
out by the interpolation on the grid in LICORICE. Such a discrep-
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Zoom-­‐in

We performed cosmological SPH simulations with zoom-­‐in
initial conditions which resolved the spatial scale from the
large-­‐scale structure to star-­‐forming regions (Yajima et al.
2017). Our simulations showed that star formation occurs
intermittently due to supernova feedback. The simulated
galaxies agreed with the stellar mass of observed Lyman-­‐
alpha emitters at redshift 7.


