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Hα line is weak, SN1999em, day 37
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Time dependent effects

• Utrobin, V. U., Chugai, N. 2002 ­ 2005
A time­dependent hydrogen ionization in the atmosphere of
SN 1987A.
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Time dependent effects

• Utrobin, V. U., Chugai, N. 2002 ­ 2005
A time­dependent hydrogen ionization in the atmosphere of
SN 1987A.

• Zeldovich, Ya. B., Kurt, V. G., and Sunyaev, R. A. 1968
Importance of the ionization freeze­out effect in cosmology.
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Spectra calculation

• Advantages and disadvantages of the
radiations­hydrodynamic STELLA code

◦ + CMFGEN ­ hydrodynamic is NOT included

◦ + Utrobin, Chugai ­ grey atmosphere

◦ − LTE
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Spectra calculation

• Advantages and disadvantages of the
radiations­hydrodynamic STELLA code

◦ + CMFGEN ­ hydrodynamic is NOT included

◦ + Utrobin, Chugai ­ grey atmosphere

◦ − LTE

• Hydrodynamic profiles and photosphere continuum
from STELLA

• Rate equations

• Transfer equations in Sobolev approximation
and taking into account multiplet coupling
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Initial conditions

• First path: SAHA or LUCY (Tm → Tc) and Boltzmann
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Initial conditions

• First path: SAHA or LUCY (Tm → Tc) and Boltzmann

• Second path: Number densities from first path
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Rate equations

•
∂nz, i

∂t
= −div(nz, i

−→v ) +
∑

j 6=i

(nz, jPj, i − nz, iPi, j)
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Rate equations

Two photon decay

DnH, 1
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= DnH, 1

Dt
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System closure
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Line transfer

• Jlu = (1− βlu)Slu + βluI
∗
·W
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Line transfer

• Jlu = (1− βlu)Slu + βluI
∗
·W

• βul =
1−exp(−τlu)

τlu

τlu = c3

8π
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νlu
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nl −
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lu
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gunl
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)−1
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Steady state at 15 Day
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Time dependent at 15 Day
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Steady state, time dependent at 15 Day
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Steady state, multiplet coupling at 15 Day
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Time dependent, multiplet coupling at 15 Day
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All, multiplet coupling at 15 Day
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20 Day
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30 Day
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50 Day
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15 Day
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20 Day
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30 Day
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50 Day
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