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steady-state approximation



Weak line H-α, SN 1999em, 37 day

Dessart, L., Hillier, J. 2006, A&A 447, 691–707, CMFGEN



Time-dependent, SN 1987A, ~30 day

Utrobin, V., Chugai N. 2005, A&A 441, 271–281



Time-dependent, SN 1999em, 26 и 52 дни

Utrobin, V. P. 2007, A&A 461, 233–251
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When the time dependence is important?

SN 1999em, 26 and 52 days



Time-dependent, SN 2008in, ~18 день

Utrobin, V., Chugai N. 2013, 2013arXiv1309.7814C



Time-dependent, SN 1999em, 48 day

Dessart, L., Hillier, J. 2007, MNRAS 383, 57–74, CMFGEN



Dessart, L. et al. 2008, ApJ 675, 644–669

When the time dependence is important?



Time-dependent, SN 1987A, 4 and 6 days

De, S., Baron, E. et al. 2010, MNRAS 401, 2081–2092, PHOENIX 1D
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When the time dependence is important?



Сontradiction

Utrobin & Chugai    Dessart & Hillier
Plateau phase

De & Baron
At early times



2s, 2p  ⇒ 2 - Super level

SE among l sublevels



l - equilibrium

2s, 2p  ⇒ 2 - Super level





NO SE among
l sublevels

Importance of the
l-splitting
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no self-consistent continuum!
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Continuum radiation



Continuum radiation

TARDIS

Kerzendorf, W. E. & Sim, S. A. A spectral synthesis code for rapid 
modelling of supernovae. Mon. Not. R. Astron. Soc. 440, 387–404 (2014).











The Flexible Atomic Code (FAC)
Ming Feng Gu

Hydrogen star
up to n = 10

100 level + continuum





Hydrogen

2p

2s

1s

C 2p → 1s

q 2p → 2s

R 2p → ∞

A 2p → 1s
A 2q

C 2p →  ∞

C 2p →  i
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