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Ñîäåðæàíèå

I Ôîòîìåòðè÷åñêîå ðàññòîÿíèå

I Ìåòîä ðàñøèðÿþùèõñÿ ôîòîñôåð äëÿ SN IIp
(Expanding Photosphere Method, EPM)

I Ìåòîä ïëîòíîãî ñëîÿ äëÿ SN IIn
(Dense Shell Method, DSM)

I Óñòîé÷èâîñòü DSM ê óðàâíåíèþ ñîñòîÿíèÿ: ËÒÐ VS íåËÒÐ

I Àïïðîáàöèÿ DSM: 3 ïðèìåðà

I Ôëþîðåñöåíöèÿ (äîïîëíåíèå)
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Còàíäàðòíàÿ ñâå÷à è ëèíåéêà

(Credit: NASA/JPL-Caltech)
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Ôîòîìåòðè÷åñêîå ðàññòîÿíèå

Îïðåäåëåíèå
Ïî îïðåäåëåíèþ ôîòîìåòðè÷åñêîå ðàññòîÿíèå ýòî

d2

L =
Lν

4π100.4AνFν
,

ãäå Lν - àáñîëþòíàÿ ñâåòèìîñòü èñòî÷íèêà, Fν - çàðåãèñòðèðîâàííûé
íàáëþäàòåëåì ïîòîê, Aν - ìåæçâåçäíîå ïîãëîùåíèå.

Êîñìîëîãèÿ
Çàâèñèìîñòü ìåæäó êðàñíûì ñìåùåíèåì (z) è dL îïðåäåëÿåòñÿ
êîñìîëîãè÷åñêîé ìîäåëüþ:

dL(z)(Ωm,ΩDE ,w(z))|theory

Íàáëþäåíèÿ äàþò dL(z)(observed), èç êîòîðûõ ìû ìîæåì ïîëó÷èòü
ïàðàìåòðû ìîäåëè Ωm,ΩDE ,w(z), è ò.ï.
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Supernova
Discovery

(as seen from 
Hubble Space
Telescope)

Difference

(as seen from
telescopes 
 on Earth)

3 Weeks 
Before

Supernova 1998ba
Supernova Cosmology Project

(Perlmutter, et al., 1998)
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Èçìåðèòåëüíûå èíñòðóìåíòû äëÿ êîñìîëîãèè

Ìåòîäû:

I SN Ia - îñíîâíîé
èíñòðóìåíò,
�ñòàíäàðòíàÿ ñâå÷à�

I SN IIp - ïðÿìîé
ãåîìåòðè÷åñêèé ìåòîä
ðàñøèðÿþùèõñÿ
ôîòîñôåð

I SN IIn - íîâûé
ïðÿìîé
ãåîìåòðè÷åñêèé ìåòîä
ïëîòíîãî ñëîÿ (Credit: NASA/CXC/UC Berkeley/N.Smith et al.)
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SN Ia: óñïåõ ìåòîäà

Íîáåëåâñêàÿ ïðåìèÿ ïî ôèçèêå çà 2011 ãîä

"for the discovery of the accelerating expansion of the Universe

through observations of distant supernovae".

Adam Riess
Riess, Adam G., et al.

Observational evidence from

supernovae for an accelerating

universe and a cosmological

constant.

The Astronomical Journal,

116(3), (1998).

Saul Perlmutter
Perlmutter, Saul, et al.

Measurements of Ω and Λ
from 42 high-redshift

supernovae

The Astrophysical Journal,

517(2), (1999).
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SN Ia: ñòàíäàðòíàÿ ñâå÷à

Òðåáîâàíèÿ

I Êðèâûå áëåñêà áëèçêè ïî
ñâåòèìîñòè è ïîõîæè ïî
ôîðìå

I Ïðîöåäóðà ñòàíäàðòèçàöèè
ñâåòèìîñòè - ñîîòíîøåíèå PP
ìåæäó øèðèíîé ìàêñèìóìà
êðèâîé áëåñêà è åãî
àìïëèòóäîé

I Íåîáõîäèì áîëüøèé íàáîð
SN Ia ñ èçìåðåííûì
íåçàâèñèìûì ñïîñîáîì
ðàññòîÿíèåì

I Âòîðè÷íûé èçìåðèòåëüíûé
èíñòðóìåíò

(Credit: SCP, http://panisse.lbl.gov/public/)
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SN Ia: ñòàíäàðòíàÿ ñâå÷à

Òðåáîâàíèÿ

I Êðèâûå áëåñêà áëèçêè ïî
ñâåòèìîñòè è ïîõîæè ïî
ôîðìå

I Ïðîöåäóðà ñòàíäàðòèçàöèè
ñâåòèìîñòè - ñîîòíîøåíèå PP
ìåæäó øèðèíîé ìàêñèìóìà
êðèâîé áëåñêà è åãî
àìïëèòóäîé

I Íåîáõîäèì áîëüøèé íàáîð
SN Ia ñ èçìåðåííûì
íåçàâèñèìûì ñïîñîáîì
ðàññòîÿíèåì

I Âòîðè÷íûé èçìåðèòåëüíûé
èíñòðóìåíò

Ïñêîâñêèé Þðèé Ïàâëîâè÷, ÃÀÈØ
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Øêàëà ðàññòîÿíèé
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Øêàëà ðàññòîÿíèé
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SN IIp + SN IIn

Ìåòîäû:

I SN IIp � ïðÿìîé ãåîìåòðè÷åñêèé ìåòîä ðàñøèðÿþùèõñÿ

ôîòîñôåð

Expanding Photosphere Method (EPM)

I SN IIn - íîâûé ïðÿìîé ãåîìåòðè÷åñêèé ìåòîä ïëîòíîãî

ñëîÿ

Dense Shell Method (DSM)

Ï. Áàêëàíîâ (petr.baklanov@itep.ru) ÃÀÈØ, Ìîñêâà 4 ìàðòà 2014 10



SN IIp: ñòðóêòóðà

(Credit http://www.uni.edu/morgans/astro/course/Notes/section2/new9.html)
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SN IIp: óäàðíàÿ âîëíà ðàçãîíÿåò âåùåñòâî îáîëî÷êè

SN 1999em: Ïðîôèëü ñêîðîñòè v ïî ðàäèóñó îáîëî÷êè
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Èñòèííàÿ ôîòîñôåðà

Ôîòîìåòðè÷åñêîå ðàññòîÿíèå

dL =

√
Lν

4πFν(dL)

Ñ ôîòîñôåðîé Rph

Lν = 4πR2

phFν(Rph),
ãäå Rph- ðàäèóñ ôîòîñôåðû

dL = Rph

√
Fν(Rph)

Fν(dL)

Óãëîâîé ðàçìåð çâåçäû θ:

θ =
Rph

dL
=

√
Fν(dL)

Fν(Rph)
. (1)

ÂW: Èç èçâåñòíûõ Fν(dL) è
Fν(Rph) ⇒ θ.
Åñëè Rph ìîæíî èçìåðèòü, òî

èç (1) ìîæíî âû÷èñëèòü

ðàññòîÿíèå dL.
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SN IIp: Ìåòîä Ðàñøèðÿþùèõñÿ ôîòîñôåð

Baade(1926) � Wesselink(1946) � Kirshner & Kwan (1974).

(Expanding Photosphere Method, EPM)

Èñïîëüçóÿ ñëàáûå ëèíèè, ìîæíî ïîìåðèòü ñêîðîñòü âåùåñòâà

íà óðîâíå ôîòîñôåðû u è âû÷èñëèòü Rph:

Rph = u(t − t0) + R0 ,

ãäå t0 - ìîìåíò âçðûâà, R0 - íà÷àëüíûé ðàäèóñ ïðåäñâåðõíîâîé.

Òîæå ñàìîå, íî ÷åðåç θ =
Rph
dL

:

ti = dL
θi
ui

+ t0
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SN IIp: Ìåòîä Ðàñøèðÿþùèõñÿ ôîòîñôåð
Baade(1926) � Wesselink(1946) � Kirshner & Kwan (1974).

(Expanding Photosphere Method, EPM)

Ìåòîä EPM èñïîëüçóåò ïðåäïîëîæåíèå î äèëþòèðîâàííîì

÷åðíîòåëüíîì ñïåêòðå:

Fν(Rph) = ζ2πBν(Tc) ,

ãäå ζ � êîððåêòèðóþùèé êîýôôèöèåíò( ôàêòîð äèëþöèè), Tc �

öâåòîâàÿ òåìïåðàòóðà (èç íàáëþäåíèé)

Ôàêòîð äèëþöèè íàõîäèòñÿ èç ìîäåëèðîâàíèÿ ñâåðõíîâûõ:
J =

∫∞
0 Jνdν - ìîäåëüíûé íóëåâîé ìîìåíò èíòåíñèâíîñòè

Tc =
h<ν>
kx

, x ≈ 3.8324 (äëÿ ÷åðíîãî òåëà)

< ν > ≡
∫∞
0 νJνdν /J

ζ =
πJ

σT 4
c
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EPM: êîððåëÿöèîííàÿ çàâèñèìîñòü

Eastman R. G. etc 1996
Íà îñíîâå 60-òè
ðàäèàöèîííî-ãèäðîäèíàìè÷åñêèõ
ìîäåëåé ïîñòðîåíà êîððåëÿöèÿ
ìåæäó ζ − Tcolor

Ïîëó÷åííàÿ çàâèñèìîñòü
ïîçâîëÿåò áåç ñëîæíûõ ðàñ÷¼òîâ,
èìåÿ òîëüêî íàáëþäåíèÿ,
âû÷èñëèòü ôàêòîð ζ.

Ìåòîä EPM äîñòóïåí äëÿ

ìàññîâîãî ïðèìåíåíèÿ.

Êîððåëÿöèÿ ζ − Tcolor
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EPM: óñïåõ ìåòîäà
Ìåòîäîì EPM ïîëó÷åíû íåçàâèñèìûå îöåíêè íà ïîñòîÿííóþ

Õàááëà H0.

H0 = 73± 6 km/s/Mpc

Schmidt, Brian P., et al.

The distances to �ve Type II

supernovae using the

expanding photosphere

method, and the value of H0

The Astrophysical Journal 432

(1994): 42-48.

ζ − Tcolor correlation

Äàëè òåîðåòè÷åñêîå

îáîñíîâàíèå EPM è

ïîäòâåðäèëè ðåçóëüòàò

Schmidt

Eastman R. G., Schmidt B. P.

and Kirshner R.

The Atmospheres of Type II

Supernovae and the

Expanding Photosphere

Method

Astrophysical Journal v.466,

p.911á (1996)
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EPM: ðàçáðîñ â ðàññòîÿíèÿõ äî SN 1999em
Ïðåêðàñíî èçó÷åííàÿ SN 1999em â ãàëàêòèêå NGC 1637.

Ðàññòîÿíèå D äî Sn 1999em: ðàçíèöà â 50%
Èñòî÷íèê D [Ìïê] Ìåòîä
Tully (1988) 8.9± 1.6 T-F
Sohn,Davidge (1998) 7.8± 1.0 TRGB
Hamuy et al. (2001) 8.2± 0.6 EPM
Leonard et al. (2002a) 7.5± 0.5 EPM
Nadyozhin (2003) 11.1± 2.2 Plateau-tail
Leonard et al. (2003) 11.7± 1.0 Cepheids
Elmhamdi et al. (2003) 7.8± 0.3 EPM
Baron et al. (2004) 12.5± 1.8 SEAM
Dessart, Hillier (2006) 11.5± 1.0 EPM
Saha et al. (2006) 12.0± 0.4 Cepheids
Jones et al.(2009) 9.3± 0.5 to 13.9± 1.4 EPM
Tully (2009) 9.8± 1.6 T-F
Springob et al. (2009) 17.1± 3.0 T-F
Enriquez, J. E. (2010) 11.5± 1.0 EPM
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EPM: ñîìíåíèå â äîñòîâåðíîñòè ìåòîäà
Ðàçâèòèå EPM � íåò ÷åðíîìó òåëó.

Â ìåòîäå âîñïðîèçâåäåíèÿ ñïåêòðîâ ðàñøèðÿþùèõñÿ àòìîñôåð

(Spectral-�tting expanding atmosphere method, SEAM) â ìîäåëè

ïîäãîíÿåòñÿ âåñü íàáëþäàåìûé ñïåêòð.

Ïðèìåíÿÿ SEAM Áàðîí ïîëó÷èë
ðàññòîÿíèå äî SN 1999em

D = 12.5± 1.8 Mpc.

Baron, E., Nugent, P. E., Branch,
D., Hauschildt, P. H.
Type IIP supernovae as cosmological

probes: a spectral-�tting expanding

atmosphere model distance to SN

1999em.

The Astrophysical Journal Letters,

616(2), L91, (2004).

Âîïðîñ

d = ζRph

√
πBν(Tcolor )

Fν(observed)

Êîððåêòíî ëè ïðèìåíÿòü EPM áåç

ó÷åòà èçìåíåíèÿ äèëþöèè ïðè

ìàññîâîé îöåíêå ðàññòîÿíèÿ äëÿ

ðàçíûõ ñâåðõíîâûõ?

Îòâåò: íåò
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EPM: êîððåëÿöèÿ ζ − Tc íå âûïîëíÿåòñÿ

Íàøå èññëåäîâàíèå SN 1999em, ðàñ÷¼ò

ðàäèàöèîííî-ãèäðîäèíàìè÷åñêèì êîäîì Stella

ζ äëÿ ìîäåëè SN 1999em
Date (JD 2451000+) ζ E96 ζ BB05
481.2 0.45 0.50
485.863 0.424 0.52
486.767 0.42 0.55
517.795 0.65 0.86
530.755 0.75 0.89
540.7 0.8 0.89
575.42 0.88 0.80

Ðàññòîÿíèå äî SN 1999em

Ìû ïîëó÷èëè d = 10.4± 1 Mpc,
÷òî õîðîøî ñîãëàñóåòñÿ ñ SEAM!
Äëÿ êàæäîé ñâåðõíîâîé íàäî
ïîäáèðàòü èíäèâèäóàëüíóþ
ìîäåëü (êàòàëîã ñâåðõíîâûõ).
Íàáëþäåíèÿ äîëæíû
ìàêñèìàëüíî îãðàíè÷èâàòü
ñâîáîäíûå ïàðàìåòðû ìîäåëè.

Baklanov, P. V., Blinnikov, S. I., Pavlyuk, N. N. (2005).
Parameters of the classical type-IIP supernova SN 1999em.

Astronomy Letters, 31(7), 429-441.
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SN IIp + SN IIn

Ìåòîäû:

I SN IIp � ïðÿìîé ãåîìåòðè÷åñêèé ìåòîä ðàñøèðÿþùèõñÿ

ôîòîñôåð

Expanding Photosphere Method (EPM)

I SN IIn - íîâûé ïðÿìîé ãåîìåòðè÷åñêèé ìåòîä ïëîòíîãî

ñëîÿ

Dense Shell Method (DSM)
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SN IIn� ñâåðõíîâûå ñ óçêèìè (narrow) ïðîôèëÿìè ëèíèé
N.Smith et al., arXiv:0906.2200

SN 2006gy: Hα pro�le Line structure
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SN 2009ip- ïðèìåð SN IIn

SN 2009ip

I Äâà âñïëåñêà ñ èíòåðâàëîì 1

ìåñÿö

I 1 âñïëåñê: âûáðîñ ìàññû

ïîðÿäêà 1.5 M�

I 2 âñïëåñê: ñâåðõíîâàÿ,

óäàðíàÿ âîëíà îò êîòîðîé

áåæèò ïî âåùåñòâó èç ïåðâîãî

âûáðîñà

(Credit: Pastorello, arxiv:1210.3568)
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DSM: our simulations, model sn09ipbp3

The model presupernova star had Renv = 700R�, Menv = 1.3M�,

Eburst = 1051erg

Density and composition The light curves
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DSM: the formation of the Dense Shell (DS)

Shock wave

I The DS is moving along

radius (density-black)

I The photosphere is glued

to the DS (optical

depth-red)

I Temperature is

approximately constant

(temperature-green)

I Thus Baade-Wesselink

method can be applied at

these conditions.

Evolution of model sn09ipbp3
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SN IIn and Dense Shell Method (DSM): short introduction
The method of measuring cosmological distances based on

supernovae of type IIn.

Sn IIn

I SNe IIn are one of the type of

supernovae, which indicates the

presence of narrow emission

lines in the spectra.

I SNe IIn are one of the most

powerful light sources in the

Universe.

I SNe IIn have very bright the

light curves for months.

I SNe IIn may be used as primary

distance indicators.

Baade-Wesselink's idea

vph − Doppler shift

∆Rph =

∫ t2

t1

vphdt

θ =
Rph

dL
=

√
Fν(dL)

Fν(Rph)
.

Simple version of the DSM:

R(t2)− R(t1) = vph(t2 − t1)

Fν(dL) = πζ2Bν(Tcolor )
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Papers

The method has been tested at the two famous supernova with the

known distances to the host galaxies.

SN 2006gy

Dhost = 71Mpc

Our result:

DDSM ≈ 68+19
−15Mpc

Blinnikov S., Potashov M.,

Baklanov P.,Dolgov A.

Direct determination of the

hubble parameter using type

IIn supernovae

JETP, arXiv: 1207.6914

SN 2009ip

Dhost = 20.4Mpc

Our result:

DDSM ≈ 20.1± 0.8Mpc

Potashov M., Blinnikov S.,

Baklanov P.,Dolgov A.

Direct distance measurements

to SN 2009ip

MNRAS, arXiv: 1212.6893
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Nonequilibrium radiation �eld

The conditions in the envelope

I Density: ρ < 10−12g/sm−3

I Temperature: T ≈ 104K

I TJ < T < Tcolor

(σT 4
J = πJ → N,

Tcolor � bb �t of Jν → ∗)

We have the hot diluted radiation in
the cold matter.

LTE conditions are not satis�ed.

Model evolution: lg(T )− lg(ρ)
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Equation of state
Using code Levels by Marat

Potashov, we compute two variants

of plasma state WITH/WITHOUT

the collisional processes for the same

initial conditions on density,

chemical composition and

temperature.

Non-LTE approach

Under these conditions the role of

collisional processes can be

neglected.

Ion populations Nijk [ñì
−3],

with collisional / no collisional

H
1.01 1.7161e+08 / 1.7735e+09
1.02 5.6416e+03 / 5.6815e+03
2.01 1.8353e+11 / 1.8193e+11
He

1.01 1.0393e+11 / 1.0392e+11
2.01 2.5296e+07 / 2.5517e+07

C
1.01 3.4388e+04 / 3.4085e+04
1.02 3.4781e+03 / 3.4475e+03
2.01 1.5254e+08 / 1.5254e+08
2.02 2.4570e+05 / 2.4570e+05
3.01 4.2105e+03 / 4.2474e+03
Fe

1.01 1.8969e+00 / 1.8682e+00
2.01 1.7754e+06 / 1.7636e+06
2.02 1.1765e+06 / 1.1687e+06
3.01 1.1634e+07 / 1.1658e+07
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Equation of state: Non-LTE approach

Modi�ed nebular approximation, Lucy (1999)
Adopted excitation formula:

n
ju
i

n
jl
i

= W
g
ju
i

g
jl
i

e
−

hνul
kTrad

Adopted ionization formula:

N
j+1

i ne

N
j
i

= ηW
2U j+1

i

U
j
i

(2πmekTrad)3/2

h3

(
Te

Trad

)1/2

e
−

χij
kTrad

Te - electron temperature

Trad = h<ν>
kx

T 4
J
= πJ

σ
- e�ective temperature

W = πJ
σT4

rad

- dilution factor

< ν > ≡
∫∞
0 νJνdν /J, J ≡

∫∞
0 Jνdν

η = ζ + W (1− ζ)
ζ - fraction of recombinations going directly to the ground state
x ≈ 3.8324
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Model sn09ipbp3: Non-LTE calculation

In�uence of Non-LTE
I The higher ionization makes it less

transparent. τ shows more rapid
growth.

I The higher opacity increases the
radiative corrections in the equation
for v .

I Velocity v has raised a little.

I The DS is shifted along the radius.

Stability of DSM

I Important dR, not absolute value R

I Temperature T , Luminosity L have
not changed signi�cantly

So DSM method works well with

the simple assumptions.

LTE(solid) VS Non-LTE(dashed)
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SN 2010jl: discovery

I Newton and Puckett discovered
SN 2010jl on 2010 November 3.

I It exploded in the irregular galaxy
UGC 5189A at a distance of
50 Mpc

I Spectra on 2010 Nov 5 show that
it is a Type IIn event [Benetti et
al. 2010]

I Chandra have provided the �rst
X-ray evidence of a supernova
shock wave.

I The total V-band extinction was
estimated to be AV = 0.084m

[Ofek et al. 2013]

SN 2010jl: A Supernova Cocoon
Breakthrough

Chandra

http://chandra.harvard.edu/photo/2012/sn2010
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SN 2010jl: optical light curves [�g.1 Ofek 2013]
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SN 2010jl: DSM
The parameters of the observations
[Smith et al. 2010, Ofek et al.2013]

I t1 = 10d FV (t1) = 13.7m [�g. 1
Ofek]

I t2 = 14d FV (t2) = 13.6m [�g. 1
Ofek]

I T = 7000 K [�g.3 Ofek,
�g.2 Smith]

I vph = 5.5× 108 sm/c [�g.12 Ofek]

DSM: blackbody approximation

Simple version of the DSM:

R(t2)− R(t1) = vph(t2 − t1)

Fν(dL) = πBν(Tcolor )

θ =
Rph

dL
=

√
Fν(dL)

Fν(Rph)
.

Result (preliminarily)

DDSM = 49Mpc (studies is underway)

(Dhost = 50Mpc)
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Fluorescence: prospects

In Stella's radiation equations we use the invariant photon
distribution function fν(r , µ):

1

c

∂f

∂t
+ µ

∂f

∂r
+

1− µ2

r

(
1− Qµv

c

)
∂f

∂µ
− v(1 + Qµ2)ν

cr

∂f

∂ν
= ην − χtotν f

Total opacity:

χtotν = χscatν + χabsν

and we use emission as

ην = χabsν Bν(T ) + χscatν Jν

No �uorescence, no re-emission in other frequency bands
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Fluorescence

Replace ν → k - number frequency group

ηk = χabsk Bνk + χscatk Jνk +
∑
k ′

χk
′,k

�uorJνk′

χk
′,k

�uor - an analogue of the cascade matrix, it's show which part

absorbed energy in k-group would be emitted in k'-group (see

Pinto, Eastman (2000)).
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Fluorescence: χk ′,k
�uor

Summing all atomic transitions over the frequency bins we get χk
′,k

�uor:

χk
′,k

�uor =
ν

∆ν

∂β

∂r

∑
(∀{u,l}∈(∆ν))

(1− e−τu,l ) (1− εu,l)
∑

(∀{u,l′}∈(ν′
k
,ν′

k
+∆ν))

bu,l′


Where: next slide
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Fluorescence: χk ′,k
�uor

τu,l =
hc

4π

(nlBl ,u − nuBu,l )

|∂v/∂r |
− Sobolev optical depth

pul =
1− e−τul

τul
− escape probability for a photon emitted

εu,l =
ne
∑

l Cu,l

ne
∑

l Cu,l +
∑

l pu,lAu,l

− the probability of de-excitation by electron impact

bu,l =
pu,lAu,l∑
l pu,lAu,l

− photon-emission probability
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Fluorescence: χk ′,k
�uor

103 104

lg(λ),[A] in

103
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(λ

),
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χ
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u
or

Clearly seen the known e�ect of �uorescence reprocessing

ultraviolet radiation into visible and infrared wavelength ranges.
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Fluorescence: self-testing

For self-testing �uorescence can be computed under LTE.

When:

−χtotBνk + χabsBνk +
∑
k ′

χk
′,k

�uorBνk′ = 0

Then, for each k must be equal the following sums:

Bνk

∑
k ′

χk,k
′

�uor =
∑
k ′

χk
′,k

�uorBνk′
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Fluorescence: self-testing

-18
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-14

-12

-10

-8
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-4
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Blue line is Bνk
∑

k ′ χ
k,k ′

�uor.

Green line is
∑

k ′ χ
k ′,k
�uorBνk′ .

Good agreement!
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Çàêëþ÷åíèå

I Ñâåðõíîâûå òèïà II ìîæíî èñïîëüçîâàòü, êàê ïðÿìîé ñïîñîá
èçìåðåíèÿ ðàññòîÿíèé âî Âñåëåííîé.

I SN IIp òðåáóåò äåòàëüíîãî ìîäåëèðîâàíèÿ êàæäîé ñâåðõíîâîé.

I Äëÿ îöåíêè ðàññòîÿíèÿ ìåòîäîì ïëîòíîãî ñëîÿ (DSM)
âîçìîæíî èñïîëüçîâàíèå ÷åðíîòåëüíîãî ïðèáëèæåíèÿ íà ðàííåé
ôàçå êðèâîé áëåñêà (ìîìåíò âûõîäà ÓÂ).

I DSM áûë óñïåøíî îïðîáîâàí íà 3 ñâåðõíîâûõ: SN 2006gy,
SN 2009ip and SN 2010jl.

I Â óñëîâèÿõ òèïè÷íûõ äëÿ âíåøíèõ ñëîåâ SN IIn â ïðîöåññå
ýâîëþöèè ðàäèàöèîííûå ïðîöåññû íà÷èíàþò äîìèíèðîâàòü íàä
óäàðíûìè, ÷òî ïîçâîëÿåò èñïîëüçîâàòü ìîäèôèöèðîâàííîå
íåáóëÿðíîå ïðèáëèæåíèå äëÿ ðàñ÷åòà íåËÒÐ ýôôåêòîâ.

I Â äàëüíåéøåì íåîáõîäèìî âêëþ÷èòü ôëþîðåñöåíöèþ â íàøå
ìîäåëèðîâàíèå.

I Ñïàñèáî çà âíèìàíèå!
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