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SNLS-04D2d
: îòêðûòèå

Âñïûøêà â ÓÔ, çàðåãèñòðèðîâàííàÿ GALEX â 2008

ãîäó. Êðàñíîå èçîáðàæåíèå ðîäèòåëüñêîé ãàëàêòèêè

NAS-04D2d
 ïîëó÷åíî Õàááëîì.

Ìû ïîëó÷èëè, ÷òî SNLS-

04D2d
 âûçâàíà âçðûâîì

çâåçäû ñ ìàññîé ïðåä-

ñâåðõíîâîé 18.4M⊙, ðàäè-

óñîì 800R⊙ è ñ õàðàêòåð-

íîé äëÿ SN II ýíåðãèåé

1.2× 1051 ýðã.
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SNLS-04D2d
: ýâîëþöèÿ ñïåêòðà

Ýâîëþöèÿ ìîäåëüíîãî

ñïåêòðà íà ìîìåíòû 0d,

0.5d, 2d, 10d, 20d, 50d, 90d

äíåé îò íà÷àëà âñïûøêè.

Òîíêîé ñïëîøíîé ñèíåé

ëèíèåé èçîáðàæåí íå-ËÒ�

ñïåêòð íà 2-é äåíü (Gezari

et al. 2008). (g-band, r-

band, i-band, z-band in AB

magnitude system).
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Èñõîäíûå ìîäåëüíûå ïðåäïîëîæåíèÿ

ãåîìåòðèÿ: ñ�åðè÷åñêîå ïðèáëèæåíèå, 100-300 çîí ïî

ðàäèóñó

ñïåêòð: îê. 100 ãðóïï ïî ÷àñòîòå (îáû÷íî)

íåïðîçðà÷íîñòü: 150 òûñ. ëèíèé (ñïèñîê Èñòìàíà),

ðàñ÷åò ïî Ñîáîëåâó

óðàâíåíèå ñîñòîÿíèÿ: ËÒ� ( T, ρ,Xi )

ïåðåíîñ èçëó÷åíèÿ: ðåøåíèå íåðåëÿòèâ. êèí. óð.

Áîëüöìàíà â ìîìåíòíîì ïðèáëèæåíèè, çàìûêàíèå

ñèñòåìû óðàâíåíèé ÷åðåç ýääèíãòîíîâñêèå �àêòîðû.
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Êèíåòè÷åñêîå óðàâíåíèå Áîëüöìàíà
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f ≡ f(t, r, µ, ν) � ÷èñëà çàïîëíåíèÿ äëÿ �îòîíîâ

(∗ ∗ ∗) = −χtotf + χabsbν + χscatf,

χabs

- êîý�èöèåíò èñòèííîãî ïîãëîùåíèÿ

χscat

- êîý�èöèåíò òîìñîíîâñêîãî ðàññåíèÿ

χtot = χabs
ν + χscat

ν
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Êèíåòè÷åñêîå óðàâíåíèå Áîëüöìàíà
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f ≡ f(t, r, µ, ν) � ÷èñëà çàïîëíåíèÿ äëÿ �îòîíîâ

(∗ ∗ ∗) = −χtot

k fk + χabs

k bk + χscat
e f + χfluor

kk′ fk′ ,

χabs

- êîý�èöèåíò èñòèííîãî ïîãëîùåíèÿ
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- êîý�èöèåíò ðàññåíèÿ
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ν + χfluor
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χfluor
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Ôëóîðåñöåíöèÿ

Pinto, Eastman 2000
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Ïðåäñâåðõíîâàÿ SN Ia, ìîäåëü: m030307m
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Ïðåäñâåðõíîâàÿ SN IIP, ìîäåëü: 
at_R500_M15_Ni004_E7
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Íåïðîçðà÷íîñòü, ìîäåëü: m030307m
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Çîíà 41, 3 äåíü
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Íåïðîçðà÷íîñòü, ìîäåëü: m030307m
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UBVRI êðèâûå áëåñêà, ìîäåëü: m030307m

Âëèÿíèå ðàññåíèÿ â ëèíèÿõ

íà ìîäåëüíóþ êðèâóþ áëåñêà

ÑÍ Ia. ËÒ� ðàñ÷åò.
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Äèàãðàììà lg(T )-lg(ρ), ìîäåëü: m030307m
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ðàñ÷åò. Øòðèõè îòìå÷àþò

ðàäèàöèîííóþ òåìïåðàòóðó

Trad.

Äëÿ çàäàííîãî t, êàæäàÿ òî÷-

êà íà (T, ρ) êðèâîé ñîîòâåò-

ñòâóåò íåêîòîðîìó çíà÷åíèþ

ìàññîâîé ëàãðàíæåâîé êîîð-

äèíàòå, ìåíÿþùåéñÿ îò 6 ×

10−6 M⊙ äî 1.37 M⊙

Äèàïàçîí:

ρ < 10−10g cm−3;

T < 4× 104K
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Äèàãðàììà lg(T )-lg(ρ), ìîäåëü: 
at_R500_M15_Ni004_E7
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Trad.

Äëÿ çàäàííîãî t, êàæäàÿ òî÷-

êà íà (T, ρ) êðèâîé ñîîò-

âåòñòâóåò íåêîòîðîìó çíà÷å-

íèþ ìàññîâîé ëàãðàíæåâîé

êîîðäèíàòå, ìåíÿþùåéñÿ îò

1.4 M⊙ äî 15 M⊙

Äèàïàçîí:

ρ < 10−10g cm−3;

T < 4× 104K
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Ñðàâíåíèå ñêîðîñòåé óäàðíûõ è ðàäèàöèîííûõ ïðîöåññîâ - 1

Ñêîðîñòü �îòîèîíèçàöèè:

Rij
c = 4π

∫
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ν
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th

α
ij
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hν
dν ,

ν
ij
th

- ïîðîã èîíèçàöèè, Jν - èíòåíñèâíîñòü èçëó÷åíèÿ, α
ij
ph

-

ñå÷åíèå �îòîèîíèçàöèè.

Óäàðíàÿ èîíèçàöèÿ:

Cij
c = ne〈σv〉 = ne

∫
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v
ij
th

σij(v)f(v)vdv

σij - ñå÷åíèå óäàðíîé èîíèçàöèè.
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Ñðàâíåíèå ñêîðîñòåé óäàðíûõ è ðàäèàöèîííûõ ïðîöåññîâ - 2

T,K H I He I Fe I

3.5 · 103 3.6× 10−9 < 10−20 9.2× 10−8

1.2 · 104 7.6× 10−3 2.5× 10−4 3.3× 10−8

4.0 · 104 5.0× 10−3 3.2× 10−4 1.× 10−1

C
jc
i

R
jc
i

âû÷èñëåííî äëÿ H I, He I, FeI íà îñíîâíîì óðîâíå ïðè ρ = 10−9 g


m

−3

è

T = 3.5 · 103, 1.2 · 104, 4 · 104 K.
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íå-ËÒ�: ìîäè�èöèðîâàííîå íåáóëÿðíîå ïðèáëèæåíè

Lu
y (1999)

Ôîðìóëÿ äëÿ âîçáóæäåíèÿ óðîâíåé:
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W - �àêòîð äèëþöèè

Trad = h<ν>
kx

, < ν > ≡
∫
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νJνdν

∫
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0
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, x ≡
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ey−1

∫
∞
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≈ 3.8324

Te - ýëåêòðîííàÿ òåìïåðàòóðà

W = π<J>
σT4

rad

TJ = W 1/4Trad

η = ζ +W (1− ζ) , ζ - äîëÿ ðåêîìáèíàöèé, èäóùèõ íà îñíîâíîé óðîâåíü

Òàðóñà, ñåìèíàð ÈÊÈ, 31.01.2013 � p. 18



Èîíèçàöèÿ Fe: LTE VS NLTE, ìîäåëü: m030307m

Fe Fe
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Ýâîëþöèÿ èîíèçàöèîííîé ñòðóêòóðû íà ñðåçå ñêîðîñòè 8200 êì/ñ(çîíà 29, 0.5 Ì)
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UBVRI êðèâûå áëåñêà, ìîäåëü: m030307m

Ñðàâíåíèå íå-ËÒ�(ñïëîøíàÿ) è ËÒ�(øòðèõ) UBVRI êðèâûõ áëåñêà äëÿ ìîäåëè

m030307m
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Çàêëþ÷åíèå

Ôëóîðåñöåíöèÿ â îáîëî÷êàõ ñâåðõíîâûõ ñóùåñòâåííî

âëèÿåò íà ñïåêòð âûõîäÿùåãî èçëó÷åíèÿ

Ìîæíî èñïîëüçîâàòü ìîäè�èöèðîâàííîå íåáóëÿðíîå

ïðèáëèæåíèå äëÿ ó÷åòà âëèÿíèÿ íåðàâíîâåñíîãî

èçëó÷åíèÿ íà óð. ñîñòîÿíèÿ

Èíòåðåñíî ïðèìåíèòü ðåçóëüòàòû ê ðåàëüíûì

ñâåðõíîâûì...
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Ïðîÿâëåíèå íå-ËÒ� ý��åêòîâ íà
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âëèÿíèå íåðàâíîâåñíîãî èçëó÷åíèÿ
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STELLA VS others

S.Blinnikov, P.Baklanov, et
: Stella [RadHydro, LTE+NLTE, 1D, Eq ℄

L.Lu
y, P.Mazzali [None RadHydro, NLTE, Spe
trum, 3D, MC℄

S. Sim, M.Kromer: Nero, ARTIS [None RadHydro, NLTE, Spe
trum, 3D, MC℄

J.Hillier, L. Dessart: 
ode CMFGEN [RadHydro?,NLTE,1D,Eq℄

P.Haus
hildt, E.Baron: Phoenix [None RadHydro, NLTE, Spe
trum, MC℄

R.Eastman: 
ode Eddington [None RadHydro, 1D, Eq℄

D.Sauer, Pauldra
h: 
ode WM-basi
 [None RadHydro, NLTE, Spe
trum, Eq℄

Kasen: SEDONA [None RadHydro, NLTE, Spe
trum, 3D, MC℄

Fisher: SYNOW [None RadHydro, LTE, Spe
trum, 1D, Eq℄

M.Pumo,L.Zampieri [None RadHydro, LTE, Grey Ath, TOPS, 1D, Eq ℄

P.Utrobin [RadHydro, Grey Ath, NLTE+LTE, 1D, Eq ℄

S.Woosley: 
ode Kepler [Nu
.syn.,RadHydro, Trad, NLTE,1D,Eq℄

D.Whalen, C.Fryer: RAGE [RadHydro, TOPS, LTE, 3D, Eq ℄
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