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Êðèâûå áëåñêà



Ðàííèå ñïåêòðû



GRB�SN (Hjorth & Bloom, arXiv:1104.2274)

GRB/XRF SN z Evidence Comments
Designation

980425 1998bw 0.0085 A spectroscopic SN
011121 2001ke 0.362 B spectral features
100316D 2010bh 0.0591 A spectroscopic SN
020903 0.251 B spectral features
021211 2002lt 1.006 B spectral features
030329 2003dh 0.1685 A spectroscopic SN
031203 2003lw 0.1055 A spectroscopic SN
050525A 2005nc 0.606 B spectral features
060218 2006aj 0.0334 A spectroscopic SN
081007 2008hw 0.530 B spectral features
101219B 0.552 B spectral features
+XRF 080109 2008D 0.0065 A spectroscopic SN

A: Ñèëüíîå ñïåêòðîñêîïè÷åñêîå ïîäòâåðæäåíèå.

B: ßâíîå ïîÿð÷àíèå íà êðèâîé áëåñêà è íåêîòîðûå ñïåêòðîñêîïè÷åñêèå

ïîäòâåðæäåíèÿ, íàïîìèíàþùèå ïîâåäåíèå SN.



GRB�SN: áîëåå ñëàáûå ïîäòâåðæäåíèÿ

GRB/XRF SN z Evidence Comments
Designation

970228 0.695 C
980326 D red bump
990712 0.433 C
991208 0.706 E low signi�cance
000911 1.058 E low signi�cance
020305 E not �tted by GRB-SNe
020405 0.691 C red bump
020410 D discovered via bump
030723 D red bump, X-ray excess
040924 0.859 C
041006 0.716 C
050416A 0.654 D poor sampling
050824 0.828 E low signi�cance



GRB�SN: áîëåå ñëàáûå ïîäòâåðæäåíèÿ

GRB/XRF SN z Evidence Comments
Designation

060729 0.543 E afterglow dominated
070419A 0.971 D poor sampling
080319B 0.938 C multiple color bump
090618 0.54 C
091127 2009nz 0.490 C
100418A 0.624 D
+101225A 0.32 C SED �tting

C: ßâíîå ïîÿð÷àíèå íà êðèâîé áëåñêà, ñîãëàñóþùååñÿ ñ êðàñíûì ñìåùåíèì
ãàììà-âñïëåñêà.
D: Çàìåòíîå ïîÿð÷åíèå, íî èçìåðåííûå õàðàêòåðèñòèêè ñâåðõíîâîé íå
ïîëíîñòüþ ñîãëàñóþòñÿ ñ áîëåå ÿâíûìè ñëó÷àÿìè GRB-SN, ëèáî äàííàÿ
îáëàñòü êðèâîé áëåñêà ïëîõî ïðîïèñàíà, ëèáî íåò îöåíîê êðàñíîãî
ñìåùåíèÿ.

E: Ïîÿð÷àíèå, íî ìàëîçàìåòíîå, ëèáî íå ñîãëàñóþùååñÿ ñ äðóãèìè GRB-SN



Êðèâûå áëåñêà SN 2006aj / GRB/XRF 060218 OT
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Ðàííèå ñïåêòðû SN 2006aj / GRB/XRF 060218 OT
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Ñïåêòðîñêîïèÿ XRF 060218/SN2006aj

Tsp � ÷èñëî ñóòîê ïîñëå âñïûøêè XRF/GRB060218 (2006 Feb. 18.149
UT). Ïðèâåäåíû òîëüêî ñïåêòðû ñ âûñîêèì îòíîøåíèåì ñèãíàë/øóì.
Ðàííèå ñïåêòðû, ïîëó÷åííûå Modjaz et al. (2006) íà 1.5-ìåòðîâîì
òåëåñêîïå FLWO (3.97 ñóòîê ïîñëå âñïëåñêà), íå âêëþ÷åíû èç-çà
íèçêîãî îòíîøåíèÿ ñèãíàë/øóì.

Òåëåñêîï Tsp and 2006 UT Ññûëêè

MDM (2.4m) 1.95 days (Feb.20.097) Mirabal et al.2006
BTA (6m) 2.55 days (Feb.20.70) Fatkhullin et al. 2006
ESO VLT (8m) 2.89 days (Feb.21.041) Pian et al. 2006
BTA (6m) 3.55 days (Feb.21.70) Fatkhullin et al. 2006
NOT (2.56m) 3.78 days (Feb.21.93) Sollerman et al. 2006
ESO Lick (3m) 4.01 days (Feb. 22.159) Pian et al. 2006
ESO VLT (8m) 4.876 days (Feb. 23.026) Pian et al. 2006



Ñïåêòðàëüíûå íàáëþäåíèÿ ÁÒÀ + Scorpio + VPHG550G (äèàïàçîí
3500�7500 �A�A, ðàçðåøåíèå FWHM 10 �A) + EEV 42-40 (bin 1× 2)

Êàëèáðîâî÷íûå êàäðû:

1. bias (�ýëåêòðîííûé íóëü� ìàòðèöû, ïîëó÷àþò äî èëè ïîñëå
íàáëþäåíèé, äîñòîòî÷íî ïîñòîÿíåí)

2. �at (ïëîñêîå ïîëå äëÿ êîððåêöèè íåîäíîðîäíîñòè
÷óâñòâèòåëüíîñòè ìàòðèöû. Ïîëó÷àþò ñ ïîìîùüþ ëàìïû
íåïðåðûâíîãî ñïåêòðà äëÿ êàæäîãî îáúåêòà),

3. neon (ëàìïà ëèíåé÷àòîãî ñïåêòðà He-Ne-Ar, ïîëó÷òü æåëàòåëüíî
äëÿ êàæäîé ïàðû êàäðîâ ñî ñïåêòðîì îáúåêòà. Èñïîëüçóþò äëÿ
êàëèáðîâîê ïî äëèíàì âîëí)

Òî æå ñàìîå äëÿ ñòàíäàðòà(îâ)



Êàëèáðîâî÷íûå êàäðû
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Ñïåêòðû: îáðàáîòêà

1. Îáúåêò:

1.1 âû÷èòàíèå ýëåêòðîííîãî íóëÿ
1.2 äåëåíèå íà ïëîñêîå ïîëå
1.3 ïîñòðîåíèå äèñïåðñèîííîé êðèâîé, êàëèáðîâêà ïî äëèíàì âîëí,

ïðîâåðêà ïî àòìîñôåðíûì ëèíèÿì
1.4 ñëåäû êîñìè÷åñêèõ ÷àñòèö
1.5 óäàëåíèå ëèíèé íî÷íîãî íåáà
1.6 åñëè ñèëüíûé âêëàä ðîä. ãàë., òî è åãî íàäî óäàëÿòü
1.7 ýêñòðàêöèÿ îäíîìåðíîãî ñïåêòðà èç äâóõìåðíîãî
1.8 èñïðàâëåíèå çà ïîãëîùåíèå â àòìîñôåðå äëÿ çàäàííîãî çåíèòíîãî

ðàññòîÿíèÿ

2. Ñòàíäàðò (òå æå øàãè)

3. Êàëèáðîâêà ïî ïîòîêó, ó÷¼ò ïîòåðü íà ùåëè

4. Èñïðàâëåíèå çà ïîãëîùåíèå â Ãàëàêòèêå è ðîäèòåëüñêîé ãàëàêòèêå
(åñëè âîçìîæíî).



Ìíîãîïàðàìåòðè÷åñêèé êîä SYNOW

I êîä SYNOW (Branch et al. 2001) ðàíåå ñ óñïåõîì èñïîëüçîâàëñÿ
äëÿ èíòåðïðåòàöèè ñïåêòðîâ îáû÷íûõ ñâåðõíîâûõ (ñì. ðàáîòû
Branch et al. 2002, Baron et al. 2005, Elmhamdi et al. 2006)

I ïðèáëèæåíèÿ êîäà:

1. ñôåðè÷åñêàÿ ñèììåòðèÿ;
2. ïîñëåäîâàòåëüíîå ðàñøèðåíèå ñëîåâ (v ∼ r);
3. ðåçêàÿ ãðàíèöà ôîòîñôåðû, èçëó÷àþùåé ÷åðíîòåëüíûé ñïåêòð è

àññîöèèðóåìîé íà ðàííèõ ñòàäèÿõ ñ ÓÂ.

I òèïû P Cyg-ïðîôèëåé:

1. ëèíèè, ôîðìèðóþùèåñÿ â ñëîå, íåîòäåëåííîì îò ôîòîñôåðû
(undetached case);

2. è ëèíèè, âîçíèêàþùèå â îòäåëåííîì îò ôîòîñôåðû ñëîå (detached
case).





Ðàáîòà ñ SYNOW
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Ðåçóëüòàòû



Ïðèçíàêè âîäîðîäà â ñïåêòðàõ SN 2006aj / GRB/XRF
060218 OT
Sonbas, E.; Moskvitin, A. S.; Fatkhullin, T. A. et al., �The stellar-wind
envelope around the supernova XRF/GRB060218/SN2006aj massive
progenitor star�, Astrophysical Bulletin, 63, 3 (2008), arXiv:0805.2657
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Êðèâûå áëåñêà SN 2008D (Modjaz et al., 2008)
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Ïðèçíàêè âîäîðîäà â SN 2008D / XRF 080109

Moskvitin, A. S.; Sonbas, E.; Sokolov, V. V.; Fatkhullin, T. A.;
Castro-Tirado, A. J., �Study of Envelope Velocity Evolution of Type Ib-c
Core-Collapse Supernovae from Observations of XRF 080109 / SN 2008D
and GRB 060218 / SN 2006aj with BTA�, Astroph. Bull., 65, 132 (2010),

arXiv:1004.2633
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Ïðèçíàêè âîäîðîäà â ñïåêòðàõ SN 2008D è SN 2006aj
Ñîãëàñèå ýâîëþöèè ñêîðîñòåé ðàñøèðåíèÿ ôîòîñôåð è îáîëî÷åê SN
2006aj è SN 2008D ñ àíàëîãè÷íûìè ñêîðîñòÿìè �êëàññè÷åñêèõ�
ñâåðõíîâûõ Ib òèïà (Branch et al., 2002). Ñêîðîñòè èçìåðåíû ïî
ëèíèÿì èîíèçîâàííîãî æåëåçà.
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Ñðîâíåíèå ñêîðîñòåé âîäîðîäà è ãåëèÿ äëÿ òîé æå âûáîêè ñâåðõíîâûõ.
Ëèíèåé ïîêàçàíà ýâîëþöèÿ ñêîðîñòè ôîòîñôåðû ñ ïðåäûäóùåãî

ñëàéäà.
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Àðãóìåíòû â ïîëüçó íàëè÷èÿ âîäîðîäà â ðàííèõ
ñïåêòðàõ îêîëî 6100�Aâ ñïåêòðàõ SN 2008D è SN 2006aj

1. ñèëüíàÿ òåïëîâàÿ ðåíòã. êîìïîíåíòà, ïîäòâåðæäàþùàÿ íàëè÷èå
çâ¼çäíî-âåòðîâîé îáîëî÷êè (íåïðîýâîëþö. HI, à íå CII 6580�A, õîòÿ
íàáëþäàåìàÿ äåòàëü èì ôîðìàëüíî îïèñûâàåòñÿ)

2. ñîãëàñèå ñêîðîñòåé (∼ 0.1c) è T ñ íåçàâèñèìûì ðàñ÷¼òàìè ïî ðåíòã./ÓÔ
äàííûì (ñì. Sonbas et al., 2008, Blustin, astro-ph/0701804.).

3. ñòðàòèôèêàöèÿ ýëåìåíòîâ â âûáðîñå, âûñîêèå ñêîðîñòè ó ë¼ãêèõ ýëåìåíòîâ

4. H (Hα, Hβ) â �êëàññè÷åñêèõ� SN Ibc (ðàáîòû Branch et al. astro-ph/0604047, à
òàêæå 9906168,0106367), íàïð. SN 2000H (ñóùåñòâîâàíèå ïðîìåæóòî÷íûõ
êëàññîâ Ibc, IIb)

5. SiII 6347�A: îãðàíè÷åíèå VSiII ≥ Vph = VFeII

6. NeI 6402�A: íàëè÷èå äðóãèõ ëèíèé â ìîäåëüíîì ñïåêòðå, íå ïðèñóòñòâ. â íàáë.

7. îòñóòñòâèå ñèëüíûõ ëèíèé FeII â äàííîé îáëàñòè äëèí âîëí ïðè äàííîé T
(Branch et al. astro-ph/0106367)

8. ñîãëàñèå ñêîðîñòåé ðàñøèðåíèÿ âîäîðîäíûõ îáîëî÷åê äëÿ SN 2008D, SN
2006aj è SN, íå ïðîÿâèâøèõ ñâÿçè ñ GRB/XRF



Âûâîäû è äðóãèå èçó÷àåìûå îáúåêòû

1. Îáíàðóæåíèå ïðèçíàêîâ âîäîðîäà â ñïåêòðàõ ñâåðõíîâûõ 2008D
and 2006aj, ñâÿçàííûõ ñ GRB è/èëè XRF

2. Ñîãëàñèå ñêîðîñòåé ðàñøèðåíèÿ ôîòîñôåð, à òàêæå âîäîðîäíûõ è
ãåëèåâûõ îáîëî÷åê ýòèõ GRB/XRF-SNe ñ àíàëîãè÷íûìè
ñêîðîñòÿìè ñâåðõíîâûõ, íå ïðîÿâèâøèõ äàííîé ñâÿçè.

3. Ïðîãðàììà ñðî÷íûõ íàáëþäåíèé êàíäèäàòîâ â ñâåðõíîâûå
(Ðîññèÿ, Èíäèÿ, ÑØÀ, Èòàëèÿ, ...)

4. Ìîíèòîðèíã ñàìûõ èíòåðåñíûõ ìàññèâíûõ ñâåðõíîâûõ

5. Èçó÷åíèå ñâîéñòâ ðîäèòåëüñêèõ ãàëàêòèê è èõ ñðàâíåíèå ñ
îáû÷íûìè ãàëàêòèêàìè ïîëÿ.

6. Èçó÷åíèå ñîáûòèé GRB-SN, à òàêæå SN, íå ñâÿçàííûõ ñ GRB è
GRB, íå ñâÿçàííûõ ñî SN.


