v oY1 4

(015 - TThe Fafe of Maccive SHawe
P'p'/ Mﬂ‘ Majn- fezwfa(f Evolutzon of HMastivd [fert

.,r’;_;//.»

o

P

Al i e, (orvinae Hatb€ —on lechip-e ey
‘_jp/{s‘{’u;kd‘/l—t) yead Y (ar d’fv/rt " tet /
fawf[ém hemisphoct star, P
1600- 1630 M~2", became wore active ), Tluctuated befusees
10 5 eass atte- 1§37, = 1 ot fof’i«f 04 ot i bl i 1S
A=7300pc (>> b, =96%e)
15656 M chogped F6 & by, 1670, Lecte- brightenng 1687-1575,
Since Wn\ ‘?ZZ:&" { ery tening, ion— m«g
P Gooni- anethor W/ stor ‘H);off' has £ly Fualed shilart,. (nw-mit;
519 Luminous Rlue VaralYer (LEVH / V?/{

mq// ;B OQJPIVK?/, 'Mc( J de"e/uf in LMC,
Qvff«( namés = § Dovadys V2ia bles) Hubble- Sapotase wn'qé_/zf\ LBV ).

/ } ¥ ,'FVJ} 07 vy

¥

) lobes ax///anc/}ny outug-of at 650 kms™ (Peflae] + éwaawa/ ik
Y Uovdecay fftﬁ"rw/df“d s i IDw 1999 - "<eatrrfuger 1%%-@* [y~ ﬁrﬁé-@w?,")

- of ober = o undecsore (RO ciele
/{;::'//10(2 /:éa/wcj;;/ fm‘:qé/ 2e: G \=3 M charing Gvedf Efwﬁw,
L C!qu% Er Wf’”"'}ﬂ? X0 7’-(0 s Lywiesent ~5010° Lo, Tetr ~ 30,000 K
LBV's are vaviable fora short period 2 caving i,
\va /10 uS e aniine raee been “proppsed,
) Lpy = TEEM, As star ewolatsTo g (lowsT) i HR dizsam
K1 due 1o Te lines f’f(.) so Leg L betorer L => mﬂ.:r /aﬂ;
2 A‘h/nogpﬁgn’(, rq/fdf/'ﬂm’ ar m (e f:yf, B“+ mdﬁd’/f” jq’"f'f'f"/ﬁ /fl
3) Hish witgTign = Jow etfeFi 9 rc% ot gVt (Mordtcais 1799 weo~
Vil

) LAV My be membe of bim? Yo : ettects unclaar,

571 Wolf* Ry et (WR) Stary
Chayactorized by Stveng emissior (yotha than absovplion) ines,
Tese ~ 75,000~ 106

000k, M >107 Mo y ) wind Speed/ = 8003000 kv .r’)’ + Vol T
Mg, 575 Mo, Mug >20 #p

Mot o5 Vvavieble g LEVY,
) ( (O ¥ : il
5‘1,56/”(5‘0f Wy‘ W(‘ A g '06?'{(70( ol VOM,M#?I‘ emus o lfpﬂf O'f M(' 0’
Syectee o/%fe’ * la'!é o H emw/orf ¢ corvetior bvinsing Lucion Vm/ucffb_mff%a
U”-g, Pa-’frdb of H-K oo cortare ' blye +ved M/Oefsfaﬁr BS6' RC6r) ;};?f,,( -

S

oM esion 11r0r)



b 2548

Fig. 152
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Fig. 15.3 Evolution of massive stars w/ Z = 0.02 Meynet & Maeder. solid: rotational speed 300 Fig. 154 Crab sn remnant in Taurus, d = 2000pc hitp:/ /wrrw.constellation-guide.com /wp-
km/s; dotted: no rotation hitp:/ /www.aanda.org /articles /aa/ full /2003 / 24/ 223569 / imp50 gif content/uploads/2013/06 / Crab-Nebula-I fe«sier-1j
T T T T T ¥ T T = T . : 5
1z0M, Z=0.020 ]

6 .
2 X | .
B
-1 5 —
=0 L
v 1
— | E

4 .

. L L 1 L i 1 N R

Log T,
p. 522 Evolutionary scheme for massive stars
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Fig- 15.5 SN 1987A in LMC (from sci.esa.int)

Figure 3: Apparttion of SN1987A
I the left-*and image you con see the Tresntula Nebula after the supemova ecploded. An arow points to the supemoie. The
Tight-hand image shows the Tr-ov-tuvs Avtula i the LMC before the explosion of Supernova 19874 on February 23+ 1987.

Fig. 15.7 Composite light curve for Type I 5Ne at blue wavelengths (adapted from Cadonau
1987) https:/ /ned.ipac.caltech edu/level5 /Branch2 /Figures/figure2.jpeg,

:l—\'-\‘""r"‘lf“"'r""f““r'"t"‘l’“*l"”r"'r g it § TTT G ) o D e v e G s B
. ]
o -
Am L B ]
2k _
4 - ot
L. "'___\\. -
- -“"--._ 1
B |- 4
§ I S T T S S ) N STV T VAN R ANV A TP NSRS S
50 0 +50 100 150 200

\2¥rtg

Fig. 15.6 spectra of 4 types of supernovae (Fillipenko 1997) http:/ /www phajhu.edu/~bfalck.’
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Fig. 158 characteristic shapes of Type II-P & II-L supernova
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Fig. 159

Supernova Classification Scheme
(spectra at maximum light}
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Fig. 15.11 Radioactive decay of Ni-56 with haif-life 6.1 days
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Fig. 15.12 bolometric light curve of SN 1957A hu
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Fig. 15.13 HST WF/PC 2 image of portion of Cygnus Loop hitp //archiveseds.cop/bst/
Cyenusloop.p:

Cygnus Loop
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ST Scl OPO PRCY5-11 - February 1935 2/14/95 zg

Fig. 15.15 Expanding nebula from 1987A Kirshner http:'/www spacetelescope.org, static
archives, images /screen; opo0409b.jp
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Fig. 15.14 Rings around SN 1987A Burrows ESA/STScl https /[ wwy _cfaharvardedu/sins/
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Fig. 15.16 relative abundances of elements in Sun’s photosphere
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Fig. 15.17 Light curves of GRB 980922 & GRB 000526 BATSE Fig. 15.18 Isotropic angular distribution of 2704 gamma-ray bursts seen by BATSE hiip;//
BATSE Trigger 7111 BATS! T gger 8121 sare.gafe nasa.gov/ docs/cgrolimages BATSE 2704.ipg
0 P ——————————r v 6000 . Bz —
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FIGURE 15.17 Light curves of two gamma-re; bursts, GRB 997922 and GRB 000526, in the
energy range hetw een 50 keV and 100 keV. The data wers obtained by BATSE onboard the Comptoa
Gamma-Ray Observalory. The dates of the two evenrs ar recarded in their des’ gnations; GRE 980922
occurred on Seplembec 22, 1998, and GRB 000526 occurmed on May 26, 2000, GRB 0000526 v a5
the last gamma-ray burst recorded by BATSE before the Compion Gemmu-Ray Ohbservatory was
deorbited. (Courtesy of the BATSE Team - NASA.)
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FIGURE 15.19 Violation of the proportionality N oc §-%?2, indicating an edge to the distribution

of gamma-ray burst sources. The maximum gamma-ray count rate, Cas, is plotted instcad of the
fluence, §; Cpin 15 the weakest burst the CGRO can confidently detect, (Figure adapted from Meegan
etal., Nature, 355, 143, 1992)

Fig. 15.21 collapsar model of formation of GRB Zhang & Woosley

Fig. 15.20 relativistic jet of material will appear to observer to have cone half-angle -1/v

(km)

Debris disk

-1000 -500 500 1000
(km)
@)
LN
1.00 14.08 27.16 40.24 5332 U540 7448
t=20s Lorentz Factor

5

2{10°m)

-4 -2 0 2 4
r{10°my
Lt

FIGURE 15.21 A callapsar model of the formation of a ganma-ray burst exent. (a) The central
region of the star following the formation of a black hole and debris disk. (b) The emerging relativistic
Jet. (Figures courtesy of Viciqun Zhang and Stan Woosley )
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