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Why do we study them?

Understand the life cycles of stars

Origins of heavy elements (like gold and iron)
Clues about the expansion of the universe
Insight into black holes and neutron stars
Impact on nearby space environments
Cosmic “labs” for high-energy particles



Types of
Supernovae

\ )

Type I supernovae (Type Ia, Type Ib and VL
Ic) _

Type II supernovae (Type

Type III supernovae A



ACCRETION SCENARIO

Type Ia Supernovae

- White Dwarf Star 1.4 solar mass

- Consistent peak brightness

- Brightest of all supernovae WHITE OWARF GROWS IN MASS

- Little to no hydrogen

-

MASS LIMIT IS EXCEEDED -> TYPE |IA SUPERNOVA
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Type Ic Supernovae

- Difference between type Ic and type Ib
supernovae that a type Ic supernova has
no helium or hydrogen in its spectra.




Type Il Supernovae

- Hydrogen emission lines in their

spectra and have light curves
that differ notably from those of

Type I supernovae

- Two subtypes: Type II-L and




Diagrams

Supernova Types

Type I1 Type Ib Type Ic
I1and !¢ shells I1c shell only no !l nor !¢
no |1 shell shells




Also called ele.ct‘ron—capf

Occurs in stars with 8-10isg
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What Causes
Supernovas?

LIFE CYCLE OF HIGH MASS STARS
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MAIN SEQUENCE RED GIANT / SUPERGIANT o SUPERNOVA ' NEUTRON STAR 5

Two main triggers
Core collapse (massive stars - Type Il)
Runaway fusion (white dwarfs - Type I)

End-of-life event for certain stars

Involves extreme pressure, temperature, and
gravity

Releases massive energy - briefly outshines
entire galaxy



Type Ia: White :
dwarf accretion
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supernova
= remnant without
a neutron star

super-critical
accretion onto a
white dwarf star

Brightness

White dwarf in binary system
Accretes matter from a companion star
e Mass approaches Chandrasekhar limit (~1.4

e Triggers runaway nuclear fusion
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SMALL STAR (eg our Sun) Life CyCIe leading tO
Nebula -> Protostar -> Main Sequence Star -> Supernova

Red Giant -> White Dwarf NO SUPERNOVA
MASSIVE STAR (> 8x Sun)

Nebula -> Protostar -> Massive Sequence Star ->
Red Supergiant -> Core Collapse -> Type Il
SUPERNOVA -> Leaves behind neutron star or
black hole

White Dwarf in Binary System

White Dwarf + Companion Star -> Accretes
Mass -> Reaches Chandrasekhar Limit -> Type

la Supernova NO REMNANT Life Cycle of a Star

White
o peiiegy Owarf

,A.-» - D =

7 Red Giant Planetary Nebula
-

Stellar Nedula \ Newtron Star

-~




Supernova
Explosion Process

{a)Type- | Supemova

Hebym, carbon
Hydropsn
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Type Il Core-Collapse

Iron core builds up -> fusion stops

Core collapses in milliseconds

Core rebounds -> shockwave forms

Outer layers are ejected

Leaves behind a neutron star or black hole

Type la Thermonuclear Supernova
White dwarf gains mass in binary system
Reaches Chandrasekhar limit (1.4 solar
masses)

Runaway carbon fusion ignites

Star detonates entirely

No remnant left behind



Supernova Visual
Experiment




SN 1054 (Crab Nebula)

Famous Supernovae SN 1604 (Kepler's Supernova)
in HiStory SN 1987A (first observed)

-SN 1054 -SN 1604 -SN 1987A

1994 4 1998 o




Supernovae in the
future

e Betelgeuse
e FEta Carinae

e Antares

Antares

Aldebaran ‘

Sun Rigel



Detecting and Studying

e Telescopes and Observatories
e Supernova remnants and spectroscopy
e Role in measuring cosmic expansion

il |



The Role of Supernovae

e Contribution to galaxy evolution
e Connection to dark energy and the expansion
of the universe




Recent Discoveries

SN 2020tlf
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Thanks for
listening!




