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New Office Hour
Friday: 4:30-5:30 pm




Article in homework

nat are the testable statements?
nat are the evidences you found that either

oport or reject the statements?



Life of a Star

Hydrogen Cloud

Fig credit: kevinbinz.com
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Compact objects

Protostars Dwarves (Main Sequence) Giants Fuel Crisis Destination
Gravitational collapse Burning hydrogen Burning helium Instability, as helium runs out Fusion ends
T Tauri Star Yellow Dwarf Red Giant Planetary Nebula
N White Dwarf
T P
R

ORI £ _\ . Y . o .
s i - . #
St b ¥ ,
o , o !
» Ry
~

Black Hole

-
b
-
Hydrogen Cloud

g Herbig Ae/Be Star Blue Dwarf Red Supergiant

Supenovs

Neutron Star

Large Stars

-

Fig credit: kevinbinz.com



Stellar explosions
that are related to the death of a star....

Type la Supernova Core-collapse Supernova

(Thermonuclear SNe
THIS...

Core CoIIapsé :




What are gamma-ray bursts?
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What are gamma-ray bursts?
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What are gamma-ray bursts?

1960: First observed by the
U.S. Vela Satellite

(Courtesy of LANL)
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(Courtesy of NASA/GSFC/CGRO documents)



What are gamma-ray bursts?

1960: First observed by the
U.S. Vela Satellite

— Not terrestrial or solar origin
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What are gamma-ray bursts?
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* 1960: First observed by the &
U.S. Vela Satellite
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OBSERVATIONS OF GAMMA-RAY BURSTS OF COSMIC ORIGIN

Ray W. KireBesaDEL, IaN B. StrRONG, AND Roy A. OrsoN \
@«

University of California, Los Alamos Scientific Laboratory, Los Alamos, New Mexico
Reccived 1973 Marck 16; revised 1973 April 2

ABSTRACT N L)

Sixteen short bursts of photons in the energy range 0.2-1.5 MeV have been observed between
1969 July and 1972 July using widely separated spacecraft. Burst durations ranged from less than
0.1 s to ~30 s, and time-integrated flux densities from ~10~5 ergs cm—2 to ~2 X 10—4 ergs
cm—2 in the energy range given. Significant time structure within bursts was observed. Directional
information eliminates the Earth and Sun as sources.
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1960: First observed by the
U.S. Vela Satellite

— Not terrestrial or solar origin
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What are gamma-ray bursts?
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What are gamma-ray bursts?
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— Not terrestrial or solar origin L;%J = R
— Galactic or extragalactic? Tk %&»

Galactic Extragalactic ' : i
‘ (Courtesy of LANL)
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(Courtesy of NASA/GSFC/CGRO documents)



What are gamma-ray bursts?

e 1991-2000: Compton Gamma Ray Observatory/
Burst and Transient Source Experiment (BATSE)




What are gamma-ray bursts?

* 1991-2000: Compton Gamma Ray Observatory/
Burst and Transient Source Explore (BATSE)

2704 BATSE Gamma-Ray Bursts
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Fluence, 50-300 keV (ergs cm®)



What are gamma-ray bursts?

e 1991-2000: Compton Gamma Ray Observatory/
Burst and Transient Source Explore (BATSE)

Tme in Seconds



What are gamma-ray bursts?

e 1991-2000: Compton Gamma Ray Observatory/
Burst and Transient Source Explore (BATSE)
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What are gamma-ray bursts?

e 1991-2000: Compton Gamma Ray Observatory/
Burst and Transient Source Explore (BATSE)

BATSE 4B Catalog
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What are gamma-ray bursts?

* Searching for candidate sources and
afterglows in other wavelengths

— White dwarfs, pulsars, supernovae, globular
clusters, Seyfert galaxies, BL Lac.....

— Not successful =2 better instrument and faster
communication needed



What are gamma-ray bursts?

* 1997-2002: BeppoSAX

— Italian-Dutch satellite
— Large energy range (0.1 — 300 keV)

— Good energy resolution and imaging capabilities

- First x-ray afterglow! (GRB970228)
-Located the burst
-Followed up by optical telescopes and found optical
counterparts and a faint, distant host galaxy.

—>First distant measurement! (GRB970508)
- z2=0.835

GRBs are extragalactic!

= First coincidental supernova! (GRB980425 & SN1998bw)
(long) GRBs are related to massive stars!




What are gamma-ray bursts?

Long GRBs Short GRBs

* Deaths of massive Stars * Compact-object mergers

e Supernovae * Black holes

* Black holes * Neutron stars

* High-energy photons and * Gravitational wave
particles

Figure Credit: NASA/Swift Mission Multimedia



What are gamma-ray bursts?
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 Compact-object mergers
e Black holes

* Black holes * Neutron stars
* High-energy photons and * Gravitational wave
particles

Figure Credit: NASA/Swift Mission Multimedia
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