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Boston Skyline at Night from www.globeimages.net



Boston Skyline at Night on July 4. Photo from www.bostonteapartyship.com
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Overview

* Types of Explosive Events
— Supernovae
— Gamma Ray Bursts
— Tidal disruption of stars by really big black holes

 Methods of Detection
* What is known / open questions



The Dynamic Sky....
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Crab nebula, SN 1054 , '

Image courtesy of NASA ' ke
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PANCHROMATIC OBSERVATIONS OF SN 2011dh POINT TO A COMPACT PROGENITOR STAR

A. M. SODERBERG', R. MARGUTTI', B. A. ZAUDERER', M. Krauss®, B. Katz*?2, L. CHoMIUK' 2, J. A. DITTMANN! | E. NAKAR?,
T. SakaMoT0”®, N. Kawar’, K. HURLEY®, S. BARTHELMY®, T. Torzumi’, M. Morur’, R. A. CHEVALIER'”, M. GURWELL',
G. PETiTPAS!, M. RUPEN?, K. D. ALEXANDER!, E. M. LEVESQUE'!, C. FRANSSON'?, A. BRUNTHALER'?, M. F. BIETENHOLZ'*"°,
N. CHUGAI'®, J. GRINDLAY', A. COoPETE!, V. CONNAUGHTON'?, M. BriGGs'’, C. MEEGAN'®, A. voN KIENLIN'?, X. ZHANG'?,
A.Rau', S. GoLENETSKI??, E. MaZETS?®, AND T. CLINE?!
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Fig. 3.— The radio spectrum of SN 2011dh across multiple epochs — At =2 4 (red) and 17
(blue} days — is well described by a synchrotron self-sheorbed spectral model with F' e 052
(E, oc P12 halow {above) the spectral peak, vp- The cheervations indicate an electron
energy index of p =2 3. Error bars are 1o, The gray bands mark the EVLA, CARMA | and
SMA bands used in our long-term study of SN 2011dh as the spectral peak cascades to lower
frequencies with time (soe [Krapss ef al, |20132 for a detailed discussion).
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Limited Nuclear Test Ban Treaty (1963)

Signed in Moscow by the Soviet Union, the United States and the United Kingdom:
... to prohibit, prevent, and not to carry out any nuclear weapon test:

(a) in the atmosphere; beyond its limits, including outer space; or under water ...




The Vela Satellites (1963-1970)

Velar [vay-lar’]:

To watch; to guard




CAPE KENMNEDY VELA TWINS

The United States has just fired a pair of watchdog satellites
capable of scanning 200 million miles into space to identify
a Russion nuclear blost if o test should be held despite o

Fraea by ban o the CORTrary .




NUCLEAR 5PY
TWIN SATELLITES
VELA HOTEL PROJECT

57,000 MILE HIGH ORSIT TWIN SENTINELS THEIR IN-

| STRUMENTS CAPABLE OF SPOTTING A NUCLEAR HBLAST

MORE THAN 180 MILLION MILES AWAY. TO SERVE AS A
WARNING THAT THE UNITED STATES IS DETERMINED TO
FIND OUT IF ANY NATION VIOLATES THE NUCLEAH TEST
BAN TREATY OF PRESIDENT EENNEDY AND THE SOVIET.
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The First Gamma-Ray Burst

Velo 4g Event — July 2, 1967
1500 T T T T T

1000 -

second

OBSERVATIONS OF GAMMA-RAY BURSTS OF COSMIC ORIGIN

RAay W. KLEBESADEL, IAN B. STRONG, AND Rovy A. OLsoN

University of California, Los Alamos Scientific Laboratory, Los Alamos, New Mexico
Received 1973 March 16, revised 1973 April 2

ABSTRACT

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—95 ergs cm—2 to ~2 X 10—% erg
cm—2 in the energy range give ignificant time structure within bursts was observed.
information eliminates the Earth and Sun as sources.
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Theories (1973-1993)

135 theories, less than 100 GRBs!

Short duration & high energy:

- New type of supernova?

- Giant stellar flares?

- Matter/anti-matter annihilation?

- Meteor/comet impacts on compact objects?

- Neutron stars? Colliding, merging,
collapsing?

- Black holes? Colliding, merging, evaporating?

—iterstefar-warfare?
Uncertainty in distance by a
~T12




Compton y-Ray Observatory (1993)

Result 1:
GRBs uniformly distributed on the




Compton y-Ray Observatory (1993)

Result 2:
Two types of GRBs: long and short

-------------------------

SHORT BURST _'

LONG BURST |

s} 2
Time Since Trigger [s]



Prompt Emission vs. Afterglow

Afterglow



The Discovery of Afterglows

BeppoSal abservation of GRES70228 fisld BeppoSiX chservation of GRBA70225 fisld
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Optical Afterglows

Digitized Palomar Observatory Sky Survey

.

o+ 12:15:41 October 4, 2002
“Nine minute;_after GRB
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Redshift: A Distance Indicator

I -
Hu:
_ Low velocity (nearby)
Hex
III.- High velocity (far away)
Hax

= (Aobs‘Aem)/Aem CZ = HOXd




The Swift Satellite

Burst Alert November 20, 2004
Telescope "

* Event rate ~100/yr
* Positions ~1-5"

* Alerts within ~60 sec
e Lifetime ~2015



Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of

Galaxies, Planets, etc.

about 400 million yrs.

Big Bang Expansion

13.7 billion years

AW Soiged Toaem



GRB Redshifts: Cosmological Origin
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® GRBs are cosmological

F, (1029 erg cm~2 -1 Hz-1)

Fe Mgl MgIl I 7

_ ®The energy release is ~10°* erg =
YT T rest-mass of a solar-mass object

A(A)




GRBs as Probes of First Galaxies
Y Jo K
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z=8.26 (625 Myr) GRBs can be used as “flashlights” to probe

the composition of high redshift galaxies

Z = 9.4 (525 myr)

o : : ) I lg‘_ 3
z J S



z = 8.2 = 630 Myr after the Big Bang

4.6% of the current age of the Universe

Age of the Universe (billions of years)
13.78 54 3 2 1 0807 06

most distant quasar (z=6.43)
most distant galaxy (2=6.96)
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«— GRB 090423 (z=8.2)

4 5
Redshift




Long GRBs: The Death of Massive Stars

2. Association with core-collapse supernovae

Afterglow T T T T T T T T T T | T

SN 1998bw (2=0.77) +0.3 mag GRB030329/SN2003dh 1
—— Afterglow+SN

— April 10.04 |
— April 17.01 |
— April 22.00

log (f,) (erg s cm=2A-")

||| SN1998bw after 33 days
Il 1 1 1 | 1 1 1

4,000 6,000 8,000 10,000
Observed wavelength (A)




Short GRBs

ta/as/dat

oun

Counts/s/det

Short GRBs have a similar flux
to long GRBs, but short
duration leads to less photons

= more difficult to localize

|||||||||||||||||||||

SHORT BURST |

Time Since Trigger [5]



® No active star formation (?)

® Stellar population >1 Gyr
= short GRBs are produced by an old stellar population

NS-NS binaries?




Gravitational Waves
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Probing Black Holes...



50-1b

S0-5 .

Keck/UCLA Galactic
Center Group
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NATURE VOL. 333 9 JUNE 1988 AR‘I"CLES

Tidal disruption of stars by black holes of 10°-10°
solar masses in nearby galaxies

Martin J. Rees
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max escape

mean binding Epeed-m kms'
energy-~ 'ID ¢’

max binding
energy~10"c?

Rees 1988 (Nature)



X-ray brightness

1 : ]

Major flares

X-ray energies from

i 0.3 to 10 keV
H ! i | |
A (11 ! [ !!I ._
| | Rl
]
2 4 6

Days since first Swift detection

GRB 110328A

NASA/CXC/Warwick/A.Levan et al.
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Flux density (mJy)

Flux density (mJy)

¢

4.9 GHz (m_ = 0.38)
6.7 GHz (m_=0.72) |
15 GHz (m_ = 0.07)
25 GHz (m_ <0.03)
0.3-10 keV (x30)

10"

k/*\vq-\

~

® 44 GHz
B 90 GHz
¢ 200 GHz -
225 GHz
345 GHz

10’

Time since March 25 UT

(d) Nature (2011)




Positional Alignment

Nature (2011) NASA/CXC/Warwick/A Levan et al.



Why radio astronomers need to
observe at many frequencies!
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Swift J1644+57: Onset of a relativistic jet

Torstart.

Black Hole I

-

% Stardistorted‘ ..

. - bytides

Aicretiondisk i

Particle jet

1. Asun-like star on an eccentric
orbit plunges toward the
supermassive black hole of
distant galaxy.

Strong tidal forces near the
black hole increasingly distort
the star. If the star passes too
close, it shatters in two.

3. The half of the star facing the
black hole streams toward it
and forms an accretion disk.
The other half of the star just
expands into space.

4. Neartheblack hole, magnetic
fields power a narrow jet of
particles moving near the speed
of light. Viewed head-on, the jet
is a brilliant X-ray source.

Credit: NASA/Goddard Space Flight Center/Swift



Thanks!
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