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. Supérnovae
' AR e et

Catastrophlc explosmns that end the I|ves of
stars L . JEE -

s Provide the heavy eIements on which pIanets
and ITe as’we know it depends

e

: Ener.gi;ze the inter‘stellar gas to form new stars

Produce exetic compact objects, neutron stars
‘and black holes :

. _ , & L
Prowde yardsticks to measure the history and
fate qf the Unlverse '
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. . Cassiopeia A by Chandra"

Counter Jet

s i Compact remnant
mass of Sun, size of
Austin



" Recent Chandra Observatory”
~ Xeray Image of Cassiopeia A

3-color e ; Enhanced Silicon
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One type of supernova IS powered by the e
coIIapse of the coré of a massive star to |
produce Sl .*-’

.°.'o' ~ ablackhole - -

.

o
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- ! ~ ra 2 .' ‘ o )
~aneutron star, < or.perh.aps

~ The mechanism of the explosion'is still a mystery.



Observatlons begun at McDonald Observatory suggest.
, that these explosrens are powered by Jets ‘
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- These supernovae may be related to gamma ray

bursts : : »

: Th|s Is the first new |dea to understand these
* supdrnovae in thlrty years. '

‘ -
- '

Khokhlov et al. 1999



. Jetpr_'opaga't-i'hg thr'oug*h.a Sté'r‘ |
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Weiqun Zhang & Stan Woosley, UC Safita Cruz
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We are worklng ol§ the'theory of how to convert the rotation ef the
. neutron Star to c0|Ied magnetlc flelds that Iaunch the jet |

- Uchida et al. 1899, Ap & SS, 264, 195-212
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We are worklng ol§ the'theory of how to convert the rotation ef the
. neutron Star to c0|Ied magnetlc flelds that Iaunch the jet |

~ Uchida et al. 1899, Ap & SS, 264, 195-212
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. Jet Erupting Through Star '
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B Swift Satellite

 Energy comparable to that of supernovae,

Gam ma Ray Bursts
: 30 year Old Mystery

»: - J

.

Cosm.iC'emlbsions,; e &
¢ flashes of gamma-rays
lagfing about 30 : -
seconds, detected by
satellites."

Seen across the

Ehergy is expelled in nagow jets.
“but’all in gamma-rays, with later afterglow

« in X-ray, radio and optical radiation.
H .- Birth of a black hole?

s “Universe. =~




Burst and Afterglow
Einstein’s Special Relativity in Action

st M
Deceleration takes months, but because shock
chases its own light, we perceive a rapid speed-up

of the process playing out in days through our
telescopes.

Afterglow
radiation

Shock wave

Jet emerges from exploding star at more than
99.99% the speed of light, decelerates by
colliding with the interstellar medium. The
resulting shock wave radiates the afterglow.




The ragrng |ssue are gamma ray bursts produced in sgme
f‘orm of core collapse supernova’? Clrcumstantlal evidence...

o THEN PROOE!

- - . . ‘
. GRB 030329 o T
was nearby, . |
only 3 BILLION : o Early spectra (day 2) GRB
. - | " afterglow, but no supernova
light years away! -
refatively bright.
SN2003dh was.
. discovered a week
:  d
|ater! 4
: A week later, a “bump”
R | ] - due to growing supernova light
i 4500 5000 5500 6000 6500
> - . 3 Wavelength (A)




Black Holes the qum’tessentlal Iegacy of ElnSteln
| The path of Ilght swz%IIowed by a black hole j_' s
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We have |de;1t|f|ed stellar- mass black holes In blnary star syster‘ns :
and supermasswe black holes in the centers of gaIaX|es

Py

They are typically associated with jets. - . 4
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Black HoIe Formrng In Star producrng Iet
and Gamm’a Ray Burst |

Every bﬁrst twrce a day somewhere n the Universe - S
| the birth ofablack hole? el ¥ *

~ "% NASA



v .' i Robbti_c;"l’-r-,éﬁs'.ié‘h\-t Sou rce i
~° Experimept (ROTSE)- -~

- x '
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* * We havg joined the U. of
. . : .Michigan Robotic
- o™ Transient Sougee :
- Experiment (ROTSE)
- collaboration.

~+ Four ROTSE tele$copes

" Australia, Namibia and .
Turkey.

s 18 inch mirrors, 1.85 - =

e e IR R S S view. - 2 e

around the world. Texas, -. 3

degree squared field f ~ .



ROTS can p0|nt and shoot
within-6 secs of eIectroﬂlc satelllte
_notification, take autpmatlc ' e
snapshots every 1, 5 20, 60 secs

-

ROISE has* G N
~+  Discovered the optlcal transient dunng the 30 second gamma ray burst .f ;
* . Followed the light in: unprecedented detall .

(Y,

' Relayed the d|SCOvery and coordlnates to the _Hobby- Eberly Telescope for .
spectroscoplc fdlow up’ :



. A New Type of Supernova

Texas graduate student now Postdoctoral FeIIow

* RobegQuimby used ROTSE to &nduct the Texas
Supernova Search, coverrng unprecedented Iarqe.
-volumes of space :

Quimby dlscovered the |ntrrnsrcally brrghtest supernova
ever seen! (at the time, Fall 2006)

Y’

2 proposed fhat |t was yet a drfferent kind of explosion, -
proposed fheoretlcally 40 years ago, hypotbesrzed to.

oceur among the first stars ever formed in the . S s R
Universe, but never seen.: 2l -
~ % ;

. -



" p oot . - : ’
\- A very massivesstar, more than 100 times that of the Sun, "
_gets so hot that its radiation, gamma-rays, convert some
energy to matter and anti-matter, specifically pairs of
electrons and anti-electrons, otherwise known as
positrons. This process makes the pre'ssure'de'cline the
oxygen core contracts, heats, yundergoes thermonuclear

-
N

iy explown totally dlsruptlng the sta@ pair- formatlon _ 0 X
_supernova. 1 . . ’ SRS
& - \
Qne hypothesis:- = =

The progenitor™
‘resembled Eta
. .Carina

-

. .
- oy o -

 WEF & X K .
Quimby has since found an even brighter supernova!
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A= The other prmclpal type of . i . _ .
'SUpemovae (Typela)is - - ..+ Chandra X-ray ObServaf[drSZ image
thought tocomefroma s e - OfTycho’s supernova of 1572 '
white dwarf that grows to an : |

explosive condition in a
bin'a[(system. ik

2 . .'_‘, .- . .. )

a stick'of dynamite, and leave '
| | . . no compact object (neutron
T umalm, o0 el SRS e . . star or black hole) behind.

.- These explode completely, like .



This type of supernovae is generally the brightest
and can be seen at cosmological distances.

They were used as | = "
cosmological ¥, ;% #r YO owe
probes... "“' T T
to discover the P '
acceleration of the .
Universe... . | Oiierenc: 19971985

Accelerating "\
expansion

Time

the Science Magazine
scientific Breakthrough
Expanding-‘umverse : Of the Yea.r |n 1998

expansion
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The Acceleratlng
Unwerse

Ero‘m a National Acadje(r}y of Science Repo‘rt:'

“Fhe resulting acceleration of universal expansion is a new _

development in physics, possibly as important as the landmark + '

discoveries of quantum mechanics and general relat|V|ty near‘the
® beglnnlng of the 20th century.”



‘No current theory of phyS|cs accounts for it.

. Dark En ergy

-

~ One of. the'greatest challe s to astrophy5|cs now is toy understand

the nature of the Dark Energy that dnves the acceleration.
o™ | »

The dark erlergy 'S probably a field (I|ke a magnetic field, but drfferent)
but it is 120 orders of. magnitude smaller than phySICIStS Would expect.

e

-

If it stays Constant the Universe will expand to a'Dark Oblivion. If it
reverses, the Universe could slam shut in a Big Crunch (in’ more ‘than .
10 b|II|on Vears), | i

" To'fest the behavior of the dark energy in space and time, supernovae

remain a key tool of choice, for preC|S|on measurements. v.»

&'

* .Q



Dynamic Behavior
of Dark Energy



.~ Con¢lusions . "
~ The Ragged Edge of Resear’ch':

>

All core coIIapse explosrons are asymmetric, maybe produced

| by magnetlc Jets How c‘n this be proved’P 5

Gamma- r~ay bursts are caused by jets df materral movrng at -‘ |
nearly thespeed of Ilght Do they-mark the birth of- black -

. holes’? S

At least some gamma- ray bursts (and maybe all) arise |n R
supernova explosrons How does this work? S

Haﬁ/e We drscovered palr-formatron supernovae’? ;

& :
Type la helped to drscover the Dark Energy, but they must be *
~ studied and understood in-unprecedented-detail to learn what
-the Dark Energy IS - the brggest problem facrng physrcs today

-
e
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° J. CRAIG WHEELER _
Cosmic L
CREISEFODHES | 1 coiiie Catasizophess
P o pqsmlc Catastrophes:-
Exploding Stars, Black Holes, - Exploding Stars, Black Holes,
and Mapping the Universe | and Mapping thg"Universe~

. SECOND EDITION

g i Wﬁitte’r‘lﬁ')r’cdmée-of same title. .
- Covers all the topics bf.the
lecture, and more -
e . *
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COLLECTOR’S ITEM FIRST EDITION

RS Pm mm RI\IL\ il tgg bk
T
‘KN a'r&m‘ ,' |

HOW COULD [T HAVEGONEWRONG?
WIDESCREEN DIRECTOR’S CUT 2¢

Film - scientific premise.” "~

- related to tonights topics.
T K ¥

.
. -
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Available at: - ..

| www.t'hekroneexperimegt.com

O
EXPERIMENT .
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Dr. J, Craig Wheeler-
. | J.-Craig.\'NheeIer Is the Samuel T. and Fern Yanagisawa .Regeﬁts
- - Professor of Astronamy at the University. of Texas at Austin, where:
.'* he was chair of thewpartmeht from 1986 to 1990. I‘Je was a
: Rese’airch.FeIIow at Caltech working irf Nobel Laureate Willy ")
- Fowler's group from 1969 to 1971. From 1971 to 1974,he whs an
Assistant Professor of Astronomy at Harvard. In'1974, he moved to
Téxas as an Associate Professor of Astronomy. He specializes in
the astrophysics of violent events: supernovae, neutron stars, black
holes, gamma-ray bursts and the relation of these events to oy
" astrobiology. He was elected to the Academy of Distinguished
.Teachers in 2002. He is serving as President of the American,
Astronomical Society from 2006 to 2008. He has published about
.200papers in-refereed jo"urn‘a[s and conference proceedings, has
.edited books on supernov,ae and accretion disks. He published a
* - . -novel, "The Krone Experimeht,"go-authored the screenplay, and .
- played a role jn the independent film made in Austin. He has also «
~ written a popular astronomy book, "Cosmic Catastrophes: =

Supernovae, Gamma-Ray Bursts and Advéntur_es in Hyperspace"
the-second edition of which was released in December 2006. "
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