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Arrows with explosion center

e Do we smell?

e Lasttime | said it was *unlikely* (anti-
Copernican), but there Is actually
*evidence*.

* You can see In this plot that galaxies thin
out with distance, If this model were
correct. NOT what we see In HDF, etc.



Raisin bread analogy

e Say that raisins don’t expand; | said this In
first course, but unfortunately the raisins

accidgniallyekahaed i dag, diagram.
o Probleifi:"REEAIR s picture.

o Solution: bend it around another dimension
(like a 3D balloon), or make it infinite
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A03-93: SN 1998bu animation

QuickTime™ and a
Microsoft Video 1 decompressor
are needed to see this picture.
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Improving the Discovery Odds

1 SN per galaxy per 100 years =
1 SN per 100 galaxies per year =

* 10 SN per 1000 galaxies per
year, If monitor them frequently
enough.
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0.76-meter
Katzman
Automatic
Imaging
Telescope
(KAIT) at Lick
Observatory (1
hour drive east
of San Jose)



Dr. Weidong LI



New image NGC 523 Template

Difference (after U nderg raduate
much processin
P 9) students

eliminate the
bad candidates

Cosmic ray by eye.

SN 2001en



KAIT Supernova Search & Analysis Team, May 2008






The KAIT SN Search at Lick Obs.

e 1997:1 (SN 1997Dbs)

e 1998: 20 (world record)

e 1999: 40 (world record)

e 2000: 38 (including SN 2000A)

e 2001: 68 (world record; SN 2001A)
e 2002: 82 (world record)

e 2003: 95 (world record)

e« 2004: 83 2005:82 2006: 84

e« 2007:69 2008: 74 through Nov. 13
http://astron.berkeley.edu/~bait/kait.html



Amateur CCD searches

* Tim Puckett, Tom Boles,
Mark Armstrong, Michael
Schwartz (Tenagra), K.
Itagaki, L. A. G. Monard,
R. Arbour, R. Chassagne,

etc.



Tim Puckett
0.6 m telescope

Has found
nearly 200
SNe!



Tom Boles (>100 SNe)






Katzman Automatic Imaging Telescope (KAIT)



Light curves of SN Ia, Il (KAIT)



Template subtraction; SN photometry

(Automatic pipeline . Mohan Ganeshalingam)



Lick 3-m, spectra



Spectra of SNe —la, Il g

Also discuss (but don’t show) Ib, Ic, IIb






AF-1334: Core of RSG



white dwarf 9




An explosion resulting from the thermonuclear datan of a
White Dwarf Star

An explosion resulting from the thermonuclear
runaway of a white dwarf at its maximum mass.
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SN la 1998dh before/after






Calibrating the Nearly Standard Candle

Absolute light curves of
SN la in galaxies of
known distance

Luminous
SN la have
slower light
curves!

luminosity L
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Calibrated Candle

wlogd,

S =0.15
mag!



SN 1994d



The High-Z Team

Peter Garnavich, Stephen Holland (Notre Dame)
Chris Stubbs (UW)

John Tonry, Brian Barris (University of Hawaii)
Adam Reiss (Space Telescope)

Aejandro Clocchiatti (Catolica Chile)

Jesper Sollerman (Stockholm)

The Supernova

Cosmology Project

S. Perimutter, G. Aldering, S. Deustua, S. Fabbro, G. Go Idhaber, D. Groom,
A. Kim, M. Kim, R. Knop, P. Nugent, (LBL & CfPA)
N. Walton (Isaac Newton Group)

A. Fruchter, N. Panagia (STSci)

A. Goobar (Univ of Stockholm)

R. Pain (IN2P3, Paris)

I. Hook, C. Lidman (ESO)

. DellaValle (Univ of Padova)

. Ellis (CalTech)

. McMahon (lofA, Cambridge)

. Schaefer (Yale)

. Ruiz-Lapuente (Univ of Barcelona)

. Newberg (Fermilab)

. Pennypacker
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Better version of AF-1231



Keck telescopes

e | get spectra there.






Keck LRIS, 1 hour

Low-z and High-z SN la



Alex on beach — happy camper
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Composition of the Universe



Since “dark energy” seems real...

SN la
CMB(WMAP)
\ / ) ISW, X_ray Clusters
LSS

_——

what Is I1t?



Since “dark energy” seems real...

SN la
CMB(WMAP)
e
/ +ISW, X-ray Clusters
LSS
/
what Is I1t?

(or iIs GR wrong?)



Short-lived “virtual particles” (due to
the Heisenberg Uncertainty Principle)



Werner
Helsenberg

(190% 1976)



Virtual particles are created In
pairs and live for a very short time



Another 1dea

e Dark energy Is energy associated
with a new “field” (perhaps
because two forces were still
“unified” at a time when they
should have been separate).

e “Quintessence”



Alan Guth Andrel Linde



The Big Bang

 “Inflation” (rapid exponential
growth) of the Universe, when it was
much less than 1 second old, may
have been driven by a similar kind
of dark energy.

e This Is what launched the expansion
of the Universe.



Composition of the Universe



TIME: Univ. end






TIME: Univ. end
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Alex’s Introductory astronomy
video course (2nd ed., 2007)!

96 30-min. lectures; richly illustrated.

 The Teaching Co. (800-832-2412, or
www.teachl2.com)

 Normally $800, but on saleNOW (for
a short time) for just $230; check
online.



