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What 1s a SN? Importance?

* A Supernova 1s massive explosion from a
dying star, and 1s about 10,000 times
brighter than a regular nova, which, in turn
1s about 10,000 times brighter than our sun.

* SNe are important because:

— Breeding ground for elements heavier than Iron
— Daistributor of those elements thru-out a galaxy

— Reliable distance indicator at large distances
because physical cause 1s well-understood

* One of the ways our expanding universe was
determined to be accelerating



Types Of SNG (courtesy Michael Richmond)

CHARACTERISTICS

Type la
- No Hydrogen in spectrum
- Strong absorption at 6550 A (Angstroms) near max light

- Late-time spectrum iron-group emission lines

Type Ib

- No Hydrogen in spectrum

- Absorption near 5700 A, due to He (plus other He lines)

- Late-time spectrum emission from O-I, Ca-lI

Type Ic

-No Hydrogen in spectrum

- No helium in spectrum

- Late-time spectrum emission from O-I, Ca-lI

POSSIBLE PROGENITOR(S)

- White dwarf that accretes > Chandrasekhar mass
off its larger companion

- Two white dwarfs that collide

- Hydrogen stripped off massive star before
core-collapse?

- Wolf-Rayet star?

- Hydrogen stripped off massive star
before core-collapse?

- Wolf-Rayet star?



Types of SNe (continued)

CHARACTERISTICS POSSIBLE PROGENITOR STAR

Type II-P (plateau)
- Hydrogen in spectrum, with P-Cygni profile - Massive red supergiant

- Light curve has plateau for 30-90 days soon after max light

Type II-L (linear)

- Hydrogen in spectrum weak or no P-Cygni profile - Less massive supergiant that has lost some
of its envelope?

- Light curve falls linearly after max light

Type llb
- Hydrogen in spectrum (but not much) - Massive star which has lost MOST (but not
- Helium in spectrum all) of its H envelope. In binary system?

- Late-time emission spectrum from O-I, Ca-Il, and H

Type lI-n
-Hydrogen in spectrum, with narrow emission lines on top - Massive star which sits in middle of massive
of broad emission features stellar outflow?

- Slow decline in light curve at late times



All active SN
over mag 17.0 as

of 15 July 2005

Name
2005cs
2005cn
2005cf
2005cr
2005af
2005ay
2005c¢x
2005cu
2005cz
2005ch
2005au
2004et
2005cc
2005bw
2005at
2004dj

Mag
13.9
14.0
14.7
15.0
15.0*
154
155
15.9
16.0
16.4
16.6*
16.6
16.7*
16.8
16.8*
16.8*

Type

Latest (Bright)Supernovae
(by David Bishop, Rochester NY)

A long time ago, in a galaxy far far away, a star exploded. This star exploded so
violently that for a few weeks the star outshone its parent galaxy. This type of
explosion is called a Supernova. The last one in our galaxy was 400 years
ago, making us about 300 years overdue for the next one. On this web page
you will find a list of the currently observable supernovae, along with information
on their location, reference images, and their last reported brightness. Most of
the supernova information found on this page comes from IAU Circulars and
occasionally more data can be found on IAU's List of Recent Supernovae web
page. Information on the current brightness and much of the background
information is provided by VSNet. These web pages have brought you the latest
in supernovae data and images since April 1997.

New discoveries: Yipes! 2005cs just discovered in M51 is a young type Il
slightly reddened by dust. Check out all of the prediscovery images! 2005cf is
a type la some 2' away from MCG -1-39-3 with maximum brightness expected
around 6/9. 2004et and 2004dj are now starting to fade rapidly. For the year
2005, 109 supernovae have been reported up to now (249 last year). The
brightest supernova reported for the year so far is 2005af at mag 12.5, followed
by 2005am and 2005cf at 13.5.



Magn. Distribution for 249 SNe 1n 2004

(Data from Latest SNe webpage)
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SN2004d_] in NGC2403 (imaged by Krisztian Sarneczky)




SN2004et in NGC 6946

SM2004et 20050205 7038 UT Smin unfitrred CCD (10x30=2ek]). 32om £33 nesdon. Mag=15.16 +-0.030
[(Teleauto) Comp star: 13.013.5 138 Siter Akersherga - Sweden. Fot: Gregaor Duszanowicz




AAVSO Chart for SN2004¢et in NGC 6946
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SN2005am (Type Ia) in NGC 2811 (CSP/LCO Image)
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How to Discover a SN - Caveats

NO GUARANTEES! !

Very time-consuming — My 6 SNe took ~8 yrs.
Since leaving OCA telescope 1in So Cal ~10 yrs
ago, though a fairly careful observer, I have not
made a recent discovery, couple close calls, tho.

Typical gxy produces one SN (or less) per 100 yrs

SN hunting can be done visually with a large
telescope, but probably more efficient with a
smaller scope and a CCD 1mager



How to Discover a SN — Techniques

Increase chances by imaging multiple gxy’s in same field
and looking at gxy’s that are known to be fast producers

Need good reference library of images taken with same
scope; sketches and verbal descriptions, though helpful,
are unreliable. The POSS 1mages on the Web are good, but
most are overexposed, many SN suspects close to a gxy’s
nucleus are lost because reference 1images aren’t adequate

Charts are necessary so that you can visualize in 2-D how
to structure your search

SN hunting 1s a game of probability and statistics, the more
you observe the more the possibility of finding something

Be prepared to find something, but most of all, ENJOY
yourself!



How to Report Discoveries - Caveats

« Harvard-Smithsonian CBAT website lists types of
transient discovery reports they accept, in
particular: Novae, SNe, Comets, and Cataclysmic
Variables — no meteors, or common variable stars

* Rules for structuring report are many and
particular, like any good govt form! See website

* Make sure you are reporting on the correct object
and have the proper orientation. You can get very
nervous and Murphy 1s always lurking in the dark



How to Report a SN - Preliminaries

« Estimate location and brightness of suspect using
comparison stars. Re-observe and/or take second
image to eliminate CCD defects or moving object

* Check website(s) like CBAT’s for known SNe,
asteroids, variable stars. CBAT site has a nice tool
called SNChecker to eliminate minor planets

» Check any and all reference images/descriptions

« After being as sure as possible of object’s reality,
submit Report to CBAT via email (see next page)



How to Report a SN - Mechanics
* Your SN report to CBAT should contain:

— Your name, email address and contact details
— Date and time of observation
— Observation method (visual, CCD, telescope)

— Specific details of instrument (magnification,
aperture, exposure time)

— Observation site (name of town, lat/long)

— Observation details (1dentity of host gxy, magn
of suspect, offset of suspect, verify reality with
at least one later observation, do not submit
1mages unless requested



Mr. Galaxy’s SN Discoveries

S1x Independent or Co-discoveries (so far!)
First one, SN1991T, unusual spectrum
Most recent, SN1998co, found 11 years ago

In 1996, found 2 SNe 1n one night; first time
ever by an amateur, AL Award for 1t

Best host galaxy, M51, contained SN19941
First 2 SNe were visual finds and co-discoveries

Last 4 were found on CCD 1mages and were
independent discoveries, using OCA’s 22-inch



OCA’s 22-inch at Anza Observatory

Modified {/8 Cassegrain
telescope, usually used at /4 for
CCD 1maging, on a fork-
mounted equatorial platform
weighing 2 tons

CCD Camera hardware and
software designed by OCA
members, flip-up mirror
allowed for visual work and )
CCD 1maging without changing :
out equipment

Four-inch /8 refractor and
Telrad finders

Antique lunchbox Compaq
computer for image acquisition
and processing software




Table Comparing Mr. G’s Discoveries

| # Date Rad Photo Magn | Type | Galaxy | IAUC Discoverers
Veloc #
11T || 15 Apr 1727 11.5 la NGC 5239 S. Knight
91 (2 wks 4527 R. Evans
pre- M. Villi
max) G. Cortini
W. Johnson
141 1 Apr 460 13.5 lc NGC 5961 T. Puckett
94 (1 wk 5194 J. Armstrong
pre- (M51) W. Johnson
max) D. Millar
R. Berry
R. Kushida
P. Schwaar
Y. Fujita
S. Sasaki
5] 4 Apr 2000 16.1 11 NGC 6157 W. Johnson
95 (2wks 4512
post-
max)
16Z || 16 May 2214 14.3 la NGC 6401 W. Johnson
96 (1 wk 2935
post-
max)
yaa | 17 May 3200 17.0 la NGC 6403 W. Johnson
96 \ (7wks 5557
post-
ﬂ max)
L]
3co || 21 5458 17.5 la NGC 6950 W. Johnson
June (1wk 7131
98 post-
max)




SNI1991T in NGC 4527

In NGC 4527, one of three galaxies in a

group 1n southern Virgo, looks like a mini-
Andromeda Gxy (M31) - ~60MLy away

Controversy about SN’s intrinsic brightness

Caught on rise, able to watch SN over
several hours and days as it brightened

One of 6 co-discoverers ranging from Italy
to Australia, called Gene Shoemaker

Found Apr 15", Tax Day!



SNI1991T in NGC4527
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SN1994] in M51

Testing Jim Leonard’s camera on the Horsehead
Nebula using the 4-1n finder telescope of the 22-1n
telescope. The OCA’s camera was out for repairs,
and Jim had gone to bed

Co-discoverer Doug Millar suggested we try M51
though 1t was very low 1n the east

SN found visually 1n 22-1n around midnight after
detecting a double nucleus in M51 - ~15MLy away

Had to call Mike Silveus for good reference image
from scope since he had camera and 1image library
to blink with; any images we had were overexposed

Called CBAT to inform them of candidate on Apr 1!



SN1994] in M51




SN1995J in NGC 4521

e Nice pair of spiral
galaxies, NGC 4512
and 4521 1n Ursa
Major, one (‘21) 1s
bright edge-on and
other (‘12) 1s faint
face-on.

* Red herring situation,

the wrong gxy had the
suspicious object!




SN1993J in NGC 4512




Two SNe 1n One Night!

« Each Candidate was a Challenge!

* SN1996Z in southern spiral Gxy NGC 2935 1n
Hydra found at about 8:30pm. Confusing field
with several foregnd stars, plus an extra! Host Gxy
~30MLy away. Reported to CBAT by phone, then
Gxy set 1in the southwest. Started new search.

e SN1996aa 1n northern elliptical Gxy NGC 5557 1n
Bootes. Host Gxy ~ 80MLy away. Noted faint star
involved on south side with fainter star closer to
nucleus on north side. Poor reference image. Took
a chance and made the report to CBAT, night of
May 15/16. Fainter star on N side was SN!




Two SNe 1n One Night!




SN19967Z in NGC2935




SN1996aa in NGC5557
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SN1998co in NGC 7131

Last of the SN Six-pack (so far!)

Found Jun 21%, first day of summer
Farthest of the SNe found by Mr. Galaxy
Ellip. Gxy 1n Capricornus, ~200MLy away
Type Ia SN, typical for Elliptical Gxy’s

Used 1n reference paper for Type Ia light-
curve templates



SN 1998co in NGC 7131




SN 1998co in NGC 7131

=M 19598 co in NGCT 131

Wayne Johnson, Orange County Astronomers
22" 144 30 sec exposure
Confirmation [mage 98-06-22 4705 UT




SN Web Resources

Latest Supernovae - based in the US, excellent source of current SN
activity with images and links — David Bishop

( )
Central Bureau for Astron. Telegrams (CBAT) - based in the US,

excellent announcement service for many transient events, but paid
subscription is necessary for access to data. Report discoveries:

( )

International Supernova Network (ISN) - based in Italy, good source
of statistical data and observation techniques

( )
SNWeb - based in France, good source for SN light curves

( )

The Astronomer - based in England, tracks most transient events

( )
AAVSO Webpage - based in the US, tracks variable stars

( )



Concluding Remarks

* This paper presented the six (so far!) SNe
discovered by Mr. Galaxy.

 Pointed out some resources available on the Web
for reporting your own discoveries, and/or
following-up current SNe.

e Most SNe are faint and only suitable for CCD
observations. However, opportunities exist each
year to observe several SNe visually with small
telescopes. Keep an eye on M31 and M33, and
even our own Milky Way for the next big one!



