Student NameDavid Higgins

HET®4
Student ID 5679974

Project SupervisorPaddy McGee

SAO Project Cover Page

ProjectP037
Project TitleExtra Galactic Supernova Search

All of the work contained in this project is my own original work, unless otherwise clearly stated and
referenced.

| have read and understood the SAO PlagsariPagedWhat is Plagiarism and How to AvoicElt |

[j
http:// astronomy.swin.edu.au/sao/students/plagiarism/



Table of Contents

EN 611 = Lo TP TP P U P PP PPPRPPPPPR 3
Iy igoTo (U1t o] o HO TP PPPPT PO 3
Know thy Prey, The Anatomy Of @ SUPEINOVA..........oeiiiiiiiiiee e 4

/o] o] aTo] (oo | 28RS . |
EVIOBNCE. ...ttt ettt e e e bt e et e e e e 4
] P2 LS 1o P TP P PP PP PPPPPPRPP PP 6
LI AL 18] TP P PP PT PP PUPPPN 8
L0 TUTT 0] =T LA =] (0 o YR 8
I 1o (=1 a=T=1 [=Tox 1o o SRR 9
Other CONSIAEIALIONS ........tiieeiiie ettt et e e e e e e anb e e e s abr e e e s annneeeeas 11
(@] oYY Y= 11 (o] OO TP PP PPPRPN 12
Image Processing and ANAIYSIS. ... ...uueiiiiiieeieeiieee e 13
(0701 (o] 1157 T 0 1< S PO PPOPPPP PP 13

(R ] (<Y (=] A 161=T PR 14



Abstract

This paper presents thestification andmethodology for designing and undertaking a Supernova survey using
modest amateur equipment from a suburban backyafddiscussion on evidence based on observation and
statistics from historical Supernovae discoveries is used to jugtijstarget selectiordecisions are made.
Sample observations are included to show a comparison between the attsedvationdimitations to what

was expected.

Introduction

Anecdotally, a new Supernova (Sn) will occur once every 50 to 100iyeang giengalaxy. Current interest

in Snresearchisbased ortheir use as Standard Candles to measure the distance to far off galaxies and to
determine the speed of expansion of the universe. In order to undertad®etbtudies the Sn needs to be
discoveredbefore they reach their maximutorightness Thereare currentlymore Amateur Astronomers

looking for Sn that there are Professionals and this has meantibat surveysin general, have been limited

to nearby galaxieas indicated in figure.1(The bigspike at radial velocities >15000km/sec is due to the High Z
Snsurveg). ¢ KA & Aay Qi | LINE awlal¥ngth (adidtiirdughiviual keey barfds Y dzf G A
spectroscopic and photometric study of Sn is easiest and most accurate the brightargéeis(the closer

the parent galaxy is to us)
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Figure 1Along Xaxis there are all velocity bands so that you have to read in this way: for example, the band
on the graphmarked as 2000 takes in all parent galaxies' recession velocities faster than 1000 until 2000
Km/sec.
Image courtesy: http://www.supernovae.net/snerv.htm



We cannot predict the occurrence of a Sn as yet so the only discovery method available to isiisdlye

With the advent of computer controlled and robotic telescopes and CCD imaging sydteass all surveys

can now reach to magnitude 18 with the larger professional scopes capable of reaching a great deal deeper.
This is a far cry from the limitains of visual and photographic discovery of only a few years lagz000 only

1791 Sn discoveries had been reported (since 1885). Today, that count has reached 4216 with discoveries
down to magnitude 28.

For the purposes of this project, the surveylwi limited to the observational setup at Hunters Hill
Observatory (MPC/IAU E143 described in the Equipment Setup section of this paper.

Know thy Prey i The Anatomy of a Supernova

Morphology

Type Ia&Snare binary systems comprising a White Dwarf onlgjta larger but less dense companion. The stars
are close enough that the white dwarf can pull matter off the companion. When the white dwarf accretes
sufficient matter to exceed the Chandrasekar limit it can no longer supports itself via electron degeard
collapses. Within seconds the bulk of the white dwarfs matter undergoes nuclear fusion release sufficient
energy to blow the star apart-rom a Taxonomy perspectivEypelalacks hydrogen and presents a singly
ionizedsilicon(Si Il) line at 615.6m (nanometrey, near peak light.

Type Ib and &nare very similar to Type Il. b are thought to the result of a dying Wolf Rayet star whilst Ic are
possibly the progenitor of Gamma Ray bursts. Both are basedmthat have had their hydrogen shells
stripped by either strong stellar winds or a companiéimom a Taxonomy perspectivEypelb have ron-
ionizedhelium(He 1) line at 587.6m and no strong silicon absorption feature near &%. Typelc has weak

or no helium lines and no strong silicon absorption feature nearnis

Type lISnoccur at the end of a massive stars lifetime when its fuel is exhausted. These stars will undergo a
series of core collapse episodes ttauseheavier elemerd (2 dzy RSNH2 y dzOf S| NJ Fdza A 2
they will end up with a nickel iron core which will be held up by electron degeneracy. If the mass of the nickel
iron core exceeds the Chandrasekar limit then the core will overcome the electron daggrand implode

resulting in a shock wave and heat, blowing off the stars outer shell in a supernova expkrsiona

taxonomy perspectivelypellPreaches a "platedutin its light curve.TypellLdisplays a "linear" decrease in its

light curve (linear in magnitude versus time)

Evidence

Type Il release more energyan a Type I, how@SNE ¢ & LIS LQ& SYAG Y2NB SySNHe@
them easier to detect using optical equipme(fullerton 2004) Observations have shown that Supernova
haverelativelyconsistent luminosity within their morphological type as indicate@ahie 1 and 2
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Table 1 (Miller et al, 1999)

Figure2: Plot of Sn Absolute Magnitude data from Table

Table 2: (Richardson et al, 2002)

SN Type M obs Conf. N
la. -19.16 £ 0.07 0.76 0.89 111
Ibc. -17.92+0.30 1.29 0.96 18
I-L. -17.80+£0.22 0.88 0.91 16
I-P. -16.61+0.231.23 1 29

lIn. -18.78 £ 0.31 0.92 1 9



