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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)

Mean absolute magnitudes and dispersions.

Sample N Mg o
1) SNe Ia Fig. 2 45 —18.68 + .11 .70
2) SNe Ia in E galaxies Fig. 3 9 —18.95+".11 .32
3) SNe Ia including parent-galaxy extinction* Fig. 4&5 40 —18.98 + .04 27
4) SNe Ib Fig. 9 6 —-17.11+ .14 34
5) SNe Ib including uncertain magnitudes Fig. 9 8 -17.36 £+ .21 .61
6) SNe II Fig. 10 46 —16.89 + .20 1.35
7) SNe II-P Fig. 13 19 —16.53 + .32 1.39
8) SNe II-L Fig. 14 9 —-17.05+ 41 1.24
9) SNe II-L excluding 1979C & 1980K Fig. 14 7 —16.48 %+ .19 .51
* excluding SNe Ia in I0 galaxies
Miller (1990)
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Figure2: Plot of Sn Absolute Magnitude data from Table

Table 2: (Richardson et al, 2002)

SN Type M aobs
la. -19.16 £ 0.07 0.76
Ibc. -17.92 + 0.30 1.29
I-L. -17.80 £ 0.22 0.88
I-P. -16.61 + 0.23 1.23
ln. -18.78 £0.31 0.92

Conf.

0.89
0.96
0.91
~1
~]1

N
111
18
16
29
9



Richardson (2002)
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Figure3: Plot of Sn Absolute Magnitude data from Table

The importance of this is that each Sn type has its own boundary of absohgritude Type la are the most
consistent in this respect and are being used as Standard Candles to measure the distance to very distant
galaxies and as such, help determine the value of the Hubble Constakhblwing the absolute magnitude

and knowing the magnitugllimit of the survey allows us to set limits target distance through the use of the
distancemagnitude relationship as defined by:

m - M =5log(d) i 5 or [1]

d=10 (m-M+5)/5 [2]

Table3: Sn Type vO6s Absol ste Magnitude
Type Absolute MagnitudeLowerLimits
Type laand Type IIN | Lower Limit -18.4
Type Ib and Type IIL | Lower Limit -16.6
Type II/P Lower Limit -15.4

Statistics

Now that we have reviewedth8 A RSy OS ol aSR 2y 20aSNDI (i Astaystical T KA &

analysis of these discoveries and see what this can tell us. The first place to visit is the IAU List of reported
Supernovae (IAU 2007) will break down the analysis based on the 3 absolute magaityrdups previously
established. The iofmation is based on data compiled Imternational Supernovaletwork (20@).

Tables Commonal ity of Sn Typeods
Type Relative Number
Type la and Type lIN| 45.7%

Type Ib and Type llL | 6.2%
Type II/P 19.1%
Anorymous 28.7%

L

l.j



Table5: Sn distribution per @axy Type

Type Relative Number
Spirals 55.9%
Elliptical 4.9%
Anorymous 39.2%

Given the quasi homogeneous nature of the universe, one might expect that the number of galaxies at each
magnitude should increase exponentially. A plot of discovedatate dasnot reflect this and a marked
difference to the expected can be seaharoundMagnitude 18¢ a typical limiting magnitude of the bulk of Sn
searches to date. However, this selection effect in the data is not expected to have any effecstatifitieal
analysis of the datid we establish the apparent magnitudienit of this surveyat this same point
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Figure4: Number of discoveries against apparent brightn@ssat 08 October 2007)

The statistics tell us that we are better off searghfor Type 1a Sn in Spiral Galaxies, however this is only
useful is we are trying to maximise discoveries of a particular type and given the high percentage of Unknown
Sn Type and Uncategorised galaxies, the statistics are perhaps useful as a targenhgvgigte only.



The Hunt

Equipment Setup

Hunters Hill Observatory is fitted with a Meade 0.36m LX200GPS Schmidt Cassegrain Telescope (SCT)
operating at fA imaging through a Meade /3.3 Focal Reducer (FR). Imaging is performed by an-8BIG ST
CCD camerfitted with a Kodak KAF1602E CCD operating at Bin 1x1. The camera is fitted with an S81G CFW
filter wheel fitted with Schule€(learBVRI filters meeting the specifications defined by Michael S Bessell.

The equipment is permanently setup in a roll top observatory. Telescope and Imaging control is via the
observatory PC which is linked to the reside@@AN via CAT5 cable. The PC operates under the Windows
2000 Professional Operating System (Servigek 4andruns ACP4 version 4\&ritten by DC3. ACP4 is the
automation package that allows the observatory to run unattended all night. It controls the telescope directly
through a Serial interface and the cameratvia software packag®axim DL/CCDevsion 4.5.

The LX200GPS is fitted with a software controllable focusing unit and ACP provides auto focus via a 3rd party
software called FocusMax. Eachimage is autonfatic& LJ | §0S &42f OSR @A Thefdino Qa t ;
telescope is guided via piggybacked 0.1m Meade SCT fitted with a Meade /6.3 Focal Reducer and Starlight
Xpress MX716 CCD camera.



Table6: SBIG STF8E CCD Specifications

Number of Pixels | Pixel Size | Array Size Read Noise | Full Well Capacity | Notes

1530 x 1020 9x9 13.%9.2mm | 15e rms 50Ke-/100Kem NABG!

Target selection

A typical mistakevhen identifying target galaxider a Sn surveisto pickthe brightestof them and image
those Why?Well the luminosity of a galaxy does not relate direttljts distanceand what we primarily care
about isdetecting Sn when they are within the observatories limiting magnitusiet, discovery of
Supernovae for the sake of it is of little importanednat we desire is the discovery of the Sn while it is
brighteningc on therise. This means that the seargfiervaland absolute brightness combinatioreedsto

be such that waliscoverthe target befoe it reaches maximum brightness

Some analysis work on the rise times fioceanSnhas been undertaken by members of thedmiational
Supernovae Network. The results are shown in Tabdicating the rise and decdiynes of mean

Supernovae from photographic lightcurveBhe typical rise and decay times for Type | and Il Sn is shown at
figure6.

Table7: Mean Rise and Decdiynes (Photographic)

nal 3 |[pRI&&
Rise

2.0m 14.16d
1.5m 12.91d
1.0m 11.25d
0.5m 08.75d
Decay

0.5m 09.16d
1.0m 13.75d
1.5m 17.91d
2.0m 22.91d
2.5m 28.74d
3.0m 40.83d
3.5m 70.00d
4.0m 99.16d
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Figure6: Mean Rise and Decay comparison betwegpella and Type Il Sn
(Image courtesy CBA Belgium web site:
http://users.skynet.be/fa079980/supernovae/supernova_search_program)htm

So now we need to decide at what interval we wish to search for Sn. On average, Hunters Hillcheer 7
nights a mont and at least 5 of these are taken up with higher priority observing tasks. This limits the
available time to Zightsa month or roughly 14 day intervalémaging the targetip to 14 days earlier than
Mmaxmeans getting it ~ 2 magnitudes fainter than,M

Miller and Richardsohave taken extinction into accoumthen deriving their Absolute Magnitude valuss

we need to appha similarcorrection, ~0.3mag (Richardson 2002), to alisolutemagnitude limit to account
for this. In the evidence sectiowe broke the Sn limiting absolute magnitudes into 3 groups so applying the
corrections(pre peak magnitude and extinctiome have:

Table8: Corrected Lower Absolute Magnitude Limit

Type Absolute
Magnitude
Type la and Type IIN: -16.1
Type Ib and TypiL: -14.3
Type Il/P: -13.1

Thetypicallimiting magnitude forelatively short integratiod Y+ 3Sa& GF 1Sy F 0 | dzy G SNA |
18mag. To increase the number of photons reaching the CCD, no filter will be used. Applying equation 2 for
the distancemagnitude relationship we get:

Table9: Galaxy Distance Limit for Survey

Type Distance
(Mpc)
Type la and Type IIN: 66.1
Type Ib and Type IIL: 28.8
Type lI/P: 16.6




The RC3 Galaxy catalogimesnot contain direct distance measuremtsn What they do have are radial

velocity measurements so we must now relate the distance measure to retigrificovert to velocity A

typical conversion factor is 1 Mpc = 2.368546 X 2QConvertMe 2007) or we can use the Redshift/Distance
Calculabr at Swinburne (2004)sing Ho = 71km/sethencovert z tovelocity by multiplying it by c, the speed

of light. If our primary goal is to discover Type la Sn then we could set the limit to 0.016z or a Radial Velocity
of 4800 kml/s.

Table D: Calculated @laxy Redshift and cz limit for survey

Type Redshift (z) | Velocity (cz)
Type la and Type IIN: 0.016 4800
Type Ib and Type IIL: 0.007 2100
Type lI/P: 0.004 1200

Other considerations

Bright galaxies have, statistically more staraore stars meaiigher chance of producing a Sn in a given
period (Bouque 1998) Not all galaxies in thRC3atalogue have brightness valuesiwever, of those thatlo
a plot of d25 and BT produces a lineglationshipso onemayuse to extrapolate for the ones th& 2 y Q i @
Setting a limit to d25 at the required brightness limalationshipwill serve our purpose.

The inclination of a galaxyayalso affect the number of Shat might be visible An edgeon galaxy might be
expected to hide some Sn the diskdue  intervening dust and gas cloudsile a face on galaxy might do
the same for Sn in the Halo, but on the other non facing side of the galliag R25 value in the Visier
catalogue is a representation of the target galaxies inclination being a Log i@tihef D25 long axis to D25
short axis.We can obtairaninclination estimate using:

i(deg) = 90- (180/PI * ASIN (1/16%)) [3]

Face on galaxies are ideal for disk based Sn while an edge on view is best for Halo Sn. As discussed previously,
Type | Sn are Halo and Ba targets while Type |l are disk targeo if we only want to discover Type | Sn

then we would do best to image edge on or nearly edggalaxies Alternatively, if we wanted to find Type I

Sn we would best imadace on or ear face on Spiral Galasi

Next we need to look at the observatories efficiency. Tests have shown that the observatory can su$@in 15
targets in 1 hour at80 second integrations. So each image hé8 aecond overhead to allow for Slew time,
settle, pointing correction, guiding and image download. (The observatory telescope must be guided for
integrations times longer than ~ 30 seconds).

Of course there areaome physical angractical limits to be placed on the search criteria so the last criteria
will use are the physicglthe Declinationupperlimit - is based on the limibf movementof the telescopeand



the practical the lower limit- issetto avoid excess crossover into the sky extensively covered by northern
hemisphere 8 hunters

The resulting query on the Vizier RC3 catalogueduceda list of just over 400 targetsit 4 minute

turnaround per target, the Observatory will limited to around 120 targetfor an averageaight and a night

can, at best, cover approximately 19®f the ertire sky so we have a few more targets than we can possibly
image. Given that some observing will be performed when the moon is up, avoiding the RA bands that will
cause light interference will take up the targets in excess of the observable limit.

Observations

Observations began 2007 08 26d haveproceeded at regular intervals since that tim@uring thisperiod
only acne new SN was discoverdd the observed galaxy set bity another observer, Rev Bob Evarss it
happened, the target was near Hunéer | A f f & Qweaterdh&rikiddlimii ahdNias skipped as a
consequencégonly targets that would allow for at least 1 months folloyw were included in a nights
observing set). An image of the new, 3007it, taken by Hunters Hill can be seen at fgur

Figure7: 2007it Supernova, CET 1065 discovei7/09/13.44 by Robert Evangigually)
(North Up and Ed&do the left)
Image:Hunters Hill Observatory 20009-17 08:52:21UT

Table 11: Sn discovery characteristics
Galaxy| PGC51106
Galaxy Type| SAT4
cz | 491 km/s
Apparent Mag 13.5 (at discovery), 12.0 {&ept)
Sn Type| Il







