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ABSTRACT

Supernova surveys can be used to study a variety of subgath,as: (i) cosmology using type la supernovae, (ii) stamétion
rates using core-collapse SNe, (iii) supernova propestiestheir connection to host galaxy characteristics. Thekdiblm VIMOS
Supernova Survey (SVISS) is a multi-band imaging surveyirino detect supernovae at redshifd.5 and derive thermonuclear
and core-collapse supernova rates at high redshift. Irptjer we present the supernovae discovered in the survey afith light
curves and a photometric classi cation into thermonuclaad core-collapse types. To detect the supernovae in thé\WMDS
multi-epoch images we used dirence imaging and a combination of automatic and manuateaetection to minimise the number
of spurious detections. Photometry for the found variableses was obtained and careful simulations done to esticaatect errors.
The light curves were typed using a Bayesian probabilityhmetand Monte Carlo simulations were used to study misctagiin.
We detected 16 supernovae, eight of which had a core-cellaggin and eight that had a thermonuclear origin. The extoh
misclassi cation errors are quite small, on the order of BUt,vary with both redshift and type. The mean redshift ofshpernovae
is 0.64. Additionally, we found a variable source with a veryended light curve that could possibly be a pair instabdlupernova.

Key words. supernovae — general

1. Introduction in the host galaxy. By making an assumption on how many stars
out of the current star forming population that explode, stee

During the last couple of decades supernovae have been_ Sh‘P(Wﬂlation rate density can be derived from the core-cotians

to be powerful probes of both cosmology and star formation {nqva rates for the cosmic volume given by the redshitjean
high redshift galaxies. A number of surveys with various schg e|q size. This method provides an independent tracer of
enti ¢ goals have been conducted and proposed. Most of theff star formation history of the universe and has been uged b
have in common that multiple imaging epochs are used to tetghjen et al. (2004); Botticella et al. (2008); Bazin et 2Dq9).

the supernovae. In some cases the surveys also containspegipie Lj et al. (2010) also provide a local supernova ratejrth
scopic follow-up observations of the detected candidates. g sample of SNe is also used to study the host galaxy proper-
spectroscopic information makes it possible to easily @ar (iag and connections to supernova subtype. Most of theseysir
terise the detected supernovae and to measure redshtfthjdu target low redshift SNez(. 0:3), but with deep enough obser-
comes at the cost of added telescope time. Whole-sky SWemMQsiions the technique also works at highde.g. Dahlen et al.

surveys have already started e.g. Pan-STARRSL1 (Young et;@jo4) For this kind of projects it is important that the abse
2008) and PTF (Rau et al. 2009), and several more are be{pgisns are obtained as a "blind” survey to limit the selewti

planned, e.g. SkyMapper and LSST. With the large number 9f s
expected supernovae it will not be feasible to obtain spedoir
all of them. Photometric techniques will thus be requirecttar- The use of thermonuclear (Ia) supernovae as standardisable
acterise the detected sources. candles has been instrumental in measuring cosmological pa
Core-collapse supernovae (CC SNe) are the result of a megimeters for the CDM concordance cosmology (e.g. Astier
sive star ending its life in an energetic explosion (see,, e.§t al. 2006; Riess et al. 2007; Amanullah et al. 2010; Wood-
Smartt 2009). Since the lifetimes of these massive starstame  Vasey et al. 2007; Kessler et al. 2009). The systematic rear
their presence signals that active star formation is takilage sulting from the determination of the distance modulus lert
monuclear supernovae have been extensively studied and min
? Based on observations collected at the European Orgamistati  imised. To achieve the precision needed to pinpoint cosgiolo
Astronomical Research in the Southern Hemisphere, ChigeuESO ical parameters it is necessary to obtain spectra for thersup
programme 1D 167.D-0492. novae. Despite the amount of work done on calibrating the dis
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tance modulus relation, the underlying physics of thernotgar present the supernova rates and conclusions to be drawn from
supernovae is still partly unknown. In particular, the tgb@ro-  them in a future paper (Melinder et al, in prep.).

genitor system that give rise to the supernovae is uncedee) The rst part of the paper contains a description of the data
e.g., Ruiter et al. (2009) for a discussion of theetient possi- set and the methods used to reduce it. In Section 3 we describe
bilities. One way of putting constraints on progenitor misde  the supernova typing method and the template supernova ligh
to study the delay times of thermonuclear supernovae (iee. turves. Section 4 contains a description of how the sinarati
time between formation of the progenitor star and the sup&rn of supernovae have been set up and the results from extensive
explosion). The rate of thermonuclear supernovae comparedesting of the typing method are presented. Finally, weees
either the global (Dahlen et al. 2004) or the local (Sullieaal.  the results and possible implications in Section 5 and cmfec!
2006; Totani et al. 2008; Maoz & Badenes 2010) star formgy discussing and summarising the results in Section 6. The
tion history can provide estimates on the delay time distidn \/ggg magnitude system and a standa@DM cosmology with
even without observed spectra of the supernovae. A numbeggf: |, g= f70;0:3; 0:7ghave been used throughout the pa-
surveys targeting la SNe in galaxy clusters have also begerun per.
taken (Sharon et al. 2010; Barbary et al. 2010). Recentlgiai
et al. (2010) presented an accurate measurement af th@:1
thermonuclear SN rate from the Sloan Digital Sky Survey Il
Supernova Survey. 2. The Data

A major challenge to all intermediate and high redshift CC )
SN searches is how to take into account theas of SNe missed 2-1. Observations
due to large host galaxy extinctions. Mattila et al. (200@)l a
Kankare et al. (2008) present supernovae found in the nudea
gions of Luminous Infrared Galaxies (LIRGSs) by using iné&ar

adaptive optics imaging. These types of searches are iangor . . .
to constrain the numbers of supernovae lost in LIRGs, in twhi our CCDs, each 2k2.4k pixels with a pixel scale of 0.28%px,

most of the massive stars are formed at intermediate an@higﬁgﬁirwgr: é%izlir?ég?notfwﬁfseﬁé a(t:r(():cgrri\h Thgrtssv(ifstshg?;m/g_
redshifts (Magnelli et al. 2009). ' 9p

Deep Field-South (Giacconi et al. 2001) and the ELAIS-SH el

Typing of supernovae using broad band colours in mul La Franca et al. 2004). The observations in the ELAIS-Sdl el
ple epochs has been demonstrated to work by several authiolSe htained in ve broad band lterdJ, B, V, Randl) cen-
(e.g. Barris & Tonry 2004; Johnson & Crotts 2006; Kuznetsoya 4>+ - 00 : 32 - 13 = 44 : 36 '27'(J'2000) The data

& Connolly 2007; Poznanski et al. 2007a; Sako et al. 200§)ce i this paper is only from the ELAIS-S1 observations, th
The application of the codes vary, in some cases the codes -S observations will be presented in a later paper

used mainly to reject core-collapse SNe from the follow-aup t . .
get lists of cosmological la surveys, but in others the cades 1€ Supernovasearch lters aReandl, with roughly twice
e exposure time in compared toR. Observations in these

used as the only way of typing SNe without spectra. Most
y tay ot yping P ers have been divided into one reference epoch (hendtefor

the codes use template- tting methods where a number of )
corrected thermonuclear and core-collapse SN light cuaves €POCh 0), seven search epochs and one control epoch. The im-

compared to the observed light curve and colour evolutidre T29€S Used to construct the reference epoch was obtained in
simplest way of doing this tting is through the use of t- August 2003, the search epoch images were obtained in from

ting. However, there are some problems with this approautesi July 2004 to January 2005, while the control epoch was taken i

it doesn't allow prior information on, e.g., redshifts andag January 2006. The search epochs are separated by roughly one

luminosity to be used to full extent. Kuznetsova & Connollynonth-

(2007) introduced a Bayesian approach to supernova typing The UBV observations were obtained at severaledent
where probability distributions for the parameters couddised €pochs during the time period 2004-2006. Details on the data
as priors. Lately, Bayesian methods have been furtherdpedl reduction and calibration of theé BV data along with a galaxy
by Rodney & Tonry (2009) where "fuzzy” templates are useegtalogue for the eld will be presented in Menc’a-Trinchat
to improve classi cation of SNe with non-standard light ees. al (in prep). In the present paper i@V observations have only
With this method the templates are assigned an uncertaiaty tbeen .used to calculate photometric redshifts for superhosa
enters into the likelihood calculations which makes imgov galaxies.
the classi cation quality of SNe with non-standard lightrees. Table 1 contains the speci cations of the @rent epochs
Recently, Kessler et al. (2010a) presented the resultsabers and parts of the data. It is worth nothing that the quality atad
nova classi cation challenge, where a common sample of sig-overall very good with median seeing of 0°®®id 0.68%n
pernova light curves was typed by dirent codes. Their resultsR=l, respectively, and all search epochs have seeing beld 0.9
indicate that Bayesian typing codes are competitive aneligiv  As can be seen in the table, the observations are also vepy dee
liable type determinations. with mean 3 limiting magnitudes of 26.8 and 26.3 R and
The Stockholm VIMOS Supernova Survey (SVISS) is & respectively. In Dahlen et al. (2008) the 50% detection e
multi-band R + |) imaging survey aiming to detect supernovaeiency magnitude of the survey in the F850LP lter is given,
at redshift 0.5 and derive thermonuclear and core-collapse stenverting to our magnitude system we gat  26:5. This
pernovarates. The supernova survey data was obtained sixer anagnitude is can be compared to our Bmits, based on the
month period with VIMOSVLT (LeFevre et al. 2003). Melinder ndings in Paper |, the depth is thus quite similar. The skarc
et al. (2008) describe the supernova search method alothg viid@r variable objects in the SubaXMM-Newton Deep Survey
extensive testing of the image subtraction, supernovactiete (Morokuma et al. 2008; Totani et al. 2008) has a limiting mag-
and photometry. In this paper we report the discovery of 16 snitude ofm, 260, again converting to our magnitude system.
pernovae in one of the search elds of the survey and provi@mpared to other SN surveys our data set is thus among the
light curves along with type classi cations for them. We lwil deepest ever obtained, although smaller in eld size.

The data were obtained with the VIMOS instrument (LeFevre
et al. 2003) mounted on the ESO Very Large Telescope (UT3) at
feveral epochs during 2003-2006. The VIMOS instrument has
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Table 1. Overview of the ELAIS-S1 observations mentioned by Berta et al. 2008) and the noise levels were in-
signi cant compared to the individual frames. The fringepna

Filter EpDate Exp.time (s) min  Seeing{) was then subtracted from each of the at elded science frame
R 02003-aug. 8640 - 0.65 Finally, all of the science frames were manually inspected)e
R 1/2004-july 5760 26.83  0.68 frames were removed because of vignetting/angdoor seeing
S 2//3882:238' f—,égg ggii 8'25 (see Table 1 for the total exposure time used in each epoch).
R 4/2004-00t. 8760 26.94 0.89 The goqd quality _frames for each.epoch were registered to a
R 5/2004-nov. 7560 26.80 0.80 common pixel coordinate system using a shift and rotatestran
R 62004-dec. 7320 26.75 0.80 form (yielding a typical rms of 0:1 pixels or 0.0%. The regis-
R 7/2005-jan. 5760 26.88 0.76 tered frames were then median combined. The bad pixel maps
R C° /2006-jan. 8760 - 0.72 for each individual image were also registered and summed,
I 0/2003-aug. 11520 - 0.59 yielding an exposure time map for each epoch. Some pixels
I 1/2004-july 11520 26.60 0.59 (< 0:2% in the reference epoch) had an exposure time of zero,
| 2/2004-aug. 18240 26.41  0.64 i.e. none of the individual frames contained useful datatiat
' 3/2004-sep. 9960 26.39 071 pixel. These pixels were agged in the combined science &am
: ggggiﬁgﬁ; E gég gggé 8'?2 Each of the combined epoch images were photometrically
| 6/2004-dec. 19080 26.04 0.64 calibrated using 50 secondary photometric standards in .the
| 7/2005-jan. 12480 26.20 0.70 eld. The callbrated_ phc_)tometry for th_ese stars was obtine
| CP /2006-jan. 11520 _ 0.69 from stacked one-night images from nights where standard st
U 2003-2006 37740 5784  0.73 observations were available. The secondary standard esurc
B 2003-2006 34940 28.53 0.71 were selected by requiring a signal to noise ratio of at |2&6ét
Vv 2003-2006 20060 26.93 0.71 and a stellar like PSF (i.e. FWHM of the radial pro le within

_ 10% of the frame seeing). The sources were also required to
Notes.The upper part of the table show the observational progeofie he jsplated in the single night frame with no visible neighitso

the RI supernova search epochs, the lower part show the propeftiesyithin a 10 FWHM radius. The photometry of the primary and
theUBV observations. The entries in the table are mean Valuesmer&econdary standards was obtained WR#AF/phot using an

4 VIMOS guadrants. aperture size of 10FWHM (with aperture correction). The re-

@ 3 magnitude limits estimated from the photometric scattesiif: i X f h h ) itud
ulated sources placed in faint galaxies (> 240) in the individual Sulling zeropoint errors for each epoch ar@:02 magnitudes,

subtracted epoch images (see Section 4%1)Control epochs, taken Put it should be noted that all epoch images are scaled to the
1 year after the nal SN survey epoc.3 magnitude limits using reference epoch zeropoint in the subtraction procedure.
a 4 FWHM diameter aperture.

2.3. Supernova Detections and Photometry

2 2 Data reduction of the R and | observations In Melinder et al. (2008), henceforth Paper I, we presented o
supernova detection method, for details see that paper.ség u
The data were reduced using a data reduction pipeline WiliRAF/PYRAF scripts that were run in sequence, and go through
ten in MIDAS scripting language for SVISS developed by outhe following steps: (i) accurate image alignment over ihire
team. Each image was bias subtracted using an epoch mafgtene; (ii) convolving the better seeing image to the same PS
bias frame constructed by median combining0 bias frames. size and shape as the poorer seeing image, using a spagiglty v
Flat eld calibration data were obtained for each night irttbo ing kernel; (iii) subtracting the images; (iv) detectionsofurces
lters and all science data were at elded using high sigrtal  in the subtracted frames, using both source detection aoétw
noise stacked frames. Cosmic-ray rejection routines wasd to  and eye-ball detection; (v) photometry and constructioligbit
detect possible cosmic rays, but no automatic correctiaere wcurves of the detected transients.
applied. Parts of images with suspected cosmic rays were man All search epochs were aligned to the pixel coordinate sys-
ually inspected and pixels with cosmic ray contaminatiomevetem of the reference epoch using tigomap/geotran tasks in
agged. Atmospheric extinction corrections were appliedite  IRAF/PyRAF. We found that the shift and rotate transform used
images using tabulated extinction cogients from the ESO when registering the individual frames was not good enough
quality control web pages. The images were also normalsedfdr registering the search images to the reference imagis. Th
counts per second. A bad pixel mask was produced for eachi®fikely due to changes in the geometry (e.g.eatiential refrac-
the images, containing vignetted 6% in most cases), saturatedion, changes in exure of the telescope) of the frames oler t
and cosmic ray agged pixels. time period our observations were obtained. To do the negist
The VIMOS | band suers from rather severe ects of tion at sub—pixel accuracy we used a general transform allow
fringing (see Berta et al. 2008, , for a detailed descriptibn ing for shifts, rotations, shear and pixel scale changeisérir-
fringing for the VIMOS instrument), and care has to be taken age being aligned. The reference sources for registratene w
successfully remove these. We constructed a fringe mamfdr e bright, point-like objects in the eld (approximately 100w@wces
observation night by median combining the non-alignedrszde were used). The resulting standard deviations for the gaarak
frames and rejecting bright pixels by a standard sigmectigje transforms were smaller than 0.1 pixels for all of the epochs
routine. To make this possible the observations were dongus  Convolution to a common PSF was done with the ISIS 2.2
a dithering scheme that was optimised to avoid having iddivicode (Alard & Lupton 1998; Alard 2000). A convolution ker-
ual science frames target the same area on sky. For some niglel was computed by comparing a number of reference sources
it was necessary to make two fringe maps due to sky brightn@sshe two images. The better seeing image (i.e. the imagde wit
variations during the night. We did not need to use any maskiemaller PSF width) was then convolved and scaled to match the
or smoothing on the resulting fringe maps, there were very fgophotometry of the unconvolved image, the convolved framg wa
extremely bright sources in our eld (causing optical glsests either the reference or the search frame. A background-varia
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tion between the frames was also computed and compensated small systematic ux oset ( 10% at the 3 limiting mag-
for. The selection of suitable image subtraction pararseftar nitudes, lower for brighter sources) in subtracted franidss
our dataset was investigated in Melinder et al. (2008).Iinao set is not present in all epodhers and changes between
the reference epoch was subtracted from the search epoch emalchs. We can calculate this set from the simulations and
exposure time maps for the images were combined to makearect the photometry for this ect in the epochs where it is
weight map for the subtracted frame. needed.

Randl light curves are then put together for the 1459 sources
remaining after automated detection in the subtracteddsam
We reject spurious detections by requiring the candidatdset

Source detection was done in the subtracted frames usg{éfht?r than the 3 limiting magnitudes (see Table 1) in: (i) the
SExtractor (SE, Bertin & Arnouts 1996) to get an initial scaur d€tection epoch and the subsequent epoch and (ii) bothahe

list. Separate detection was done in each epoch and Itegx I Iter_s. With this rejection criterior_1 the_number of supewzo
in the very last epoch (sources discovered in the last epociwv C%”d;]dates decreases to 115. A(‘jt.éh's p(;]mt Wg are (rjeasow:mlaly
only have one point on the light curve and thus automatidaily 1N that no true supernova candidates have been dropplesgun
our selection criterion, see Section 2.3.2). The detegiamam- t_hey were 0o faint to ful | the rejection cnterlon)_, t_)utehe IS
eters for SE were set at a quite liberal level to make sure th4€!Y still 2 number of spurious detections remaining. &mre
no SN candidates were missed (i.e., this detection thregtwl CaSes subtraction residuals will appear at the same locatio
cepts sources at a lower signal-to-noise level than thetieje both lters and in multiple epochs (e.g. very bright galajie
criteria, see Section 2.3.2). Furthermore, the weight nfaps

the subtracted f_rames were used in_ source de_tection to tbwer 2 4. Host Galaxy Redshifts

number of spurious detections. Using the weight maps retluce

this number by about 20%, primarily close to the edges of ﬂl}&”’]g the fu” set OfU BVRI observations we haVe.CaICUIated
frames. photometric redshifts for the supernova host galaxies. ¥éeau

mplate tting method with the mean galaxy luminosity func
ion as a Bayesian prior, see Dahlen et al. (2010) and Dahlén
et al. (2004). We are using 16 SEDs which are constructed by
interpolating between four empirical templates (E, Sbd &ud
Im galaxy types) from Coleman et al. (1980) and two starburst
galaxy templates from Kinney et al. (1996). For the supeanov
Epst galaxies we use photometry from the stadd&Y images,

2.3.1. Source detection

The number of detections in a single subtracted frame is t
ically on the order of 100 times the expected number of tr
varying sources. This is consistent with the ndings of athe-
pernova surveys using similar techniques (e.g. Miknaitiale
2007). Most of these spurious detections are spuriousastthin
residuals. About 50% of the spurious sources were thentegjec
most of these by requiring that true sources must be presen . ; : : :
both theRand! Iter at the given epoch. Spurious sources closBUt excluding frames obtained during the time period when th
to saturated stars and image defects were also removedtahe SUPEMOva is detectable. For thandRimages we use the refer-
number of candidates for all the epochs remaining afterititis €"c€ epoch_|mages. These conS|derat|or_1$ ”?a"es certathehat
tial rejection procedure was1500. Most of them are spuriousSUPernova light does not act the determination of the photo-
detections related to subtraction residuals of brightdgatathat metric redshifts. .
are present in both Iters. In Section 5 we show how constgain /" our observed subsection of the ELAIS-S1 _eld only two

on the light curve and supernova typing can be used to Safggl_axie_s have known spectroscopic redshifts. This meaats th
reject the remaining spurious detections. calibration and checking of the photometric redshifts ig no

straightforward. We have obtained archivBVRI data of the
Hubble Deep Field-South (HDF-S) observed with the VIMOS
2.3.2. Photometry instrument. The HDF-S has been observed extensively with
] spectroscopy and we have found 280 sources with spectriascop
Photometry on the detected sources was done using the IR&Hshifts ranging from z0 to z 3.5 that are also found in the
daophot package. PSF photometry was done on all the deteciglios HDF-S observations (Vanzella et al. 2002; Rigopoulou
candidates using the tasiistar . We also tried using aper- et a1. 2005; Glazebrook et al. 2006). Comparing the spectro-
ture photometry with aperture corrections computed from thicopic redshifts to the photometric redshifts obtainedhftbe
original worse seeing image, using the IRAF taitot. This jmaging datawe nd a redshift uncertainty af = 0:06 (1+ 2)
does give fairly good results, but seems to be more susdéeptignd a frequency of catastrophic failures (de ned jzsor
to residual ux fr(_)m the background galax[es: than the PSEthSped- > 0:5) of 21%. Since the instrument and lters are the
tometry, thus giving larger errors (both statistical anstegnatic) same, the is analysis done in exactly the same way and thie dept
in general. of the imaging data is comparable, we assume that the uncer-
In Paper | we found that the photometric uncertainties estainties of the SVISS redshifts are the same as the unceegin
mated bydaophot/phot were underestimating the true noisejetermined for this dataset. The uncertainty of the retsleif
by a factor of two or more. The two main reasons for this is:thatrmination has been taken into account in the supernovagyp
(i) the pixels in the subtracted image will be positively@dated see Section 4.1. The photometric redshift technique arildraal
due to the convolution done in the image matching step;Hé) ttions of it as applied to our data set will be presented intgrea
sky noise is estimated in a region outside of the host gathug, detail in Menc a-Trinchant et al. (in prep).
not taking subtraction residuals properly into accouner&fore At rst, the host galaxy was identi ed as the closest galany i
we use simulations to obtain reliable error estimates. Bysi terms of angular separation. But when the redshift infoiomat
lating SNe at dierent brightness in each epoch and nding thevas considered it became clear that some of the identi etshos
scatter in their measured magnitudes, we obtain an estiofiatevere on redshifts that would make any supernova in them be
the true photometric error for each point on the SN light eurv undetectable. Instead of angular separation we insteatitbee
The simulations also allow us to check the photometry f@hotometric redshift information and chose the closesagal
possible systematic errors. In Paper | we discuss the disgovin terms of physical distance instead. The host selectioxi-ma
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mum distance was allowed to be quite large. For a few of tleed since these parameters uniquely dene the light
supernovae (SVISS-SN135, SVISS-SN301 and SVISS-SN2@&lyve for a specic type we may rewrite?(fF;gjT;) as
this meant that the centre of the selected host was fairtprlis P(fF;gjffi;j(Mg; z t; )9 andP(T;) asP(Mg;zt; ;Tj).
(> 20 kpc). The probability for these SNe to be attributed to the We de ne the likelihood function for each supernova type:
wrong host is increased. Therefore we also ran the typing cod
without photometrt‘: rgdshifts supgliﬁc: ffor tp]ese SNIE(, théec |;(fFigMg;zt; ) P(fRigiT)P(T))
will then estimate the best tting redshift for the most likeype _ iff S coge T
based on the SN light curve information alone. For all of ¢hes = P(Figiffi;(Ma: 2t J9P(Me: 2 ’T’)('3)
three SNe the output type remained the same, and the best-t
redshift was similar (within the 68% con dence limits) toeth The probability that a supermova with a template liaht cuive
photometric redshift of the selected hosts. We thus coredluat i hp g dli ﬁt 6. P 9 i
these three supernovae probably have the correct host &@gnt wilt have an observed light CUrvesig 1
and that, even if they do not, this does noteat the output typ-
ing. _ Yoo o (R 122 F)
PO (M2t )9 = —p=r—i ()
i i

3. Supernova Typing Method where each observational data point is allowed to uctuate a

Our typing method relies on a Bayesian template tting algg=ording to Gaussian s'gatistics (the widths of the distring are
rithm. The use of prior probabilities and Bayesian margiaal given by the observational errorsf). It should be noted that
tion makes it possible to include previously known inforiaat the photometric quantities in this expression are in urfitsixo
on the di erent supernova types in the tting technique whilécountssec). Non-detections are included in the analysis as data
avoiding over- tting. The goal of the method is thus to ndeth Points with zero ux and with an error given by the Jimiting
most likely supernova typel() given an observed light curve UXES.
(fFg of a supernova candidate. The description of the Bayesian TheP(Mg;z t; ;T;), or equivalentlyP(Mg; zt; |T;), prior
method follows Kuznetsova & Connolly (2007) although the nccontains all the prior information on the parameters foneegi
tation and scope is slightly derent. All calculations are done intemplate. We assume that the parameters are independent and
a parallelised FORTRAN 90 code using double precision.  can thus factorise the prior:

Formally we want to nd the type that maximises the prob- _ . _ .
ability P(T;jfFig, wherej = [1;::;Nr] refers to the dier- P(Mg;zt; jTj) = P(MgjT )P(ZT)P(T)) 5)
ent types and = [1;:::;Ngp] to the points on the observed PT;)P( jT;)P(T)):
light curve. Nine supernova types (las4d@:, laging iike 1891t ke,
IbCrormal, IbCuright, 1IN, 1L and 11P) have been considered. Therhe individual parameter priors are described in the nesticre,
total number of data points\gp) is given by the product of the The remaining priorP(T ) contains information on whether a
number of Iters (Nrirers) and the number of observation epochgpeci ¢ supernova subtype is more likely than others. The-re
(Nep). The SVISS observations were done in two IteRgndl) tive rates of supernova subtypes are not well constrainbigat
and in seven epochs, thiig, = 14 in this work. The probability redshifts. Therefore, we assume that the prior probalfiitya

P(T|jfFig cannot be calculated directly, using Bayes' theoregpernova candidate to be of a certain subtype is equall fibeal
we can rewrite the probability: types (i.e. a at prior),

1) P(T)) = Ni; (6)
T

o _PURGTPT)
PR = B par ampT)

P(fFigjT,) is the probability of obtaining the light curve ddtgg There are more priofgsarameters that could have been used
for a given supernova typ€;. P(T;) contain all prior informa- to construct the template prior. Including more prior imhar-
tion on the supernova model light curve for the specic typaion will of course a ect the typing and can make it more accu-
When Bayes' theorem is used in this fashion we implicitly asate. For this to work, the parameter in question needs te hav
sume that the set of supernova types is complete, i.e. airsugknown probability distribution (or at least a valid rangeval-
nova candidates must be one of the considered types. For sis). It should be noted that adding more priors will cauge th
ciently peculiar supernovae, and non-supernovae, EqQuati computation time of the typing to increase by a factor eqoal t
will not give valid probabilities. In Section 4.3 we des@ibow the number of steps used for the probability distributionr O
we use measures of goodness-of-t to purge candidates wihoice of four priors is thus based on a compromise between
light curves that are too dissimilar from the model curves.  limiting computing time and choosing parameters with well-
For each of the nine supernovatypes we create template lighbwn distribution on one hand and typing accuracy on the
curves using absolute magnituddg) light curves and spectral other. Other authors have used additional or aedént set of
energy distributions (SEDs), further described in Seati8B8 priors. Kuznetsova & Connolly (2007) include prior informa
and 3.3.6. We use four parameters that uniquely de ne ttie ligtion on stretch in their typing code, using a Gaussian thistion
curve for a given type: (iMg the absolute rest-frame B bandwith mean and width from observations. In our code we use ther
magnitude at peak, (i, the redshift of the supernova, (itijthe monuclear supernova templates with eiient stretch to account
time di erence between the explosion date for the model and tioe this variance. The inclusion of a colour uncertainty he t
rst observational epoch,(ivjRy; E(B  V)g= ; extinction in templates can also be described in terms of an additionad, pri
the host galaxy. We denote the template light curvesfby this has been used by, e.g., Poznanski et al. (2007a). Wetdo no
have colour uncertainty in our typing, instead we choosest® u
ffi,;0= ffi.;(Mg; zt; )g (2) more templates that have dirent colour evolution.
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Table 2. Properties of the supernova photometric templates The probability of a given time dierence is assumed to be
equal for all the time dierences betwedn to t,. The time dif-

Type hMgiy my Stretch Fraction References ference probabilities do no depend on the typgjT;) = P(t),
la—91T -19.64 030 1.04 0.2 1-3 and the prior is:
la—normal -19.34 0.50 1.00 0.54 1,34 t 1
la—faint ~ -1896 050 080 0.2 1,36 PO=—71 N (10)
la—91bg -17.84 050  0.49 0.06 1,34 2
Ibc —bright -19.34 0.46 [ 0.054 1,79 where tis the numerical step size atNj the number of steps.
Ibc—normal -17.03 0.49 M 0.31 1,79 We have usedt = 1 day throughout this work. The time dif-
L -17.23 038 NA 0.043 1, 10-12 ference interval considered is given by;f,] = [ 136, 142],
lIn -1882 092 MA 0.061 1,12-13  this interval is chosen based on the timeetience between our
P -16.66 112 MA 0532  1,12,14-21 search epochs and that we require supernova candidates to be

Notes.hMgi is the absolute magnitude in the Johnson-B lIter at peaﬁ%bs_le_rzved ",:. attl.eaSt twg SIUbsequ.?jm egOChS't Cardelli |
(assuming standardCDM cosmologyfhy; um; g= f70;,0:3;0:79, € extnclion models considered are two Lardelll laws

w is the dispersion in the peak magnitude. (Cardelli et al. 1989) wittRy = 2:1 and 3.1 and the Calzetti
law (Calzetti et al. 2000) witlR, = 4:05. Some authors have re-
References(1) Nugent (2007); (2) Stern et al. (2004); (3) Tonry et alported indications of steep extinction laws for superncieag.
ggggg? g'; Il_\lugent et |a|('2(02(())50)2)(;8()5|2|Ph|”|pS etlaé-zglozg;@(gggt al. Goobar 2008), this motivates the inclusion of = 2:1 law.
 (7) Levan et al. ; amuy etal. ? rason  The Calzetti law is normally used in star forming galaxied an
et al. (2006); (10) Gilliland et al. (1999); (11) Cappellatal. (1997); s 4,5 a reasonable assur);]ption for core-collagsge SUpEENOV

(12) Richardson et al. (2002); (13) Di Carlo et al. (2002})(Dessart H | extinction | idered f ' ;
et al. (2008); (15) Baron et al. (2004); (16) Elmhamdi et apgz); ''OWEVer, ail extinclion laws are considered lor any givemety

(17) Leonard et al. (2002); (18) Hendry et al. (2005); (19®at al. 1he second parameter for the extinction is the colour excess

(2006); (20) Pastorello et al. (2006); (21) Quimby et al (2D E(B V), therange of excess considered80 E(B V) 06
with step size of 0.1. The total number of combinations of the

di erentextinction laws and valuesiBtB V) ( ) is Next = 21.
3.1. The parameter prior distributions We assume a at prior which does not depend on the type under

. . onsideration and arrive at:
Each of the four parameters have an associated probaligity (f

tribution function. The parameter priors on the right haide of P( jTi) = 1. (11)
equation 5 are given by the respective probabilities. 7 Next
The prior on the peak absoluBmagnitude is given by:

We have performed tests on simulated and real data which

e (Ms hMgi)>=2 2) indicate that the typing is fairly insensitive to changeshaf ex-
P(MgjT) = —p———— Mg; (7) tinction prior range. Using a higher maximum extinction or a
Y di erent step size does not change the type of any of the ob-

where hMgi is the mean peak magnitude for a given supe?—erved SNe (see Section 5).

nova type (see Table 2 and the discussion in Section 343),

is the dispersion of the mean magnitude and is the nu- 3.2. Determining the most likely supernova type

merical step size. Assuming the peak magnitudes to be nor- . .

mally distributed around the mean is consistent with otsen)Vhen trying to nd the most likely supernova type the four pa-

tions, c.f. Richardson et al. (2002) and Richardson et gy fameters are all nuisance parameters, we marginalizekigle li

The range in peak absolute magnitudes considered is given}gpd function over the four parameters to get the summes like

[MVigi 2 m:hMgi +2 ] for each subtype and the numerical' OOd)IUh)(éth;l(, o;(ln Bayesian terms, the evidence:

step size used is 0:02 0:04. . o .
The redshift prior used is either a Gaussian or a at distrib 1 = P(fFigiffij(Me: 2t JOP(Me;Zt; i T)):

bution, depending on whether the host galaxy has a valid pho- Ms 2 ! (12)

tometric redshift available or not. The meag,and width, 2 Putting it all together we arrive at the following formular fine

C:Ii%eo??#; shlﬁgtdg;fsitlggytl(cs)gelssggeg Zyatr?g &Z%tgr;ﬁ}rrifdﬂn evidence (given that photometric redshift for the host igilav

al., in prep.). The redshift of the supernova is independegtite able):
supernova type, thus we may wri¢zT ) = P(2) and obtain: 1 X 1X 1 X oMehMeip=22)
Li=— — —p=" M
e (@ 2’52 ) . Nt t A\ Next M 2 wm °
P@Q=—p— z (8) ° (13)
2 z X e@zr«2?) Yo o F 742 F)

p— z

z is the numerical step size, similar tav in eq. 7. The at 2 z Y3 Fi

redshift prior is given by: i

z

The probabilityP(T;jfFig is then equal to the relative evi-
P(2) = z . ©) dence for each supernova type,

z 7

where |; z,] is the lower and upper limits of the redshift interval
considered. For both distributions we have used a numestiegl

size of 0.02 in redshift and a redshift interval given By4,] = The most likely type for a given SN candidate is the one with th
[0:0; 2:0]. highestP(T ;jfFig. We co-add the probabilities for the subtypes

L .
P(TjfFig = P—I’_: (14)
iLj
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belonging to either of the two main types (thermonuclear and s - la-91bg

core collapse types) and get the probabilit$ N) andP(CC) zr 91T

for each typed supernovae. Our tests of the typing using-simu | /. \ -~ "7 Ia-9 |
- la-norma

lated data of the same quality and type (see Section 4. 1ateli 9l
that the resulting subtype classi cations within these twain
types are prone to quite large errors (on the order of 10—-20%)
while the errors on the main type classi cations are sigantly A5
smaller (on the order of 5-10%).

In Section 4 we discuss how to set constraints on the ev- =
idence and normalised probability to reliably reject botts-m
classi ed and non-supernova objects.

We also construct a "best-t” light-curve for each super- 261
nova. This is done by xing the supernova type and then nd-
ing the most likely value for each parameter one at a time, by .

. .. . 27 Se
marginalizing over the remaining three parameters. Asthoye ~.
Kuznetsova & Connolly (2007), Bayesian techniques do not al el
ways give the best estimate for the individual tted paraengt - - -
To get trustworthy estimates of individual parameters clzteid ' ' '
simulations have to be run, which is beyond the scope of tis p
per. We merely use the tted light curves as measure of oleral
quality of t (a method which is studied extensively by Monte
Carlo simulated light curves, see Section 4.1).

la-faint

251

3.3. Supernova subtype templates

We use supernova spectra and absolute magnitude lightsurve ‘0'50’ - — — J
to construct light curve templates for nine drent supernova ’ Epoch (days) 7
subtypes. The spectra aiMk light curves for all of these types

are (with a few exceptions) obtained from Nugent (2007). THd9- 1. Template light curves for the four_thermonuclear superrgpas
tra we use extend from 1 000 Ato 25 000 Aand cover epo@hZ .= 0:5. The upper panel show thrlight curve for the la—normal
Spec POy ﬁtype as solid (black), the la—faint subtype as dasteddhlue), the

from day 1-2 to 100 after explosion. The light curves are; ke subtype as dotted (green) and the 91bg-like sebagdashed
scaled to the absolute peak magnitudes given in Table 2, gBghn). In the lower panel tHe | colour evolution for the four subtypes
are obtained from Dahlen et al. (2004) (and referencesiti)ereare shown using the same line styles. (This gure is avadaiblcolour
unless otherwise noted. The table contain a complete liteof in the electronic version of the article)
references used in the construction of each template.
The output light curve template library consists of observe
frame light curves for the redshift range 0.01-2.0 (with&pst normal template, 19:34, is obtained from Tonry et al. (2003).
size of 0.01 in2) in the VIMOSR and| lters for each of the The peak magnitude for the la—faint subtype was calculayed b
nine supernova subtypes. As an example, Figures 1 and 2 sk@¢ting from the la—normal peak magnitude and scaling to a
theRband light curve and th@ | colour evolution for the nine s = 0:8 peak magnitude using the luminosity to decline rate rela-
templates az = 0:5 (roughly corresponding to rest frarBeand  tionship from Phillips et al. (1999) and the decline ratettetsh
B V). relation from Jha et al. (2006). The resulting absolute pgak
The subtype fractions listed in Table 2 are from Dahlen et ahagnitude is 18:96.
(2004). These fractions are not used in the actual typirey, aine The light curve and spectra for the 91T-like template were
only used to study the misclassi cation ratios, see Sedlih st presented in Stern et al. (2004). This input data is ected
Comparing these numbers to the more recent measurement®plextinction assumingRy; E(B V)g = 3:1=0:2g (Nugent
Li et al. (2010) shows some dérences, but not large enough t®007). The 91bg-like template is based on light curves and
notably a ect our results. spectra of SN 1991bg and SN 1999by (Nugent et al. 2002).
The peak absolut8 magnitudes are, respectively]19:64 and

3.3.1. Type la supernovae 17:84 (Tonry et al. 2003). The templates have stretch values

o according to their namesakes, 1.04 for the 91T-like teralat

We use four dierent light curve templates for the thermonu0.49 for the 91bg-like template.
clear supernovae. The four templates (91bg-like, la—féant
normal, 91T-like, from fainter to brighter) have @rent abso-
lute peak magnitudes and thus alsoetient decline rates. The
decline rates are parameterised using the stretch panargeteWe use two Ifc supernova templates, the Ibc—bright and Ibc—
rst introduced by Perlmutter et al. (1997). The range ire8th normal templates. The spectral evolution is based on thé& wor
(s = 0:49-104) for the four templates provides a sparsely sanaf Levan et al. (2005) and the light curve is based on observa-
pled grid that covers the observed stretch distributiorypétla tions of SN 1999ex from Hamuy et al. (2002). The observed data
supernovae (e.g. Sullivan et al. 2006). are corrected for extinction since the used SN have notable e
The spectra and rest-frarBdight curve used to construct thetinction, fRy; E(B  V)g= f3:1; 0:4gis assumed (Nugent 2007).
la—normal and la—faint templates were rst presented in@&hig Richardson et al. (2006) nd that the absolute peak mageitud
et al. (2002). The absolute pe&magnitude used for the la—distribution of Idc SNe can be described by using one bright and

3.3.2. Type Ib/c supernovae
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Ibc-bright 3.3.4. Type lIn supernovae

21 ==
I/' \\ ------ Ibc-normal The spectra and light curves are based on SN 1999el (Di Carlo
T, — L et al. 2002), whereas the absol@@eak magnitude and scatter
B kN eoe In 1 are obtained from Richardson et al. (2002). After compensat
Yo —_— P ing for the di erent cosmological parameters the resulting peak

2| magnitude is 18:82.

3.3.5. Type IIP supernovae

The spectra used to build the IIP supernova template come fro
di erent sources. For the early epochs33 days after explo-
sion) we use extinction corrected spectral models from &ress
et al. (2008), which in turn are based on SWIFT UV-optical ob-
servations of SN 2005cs and SN 2006bp (Pastorello et al.;2006
Brown et al. 2007; Immler et al. 2007; Quimby et al. 2007). The
late epoch spectra are based on SN 1999em from Baron et al.
(2004) and obtained from Nugent (2007). The reason for not us
ing the SN 1999em spectra for the early epochs is that the UV
part of those spectra are modelled and extrapolated froicadpt
observations, the more recent modelling based on earlyhepoc
UV/optical observations should thus provide a more accurate
spectral evolution.

The light curves have been constructed using photomet-
ric data for SNe 1999em, 1999¢i, 2003gd, 2004et, 2005cs and
I ] 2006bp (Elmhamdi et al. 2003; Leonard et al. 2002; Hendry
0 50 100 150 200 et al. 2005; Sahu et al. 2006; Pastorello et al. 2006; Quimby

Epoch (days) et al. 2007). The light curve of each of these SNe is scaled to a
Fig. 2. Template light curves for the ve core-collapse superngges  COmMmon peak magnitude and corrected for extinction usiag th
atz= 0:5. The upper panel shows tReight curve for the IIP subtype as Values given in the original references. Each curve is tkeen r
thick solid (black), the IIn subtype as dash-dotted (rewh),ItL subtype Sampled with a resolution of 1 day over the range of observed
as solid (green), the Ibc—normal subtype as dotted (blauk}fae Ibc— epochs (using spline interpolation). The nal IIP light geris
bright subtype as dashed (blue). In the lower panelRhel colour then obtained by averaging over the six interpolated lightes.
evolution for the ve subtypes are shown using the same liytes. The adopted absolutB peak magnitude, 16:66, and scatter
(This gure is available in colour in the electronic versiofthe article.) come from Richardson et al. (2002), again compensatindior t
cosmological parameter dérence.

26

27
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3.3.6. K Corrections of SN Light Curve Templates

one normal population. We use the mean absolute peak maghée then calculate VIMOSR and | apparent light curves for
tudes, 19:34 and 17.03, and scatter for the two populationghe redshift range [@®] using the following formula (similar to
from their paper; converting the magnitudes to our chosea c®ahlen et al. 2004):

mology and k-correcting to thB band.

It should be noted that the red colour of the template in pre- my(t;2) =Mpeaks + Mgt (1+2) )+ (2 15
peak epochs (the rst 5-7 days in rest-frame) is the resubtast +Ag KBzt (1+2 Y (15)
ing the template on SN 1999ex which showed thisat at early Y
epochs (Hamuy et al. 2002). There are not maty sbipernovae wherey refers to the observed IterR or 1), t is the observer
that have been observed before peak brightness, but obises/a frame epochMpeaks is the peak absolute magnitude in a rest-
of other Ibc's (e.g., SN 2008D from Modjaz et al. 2009) showrameB Iter, Mg is the light curve decline relative to the peak,
that this e ect may not be characteristic of the type. We havey) is the distance modulus ang4s the rest frame extinction in
performed tests using the typing code with &ltemplate with- the host galaxy. The K-correctid?, following the formalism
out the early red phase and found that the choice of tempégte Bf Kim et al. (1996), is given by:

very little in uence on the resulting probabilities (lessan 1%). R
5 Z()Ss()d %
B(-. — . .
Ky(z )= 251log 2:5 log(1+ 2

3.3.3. Type IIL supernovae ZFg )Sy( )d

(16)

The IIL s i in Gill F( )Se( )d %
pectra and light curves were rst used in Gilliland + 2.5 logBR
et al. (1999). The light curve is originally from Cappellaal. F(=(1+2; )Sy( )d
(1997). Richardson et al. (2002) presented the abs@&yteak
magnitude distribution of IIL SNe, we adopt the mean peak-maln this expressiorZ ( ) is the spectral energy distribution of
nitude and scatter for their normal lIL population. Coniregthe Vega; Sg( ), Sy( ) the Johnson B and VIMO®/I total lter
magnitude to our cosmology we arrive aBgeak magnitude of transmission curves arfel ; ) the spectral energy distribution
17:23. of the supernova at rest frame epoch
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4. Testing the Typing Method 4.2. Rejection of Non-Supernovae

4.1. Simulated Supernova light curves As mentioned in Section 3.2, the Bayesian typing method only
ives valid results when the input light curve can be modelle
V%y one of the templates. If the variability of a source has@no
origin (or, though less likely, is a SN with a very irregula
light curve), the resulting likelihoods will be very smadh. fact,

e evidence will be zero (within machine accuracy) in many
c;:ases where the observed light curve is just toedént from a
ncluingth cagence beveen obseing cpochs and 18 I, o Lo v o et o ot o,
ing magnitudes in the detection Iters. . variable stars, complicated subtraction residuals). Wevicthe
| We rst assclijme a tmﬁ" SN rate by sumrplng the :]Termon%hggestion of Kuznetsova & Connolly (2007) and de ne rejec-
clear (TN) and core-collapse (CC) rates from Dahlen et al,-"inits for each templatel. goo7 . These are calculated by
(20(.)4)' We use this rate to assign a random redsh|ft_ to eack rr?Onding the evidence below which 99.9% of the evidences — re-
SNin the range 6 z < 2. The SNe are thereafter given a maily sing from tting of the Monte Carlo simulated light curse-
type, either TN or CC, from the relative strength of the ralte gy ‘rne jikelihood thresholds are on the order of 19,
these types at the assigned redshift. The thermonucleaaBNe It should be noted that the likelihood threshold is only re-

thereafter subdivided into a faint, a normal, a 91bg-likd an o ; S
! ; ; y P T ) ally e cient in removing sources with light curves that are suf-
91t-like population, while the CC SNe are subdivided infq Il ciently di erent from a supernova light curve. For example,

][IP, tI_In, Ib(;—brlghht or Ilbtt:—gorngiil. It should ble ??P:_ed %‘rﬁit an AGN with a light curve very similar to a supernova will of
ractions ot €ach simuiated sublype are equa at this p cqurse not be removed by this cut. Using this rejection sehem

is done to make sure that the number of simulated SNe for eagfl\ s us to perform an automatic cut which will only rejext e

,[SUbégp%']z ?rua(c::![ieonr:lsy r}yehnf%rségtclﬁtgjbtevini:10'{';2% rgr:rsuubfreme outliers (0.1%) in the supernova population. Funthan-
v%//ﬁen.anal sing the tg ing results for theygimulated light/es al inspection is needed to safeguard against possibléosgur
ysing yping 9 candidates that have light curves similar enough to SNe ¢ en

(see Section 4.3). with likelihoods hi i
. . . gher than the 99.9% threshold. This-pr
A peak B-band magnitude is assigned to each SN (Table zgss is described, along with our nal supernova candigates
This is thereafter perturbed using the peak magnitude dispe

values given in the table. Each SN is assigned an explosien deiectlon S

over the course of one year. We thereafter use the actuatcade Some of the problems related to supernovae with non-
year. standard light curves may be avoided by using the technifue o

of the SN search and the B-band light curves for each SPeChf, ; :

- ; zzy” templates, pioneered by Rodney & Tonry (2009). This
type to calcu_late the absolut_e magnitude of the_SN at th(_ardl ethgd maEes it pgssible for thye templgtes to co{/ér mor)eeof th
ent observational epochs. Since the SN explosion datessare arameter space by giving the templates themselves an-uncer

tributed over time, we will have some SNe that are observa qnty (*fuzziness”). In this work we have not used this teicjue
in all epochs (i.e., those exploded before the rst obséom but it can be easily implemented in our code and we will inelud

and others that explode during the observational periodtausi it as an option in future versions of it. Another way to impeov

only observable in some of the epochs. ) .
In the next step we use the type speci ¢ SEDs of the SNe M&ﬂ% 8L:jhz§[ZihSeNeexilsstitr?gL(l)sr?eg more extended set of templates

To test the typing accuracy of the code applied to the obsger
SNe, we create a simulated mock detection catalogue. Ttais c N
logue was created to resemble the expected characteabtits
detected SN sample when it comes to peak magnitude distri
tions, light curve shapes, redshift distribution, and dugtnc-

calculate the K-corrections that give us the apparent niages
in the observed R and | Iters corresponding to the absolute B
band magnitudes (see Section 3.3.6). The apparent magsitugl3. Systematic and statistical errors of typing

are also corrected for extinction in the SN host galaxieagisi . .
the extinction distributions from Riello & Patat (2005).the - Ve use the Monte Carlo simulated supernova light curvesdo n

nal step, we add to the apparent magnitudes a photomeic eff€ expected misclassi cation ratios for the two main supea

This consists of both a statistical part, derived from theeeted YPES at di erent redshifts. Typing of the simulated light curves
S/N=3 limits in R and | (see Section 2.3.2, and a "systemati¢® done using the same code and assumptions as when typing
part, for which we assume in extra 4% error in the ux. The sinf® Observed supernovae. This approach allows us to estimat
ulated catalogue consists of apparent magnitudes ancsémrgr € total errors on the supernova counts including bottesyst

and | at each observational epoch. We treat objects wit @~ &tic errors, that arise from the assumed priors and possyfsie

as non-detections. This is also the case for epochs obsgriced tematic errors in the photometry; and statistical erramanfthe
to the explosion of a particular SN. photometric statistical errors and the photometric reftishiors.

Since we rely on photometric redshifts, we also assign asim- We investigate the errors by studying the misclassi cation
ulated redshift to each SNiim. We calculate this by adding ratios, fioss and fgain f(_)r the simulated the_rmonuclear and core-
a random scatter, z,4 — drawn from a Gaussian distributioncollapse supernova light curves. The ratios are de ned as:
with  ; = 0:06 — to the true redshifiz(,e) according tozsim = N N
Zrue + (1 + Zrye) Znd- The ; used here is the photometric fos(TN) , TN cC fgain(TN) , _CC TN
redshift accuracy of our host galaxy catalogue, see Se2tin Napp(T N) Napp(T N)

When testing our code using the mock catalogue, we cull f (CC Near TN £ (cC Nt cc 17
the sample by applying additional selection criteria. As der l0ss(CC) , Napp(CC) gain(CC) , Napp(CC)’ a7
fault set-up, we only include objects that hav®lS3 in at least
two consecutive epochs in both R and | (mimicking the set-wuphereNrn cc andNca T is the number of SNe that have been
used for the observed supernovae). The total number of nremancorrectly classi ed (the true type on the left) aNg, is the ap-
ing simulated supernovae after the cull i£8 000, which corre- parent number of SNe of the given type. For examfiles(T N)
sponds to roughly 2000 SNe per subtype (see Table 3). gives the fraction of thermonuclear SNe incorrectly classas
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e fgaimw (TN) —_— fgainuw(CC)
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0.10 | R 0.10 | R
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Fig. 3. The e ect on the misclassi cation ratios of applying a rejectigiterion on the type probability. The Iéfight panel shows the weighted
misclassi cation ratios fossw and fgainw) for the thermonucleé&ore-collapse SNe along with the fraction of rejected odaigis Nej=Napp) for a
given limiting type probability Pji). This information can be used to select an optifg] to avoid misclassi cations without rejecting too many
candidates. For details see the text and Table 3. (This guaailable in colour in the electronic version of the dejc

CC SNe. Note that using the ratios as measures of misclassi ¢ A K-S test applied to the two samples is not conclusive, we
tion errors is valid if the underlying core-collapse to thenu- cannot rule out that the two populations are the same with sig
clear SN ratio in the survey is the same as the one we assumaiinance (the K-S p-value is 0.11). Interpreting this ressihot
Section 4.1. trivial, there is a number of assumptions that go into sirtingda

The di erent subtypes have quite dirent misclassi cation the SNe (the choice of speci ¢ templates and basically athef
ratios. Since we assumed the SN frequency for themint sub- Priors) that can make the distribution @irent from what you
types to be equal we also compute weighted misclassi catig¥puld expect for a real sample. It's certainly possible thalts-
ratios, fossu(TN), faainw(TN), fiossw(CC), fginw(CC), where covered SNe may have a light curve which is simply not similar
the number of misclassi cations per subtype (eNgp; Tn) are t0 any of the templates we use, this will cause a mismatch as
weighted by the relative frequency of that subtype. Theygqubt the one we see in the distributions. This is also discussed in
fractions are from Dahlen et al. (2004) and given in Tablet® T Section 4.2 where some suggestion on ways to solve the proble
flossw and fgain.w ratios are adopted as the nal measure of migiré given.
classi cation errors in our survey. The assumption that the the supernovae will be evenly dis-

Figure 3 shows hoviginw(T N=CC) and fi,ssu{T N=CC) are tr_lbu_ted into the subtypes (see _Sectlon 4.1) will in uenbe_lt _
decrease when a limit on the type probabilitis,, for a source dlst_rlbun_on and cause itto be dérent from the observed plls_tn-
to be included in the analysis is introduced. The gure alseution slightly. In this particular case we cannot use theiarp
shows that the use of a limiting probability will make the-surSubtype fractions to weight the results (as used in Sectigp 4
vey e ciency go down. Due to the low-number statistics naince the numbers of observed SNe in theedient types are too
ture of our survey we elect not to use a limiting probabiligy alow for doing subtype K-S calculations.

a rejection criteria, but it should be noted that the misilea- There is thus no reason to expect that the the samples would
tion errors can be somewhat decreased by only includingtsbjebe perfectly matched (giving p-values close to 1). Nevéetw

with high probabilities. The ratios and total number of siated ~ the resulting p-values indicate that the assumption of iiine-s
supernovae for the derent redshift bins can also be found ifated light curves being representative of the sample dfsea
Table 3. pernovae cannot be ruled out (at a signi cance level of 10%).

There is a caveat with using the misclassi cation resutigfr NOte that the e cient number of data points for the two types
the simulated sample. The errors are only really reliablerwh'€ quite low (7 for the thermonuclear and 9 for the core-
the observed supernova sample has light curves that arasinfio!lapse SNe, see Section 5). A better accuracy for the yesal
to the template light curves on average. If most of the oleger/f€dUire more real supernovae to compare with, which wosid al
supernovae have light curves erent from the templates the®nable us to look at the subtype statistics.
errors estimated by this method will not be representafiigire
4 shows the disjribution of Bayesian evidence_ for most Yikel 4 Redshift determination using the typing code
type,L, for the simulated SN sample together with the observed
supernovae (see Section 5). Comparing the distributidn of By xing the type to the most likely template found in the full
the simulated SNe to the observed ones indicate that thelsamBayesian tting run we can try to nd the most likely redshat
seems to be fairly dierent. the supernovae (see Section 3.2 for a more detailed desajipt
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Fig. 4. The main panel shows the t quality, as measured by the atsdayesian likelihood for the best tting template ay), versusP,

the probability of a given source being of the simulated fyffjpethe 18000 Monte Carlo simulated supernovae. The upper panel gheP
distribution and the right panel tHenax distribution. For clarity, large (blue) dots and solid @Juines marks the correctly typed SNe (with
P > 0:5); small (red) dots and dashed (red) lines the incorregihed SNe. The cross and star symbols in the main panel $hewand
P(T N)=P(CC), respectively, for the observed supernovae (see Sec)idrhBee of the thermonuclear SN candidates Hayg, < 1 10 4, they
are marked by a caret lower limit symbollag.x < 1 10 * (note that they have the sarR€T N) values, thus the symbols are overlapping). (This
gure is available in colour in the electronic version of thdicle.)

The prior on redshift is based on the probability distribatfor clear supernovae and 0.072 for the core-collapse with a-negl
photometric redshift of the host galaxies. By looking atitinest gible o set for both types. Overall, a small number of objects
likely redshifts obtained from the typing of the simulategber- (<0.1%) get assigned a catastrophic redshift, de ned as tbjec
novae we can investigate whether the prior information ddderith (jzsit  zruej 1+ zrue) > 0:2; these are all misclassi ed SNe.
through the supernova light curve changes the redshifracgu The resulting redshift accuracy is thus very similar to thyguit
For the SVISS host galaxies the normalised photometfénulated error, the inclusion of prior information in therh of
redshift scatter is ; = rms(@rue  Zobd=(1 + Zrue)) = 0:06, thesupernovadata has notimproved the redshift deterimimat
the simulated SN redshifts are scattered according to seig (On the other hand, excluding the misclassi ed supernovee, n
Section 4.1). When comparing the most likely redshiftg) further errors to the redshift estimates seem to have bésot in
from the typing code with the trug,e as de ned in Section 4.1) duced in the typing code.
we nd a normalised redshift scatter of 0.067 for the thermnon

11
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Table 3. Simulation results

z fainw flossw fgain fioss dz Napp
Thermonuclear Supernovae
z 025 0.019 0.025 0.039 0.046 0.091 540
0:25<z 050 0.098 0.023 0.096 0.043 0.12 2894
050<z 075 0.096 0.032 0.10 0.052  0.084 3102
0:75<z 1:.00 0.057 0.017 0.078 0.022 0.074 1759
1:00<z 125 0.038 0.0045 0.061 0.0056 0.095 358
1:25<z 150 0.26 0.0 0.50 0.00 0.082 20
z 15 0.082 0.024 0.042 0.071 0.098 8673
Core-collapse Supernovae
z 025 0.0079 0.0060 0.015 0.013 0.078 1676
0:25<z 050 0.020 0.085 0.038 0.084 0.12 3319
050<z 075 0.041 0.12 0.067 0.13 0.083 2428
0:75<z 1:.00 0.026 0.085 0.032 0.12 0.094 1172
1:00<z 125 0.0034 0.029 0.0042 0.047 0.12 472
1:25<z 150 0.0 0.014 0.00 0.027 0.16 367
z 15 0.022 0.075 0.084 0.037 011 9434

Notes. fginw/ fiossw are the misclassi cation ratios weighted by subtype fremyeandfg.in/ fioss are the unweighted misclassi cation ratiak is
the redshift variance (based on the tted redshift from g code compared to the true redshift of the supernovah#ospeci ¢ bin and N,
is the apparent number of simulated supernovae of the gyjyenin the bin.

Table 4. Supernovae in the SVISS

SVISS ID Type (Subtype) P(Ps)? logL z Mppeak te (daysy Ext/E(B V)°
SVISS-SN43  TN(la—normal)  0.888(0.735) 4.64 0.43 -19.88 140 /.0
SVISS-SN161  TN(la—faint) 1.00(0.910) -19.2 0.50 -18.28 -47 /0.0
SVISS-SN115 TN(la—91t) 1.00(1.00) -18.1 0.40 -19.04 1 0.0
SVISS-SN116 TN(la—faint) 1.00(1.00) 1.05| 0.55 -18.98 -6 0.0
SVISS-SN309  TN(la—faint) 1.00(1.00) -145 047 -17.96 -77 /0.0
SVISS-SN402  TN(la—faint) 1.00(0.919) 6.09| 0.22 -18.66 -127 Ch.4
SVISS-SN135 TN(la-—normal)  0.978(0.682) 9.3§ 0.98 -18.62 -25 CB.1
SVISS-SN14 TN (la—normal) 0.716(0.328) 9.50, 0.66 -19.46 142 /0.0
SVISS-SN51  CC (lIP) 1.00(0.985) 8.95| 0.52 -17.60 28 CP.6
SVISS-SN54  CC (lIn) 0.863(0.723) 9.50| 0.84 -19.22 76 /0.0
SVISS-SN261 CC (Ibc-bright) 0.574(0.490) 9.4 0.78 -19.40 -107 ap.4
SVISS-SN55  CC (lIP) 0.987 (0.946) 4.49| 0.82 -1791 -17 /0.0
SVISS-SN31  CC (llL) 0.999 (0.700) 3.63| 0.12 -16.52 64 /0.0
SVISS-SN56  CC (Ibc-bright) 0.920(0.881) -0.0820.57 -19.27 -74 Cn.6
SVISS-SN357  CC (lin) 1.00 (1.00) 6.96| 1.49 -18.89 -92 /0.0
SVISS-SN24  CC (lbc-bright) 0.511(0.511) 7.21] 0.82 -19.54 26 CcR.5

Notes. @ P, refers to the co-added probability for the best tting maype (TN'CC), P; refers to the subtype probability from the typing code.
® This is the time since explosion in the observers frafh&xtinction models are as follows: C3, Cardelli wRy=3.1; C2, Cardelli withR,=2.1;
CZ, Calzetti. For the SNe with a most likely extinction of aero best t model is given.

In Table 3 we also present the redshift scatter for the simet al. 2008; Kessler et al. 2009, 2010b; D'Andrea et al. 2010)
lated supernovae in the redshift bins used to study misaass The observations were obtained with a cadence (1-10 dagls) an
tion. Note that the scatter values in the table are not nasetal total survey length (90 days). To be able to compare the typ-

(i.e.dz= stdevgy,e

Zops))), as opposed the the, discussed in ing results from this sample with the observations and samul

the previous section. The overall redshift accuracy is istest tions for the SVISS we re-sampled the SDSS supernova light
0:5 redshift curves to a cadence 0f20 days (giving 4-5 epochs). The re-
bin has a somewhat increased scatter, this is due to a higher csulting light curves (az 0.1) thus sample approximately the
tribution of catastrophic redshifts (or, equivalentlyselassi ed same rest-frame epochs as the light curves from SVISS (with a
SNe) in this bin. The actual percentage of outliers in thisibi mean redshift of 0.57). We use the SD§&ndr Iters which

still quite low, 3% for the thermonuclear and 4% for the coreatz 0.1 target similar rest-frame colours as the VIM&&nd

with the simulated input accuracy. TheB < z

collapse SNe.

4.5. SDSSII Supernovae

12

| lters at z

0:5. Using only these epochs and lters will of

course make the typing less optimal, but will make the result
comparable to the SVISS typing since the same rest-frarhe lig
curve information is used. Note that a maximum of ve epochs
can be tted using this sampling, compared to the maximum of
We also tried out our typing code on a small sample of spectrgeven used in the SVISS observations and simulations.
scopically con rmed supernovae from the SDSS supernova sur
vey (Frieman et al. 2008). The sample contains 55 la supamov  The results of testing performed on the sample of SDSS su-
atz=0.001-0.2 and 32 IIP supernovaezaf.001-0.2 (Frieman pernovae do not show any signi cant dirences with the Monte
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Fig. 5.R band image cutouts, approximately 2@0°%arge of the supernova candidates SVISS-SN43, SVISS-SNSMIBES-SN115 and SVISS-
SN116. The leftmost panels show the reference image, mpttels show the peak brightness (observed) epoch and thimdgt panels show
the subtracted image at peak brightness. The (red) circtk tha location of the supernova as detected in the subttdene. The most likely

redshifts (from the typing code) for these SNe are (stadirtpe top) 0.43, 0.50, 0.40 and 0.55, respectively.
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Fig. 6. R band image cutouts for the supernova candidates SVIS®ENB/ISS-SN402, SVISS-SN135 and SVISS-SN14. See Figume 5 f
descriptions on the derent panels and marks. The most likely redshifts (from ypég code) for these SNe are (starting at the top) 0.47,0.22
0.52 and 0.38, respectively.
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Fig. 7.R band image cutouts for the supernova candidates SVIS3;SNGSS-SN54, SVISS-SN261 and SVISS-SN55. See Figuredeferip-
tions on the di erent panels and marks. The most likely redshifts (fromypig code) for these SNe are (starting at the top) 0.51, @.78 and
0.82, respectively.
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Fig. 8. R band image cutouts for the supernova candidates SVISS,SN3SS-SN56, SVISS-SN357 and SVISS-SN24. See Figuredefarip-
tions on the dierent panels and marks. The most likely redshifts (fromypang code) for these SNe are (starting at the top) 0.12,,.@7 and
0.81, respectively.
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Fig. 9. Observed and tted light curves for the supernova candel&eISS-SN43, SVISS-SN161, SVISS-SN115 and SVISS-SN1ké.|&ft
hand panels show the observdsolid hexagons) antl (squares) light curves along with the best- t light curvetbé most likely supernova
subtype, solid (black) foR and dashed (blue) for I. The error bars given for the obsiematare based on the photometric accuracy simulations
described in Section 2.3.2. In the cases where the sourcamidetected (i.e. has an estimated magnitude error of rharel) a magnitude lower
limitis given. The right hand panels show tRe | colour evolution. For th& | plot, the limit symbols indicate that the source was onledetd

in one of the bands and a lower or upper limit is given. (Thiargis available in colour in the electronic version of thicses)
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Fig. 10. Observed and tted light curves for the supernova candsl@¥I1SS-SN309, SVISS-SN402, SVISS-SN135 and SVISS-SNéd. S
Figure 9 for descriptions on the dérent panels and marks.
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Fig. 11.Observed and tted light curves for the supernova candel&éISS-SN51, SVISS-SN54, SVISS-SN261 and SVISS-SN55Fgeee 5
for descriptions on the dierent panels and marks.
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Fig. 12.0Observed and tted light curves for the supernova candel&éISS-SN31, SVISS-SN56, SVISS-SN357 and SVISS-SN24Fgeee 5
for descriptions on the dierent panels and marks.
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Carlo simulated sample in terms of misclassi cation. Thilo unlikely to be a supernova and we reject it (with the exceptib

misclassi cation percentage for a sample of 55 la superaovane candidate, discussed in Section 5.2). Of the 31 caredidat

(i.e. la supernovae typed as any of the core-collapse seblyp are rejected due to this, but note that some of these ary lil|

7.3 %. The total misclassi cation percentage for a sampla2f AGN but rather some other non-SN transient object (at lemst o

IIP supernovae is 9.3 %. These ratios are of the same ordeobthem have a light curve and colour consistent with a végiab

magnitude as the results obtained for the simulated saraple,star). It should be noted that the AGN rejection scheme waill n

though slightly higher. The simulated la SNe are misclass$in  allow us to get rid of AGN that show no variation over the 2 year
3% of the cases in the relevant redshift bin, the correspandibaseline and have a SN-like light curve during the searcioger

percentage for IIP SNe is5%. The di erence could be due to however, the number of AGN ful lling this criterion is estiated

the somewhat lower number of data-points available, oreaer to be small (also see Section 5.3).

for the SDSSII SNe with resampled light curves. We conclude The nal sample of 16 supernovae are presented in Table 4,

that the simulations provide valid estimates on the mistlzs  cutout images for each SN are available in Figures 5 through 8

tion ratios for a real sample of supernova light curves. Figures 9 through 12 show the observed and best t light cairve

for all of them. The best t light curves are here obtained as d

scribed in Section 3.2, it should be noted that the typingmet

5. Results is not based on nding the best tting (in the? sense) param-

After applying the photometric rejection criterion deberdl in €ter set but rather on nding the type with the closest maighi
Section 2.3.2 we end up with 115 supernova candidates whiR@¥ameter space given the priors. Nevertheless, the tifd |
are typed using our code. The subtype probabilities forwre t curves provide a quick estimate on how good the evidence for
main types are co-added, givil§T N) andP(CC), for each can- the most probable type is, a tted light curve far from the ob-
didate and the candidate is assigned the main type with ge hiserved curve usually also means that the evidence is low. The
est probabilityL max for the candidate is the maximum evidenc@robability (°) might be close to one even for lda, this re-
among the subtypes belonging to the chosen main type. The @gts that the chosen type might be improbable in the absolut
idence is then compared to the threshold evidehegggr (See Sense but that the type is the best among the available @&ltern
Section 4.2), and candidates with loweg.y than the threshold tives.
are rejected. The remaining number of candidates at thig i The redshift distribution, based on the tted redshiftsnfro
54, the rejected objects are also manually checked to make g€ typing, of the supernovae is shown in Figure 13. The joint
that the technique is working. distribution (the lled bars in the plot) has a mean of 0.5heT
We then investigate each of the 54 possible supernovae mé}@rmonuclear supernovae are on average found at lower red-
ually, making an overall assessment — using both the imageBifts compared to the core-collapse (with a mean of 0.43-com
light curve and classi cation — of whether the source is ljke pared to 0.67). The requirement that the supernovae sheuld b
a supernova or something else. This investigation was dgnedgtected in both Iters makes this expected since thermieauc
six of us (JM, TD, @, LMT, JS and SM), and we individually SNe becpme very faint at redshis0:8 in theR band due to
make separate ratings for each candidate. The manualiogjeck-corrections.
step allows us to remove spurious transient sources due-to im
perfect image subtraction. Such residuals can be preséotin 5 ;
bands and in multiple epochs, which have enabled them to gét
through the earlier rejection steps. When manual inspecifo Eight of the 16 supernovae in the survey are found to have ther
both images and light curves is done the residuals can be disnuclear origin. Based on the simulation results appreseéfy
covered. The choice of having several independent inspecto
minimise the risk of errors being made. The rejected residua
have a number of properties in common: they all have a bright
host galaxy, in general they tend to move (by 0.1-1 pixeltsnfr
epoch to epoch, most of them have lbw,,x and have erratic
light curves combined with large errors, most of them alsash
a negative residual close to the source in at least one éftech
Approximately 20 candidates are considered to be spurigus s
traction residuals. A small number of candidates) is found
very close to the edge of the images and are related to the the
higher noise level at the edges. A reanalysis of the photomet
ric errors in these regions showed that the sources did hbt fu
our photometric criteria, we thus decided to reject thesecas.
This decision also means that the @ent eld of view will be
somewhat smaller, a trade-ave are willing to accept to make
the detection e ciency of the survey constant over the full eld.
After this rejection step we are left with 31 transient s@src
that we believe are real. The world coordinatesjight curves
and grrors_for the 31 tranSIent Sources are given in the EHmpenFig. 13. Redshift distribution of the supernovae detected in theSS/I
(available in the electronic version of the article). . ELAIS-S1 eld using az bin size of 0.25. The redshifts used are the
Atthis point we also rejected possible AGN that contaminatgsyting best- t redshifts from the supernova typing codiae gray,
our sample. To do this we use subtracted frames with a 2 yggfd bars show the total supernova counts, the blue (d)tiees show
di erence in time (the reference epoch from August 2003 ati@ distribution of thermonuclear SNe and the red (dasHed} lthe
the control epoch obtained in November 2005 to January 200dtribution of core-collapse SNe. (This gure is availatih colour in
If a candidate shows variability over this time span it isyverthe electronic version of the article)

. Thermonuclear Supernovae
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0:8 1 (10% of the total number) could be misclassi ed core
collapse supernovae. Inspecting the light curves and tapét

the t quality (P(T N) andL pes) We can see that two of the eight
supernovae (SVISS-SN43 and SVISS-SN14) have somewhat in-
secure typing. The probability?(T N), is well away from 1.0
which means that it has a signi cant chance of being a core-
collapse supernova.

Three of the supernovae (SVISS-SN161, SVISS-SN115 and
SVISS-SN309) have low evidencdsys). They all have prob-
abilities close to 1.0, however, indicating that they, whibt be-
ing perfectly matched by the available templates and prames
optimally t by the thermonuclear templates. The additidrao
more general stretch prior as described in Section 3 woulst mo
probably allow the templates to match the observed lightesir
better.

5.2. Core-collapse Supernovae Fig. 14.1 band light curve of SVISS-T167. Also shown i8dand light
curve for a pair instability SNe shifted to= 1 (line). Details of how

Eight of the supernovae are found to be best matched by a care-comparison light curve is constructed can be found ineie (This

collapse template light curve. The simulation results ¢atB gure is available in colour in the electronic version of theicle)

that none of these are likely to be misclassi ed thermonarcle

supernovae (2.4% of the total number). Looking at the actual

t qualities for the supernovae show that two of them (SVISS:

SN261, and SVISS-SN24) have probability values lower thzﬂ?meB bar_1d light Curves fqrallﬂl progenitor from the sup-
0.8 and thus have a de nite probability of being misclase eFs)ﬁf?rfgti?lténzfo:rrq?ct)logp?ﬁlﬁgbtlii&mgilgﬁt d?;éﬁgg?&_
gﬁgﬁg l#;]:l)e;rliﬁg:)e/.Slazt\;vgét?snaogﬂgrtl??;gogrt:gtgf%;hgﬁg;p lus. We do not attémpt any detailed k-correction, but itutho
that have light curves most similar to t_he’ thermonuclear Sureestnf?:geg]gérﬁ?ril?/i/)ar\:/eeclgﬁgt;eg:Slr?gLiidclt())esef&;gli/hzrzzlr!?;TC
gﬁf:ﬁsTmegwﬂseﬁlﬁeﬂgegILeof?elgtsgrr:q[omm?sTr{Jgte :ﬁgtﬁfe&?;g%vavelength of thé Iter. We have also compared the light curve
computed for the SNe and thus conclude that the supernwaen%{ggfsigsglf_%g%ﬁ éi?r?é?/;‘a.ll\?vs;{‘oatih i?ﬁgg 'tr?g feﬁginﬂéu

likely of core-collapse origin. X . S :
y P 9 ht curve and colour evolution of our transient is impb#si

One of the lowP supernovae discussed in the last paragrap{jéJ ; . E
SVISS-SN56, has a low evidence (also visible in the lighteur higny::,t-(igdvgmtthe 2010gx light curve, even when shifting it to

t, see Figure 12) indicating that none of the supernova tem- There is no strong evidence for our candidate being a super-
plates tted the data well. Including more core-collapspeu ova of this type, it's still a distinct possibility that trs®urce is

novatemplates, improving the ones used or adding a coldr p X " e
; . ; . actually an AGN since the position of the source is right ia th
could possibly make it possible to get a better typing refult centre of its host galaxy. The photometric redshift for tlsth

this supernova. galaxy is not constrained, which might point towards it lge@m
AGN (our photometric redshift code does not include AGN SED
5.3. A peculiar SN candidate templates), but could also mean that it is a high redshifigal
(z & 1) where the lack of NIR data makes the photometric red-
In Section 5 we describe how likely AGN contaminating thehift technique unreliable. We exclude the source from the S
sample are dealt with. One of the variable sources showing vaample presented in Table 4. To nd out the true identity &f th

ability over a two year period, SVISS-T167 has an intriguingbject follow-up observations of its host galaxy are needed
light curve that could possibly be from a supernova with a/ver

extended light curve. However, the supernova would in thaéc
have to be of a peculiar type, our typing code was not able tb
the most likely type (i.el pest< L 9g:9, @s de ned in Section 4.2).
The light curve of this candidate is shown in Figure 14 and afe have presented light curves and typing of the 16 supeenova
image cutout is shown in Figure 15. For it to be even remotetjiscovered by SVISS. Using photometric redshifts estighate
similar to a normal supernova light curve it needs to be &tha from host galaxy photometry we type the SNe into thermonu-
at high redshift where cosmological time dilation will stlethe  clear or core collapse events. The typing uses spectraliginid |
light curve by a factor of 2 (or more). curve templates for nine derent subtypes and is based on a

Comparing to the light curves of bright peculiar supernovdgayesian tting method. From studying Monte Carlo simuthte
we nd that the light curve is marginally consistent with thaSN light curves and a small sample of SDSS SN light curves we
of a pair instability (PI) supernovae at high redshift, stimmeg conclude that the typing code gives reliable results cansid
which has also been suggested by Gal-Yam et al. (2009) in that we only have photometric redshifts with accuracieshan t
case of SN 2007bi and by Woosley et al. (2007) in the caseater of 0.1, only one colour and a limited humber of epochs.
SN 2006gy. Pl SNe have slowly evolving light curves, somé&\Ve nd that probably not more than 5-10% of the supernovae
times with a secondary peak; the slow light curve declineuwsf oare misclassi ed. The misclassi cation ratios are not syetric
candidate indicates that it could be similar to such a SNe.Hlh with respect to the two main types, a CC SN is more likely to be
light curve in Figure 14 has been derived by taking a model rewisclassi ed into a TN SN than the other way around.

5. Summary and Discussion
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Fig. 15.1 band image cutouts, approximately 2a0°large of the transient of unknown type, SVISS-T167. Theneftt panel shows the reference
image, middle panel shows the peak brightness (observedhegnd the rightmost panel shows the subtracted image labpigatness. The (red)
circle mark the location of the transient as detected in titracted frame.

Comparing our typing quality with that of other typing codes A full analysis of supernova and star formation rates based
is not straight-forward since the input data and tests donté® on our observations will be presented in a coming paper
codes vary considerably. Kessler et al. (2010a) try to remtted  (Melinder et al., in prep). The work presented in this papiir w
by o ering a test sample of SN light curves and a framewofielp us estimate the uncertainties of the found rates. Taueal
in which di erent typing codes can be compared. Currently olate proper rates, information about the detectiortiency and
code is written speci cally to deal with the data from SVIS§; the enforced photometric limits has to be taken into account
ing the code out on the test sample is thus outside the scopdNekertheless, a quick look at the raw numbers of discovelkad S
this paper. Nevertheless, we can compare the typing qesity of the two types compared to Monte Carlo simulations of de-
mated from our Monte Carlo simulated light curves with the-ty tectable SNe using supernova rates based on local obssrvati
ing qualities reported in Kessler et al. (2010a). The laiency and star formation rates (Dahlén & Fransson 1999) showts tha
which in our paper is equal tdNgpp(TN)  Nrn cc)™Nwt(TN),  our numbers are consistent with the expected rates. We san al
and lapureness(Napp(TN)  Nrni cc)™(Napp(TN) Nrn cc+  compare the range and distribution in redshift of our supesie
Nca Tn) in our notation, are two of the concepts used to dée that of other surveys. Our sample of thermonuclear SNe are
scribe the quality in Kessler et al. (2010a). Our overalteency not really unique in this respect (see, e.g., Neill et al. 00
and pureness values for the thermonuclear SNe, 0.97 and OF&znanski et al. 2007b; Dahlen et al. 2008), but it should be
respectively, are comparable to the results obtained bgttier noted that the survey methodology we use issdéent from most
typing codes, but with the caveat that we are not using thesaother surveys where the requirement of spectra means timat so
test sample of supernovae as these authors. of the fainter events may be missed. For the core-collapse SN

our sample is similar to the observations presented in Dahle

Out of the 16 SNe, &% are core-collapse supernova&l8 et al. (2004) with 17 CC SNe at< 0:7. We detect 9 CC SNe
are thermonuclear; only the systematic typing errors,veeri oyt toz = 1:3, with most of them az 0.8, and this is thus one
from the misclassi cation ratios are given here. The meah reof the deepest survey to date for CC SNe.
shift for the entire sample is 0.64 with the core-collapse -
ing at slightly higher redshifts than the thermonuclearsome a ACkanIZd,\?imfgtdSZY: W:Clillt‘:] gk;;% tsha”k ?hEaSttoerae&OfgortE;fmmT:mS nghe

H H lar | rnov r n -
SL.Jpemova survey of this typea Iarge numt.)er of Spurlous.:sﬁsurﬁse;(l;daSN la d&e;ta. We a?so thank A. Jerskus?rand fgr helpfutidisions reuga%ing
will be detgacted and methqd_s must be dewseq to safely NefeCtparallelisation of the typing code. The observations weneedin service mode
terloper without compromising the SN detection@ency. We  at the VLTVIMOS instrument at Paranal Observatories.
use a combination of automatic (SExtractor, signal-tcseoe- We are grateful for nancial support from the Swedish ReskaEouncil.
jection, SN typing rejection), and manual (by-eye inspecof S.M. ar?d J.M. acknowledge nancial support from the Acadeafiy=inland
image frames by multiple independent observers, by-eyeins (project:8120503).
tion of light curves by multiple independent observersgcépn
methods to make sure that the nal SN sample is as pure as pR&ferences

sible.
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Appendix A: Observational data for the 31 transient
objects

This appendix contain a table with extended information for
the 31 transient objects detected in the SVISS ELAIS-S1. eld
The astrometry is accurate to within B#or details on the as-
trometry see Menc’a-Trinchant et al., in prep.). The phwb
rical errors are obtained as described in Section 2.3.2n&0f
detections the magnitude is given as a lower limit and thé lim
is also given as the error. The limiting magnitudes giverhia t
table are 1 limiting magnitudes derived from the photometric
accuracy investigation. The host galaxy redshifts givethénta-
ble are photometric redshifts derived from tb@VRI galaxy
photometry. Transients objects without a detected hosixgas
given a redshift of -1.0 in the table.
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Table A.1. Extended information on the transient objects

Id RA (deg.) Dec(deg.) Host, Epoch MR Mg m m
SVISS-SN43 7.9102451 -44.499318 0.46 1 24.881 0.0811 24.74).1405
2 25.416 0.1149 24.797 0.1429
3 25.615 0.1458 25.47 0.3558
4 26.427 0.222 25.518 0.3195
5 26.649 0.5808 26.927 0.5354
6 27.29 0.421 >26.894 26.8935
7 27.36 0.4706 >26.719 26.7194
SVISS-SN161 7.9549322 -44.484425 0.54 1 >28.134 28.1342 >28.024 28.0236
2 >27.94 27.9396 >27.746 27.7464
3 25115 0.0595 25503 0.1809
4 24.207 0.02 23.878 0.0362
5 25925 0.1307 25.383 0.1815
6 27.213 0.3706 26.709  0.4135
7 >28.084 28.0837 >27.722 27.7219
SVISS-SN115 8.1434494  -44.39665 0.37 1 >27.3 27.3 >27.211 27.2112
2 22.07 0.02 22.235 0.02
3 22.884 0.02 22.262 0.02
4 24.644  0.0676  23.416 0.02
5 24965 0.0839 23.982 0.0716
6 25221  0.1118 24.703  0.1808
7 25.36 0.1697 25.138 0.3596
SVISS-SN116 8.088403  -44.47483 0.55 1 >28.657 28.6567 >27.598 27.5984
2 22.895 0.02 22.941 0.02
3 24.622  0.1311 23.45 0.02
4 26.516 0.2035 25.441 0.1349
5 26.335 0.3015 24.983 0.1291
6 27.643 05584 25911  0.3007
7 26.733 0.3231 26.434 0.3512
SVISS-SN309 8.0001281 -44.439905  0.67 1 >28.657 28.6567 >27.598 27.5984
2 >28.508 28.5081 >27.635 27.635
3 >28.022 28.0224 >27.577 27.5774
4 24.236 0.02 23.902 0.0532
5 23.599 0.02 23.751  0.0761
6 26.126  0.1866  25.278  0.1809
7 27.559  0.5768 25.75 0.2316
SVISS-SN402 8.0848318 -44.405671  0.31 1 >27.3 27.3 >27.211 27.2112
2 >26.776 26.7764 >27.543 27.5435
3 >28.096 28.0961 >26.972 26.9718
4 >27.703 27.7034 >27.298 27.2979
5 >27.221 27.2206 >25.897 25.8973
6 24.173 0.02 23.362 0.02
7 23.747 0.02 23.063 0.02
SVISS-SN135 7.8847856 -44.377629  0.89 1 >27.253 27.2533 >27.877 27.8767
2 >28.186 28.1863 >27.596 27.596
3 25344 0.0522 24569 0.0683
4 27.161 0.3049 25.469 0.1887
5 27.815 0.612 26.092  0.3977
6 >27.173 27.1731 26.736 0.7313
7 28.259 0.5435 27.158 0.5231
SVISS-SN14  8.0329574 -44.514378  0.76 1 26.187 0.1873  35.84).1986
2 26.291 0.2177 26.025 0.2372
3 27.031 0.3204 26.979 0.4307
4 27.948 0.6347 27.462 0.5716
5 27.766  0.5392 27.096 0.6211
6 28.03 0.5945 27.42 0.5754
7 >28.084 28.0837 26.636 0.3541
SVISS-SN51  7.9625753 -44.508399  0.54 1 26.042 0.2719 924.920.1633
2 26.663 0.3074 25.147 0.1941
3 27.145  0.4142 25.47 0.3558
4 26.9 0.288 25.967 0.4471
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Table A.1. Continued.

Id RA (deg.) Dec(deg.) Host, Epoch MR mg m m
5 27.25 0.4775 25.418 0.14
6 >28.19 28.19 25.954  0.3464
7 >28.022 28.0217 26.682 0.5789
SVISS-SN54  7.9628816 -44.443032  0.89 1 25.467 0.16 24.9771696
2 26.722 0.3195 25563 0.2678
3 >27.967 27.967 26.066 0.6209
4 >28.386 28.3863 26.671  0.6957
5 >28.275 28.2753 >28.148 28.1477
6 >27.008 27.008 >26.489 26.489
7 >28.022 28.0217 >26.719 26.7194
SVISS-SN261 8.0816154 -44.476649  0.85 1 >28.134 28.1342 >28.024 28.0236
2 >27.94 279396 >27.746 27.7464
3 >28.285 28.2846 >27.675 27.675
4 >28.171 28.1708 >27.643 27.6432
5 >28.204 28.2036 >27.305 27.3051
6 24.892  0.0416 23.8 0.0426
7 26.361 0.2134 24.922  0.1047
SVISS-SN55  7.8047583 -44.499259  0.64 1 >27.918 27.9184 >27.667 27.6672
2 25776  0.1298 25566 0.2291
3 25.878 0.1712 24.981 0.1349
4 >27.418 27.4183 25.545 0.3008
5 >28.065 28.0654 25.115 0.2053
6 >28.133 28.1333 26.083  0.3359
7 >27.753 27.7532 26.291 0.4234
SVISS-SN31  8.0856037 -44.462252  0.34 1 24.303 0.0459  83.9%.0535
2 25.016 0.0526 24.313 0.0634
3 25.671 0.1325 24.756  0.1057
4 26.771 0.248 25.689 0.151
5 27.031 0.5771 25592 0.2423
6 27535 0.5243 26.24 0.3787
7 >27.966 27.9659 26.308 0.327
SVISS-SN56  8.0617464 -44.438378  0.50 1 26.694 0.4794  96.3%.3835
2 >26.776 26.7764 26.333  0.3315
3 >28.096 28.0961 25.939 0.3582
4 25.372  0.1405 24.312 0.1262
5 25.343 0.1372 23.897 0.0672
6 27.093 0.5583 24.884 0.2127
7 >27.322 27.3217 >26.176 26.1764
SVISS-SN357 7.9953784 -44.396938  1.69 1 >27.3 27.3 >27.211 27.2112
2 >26.776 26.7764 >27.543 27.5435
3 >28.096 28.0961 >26.972 26.9718
4 >27.703 27.7034 >27.298 27.2979
5 24743  0.0709 25.001 0.3677
6 24,922 0.0813 24.624 0.1682
7 25.344  0.1673 24.729 0.2138
SVISS-SN24  7.9023817 -44.374341  0.77 1 25.184 0.138 23.81B0755
2 26.489 0.2786  24.369 0.1448
3 >27.226 27.2258 26.055 0.3293
4 >27.836 27.8362 26.635 0.5763
5 >27.153 27.1535 >26.362 26.3618
6 >27.451 27.451 >26.641 26.6409
7 >27.503 27.5032 >26.398 26.3982
SVISS-T99 8.0147036 -44.388741  1.50 1 26.438 0.4123  24.548.1501
2 25545 0.3216 24.117 0.1073
3 >28.096 28.0961 24.315 0.1309
4 26.49 0.329 24.091 0.1019
5 25.674 0.216 24.046 0.077
6 25.861 0.2149 24.139 0.1084
7 24.644  0.1045 23.611 0.1222
SVISS-T104  7.9834014 -44.414223 1.52 1 24.255 0.053 23.965.0922
2 24567  0.0901 24.03 0.0987
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Table A.1. Continued.

Id RA (deg.) Dec(deg.) Host, Epoch MR mg m m
3 23.751 0.02 24.033 0.0971
4 25.153 0.1144 24.243 0.1186
5 26.532 0.5599 25.183 0.468
6 27.25 0.6157 >26.62 26.6198
7 >27.322 27.3217 >26.176 26.1764
SVISS-T167  8.0149816 -44.361213  1.95 1 >27.3 27.3 >27.211 27.2112
2 >26.776 26.7764 25.764  0.2732
3 26.07 0.2859  25.337 0.2675
4 25,587 0.1695 24.991 0.2025
5 25988 0.3184 25.02 0.3775
6 25193 0.1084 24.783 0.1944
7 25.81 0.2537  25.215 0.3938
SVISS-T182  8.1151531 -44.431759  0.52 1 >27.3 27.3 >27.211 27.2112
2 >26.776 26.7764 >27.543 27.5435
3 24.4 0.2141 24.431 0.1453
4 23.198 0.02 23.078 0.02
5 23.451 0.02 22.84 0.02
6 23.332 0.02 23.095 0.02
7 23.92 0.02 24.134  0.1091
SVISS-T23 7.8220527 -44.379293  0.65 1 25.619 0.254 25.9265168
2 25317 0.1843 25.601 0.2831
3 25.48 0.2386  25.233  0.2195
4 25.923 0.2426  26.226  0.4586
5 25.259  0.2237 >26.362 26.3618
6 26.155 0.3105 26.391 0.446
7 26.25 0.3229 >26.398 26.3982
SVISS-T26 7.9150698 -44.334945  1.23 1 >26.887 26.887 25.088 0.234
2 24.828 0.1365 24.297 0.1378
3 24365 0.1184 23.805 0.0795
4 24.65 0.1249 24.02 0.0846
5 24.114 0.02 23.852  0.0797
6 24.643 0.111 23.905 0.3598
7 24967 0.1364 24.367 0.1622
SVISS-T68 7.8542558 -44.400151 0.34 1 >27.253 27.2533 >27.877 27.8767
2 26.33 0.193 25546  0.1742
3 26.515 0.3176 25.981 0.2312
4 26.989 0.2703 25.697 0.2381
5 26.196 0.1796  25.744 0.29
6 26.926  0.8029 >26.911 26.9113
7 >28.472 28.4721 25.381 0.159
SVISS-T306  7.9255526 -44.517406 0.4 1 23.315 0.02 2344 20.0
2 23.438 0.02 23.718 0.0461
3 23.054 0.02 23.312 0.02
4 23.795 0.02 24,143  0.0783
5 23.294 0.02 23.281 0.02
6 24.042 0.02 24.809 0.153
7 25.272  0.0876 >26.719 26.7194
SVISS-T39 7.9069841 -44.529026 1.8 1 22.849 0.02 22.691 2 0.0
2 23.087 0.02 22.806 0.02
3 23.366 0.02 23.124 0.02
4 23.645 0.02 23.418 0.02
5 24.422 0.082 23.565  0.0596
6 24.115 0.02 23.516 0.1144
7 22.971 0.02 22.845 0.02
SVISS-T50 7.9607529 -44.511618 0.7 1 25.762  0.2132  25.2722126
2 26.444  0.2649 25.635 0.2819
3 27.018 0.3854 >26.602 26.6022
4 27.628 0.4064 >26.764 26.764
5 >28.275 28.2753 >28.148 28.1477
6 >28.19 28.19 >26.894 26.8935
7 27538 0.5227 26.654 0.5722
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Table A.1. Continued.

Id RA (deg.) Dec(deg.) Host, Epoch MR mg m m
SVISS-T6 7.870627 -44.513955 1.64 1 24.408 0.1208  25.0752020.
2 23.841 0.02 24.69 0.1199
3 25261 0.1689 25.071 0.2404
4 23.709 0.02 24.144  0.0849
5 24,466  0.0946 >26.476 26.4764
6 >27.004 27.0039 24518 0.1963
7 24.187 0.02 24.602  0.2067
SVISS-T36 7.8742713 -44.409262  -1.0 1 23.593 0.02 22.525 02 0.
2 22.87 0.02 22.35 0.02
3 23.355 0.02 22.776 0.02
4 21.948 0.02 21.894 0.02
5 23.726 0.02 21.124 0.02
6 22.609 0.02 22.253 0.02
7 23.133 0.02 22.636 0.02
SVISS-T59 7.7726376 -44.492906 0.64 1 >27.364 27.3641 >26.725 26.7249
2 27552 05635 24.851 0.1431
3 25,557 0.2283 24.719 0.1742
4 >27.3 27.2997 24528 0.1315
5 25.371 0.193 24.148  0.1936
6 24868 0.1861 24.741 0.2644
7 26.298 0.3412 24.968 0.277
SVISS-T106  7.9025451 -44.494797  0.09 1 >27.364 27.3641 >26.725 26.7249
2 >27.587 27.5866 >26.912 26.912
3 >27.161 27.1611 >26.657 26.657
4 24564  0.0862 23.261 0.02
5 23.795 0.02 23.188 0.02
6 22.995 0.02 22.372 0.02
7 23.411 0.02 22.305 0.02
SVISS-T138  7.8257044 -44.441017 -1.0 1 >27.364 27.3641 >26.725 26.7249
2 >27.587 27.5866 >26.912 26.912
3 >27.161 27.1611 126.657 26.657
4 22.897 0.02 21.947 0.02
5 22.829 0.02 21.746 0.02
6 22.467 0.02 21.475 0.02
7 22.393 0.02 21.575 0.02




