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Abstract. WepresentVLT FORS1andFORS2spectraof 39candidatehigh-redshiftsupernovaethatwerediscoveredaspartof
a cosmologicalstudyusingTypeIa supernovae(SNeIa) over a wide rangeof redshifts.Fromthespectraalone,20 candidates
arespectrallyclassi�ed asSNeIa with redshiftsrangingfrom z = 0:212 to z = 1:181. Of the remaining19 candidates,1
mightbeaTypeII supernova and11exhibit broadsupernova-likespectralfeaturesand/or havesupernova-like light curves.The
candidateswerediscoveredin 8 separateground-basedsearches.In thosesearchesin which SNeIa at z � 0:5 weretargeted,
over 80% of the observed candidateswere spectrallyclassi�ed as SNe Ia. In thosesearchesin which SNe Ia with z > 1
weretargeted,4 candidateswith z > 1 werespectrallyclassi�ed asSNeIa andlater followed with groundandspacebased
observatories.Wepresentthespectraof all candidates,includingthosethatcouldnotbespectrallyclassi�edassupernova.
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? Based on observations obtained at the European Southern

Observatory using the ESOVery Large Telescopeon CerroParanal
(ESO programs 265.A-5721(A), 67.A-0361(A), 267.A-5688(A),
169.A-0382(A) and (B)). Based in part on data collected at the

SubaruTelescope,which is operatedby the National Astronomical
Observatoryof Japan.
?? FiguresA.1 to A.39 are only available in electronic form via
http://www.edpsciences.org.
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1. Intr oduction

Over the pastdecade,observationsof SNe Ia have playeda
leadingrole in measuringtheexpansionhistoryof theUniverse
and in constrainingcosmologicalparameters.It was through
theseobservationsthatwediscoveredthattheexpansionis cur-
rentlyacceleratingandthattheUniverseispresentlydominated
by an unknown form of dark energy with a negative equation
of state(Perlmutteretal. 1998; Garnavich etal. 1998; Schmidt
et al. 1998; Riesset al. 1998; Perlmutteret al. 1999; Tonry et
al. 2003; Knopetal. 2003, Riessetal. 2004; Barrisetal. 2004;
for a review, seePerlmutterandSchmidt2003).

Whentheseresultsarecombinedwith theresultsthathave
beenderived from the �uctuations in the cosmicmicrowave
background(Ja� e et al. 2001; Bennettet al. 2002; Spergel et
al. 2003), thepropertiesof massiveclusters(Allen, Schmidt&
Fabian2002; Borganiet al. 2001) andthelargescalestructure
of galaxies(Hawkins et al. 2003), a pictureof a �at Universe
dominatedby darkenergy emerges.

Considerablee� orthasbeendirectedtowardsextendingthe
redshiftrangeoverwhichSNeIa areobserved.TheHubbledi-
agramof SNeIa with z � 0:5 is degenerateto a linearcombi-
nationof 
 M and
 � . Hence,anindependentdeterminationof
thesetwo parametersfrom SNeIa at z � 0:5 is not possible.
However, observationsof SNeIa overawiderangeof redshifts
and,in particular, verydistant(z >� 1) SNeIa canbreakthisde-
generacy (GoobarandPerlmutter1995). With thisaimin mind,
andfollowing ahighly successfulpilot search(Aldering1998),
theSupernova CosmologyProject(SCP)starteda programto
discover, spectrallycon�rm andphotometricallymonitorasub-
stantialnumberof SNeIa with redshiftsbeyondone.

In this paper, we presentVLT FORS1andFORS2spectra
of 39 candidatehigh redshiftsupernovae.We presentall spec-
tra, including thosespectrafor which a securespectroscopic
classi�cationcouldnot bemade.Theresultsof thephotomet-
ric follow-up,thederivedapparentmagnitudesandtheimplica-
tionsthesemeasurementshave for cosmologywill bereported
elsewhere.

2. Obser vations

2.1. Search and discovery

The candidatesdiscussedin this paperwere discovereddur-
ing 8 separate,but not fully independent,high-redshiftsuper-
novae searches.The searcheswere divided into 4 observing
campaignsthatoccurredduringtheNorthernSpringsof 2000,
2001and2002andthe NorthernFall of 2002.The observing
campaigns,the monthsduring which dataweretaken andthe
telescopesusedin thesearchesarelistedin Table1.

Following the searchand discovery techniquesdescribed
in Perlmutteret al. (1995, 1997, 1999), thesearchesgenerally
consistedof 2 to 3 nightsof imagingto take referenceimages
(imagesin whichsupernovaehadnotyetappeared),followed3
to 4 weekslaterbyanadditional2 to 3 nightsof imagingto take
searchimages(imageswith thesupernovae).In this paper, we
referto this typeof searchasa“standard”search,andsearches
1,2, 3 and5 wereof this type.Searches4, 6, 7 and8, werea
variationon this theme.

TheSpring2002CFHTsearch(search4 in Table1), for ex-
ample,wasa “rolling” search,whereimagesweretakenonce
every few nightsduringa two weekperiod.This wasfollowed
one,two andthreemonthslaterby similar observationson the
same�elds. In this way, the searchimagesof onemonthbe-
comethereferenceimagesof a latermonth,and,sinceimages
of thesearch�elds aretaken several timesin any onemonth,
oneautomaticallygetsa photometrictime serieswithout hav-
ing to schedulefollow-upobservationsseparately, asonemust
do in a standardsearch.

The Subarusearchesduring the Spring and Fall of 2002
(searches6, 7 and 8 in Table 1) also di� eredfrom the stan-
dardsearch.Searches6 and7 were“back-to-back”searches,
in which the searchimagesof the �rst search(search6)be-
camethe referenceimagesfor the secondsearch(search7).
Search8 wasa standardsearchthatwasthenimmediatelyfol-
lowed with additionalobservationswith the sameinstrument
and telescope.This searcho� eredthe advantageof allowing
usto follow severalcandidatessimultaneously, ratherthanfol-
lowing candidatesindividually, asis thecasewith thestandard
search.

Thedatawereprocessedto �nd objectsthathadbrightened
andthemostpromisingcandidatesweregivenaninternalSCP
nameanda priority. Thepriority is basedon a numberof fac-
tors: thesigni�canceof thedetection,thepercentageincrease
in thebrightness,thedistancefrom thecenterof theapparent
host,thebrightnessof thecandidateandthequalityof thesub-
traction.The candidateswerethendistributedto teamswork-
ing at the Gemini, Keck, Paranal,and SubaruObservatories
for spectroscopiccon�rmation. The distribution was handled
centrallyandwasdoneaccordingto thepriority of thecandi-
dates,theresultsfrom datathathadbeentakenduringprevious
nights,thecapabilityandavailability of theinstrumentsandthe
telescopesat eachof theobservatoriesandtheweathercondi-
tionsattheindividualobservatoriesatany onetime.Hence,the
factorsthata� ectwhetheror notacandidateis observedatany
oneobservatory arecomplex andsuchfactorswould have to
betakeninto accountin any statisticalanalysis.Notethatthese
searchesfor extremelyhigh-redshiftsupernovaearein thisway
morecomplex thanprevioussearchesthathave beenreported
in ourpreviouspapers.

A preliminary analysisof the spectroscopicdata is done
within a dayof whenthedataaretaken- a morecarefulanal-
ysis is donelater. Only thosecandidatesthatarecon�rmed as
SNeIa are thenscheduledfor follow-up observations,which
consistof photometricmonitoring in at leasttwo broad-band
�lters during the �rst two monthsimmediatelyfollowing the
discovery and �nal referenceimages,which are taken about
oneyearlater. Thesedataareusedto measurethepeakmagni-
tudes,thelight curvewidths,whichareusedto correctthepeak
magnitudes,andthe coloursof the SNeIa. In somesearches,
suchassearches4 and8 in Table1, the optical follow-up is
integratedinto thesearch.

Theaimof thespectroscopicfollow-up is not to con�rm as
many SNeIa aspossible,but to provideanumberof spectrally
classi�ed SNe Ia (typically four SNeIa per campaign)to be
scheduledfor HST andground-basedfollow-up within oneto
two daysof theendof thespectroscopicruns.Without excep-
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Table 1. Theinstrumentsandtelescopesusedduring4 campaigns.In general,a singlecampaignconsistedof multiple searches.Thepre�x is
usedin theinternalSCPcandidatenames.Theindividual searchesarenumberedfor easyreference.

Campaign Months Instrument/Telescope SearchNumber Searchtype Pre�x
Spring2000 April /May CFHT12k/CFHT 1 Standard C00

Spring2001 March/April CFHT12k/CFHT 2 Standard S01
March/April MOSAICII/CTIO 4m Blanco 3 Standard S01

Spring2002 Marchto June CFHT12k/CFHT 4 Rolling C02
April /May MOSAICII/CTIO 4m Blanco 5 Standard T02
March/April Suprime-Cam/Subaru 61 Back-to-back S02
April /May Suprime-Cam/Subaru 71 Back-to-back S02

Fall 2002 October/November Suprime-Cam/Subaru 82 Standardwith additional SuF02
wide-�eld monitoring

1 Searches6 and7 werepartof theSubaruDeepFieldProject(Kodairaet al. 2003).
2 Search8 waspartof theSubaruXMM /Newton DeepSurvey (Sekiguchiet al. in preparation)

tion, we succeededin providing a su� cientnumberof SNeIa
for thefollow-up.

Wearepresentingthespectraof all candidatesthatwereob-
servedwith theESOVLT, sotherearea numberof candidates
thathaveonlyaninternalSCPname.TheSCPnameconsistsof
a pre�x, which indicatesat which telescopethecandidatewas
discovered,andarunningnumber. A list of pre�xesis givenin
Table1. Thespectraof candidatesthatwerenotobservedat the
ESOVLT will bereportedelsewhere.

2.2. Spectroscopic follow-up

The long slit spectroscopicmodesof FORS1 and FORS2
(Appenzelleret al. 1998) on the ESOVLT wereusedto ob-
serve high priority candidates.For the purposeof long-slit
spectroscopy, FORS1andFORS2areverysimilar instruments.
Theprincipledi� erenceis that thedetectorin FORS1is a sin-
gle 2kx2k Tektronix CCD, while the detectorin FORS2is a
mosaicof two 2kx4k red-optimizedMIT CCDs.The FORS2
detectoris moresensitive thantheFORS1detector, especially
at redwavelengths.Theavailability of theredoptimizedCCDs
in FORS2after March 2002madeit possibleto observe and
con�rm candidatesat z � 1:2.

The datesduring which the VLT spectroscopicobserva-
tions took placeand the redshift interval over which SNe Ia
weretargetedfor VLT follow-uparelistedin Table2.

Threegrisms(300V, 300I and 600z) and two slit widths
(0.7 and 1.0 arc seconds)were usedfor the observations.In
general,the grism waschosento matchthe expectedredshift
of the candidateand the slit was matchedto the seeing.The
300V grismwasusedwith theGG435order-sorting�lter and
the 300I and 600z grismswere usedwith the OG590order-
sorting�lter .

Nearly all targetswereacquiredin thesameway. The slit
wasplacedthroughthe candidateanda relatively bright and
nearbypivot star. Therewere only threeexceptions:SuF02-
026 and SN 2002lc were observed togetherand SN 2000fr
was acquireddirectly. The observational detailsare listed in
Table 3. Generallyspeaking,threeexposureswith small o� -

setsalong the slit were taken for eachcandidate.Exceptions
occurredwhenobservationswereabortedbecausewe thought
thatwehadsu� cientdatato identify thecandidateor whenwe
integratedlongerfor thefaintercandidates.

Finding chartsshowing both the candidateand the pivot
stararedisplayedin Fig.1 andin Figs.A.1 to A.39.Candidates
aremarkedwith a crossandbright pivot starsaremarkedwith
eithera box or a hexagon.Fainterpivot starsarecircled and
labelledalphabetically. Thepivot starthatwasusedduringthe
acquisitionis recordedin Table3. In all �nding charts,North
is upandEastis to theleft.

In addition to the 39 candidatesthat wereobserved soon
after they werediscovered,the spectrumof the probablehost
galaxyof T02-047,which wasobserved several monthsafter
it wasdiscovered,is alsoreported.Thelight curveof T02-047
indicatesthatit is a supernova.

3. Data reduction and classi�cation

StandardIRAF1 procedureswereusedto processthedata.The
biaswasestimatedby �tting theover-scanregion with a low-
order polynomial, �at-�elding was donewith lamp �ats that
were�rst cleanedof parasiticlight, andwavelengthcalibration
wasperformedwith arcframes.

For observationswith the300Vgrism,fringing is notasig-
ni�cant limitation in the dataso the two-dimensionalspectra
werecombined(with suitableclipping to removecosmicrays)
andthesky wasremovedby estimatingthebackground�ux on
eithersideof theobjecttrace.

For observationswith the 300I and600zgrisms,fringing
is moresigni�cant. If it is not treatedcarefully, thesystematic
error from fringing residualscanbe large. Beforecombining
individual spectra,a fringe correctionwasappliedto thedata.
Thefringecorrectionconsistsof thefollowing steps:

1 IRAF is distributed by the National Optical Astronomy
Observatories,which areoperatedby theAssociationof Universities
for Researchin Astronomy, Inc., under the cooperative agreement
with theNationalScienceFoundation.
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Table2. Instrumentsandtelescopesthatwereusedin thespectroscopicfollow-up.

Campaign InstrumentandTelescope Dates ObservingMode RedshiftInterval
Spring2000 FORS1onAntu (VLT-UT1) 12May 2000 Service z = 0:3 � 0:7
Spring2001 FORS1onAntu (VLT-UT1) 21-22April 2001 Visitor z = 0:3 � 0:7

27April and28 May 2001 Service z = 0:3 � 0:7
Spring2002 FORS2onYepun(VLT-UT4) and April-August2002 Service z = 0:3 � 1:2

FORS1onMelipal (VLT-UT3) 11-12May 2002 Service z = 0:3 � 1:0
Fall 2002 FORS2onYepun(VLT-UT4) 7-11November2002 Service z > 1

Table 3. Summaryof theobservations.TheSCPnameis aninternalnameusedby theSCPandis reportedhereasnot all candidateshave an
IAU name.

SCP IAU Campaign Coordinatesof Pivot O� set PA MJD Grism Exp.
Name Name thecandidate Star (sec)
C00-008 SN2000fr Spring00 1342 00.14+044342.4 -1 -1 40.00 51676.2 300V 7200
S01-004 SN2001gl Spring01 1401 16.60+051248.9 Hex -6.07,0.16 92.41 52021.2 300V 3600
S01-005 SN2001gm Spring01 1401 51.18+050538.5 Hex 23.92,24.80 43.97 52021.3 300V 2400
S01-0074 SN2001go Spring01 1402 00.95+050059.2 Hex 34.22,-4.46 97.42 52021.3 300V 2400
S01-0074 SN2001go Spring01 1402 00.95+050059.2 Hex 34.22,-4.46 97.43 52027.2 300V 7200
S01-0074 SN2001go Spring01 1402 00.95+050059.2 Hex 34.22,-4.46 97.43 52058.2 300V 9000
S01-017 SN2001gr Spring01 1004 23.27+074048.3 Box -10.05,-24.64 22.19 52021.0 300V 3600
S01-028 SN2001gs Spring01 1000 52.68+060709.3 Box 11.89,-25.79 -24.75 52022.1 300V 4800
S01-031 SN2001gu Spring01 1003 28.61+072438.9 Hex 37.16,3.32 84.89 52021.1 300V 4800
S01-033 SN2001gw Spring01 1543 45.86+075750.3 Hex -14.09,32.22 156.37 52021.4 300V 1200
S01-036 SN2001gy Spring01 1357 04.54+043059.8 Hex 21.49,0.43 88.85 52021.3 300V 2400
S01-037 - Spring01 1355 51.17+044806.7 Hex -56.87,32.41 119.68 52021.1 300V 3600
S01-054 SN2001ha Spring01 1006 33.50+073803.2 Hex 13.51,22.72 30.74 52022.0 300V 3600
S01-065 SN2001hc Spring01 0944 31.52+080202.8 Hex -14.17,46.46 -16.96 52022.1 300V 1800
S02-000 SN2002fd Spring02 1403 54.08+045949.0 Box -6.48,2.62 112.01 52376.1 300V 600
S02-001 - Spring02 1403 56.42+052316.6 Hex -27.85,39.10 144.54 52376.3 300I 2700
S02-002 SN2002fe Spring02 1404 18.16+051925.6 B -8.49,1.52 100.15 52376.2 300I 2700
S02-025 - Spring02 1357 50.11+051725.5 Hex 0.09,14.94 0.34 52376.2 300I 2700
S02-075 SN2002fg Spring02 1324 25.92+274433.9 Hex 57.74,-22.44 -68.76 52431.0 300V 7200
C02-016 SN2002fr Spring02 1400 46.40+043341.4 Hex -12.6710.57 145.65 52400.3 300V 900
C02-028 SN2002fm Spring02 1400 29.75+044650.1 B -27.76,21.91 128.28 52413.0 300V 1800
C02-030 SN2002fp Spring02 1402 18.40+044705.9 Hex 1.69,-21.86 -4.43 52407.1 300I 3600
C02-031 - Spring02 1401 38.07+043802.2 Box 0.88,38.36 178.69 52406.1 300I 3600
C02-034 - Spring02 1400 30.75+051355.6 Hex 5.82,-22.77 -14.34 52413.0 300V 1800
T02-015 SN2002gi Spring02 1357 12.25+043316.8 Hex 1.17,-68.78 -0.97 52407.2 300I 7200
T02-028 SN2002gj Spring02 1536 25.48+092818.2 Hex -40.55,62.58 147.06 52413.2 300V 3000
T02-029 SN2002gk Spring02 1537 07.47+093618.7 C -20.24,16.98 129.99 52413.3 300V 900
T02-030 SN2002gl Spring02 1543 24.40+075357.5 Hex 2.32,43.98 -176.98 52413.1 300V 3000
T02-0473 - Spring02 1536 29.88+093842.8 Hex -42.94,-29.25 55.74 52494.0 300V 3000
SuF02-002 SN2002kq Fall 02 0217 12.24-045508.7 Hex -21.25,-4.06 79.18 52586.1 300I 3600
SuF02-005 - Fall 02 0218 35.67-043111.2 A 18.26,0.06 -90.19 52586.1 300I 3600
SuF02-007 - Fall 02 0218 52.32-050114.0 Hex 6.63,-40.66 -9.26 52588.7 300I 13200
SuF02-012 SN2002lc Fall 02 0218 51.60-044725.7 Hex2 -19.04,14.75 8.81 52588.3 600z 7200
SuF02-017 SN2002kn Fall 02 0216 45.71-050951.2 Hex -48.24,-0.53 89.37 52590.2 300I 1800
SuF02-025 SN2002km Fall 02 0216 23.93-044929.4 Box -7.30,5.14 125.15 52588.1 300I 3600
SuF02-026 - Fall 02 0218 51.90-044657.4 Hex2 -19.04,14.75 8.81 52588.3 600z 7200
SuF02-028 SN2002kz Fall 02 0216 56.36-050058.1 Hex 26.08,-47.36 -28.84 52587.1 300I 3600
SuF02-051 - Fall 02 0217 27.47-044045.3 C -11.62,-2.10 79.76 52586.3 300I 3600
SuF02-060 SN2002kr Fall 02 0217 34.51-045346.6 A 19.82,-17.49 -48.75 52587.2 300I 3600
SuF02-065 SN2002ks Fall 02 0217 34.53-050015.4 A -28.15,-23.05 50.69 52586.2 300I 3600
SuF02-081 - Fall 02 0220 07.49-050827.4 A 51.24,-20.89 -67.82 52589.2 300I 9600
SuF02-083 SN2002kx Fall 02 0218 06.21-050038.8 Box -35.39,1.64 92.65 52587.1 300I 7200

1 Centeredon thecandidate.
2 Theslit passedthroughSuF02-012andSuF02-026
3 T02-047wasobservedseveralmonthsaftermaximumlight
4 SN2001gowasobservedat threeepochs
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Fig.1. A �nding chartcenteredon SN 2000fr(C00-008).North is up
andEastis to theleft. Thecandidateis markedwith acrossandbright
pivot starsaremarked with eithera box or a hexagon.Fainterpivot
starsarecircled and labelledalphabetically. The pivot star that was
usedduringtheacquisitionis recordedin Table3. The�nding charts
of othercandidatesareavailablein theappendix.

– For agivenspectrumin whichtheobjectwasatacertainslit
position,a groupof similar spectra(thesamegrism,order
sorting�lter andslit) with objectsat di� erentslit positions
wascollected.

– Fringeframesarecreatedby clipping objectpixelsandav-
eragingtheremainder. Sincetheintensityof nightsky lines
canvarywith respectto oneanother, eachcolumn(thespa-
tial directionof the spectraare alongcolumns)is treated
individually. Instrumental�e xure for FORS1andFORS2
is small,sosomefringe frameswerecreatedfrom datathat
weretakenondi� erentnights.

– Thefringeframesaresubtractedfrom thedataaftersuitable
scaling.Again,eachcolumnis treatedindividually.

– An averagesky spectrum(calculatedby averagingalong
columnsof thefringeframe)is addedbackto thedata.This
helpswith theclippingof cosmicrayswhenthetwo dimen-
sionalspectraarecombined.

– The dataare combinedwith suitableclipping for cosmic
raysandthesky is removedby estimatingthe�ux oneither
sideof theobjecttrace.

The resultingtwo-dimensionalsky-subtractedspectraare
freeof fringesat theexpenseof a slight reductionin thestatis-
tical signal-to-noiseratio.

Thespectraof thecandidatesand,in somecases,thespec-
tra of the hostswere then extractedand calibratedin wave-
length and �ux. In all cases,we also produceerror spectra,
whichareusedto estimatethesigni�canceof spectralfeatures.

The signal-to-noiseratio varies from very low (<� 1 per
wavelengthelement)to moderatelygood(>� 10perwavelength

element).Thespectrawith thehighestsignal-to-noiseratiosare
studiedin moredetail in Garavini et al. (in preparation).The
quality of someof thehigh-redshiftSN Ia spectrathatarepre-
sentedin thispaper, SN2002ksatz=1.181is oneexample(see
Fig. A.37),matchesthequality of spectrathathavebeentaken
with HST(Riesset al. 2004).

3.1. Classi�cation

At high redshifts(z >� 0:4), thebroadSi II featureat 6150Å,
which is oneof the de�ning spectralsignaturesof the SN Ia
class,is often outsidethe wavelengthrangecoveredby the
spectra.Therefore,we useotherfeatures,suchastheSi II fea-
tureat � 4000Å andtheS II ”W” featureat � 5400Å, which
areonly seenin SNeIa, to spectrallyidentify SNeIa whenthe
Si II featureat � 6150Å is not visible (Hook et al. in prepara-
tion).

Wealsousea library of galaxyandnearbysupernovaspec-
tra to �t the spectraof candidates(Howell andWang,2002),
andwe usethese�ts to classifycandidateswhentheSi II and
SII featurescannotbeclearlyidenti�ed. A representativesam-
pleof galaxyspectraltemplatesrangingfrom earlyto latetypes
andmorethan250spectraof nearbysupernovaof all typescur-
rently make up the library. For a given candidateanda given
nearbysupernova,the�t determinesthefractionof hostgalaxy
light, thehostgalaxyspectraltype,theredshiftof thesupernova
andthe amountof reddening.The quality of the �t is quanti-
�ed with thereduced� 2, which haslittle meaningin anabso-
lutesense.The�nite sizeof thespectrallibrary andsystematic
calibrationerrorsin both low andhigh samplesmeanthat the
reduced� 2 is alwaysgreaterthanone.However, it is usefulfor
orderingthe�ts.

The�t canbeconstrainedby usingadditionalinformation.
For example,if thereis no apparenthost- SN 2001hais one
example- the fraction of light from the hostgalaxy is set to
zeroin the�t. Alternatively, if thereis ahostandif theredshift
of the host galaxy is known, the redshift of the candidateis
�x edto this valueandtheredshiftis reportedto threedecimal
places.Otherwise,theredshiftis determinedfrom the�t andis
reportedto two decimalplaces.

The�ts areorderedaccordingto thereduced� 2 andthe�rst
dozen�ts areinspectedvisually. If Siliconor Sulfurareclearly
identi�ed or if thespectrumcanbematchedwith thespectrum
of a nearbySN Ia, thecandidateis assignedthelabel“Ia” and
the classi�cationis consideredsecure.Lesssecurecandidates
arelabelled“Ia � ”. Theasteriskindicatessomedegreeof uncer-
tainty. Thisusuallymeansthatweseespectralfeaturesthatare
consistentwith a SN Ia classi�cationandcan�nd an accept-
ablematchwith a nearbySN Ia, but that othertypes,suchas
a SN Ic, also result in acceptablematchesandcannotbe ex-
cluded.For example,thespectraof SNeIa 10 daysaftermax-
imum light resemblethespectraof someSNeIc at maximum
light, especiallyaroundthe4000Å region. In thesecases,the
light curvecanbeusedto estimatetheepochatwhichthespec-
traweretakenandto distinguishbetweenthetwo possibilities.
A goodexampleis the spectrumof SN 2002gj,which canbe
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matchedwith eitheraSNIa or aSNIc. By usingthelight curve
to constraintheepoch,SN 2002gjis clearlya SN Ia.

Thebestmatchingnearbysupernova is chosenby visually
examiningthebestdozen�ts andselectingthebestqualitative
�t. For candidatesthatareclassi�ed as“Ia” or “Ia*”, thebest
matchesarelisted in Table4 andplottedin Fig. 3 andin Figs.
A.1 to A.39.

A simpledashindicatesthat a classi�cation basedon the
VLT spectrumalonecould not be made.This doesnot mean
that thesecandidatesare not supernovae. Some of the un-
classi�ed candidatesshow broad supernova-like featuresin
their spectra,while othershave well measuredlight curves.
Candidatesthatfall in theformercategory includeSN 2001gl,
SN 2002lc and SuF02-007.Candidatesthat fall in the latter
category includeSN 2002fr, SN 2002fm,C02-034,T02-047,
SN 2002kq,SuF02-007,SN 2002lc,SuF02-026,SN 2002kz,
SuF02-051andSN 2002kx.

4. Results

Theresultsof thefour SCPcampaignsaresummarizedin Table
4, where eachcandidateis identi�ed with the internal SCP
name.The IAU name,the spectralclassi�cation, the redshift
and the besttemplatematcharealso listed if theseitemsare
available.Besideeachclassi�cation,wealsogivethereasonfor
theclassi�cation.If Si II at4000Å or 6150Å or SII at5400Å
wereidenti�ed thenwe attachthe label “Si II” to theclassi�-
cation.If theclassi�cationwasdonefrom the�t, weattachthe
label“SF”, whichstandsfor spectral�t. Thecommentsprovide
additionalinformation.For example,in thecaseswhereaclas-
si�cation from theVLT spectrumcouldnot bemade,we note
down any relevantinformationfrom thelight curve.

Thespectrumof SN2000fris shown in Fig.3 andthespec-
tra of all other candidatesare presentedin the appendix2. In
somecases,wehavecompensatedfor telluric absorptionby di-
viding thespectrawith asuitablyscaledspectrumof thetelluric
absorptiononCerroParanal.In any case,thelocationof telluric
absorptionfeatures(usually the A and B bandsand, for the
300Iand600zgrisms,thetelluric featurethatstartsat9300Å)
aremarked in all spectrawith the symbol � . The locationof
night sky subtractionresiduals(usually from the bright night
sky linesat5577,5890,6300and6364Å) aremarkedwith the
letters“NS”. Spectroscopicfeaturesfrom the hostgalaxyare
markedwhereappropriate.

In the comparisonplots, nearbySNe are shown in blue,
while the observations minus the host galaxy templateare
shown in black. In mostcases,theobservationshave beenre-
binnedto 20 Å.

Theresults3 aresummarizedasfollows:

– 39candidateswereobserved.
– 20candidatesareclassi�edasSNeIa.
– 1 candidateis classi�edasa possibleTypeII supernova.

2 The appendixis only available in the electronicversionof the
journal.

3 T02-047 is not consideredsincethe spectrumwas taken many
monthsafterit wasdiscovered.

Fig.2. A redshifthistogramof thecandidates.

– Of theremaining18unclassi�edcandidates,labelledwith a
dashin Table4, 11havebroadsupernova-likespectralfea-
turesand/or havesupernova-like light curves.Oneof these
11 candidates- SuF02-026- hastwo strongemissionlines
thatcannotbeidenti�ed.

– Of theremaining7 candidates,5 have neitherclearsuper-
nova featuresnor su� cientphotometricfollow-up to mea-
surea light curve, but possesa galaxy componentfrom
whicha redshiftcanbedetermined.

– Theremaining2 candidateshave featurelesscontinua.

A redshifthistogramis shown in Fig. 2. Of theeightcandi-
datesthatdo not have redshifts,threehave broadspectralfea-
turesandtwo havesupernova-likelight curves.

5. Discussion

In termsof classifyingcandidatesfrom thespectraalone,there
is aclearcorrelationbetweenthenumberof candidatesthatare
classi�edasSNeIa andtheredshiftat which SNeIa weretar-
geted.In searches1, 2, 3 and5, (SeeTable.1), whereSNeIa at
z � 0:5 weretargetedfor VLT spectroscopicfollow-up,13 out
of 16 candidates(excludingT02-049)areclassi�edasSNeIa.
In search8, whereSNeIa with z > 1 weretargetedfor VLT
spectroscopicfollow-up, 4 out of 13 candidatesareclassi�ed
asSNeIa.

There are multiple reasonsfor the large di� erence.The
aim of search8 was to �nd several z > 1 SN Ia and the
strategy of thespectroscopicfollow-up wastunedto make the
bestuseof the time that wasavailable.In general,eachcan-
didatewas �rst observed for one hour. Candidatesthat were
found to have z < 1 wereno longerobserved.This included
SuF02-002,SuF02-005,SN 2002kmand SuF02-028.In one
case(SN 2002km)a secureclassi�cation could be made.In
the otherthreecases,a supernova might have beenidenti�ed
if we hadchosento integratelonger. Alternatively, if thecan-
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Table4. Classi�cations,redshiftsandnearbysupernovamatches.Redshiftsbasedonthehostarequotedto anaccuracy of threedecimalplaces.
Redshiftsbasedon the�t arequotedto two. Thecommentsprovide additionalinformationon eachcandidate.

SCP IAU Spectroscopic Redshift Template Comments
Name Name Classi�cation Match

C00-008 SN2000fr Ia Si II 0.543 SN1990N-7 days
S01-0042 SN2001gl - - - - Broadspectralfeaturesandnodetectablehost.3

S01-0052 SN2001gm Ia Si II 0.478 SN1992A+5 days
S01-0072 SN2001go Ia Si II 0.552 SN1992A+5 days
S01-017 SN2001gr Ia SF 0.540 SN1996X+2 days
S01-028 SN2001gs - - 0.658 Hostdominated.
S01-031 SN2001gu Ia SF 0.777 SN1999bp+1 day
S01-033 SN2001gw Ia Si II 0.363 SN1989B-1 day
S01-036 SN2001gy Ia Si II 0.511 SN1990N-7 days
S01-037 - - - - Featurelessbluespectra.
S01-054 SN2001ha Ia Si II 0.58 SN1981BMax. No detectablehost.3

S01-065 SN2001hc Ia Si II 0.35 SN1981BMax. Fainthost.
S02-000 SN2002fd Ia Si II 0.279 SN1990N-7days
S02-001 - - - 1.424
S02-002 SN2002fe Ia� SF 1.086 SN1999ee-8 days
S02-025 - - - - Featureless
S02-075 SN2002fg Ia� SF 0.78 SN1999bm+6 days
C02-016 SN2002fr - - 0.303? Blue spectrum.Supernova-like light curve.
C02-028 SN2002fm - - 0.448 Hostdominated.Supernova-like light curve.

Smallpercentageincrease.
C02-030 SN2002fp - - 0.352
C02-031 - II? SF 0.541 SN1999emMax. Hostdominated.Smallpercentageincrease.
C02-034 - - - 0.243 Hostdominated.Smallpercentageincrease.
T02-015 SN2002gi Ia Si II 0.912 SN1996X+2 days
T02-028 SN2002gj Ia� SF 0.45 SN1992A+9 days Smallpercentageincrease.
T02-029 SN2002gk Ia Si II 0.212 SN1992A+6 days
T02-030 SN2002gl Ia Si II 0.510 SN1989B-5 days
T02-0471 - - - 0.489 Supernova-like light curve.
SuF02-002 SN2002kq - - 0.823 Supernova-like light curve.
SuF02-005 - - - 0.863 Smallpercentageincrease.
SuF02-007 - - - 1.16? SN1981BMax. No host.3 Broadspectralfeaturesand

supernova-like light curve.
SuF02-012 SN2002lc - - 1.3? SN1999aa-3 days Broadspectralfeatures.Supernova-like light curve.
SuF02-017 SN2002kn Ia� SF 1.03 SN1999bm+3 days Fainthost.Supernova-like light curve.
SuF02-025 SN2002km Ia Si II 0.606 SN1990N-7 days
SuF02-026 - - - - Two unidenti�ed lines.Supernova-like light curve.
SuF02-028 SN2002kz - - 0.347 Hostdominated.Supernova-like light curve.
SuF02-051 - - - - Featureless.No detectablehost3 and

supernova-like light curve.
SuF02-060 SN2002kr Ia� SF 1.063 SN1981BMax. Hostdominated.Smallpercentageincrease.

Supernova-like light curve.
SuF02-065 SN2002ks Ia Si II 1.181 SN1981BMax.
SuF02-081 - - - 1.478 Narrow light curve
SuF02-083 SN2002kx - - 1.272 Smallpercentageincrease.Supernova-like

light curve.
1 T02-047wasobservedseveralmonthsaftermaximumlight
2 Thesecandidateswerediscoveredat theCFHT. Theremainderof thecandidateswith thepre�x “S01” werediscoveredatCTIO.
3 This refersto thereferenceimages.Ondeeperimages,a hostmightbecomevisible.

didateshowed evidencefor broad featuresor if the redshift
from hostgalaxylines (in particular[OII]) placedthe hostat
z > 1, thecandidateswerere-observedduring laternights.As
theamountof allocatedtimewaslimited,notall promisingcan-
didatescouldbefollowed.Thesefactorsled to a lower overall

yield atz < 1, but they alsoenabledusto con�rm severalz > 1
SNeIa andto obtaintheir redshifts.

Nevertheless,thespectroscopiccon�rmation of z > 1 SNe
Ia is challenging.At z � 1, SNeIa areabout1.5 magnitudes
fainterthanat z � 0:5. Additionally, thespectralfeaturesthat
oneusesfor classi�cationshift furtherandfurther into thered
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Fig.3. A spectrumof SN 2000fr, a SN Ia at z = 0:543 with unam-
biguousdetectionof Si II at 4000Å. In the upperspectrum,the un-
binnedspectrumof the candidateis plotted in the observer's frame
andis uncorrectedfor hostgalaxylight. Night sky subtractionresid-
ualsaremarkedwith theletters“NS” andtelluric absorptionfeatures
aremarkedwith thesymbol� . In the lower spectrum,contamination
from thehostis removedandthespectrumis rescaledandrebinnedby
20Å. Thisspectrumis plottedin blackandit is plottedin boththerest
frame(loweraxis)andtheobserver's frame(upperaxis).For compar-
ison, the best�tting nearbysupernova is plotted in blue. SN 2000fr
was�rst identi�ed asa SN Ia in a very earlyspectrumthatwastaken
with LRIS on theKeckII telescopeon 2001May 4th andwassubse-
quentlyobserved againwith FORS1.The FORS1spectrumhasone
of the highestS/N ratiosof all securelyidenti�ed supernovaein this
paper. SN 2000fr wasfollowed in the J-bandwith ISAAC 2004and
in the R- andI-bandswith HST andground-basedtelescopes(Knop
et al. 2003). TheJ-bandobservations,which correspondsto the rest-
frameI-band,show a clearsecondmaximumabout30 daysafter the
�rst maximum.A spectrumof thehostgalaxy(notshown here)shows
emissionin [OII] and[OIII] aswell asBalmerabsorptionlines.

wheresky subtractioncanbedi� cultbecauseof variablenight-
sky emissionanddetectorfringing. This canbepartially com-
pensatedby integratinglongerandusinginstrumentsandtele-
scopesthataree� cientin the600to 1000nm spectralregion.
Althoughthespectraof SNeIa show signi�cant featuresshort-
wardof thebroadCaII featureat 3900Å thatcouldbeusedto
aid the classi�cation,the lack of goodquality UV spectrafor
nearbysupernovaeof all typesmeansthatthesefeaturescannot
beusedwithoutusingfeaturesthatarefurtherinto thered.

For z > 1, whichhavepeakmagnitudesnearI � 25,anad-
ditional sourceof ambiguityappears.Giventhetypical signal-
to-noisethat onecanachieve with state-of-the-artinstrumen-
tation,onecansometimesmatchthespectraequallywell with
SNeIa at two di� erentredshifts.Fortunately, hostgalaxylines,
either [OII] or H and K or sometimesall three,can be used
to measurea preciseredshiftin mostcases.In this paper, SNe

2002fe,2002gi,2002kn,2002krand2002ksfall into this cat-
egory. However, in other cases,suchas SuF02-007and SN
2002lc,therearenocleargalaxylines,eventhoughthespectra
of thesecandidatesshow broadfeatures.

In termsof classifyingcandidatesfrom the spectraalone,
thereis also a correspondencebetweenthe selectioncriteria
that are usedto selectcandidatesand the percentageof can-
didatesthat arespectrallyidenti�ed asSNeIa. In the rolling
searchwith theCFHT, noneof the5 candidatescouldbespec-
trally con�rmed as a SN Ia. For comparison,in the Spring
2002 searchwith CTIO, all four candidates(excluding T02-
049) were con�rmed as SNe Ia. Although the numbersare
small, they aresigni�cant. The searchareaandcandidatese-
lection criteria of the rolling searchweresuchthat the search
wasalsosensitive to relatively faintersupernovae(Type II or
SN 1991bg-like supernovae)on relatively brighterhosts.The
spectracon�rm this asmany of thecandidatesfrom therolling
searcharedominatedby thelight of thehostgalaxy.

The contribution from the host galaxy can be approxi-
mately quanti�ed with the percentageincreasein the �ux of
the candidatebetweenthe searchand referenceimages.A
small increaseusuallymeansasigni�cant amountof hostcon-
tamination.A very large or formally in�nite increaseusually
meanslittle or no host contamination.The �ux is measured
over a �x ed aperturewhosediameterdependson the seeing.
The signal-to-noiseratio of the detectionover the same�x ed
apertureprovidesa measureof the signi�cance of the detec-
tion. A low signal-to-noiseratio usuallymeansthat thecandi-
dateis faint, andthis could meanthat the candidate,if it is a
SN Ia, is eithervery distantor hasbeencaughtvery early. In
Fig.4 thesignal-to-noiseratioof thedetectionisplottedagainst
thepercentageincreasefor candidatesthatwerebrighterthan
I = 24:7 at thetime of discovery.4 Candidatesfrom theCFHT
2002searcharehighlightedwith largecircles.The�gure shows
that classi�cation from spectroscopy is generallynot success-
ful if thepercentageincreaseis below � 25%.Theboundaryof
thisregionis markedwith adashedline in Fig.4.Candidatesin
which thepercentageincreaseis lessthan25%arethusnoted
in Table4.

Not one of the candidateshasbroademissionlines that
wouldindicatethatit is anAGN.Thisdemonstratesthatourse-
lectionstrategy, which selectsagainstcandidateshaving small
intensityvariationsthatarealsopreciselycenteredon thehost
galaxy, is quitee� ective in rejectingAGNs.

In thispaper, wehavestrictly usedonly thespectrafor clas-
si�cation purposesandall the classi�cationslisted in Table4
arebasedon the spectraalone.However, in searcheslike the
CFHT Spring 2002 searchand the SubaruFall 2002 search,
wherespectroscopiccon�rmation is di� cult becausethecan-
didatesare nearrelatively bright hostsor becausethe candi-
datesare relatively faint, additional information suchas the
light curve or the colour of the candidatecanbecomepart of
the criteria usedfor classi�cation. The strategy of thesetwo
searcheswassuchthatmostof thecandidateswerealsomoni-
toredduringthesubsequentweeksandmonths.Of the18can-
didatesthatwereobserved in thesetwo surveys, 5 werespec-

4 For thesurveys donein R-band,we useR = 24:7
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Fig.4. The percentageincreaseversusthe signal-to-noiseratio for
candidatesthat werebrighterthanI = 24:7 at the time of discovery.
Candidatesthatwereclassi�edasIa (Ia� ) areplottedwith solidcircles
(squares),C02-031- a possibleSN II - is plottedasa starandunclas-
si�ed candidatesareplotted with opencircles.Candidatesfrom the
CFHT2002searcharehighlightedwith largecircles.Candidateswith
arrows have percentageincreasesthataregreaterthan1000%,which
meansthat the hostwasconsiderablyfainter thanthe candidateand
perhapsundetected.Thedashedline markstheregion wheretheper-
centageincreaseis 25%or less.Candidatesin this region aredi� cult
to classifyspectrally.

trally classi�edaseitherIa, Ia� or II?. Of theremaining13can-
didates,10werefollowedwith su� cientcoverage(morethan4
light curvepoints)and9 havesupernova-likelight curves.This
includesSN 2002fr,SN 2002fm,SN 2002kq,SuF02-007,SN
2002lr, SuF02-026,SN 2002kz,SuF02-051and SN 2002kx.
Thesecasesarenotedin Table4 andin thecommentson indi-
vidualcandidates.

6. Summar y

WehavepresentedVLT FORS1andFORS2spectraof 39can-
didatehigh-redshiftsupernovaethatwerediscoveredaspartof
aprogramto discoverSNeIa overawiderangeof redshifts.By
comparingthesespectrawith thespectraof nearbySNeIa, 20
candidateshave beenidenti�ed asSNeIa with redshiftsrang-
ing from z = 0:212to z = 1:181.

Of the remaining19 candidatesthat cannotbe spectrally
identi�ed asSNeIa, onecandidatemight be a Type II super-
nova at z = 0:541and11 candidatesexhibit broadsupernova-
like spectralfeaturesand/or have supernova-like light curves.
Of the�nal 7 candidatesthatcannotbecon�rmedassupernova,
(eitherfrom thelight curvesor thespectra),5 possessa galaxy
component,from which redshiftsrangingfrom z = 0:347 to
z = 1:478 have beenbeenmeasured,and2 show featureless
bluecontinua.
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Appendix A: Finding char ts, spectra and notes on
individual candidates

This sectioncontains�nding chartsandspectraof all candi-
datesexceptSN2000fr,whichareshown in Figs.1 and3. The
candidatesarelabelledwith eithertheir IAU namesor their in-
ternalSCPnamesif no IAU namewasassigned.

In the �nding charts,North is up and Eastis to the left.
Thecandidateis markedwith a crossandbright pivot starsare
markedwith eithera box or a hexagon.Fainterpivot starsare
circledandlabelledalphabetically. Thepivot starthatwasused
duringtheacquisitionis recordedin Table3.The�nding charts
werecreatedfrom theimagesthatweretakenduringtherefer-
enceand searchruns.Regions that appearblank are regions
thatareoutsidethe�eld of view.

In general,the spectrumof the candidateis plottedtwice.
In theupperspectrum,theunbinnedspectrumof thecandidate
is plotted in the observer's frameand is uncorrectedfor host
galaxylight. Night sky subtractionresidualsaremarked with
the letters “NS” and telluric absorptionfeaturesare marked
with the symbol � . In the lower spectrum,the spectrumis
rescaled,contaminationfrom the host(if any) is removed,an
extinction correctionis appliedandthespectrumis re-binned,
typically by 20 Å. This spectrumis plottedin black andit is
plotted in both the rest frame(lower axis) andthe observer's
frame(upperaxis).For comparison,thebest�tting nearbysu-
pernovais plottedin blue.Theextinctioncorrectioncancorrect
for extinctioneitherin thehostor thecomparisonspectrum.If
thecandidatecouldnot beclassi�ed,only theupperspectrum
is plotted.

Fig.A.1. Above,a �nding chartcenteredonSN2001gl(S01-004),an
unclassi�edcandidateat an unknown redshift,andbelow, the spec-
trum. This unusualcandidatehasvery broadspectralfeatures;how-
ever, it wasnotpossibleto matchthiscandidatewith any of thesuper-
novaein our nearbycatalog.No hostwasdetectablein the reference
image,andthesearchimages,which weretaken16 and20 daysafter
the referenceimage,indicatethat thecandidatewasrealandstation-
ary, implying that it wasnot a solarsystembody. Thespectrumwas
taken21daysafterthereferenceimages.
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Fig.A.2. Above,a �nding chartcenteredonSN2001gm(S01-005),a
SN Ia at z = 0:478andbelow, thespectrum.Althougha bright night
sky line contaminatesthe4000Å region, theSi II featureat 4000Å
is clearlydetected.A separatespectrumof thehost(not shown here)
shows weak[OII] emission.

Fig.A.3. Above, a �nding chartcenteredon SN 2001go(S01-007),a
SN Ia at z = 0:552,andbelow, thespectrum.This candidatewasob-
servedatthreeepochs.Theinitial con�rmationspectrum(shown here)
wastakenon2001May 21.TheSi II featureat4000Å featurecanbe
clearlyseen.Additionaldeeperspectra(notshown here)weretaken6
and37observer-framedayslater(Garavini et al. in preparation).
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Fig.A.4. Above, a �nding chartcenteredon SN 2001gr(S01-017),a
SN Ia at z = 0:540,andbelow, the spectrum.Although Si II feature
at 4000Å is not clearly detectedin this candidate,the dataaresig-
ni�cantly better�t with SN Ia spectrathanwith the spectraof other
types.

Fig.A.5. Above,a �nding chartcenteredonSN2001gs(S01-028),an
unclassi�edcandidateat z = 0:658,andbelow, thespectrum.This is
a faint candidateon a bright host that wasobserved during a period
of relatively poorseeing.Thepercentageincreasein the�ux wasonly
27%,somostof thelight in thespectrumis from thehost,which has
severalBalmerabsorptionlines.
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Fig.A.6. Above, a �nding chartcenteredon SN 2001gu(S01-031),a
SN Ia at z = 0:777,andbelow, thespectrum.Thehostshows CaII H
andK absorptionlines andno detectable[OII] emissionwhich sug-
gestsanearly-typehost.SincetheSi II featureat 4000Å is weakand
contaminatedby the H andK lines of the host, the classi�cation is
basedon the �t. The redshiftof the �t wasconstrainedto thatof the
host.Thewavelengthcoverageof thebestmatchingnearbySNIa, SN
1999bp,is restrictedto rest framewavelengthsthat aregreaterthan
3000Å, sothecomparisonis limited to thesewavelengths.

Fig.A.7. Above,a �nding chartcenteredon SN2001gw(S01-033),a
SN Ia at z = 0:363,andbelow, thespectrum.In additionto theSi II
featureat 4000Å, the Si II at 6150Å is alsovisible. The redshift is
derivedfrom an[OII] emissionline in thespectrumof thehostgalaxy
(not shown here).
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Fig.A.8. Above, a �nding chart centeredon SN 2001gy(S01-036),
a SN Ia at z = 0:511, andbelow, the spectrum.The Si II featureat
4000Å is clearlydetected.

Fig.A.9. Above, a �nding chartcenteredon S01-037,andbelow, the
spectrum.Neithertheclassi�cationnor the redshiftof this candidate
is known. Thespectrumshowsastrongbluecontinuumwhichis char-
acteristicof TypeII supernovaebeforemaximumlight; however, with
neithera redshiftnorclearspectralfeatures,a classi�cationcannotbe
made.Thecandidatewasdetectedonsearchimagesthatweretakenon
di� erentdatesandis stationary, soit is notanasteroidnoranartifact.
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Fig.A.10. Above, a �nding chartcenteredon SN 2001ha(S01-054),
a SN Ia at z = 0:58, andbelow, the spectrum.Thereareno spectral
featuresfrom thehostandahostis not visible in thereferenceimage,
so theredshiftis determinedfrom the �t. TheSi II featureat 4000Å
is clearlydetected.

Fig.A.11. Above, a �nding chartcenteredon SN 2001hc(S01-065),
a SN Ia at z = 0:35, andbelow, thespectrum.This relatively nearby
candidatehasSi II at6150Å, SII at5400Å, andSi II at4000Å. There
areno spectralfeaturesfrom the host,so the redshift is determined
from the�t. In thereferenceimage,a very faint hostis visible.
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Fig.A.12. Above, a �nding chartcenteredon SN 2002fd(S02-000),
a SN Ia at z = 0:279, andbelow, the spectrum.The Si II featureat
4000Å is clearlydetected,but theSi II featureat 6150Å is relatively
weak.

Fig.A.13.Above,a�nding chartcenteredonS02-001,anunclassi�ed
candidateat z = 1:424,andbelow, thespectrum.A singlestrongline
andafeaturelesscontinuum.Giventhewidth andshapeof theline and
thelackof otherlinesin thewavelengthrangecoveredby thespectra,
the line is identi�ed asthe[OII] doubletat 3727Å. It is unlikely that
the line is Ly� at z > 5 becausethecharacteristicasymmetryof Ly�
in galaxiesat z > 5 (Sternet al. 2000) andthejump in thecontinuum
acrossthe line arenot evident in thesespectra.Nor is the line likely
to beH� , asneitherH� nor [OIII] aredetected.Theequivalentwidth
of theline is greaterthan50 Å sothehostgalaxywould beclassi�ed
asanemissionline galaxy(ELG) if the line wereH� (Kniazev et al.
2004). In ELGs,H� is typically threetimesweaker thanH� andthe
strengthsof [OIII] andH� areroughlyequivalent.Giventhestrength
of thedetectedline in thesespectra,both [OIII] andH� shouldhave
beendetectedif theline wasH� .
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Fig.A.14.Above,a �nding chartcenteredonSN2002fe(S02-002),a
SN Ia� at z = 1:086,andbelow, thespectrum.Thepro�le of the line
that we have identi�ed as [OII] is a� ectedby a nearbybright night
sky line; however, the line is clearly detectedin the 2-dimensional
spectrum.This line, togetherwith theprobabledetectionof theH and
K CaII linesin thehost,enablesusto measurea secureredshift.The
signal-to-noiseratio of the spectrumis relatively low and the Si II
featureat 4000Å is not detected,sothetheclassi�cationis quali�ed
with anasterisk.In somenearbySNeIa thatareobservedoneto two
weeksbeforemaximumlight, theSi II featureis absent.Thebest�t
nearbySNIa, SN1999ee,shows no Si II at 4000Å.

Fig.A.15. Above,a �nding chartcenteredon S02-025andbelow, the
spectrum.This candidatehasa blue continuumwith no signi�cant
spectralfeatures.It hasneithera classi�cationnora redshift.
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Fig.A.16. Above, a �nding chartcenteredon SN 2002fg(S02-075),
a SN Ia� at z = 0:78,andbelow, thespectrum.SincetheSi II feature
at 4000Å is not clearlydetectedin this candidateandsincethereare
no spectralfeaturesfrom the host,the classi�cationandthe redshift
arederived from the �t. The candidatewasobserved several weeks
afterit wasdiscovered,soit is likely thatthespectrumwastakenpast
maximumlight. ThebestmatchingnearbySN Ia is SN 1999bmat 6
dayspastmaximumlight. The signal-to-noiseratio is alsorelatively
low andtheSiII featureat4000Å is notdetected,sotheclassi�cation
is quali�ed with anasterisk.
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Fig.A.17.Above,a�nding chartcenteredonSN2002fr(C02-016),an
unclassi�edcandidatethatmightbeatz = 0:303,andbelow, thespec-
trum. This candidatehasa very well sampledlight curve (7 points),
which shows a dramaticrise over the �rst 5 days.The spectrumis
dominatedby slightly irregular blue continuumand there is a very
weakline which would put thehostat z = 0:303 if the line is identi-
�ed as[OII].
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Fig.A.18. Above, a �nding chartcenteredon SN 2002fm(C02-028),
anunclassi�edcandidateat z = 0:448,andbelow, thespectrum.The
percentageincreasein this candidatewasvery small,only 13%,and
thespectrumis dominatedby thelight from thehostgalaxy. However,
thereis excess�ux at 6600Å and5600Å that might be from a su-
pernova. Unfortunately, an acceptable�t with a nearbySN Ia was
not possible.In suchcases,the �t dependscritically on how well the
galaxytemplatematchesthe spectrumof the hostgalaxy. Relatively
smallerrorscanleavesigni�cant residualswhichcanmakethematch-
ing di� cult. Themostsecurewayof �tting thiscandidatewill betake
a spectrumof thehostafterthesupernova hasfaded.Thecandidateis
o� setfrom thecenterof thehostandthe light curve is well sampled
with four pointsbeforemaximumlight andfourpointsaftermaximum
light.
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Fig.A.19. Above, a �nding chartcenteredon SN 2002fp(C02-030),
anunclassi�edcandidateat z = 0:352,andbelow, thespectrum.The
host galaxy hasemissionlines in [OIII] and H� . The continuumis
blueand,atthissignal-to-noiseratio,featureless.Thiscandidatemight
be a SN II, sincethe pre-maximumspectraof SNeII aregenerally
featurelessandblue;however, withoutclearfeaturesin thecontinuum,
we cannotassigna classi�cation.
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Fig.A.20. Above, a �nding chart centeredon C02-031,a possible
Type II supernova at z = 0:541 and below, the spectrum.The host
galaxyhasemissionlinesin [OIII], H� andH
 . Thetentative classi�-
cationis basedon thebluecontinuumanda weakH-betaline with a
P-Cygnipro�le.
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Fig.A.21.Above,a�nding chartcenteredonC02-034,anunclassi�ed
candidateat z = 0:243,andbelow, thespectrum.Thehostgalaxyhas
emissionlines in H� , H� and[OII]. TheCalciumH andK absorption
linesarealsovisible.
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Fig.A.22.Above,a �nding chartcenteredonSN2002gi(T02-015),a
SNIa atz = 0:912,andbelow, thespectrum.TheSi II 4000Å feature
is clearlydetectedin this high redshiftcandidate.This SN Ia hasthe
highestredshiftof all securelyclassi�ed SNeIa that wereobserved
with FORS1.

Fig.A.23. Above, a �nding chartcenteredon SN 2002gj(T02-028),
a SN Ia� at z = 0:45, andbelow, the spectrum.From the spectrum
alone,this candidatecanbe matchedwith eithera SN Ia at 10 days
aftermaximumlight or with aSNIc nearmaximumlight, sotheclas-
si�cation is quali�ed with an asterisk.The time of maximumthat is
derivedfrom thelight curve shows thatthespectrumwastakenabout
10 restframedaysaftermaximumlight, so the thecandidateis very
likely to bea SNIa.
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Fig.A.24. Above, a �nding chartcenteredon SN 2002gk(T02-029),
a SN Ia at z = 0:212, andbelow, the spectrum.This SN Ia hasthe
lowestredshiftandthespectrumhasthehighestsignal-to-noiseratio
of all candidates.Si II at 4000Å and6150 Å andS II at 5400Å are
all clearlydetected.

Fig.A.25.Above,a �nding chartcenteredonSN2002gl(T02-030),a
SN Ia at z = 0:510,andbelow, thespectrum.Si II at 4000Å andS II
at 5400Å areclearlydetectedin this candidate.
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Fig.A.26.Above,a �nding chartcenteredonT02-047,aprobablesu-
pernova at z = 0:489,andbelow, the spectrum.Thespectrumof the
hostwastakenacoupleof monthsafterthecandidatehadfadedandis
rich in emissionlines.Althougha spectrumof thecandidatewasnot
obtained,the well-sampledlight curve indicatesthat it is probablya
supernova.

Fig.A.27. Above, a �nding chart centeredon SN 2002kq (SuF02-
002),anunclassi�edcandidateat z = 0:823,andbelow, thespectrum.
Thiscandidatewasphotometricallymonitoredandit hasasupernova-
like light curve.
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Fig.A.28. Above, a �nding chartcenteredon SuF02-005,anunclas-
si�ed candidateatz = 0:863,andbelow, thespectrum.Thiscandidate
hasanextremelybroadbumpat 8500Å. Sincewe observedthepivot
star (object “A” in the �nding chart)simultaneouslywith the candi-
date,wecanusethe�ux-calibratedspectrumof thepivot starto check
thecalibrationprocedure.The�ux-calibratedspectrumof starA does
not have the broadfeaturethat canbe seenin the candidate,so the
broadfeatureat8500Å is real.

Fig.A.29. Above, a �nding chartcenteredon SuF02-007andbelow,
thespectrum.Thebinnedspectrumshows broadfeaturesthatarecon-
sistentwith a SN Ia at z = 1:16; however, thesignal-to-noiseratio is
too low for this candidateto be classi�ed asa SN Ia from the spec-
trum alone.This candidatewasphotometricallymonitoredandhasa
supernova-like light curve.
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Fig.A.30.Above,a �nding chartcenteredonSN2002lc(SuF02-012)
and below, the spectrum.The binnedspectrumshows broadSN Ia
like featureswhichareconsistentwith aSNIa atz = 1:3, however the
signal-to-noiseratio is too small for a spectralclassi�cation.Hence,
from the VLT spectrumaloneit cannotbe classi�ed. However, SN
2002lcwasalsoobservedwith FOCASon Subaru,andthespectrum
alsoshowssimilarbroadfeatures(Yasudaetal. in preparation).When
addedwith theVLT data,a possiblematchwith a SN Ia at z = 1:26
emerges.Furthermore,a spectrumof SN 2002lcwasalsotakenwith
theACSgrismon HST. The reducedACSspectrumshows thesame
broadfeaturesas the ground-baseddata.This candidatewasphoto-
metricallymonitoredandhasa supernova-like light curve.

Fig.A.31. Above, a �nding chart centeredon SN 2002kn (SuF02-
017), a SN Ia� at z=1.03,andbelow, the spectrum.The hostgalaxy
is approximatelythreemagnitudesfainter thanthe candidate,so the
fractionof hostgalaxylight is setto zeroin the�t. SincetheSi II fea-
tureat 4000Å is notclearlydetectedin thiscandidateandsincethere
areno spectralfeaturesfrom thehost,theredshiftandtheclassi�ca-
tion arederivedfrom the�t. Thespectrumcanbe�t equallywell with
a SNIc, sotheclassi�cationis quali�ed with anasterisk.
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Fig.A.32. Above, a �nding chart centeredon SN 2002km(SuF02-
025),a SN Ia at z = 0:606,andbelow, thespectrum.TheSi II line at
4000Å is clearlydetected.Thereis a hint of theSi II line at6150Å.

Fig.A.33. Above, a �nding chartcenteredon SuF02-026andbelow,
thespectrum.This candidatehastwo unidenti�ed emissionlineswith
di� eringline pro�les andspatialmorphologies.Theline at � 8300Å
is unresolvedwhile theline at � 9200Å is spatiallyandkinematically
resolved into threecomponents.This candidatewasphotometrically
monitoredandit hasa supernova-like light curve.
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Fig.A.34. Above, a �nding chart centeredon SN 2002kn (SuF02-
028),anunclassi�edcandidateat z = 0:347,andbelow, thespectrum.
This candidateis dominatedby hostgalaxylight. It wasphotometri-
cally monitoredandit hasa supernova-like light curve.

Fig.A.35. Above, a �nding chartcenteredon SuF02-051,anunclas-
si�ed candidateatanunknown redshift,andbelow, thespectrum.The
spectrumis a featureless,slightly bluecontinuum.Thiscandidatewas
photometricallymonitoredandit hasa supernova-like light curve.
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Fig.A.36.Above,a�nding chartcenteredonSN2002kr(SuF02-060),
a SN Ia� at z = 1:063,andbelow, thespectrum.Theredshiftis deter-
minedfrom H andK CaII absorptionlinesin thehost.Thereis ahint
of [OII] emission,but this is uncertainasthe[OII] line at this redshift
lies very closeto atmosphericA band.The percentageincreasewas
only 25%,sothespectrumis dominatedby thehost,whichmeansthat
the host subtractedspectrumis sensitive to the host spectrumused
in the �t. Hence,the classi�cation is quali�ed with an asterisk.SN
2002krwasalsoobservedwith theACSgrismonHSTandtheGMOS
spectrographon Gemini. Both the Gemini andACS show the same
broadfeaturesastheVLT data.

Fig.A.37.Above,a�nding chartcenteredonSN2002ks(SuF02-065),
a SN Ia at z = 1:181, andbelow, the spectrum.The Si II featureat
4000Å is clearlydetected.This SN Ia hasthehighestredshiftof all
securelyclassi�edSNeIa thatwereobservedwith theESOVLT.
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Fig.A.38. Above, a �nding chartcenteredon SuF02-081,anunclas-
si�ed candidateat z = 1:478andbelow, thespectrum.A singlestrong
line andafeaturelessredcontinuum.LikeS02-001andSN2003kxwe
identify this line asthe [OII] doubletat 3727Å. This candidatewas
photometricallymonitoredandit hasa light curve that is too narrow
for it to bea SNIa.

Fig.A.39. Above, a �nding chart centeredon SN 2003kx (SuF02-
083),anunclassi�edcandidateat z = 1:272,andbelow, thespectrum.
A singlestrongline anda featurelesscontinuum.Like S02-001and
SuF02-083,we identify this line asthe [OII] doubletat 3727Å.This
candidatewasphotometricallymonitoredandit hasa supernova-like
light curve.


