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Abstract. Wepreseni/LT FORS1landFORS2spectraof 39 candidaténigh-redshiftsuperneaethatwerediscoreredaspartof
acosmologicaktudyusingType la supernwae (SNela) over awide rangeof redshifts.Fromthe spectraalone,20 candidates
are spectrallyclassi ed as SNe la with redshiftsrangingfrom z = 0:212to z = 1:181. Of the remaining19 candidatesl
mightbea Typell supernwaandl1lexhibit broadsupernea-like spectrafeaturesandor have supernea-like light curves.The
candidatesverediscoveredin 8 separatground-basedearchesin thosesearchesn whichSNelaatz 0.5 weretamgeted,
over 80% of the obsered candidatesvere spectrallyclassi ed as SNe la. In thosesearchesn which SNela with z > 1
weretamgeted,4 candidatewith z > 1 werespectrallyclassi ed asSNela andlater followed with groundand spacebased
obsenratories.We presenthe spectreof all candidatesincludingthosethatcould not be spectrallyclassi edassupernea.
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1. Intr oduction

Over the pastdecade pbsenationsof SNe la have playeda
leadingrole in measuringheexpansiorhistoryof the Universe
andin constrainingcosmologicalparameterslt wasthrough
theseobsenationsthatwe discoveredthattheexpansions cur

rentlyacceleratingndthatthe Universes presentlydominated
by an unknavn form of dark enegy with a negative equation
of state(Perlmutteretal. 1998 Garnaiich etal. 1998 Schmidt
etal. 1998 Riessetal. 1998 Perlmutteretal. 1999 Tonry et
al. 2003 Knopetal. 2003 Riessetal. 2004 Barrisetal. 2004

for areview, seePerlmutteandSchmidt2003.

Whentheseresultsarecombinedwith theresultsthathave
beenderived from the uctuations in the cosmic microwave
backgroundJa e etal. 2001 Bennettet al. 2002 Spepel et
al. 2003, the propertieof massie clustergAllen, Schmidt&
Fabian2002 Borganietal. 2001 andthe large scalestructure
of galaxies(Hawkins et al. 2003, a pictureof a at Universe
dominatedby darkenegy emeges.

Considerable orthasbeendirectedowardsextendingthe
redshiftrangeoverwhich SNela areobsened. The Hubbledi-
agramof SNelawith z  0:5 is degenerateo a linear combi-
nationof \ and .Henceanindependentieterminatiorof
thesetwo parameterérom SNelaatz 0:5is not possible.
However, obsenationsof SNela overawide rangeof redshifts
and,in particular very distant(z > 1) SNela canbreakthisde-
generayg (GoobarandPerimutterl 995. With thisaimin mind,
andfollowing a highly successfupilot search{Aldering 1998,
the Supernwa CosmologyProject(SCP)starteda programto
discover, spectrallycon rm andphotometricallymonitorasub-
stantialnumberof SNela with redshiftsbeyondone.

In this paper we presentVLT FORS1andFORS2spectra
of 39 candidatehigh redshiftsuperneae.We presentll spec-
tra, including thosespectrafor which a securespectroscopic
classi cationcould not be made.The resultsof the photomet-
ric follow-up,thederivedapparentmagnitudesndtheimplica-
tionsthesemeasurementsave for cosmologywill bereported
elsavhere.

2. Obser vations
2.1. Search and discovery

The candidatediscussedn this paperwere discorereddur-
ing 8 separatebut not fully independenthigh-redshiftsuper
novae searchesThe searchesvere divided into 4 observing
campaignghatoccurredduringthe NorthernSpringsof 2000,
2001and2002andthe NorthernFall of 2002. The observing
campaignsthe monthsduring which dataweretaken andthe
telescopesisedin thesearchearelistedin Tablel.

Following the searchand discovery techniquesdescribed
in Perimutteret al. (1995 1997 1999, the searchegenerally
consistedf 2 to 3 nightsof imagingto take referencamages
(imagesn which supernwaehadnotyetappeared)ollowed3
to 4 weekdaterby anadditional2 to 3 nightsof imagingto take
searchimages(imageswith the superneae).In this paperwe
referto thistypeof searchasa “standard”searchandsearches
1,2,3 and5 wereof this type. Searched, 6, 7 and8, werea
variationon thistheme.

TheSpring2002CFHT search{search in Tablel), for ex-
ample,wasa “rolling” searchwhereimagesweretakenonce
every few nightsduringatwo weekperiod.This wasfollowed
one,two andthreemonthslater by similar obsenationson the
same elds. In this way, the searchimagesof one monthbe-
comethereferencémagesof alatermonth,and,sinceimages
of the searchelds aretaken severaltimesin any onemonth,
oneautomaticallygetsa photometrictime serieswithout hav-
ing to scheduldollow-up obsenationsseparatelyasonemust
doin astandardsearch.

The Subarusearchesluring the Spring and Fall of 2002
(searches, 7 and8 in Table 1) alsodi eredfrom the stan-
dardsearch.Searche$ and 7 were “back-to-back”searches,
in which the searchimagesof the rst search(search6)be-
camethe referenceimagesfor the secondsearch(search?7).
SearchB wasa standardsearchthatwasthenimmediatelyfol-
lowed with additionalobsenationswith the sameinstrument
andtelescopeThis searcho eredthe advantageof allowing
usto follow severalcandidatesimultaneouslyratherthanfol-
lowing candidatesndividually, asis the casewith the standard
search.

Thedatawereprocessetb nd objectsthathadbrightened
andthemostpromisingcandidatesveregivenaninternalSCP
nameanda priority. The priority is basedon a numberof fac-
tors: the signi cance of the detection the percentagéncrease
in the brightnessthe distancefrom the centerof the apparent
host,the brightnesf the candidateandthe quality of the sub-
traction. The candidatesverethendistributedto teamswork-
ing at the Gemini, Keck, Paranal,and SubaruObsenatories
for spectroscopicon rmation. The distribution was handled
centrallyandwasdoneaccordingto the priority of the candi-
datestheresultsirom datathathadbeentakenduringprevious
nights,thecapabilityandavailability of theinstrumentsandthe
telescopest eachof the obsenatoriesandthe weathercondi-
tionsattheindividual obsenatoriesatany onetime.Hencethe
factorsthata ectwhetheror nota candidatés obseredatany
one obsenatory are complex and suchfactorswould have to
betakeninto accounin ary statisticalanalysisNotethatthese
searchefor extremelyhigh-redshifisuperneaearein thisway
more comple thanprevious searcheshat have beenreported
in our previous papers.

A preliminary analysisof the spectroscopidatais done
within a day of whenthe dataaretaken- a morecarefulanal-
ysisis donelater Only thosecandidateshatarecon rmed as
SNela arethenscheduledor follow-up obsenations,which
consistof photometricmonitoringin at leasttwo broad-band
Iters duringthe rst two monthsimmediatelyfollowing the
discovery and nal referenceimages,which are taken about
oneyearlater Thesedataareusedto measurehe peakmagni-
tudesthelight curve widths,which areusedto correctthepeak
magnitudesandthe coloursof the SNela. In somesearches,
suchassearched and8 in Table 1, the optical follow-up is
integratedinto the search.

Theaim of thespectroscopifollow-upis notto con rm as
mary SNela aspossiblebut to provide anumberof spectrally
classi ed SNe la (typically four SNe la per campaign)to be
scheduledor HST andground-basedollow-up within oneto
two daysof the endof the spectroscopicuns.Without excep-
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Table 1. Theinstrumentsandtelescopesisedduring 4 campaignsln generala singlecampaignconsistecbf multiple searchesThepre x is
usedin theinternalSCPcandidatenamesTheindividual searchearenumberedor easyreference.

Campaign  Months InstrumerfTelescope SearciNumber Searchype Pre x
Spring2000  April/May CFHT12KCFHT 1 Standard Co00
Spring2001  March/April CFHT12KCFHT 2 Standard So1
MarchApril MOSAICII/CTIO 4mBlanco 3 Standard So1
Spring2002 Marchto June CFHT12KCFHT 4 Rolling C02
April/May MOSAICII/CTIO4mBlanco 5 Standard T02
MarchApril Suprime-CarfSubaru 6! Back-to-back S02
April/May Suprime-CanSubaru 7 Back-to-back S02
Fall 2002 OctobefNovember Suprime-CarnfSubaru 82 Standardvith additional SuF02

wide- eld monitoring

1 Searche$ and7 werepartof the SubaruDeepField Project(Kodairaet al. 2003.
2 SearctB waspartof the SubaruXMM /Newton DeepSurwey (Sekiguchietal. in preparation)

tion, we succeedeth providing asu cientnumberof SNela
for thefollow-up.

We arepresentinghespectraof all candidateshatwereob-
senedwith the ESOVLT, sotherearea numberof candidates
thathave only aninternalSCPname The SCPnameconsistof
apre X, whichindicatesat which telescopehe candidatevas
discovered,andarunningnumberA list of pre x esis givenin
Tablel. Thespectraof candidateshatwerenotobsenedatthe
ESOVLT will bereportecelsevhere.

2.2. Spectroscopic follow-up

The long slit spectroscopionodesof FORS1 and FORS2
(Appenzelleret al. 1998 on the ESOVLT were usedto ob-

sene high priority candidatesFor the purposeof long-slit

spectroscop FORS1andFORS?2areverysimilarinstruments.
Theprincipledi erences thatthe detectolin FORS1is a sin-

gle 2kx2k Tektronix CCD, while the detectorin FORS2is a

mosaicof two 2kx4k red-optimizedMIT CCDs.The FORS2
detectoris moresensitve thanthe FORS1detectoy especially
atredwavelengthsTheavailability of theredoptimizedCCDs
in FORS2after March 2002 madeit possibleto obsene and

conrm candidatesitz  1:2.

The datesduring which the VLT spectroscopiobsena-
tions took placeand the redshiftinterval over which SNe la
weretargetedfor VLT follow-up arelistedin Table2.

Threegrisms (300V, 3001 and 600z) and two slit widths
(0.7 and 1.0 arc seconds)wvere usedfor the obsenations.In
general the grism was chosento matchthe expectedredshift
of the candidateandthe slit was matchedto the seeing.The
300V grismwasusedwith the GG435ordersorting Iter and
the 3001 and 600z grismswere usedwith the OG590order
sorting lter .

Nearly all targetswereacquiredin the sameway. The slit
was placedthroughthe candidateand a relatively bright and
nearbypivot star Therewere only three exceptions:SuF02-
026 and SN 2002Ic were obsenred togetherand SN 2000fr
was acquireddirectly. The obsenational detailsare listed in
Table 3. Generallyspeakingthree exposureswith smallo -

setsalongthe slit were taken for eachcandidate Exceptions
occurredwhenobsenationswereabortedbecausave thought
thatwe hadsu cientdatato identify thecandidateor whenwe

integratediongerfor thefaintercandidates.

Finding chartsshaving both the candidateand the pivot
stararedisplayedn Fig. 1 andin Figs.A.1to A.39.Candidates
aremarkedwith acrossandbright pivot starsaremarkedwith
eithera box or a hexagon.Fainter pivot starsare circled and
labelledalphabeticallyThe pivot starthatwasusedduringthe
acquisitionis recordedn Table3. In all nding charts,North
is up andEastis to theleft.

In additionto the 39 candidateghat were obsered soon
after they werediscovered,the spectrumof the probablehost
galaxy of T02-047,which was obsened several monthsafter
it wasdiscovered,is alsoreported Thelight curve of T02-047
indicategthatit is a supernea.

3. Data reduction and classi cation

StandardRAF?! proceduresvereusedto processhedata.The
biaswasestimatedy tting the overscanregion with alow-
order polynomial, at- elding wasdonewith lamp ats that
were rst cleanedf parasitidight, andwavelengthcalibration
wasperformedwith arcframes.

For obsenationswith the300V grism,fringing is notasig-
ni cant limitation in the dataso the two-dimensionakpectra
werecombined(with suitableclipping to remove cosmicrays)
andthesky wasremovedby estimatinghebackgroundux on
eithersideof the objecttrace.

For obsenationswith the 3001 and 600z grisms, fringing
is moresigni cant. If it is not treatedcarefully, the systematic
error from fringing residualscan be large. Before combining
individual spectraa fringe correctionwasappliedto the data.
Thefringe correctionconsistof thefollowing steps:

1 IRAF is distributed by the National Optical Astronomy
Obsenratories,which are operatedyy the Associationof Universities
for Researchn Astronomy Inc., underthe cooperatie agreement
with the National ScienceFoundation.
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Table 2. Instrumentsandtelescopeshatwereusedin the spectroscopifollow-up.

Campaign  InstrumentandTelescope Dates ObservingMode  Redshiftinterval
Spring2000 FORSlonAntu (VLT-UT1) 12 May 2000 Service z=03 07
Spring2001 FORSl1onAntu (VLT-UT1) 21-22April 2001 Visitor z=03 07
27 April and28 May 2001  Service z=03 07
Spring2002 FORS2on Yepun(VLT-UT4)and April-August2002 Service z=03 12
FORS1on Melipal (VLT-UT3) 11-12May 2002 Service z=03 10
Fall 2002 FORS20n Yepun(VLT-UT4) 7-11November2002 Service z>1

Table 3. Summaryof the obserations.The SCPnameis aninternalnameusedby the SCPandis reportedhereasnot all candidatehiave an
IAU name.

SCP IAU Campaign Coordinateof Pivot O set PA MJD  Grism Exp.
Name Name thecandidate Star (sec)
C00-008 SN2000fr  Spring00  134200.14+044342.4 -1 -1 40.00 51676.2 300V 7200
S01-004 SN2001gl  Spring01 140116.60+051248.9 Hex -6.07,0.16 92.41 52021.2 300V 3600

S01-005 SN2001gm Spring01l  140151.18+050538.5 Hex 23.92,24.80 43.97 52021.3 300V 2400
S01-007 SN2001go Spring01l  140200.95+050059.2 Hex 34.22,-4.46 97.42 52021.3 300V 2400
S01-007 SN2001go Spring01l  140200.95+050059.2 Hex 34.22,-4.46 97.43 52027.2 300V 7200
S01-007 SN2001go Spring01l  140200.95+050059.2 Hex 34.22,-4.46 97.43 52058.2 300V 9000
S01-017 SN2001gr Spring01l 100423.27+074048.3 Box -10.05,-24.64 22.19 52021.0 300V 3600
S01-028 SN2001gs Spring01l 100052.68+060709.3 Box 11.89,-25.79 -24.75 52022.1 300V 4800
S01-031 SN2001gu Spring01 100328.61+072438.9 Hex 37.16,3.32 84.89 52021.1 300V 4800
S01-033 SN2001gw Spring01l 154345.86+075750.3 Hex  -14.09,32.22 156.37 52021.4 300V 1200
S01-036 SN2001gy Spring01l 135704.54+043059.8 Hex 21.49,0.43 88.85 52021.3 300V 2400
S01-037 - Spring01  135551.17+044806.7 Hex  -56.87,32.41 119.68 52021.1 300V 3600
S01-054 SN2001lha Spring01 100633.50+073803.2 Hex 13.51,22.72 30.74 52022.0 300V 3600
S01-065 SN2001lhc Spring01 094431.52+080202.8 Hex -14.17,46.46 -16.96 52022.1 300V 1800

S02-000 SN2002fd  Spring02 140354.08+045949.0 Box -6.48,2.62 112.01 52376.1 300V 600
S02-001 - Spring02  140356.42+052316.6 Hex  -27.8539.10 144.54 52376.3 3001 2700
S02-002 SN2002fe  Spring02 140418.16+051925.6 B -8.49,1.52 100.15 52376.2 3001 2700
S02-025 Spring02  135750.11+051725.5 Hex 0.09,14.94 0.34 52376.2 3001 2700

S02-075 SN2002fg  Spring02 132425.92+274433.9 Hex 57.74,-22.44 -68.76 52431.0 300V 7200
C02-016 SN2002fr  Spring02  140046.40+043341.4 Hex -12.6710.57 145.65 52400.3 300V 900

C02-028 SN2002fm Spring02 140029.75+044650.1 B -27.76,21.91 128.28 52413.0 300V 1800
C02-030 SN2002fp  Spring02  140218.40+044705.9 Hex 1.69,-21.86 -4.43 52407.1 3001 3600
C02-031 - Spring02  140138.07+043802.2 Box 0.88,38.36  178.69 52406.1 3001 3600
C02-034 - Spring02  140030.75+051355.6 Hex 5.82,-22.77 -14.34 52413.0 300V 1800

T02-015 SN2002gi  Spring02 135712.25+043316.8 Hex 1.17,-68.78 -0.97 52407.2 3001 7200
T02-028 SN2002gj Spring02 153625.48+092818.2 Hex  -40.55,62.58 147.06 52413.2 300V 3000
T02-029 SN2002gk Spring02 153707.47+093618.7 C -20.24,16.98 129.99 52413.3 300V 900
T02-030 SN2002gl  Spring02  154324.40+075357.5 Hex 2.32,43.98 -176.98 52413.1 300V 3000
T02-047 - Spring02  153629.88+093842.8 Hex -42.94,-29.25 55.74 52494.0 300V 3000
SuF02-002 SN2002kq Fall 02 021712.24-045508.7 Hex -21.25,-4.06 79.18 52586.1 3001 3600
SuF02-005 - Fall 02 021835.67-043111.2 A 18.26,0.06  -90.19 52586.1 3001 3600
SuF02-007 - Fall 02 021852.32-050114.0 Hex 6.63,-40.66 -9.26 52588.7 3001 13200
SuF02-012 SN2002lc  Fall 02 021851.60-044725.7 Hex? -19.04,14.75 8.81 52588.3 600z 7200
SuF02-017 SN2002kn Fall 02 021645.71-050951.2 Hex -48.24,-0.53 89.37 52590.2 3001 1800

SuF02-025 SN2002km Fall 02 021623.93-044929.4 Box -7.30,5.14 125.15 52588.1 3001 3600
SuF02-026 - Fall 02 021851.90-044657.4 Hex? -19.04,14.75 8.81 52588.3 600z 7200
SuF02-028 SN2002kz Fall 02 021656.36-050058.1 Hex 26.08,-47.36 -28.84 52587.1 3001 3600
SuF02-051 - Fall 02 021727.47-044045.3 C -11.62,-2.10 79.76 52586.3 3001 3600
SuF02-060 SN2002kr  Fall 02 021734.51-045346.6 A 19.82,-17.49 -48.75 52587.2 3001 3600
SuF02-065 SN2002ks Fall 02 021734.53-050015.4 A -28.15,-23.05 50.69 52586.2 3001 3600
SuF02-081 - Fall 02 022007.49-050827.4 A 51.24,-20.89 -67.82 52589.2 3001 9600

SuF02-083 SN2002kx Fall 02 021806.21-050038.8 Box -35.39,1.64 92.65 52587.1 300l 7200
! Centeredbnthecandidate.
2 Theslit passedhroughSuF02-012ndSuF02-026
3 T02-047wasobsered several monthsafter maximumlight
4 SN 2001gowasobseredat threeepochs
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Fig.1. A nding chartcenteredbn SN 2000fr (C00-008).North is up
andEastis to theleft. Thecandidates markedwith a crossandbright
pivot starsare marked with eithera box or a hexagon.Fainter pivot
starsare circled andlabelled alphabetically The pivot starthat was
usedduring the acquisitionis recordedn Table3. The nding charts
of othercandidatesireavailablein theappendix.

— Foragivenspectrumn whichtheobjectwasatacertainslit
position,a groupof similar spectralthe samegrism, order
sorting lter andslit) with objectsatdi erentslit positions
wascollected.

— Fringeframesarecreatedy clipping objectpixelsandav-
eragingtheremainderSincetheintensityof nightsky lines
canvarywith respecto oneanotheyeachcolumn(thespa-
tial direction of the spectraare along columns)is treated
individually. Instrumental e xure for FORS1and FORS2
is small,sosomefringe frameswerecreatedrom datathat
weretakenondi erentnights.

— Thefringeframesaresubtractedrom thedataaftersuitable
scaling.Again, eachcolumnis treatedndividually.

— An averagesky spectrum(calculatedby averagingalong
columnsof thefringe frame)is addedbackto thedata.This
helpswith theclipping of cosmicrayswhenthetwo dimen-
sionalspectraarecombined.

— The dataare combinedwith suitableclipping for cosmic
raysandthesky is removedby estimatinghe ux oneither
sideof theobjecttrace.

The resultingtwo-dimensionalsky-subtractedspectraare
freeof fringesat the expenseof a slightreductionin the statis-
tical signal-to-noiseatio.

The spectraof the candidatesind,in somecasesthe spec-
tra of the hostswere then extractedand calibratedin wave-
lengthand ux. In all caseswe also produceerror spectra,
which areusedto estimatehesigni canceof spectrafeatures.

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

element)Thespectrawith thehighestsignal-to-noiseatiosare
studiedin moredetail in Garavini etal. (in preparation)The
quality of someof the high-redshiftSN la spectrathatarepre-
sentedn this paper SN 2002ksatz=1.181is oneexample(see
Fig. A.37), matcheghe quality of spectrahathave beentaken
with HST (Riessetal. 2004.

3.1. Classi cation

At high redshifts(z > 0:4), the broadSi Il featureat 61504,

which is one of the de ning spectralsignaturesof the SN la

class,is often outsidethe wavelengthrange covered by the
spectraThereforewe useotherfeaturessuchasthe Sill fea-
tureat 4000A andtheSIl "W” featureat 5400A, which

areonly seenin SNela, to spectrallyidentify SNela whenthe
Sill featureat 6150A is notvisible (Hook etal. in prepara-
tion).

We alsousea library of galaxyandnearbysuperneaspec-
trato t the spectraof candidategHowell and Wang, 2002,
andwe usethesets to classifycandidatesvhenthe Sill and
S|l featuresannotbeclearlyidenti ed. A representatie sam-
ple of galaxyspectratemplatesangingfrom earlyto latetypes
andmorethan250spectraof nearbysuperneaof all typescur-
rently make up the library. For a given candidateanda given
nearbysupernea,the t determineshefractionof hostgalaxy
light, thehostgalaxyspectratype,theredshiftof thesupernea
andthe amountof reddening.The quality of the t is quanti-
ed with thereduced 2, which haslittle meaningin anabso-
lute senseThe nite sizeof thespectralibrary andsystematic
calibrationerrorsin both low andhigh samplegneanthatthe
reduced 2 is alwaysgreatetthanone.However, it is usefulfor
orderingthe ts.

The t canbeconstrainedy usingadditionalinformation.
For example,if thereis no apparenhost- SN 2001hais one
example- the fraction of light from the hostgalaxyis setto
zeroin the t. Alternatively, if thereis ahostandif theredshift
of the host galaxyis known, the redshift of the candidateis
x edto this valueandthe redshiftis reportedto threedecimal
placesOtherwisetheredshiftis determinedromthe t andis
reportecto two decimalplaces.

The ts areorderedaccordingo thereduced 2 andthe rst
dozents areinspectediisually. If Siliconor Sulfurareclearly
identi ed or if the spectruncanbe matchedwith the spectrum
of anearbySN la, the candidates assignedhelabel“la” and
the classi cationis consideredsecure Lesssecurecandidates
arelabelled‘la ". Theasteriskindicatessomedegreeof uncer
tainty. Thisusuallymeanghatwe seespectrafeatureghatare
consistentvith a SN la classi cationandcan nd anaccept-
able matchwith a nearbySN Ia, but that othertypes,suchas
a SN Ic, alsoresultin acceptablenatchesand cannotbe ex-
cluded.For example,the spectraof SNela 10 daysafter max-
imum light resemblehe spectraof someSNelc at maximum
light, especiallyaroundthe 4000A region. In thesecasesthe
light curve canbeusedto estimatehe epochatwhichthespec-
traweretakenandto distinguishbetweerthetwo possibilities.
A goodexampleis the spectrumof SN 2002gj,which canbe
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matchedwith eitheraSNlaoraSNIc. By usingthelight curve
to constrainthe epoch, SN 2002gjis clearlya SN la.

The bestmatchingnearbysuperneais choserby visually
examiningthebestdozents andselectingthe bestqualitative
t. For candidateshatareclassi edas“la” or “la*”, thebest
matchesarelistedin Table4 andplottedin Fig. 3 andin Figs.
A.1toA.39.

A simple dashindicatesthat a classi cation basedon the
VLT spectrumalonecould not be made.This doesnot mean
that these candidatesare not superneae. Some of the un-
classi ed candidatesshav broad supernoa-like featuresin
their spectra,while othershave well measuredight curves.
Candidateshatfall in theformer categyory include SN 20014,
SN 2002Ic and SuF02-007 Candidateghat fall in the latter
catgory include SN 2002fr, SN 2002fm, C02-034,T02-047,
SN 2002kq,SuF02-007 SN 2002Ic, SuF02-026 SN 2002kz,
SuF02-051andSN 2002kx.

4. Results

Theresultsof thefour SCPcampaignsiresummarizedn Table
4, where eachcandidateis identi ed with the internal SCP
name.The IAU name,the spectralclassi cation, the redshift
andthe besttemplatematchare alsolisted if theseitemsare
available .Besideeachclassi cation,we alsogivethereasorfor
theclassi cation.If Sill at4000A or 6150A or Sl at5400A
wereidenti ed thenwe attachthe label “Si 11" to the classi -
cation.If theclassi cationwasdonefrom the t, we attachthe
label“SF”, whichstanddor spectralt. Thecommentgprovide
additionalinformation.For example,in the casesvhereaclas-
si cation from the VLT spectrumcould not be made,we note
down ary relevantinformationfrom thelight curve.

Thespectrumof SN 2000fris shavn in Fig. 3 andthespec-
tra of all other candidatesare presentedn the appendix. In
somecasesye have compensatetbr telluric absorptiorby di-
viding thespectrawith asuitablyscaledspectrunof thetelluric
absorptioronCerroParanalln ary casethelocationof telluric
absorptionfeatures(usually the A and B bandsand, for the
3001 and600zgrisms,thetelluric featurethatstartsat 9300A)
aremarkedin all spectrawith the symbol . The location of
night sky subtractionresiduals(usually from the bright night
sky Iinesat5577,5890,6300and6364A) aremarkedwith the
letters“NS”. Spectroscopid¢eaturesfrom the hostgalaxyare
markedwhereappropriate.

In the comparisonplots, nearby SNe are shovn in blue,
while the obsenations minus the host galaxy templateare
shawvn in black. In mostcasesthe obsenationshave beenre-
binnedto 20 A.

Theresults aresummarizedsfollows:

— 39 candidatesvereobsened.
— 20candidatesreclassi edasSNela.
— 1 candidates classi edasa possibleTypell supernea.

2 The appendixis only availablein the electronicversionof the
journal.

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

FORS1/2 Spectroscopic Results
— 77—
M- 15
l[a* — 5
or = -1 7

[ ] Unclassified — 10

Number

0 0.5 1 1.5
7Z — redshift
Fig. 2. A redshifthistogramof the candidates.

— Of theremainingl8unclassi edcandidatedabelledwith a
dashin Table4, 11 have broadsupernea-like spectraffea-
turesandor have supern@a-like light curves.Oneof these
11 candidates SuF02-026 hastwo strongemissionlines
thatcannotbeidenti ed.

— Of theremaining7 candidates5 have neitherclearsuper
novafeaturesnorsu cientphotometricfollow-upto mea-
surea light curve, but possesa galaxy componentfrom
which aredshiftcanbedetermined.

— Theremaining2 candidatefave featurelesgontinua.

A redshifthistogramis shavnin Fig. 2. Of the eightcandi-
datesthatdo not have redshifts threehave broadspectralfea-
turesandtwo have supernea-likelight curves.

5. Discussion

In termsof classifyingcandidate$rom the spectraalone there
is aclearcorrelationbetweerthe numberof candidateshatare
classi ed asSNela andtheredshiftat which SNela weretar-
getedIn searcheg, 2, 3and5, (SeeTable.1), whereSNela at

0:5 weretargetedfor VLT spectroscopifollow-up, 13 out
of 16 candidategexcluding T02-049)areclassi edasSNela.
In search8, whereSNela with z > 1 weretamgetedfor VLT
spectroscopidollow-up, 4 out of 13 candidatesre classi ed
asSNela.

There are multiple reasonsfor the large di erence.The
aim of search8 wasto nd severalz > 1 SN la andthe
stratgyy of the spectroscopifollow-up wastunedto make the
bestuseof the time that was available.In general,eachcan-
didatewas rst obsened for one hour. Candidateghat were
foundto have z < 1 wereno longerobsened. This included
SuF02-002 SuF02-005SN 2002kmand SuF02-0281n one
case(SN 2002km)a secureclassi cation could be made.In
the otherthreecasesa supern@a might have beenidenti ed
if we hadchosento integratelonger Alternatively, if the can-
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Table 4. Classi cations redshiftsandnearbysupernea matchesRedshiftshasednthehostarequotedtio anaccurag of threedecimalplaces.
Redshiftshasednthe t arequotedto two. Thecommentgprovide additionalinformationon eachcandidate.

SCP IAU Spectroscopic Redshift Template Comments

Name Name Classi cation Match

C00-008 SN2000fr la Sill  0.543 SN 1990N-7 days

S01-004 SN2001gl - - - - Broadspectrafeaturesandno detectabldiost®

S01-005 SN2001gm la Sill  0.478 SN 1992A+5 days

S01-007 SN2001go la Sill  0.552 SN 1992A+5 days

S01-017 SN2001gr la SF 0.540 SN 1996X+2 days

S01-028 SN2001gs - - 0.658 Hostdominated.

S01-031 SN2001gu la SF 0.777 SN 1999bp+1 day

S01-033 SN2001gw la Sill 0.363 SN 1989B-1 day

S01-036 SN2001gy la Sill 0.511 SN 1990N-7 days

S01-037 - - - - Featurelesbluespectra.

S01-054 SN2001lha Ila Sill 0.58 SN 1981BMax. No detectablénost®

S01-065 SN2001lhc la Sill 0.35 SN 1981BMax. Fainthost.

S02-000 SN2002fd la Sill 0.279 SN 1990N-7days

S02-001 - - - 1424

S02-002 SN2002fe la SF 1.086 SN 1999ee8 days

S02-025 - - - - Featureless

S02-075 SN2002fg la SF 0.78 SN 1999bm+6 days

C02-016 SN2002fr - - 0.303? Blue spectrumSupernea-like light curve.

C02-028 SN2002fm - - 0.448 Hostdominated Supernwa-like light cune.
Smallpercentagéncrease.

C02-030 SN2002fp - - 0.352

C02-031 - 11? SF 0.541 SN 1999emMax. HostdominatedSmallpercentagéncrease.

C02-034 - - - 0.243 Hostdominated Small percentagéncrease.

T02-015 SN2002gi la Sill  0.912 SN 1996X+2 days

T02-028 SN2002gj la SF 045 SN1992A+9days Smallpercentagécrease.

T02-029 SN2002gk la Sill  0.212 SN 1992A+6 days

T02-030 SN2002gl la Sill  0.510 SN 1989B-5 days

T02-04% - - - 0.489 Supernoa-like light cune.

SuF02-002 SN2002kq - - 0.823 Supernwa-like light cune.

SuF02-005 - - - 0.863 Smallpercentagéncrease.

SuF02-007 - - - 1.167? SN 1981BMax. No host® Broadspectrafeaturesand
supernea-like light curve.

SuF02-012 SN2002Ic - - 1.3? SN1999aa3days  BroadspectrafeaturesSupernea-like light curve.

SuF02-017 SN2002kn la SF 1.03 SN 1999bm+3days Fainthost.Supernea-like light curve.

SuF02-025 SN2002km la Sill  0.606 SN 1990N-7 days

SuF02-026 - - - - Two unidenti ed lines. Supernea-like light curve.

SuF02-028 SN2002kz - - 0347 HostdominatedSupernea-like light cune.

SuF02-051 - - - - FeaturelessNo detectablénos® and
supernea-like light curve.

SuF02-060 SN2002kr la SF 1.063 SN 1981BMax. HostdominatedSmallpercentagéncrease.
Supernwa-like light curve.

SuF02-065 SN2002ks la Sill 1181 SN 1981BMax.

SuF02-081 - - - 1.478 Narrow light curve

SuF02-083 SN2002kx - - 1.272 SmallpercentagéncreaseSupernea-like

light cune.

1 T02-047wasobsered severalmonthsafter maximumlight
2 Thesecandidatesverediscoreredatthe CFHT. Theremaindeof the candidatesvith the pre x “S01” werediscoveredat CTIO.
3 This refersto thereferencémages On deepeiimages a hostmight becomevisible.

didate shoved evidencefor broadfeaturesor if the redshift
from hostgalaxylines (in particular[Oll]) placedthe hostat
z> 1, thecandidatesverere-obseredduringlater nights.As
theamounbf allocatedimewaslimited, notall promisingcan-
didatescould befollowed. Thesefactorsled to a lower overall

yieldatz < 1, butthey alsoenabledusto con rm severalz> 1
SNela andto obtaintheir redshifts.

Neverthelessthe spectroscopicon rmation of z > 1 SNe
la is challenging At z 1, SNela areabout1.5 magnitudes
fainterthanatz  0:5. Additionally, the spectralfeaturesthat
oneusesfor classi cationshift furtherandfurtherinto thered
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Fig. 3. A spectrumof SN 2000fr,a SN la at z = 0:543 with unam-
biguousdetectionof Si Il at 4000A. In the upperspectrumthe un-

binned spectrumof the candidateis plottedin the obserer's frame
andis uncorrectedor hostgalaxylight. Night sky subtractiorresid-
ualsaremarkedwith the letters“NS” andtelluric absorptiorfeatures
aremarked with the symbol . In thelower spectrumgcontamination
from thehostis remoredandthe spectrunis rescalecandrebinnecby

20A. Thisspectrumis plottedin blackandit is plottedin boththerest
frame(lower axis)andtheobserer's frame(upperaxis).For compar

ison, the best tting nearbysupernea is plottedin blue. SN 2000fr

was rst identi ed asa SN la in avery early spectrunthatwastaken

with LRIS on the Keckll telescopeon 2001 May 4th andwassubse-
guently obsered againwith FORS1.The FORS1spectrumhasone
of the highestS/N ratiosof all securelyidenti ed superngaein this

paper SN 2000frwas followed in the J-bandwith ISAAC 2004 and
in the R- andl-bandswith HST and ground-basedtelescopegKnop

etal. 2003. The J-bandobsenrations,which correspondso the rest-
framel-band,shav a clearsecondmaximumabout30 daysafterthe

rst maximum.A spectrunof thehostgalaxy(notshavn here)shavs

emissionin [Oll] and[Olll] aswell asBalmerabsorptiorines.

wheresky subtractiorcanbedi cultbecausef variablenight-
sky emissionanddetectorfringing. This canbe partially com-
pensatedy integratinglongerandusinginstrumentsandtele-
scopeghataree cientin the 600to 1000nm spectrakegion.
Althoughthe spectraof SNela shaw signi cant featuresshort-
ward of the broadCall featureat 3900A thatcould be usedto
aid the classi cation, the lack of goodquality UV spectrafor
nearbysuperneaeof all typesmeanghatthesedeatureannot
be usedwithout usingfeatureghatarefurtherinto thered.
Forz> 1, which have peakmagnitudesiearl  25,anad-
ditional sourceof ambiguityappearsGiventhetypical signal-
to-noisethat one can achieve with state-of-the-artinstrumen-
tation,onecansometimesnatchthe spectraequallywell with
SNelaattwodi erentredshifts Fortunately hostgalaxylines,
either[Oll] or H andK or sometimesall three,canbe used
to measurea preciseredshiftin mostcasesin this paper SNe

2002fe,2002gi,2002kn,2002krand 2002ksfall into this cat-
egory. However, in other casessuchas SuF02-007and SN
2002Ic,thereareno cleargalaxylines,eventhoughthe spectra
of thesecandidateshow broadfeatures.

In termsof classifyingcandidategrom the spectraalone,
thereis also a correspondencbetweenthe selectioncriteria
that are usedto selectcandidatesand the percentagef can-
didatesthat are spectrallyidenti ed as SNela. In therolling
searchwith the CFHT, noneof the 5 candidategouldbe spec-
trally con rmed as a SN la. For comparison,in the Spring
2002 searchwith CTIO, all four candidategexcluding T02-
049) were con rmed as SNe la. Although the numbersare
small, they are signi cant. The searchareaand candidatese-
lection criteria of the rolling searchwere suchthatthe search
wasalsosensitve to relatively faintersupernoae (Typell or
SN 1991bg-like supern@ae)on relatively brighterhosts.The
spectracon rm this asmary of thecandidate$rom therolling
searcharedominatecdoy thelight of the hostgalaxy

The contribution from the host galaxy can be approxi-
mately quanti ed with the percentagencreasein the ux of
the candidatebetweenthe searchand referenceimages.A
smallincreaseusuallymeansa signi 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 aperturewhosediameterdependn the seeing.
The signal-to-noiseatio of the detectionover the same x ed
apertureprovides a measureof the signi cance of the detec-
tion. A low signal-to-noisegatio usuallymeanshatthe candi-
dateis faint, andthis could meanthat the candidatejf it is a
SN Ia, is eithervery distantor hasbeencaughtvery early. In
Fig. 4 thesignal-to-noiseatio of thedetectioris plottedagainst
the percentagéncreasefor candidateshat were brighterthan
| = 24:7 atthetime of discovery.* Candidatesrom the CFHT
2002searcharehighlightedwith largecircles.The gure shavs
thatclassi cationfrom spectroscopis generallynot success-
ful if thepercentag@ncreasas belov  25%.Theboundaryof
thisregionis markedwith adashedine in Fig. 4. Candidatesn
which the percentagéncreasds lessthan25% arethusnoted
in Table4.

Not one of the candidateshas broad emissionlines that
wouldindicatethatit is anAGN. Thisdemonstratethatour se-
lection strateyy, which selectsagainstcandidatehaving small
intensityvariationsthatarealsopreciselycenteredn the host
galaxy is quitee ectivein rejectingAGNs.

In this paperwe have strictly usedonly thespectrdor clas-
si cation purposesandall the classi cationslisted in Table4
are basedon the spectraalone.However, in searchesike the
CFHT Spring 2002 searchand the SubaruFall 2002 search,
wherespectroscopicon rmation is di - cult becausehe can-
didatesare nearrelatively bright hostsor becausehe candi-
datesare relatively faint, additional information such as the
light curve or the colour of the candidatecanbecomepart of
the criteria usedfor classi cation. The stratgy of thesetwo
searchesvassuchthatmostof the candidatesverealsomoni-
toredduringthe subsequentveeksandmonths.Of the 18 can-
didatesthatwereobsenedin thesetwo suneys, 5 were spec-

4 For thesunweys donein R-bandwe useR = 24:7
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Fig. 4. The percentagéncreaseversusthe signal-to-noiseratio for

candidateshatwerebrighterthan| = 24:7 at the time of discovery.

Candidateshatwereclassi edasla (la ) areplottedwith solid circles
(squares)C02-031- apossibleSN 11 - is plottedasa starandunclas-
si ed candidatesare plotted with opencircles. Candidatefrom the
CFHT 2002searcharehighlightedwith largecircles.Candidatesvith

arravs have percentagéncreaseshataregreaterthan1000%,which
meansthat the hostwas considerablyfainterthan the candidateand
perhapaundetectedThe dashedine marksthe region wherethe per

centagancreasas 25%or less.Candidatesn this regionaredi cult
to classifyspectrally

trally classi edaseitherla, la orll1?. Of theremainingl3can-
didates10werefollowedwith su cientcoveraggmorethan4
light curve points)and9 have supernea-likelight curves.This
includesSN 2002fr, SN 2002fm,SN 2002kq,SuF02-007 SN
2002Ir, SuF02-026 SN 2002kz,SuF02-051and SN 2002kx.
Thesecasesarenotedin Table4 andin the commentson indi-
vidual candidates.

6. Summary

We have presented/LT FORS1andFORS2spectraof 39 can-
didatehigh-redshiftsupernwaethatwerediscoreredaspartof
aprogramto discover SNela overawide rangeof redshifts By
comparingthesespectrawith the spectreof nearbySNela, 20
candidatediave beenidenti ed asSNela with redshiftsrang-
ing fromz= 0:212toz= 1:181.

Of the remaining19 candidateghat cannotbe spectrally
identi ed asSNela, onecandidatemight be a Type Il super
novaatz = 0:541and11 candidatesxhibit broadsupernea-
like spectralfeaturesandor have supernoa-like light curves.
Ofthe nal 7 candidatethatcannotbecon rmedassupernea,
(eitherfrom thelight curvesor the spectra)5 possess galaxy
componentfrom which redshiftsrangingfrom z = 0:347 to
z = 1:478 have beenbeenmeasuredand 2 shov featureless
blue continua.
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Appendix A: Finding charts, spectra and notes on
individual candidates

This sectioncontains nding chartsand spectraof all candi-
datesexceptSN 2000fr,which areshavn in Figs.1 and3. The
candidatesirelabelledwith eithertheirIAU namesor theirin-
ternalSCPnamesdf nolAU namewasassigned.

In the nding charts,North is up and Eastis to the left.
The candidatds markedwith a crossandbright pivot starsare
markedwith eithera box or a hexagon.Fainterpivot starsare=
circledandlabelledalphabeticallyThepivot starthatwasuse
duringtheacquisitionis recordedn Table3. The nding chartss
werecreatedrom theimagesthatweretakenduringtherefer
enceand searchruns. Regions that appearblank are regions
thatareoutsidethe eld of view.

In generalthe spectrumof the candidates plottedtwice.
In the upperspectrumthe unbinnedspectrunof the candidate
is plottedin the obserer's frame andis uncorrectedor host
galaxylight. Night sky subtractionresidualsare marked with
the letters“NS” and telluric absorptionfeaturesare marked
with the symbol . In the lower spectrum,the spectrumis
rescaledgcontaminatiorfrom the host (if ary) is removed,an
extinction correctionis appliedandthe spectrumis re-binned,
typically by 20 A. This spectrumis plottedin black andit is
plottedin both the restframe (lower axis) andthe obsenrer's
frame (upperaxis). For comparisonthe best tting nearbysu-
pernovais plottedin blue.Theextinctioncorrectioncancorrect
for extinction eitherin the hostor the comparisorspectrum]If
the candidatecould not be classi ed, only the upperspectrum
is plotted.

1.0
05r 8
Py . . L]
0.0t e e Rl
i » . B
. L]
e o
—05p i 8 J® A 3l
4 O <
o (e .
— 1.0 M e e T S e
-1.0 -0.5 0.0 0.5 1.0
arcmin
I B \ L A
% E SN 2001gl Unclassified -
E sl NS NS NS ]
S r | b
o4 4
o f ]
5oer :
TS o \ | | =
Z r NS ® ® b
Be o [ Ll Ll R A

—2
4000 5000 6000 7000

Observed Wavelength ()

8000 9000

Fig.A.1. Above,a nding chartcenterecbn SN 2001gI(S01-004)an
unclassi ed candidateat an unknawn redshift,and below, the spec-
trum. This unusualcandidatehasvery broadspectralfeatureshow-
ever, it wasnot possibleto matchthis candidatevith ary of thesuper
novaein our nearbycatalog.No hostwasdetectablan the reference
image,andthe searchmageswhich weretaken 16 and20 daysafter
the referencemage,indicatethat the candidatevasreal andstation-
ary, implying thatit wasnot a solarsystembody The spectrumwas
taken 21 daysafterthereferencémages.
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is clearly detectedA separatespectrumof the host(not shavn here)
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Fig. A.3. Above, a nding chartcenterecbn SN 2001go(S01-007)a
SNlaatz = 0:552,andbelow, the spectrumThis candidatevasob-
senedatthreeepochsTheinitial con rmation spectrun(shavn here)
wastakenon 2001May 21. The Si Il featureat 4000A featurecanbe
clearlyseen Additional deepesspectranotshavn here)weretaken 6
and37 obsererframedayslater (Garavini etal. in preparation).
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Fig.A.4. Above, a nding chartcenterecon SN 2001gr(S01-017)a
SN la atz = 0:540,andbelaw, the spectrumAlthough Si Il feature
at 4000A is not clearly detectedn this candidatethe dataare sig-
ni cantly better t with SN la spectrathanwith the spectraof other

types.
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Fig. A.5. Above,a nding chartcenterecbn SN2001ggS01-028)an
unclassi edcandidateat z = 0:658,andbelow, the spectrumThis is
a faint candidateon a bright hostthat was obsered during a period
of relatively poorseeingThepercentagéncreasen the ux wasonly
27%,somostof thelight in the spectrumis from the host,which has
severalBalmerabsorptiorines.
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Fig.A.6. Above, a nding chartcenterecon SN 2001gu(S01-031)a
SNlaatz = 0:777,andbelaw, the spectrumThe hostshavs Call H
andK absorptionlines andno detectablgOll] emissionwhich sug-
gestsanearly-typehost.Sincethe Si Il featureat4000A is weakand
contaminatedy the H andK lines of the host, the classi cationis
basedonthe t. Theredshiftof the t wasconstrainedo thatof the
host. Thewavelengthcoverageof thebestmatchingnearbySNIa, SN
1999bp,is restrictedto restframe wavelengthsthat are greaterthan
3000A, sothe comparisoris limited to thesewavelengths.
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Fig.A.7. Above,a nding chartcenteredon SN 2001gw(S01-033)a
SN laatz = 0:363,andbelaw, the spectrumln additionto the Si ll

featureat 4000A, the Si Il at6150A is alsovisible. The redshiftis
derivedfrom an[Oll] emissiorline in the spectrunof the hostgalaxy
(notshawn here).
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Fig.A.8. Above, a nding chartcenteredon SN 2001gy(S01-036),
aSNlaatz = 0:511,andbelow, the spectrum.The Si Il featureat

40004 is clearlydetected.
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Fig.A.9. Above, a nding chartcenterecbn S01-037 andbelow, the
spectrumNeitherthe classi cation nor the redshiftof this candidate
is known. Thespectrumshaws astrongblue continuumwhichis char
acteristicof Typell superngaebeforemaximumlight; however, with
neitheraredshiftnor clearspectrafeaturesa classi cationcannotbe
made Thecandidatevasdetectedn searchimageghatweretakenon
di erentdatesandis stationarysoit is notanasteroidhoranartifact.
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Fig.A.10. Above, a nding chartcenterecon SN 2001ha(S01-054),
a SN la atz = 0:58, andbelow, the spectrum.Thereareno spectral
featuredrom the hostanda hostis notvisible in thereferencemage,
sotheredshiftis determinedrom the t. The Si Il featureat 4000A
is clearlydetected.
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Fig.A.11. Above, a nding chartcenterecon SN 2001hc(S01-065),
aSNlaatz = 0:35, andbelow, the spectrum.This relatively nearby
candidaténasSill at6150A, Sl at5400A, andSill at4000A. There
are no spectralfeaturesfrom the host, so the redshiftis determined
fromthe t. In thereferencémage,avery fainthostis visible.
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Fig.A.12. Above, a nding chartcenterecon SN 2002fd (S02-000),
aSNlaatz = 0:279,andbelow, the spectrumThe Si Il featureat

4000A is clearlydetectedbut the Si Il featureat6150A is relatively

weak.
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Fig. A.13. Above,a nding chartcenteredbn S02-001anunclassi ed
candidateat z = 1:424,andbelow, the spectrumA singlestrongline
andafeaturelessontinuum Giventhewidth andshapeof theline and
thelack of otherlinesin thewavelengthrangecoveredby the spectra,
theline is identi ed asthe [Ol] doubletat 3727A. It is unlikely that
thelineisLy atz > 5 becausehe characteristi@asymmetryof Ly
in galaxiesatz > 5 (Sternetal. 2000 andthejumpin the continuum
acrossthe line arenot evidentin thesespectraNor is the line likely
tobeH , asneitherH nor[Olll] aredetectedTheequvalentwidth
of theline is greaterthan50 A sothe hostgalaxywould be classi ed
asanemissionline galaxy(ELG) if theline wereH (Kniazer etal.
2009. In ELGs,H is typically threetimeswealer thanH andthe
strengthof [Olll] andH areroughly equivalent.Giventhe strength
of the detectedine in thesespectrapoth [Olll] andH shouldhave
beendetectedf theline wasH .
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Fig.A.14. Above,a nding chartcenterecbn SN 2002fe(S02-002)a
SNla atz = 1:086,andbelow, the spectrumThepro le of theline
thatwe have identi ed as[Oll] is a ectedby a nearbybright night
sky line; hawever, the line is clearly detectedin the 2-dimensional
spectrumThisline, togethemith the probabledetectionof theH and
K Call linesin thehost,enablesisto measurea secureredshift. The
signal-to-noiseratio of the spectrumis relatively low andthe Si Il
featureat 4000A is not detectedso the the classi cationis quali ed
with anasteriskln somenearbySNela thatareobsered oneto two
weeksbeforemaximumlight, the Si Il featureis absentThe best t
nearbySN la, SN 1999eeshavs no Si Il at4000A.
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Fig.A.15. Above, a nding chartcenterecbn S02-025andbelow, the
spectrum.This candidatehasa blue continuumwith no signi cant
spectrafeatureslt hasneitheraclassi cationnor aredshift.



arcmin

Lidman,C. etal.: Spectroscopicon rmation of high-redshiftSNela, Online Material p 10

15
1.0F D B
i O O
05F .
r O
r [
0.0r - b
—0.51 b
r C
O
1.0 7]
i OA
7W.57HH\H‘DHH\HH\HH\HH
-15-1.0-05 00 05 1.0 1.5
arcmin
= I e L
% 4 SN 20021g ¥ la* z=0.78 |
N [ ® @ ]
) L il
[}
i m f
S [ j
=N} | 4
o
o - |
2 0 N
s [ ]
T Ll Ll Ll Ll L]
4000 5000 6000 7000 8000 9000
Observed Wavelength ()
4000 5000 6000 7000 8000 9000
—— T ——
~ L SN 2002fg and SN 1999bm at +6 days. ]
7w [ ]
=L 1
=S L 4
2
50 ]
51 ]
3 [ ]
2
i f ]
ol i
C L |

Rest Wavelength (&)

Fig.A.16. Above, a nding chartcenterecbn SN 2002fg(S02-075),
aSNla atz = 0:78,andbelow, the spectrumSincethe Si Il feature
at4000A is not clearly detectedn this candidateandsincethereare
no spectralfeaturesfrom the host,the classi cation andthe redshift
arederived from the t. The candidatewas obsered several weeks
afterit wasdiscovered,soit is likely thatthe spectrumwastaken past
maximumlight. The bestmatchingnearbySN la is SN 1999bmat 6

dayspastmaximumlight. The signal-to-noiseatio is alsorelatively

low andthe Sill featureat4000A is notdetectedsotheclassi cation
is quali ed with anasterisk.
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Fig. A.17.Above,a nding chartcenteredn SN2002fr(C02-016)an
unclassi edcandidatehatmightbeatz = 0:303,andbelaw, thespec-
trum. This candidatehasa very well sampledight curve (7 points),
which shavs a dramaticrise over the rst 5 days.The spectrumis
dominatedby slightly irregular blue continuumandthereis a very
weakline which would putthe hostat z = 0:303if theline is identi-
ed as[Oll].



arcmin

Lidman,C. etal.: Spectroscopicon rmation of high-redshiftSNela, Online Material p 11

1.5
of ]
050 ]
0.0l -~ ]
o5t ]
fw.of—D ]
N

-1.5-1.0-05 0.0 05 1.0 1.5
arcmin

30 ——
< r i 1
N r Unclassified z=0.448 -
£ 1
o 20 — —
3 . 4
N . 4
>
a [ ]
5 [ ]
2 10 — ]
5l ]
5 L ]
= 0, Ll Ll Ll Ll L
4000 5000 6000 7000 8000 9000

Wavelength (&)

Fig.A.18. Above, a nding chartcenteredbn SN 2002fm(C02-028),
anunclassi edcandidateat z = 0:448,andbelow, the spectrumThe
percentagéncreasen this candidatevasvery small,only 13%, and
thespectrunis dominatedy thelight from the hostgalaxy However,

thereis excess ux at 6600A and5600A that might be from a su-

pernwa. Unfortunately an acceptablet with a nearbySN la was
not possibleIn suchcasesthe t dependgritically on how well the

galaxytemplatematcheghe spectrumof the hostgalaxy Relatvely

smallerrorscanleave signi cant residualsvhich canmake thematch-
ingdi cult. Themostsecurewvay of tting thiscandidatewill betake

aspectrunof the hostafterthe supernea hasfaded.The candidatas

o setfrom the centerof the hostandthe light curve is well sampled
with four pointsbeforemaximumlight andfour pointsaftermaximum
light.
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Fig.A.19. Above, a nding chartcenterecbn SN 2002fp(C02-030),
anunclassi edcandidateat z = 0:352,andbelow, the spectrumThe
host galaxy hasemissionlines in [Olll] andH . The continuumis
blueand,atthissignal-to-noiseatio, featurelessT his candidatemight
be a SN I, sincethe pre-maximumspectraof SNell are generally
featurelesandblue;however, withoutclearfeaturesn thecontinuum,
we cannotassigra classi cation.
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Fig.A.20. Above, a nding chart centeredon C02-031,a possible
Type Il supernea at z = 0:541 and belaw, the spectrum.The host
galaxyhasemissionlinesin [Olll], H andH . Thetentatie classi -

cationis basedon the blue continuumanda weakH-betaline with a
P-Cygnipro le.
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Fig. A.21.Above,a nding chartcenterecbn C02-034 anunclassi ed
candidateat z = 0:243,andbelaw, the spectrumThe hostgalaxyhas
emissionlinesin H , H and[Oll]. The CalciumH andK absorption
linesarealsovisible.
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Fig.A.22. Above,a nding chartcenterecbn SN 2002gi(T02-015),a
SNlaatz = 0:912,andbelaw, thespectrumThe Si Il 4000A feature
is clearly detectedn this high redshiftcandidateThis SN la hasthe
highestredshiftof all securelyclassi ed SNe la that were obsered
with FORS1.
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Fig. A.23. Above, a nding chartcenteredon SN 2002gj(T02-028),
aSNla atz = 0:45, andbelaw, the spectrum.From the spectrum
alone,this candidatecan be matchedwith eithera SN la at 10 days
aftermaximumlight or with a SN Ic nearmaximumlight, sotheclas-
si cation is quali ed with an asterisk.The time of maximumthatis
derivedfrom thelight curve shaws thatthe spectrumwastaken about
10 restframe daysafter maximumlight, sothe the candidates very
likely to bea SN la.
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Fig.A.24. Above, a nding chartcenterecon SN 2002gk(T02-029),
aSNlaatz = 0:212,andbelawn, the spectrum.This SN la hasthe
lowestredshiftandthe spectrumhasthe highestsignal-to-noiseatio
of all candidatesSi Il at4000A and6150 A andS Il at5400A are

all clearlydetected.

B
1.51 (O
1.0 7]
0br b
r |
00r - ]
—05F [] ]
—1.0[ OA ]
— 150
-15-1.0-05 00 05 1.0 1.5
arcmin
= 10 ¢ T T T T T — T
% r SN 2002g] and host la z=0.510 |
5 8 7
ST ]
S B[ [om] NS [} &3] 4
% r | ]
Y [ ]
a0 4 — —
— = |
¢ [ ]
T oeRr B
2 r ]
Z ob 1
P Ll Ll R R .
4000 5000 6000 7000 8000 9000
Observed Wavelength ()
4000 5000 6000 7000 8000 9000
T L A T A A i e —
0 [ SN 2002gl and SN 1989B at —5 days ]
0 ]
5 Ir j
- [ ]
= = 4
E L 4
2 05 [ .
E [ j
2 r ]
= [ ]
ool b
‘

Rest Wavelength (&)

Fig. A.25. Above,a nding chartcenterecbn SN 2002gl(T02-030),a
SNlaatz = 0:510,andbelaw, the spectrumSi Il at4000A andS ||

at5400A areclearlydetectedn this candidate.
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Fig. A.26. Above,a nding chartcenteredbn T02-047,aprobablesu-
pernva at z = 0:489, andbelaw, the spectrum.The spectrumof the
hostwastakenacoupleof monthsafterthe candidatéhadfadedandis
rich in emissionlines. Although a spectrumof the candidatevasnot
obtainedthe well-sampledight curve indicatesthatit is probablya
supernga.
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Fig.A.27. Above, a nding chart centeredon SN 2002kq (SuF02-
002),anunclassi edcandidateat z = 0:823,andbelaw, thespectrum.
This candidatavasphotometricallynonitoredandit hasa supernea-
likelight cune.
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Fig.A.28. Above, a nding chartcenteredon SuF02-005an unclas-
si ed candidateatz = 0:863,andbelow, the spectrumThis candidate
hasan extremelybroadbumpat8500A. Sincewe obseredthe pivot

star (object“A” in the nding chart) simultaneouslywith the candi-
date,we canusethe ux-calibrated spectrunof thepivot starto check
thecalibrationprocedureThe ux-calibrated spectrunof starA does
not have the broadfeaturethat canbe seenin the candidate so the

broadfeatureat 85004 is real.
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Fig.A.29. Above, a nding chartcenteredon SuF02-007andbelow,

thespectrumThebinnedspectrunmshavs broadfeatureshatarecon-
sistentwith a SN la at z = 1:16; however, the signal-to-noiseatio is

too low for this candidateto be classi ed asa SN la from the spec-
trum alone.This candidatevasphotometricallymonitoredand hasa
supernoa-like light cune.
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Fig. A.30. Above,a nding chartcenterecbn SN 2002Ic(SuF02-012)
and below, the spectrum.The binnedspectrumshavs broad SN la

like featuresvhich areconsistentvith aSNlaatz = 1:3, howeverthe

signal-to-noiseatio is too small for a spectralclassi cation.Hence,
from the VLT spectrumaloneit cannotbe classi ed. However, SN

2002Icwasalsoobsered with FOCASon Subaruandthe spectrum
alsoshaws similar broadfeatureqYasudaetal. in preparation)When
addedwith the VLT data,a possiblematchwith aSNlaatz = 1:26

emepes.Furthermorea spectrumof SN 2002Icwasalsotaken with

the ACS grismon HST. ThereducedACS spectrumshaws the same
broadfeaturesasthe ground-basediata. This candidatewas photo-
metrically monitoredandhasa supernwa-like light cure.
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Fig.A.31. Above, a nding chartcenteredon SN 2002kn (SuF02-
017),a SN la atz=1.03,andbelow, the spectrum.The hostgalaxy
is approximatelythreemagnitudedainter thanthe candidate so the
fractionof hostgalaxylight is setto zeroin the t. SincetheSill fea-
tureat 4000A is not clearly detectedn this candidateandsincethere
areno spectraffeaturesfrom the host,the redshiftandthe classi ca-
tion arederivedfromthe t. Thespectruncanbe t equallywell with

aSNIc, sotheclassi cationis quali ed with anasterisk.
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Fig.A.32. Above, a nding chartcenteredon SN 2002km (SuF02-
025),aSNla atz = 0:606,andbelow, the spectrumTheSill line at
40004 is clearlydetectedThereis a hint of the Si Il line at6150A.
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Fig.A.34. Above, a nding chartcenteredon SN 2002kn (SuF02-
028),anunclassi edcandidateatz = 0:347,andbelaw, thespectrum.
This candidatds dominatedby hostgalaxylight. It wasphotometri-
cally monitoredandit hasa supernwea-like light cure.
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Fig. A.35. Above, a nding chartcenteredon SuF02-051an unclas-
si ed candidateatanunknavn redshift,andbelow, thespectrumThe
spectrunis afeaturelessslightly bluecontinuum.This candidatevas
photometricallymonitoredandit hasa supernwea-like light cune.
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Fig. A.36.Above,a nding chartcenteredn SN2002kr(SuF02-060),
aSNla atz= 1:063,andbelaw, the spectrumTheredshiftis deter
minedfrom H andK Call absorptiorlinesin thehost.Thereis ahint
of [Oll] emissionput thisis uncertainasthe[Oll] line atthis redshift
lies very closeto atmosphericA band.The percentagencreasevas
only 25%,sothespectrunis dominatedoy thehost,whichmeanshat
the host subtractedspectrumis sensitve to the host spectrumused
in the t. Hence,the classi cationis quali ed with an asterisk.SN
2002krwasalsoobseredwith the ACSgrismon HST andthe GMOS
spectrograpton Gemini. Both the Geminiand ACS shav the same
broadfeaturesasthe VLT data.
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Fig. A.37.Above,a nding chartcenterean SN 2002ks(SuF02-065),
aSNlaatz = 1:181,andbelow, the spectrum.The Si Il featureat

4000A is clearly detectedThis SN Ia hasthe highestredshiftof all

securelyclassi ed SNela thatwereobsered with the ESOVLT.
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Fig. A.38. Above, a nding chartcenteredon SuF02-081an unclas-
si ed candidateatz= 1:478andbelaw, thespectrumA singlestrong
line andafeaturelessedcontinuumLike S02-001andSN 2003kxwe
identify this line asthe [Oll] doubletat 3727 A. This candidatevas
photometricallymonitoredandit hasa light curve thatis too narrov
for it tobeaSNIla.
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Fig.A.39. Above, a nding chart centeredon SN 2003kx (SuF02-
083),anunclassi edcandidateatz = 1:272,andbelow, thespectrum.
A singlestrongline anda featurelessontinuum.Like S02-001and
SuF02-083yve identify this line asthe[Oll] doubletat3727A.This
candidatevasphotometricallymonitoredandit hasa supernga-like
light cune.



