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ABSTRACT

Thediscoveryof anopticalcounterpartto GRB010222(detectedby BeppoSAX;Piro2001)wasannounced4.4
hrsaftertheburstby Henden(2001a).TheSloanDigital Sky Survey’s0.5mphotometrictelescope(PT)and2.5m
survey telescopewereusedto observe theafterglow of GRB010222starting4.8 hoursafter theGRB. The0.5m
PTobservedtheafterglow in five,300secg

�
bandexposuresoverthecourseof half anhour, measuringatemporal

decayratein this shortperiodof F� � t−1 � 0� 0 � 5. The2.5mcameraimagedthecounterpartnearlysimultaneously
in five filters (u

�
g
�
r
�
i
�
z
�
), with r

�
= 18� 74

�
0 � 02 at 12:10UT. Thesemulticolor observations,correctedfor

reddeningandtheafterglow’stemporaldecay, arewell fit by thepower-law F� ��� −0 � 90� 0 � 03 with theexceptionof
theu

�
bandUV flux which is 20%below this slope.We examinepossibleinterpretationsof this spectralshape,

includingsourceextinction in a starforming region.

Subject headings: gammarays:bursts(GRB010222)

1. INTRODUCTION

GammaRay Bursts (GRBs) were first detectedover three
decadesago by the Vela satellites(Klebesadelet al. 1973),
andthe first searchfor optical counterpartsstartednearly im-
mediatelywith W. A. Wheaton’s useof the Prairie Network
(Grindlay & Wright 1974). Thesesearcheswerefruitlessun-
til very recently;positionsaccurateto a few arcminuteswere
not available for days,after the burstshad decayedsubstan-
tially, placingafterglowsbeyondthereachof thefew largetele-
scopessearchingfor them.BATSE’snear-real-timecoordinates
hadseveral degreepositionalerrors(Paciesaset al. 1999)al-
lowing only specializedwide field instrumentsto respondto
its triggers(Krimm et al. 1995;Leeet al. 1997;Akerlof et al.
1999). The BeppoSAXsatellite(Scarsi1993)wasthe first to
providearcminuteaccuracy within a few hoursof aGRB.With
theearlyannouncementsof thoseaccuratepositions,beginning
in 1997,largetelescopescould join the searchanddiscovered
GRB afterglows startingwith GRB970228(Groot et al. 1997;
vanParadijset al. 1997).

The following work describesobservationsof GRB010222
with the SloanDigital Sky Survey’s (SDSS;York et al. 2000)

telescopes.TheSDSSis a projectto image10,000deg2 of the
NorthernGalacticCapin five differentfilters (u

�
	
g
�
	

r
��	

i
��	

z
�
)

to a depthof r
��


23 andto performfollowup spectroscopy of
the106 brightestgalaxiesand105 quasarsfoundin thephotom-
etry. The SDSSis designedto be on the u � g � r � i � z � photomet-
ric systemdescribedin Fukugitaet al. (1996)which is anAB �
systemwhereflat spectrumobjects(F� ��� 0) have zerocolors
(Fukugitaetal. 1996).Themagnitudesin thispaperarequoted
on thepreliminaryu

�
	
g
�
	

r
��	

i
��	

z
�

systemwhich maydiffer by
atmostafew percentfrom thesystemof Fukugitaetal. (1996).
Thededicatedsurvey instruments,a2.5msurvey telescopeand
a0.5mphotometrictelescope(PT),arelocatedatApachePoint
Observatory(APO) in Sunspot,New Mexico.

2. OBSERVATIONS

GRB010222was detectedby BeppoSAX on 2001 Febru-
ary 22 at 07:23:30U.T. in both the GammaRay Burst Mon-
itor (GRBM; 40-700keV) andthe Wide Field CameraUnit 1
(WFC1;2-28keV) instruments,andwas“possiblythebrightest
(GRB) everobservedby BeppoSAX”(Piro 2001).Thecoordi-
natesof theBeppoSAXdetectionweredistributedvia theGRB
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Coordinates� Network (GCN; Barthelmyet al. 1998) at 10:36
UT (Piro 2001),andHenden(2001a)reportedthediscoveryof
an optical counterpartat 11:48UT, 4.4 hoursafter the trigger.
(Seefinding chart,Figure1.) At this time conditionsat APO
were not ideal for SDSSsurvey imaging as cloudswere ap-
proaching,and the time remainingin the night did not allow
for a switch to spectroscopy; thusSDSSobserversdecidedto
follow up thecounterpartwith both the0.5mPT andthe2.5m
survey telescope.Fortunatelyfor theseobservationsthecloud
passedbeforeGRB imagingbeganandconditionsweremore
photometricafterthecloudthanbefore.

2.1. 0.5m Photometric Telescope Observations

The photometric telescopeis an f/8.8, 0.5m telescope
equippedwith u

�
g
�
r
�
i
�
z
�

filters. ThesingleSITe 2048 � 2048
CCD camerahasa 41� 5� � 41� 5� field of view. The PT took
a seriesof five, 300 secondobservationsin g

�
bandcentered

on the reportedGRB010222location,following the afterglow
for approximately30 minutes before ending operationsfor
the night (seeTable1). Normally, the photometrictelescope
andtheassociatedreductionsoftwareareusedon objectswith
g
���

18� 0. SincetheGRB exposureswereunusuallylong and
the counterpartwas relatively dim (the Poissonerror limit is� 3%) photometrywasperformedwithin a smallerthanstan-
dard apertureto improve the relative photometryof faint ob-
jects. The counterpartmagnitudeswere thencorrectedusing
a sigmaclippedmeanof the magnitudeoffsetsin eachframe
from the meanmagnitudeacrossthe five framesof well mea-
suredstars(g

���
17� 0); correctionswereatmost0.005mag,in-

dicatingconditionswerephotometricoverthe30minutetimes-
pan.

2.2. 2.5m Survey Telescope Observations

The 2.5m survey telescopeis an f/5, 3� field of view tele-
scopedesignedand constructedfor the SDSS.The telescope
hastwo interchangeableinstruments,animagingcameraanda
fiber-fedspectrograph.Theimagingcamera(Gunnetal. 1998)
includesan arrayof 30 2048 � 2048CCDsin six columnsof
five CCDseach,oneCCD for eachof the5 filters. Thecamera
operatesin a drift scanmode,scanningthesky in greatcircles
at siderealrate. Astronomicalobjectsareimagedfor 53.9sec-
ondsin eachCCDin theorderr

�
i
�
u
�
z
�
g
�
. Becauseof thegaps

betweencolumnsthetelescopemustobservea secondsuchin-
terleavedstrip to makea completestripe.

For GRB010222the 2.5mtelescopeobserved two short in-
terleaved strips covering a roughly 2 � 5� squareregion. The
GRB010222counterpartwas found in the secondstrip, field
22 of cameracolumn 3, run 2143. The imageswere pro-
cessedthroughthenormalSDSSdataprocessingpipelinesand
calibratedagainsttwo 0.5m PT secondaryfields (hereafter,
patches)of the GRB field observed March 14 and17. These
patchesin turn were calibratedagainsta systemof standard
stars(Smithet al., in preparation)which the0.5mPT observes
severaltimesthroughoutthenighttomeasureextinctionandde-
terminephotometriczeropoints.Our diagnostictestsof thelo-
cationof thestellarlocusandnumbercountsof variousclasses
of objects,ascomparedwith the approximately1000deg2 of
sky observedalreadyin thesurvey, indicatetherelativecalibra-
tions areno worsethan2% in any filter. The zeropointsalso
agreeto within 1% with a secondindirectcalibrationbasedon
other2.5mdatafrom thesamenightandfour secondarypatches
from two previous nights. Thuswe areconfidentthe relative

(absolute)errorsare no greaterthan the standardSDSSval-
uesof 3%(5%)for u

�
, g
�
, andz

�
, and2%(3%)for r

�
and i

�
(wheretheabsoluteerrorsincludepossibledifferencesbetween
the SDSSpreliminary photometricsystemand the systemof
Fukugita et al. 1996). The calibrated2.5m magnitudesare
shown in Table1 alongwith 0.5mPT observations.Table2 in-
cludesu

�
g
�
r
�
i
�
z
�

magnitudesfor elevenreferencestarsin field
22, including the referencestar “A” listed in McDowell et al.
(2001).All starshavebeenselectedfrom unsaturatedandnon-
interpolated(for cosmicray correction)starswith r

���
19� 0

with theexceptionof thereferencestar“A” from McDowell et
al. (2001).Thisstarwasinterpolatedin r

�
band,but thecorrec-

tion waswithin thequotederrorsandvisualinspectionrevealed
no problems.

3. RESULTS

The fadingof GRB optical afterglows is often well fit by a
power-law decayof F� � t � with � � −1 althoughdecayrates
from slightly lessthanthis to � = −2 � 1 (Grootet al. 1998)and
breaksto steeperpower-lawshavebeenobservedin someafter-
glows. GRB010222appearsto bebestfit by brokenpower-law
models(Hollandetal. 2001;Masettietal. 2001)with earlyde-
cay ratesof � � −0 � 6 to −0 � 7 andsteeperlater time decaysof� � −1 � 3 with the breakoccurringaround0.5 daysafter the
GRB. Consideringtheshorttime spanandthe limiting errors,
measurementsof thedecayratewith the0.5mPT observations
weredifficult. Theerrorweightedleastsquaresfit to thefiveg

�
pointsgives � = −1 � 0 � 0 � 5 (seeFigure2), which is consistent
with other early decayratesmeasuredfor this burst (Priceet
al. 2001;Fynboet al. 2001;Staneket al. 2001b;Hollandet al.
2001;Masettiet al. 2001).

The spectralshapeof GRB afterglows is alsowell fit by a
power-law, F� ����� with typical valuesof � � −1. In or-
der to derive a power-law fit for our 2.5mu

�
g
�
r
�
i
�
z
�

observa-
tions we first correctedfor the local Galacticextinction with
the dust mapof Schlegel, Finkbeiner, & Davis (1998)which
gives extinction valuesof Au � = 0.118, Ag � = 0.087, Ar � =
0.063,Ai � = 0.048,and Az � = 0.034at the reportedlocation� = 14h52m12�s55,  = +43� 01� 06� � � 2 (J2000;Henden& Vrba
2001b).Wenext wishedto correctfor thesmalleffectof fading
overthefew minutesbetweenexposuresin theindividualbands
at 4.8 hoursafter the burst. Becauseof the largeerrorsin our
own decayratemeasurementwe insteaduseda leastsquaresfit
to asinglepower-law for all reportedR banddatapointswithin
8 hoursaftertheburst(andbeforethe � 0 � 5 daybreak;seeMc-
Dowell et al. 2001;Staneket al. 2001a;Watanabeet al. 2001;
Holland et al. 2001)with magnitudesadjustedto the calibra-
tion of Henden(2001c)wherenecessary. The resultingfit to
thepublishedR banddatais � = −0 � 71

�
0 � 10,consistentwith

valuesreportedby Hollandetal. (2001).Weapplieddecaycor-
rectionsrelative to r

�
of [-0.0035,-0.0066,-0.010,-0.013] to

i
� 	

u
� 	

z
� 	

g
�
.

Oncethesecorrectionswereapplied,the leastsquaresfit to
all five filters is � = −1 � 10

�
0 � 10. However, a muchbetterfit

canbeobtainedby excluding theu
�

filter; the remainingnon-
UV filters havea leastsquaresfit of � = −0 � 90

�
0 � 03(seeFig-

ure3). Thissecondvalueagreescloselywith thespectralslope
of � = −0 � 89

�
0 � 03 observed by Jhaet al. (2001b)in a spec-

trum observed4.92hoursaftertheburst,shortlyafterthe2.5m
observations.Our u

�
magnitude,at aneffective wavelengthof

3565Å, is approximately20% lower thanthe power-law fit to
the otherbands.A similar deficit wasseenin theU bandob-
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servations� of Masettiet al. (2001)oneandtwo daysafter the
burst,andJhaetal. (2001b)mayseethebeginningof thissteep-
eningin their lastbinnedspectrapoint near4000Å.(After this
work was submittedsimilar U bandresultswere reportedby
Staneket al. (2001c)for observationsfrom 0.2 to 2 daysafter
the burst.) Theseindependentobservationsindicatethis spec-
tral featureremainedconstantfor at leasttwo days.

We proposethat the breakin the spectrumat u
�

may be an
indicationof oneof two possibilities:eitherthe Ly � forestor
extinction at the source.Thefirst possibleexplanationfor the
u
�

deficit is thatthecounterpartis ataredshiftnear2 ratherthan
at the redshift1.477absorptionsystemreportedby Garnavich
et al. (2001);Jhaet al. (2001a);Bloom et al. (2001);Castroet
al. (2001);Jhaet al. (2001b)andMasettiet al. (2001). For an
objectwithoutdetectedemissionlinessuchasGRB010222,an
absorptionline systemcanonly provide a lower z limit to the
sourceredshift.Thespectrumof Jhaetal. (2001b)doesnotex-
tendfarpast4000Å,thusnoupperlimit is imposeduntil z = 2 � 3.
For observedQSOstheLy � forestentersu

�
atredshiftsslightly

above z = 1 � 477,but the 20%depressionobservedherewould
not occurunlesstheredshiftwere ! 2 � 0 (Cristianiet al. 1993).
However Jhaet al. (2001b)convincingly arguethat given the
strengthof the z = 1 � 477 absorberthe GRB sourceis almost
certainlyat that redshift. Thusa true GRB sourceredshiftof� 2 wouldseemto beanunlikely explanation.

A second,moreprobable,explanationis thatthecounterpart
may residein a star-forming region at z = 1 � 477similar to the
Large Magellanic Cloud (LMC) or Small Magellanic Cloud
(SMC) and be extincted at the source. Dust in front of the
GRB could causethe extinction of the afterglow and the gas
would explain the largeequivalentwidths in the z = 1 � 477ab-
sorptionsystem(York et al. 1986).To examinethis possibility
we have fit the full extinction curve modelof Reichart(2001)
to theSDSSdata.Acceptablefits canbefoundfor awiderange
of intrinsic power-law spectra(with index �"� ). We presenttwo
possibilities,� � = −0 � 75and−0 � 5. Thesechoicesfor � � aremo-
tivatedasfollows: underthemodelsof Sari,Piran,& Narayan
(1998)andSari,Piran,& Halpern(1999)the afterglow is de-
scribedin termsof synchrotronemissionfrom a decelerating
relativistic shellor jet colliding with thesurroundingISM. The
resultingspectrumcan be expressedas four power-laws bro-
ken at threetime-dependentfrequencies,the synchrotronself-
absorptionfrequency � a, thecoolingfrequency � c, andthefre-
quency correspondingto theminimumLorentzfactorof accel-
eratedelectrons� m. If theshockevolvesadiabaticallyin acon-
stantdensitymedium,thebreakin thelight curveat � 0 � 5 days
(Hollandetal. 2001;Masettietal. 2001)mightbeexplainedby
a jet if theobserved � opt # �

c and � m, and �$� � −0 � 75. If the
shockinsteadevolvesradiatively, the breakin the light curve
might beexplainedby � m passingthroughtheopticalat � 0 � 5
daysif � c % � opt % � m, and �$� � −0 � 5. For �$� = −0 � 75(−0 � 5),
we find that the bestfits in the Reichart(2001)modelarethe
sourceextinction AV

� 0 � 032(0.13)mag,theslopeof theUV
linearcomponentc2

� 1 � 35(1.34),thestrengthof theUV bump
c3
� 8 � 1 (2.7),andthestrengthof theFUV non-linearcompo-

nentc4
� 30 (6.9). Thesecurvesareshown in Figure4 which

includesa typical SMC-likeextinctioncurve for a sourcespec-
trum with �$� = −0 � 75 andsourceextinction AV = 0.10. For the�"� = −0 � 75 casethereis a strongdegeneracy betweenAV and
the parametersc3 andc4 suchthatonly AV & c3 andAV & c4 can
beconstrained;c3 andc4 canbe increasedto any valueby de-
creasingAV , thusstatisticallywecanonlysetlowerbounds.For

�$� = −0 � 75,AV % 0 � 057mag(1' ) andAV # 0 at the4 � 8' confi-
dencelevel; c2 = 1 � 35+0 � 18

−0 � 21; c3 # 0 at the1 � 1' confidencelevel;
andc4 # 11(1' ), c4 # 0 at the2 � 5' confidencelevel. Further,
c4 # 1 (higherthanany observedvalue)at the2 � 1' confidence
level. For �"� = −0 � 5 thedegeneracy is not asstong,andwe can
placethefollowing limits: AV = 0 � 13+0 � 08

−0 � 09 magandAV # 0 at the
4 � 8' confidencelevel; c2 = 1 � 34+0 � 18

−0 � 21; c3 # 0 at the1 � 3' confi-
dencelevel andc3 % 5 � 6 (1' ); c4 # 0 at the 2 � 1' confidence
level, c4 # 1 at the 1 � 6' confidencelevel, andc4 # 3 � 4 (1' ).
The Reichart(2001)fits to the two GRB modelsareapproxi-
matelyequally likely (with the �"� = −0 � 75 modelfit only 1.4
timesmoreprobablethanthe �$� = −0 � 5 modelfit).

TheReichart(2001)bestfit valuesof c2 andthesecondvalue
of c3 aretypical of thatobservedin theLMC. Giventheerrors,
thefirst valueof c3 is not inconsistentwith this interpretation.
However, for bothafterglow modelsthe valuesof c4, required
to extinguishu

�
relative to theotherbands,areaboutanorder

of magnitudegreaterthan thosefound in the LMC or SMC.
Waxman& Draine (2000)andGalama& Wijers (2001)pro-
posethat the optical flash (e.g., Akerlof et al. 1999) and the
burstmaysublimateandfragmentdustin thecircumburstenvi-
ronment. If small (radius % 300) graphitegrains,which may
be responsiblefor the FUV non-linearcomponent(Draine &
Lee1984),survive in greaternumbersin this environment,this
valueof c4 is notunreasonable.Alternatively, thelargec4 value
and u

�
banddeficit could be due to absorptionby molecular

hydrogen(Draine2000)which would spanthe entireu
�

band
at z = 1 � 477; however theexpectedfeatureat ( � 1650Å red-
shiftedto ( � 4000Å is not obviousin thepublishedspectra.

4. CONCLUSIONS

The serendipitous2.5m survey telescopeobservations of
GRB010222occurredin thiscasebecauseof thevery fortunate
timing of a counterpartdiscovery announcementtowardsthe
endof anightwhenconditionsdid not favor normalsurvey op-
erations.The2.5mcamerais anunwieldyinstrumentfor rapid
followup observations;nonethelessthis observationhasshown
the value of early five filter observations. In addition to the
measurementof theg

�
r
�
i
�
z
�

spectralslope(F� �)� −0 � 90� 0 � 03),
thebreakto a steeperslopein u

�
(alsoseenin theU bandob-

servationsof Masettiet al. 2001andStaneket al. 2001c)was
not predictedor seenin spectra,andmay indicateanalternate
sourceredshift,sourceextinction in astarforming regionmod-
ified by theGRB or its progenitor, or somethingelseentirely.

The0.5mPT is anautomatedtelescopeandin generalmuch
bettersuitedfor GRBfollowupobservationsthanthe2.5msur-
vey telescope.In thiscasethesametiming thatwassofortunate
for the 2.5mwasdisadvantageousfor the PT, which wasonly
able to observe the burst nearits limit and for a shortperiod
beforeshuttingdown for thenight. Dueto anafterglow’srapid
decay, typical BeppoSAXdelaysof several hoursplaceafter-
glows nearthe detectionlimit of smallertelescopes.HETE-2,
launchedin Octoberof 2000,will soonprovide



10arcminute

positionsfor GRBswithin minutesof thetrigger, potentiallyal-
lowing telescopessuchasthe PT to measureboth the spectral
andtemporalbehavior of aburst in thefirst few hours.
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TABLE 1

SDSS OBSERVATIONS OF THE GRB010222 AFTERGLOW.

UTCa telescope band exposure(sec) magnitudeb

12:09:35 2.5m r
�

54 18� 74
�

0 � 02
12:10:47 2.5m i

�
54 18� 53

�
0 � 02

12:11:59 2.5m u
�

54 19� 56
�

0 � 03
12:13:10 2.5m z

�
54 18� 34

�
0 � 03

12:14:22 2.5m g
�

54 19� 02
�

0 � 02
12:13:15 0.5m g

�
300 19� 04

�
0 � 04

12:19:36 0.5m g
�

300 19� 05
�

0 � 04
12:25:58 0.5m g

�
300 19� 03

�
0 � 04

12:32:19 0.5m g
�

300 19� 10
�

0 � 04
12:38:41 0.5m g

�
300 19� 14

�
0 � 04

aExposurestarttime,2001Feb22.

bStatisticalerrors;absolutephotometryerrorsfor the 2.5mmay
beaslargeas5% for u

�
, g
�
, andz

�
, 3% for r

�
andi

�
.

TABLE 2

REFERENCE STARS IN THE GRB010222 FIELD.a

� b + b u � g � r � i � z �
GRB 14h52m12�s51 +43, 01- 06�- - 2 19� 56 � 0 � 03 19� 02 � 0 � 02 18� 74 � 0 � 02 18� 53 � 0 � 02 18� 34 � 0 � 03

A 14h52m07�s51 +42, 58- 48�- - 6 19� 39 � 0 � 02 17� 96 � 0 � 02 17� 40 � 0 � 02 17� 18 � 0 � 01 17� 08 � 0 � 01
B 14h52m12�s57 +42, 55- 59�- - 3 18� 29 � 0 � 02 17� 02 � 0 � 02 16� 48 � 0 � 02 16� 26 � 0 � 01 16� 10 � 0 � 01
C 14h52m16�s06 +43, 02- 38�- - 5 20� 02 � 0 � 03 19� 03 � 0 � 02 18� 72 � 0 � 02 18� 61 � 0 � 01 18� 56 � 0 � 03
D 14h52m21�s86 +42, 56- 29�- - 0 19� 78 � 0 � 03 18� 42 � 0 � 02 17� 87 � 0 � 02 17� 67 � 0 � 01 17� 53 � 0 � 02
E 14h52m28�s65 +43, 02- 32�- - 6 20� 37 � 0 � 04 18� 50 � 0 � 02 17� 75 � 0 � 02 17� 45 � 0 � 01 17� 29 � 0 � 02
F 14h52m31�s09 +43, 03- 14�- - 2 17� 06 � 0 � 01 15� 89 � 0 � 02 15� 48 � 0 � 01 15� 30 � 0 � 01 15� 26 � 0 � 01
G 14h52m41�s98 +43, 03- 16�- - 8 19� 37 � 0 � 02 18� 15 � 0 � 02 17� 69 � 0 � 02 17� 52 � 0 � 01 17� 42 � 0 � 02
H 14h52m45�s90 +42, 57- 09�- - 2 20� 07 � 0 � 04 17� 80 � 0 � 02 16� 81 � 0 � 02 16� 46 � 0 � 01 16� 24 � 0 � 01
I 14h52m50�s13 +42, 55- 22�- - 7 17� 84 � 0 � 01 16� 51 � 0 � 02 15� 99 � 0 � 01 15� 83 � 0 � 01 15� 73 � 0 � 01
J 14h52m51�s32 +42, 54- 56�- - 3 18� 53 � 0 � 02 16� 49 � 0 � 02 15� 63 � 0 � 01 15� 37 � 0 � 01 15� 18 � 0 � 01
K 14h52m51�s85 +43, 03- 05�- - 7 18� 59 � 0 � 02 16� 91 � 0 � 02 16� 28 � 0 � 01 16� 01 � 0 � 01 15� 89 � 0 � 01

aSelectedfrom starsin field 22 with magnituder �". 19� 0 which werewell measured,unsaturated,andnon-interpolated(cosmic
ray corrected)in all five filters,with theexceptionof thefirst star(A) in thelist which is thereferencestar“A” listedin McDowell et
al. (2001).This starwasinterpolatedin r � bandbut manualinspectionrevealedno problems;thecorrectionwassmallandwithin the
quotederrors.Listederrorsarestatisticalonly, absolutephotometryerrorsfor the2.5mmaybeaslargeas5%for u � , g � , andz � , 3%
for r � andi � .

bBecauseof the non-standardorientationandshort lengthof this stripethe astrometricerrorsareunusuallylarge,approximately
0 �- - 3.
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GRB010222

A

G

C

FIG. 1.— GRB0102222.5mtelescoper / image.Theimageis 8 arcminsquarewith 1 arcmintick marks.North is approximately30 clockwisefrom up,eastis to
theleft. Starsfrom Table1 within thissubsectionof field 22areindicated,includingthereferencestar“A” of McDowell etal. (2001).



SDSSObservationsof GRB010222 7

2851 2902 2952 3003 3053 310 315 320 325
Minutes after trigger (log scale)4

19.20

19.15

19.10

19.05

19.00

18.95

M
ag

ni
tu

de
 (

5

g∗ )

PT
2.5m

α = -1.0 ± 0.5

FIG. 2.— Relative photometryfor five 0.5mPT g / bandobservations,alongwith the single2.5mg / bandobservation. The bestfit decaycurve of the form
F687 t 9 to thefive PT g / bandobservationsis : = −1 ; 0 < 0; 5.
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FIG. 3.— The2.5mmultibandobservationsat a singleepoch.Thebestfit to F6 7EDGF with all five bandsis H = −1; 10 < 0 ; 10, shown asa dottedline. Excluding
u / bandproducesafit of H = −0 ; 90 < 0 ; 03,shown above asadashedline.
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FIG. 4.— Extinctionmodelfits to the2.5mmultibandobservations.Thetwo bestfit extinction modelsfrom Reichart(2001)for H�I = −0 ; 75 and0 ; 5 asdiscussed
in section3, aswell asan SMC curve for an unextinguishedspectrumwith H I = −0 ; 75, arepresentedhere. The greenandblue curves throughthe datapoints
correspondto theReichart(2001)extinction modelfit for z = 1 ; 477andasourcespectrumof H I = −0 ; 75 (greensolidcurve) and H I = −0 ; 5 (bluedashedcurve). The
upperlinesof thesamecolorsrepresentthecorrespondingunextinguishedsourcespectra.Thebestfit Reichart(2001)parametersfor HJI = −0 ; 75(−0 ; 5) areasource
extinction AV = 0 ; 032(0; 13), c2 = 1 ; 35(1; 34), c3 = 8 ; 1(2; 7) andc4 = 30(6; 9). Thedip in thecurves,betweenr / andg / , is thec3 redshfited2200Åbump. Thesteep
dropthroughtheu / observation is thec4 far-UV extinction (u / samplesthenon-redshiftedGRB spectrumfrom 1200Åto 1600Å).Theupperandlower dottedred
linescorrespondto anunextinguishedH�I = −0 ; 75 spectrumandthesamespectrumextinguishedby typical SMC-like extinction with AV = 0.10.


