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ABSTRACT

Context. We present observations of the afterglow of GRB 080319B #tap mm and radio frequencies from a few hours to 67
days after the burst.

Aims. To understand the nature of this brightest explosion basati@ observed properties and it's comparison with the gitter
models.

Methods. Present observations along with other published multiedength data have been used to study the light-curves acttape
energy distributions of the burst afterglow.

Results. Our results show that the observed features of the afterfitevequally good with the Inter Stellar Matter and the Stella
Wind density profiles of the circum-burst medium. In case ahtdensity profiles, location of the maximum synchrotragfrency
vm is below optical and the value of cooling break frequencig belowX-rays,~ 10* s after the burst. Also, the derived value of the
Lorentz factor at the time of naked eye brightness B0O with the corresponding blast wave size-0f0'® cm.

Conclusions. The numerical fit to the multi-wavelength afterglow datastoaints the values of physical parameters and the emission
mechanism of the burst.

Key words. Gamma ray-bursts — afterglows — observations and models

1. Introduction (Zzhang 2007). These observations play key role to uncower th
i ) hysical mechanisms underlying these energetic cosmio-exp
The very early time observations of Gamma-ray bursts (GRE%bns (Meszafos 2006). The early time multi-wavelendtben-
during the prompt emission or during the early afterglowsghayations are also very useful to constrain the afterglow reode
have been one of the major contributions during $aéft era hence the nature of the possible progenitors and the ambient
media surrounding the GRBs (Castro-Tirado et al. 1999;nPira
Send offprint requests to: e-mail:shashi@aries.res.in 1999). Among the well-known examples of early observations
* Based on observations obtained with the 0.22 m telescopessi® in the preSwift era are GRB 990123 (Akerlof et al. 1999); GRB
the 0.7 m telescope at of Kharkov University, Ukraine, th@rd.tele- 041219 (Vestrand et al. 2005) whereas GRB 050820A (Vestrand
scope at Observatorio del Teide (IAC-80), Spain the 1.2mchter et al. 2006); GRB 060111B (Klotz et al. 2006); GRB 060210
telescope at La Palma, Spain, the 1.5m telescope of Maidaloséer-  (Stanek et al. 2007), and GRB 071010B (Wang et al. 2008) are
vatory Uzbekistan, the 2.0 m IGO T_elescope at |UCAA Puneijalnd good examp|es in the poglwft era. The statistics of such ex-
the 2.5m NOT, the PdB millimeter interferometric array Franthe amples of long-duration GRBs with very early time afterglow

SfACT’rAA'\SGB?«'ZﬁgO Telescope at Russia and the RT-22 radistefee hqeryations have been improved because of the precise on-
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board localization byBwift and co-ordinated observations withTable 1. Log of Millimeter wave and radio observations of the
the ground based robotic optical telescopes (Gehrels2064, GRB 080319B afterglow. The first IRAM data point has already
Gomboc et al. 2006). Out of these known examples the obsenen published in Racusin et al. (2008b). The PdB millimeter
optical andy-ray prompt emission is contemporaneous for GRBiterferometer array is in France, RATAN-600 Radio Telg®co
041219 and GRB 050820A whereas for GRB 990123 and GRSB situated close to Zelenchukskaya, Russia, and RT-22 is in
050401 the peak of the prompt optical observations have bddkraine.

recorded after thg-ray emission phase.

. , Start End F Al Tel
According to the standard relativistic “Fireball” model(&s ime(UT)  tme(UT)  (GHp) | center(mly) oo
& MeSzaios 1992; MeSzafos & Rees 1997; Panaitescu et al. ~2008 Mar20.0  Mar 205 97.0  +0.41:0.12 IRAM
icqj i i 2008 Mar 23.0 Mar 23.5 97.0 +0.35:0.19 IRAM
1998), the GRB prompt emission is du,e to the mterngl shqcks 008 Mar 970 Marors o0 1050000 IRAM
(Narayan et al. 1992; Rees & Me&szafos 1994; Sari & Piran
1997a,b). The observed steep decay in the early afterglas:em 2008 Mar 28.0  Mar 28.5 4.8 <4.0 RATAN
; ; eai 2008 Mar30.0  Mar30.5 4.8 <4.0 RATAN
sion, that lies between the prompt emission and the aftergi@ 2008 Apr08.0  Apr 085 18 =30 RATAN

also explained in terms of “high latitude emission” (Nouse&l.
2006) in the case @wift GRBSs, irrespective of the type of shock 2008 May 25.0  May 25.5 2.0 <3.0 RT-22
and the radiative process involved. The very early timeoapti 2008 May 25.0 May 25.5 80 =3.0 RT-22
observations of several GRB afterglows are explained insef
reverse shock (Kobayashi 2000)yamd forward shock (Rees &
MeSzafos 1992; Katz 1994) origin. The overall aftergl@hév- for GRBs. The inferred high luminosity of the burst after-cor
ior of long-duration GRBs including the above mentionedexa recting to the galactic and host extinction in the burstatice
ples are explained in terms of “collapse of very massives$tariwozniak et al. 2009) implies that such an event could haeabe
i.e. “Collapsars” as the most favored progenitor (MacFad§e easily detected at redshift= 17 with meter-class telescopes in
Woosley 1999). By now the majority of long-duration GRB aftheK-band (Bloom et al. 2009, Sagar 2005). Also, the observed
terglows have been explained in terms of constant ambiemt dgalue of the flux density of the optical flash of GRB 080319B
sity i.e. Inter Stellar Mediumi@M, p o r°) models (Sari, Piran, (~ 20 Jy) is about 4 orders of magnitude higher than the peak
Narayan 1998; Wijers & Galama 1999; Panaitescu & Kum#lux density at they-rays ¢ 14 mJly), the highest ever observed
2002), although stellar wind mediurWi, p o r~?) profile  for GRBs (Yu et al. 2008). The significant excess of the prompt
(Chevalier & Lee 2000a,b; Li & Chevalier 2001) are the nalturgptical flux in comparison to the extrapolatgetay spectrum
consequences for the massive star environments (Zhang,20fhicates diferent emission components for the two observed
wherep andr are the ambient density and the distance froffequencies (Racusin et al. 2008b).
the center of the progenitor star respectively. The valuanof Thus, it is clear that multi-wavelength afterglow obseiwas
bient density is constrained by the parameters “numberity&ns of GRB 080319B provide an unique opportunity to study the na-
n and the “wind parameterA,, respectively for thdSM and ture of this energetic cosmic explosion in detail. The obsér
WM models. Also, there are certain cases of long-duration GRBectral and temporal coverage of the afterglow make thst bur
afterglows which have been explained in terms of both dgnsiis one of the best known examples to test the theoreticat afte
profiles in form of the transition frotdM density profile atearly glow models (Pandey et al. 2003, Resmi et al. 2005). In this pa
times tol SM density profile at later epochs of observations, e.ger we summarize the radio, Millimeter wave (mm) and the-opti
GRB 050904 (Gendre et al. 2007) and GRB 050319 (Kamhial observations of the afterglow §2. The afterglow properties
etal. 2007). are discussed i%3. The modeling of the multi-wavelength after-

GRB 080319B was triggered (trigger 306757) bySwift- glow data and the derived parameters are describgd.im the
BAT (15-350 keV) atTp=06:12:49 UT on March 19, 2008 |ast section we summarize our results in the context of oleser
(Racusin et al. 2008a) and was simultaneously detectedeby #nd modeled parameters of the burst.
Konus-Wind (20 keV-15 MeV) satellite (Golenetskii et al (&).
The optical emission were started 2+5bs after the BAT trig- .
ger, captured by the wide field robotic telescope “Pi of thg’sk 2. Observations
(Cwiok et al. 2007, 2008) and also by TORTORA (Molinari €} ; pillimeter wave and Radio Observations
al. 2006, Racusin 2008b), Raptor-Q (Wozniak et al. 200%tat |
epochs. For a few seconds after the burst, the observed profpservations at millimeter frequencies of GRB 080319B af-
optical flash of GRB 080319B was visible even for the unaiddédrglow were performed with the Plateau de Bure (PdB)
eye in dark skies (peaked at a visual magnitude of 5.3 aroulmgerferometer (Guilloteau et al. 1992) in a six-antenrnaeded
18 s after the onset of the burst, as observed by TORTORApNfiguration on the dates listed in Table 1. The afterglows wa
breaking the record of a handful of known cases in which kirigbetected in the first round of observations starting 0.5 détgs
opticakNIR prompt emissions have been observed (Jelinek et tile burst and upper limits were established at later two lepoc
2007).Swift-UVOT slewed towards the burst 51 s after the trigAlso, Radio observations were performed using RATAN-600 at
ger (Holland & Racusin 2008) and later many other ground add8 GHz starting 9 to 19 days after the burst and the afterglow
space based multi-wavelength facilities joined in, as sanmad was not detected. The afterglow was also monitored using the
in detail by Bloom et al. (2009), Racusin et al. (2008b) arfd reradio telescope RT-22rAO at 2.0 and 8.0 GHz on 25th May
erences therein. 2008. The upper limits 8) from RATAN-600 and RT-2ZrAO

The measured redshift value of the burat £ 0.937, observationsare also listed in Table 1.
Vreeswijk et al. 2008) corresponds to a luminosity distance
of d. = 6.01 x 10° Mpc (with the cosmological parameters,
Ho = 71 km s'Mpc™, Quy = 0.27,Q4 = 0.73) and an
equivalent isotropic energy ip-raysE,js, = 1.4 x 10°* erg Our optical observations were performed using several
(20keV - 7 MeV), which is among the highest ever measuretelescopes (0.22m SR-22; 0.7m AZT-8; 0.8m IAC; 1.2m

.2. Optical Observations
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Mercator, 1.5m Maidanak (AZT-22), 2.0m IGO, 2.5nbroken power law withwys = —2.33+0.23,ay4 = —=1.31+0.02
NOT(+ALFOSC)) in Far East of Russia, Europe, Middleand the break happening at 7849 + 3044 s after the burst.
Asia and India starting from 0.5 day to 19 days after the burgthe X-ray afterglow light curve is described by a triple bro-
IRAF and DAOPHOT softwares were used to perform daten power law withayx; = —=1.40+ 0.01,ax; = -1.94+ 0.12,
reduction using standard techniques. B)®,Rand| data has ax3 = -1.14+0.09,ax4 = —2.67+ 0.74 and the breaks happen-
been calibrated using the nearby secondary standardsaasigiv ing att, x; = 258339+ 8715, tyx» = (3.99+ 0.89) x 10* sand
Henden (2008). The Gunndata were calibrated using nearbyt, x3 = (1.0 + 0.29)x 10° swith y?/dof = 975/710= 1.37. The
calibrators. The log of our optical observations along viite  derived values oK—ray temporal indexyx4 and the correspond-
details are given in Table 2. ing break time are in agreement with those derived by Tanvir e
al. (2009) using late timX—ray and optical data which provide

) evidences in favor of jet-break arourdL(® s after the burst.
3. Properties of the burst

3.1. Prompt emission phase 4. Discussion

The prompt optical light-curve present a good co_rrelaticbﬂnw_ll'l' Surrounding medium
the y—ray light-curve, thanks to good time resolution (Racusin
et al. 2008b). This correlation suggests that radiationadh b The closure relations betweenandg can also be used to infer
frequencies originate from the same physical source urder tlensity profile of the circum-burst medium or to distinguigh
assumptions of internal shock model (Meszafos & Rees ;199@een theoretical afterglow models likéM andWM (Price et al.
Kumar & Panaitescu 2008). There is no considerable evaiuti@002; Starling et al. 2008). For the radiation due to a shamkew
of the X—ray hardness ratio from very early to late times of thmteracting with tha SM circum-burst medium, the expected clo-
observations with an average photon index -1.81+ 0.04 sure relation isxr — 1.538 = 0.0 in a spectral regimey, < v < v,
(Bloom et al. 2009). There are no multi-band optical observarherevy, andy. are the maximum synchrotron and cooling fre-
tions during the prompt emission phase of the burst. The aipdencies, respectively. In the case/d¥ circum-burst medium
served spectral indices around 430s and 875s after thedisost and for a spectral regima, < v < v the closure relation is
show negligible evolution at optical frequencies (Bloomaét « — 1.58 = 0.5. If vy < v¢ < v thena — 1.58 = -0.5 is ex-
2009). The reverse shock or forward shock origin of the opected irrespective of the density profile beli@yl or WM. At
served prompt optical emission is ruled out based on the darly times { < 2000s), the optical afterglow is dominated by
served values of temporal decay indices to be too steep tiganemission due to the reverse shock and at late times¥0° s)
expected one (Sari, Piran & Narayan 1998; Kobayashi 200Q)is clearly dominated by that due to the forward shock. The
Also, the observed constancy of the optical pulse width tiitle ~ values ofB estimated by Bloom et al.(2009) and the values of
during the prompt emission phase (Ramirez-Ruiz & Fenimoaeof optical light curves att(> 10° s) are consistent with the
2000) does not support the reverse shock origin. The terhparsure relations for both the density profileSyl andWM with
coincidence between the prompt optical gadays of the burst the spectral regime being, < voptical < vc.
also indicate that they might have been originated from éimees Also, It is clear that the temporal decay index of the opti-
emitting region or two regions sharing the same dynamical beal afterglow between 106 and 1000s (@« ~ —2.3) is faster
havior (Yu et al. 2008). The correlation of spectral lag etioin than what would be expected due to a forward shock scenario
with the observed prompt optical emission of GRB 080319& ~ -0.8) interacting with the circum-burst medium (Sari,
also shows that they come from the same astrophysical origirian & Narayan 1998). However, such a steep decay would be
and the respective radiation mechanisms were dynamiaally cexpected due a reverse shock interacting with the ejecttl sh
pled (Stamatikos et al. 2009). Furthermore, the signifieant In that case, the radiation due to interaction of the forveuack
cess of the prompt optical flux in comparison to the extragala with circum-burst medium would dominate the afterglow afte
vy-ray spectrum to the optical frequencies possibly inditate the radiation from reverse shock has died-down considgrabl
wards two diferent emission components for the two observeshich in this case could be happening afteP K0 Thus, this
frequencies (but see Kumar & Panaitescu 2008). optical afterglow could be explained using the reverse khod
the forward shock interactions with the circum-burst mediu

3.2. Multi-frequency evolution of the afterglow

According to the standard Fireball model, the GRB aftergIO\lllv'z' Numerical model fits to the data

is expected to be synchrotron radiation with the observed fliVe have fitted the afterglow using a reverse shock (RS) madel,
f o 1VAt?, for the regions without spectral breaks, where thferward shock (FS) model and the radiation mechanism assume
values of power-law temporal decay index @nd spectral in- is synchrotron following the standard Fireball scenariedR&
dex (B) are related to each other and can be used to understdebzafos 1992; Meszafos & Rees 1994; Kobayashi 2009). A
the afterglow evolution (Sari, Piran, Narayan 1998; Sarai?  shown in Figure (1), the multi-band optical afterglow isyesell
Halpern 1999). The rich multi-frequency data of the aftengbf reproduced by this model whereAsray observations can not
GRB 080319B available in the literature and the data from thee reproduced by the model. Our best fit model is consisteht wi
present work are used to measure the indicesndg of the af- no jet break in the optical afterglow and introducing a jetdi
terglow. The values of the temporal decay indices have been dtt ~ 10° sto coincide with the break in th¥-ray afterglow
rived using empirical broken power-law relations by mirgad does not change the fits significantly.

tion of y? as described in Granot & Sari (2002) (their equations The complicated behavior of thé-ray afterglow has been

1 and 4). The bright optical flash (1@ t < 100 s) rises to explained by Racusin et al. (2008b) using a two-componént je
the peak brightnesd/(~ 5.32 + 0.04) withay; = 4.64+ 0.67, model - a central narrow jet surrounded by a co-axial wider
and after about 5@ decays withay, = —4.41 + 0.10. Post jet. In this model, theX-ray afterglow from the central nar-
~ 100 s decay of the optical afterglow could be described asw jet dominates at early times, until abouk2L0* s, when



4 S. B. Pandey et al.: Multi-wavelength observations ofrgftav....

10t I I I L 10 L T I I I
T Nt /S T | S S B VN A 1 /(N A
time since the GRB (s) time since the GRB () time since the GRB (s) time since the GRB (s)

Fig. 3. The contributions due to the RS and FS to the afterglow of GREB3Q9B at opticaNI R bands are represented by using the
dashed and dotted lines respectively. The addition of tleectmponents is shown using the solid line. The left and rpgimels are
WM andISM models, respectively.

it fades below the brightness of the surrounding wide jethis be< 5x 10'® cm which we extrapolated back in time to estimate
model, the breaks in thE—ray afterglow light-curves at times the physical size of the emitting region during the opticasii
thx1 ~ 2x10° sandt, x3 ~ 1P scorrespondto the jet breaks dugt ~ 50 s) and it turns out to be 3.6 x 10 cm. Similarly, the

to the lateral spreading of narrow and wide jets, respdgtivde  Lorentz factor of the blast-wave turns out to be64 at 1¢ s
have tried to fit the whole data set using this two-compofemnt-after the burst which corresponds to the Lorentz factor oluab
model also, but we found that in this model the optical radiat < 240 at the time of the optical flash. These findings, which
from the narrow jet would be brighter than the observed apticare based only on the evolution of the afterglow, are conipara
afterglow (See Figure 2). There is no possible way to sugpresith those of Racusin et al. (2008b) and Kumar & Panaitescu
this optical radiation from the narrow jet. The dominanc®& (2008) who have used arguments based on the prompt emis-
over FS contribution at early times of the light-curves dsma sion to reach these conclusions. It is reassuring that thereint
shown for opticalNIRfrequencies in Figure 3 for both the mod-approaches have resulted in similar Fireball sizes and ltst b
els. wave Lorentz factors.

Alternatively, it is possible that th¥-ray and optical after- _ The afterglow can also be explained by assumislg den-
glows of GRB 080319B are not related to each other and m@yy Profile of the circum-burst medium. The best fit spectral
have independent origins. Also, the X-ray afterglow prestic Parameters in this case, at epoch= 10 s turn out to be

by the RS-FS model is fainter than that is observed and reguitm < 2.1 x 10" Hz with corresponding flu¥,, < 566 uJy,
an additional component. and the self-absorption frequeney,> 10° Hz. To explain rela-

Assuming that the shock-wave is expanding into the circurﬂYer steep decay of the afterglow the required valup f2.71

- . ) P _— :
burst medium which has\WM density profile, our best fit spec- m out to be on a _hlgher_S|de amg < 10" Hz, similar as in

: the case ofWM density profile.
tral parameters at epothk 10* simply that the peak of the syn- he phvsical . d usina th best f
chrotron spectrum is below the optical bandg & 1.3 x 10 |T € physica pairsaometers esgggate using these best fit spec-
Hz) with corresponding normalization fluf{, < 607uJy) and tral parameters a4rEK < 24x 10" erg,ee > 0'14’.6'3 <002
the self-absorption frequenoy > 108 Hz. The index of elec- andn > 7-%X 10" atomgcc. The absence of any jet break un-
tron energy distributiorp ~ 2.07 is lower than the canonicallil @bout 10 s means that the jet opening anglg > 4.6 de-
value p ~ 2.3 which has normally been observed (Panaites o9 ) : 4
& Kumar 2001, 2002; Starling et al. 2008). The location ofx > 3:8x 107 erg. The8rad|us of the Fireball at 16 turns
the cooling break frequency can be constrained to be belew @4t to be abouk 2.1 x 10* cm and at the time of the optical
X-ray bandv. < 108 Hz which would be consistent with theflasht ~ 50_sabout< 5.5x 10" cm. The corresponding Lorentz
Observed}(_ray afterg|ow at late timeg (> 105 S). However’ factors belng< 524 and< 382, at 16 s and at 50s after the

if origin of the X-ray afterglow is independent of the opticaPurst receptively. As before, these values are also corhjest@
afterglow then,, < 108 Hz. those of Racusin et al. (2008) and Kumar & Panaitescu (2008).

The estimated isotropic equivalent afterglow kingéisc eyer
(EX®) released in this explosion turns out to9&.5 x 10°° erg. ;
FOI?’ the assume@M circum-burst medium we find the value of5' Conclusions
the parameteA. > 0.01. The fraction of the total energy givenObservations of the afterglow of GRB 080319B at radio, mm
for accelerating electrongd) and into the magnetic fieldgd) and optical frequencies are presented. The simultaneolis mu
turn out to be about 0.41 and< 3 x 1073, respectively. The ab- band afterglow modeling is useful to constrain the naturéhef
sence of any jet break until about®1€imply a jet opening angle burst emission mechanism and the ambient medium. We find
> 1.4 degrees and hence the true amount of released energy rthest the afterglow of GRB 080319B is consistent with the fire-
be> 8 x 10°° erg. The radius of the Fireball at48turns outto ball expanding either into thkSM or into theWM circum-burst
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medium. We also rule out the double-jet model as a correct eXesmi L., Ishwara C. H., Castro-Tirado A. J. et al., 2005, A&AO, 477
planation for the observed multi-band behavior of the gfgav. ~ Sagar R, 2005, BASI, 33, 352

; ; Sari R. & Piran T., 1997a, ApJ, 485, 270
While under the assumptions of our model we are able to en<p|a|§ari R. & Piran T. 1097b. MNRAS, 287, 110

the multi-band optical and rgdio afterglow rgasonably Wﬂ& Sari R., Piran T. & Narayan R., 1998, ApJ, 497, L17

find that the X-ray afterglow is flicult to explain. Alternatively, sariR., Piran T. & Halpern J. P., 1999, ApJ, 519 L17

it is possible that the optical and-ray afterglows might have Stamatikos M., Ukwatta T. N., Sakamoto T. et al., 2009, asty68092132v1
different origins. The Lorentz factor of the shock wave is estiStanekK.J., Dai X., Prieto J. L., etal. 2007, ApJ, L21

: - Starling R. L. C., Van Der Horst A. J., Rol E. et al. 2008, Apd26433
mated entirely from the afterglow evolution. The Lorentetéa Tanvir N. R., Evert R., Andrew L. et al. 2009, Submitted to JAp

atthe time of naked eye brightness, extrapolated from ek  stro-pHos12127 7
timation, turns out to be 300. The corresponding radius of the Vestrand W. T., Wozniak, P. R., Wren, J. A. et al., 2005, Nat485, 178
shock front is about 0 cm. We also showed that the early peakVestrand W. T., Wren, J. A., Wozniak, P. R. et al., 2006, Natda2, 172

; Vreeswijk P. M., Smette A., Malesani D. et al., 2008, GCNCT45
brightness of the afterglow could not be due to the reverselsh Wang J. H., Schwamb M. E. Huang K. Y. et al.. 2008, ApJ, 679, L5

An additional emission mechanism, such as internal shasks, \yiers R A. M. J & Galama T. J., 1999, ApJ, 523, 177

required. The results also indicate that existing blastenster-  wozniak P. R., Vestrand W. T., Panaitescu A. et al, 2009, Ap1, 495
glow models are required to be modified in the light of compli-Yu Y. W., Wang X. Y., Dai Z G.. 2008, astro-80620210

cated behavior of observed afterglows. In future, obsemaif ~ Zhang, B, 2007, Chinese Journal of Astronomy and Astropisysi, 1
prompt optical spectra will be very useful to understandvimy

early part of the afterglows of GRBs.
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Fig. 1. Light curves of the afterglow of GRB 080319B The Fig.2. The afterglow of GRB 080319B - a comparison with
opticatNIR and X-ray afterglow is shown in the top panel andhe double jet model: The model light-curves shown in top and
the radio data in the bottom panel. The present optical @hserbottom panels are plotted for théM and ISM cases, respec-
tions are plotted along with other published optical ateray tively. The model here assumes the double jet scenario.die ¢
data, taken from the literature (Bloom et al. 2009, Racusin tibution to the afterglow only due to the narrow jet is shawn
al. 2008b). The FS-RS model is used to fit the afterglow liglhe figure. The narrow jet is assumed to be responsible for the
curves. The solid lines in the plots represent the resutiast the earlyX-ray afterglow. The estimated optical radiation due
fit WM model whereas dotted line show the bestS¥ model. to the narrow jet is much brighter than the observed optital a
The radiation due to the RS peaks aroun®0 s and dominates terglow, which invalidates the double jet model (Racusialet
the afterglow up to a few thousand seconds. We have condide2608b) for GRB 080319B.

the case of 'Thick Shell’ as discussed in Kobayashi et al(20

to calculate the RS afterglow. The optical band is assumed to

be between theR® and»R® i.e. the values ofy, andv. during

the reverse shock phase respectively and the value of @hectr

energy distribution index to bp = 2.32. It can be clearly seen

from the plots that the optical flash corresponding to thééaka

eye’ brightness of the afterglow can not be explained asgbein

due the RS. The decline of tieandH bands brightness before

a few hundred seconds is faster than that predicted by theRS-

model used here. This could be the high-latitude emissiom fr

the optical flash. The FS radiation starts dominating thé&capt

light curves after about a few thousand seconds. There igno s

of any jet break at least until about®.6. The predicted model

results atX—ray frequencies are also plotted along with the ob-

servedX-ray light-curve (solid squares), showing clear devia-

tions. The bottom panel shows the radio-mm observatiortseof t

afterglow. The inverted triangles represent the dpper limits

on the afterglow flux and the solid lines are the best fit ediima

of the afterglow flux due to the FS. The radio afterglow due to

the RS is expected to have died down significantly by the time

the radio observations were conducted.



Table 2. Log of opticatNIR observations of the afterglow of GRB 080319B.

UT start[d] T - To[d] Texp Filter mag € g Telescope

2008 Mar. 19.4616 0.2027 1200s none >15.5 0.22m SR-22
2008 Mar. 19.7642 0.5052 600s R 19.07 0.19 0.7m AZT-8
2008 Mar. 19.7721 0.5132 600s R 19.26 0.27 0.7m AZT-8
2008 Mar. 19.7800 0.5211 600s R 19.74 0.50 0.7m AZT-8
2008 Mar. 19.7911 0.5322 600s R 19.96 0.39 0.7m AZT-8
2008 Mar. 19.7974 0.5385 600s R 19.60 0.34 0.7m AZT-8
2008 Mar. 19.8055 0.5466 900s R 19.60 0.20 0.7m AZT-8
2008 Mar. 19.8174 0.5585 900s R 19.40 0.15 0.7m AZT-8
2008 Mar. 19.8285 0.5696 900s R 19.89 0.28 0.7m AZT-8
2008 Mar. 19.8470 0.5881 900s R 19.82 0.23 0.7m AZT-8
2008 Mar. 19.8557 0.5968 900s R 20.06 0.19 0.7m AZT-8
2008 Mar. 19.8630 0.6041 900s R 19.88 0.23 0.7m AZT-8
2008 Mar. 19.8888 0.6299 720s R 20.00 0.27 0.7m AZT-8
2008 Mar. 19.8980 0.6391 720s R 19.52 0.16 0.7m AZT-8
2008 Mar. 19.9071 0.6482 720s R 20.09 0.28 0.7m AZT-8
2008 Mar. 19.9139 0.6550 720s R 19.80 0.24 0.7m AZT-8
2008 Mar. 19.9234 0.6645 900s R 19.88 0.27 0.7m AZT-8
2008 Mar. 19.9354 0.6765 900s R 20.19 0.40 0.7m AZT-8
2008 Mar. 19.9497 0.6908 900s R 19.54 0.15 0.7m AZT-8
2008 Mar. 19.9625 0.7036 900s R 20.16 0.44 0.7m AZT-8
2008 Mar. 19.9752 0.7163 720s R 20.47 0.25 0.7m AZT-8
2008 Mar. 19.9843 0.7254 960s R 20.00 0.37 0.7m AZT-8
2008 Mar. 19.9959 0.7370 900s R 20.03 0.37 0.7m AZT-8
2008 Mar. 20.0127 0.7538 720s R 20.01 0.22 0.7m AZT-8
2008 Mar. 20.0196 0.7607 720s R 19.83 0.21 0.7m AZT-8
2008 Mar. 20.0664 0.8075 720s R 19.94 0.23 0.7m AZT-8
2008 Mar. 20.0755 0.8166 720s R 20.22 0.26 0.7m AZT-8
2008 Mar. 20.0848 0.8259 900s R 20.28 0.24 0.7m AZT-8
2008 Mar. 20.0959 0.8370 900s R 19.74 0.16 0.7m AZT-8
2008 Mar. 20.1069 0.8480 600s R 19.56 0.20 0.7m AZT-8
2008 Mar. 19.8319 0.5730 600s \Y, 19.60 0.70 0.7m AZT-8
2008 Mar. 20.0870 0.8351 1200s | 19.57 0.08 0.8m IAC 80
2008 Mar. 19.9924 0.7457 x800's R 19.82 0.07 0.8m IAC 80
2008 Mar. 20.0557 0.8003 600s R 19.94 0.11 0.8m IAC 80
2008 Mar. 20.1067 0.8548 xB00s R 20.15 0.08 0.8m IAC 80
2008 Mar. 20.1294 0.8778 xB00's R 20.14 0.09 0.8mIAC 80
2008 Mar. 20.2454 0.9972 XB00's R 20.50 0.08 0.8m IAC 80
2008 Mar. 22.0730 2.8355 x®00's R 22.03 0.27 0.8mIAC 80
2008 Mar. 20.0252 0.7814 (120600) s \Y 20.39 0.10 0.8m IAC 80
2008 Mar. 20.0648 0.8165 xB00s B 20.89 0.12 0.8m IAC 80
2008 Mar. 20.1703 0.9149 600s B 20.75 0.20 0.8m IAC 80
2008 Mar. 19.9361 0.6985 120s r 19.56 0.17 1.2m Mercator
2008 Mar. 19.9613 0.7031 120s r 19.28 0.19 1.2m Mercator
2008 Mar. 19.9631 0.7049 120s r 19.74 0.15 1.2m Mercator
2008 Mar. 19.9649 0.7067 120s r 19.37 0.11 1.2m Mercator
2008 Mar. 19.9667 0.7085 120s r 19.93 0.15 1.2m Mercator
2008 Mar. 19.9681 0.7095 60s r 19.53 0.11 1.2 m Mercator
2008 Mar. 19.9691 0.7106 60s r 20.07 0.21 1.2 m Mercator
2008 Mar. 19.9702 0.7117 60s r 19.41 0.10 1.2 m Mercator
2008 Mar. 19.9713 0.7127 60s r 19.66 0.20 1.2 m Mercator
2008 Mar. 19.9723 0.7138 60s r 19.82 0.15 1.2 m Mercator
2008 Mar. 19.9734 0.7148 60s r 19.68 0.09 1.2 m Mercator
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UT start[d] T — To[d] Texp Filter mag €T ag Telescope

2008 Mar. 19.9745 0.7159 60s r 19.61 0.09 1.2m Mercator
2008 Mar. 19.9759 0.7177 120s r 19.57 0.12 1.2 m Mercator
2008 Mar. 19.9777 0.7195 120s r 19.54 0.09 1.2 m Mercator
2008 Mar. 19.9794 0.7212 120s r 19.62 0.07 1.2m Mercator
2008 Mar. 19.9812 0.7230 120s r 19.83 0.09 1.2m Mercator
2008 Mar. 19.9830 0.7248 120s r 19.58 0.06 1.2 m Mercator
2008 Mar. 19.9848 0.7266 120s r 19.65 0.07 1.2 m Mercator
2008 Mar. 19.9865 0.7283 120s r 19.67 0.07 1.2 m Mercator
2008 Mar. 19.9883 0.7301 120s r 19.78 0.08 1.2m Mercator
2008 Mar. 19.9900 0.7318 120s r 19.51 0.07 1.2m Mercator
2008 Mar. 19.9918 0.7336 120s r 19.66 0.08 1.2 m Mercator
2008 Mar. 19.9936 0.7354 120s r 19.47 0.05 1.2 m Mercator
2008 Mar. 19.9953 0.7371 120s r 19.62 0.06 1.2m Mercator
2008 Mar. 19.9971 0.7389 120s r 19.46 0.05 1.2m Mercator
2008 Mar. 19.9989 0.7407 120s r 19.62 0.06 1.2m Mercator
2008 Mar. 20.1446 0.8871 120s r 19.76 0.07 1.2 m Mercator
2008 Mar. 20.1464 0.8888 120s r 19.95 0.08 1.2 m Mercator
2008 Mar. 20.1481 0.8906 120s r 20.14 0.10 1.2m Mercator
2008 Mar. 20.1500 0.8925 120s r 19.78 0.07 1.2m Mercator
2008 Mar. 20.1517 0.8942 120s r 20.04 0.11 1.2m Mercator
2008 Mar. 20.1535 0.8960 120s r 19.98 0.10 1.2 m Mercator
2008 Mar. 20.1554 0.8979 120s r 19.85 0.08 1.2 m Mercator
2008 Mar. 20.1572 0.8997 120s r 19.85 0.12 1.2m Mercator
2008 Mar. 20.1589 0.9014 120s r 19.87 0.13 1.2m Mercator
2008 Mar. 20.1607 0.9032 120s r 19.87 0.11 1.2 m Mercator
2008 Mar. 20.1625 0.9049 120s r 19.92 0.09 1.2 m Mercator
2008 Mar. 20.1642 0.9067 120s r 19.96 0.11 1.2 m Mercator
2008 Mar. 20.1660 0.9085 120s r 20.04 0.10 1.2m Mercator
2008 Mar. 20.1678 0.9103 120s r 19.84 0.08 1.2m Mercator
2008 Mar. 20.1695 0.9120 120s r 19.73 0.09 1.2 m Mercator
2008 Mar. 20.1713 0.9138 120s r 19.84 0.11 1.2 m Mercator
2008 Mar. 20.1731 0.9156 120s r 19.92 0.10 1.2 m Mercator
2008 Mar. 20.1748 0.9173 120s r 20.01 0.12 1.2m Mercator
2008 Mar. 20.1766 0.9191 120s r 19.91 0.10 1.2m Mercator
2008 Mar. 20.1784 0.9208 120s r 20.08 0.09 1.2 m Mercator
2008 Mar. 20.1801 0.9226 120s r 19.71 0.07 1.2 m Mercator
2008 Mar. 20.1819 0.9244 120s r 19.87 0.09 1.2m Mercator
2008 Mar. 20.1837 0.9261 120s r 19.83 0.07 1.2m Mercator
2008 Mar. 20.1854 0.9279 120s r 19.84 0.09 1.2m Mercator
2008 Mar. 21.8618 2.6029 5760s | 21.22 0.15 1.5m AZT-22
2008 Mar. 21.8781 2.6192 5610s R 21.81 0.26 1.5m AZT-22
2008 Apr. 07.0086 18.7479 7200s R >23.6 1.5m AZT-22
2008 Mar. 19.9179 0.6590 xB00's R 19.66 0.09 2.0mIGO
2008 Mar. 27.9511 8.6524 2820,s R >23.0 2.5m NOT
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