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Abstract. We present a discovery and observation of an extraordinlright prompt optical emission of the GRB 060117
obtained by a wide-field camera atop the robotic telescope\FBf the Pierre Auger Observatory from 2 to 10 minutes after
the GRB. We found rapid average temporal flux decay ef—1.7+0.1 and a peak brightne&s= 10.1 mag. Later observations
by other instruments set a strong limit on the optical andbr&rdnsient fluxes, unveiling an unexpectedly rapid furithecay.
We present an interpretation featuring a relatively stéeg@n-distribution parametgr~ 3.0 and providing a straightforward
solution for the overall fast decay of this optical transias a transition between reverse and forward shock.
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Chincarini et 2] [L.2005) that at least tieray intensity of the

1 After the establishment of the GRB Coordinates Netwo%?)rr!yi,[esr;?s'on phases can be extrapolated from the GRE emis-

o Rarthal 1. ahs) i . ) . .
— (GCN) (Barthelmy.etAl. 95) in 1995, the technical a In this letter we present the observation of a very bright

<= vances have enabled a fast and reliable disseminationedf sa(E ; ; . :
N ) ) tical transient associated with GRB 060117 observed dy th
s lite gamma-ray burst (GRB) data to ground-based Observqr(gootictelescope ERAM.

. = Subsequently, wide use of the sophisticated robotic follpy
2 systems has led to the first insight into the very early phases )
(less than 5 minutes after trigger) of the optical transi¢@irs) 2. Observations

— accompa_nying some GRBs. However, despite t_he extended@fbright long-soft GRB 060117 was detected Byift satel-
forts, optical data at the very early stages are still spasee |ite on January 17, 2006, at 6:50:01.6 UT. It showed a multi-
whole picture remains unclear. _ o _ peak structure with go=16 + 1s with maximum peak flux

The definition of the prompt optical emission was givepgg 4 16 phcnt?st. Coordinates computed b§wift were
by [Birah (1999) as the optical emission arising duringythe gyajlable within 19s and immediately distributed by GCN
emission period. This early emission is usually explained {d..mmim: et A1C20D6).
terms of either a reverse or an internal shack.(Sar.&.Piran, FRAM received the notice at 06:50:20.8UT, 19.2's after
199D). With a certain delay after the GRB, the afterglow e trigger and immediately started the slew. The first expo-
emission due to the forward shocks — starts to dominate §|ge started at 06:52:05.4, 123.8s after the GRB. Eight im-
steeply decaying prompt emission. This transition flatté®es ages with diferent exposures were taken before the observation
lightcurve. The original rapid decay of the prompt emissiafss terminated. A bright, rapidly decaying object was faqund
sI(_)WS down to a more modest decay due to thg aftergloay,d its presence was reported ly.Kubaneklefal_12006) and
It is genera_llly_ accepted that the physmal_m_echanlsms_of I&finak et 4| [720D6) soon after the discovery. The pginead
prompt emission and the afterglow are distinct. The distingnction of the object s similar to the stars in the image} e
tion is probably not absolute, some observations suggést @oject did not move more tharf Dver the course of our obser-

Send offprint requeststo: Martin Jelinek, e-mailnates@iaa.es vation, ruling out a near-Earth object crossing the fieldietw

* Based on observations of robotic telescope FRAM, operatéfi€ weather conditions during the observation were verylgoo
by the Pierre Auger collaboration at Los Leones site, Maiarg but the Moon was nearly full (93 %) and the GRB location was
Argentina. only slightly more than % above the horizon. Consequently,
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the magnitude limits of our observation were2.5 mag worse Table 1. Optical R-band photometric observations of the op-
than the technical limit of the FRAM instrument in the optimaical flash GRB060117. The magnitudes are not corrected for
conditions. Table 1 displays the log of our observationg (s&alactic extinction Az ~ 0.01 mag).T — Tp iS mean exposure
also Fig 1), where the magnitude errors do not include systetime since the GRB.

atic error of the USNO-B1.0 R1 magnitude, which should be
<0.1 mag.

UT Date of exp. start T —To[s]  TeyplS] R oR

. 2006 Jan. 17.786169 128.8 10 10.12 0.13

f Anhopk;ucal counterpart to GRB 060117 was found 128.8 s 2006 Jan. 17.786833 150.1 20 10.68 0.12
after the burst at 2006 Jan. 17.786343  199.3 30 1122 0.14
o= 21h51m36§23 5= -59°5839'3 + 1’5 (JZOOO.) 2006 Jan. 17.787583 249.7 40 11.62 0.18
2006 Jan. 17.789109 382.4 10 12.09 0.45

The error amounts to a &-uncertainty including systematic ~ 2006 Jan. 17.789410 403.4 20 1225 0.36
errors. 2006 Jan. 17.789815  452.9 30 1249 0.37
2006 Jan. 17.790336 502.9 40 12.62 0.37

3. Follow-up

Swift itself could not observe the GRB with its X-ray andsuggestasurpnsmgly rapid decay. _The search for a ratio-af
N . low was also unsuccessfil(Schmidtatfal_P006).

optical instruments, because of the Sun observing constra] o . N _

(Camnana.et kI [-2006). One month later on Feb 14 and %5 The lag-luminosity pseudo-redshift estimation fr&mift

2006, Swift XRT (Burrows et Al [2085) pointed to the burs ata yields ~ 1.3+ 0.3 (Cummings.et.Alf.2006). The redshift

position and did not detect any source at the correspor’?t?—t'mate based on theray data from Konus-Wind gives =

ing position with a 3¢ limit of 1.0x1073countss?!, corre- 045z 0.2 (Belangenn.£.Atteld.20D6).
sponding to an unabsorbed 0.2 — 10keV flux upper limit
of 2.3x10%ergcnt?s™t. The burst was also detected by,
Konus-Wind [Galenetskii et BI[_2006) and by Suzaku WA
(Lerada.etalL20D6). FRAM is part of the Pierre Auger cosmic-ray observatory

Unfortunately, the later optical follow-up was unsuccesg2ierre Auger. Callabaratibrl 2(105), and its main purpose is
ful due to cloudy weather in both New Zealand and Soutb immediately monitor the atmospheric transmission. FRAM
Africa. The limits reported by PROMPTL(Nysewander &t alworks as an independent, RTS2-drivien.(Kuibanekiet.al 2004
2005) (observations beginning 18.0 h after the burst), kewe fully robotic system, and it performs a photometric caltia

of the sky on various UV-to-optical wavelengths usinga 0.2 m

. Data acquisition and reduction

GRB 990123 —— telescope and a photoelectric photomultiplier. As a prinodr-
" - Shp oaal % ) jective, FRAM observes a set of chosen standard stars and a
e e 00801, terrestria_l Iight source. From these opser_vations it olstan-
= GRB 060117 —l— stant extinction coficients and the extinction wavelength de-
o —— pendence. Additionally, FRAM is able to follow GCN alerts,
1 +* * using its wide-field camera with a fixdgtband filter.
E ® # The wide-field camera consists of a Carl Zeiss Sonnar
£ A .
= %Aﬁ%@ 200mmf/2.8 telephoto lens, SBIG ST7 imager, and Bessel R-
s ¥ 2 & band filter. The ST7 camera has a ¥682 Kodak KAF-0402E
g & o F— & A CCD that covers a field of view of 12& 80 with a scale
E e =l 0 i of 976/pixel. The dfective diameter of the lens is 57 mm and
= L : X o
16 7 %tha the 3r limiting magnitude under optimum conditions reaches
X Vvy Vg R ~ 15.0 for a 30 s exposure.
A The raw images were dark-frame subtracted using a median
18 < of several dark-frame exposures. Given the significant dairk
I rent of the camera, the darks were treated separately far eac
100 200 200  exposure time. The flat-field correction was then appliedgisi
time in restframe [seconds] the median of 40 normalized 1s exposures obtained while mo-

Fig. 1. The optical light curve of GRB060117 in compar-saicmg through the twilight sky. The aperture photometagw

ison with other well-covered early GRB optical emissiong!One using thephot routine in IRAF with the aperture di-

GRB 990123 [(Akerlof ot A, [10b9), GRB 021211_(Liet al ameter of 2 pixels. To get a precise astrometric positiomef t

5008), GRB050502al(Guidarziel al2b05), GRB 05052§§urce’ we used_t_he four most significant images and computed
Blustinetal. [2006), and GRB 050801 (Rykat.al., [20056). the average position.

In this figur_e we use ~ 1.0 for GRB 060117. Observeg- L IRAF is distributed by the National Optical Astronomy
band magnitudes are shown, except for GRB 050525a, Wh@iﬁservatory, which is operated by the Association of Ursiitiers for

theV-band values are plotted. Research in Astronomy, Inc., under co-operative agreemigntthe
National Science Foundation.
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Fig. 2. Details of the surroundings of the optical flash of GRB 06044 dbbserved by FRAM. Images taken 129, 249, and 480s

after the trigger.

The images were astrometrically and photometrically cal- Inthe simplest case, the lightcurve can be fitted and a single
ibrated on the fly using th@ast program in the context power law with a temporal flux-decay index= —1.73+ 0.12.

of JIBARO (de.llgarte Pastign etia

21)05), using all sourc@he y?/d.o.f. for this fit is 1.296. If we assume this decay to

with more than 10r significance from the image comparede a signature of a pure forward shock, we get the value of the

to USNO-B1.0 {Manet et BI[_1C98) positions aRdl magni-

electron energy distribution power-law indgx= 3.3 + 0.1.

tudes.Past employs a sigma-clipped third-degree polynomidthis value is very high in comparison with other known ogtica
surface fit. For the astrometry, an error-weighted mean @f thiansients, but it is consistent with = 3.82°29 as computed
zero point is used. Systematic errors of USNO-B1.0 should frem the Konus-Wind spectra of the GRR.(Galenetskiiet al.,

less than T2 in the astrometry and less than 0.1 mag for th2005) (cfiShen.eth|

2005). In contrast, if the linear gasa

photometry. Since the Galactic extinction, taken from tla@s signature of a pure reverse shock, we get 2.5+ 0.1 — close

published by.Schlegel etial_1998) is very lows(z = 0.038),
we neglect this value in the following discussion.

5. Discussion

In the search for the interpretation of the lightcurve, we
sume that the influence of the internal shock emission on
lightcurve is negligible because our observation staft80 s

after the end of the gamma-ray burst.
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to the typical value for the optical transients observedaso f
We should note that such a reverse shock emission should be
accompanied by a forward shock with ~-1.1.

Another possibility (aftel.Shao.2.Mal 2005) is to inter-
pret the data as a Type | lightcurve (as givenithy..zhandlet al.,
2003), which depicts a transition between the reverse amd th

a}j?rward shock with the passage of the typical frequencylbrea

vmethrough the observed passband at time We assume the

lightcurve is initially dominated by a rapidly falling resser-
shock emission witlr,, ~ ta(Z?pJ)/ 35, followed by a forward-
shock emission that rises &, ~ t;"/? beforety and then
decays withF, ¢ ~ t;(Sp’S)M. Using ay? minimization fit to
this scenario, we obtaip = 2.96 + 0.06, a magnitude of for-
ward shock maximan, s = 11.82+0.04, a time of the maxima
tms = 301+ 4 s (after trigger), and a magnitude of the reverse
shock att = tys my, = 1243 + 0.05 (y?/d.o.f. for this fit
is 0.015). Corresponding decay indices age-2.49+0.05 and
ar=1.47+0.03 (see Fig 3). If the crossing time (Zhang.et 2l
2003) coincides with the end of the GRB (i-€20s), then we
can estimate the peak magnitude of this OTRas 5mag by
backward extrapolation.

Note, that this is only one of the plausible interpretations
There may be other possible explanations for this behaviour
including density jump in the media.(lLazzatiet al_2002) or
energy injection(Riarnsson.efigl _21)04). Without a nwiltve-
length observation it is impossible to distinguish whictiafse

Fig. 3. The R-band afterglow lightcurve of GRB 060117. Theossibilities actually took place.

lightcurve is fitted as a superposition of reverse shocktédot

The position of the burst and its distance from the Sun made

line) and forward shock (dashed line). The linear fit is @dtt the object dificult to observe. PROMPTL(Nysewander et al.,

by a dot-and-dash line.

2005) shows that the bright OT decayed very fast, and 20 hours
after the burst its magnitude was alreddy 21.2. Using the
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