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An early detection of the optical transient of the GRB 080413A ⋆
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ABSTRACT

We present results of our early follow-up of the bright optical afterglowof the GRB 080413A with the 30 cm telescope BOOTES-1B,
together with the later photometry and spectroscopy by various larger telescopes. We found a bright, slowly decaying optical afterglow
with magnitude 13.3, fading slowly with a temporal power law decay index ofα1 = (0.30±0.16). This early decay gradually steepened
at∼ 16 min after the GRB trigger steepened to a fireball-model-typical slope ofα2 = (1.33± 0.05). We fit the afterglow lightcurve
as a forward shock afterglow with an energy injection, expanding in the stellar wind density profile. The NOT observation reveal a
positionally coincident, bright host galaxy withr′ =22.8±0.1.
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1. Introduction

After the establishment of the GRB Coordinates Network (GCN)
(Barthelmy et al., 1995) in 1995, the technical advances have
enabled a fast and reliable dissemination of satellite gamma-ray
burst (GRB) data to ground-based observers. Subsequently,wide
use of the sophisticated robotic follow-up systems has led to the
first insight into the very early phases (less than 5 minutes af-
ter trigger) of the optical transients (OTs) accompanying some
GRBs. However, despite the extended efforts, optical data at the
very early stages are still sparse, so the whole picture remains
unclear.

In this letter we present the observation of a bright optical
transient associated with GRB 080413A observed by the robotic
telescope BOOTES-1B.

2. Observations

A bright long-soft GRB 080413A was detected bySwift (Gehrels
et al., 2004) satellite on friday April 13, 2008, at 2:54:19.3 UT
(Marshall et al., 2008). It showed a triple-peak structure with
T90=46 ± 1 s with maximum peak flux 48.9 ± 1.6 ph cm−2s−1.
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UK Swift Science Data Centre at the University of Leicester.

Coordinates computed bySwift were available within 14 s and
immediately distributed by GCN.

The burst was also detected bySuzaku Wide-band All-sky
Monitor (WAM) (Enoto et al., 2008), allowing for a joint spectral
fit of Swift/BAT andSuzaku/WAM data (Ohno et al., 2008).

At optical wavelengths, a bright, rapidly decaying object was
found, and its presence was reported by various teams (Rykoff &
Rujopakarn (2008), Beardmore et al. (2008), Klotz et al. (2008))
soon after the discovery.

Two independent groups – Thoene et al. (2008) from the
VLT and Cucchiara et al. (2008) from Gemini-South – reported
Spectroscopic observation with large telescopes, fixing the GRB
redshift atz = 2.433.

Swift itself observed the GRB position with its optical
(UVOT) and an X-ray (XRT) telescopes Evans et al. (2008).

3. Follow-up

BOOTES-1B (Jelínek et al. (2010), Castro-Tirado (2011)) did
receive the notice at 02:54:33.7 UT, 14.4 s after the trigger
and immediately started the slew. The first exposure startedat
02:55:20.0, 60.7 s after the GRB. About hundred thirty images
with different exposure times were taken during the folowing
hour before the GRB become undetectable. The weather con-
ditions during the observation were fine, with the Moon about
7◦ below horizon at the time of trigger. The GRB location was
about 11◦ (airmass=5.2) above horizon, rising slowly to about
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18◦ during the first hour after the GRB. Table 1 displays the log
of our observations (see also Fig 1), where the magnitude errors
do not include systematic error of the USNO-B1.0 R1 magni-
tude, which should be<0.1 mag.

The celestial coordinates of the optical counterpart of the
GRB 080413A, determined from our best resolution 2.5m NOT
images are

α = 19h09m11.s76 δ = −27◦40′40.′′6 ± 0.′′3 (J2000),

about 0.6◦E from τSgr. The error amounts to a 1-σ uncertainty
including systematic errors.

4. Data acquisition and reduction

After the reception of the alert, BOOTES-1B automatically ob-
tained a set of 60× 6 s, 48× 20 s and 90× 60 s unfiltered expo-
sures. These exposures were automatically dark-frame and flat-
field corrected. To obtain a good signal-to-noise ratio, some of
the exposures were combined.

Following the detection by BOOTES, the 2.54 m Nordic
Optical Telescope was triggered. Although the weather at La
Palma was not perfect (thick cirrus passing), several exposures
with a good detection of the OT were obtained. The first 300 s
was errorneously obtained in a narrow-band NII filter. Then a
300 s R-band image was obtained. Further, a series of unfiltered
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Fig. 1. The optical and X-ray lightcurve of the afterglow of
GRB 080413A. The lightcurve is fitted as a hyperbolic transition be-
tween two power-law decays (Bouguermanns function) - the plateau
phase and forward shock.

Fig. 2. The neighborhood of the optical afterglow of GRB080413A
taken by BOOTES-1B 60.7s after the GRB (up) and NOT 1 day af-
ter (down). The comparison stars (cf. Table 2) are marked at the latter
image.

spectroscopical acquisition images was taken, but but the wors-
ening weather did not allow for a good spectra to be taken. By
the end of the night, another series of unfiltered images was
obtained. NOT kept observing the position for two following
nights. The optical afterglow was further observed by the 0.6 m
B&C telecope at Mt. John, New Zeland. One month after the
GRB, the position was reimaged and photometrically calibrated
with the 2.54 m Isaac Newton Telescope in the r’ band.

BOOTES-1B (Jelínek et al., 2010) is a 30 cm rapid-response
telescope driven by RTS2 (Kubánek et al., 2004) located at
Centro de Experimentacion de El Arenosillo near Huelva, in
Spain. It uses an unfiltered EMCCD Andor iXon 887 as a de-
tector. With a plate scale of 2′′/pixel it has a field of view of∼
16′ × 16′.

The raw images were dark-frame subtracted using a median
of several dark-frame exposures. Given the significant darkcur-
rent of the camera, the darks were treated separately for each
exposure time. The flat-field correction was then applied using
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Table 1. Optical unfiltered photometric observations of the optical afterglow of the GRB 080413A.

UT Date of mid exp. T − T0[s] Texp[s] filter mag δ mag tel.
2008 Apr 13.121793 63.7 6 C 14.02 0.09 B-1
2008 Apr 13.121886 71.7 6 C 13.98 0.05 B-1
2008 Apr 13.121977 79.6 6 C 14.02 0.06 B-1

...some data removed...
2008 Apr 13.133412 1067.6 4×20 C 15.96 0.07 B-1
2008 Apr 13.134764 1184.4 5×20 C 16.20 0.10 B-1
2008 Apr 13.136250 1312.8 5×20 C 15.89 0.07 B-1
2008 Apr 13.137690 1437.2 5×20 C 16.33 0.11 B-1
2008 Apr 13.139134 1561.9 5×20 C 16.50 0.13 B-1
2008 Apr 13.140774 1703.6 5×20 C 16.30 0.09 B-1
2008 Apr 13.142179 1825.0 5×20 C 16.75 0.13 B-1
2008 Apr 13.146529 2200.9 10×60 C 16.70 0.07 B-1
2008 Apr 13.153694 2819.9 10×60 C 17.08 0.10 B-1
2008 Apr 13.155857 3006.8 180 NII 17.24 0.13 NOT
2008 Apr 13.158959 3274.8 180 R 17.34 0.02 NOT
2008 Apr 13.172279 4425.7 90 C 17.78 0.01 NOT
2008 Apr 13.174941 4655.7 90 C 17.81 0.01 NOT
2008 Apr 13.177962 4916.7 40 C 17.93 0.01 NOT
2008 Apr 13.180533 5138.8 40 C 17.98 0.03 NOT
2008 Apr 13.185452 5563.8 40 C 18.08 0.02 NOT
2008 Apr 13.188367 5815.7 40 C 18.17 0.03 NOT
2008 Apr 13.190763 6022.7 40 C 18.11 0.04 NOT
2008 Apr 13.234727 9821.2 2x300 C 18.86 0.12 NOT
2008 Apr 13.535831 35835 0 R 20.84 0.16 B&C
2008 Apr 14.221936 95116 5×200 R 22.14 0.05 NOT
2008 Apr 15.218093 181184 5×300 R 22.52 0.07 NOT
2008 May 13.121056 2592000 5×600 r′ 22.81 0.10 INT
2011 Aug 29.916324 1.06×108 13×1200 U 23.2 0.2 NOT

Table 2. Secondary calibration standard stars

Star mag Star mag
1 13.043±0.03 6 0.xx±0.0x
2 13.211±0.03 7 1.xx±0.0x
3 12.866±0.03 8 1.xx±0.0x
4 13.xx±0.0x 9 1.xx±0.0x
5 13.xx±0.0x 10 1.xx±0.0x

the median of 40 normalized 1s exposures obtained while mo-
saicing through the twilight sky. The psf-fitting photometry was
done using thedaophot routines in IRAF.1

Photometric calibration was done by establishing secondary
standards in the vicinity of the optical afterglow (see Table 2).
Two stars were calibrated in SDSS-r’ band using the AB magni-
tudes obtained from SDSS DR7 web page. NOT and B&C im-
ages were calibrated against these standards, as well. BOOTES-
1B unfiltered images needed brighter calibration stars. These
were obtained from unfiltered, cloud-affected NOT images. (In
any other images these stars were overexposed.)

The ignorance of a difference between r′ and R band filters is
expected to cause a constant offset in the measured brightness of
the afterglow. However, the size of this offset seems to be small
enough and we decided to ignore it.

All images were astrometrically calibrated using thepast
program in the context of JIBARO (de Ugarte Postigo et al.,
2005), using all sources with more than 10-σ significance from

1 IRAF is distributed by the National Optical Astronomy Observato-
ry, which is operated by the Association of Universities for Research
in Astronomy, Inc., under co-operative agreement with the National
Science Foundation.

the image compared to USNO-B1.0 (Monet et al., 1998) posi-
tions andR1 magnitudes.Past employs a sigma-clipped third-
degree polynomial surface fit.

5. Discussion

5.1. The Host Galaxy

By the second day after the GRB detection, the optical lightcurve
starts to flatten, and a more careful analysis unveils slightposi-
tional offset of the source detected at later times. Careful analysis
of the best resolution images reveals its extended nature, making
it a candidate to a host galaxy.

The measured brightness of this object isr′ = 22.81± 0.10
andU = 23.2± 0.2. Using two images taken by NOT (one from
the first night, and the second 30 days later), we measured thepo-
sitional offset between the afterlow and the supposed host galaxy
as 0.94±0.02".

Applying the chance probabilities of Bloom et al. (2002) that
a galaxy not associated with the GRB (σgx ∼0.5 %) and of (cite
star density study) that any object would be found (σsx ∼1.0 %),
implies a likelihood ofσ ∼99.0 % that the object is a galaxy
related to the GRB. We therefore consider this object the putative
host galaxy.

Using (Kobulnicky, 2010) we estimate a distance modulus
Dm = 46.5± 0.2 for the GRB redshift (z = 2.433,H0 = 71± 7,
ΩM = 0.27,ΩΛ = 0.73). For a roughly estimated host galaxy
spectral slope ofα = −1.0 ∼ −3.0 we derive a k-correction of
∼ 1.8±0.6. Further, the (local) Galactic extinction isAr = 0.435
Schlegel et al. (1998). The redshift ofz=2.433 thus implies an
absolute magnitude -22.3±0.6 for such a host, a brightness cor-
responding to a large elliptical galaxy, with a projected distance
GRB-host 6.9 kpc.



4 Martin Jelínek et al.: An afterglow of GRB 080413A

While a large portion of GRB host galaxies are blue sub-
luminous star forming objects (Savaglio et.al., 2008), it is not
impossible for a large galaxy to be found, especially in caseof
dark GRBs (Rossi et.al., 2012).

5.2. Spectroscopy of the host galaxy

We used Gran Telescopio Canarias equipped with Osiris to ob-
tain a spectra of the host galaxy (see Fig.5.1). The spectra shows
a flat continuum without prominent spectral features excepta
single spectral line which we identify as the Lyman-α line at the
redshift of 2.433.

We used the spectral data to estimate the star formation
rate of the galaxy, using the prescriptions of Dijkstra & Westra
(2010). For the measured intensity of Ly-α line

LLyα = 1.8× 10−17erg s−1m−2

we obtain a lower limit (because of the limited Ly-α escape frac-
tion cf. Atek et. al. (2008))

SFRLyα > 0.5M⊙yr−1.

For the estimation based on the ultraviolet continuum flux. (we
used the flux estimation in the middle of the region suggestedby
Kennicutt (1998))

LUV,1900Å = 1.3× 10−29erg s−1m−2Hz−1

we get the
SFRUV,1900Å = 1.7M⊙yr−1.

5.3. First look at the lightcurve

The optical lightcurve has a rather simple layout – there seems
to be a plateau, with a smooth transition to a steeper decay. This
decay seems to be common with the slope observed in X-rays.
During the transition, there is an indication of steps, suggesting
weak reenergization of the ejecta.

The X-ray afterglow lightcurve, as mentioned by Marshall
et al. (2008) has two phases: an early steep decay, which
is supposedly associated with an internal shock emission of
the gamma-ray burst itself, and a later, rather more shallow
lightcurve of the afterglow emission.

Marshall et al. (2008) also mentions a detection of an X-ray
flare at T0+5000s. We examined the data obtained by the 2.5 m
Nordic Optical Telescope, by coincidence taken at the same time
interval for a possible optical counterpart of such a flare without
positive detection. The optical emission follows a smooth power
law with no sign of a bump.

5.4. Through lightcurve modelling

The optical lightcurve data recorded by BOOTES show, apart of
the general transition between two decay phases, two less promi-
nent bumps. We show that they can be modeled as energy injec-
tions, following Jóhanesson et al. (2006). Our optical afterglow
data is fitted simultaneously together with the X-ray data from
Swift/XRT. The model only reproduces the afterglow, so the op-
tical points affected by the host galaxy (from the second night
on), as well as the flarig-phase X-ray data (i.e. until 176 s) are
not used. While modelling, we assumed ???. The fit was per-
formed in both ISM and Wind density profiles, and for different
numbers of Injections. The best fit was reached with an initial
shock followed by 2 refreshed shocks in the stellar wind profile.
Parameters of this best fit are shown in Table 3.

Note that we did not use any color information - all the opti-
cal data used were unfiltered. The model, however, repeats well
the observed multicolor behaviour measured by (Cobb , 2008).

Table 3. The 2-injection, wind profile model parameters. The injection
energiesE1 andE2 are in units ofE0, the initial energy. Other model
parameters are: the half opening angleθ0, the electron density indexp,
the fraction of internal energy stored in electrons after accelerationǫi,
the fraction of internal energy stored in the form of magnetic fieldǫB
and the wind parameterA∗.

Parameter Value
E0 0.8×1050 erg
E1 (1.6 min) 0.5E0

E2 (8.3 min) 0.9E0

θ0 1◦

p 1.92
ǫi 0.002
ǫB 0.02
A∗ 0.4

6. Conclusions

An early GRB optical lightcurve observed with an initially shal-
lower (plateau) and a later steeper (α 1.33±0.05) decay. Fits with
two energy injections. Profile seems to be a stellar wind. No op-
tical emission related to the X-ray flare detected. In contrast to
the majority (cite a general GRB host study), the GRB 080413A
seems to have happened in the outskirts of a large spiral or an
elliptical galaxy. With a brightness ofr′ = 22.8± 0.1 this object
could be suitable for spectroscopy.
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Fig. 3. The spectrum of the GRB 080413A host galaxy. Note the Ly-α line on the far ultraviolet (left) side of the spectrum.
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