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Abstract. We present a comprehensive multiwavelength analysis of the bright, long duration 
gamma-ray burst GRB 070125, comprised of observations in y-ray. X-ray, optical, millimeter and 
centimeter wavebands. Radio light curves show rapid flux variations, which are interpreted as due 
to interstellar scintillation, and are used to deriveanupperlimit of 2.4 x 10^'' cm on the radius of the 
fireball. Radio light curves and spectra suggest that the afterglow shock wave is moving in a dense 
medium. Our broadband modeling favors a constant density profile for the circumburst medium 
over a wind-like profile (R^^). GRB 070125 is a burst with high radiative efficiency (> 60%). 
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INTRODUCTION 

GRB 070125 was discovered by the Inter Planetary Network (IPN) of GRB detectors at 
07:20:45 UT 25 January 2007 [1]. The Swift BAT detected the burst four minutes after 
the event, which enabled follow-up observations to identify the bright X-ray and optical 
afterglow. In this paper, we present multiwavelength observations of GRB 070125. Its 
bright afterglow has allowed us to follow the GRB until day 350 and obtain the most 
extensive radio data in the Swift era, coupled with well-sampled X-ray and optical light 
curves indicative of a jet break. Together with the well characterized prompt emission 
extending beyond 1 MeV [2], GRB 070125 is truly a rare event. 

OBSERVATIONS 

X-ray and optical observations 

The X-ray Telescope (XRT; Burrows et al. 3) on board Swift began observing the field 
of GRB 070125 46 ks after the burst trigger [4]. The X-ray spectrum is well-fit by a 
power-law model with a photon index F = 2.1 ± 0.3 [4]. The XRT continued to monitor 
the X-ray afterglow of GRB 070125 over the course of the next two weeks. We obtained 
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time on the Chandra X-ray Observatory to observe the X-ray afterglow of GRB 070125 
at very late times, which resulted in an upper limit. 

In response to the IP'N-Swift localization, we began observing the field of GRB 
070125 with the automated Palomar 60-inch telescope (P60; Cenko et al. 5) on the night 
of 2007 January 26. Inspection of the first images revealed a bright, stationary source at 
a = 07 51 17.75, 5 = +31 09 04.2 (J2000.0) [6], not present in the Sloan Digital Sky 
Survey (SDSS) images of the field [7]. We continued to monitor the afterglow of GRB 
070125 with the P60 in the Kron R and Sloan;' filters for the following four nights, until 
the afterglow faded below our sensitivity limit. 

Centimeter and sub-millimeter band observations 

We obtained director's discretionary time for observations in the 1.2-mm band (250 
GHz) at the Max-Planck Millimeter Bolometer Array (MAMBO), installed at the IRAM 
30 m telescope on Pico Veleta, Spain. Our observations took place on 2007 January 30 
and we detected the afterglow of GRB 070125 at a flux density of 3.14 ±0.59 mJy. We 
monitored the afterglow regularly until it had dropped below the instrumental sensitivity. 
Observations were also obtained on four occasions at 95 GHz using the Combined Array 
for Research in Millimeter-wave Astronomy (CARMA). The GRB was detected twice. 

The earliest measurement of the radio flux density was taken from the Westerbork 
Synthesis Radio Telescope (WSRT) in 5 GHz band by van der Horst [8]), just 1.5 days 
after the burst. A 2—C7 upper limit on the 5 GHz flux density of i ^ < 174^Jy was 
obtained. Shortly thereafter, we triggered Very Large Array (VLA) observations of the 
field. Our first measurement at 8.46 GHz, four days after the explosion, resulted in a 
strong detection [Fy = 360±42^Jy; 9]. We followed the GRB until day 342 since 
explosion in aU VLA bands. 

RESULTS 

Scintillation 

We obtained long-duration observations of the afterglow of GRB 070125 at 8.5 GHz 
on three separate occasions: February 7 (5.5 hour duration), February 8 (4 hour dura
tion), and February 14 (8 hour duration). The data were split into 20 minute blocks and 
imaged in order to extract information on the fast variability of the source. GRB 070125 
exhibits flux density variations with a significance exceeding 99.8% on each of the three 
epochs. While the short baseline hindered a definitive determination, we tentatively iden
tify breaks at AT « 6 x 10^, 7 x 10^ and 9 x 10^ s at the three occasions, respectively. 

The interpretation of the variability depends on whether the scintillation occurs in the 
weak or strong regime. Strong scintillations require that the so-called Fried parameter 
(coherence length scale, Sd) be smaller than the Fresnel size (rp), and is possible only 
for sources smaller than A/sj . These lead to the following two conditions [10]: 

V < 13.4(SM/10"^- ' ' 'm-20/3kpc)6/17(£,^^^/] jp( ,)5/17 G H Z = Vss (1) 
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0d = 6.5(v/8.46GHz)-"/^(SM/lO-^-'''m-2O/3kpc)3/5 ^as < Vc/2;rvDscr, (2) 

where SM is the scattering measure and Z3scr is the effective distance to the scattering 
material. To determine this, we first estimate the scattering distance and the scattering 
measure using the formulation of Cordes and Lazio [11]. Given the Galactic coordinates 
of GRB 070125, {l,b) = (189.4,25.6), the expected SM is \Q-^'^'>mr'^^l^k^c and the 
effective distance to the scattering material is Z3scr = 0.84kpc. For these parameters, the 
critical frequency obtained from Eq. 1 is 12.7 GHz. These parameters also satisfy the 
condition of Eq. 2. However, Strong scintillation can be diffractive as well refractive in 
nature. The size limit for a source to exhibit diffractive scintiUation {0\) is [10]: 

01 = 1.2(v/8.46GHz)*^/^(Z3scr/kpc)-'(SM/10-^-'''m-20/3kpc)-3/5 ^^s. (3) 

For actual size of the source, 9s, Bs<9\. Diffractive scintillation occurs when 9d> 9\, 
which is indeed the case for GRB 070125 using the parameters discussed above. This 
equation gives upper limit on the radius of the source as < 2.4 x lO'^ cm. 

Broadband modeling 

Here we combine all the observations of GRB 070125 in an attempt to derive a 
comprehensive model of the entire afterglow evolution. Full details of the model can 
be found in Yost [12] and Yost et al. [13]. We ignore aU data before t =\& due to the 
possibility of late-time energy injection. We fit the data using both wind like as well 
as constant density profiles. In terms of x^ and the model-fit statistic, the wind model 
does a slightly better job than the ISM model. However, the resulting best-fit parameters 
for the wind model are largely unphysical. The extremely small isotropic afterglow 
kinetic energy (£'52 « 0.3) compared to the 7-ray isotropic energy is also troubling. The 
magnetic field fraction required reaches 100% in this model. 

The ISM model gives values of various parameters closer to the ones obtained from 
our simple analytical models. The isotropic kinetic energy ('-̂  8 x 10^^ erg)is much 
smaller than the isotropic gamma-ray energy obtained from the Konus-Wind/RHESSI 
fluence (lÔ ** erg). This may indicate that either there are high radiative losses at early 
times or the prompt emission is rather efficient with an extremely high value of 77 y. 

In Figure 1, we plot the broadband spectra from radio to X-ray at various times of the 
afterglow evolution. They are represented well with our models. Both the wind and ISM 
environments seem to do an equally good job. 

CONCLUSION 

GRB 070125 is one of the brightest GRBs ever detected, both in terms of its prompt 
high-energy fluence and its optical and radio afterglows. This is the most extensively 
followed GRB in multiwavebands in the Swift era. The richness of the data allowed us 
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FIGURE 1. Broad band spectra at various days. The thick sohd line is the ISM model and the thin solid 
line represents the Wind model. The peak flux density is well constrained due to submm observations. 

to derive many important properties of the GRB and place useful constraints on many 
parameters. The radio data gave evidence for diffractive scintillations, which gave an 
upper limit on the size of the fireball. This estimate of the fireball size is consistent 
with the one obtained from the broadband modeling in a constant density medium. The 
parameter values in the ISM model are more robust and change little with little change 
in the input values, unlike the wind model which is rather unstable. In both the ISM and 
the wind models, the radiative efficiency of the GRB is very high (> 60%). 
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