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ABSTRACT

A long and intense y-ray burst (GRB) was detected by INTEGRAL on 11 July 2012 with a duration of ~115s and fluence of
2.8 x 10~* ergcm™2 in the 20 keV—8 MeV energy range. GRB 120711A was at z ~ 1.405 and produced soft y-ray emission (>20keV)
for at least ~10ks after the trigger. The GRB was observed by several ground-based telescopes that detected a powerful optical flash
peaking at an R-band brightness of ~11.5mag at ~126s after the trigger, or ~9th magnitude when corrected for the host galaxy
extinction (Ay ~ 0.85). The X-ray afterglow was monitored by the Swift, XMM-Newton, and Chandra observatories from 8 ks to 7 Ms
and provides evidence for a jet break at ~0.9 Ms. We present a comprehensive temporal and spectral analysis of the long-lasting soft
y-ray emission detected in the 20—200 keV band with INTEGRAL/IBIS, the Fermi/LAT post-GRB detection above 100 MeV, the soft
X-ray afterglow and the optical/near-infrared detections from Watcher, Skynet/PROMPT, GROND, and REM. The prompt emission
had a very hard spectrum (Epc;x ~ 1 MeV) and yields an E,;, ~ 10°* erg (1keV—10MeV rest frame), making GRB 120711A one
of the most energetic GRBs detected so far. We modelled the long-lasting soft y-ray emission using the standard afterglow scenario,
which indicates a forward shock origin. The combination of data extending from the near-infrared to GeV energies suggest that the
emission is produced by a broken power-law spectrum consistent with synchrotron radiation. The afterglow is well modelled using a
stratified wind-like environment with a density profile k ~ 1.2, suggesting a massive star progenitor (i.e. Wolf-Rayet) with a mass-loss
rate between ~107°-107% M, yr~! depending on the value of the radiative efficiency (, = 0.2 or 0.5). The analysis of the reverse
and forward shock emission reveals an initial Lorentz factor of ~120-340, a jet half-opening angle of ~2°—5°, and a baryon load of
~1073-107% M, consistent with the expectations of the fireball model when the emission is highly relativistic. Long-lasting soft y-ray
emission from other INTEGRAL GRBs with high peak fluxes, such as GRB 041219A, was not detected, suggesting that a combination
of high Lorentz factor, emission above 100 MeV, and possibly a powerful reverse shock are required. Similar long-lasting soft y-ray

emission has recently been observed from the nearby and extremely bright Fermi/LAT burst GRB 130427A.

Key words. gamma-ray burst: individual: GRB 120711A — gamma-ray burst: individual: GRB 041219A — gamma-ray burst:

individual: GRB 130427A

1. Introduction

Gamma-ray bursts (GRBs) are the most luminous explosions in
the Universe and have central engines that drive the outbursts
in highly relativistic jets (e.g. Mészaros 2006). The durations
of GRBs vary from milliseconds to hundreds of seconds with a
few rare cases lasting more than 1000s (e.g. Giblin et al. 2002).
Long-lasting hard X-ray/y-ray (>10keV) emission from GRBs
has been observed on several occasions with detections of up to
~4000s (e.g. Connaughton 2002; Giblin et al. 2002). Evidence
of emission up to ~1000s after the trigger has been revealed

* Appendix A is available in electronic form at
http://www.aanda.org

Article published by EDP Sciences

with BATSE (Connaughton 2002) and Fermi/GBM (Fitzpatrick
2012) by stacking a large sample of long GRBs. Recently, Swift
has observed several very long GRBs with prompt emission that
lasted thousands of seconds, which seem to be part of a new
population of ultra-long GRBs that might arise from progeni-
tors different from those of standard GRBs (Levan et al. 2014).
This population includes GRB 101225A (Thone et al. 2011;
Levan et al. 2014), which lasted >1.7ks in the 15-150 keV
band; GRB 111209A (Gendre et al. 2013), which was active for
about 25 ks in the 0.3—10keV energy band and is considered the
longest GRB ever observed; GRB 121027A (Peng et al. 2013;
Wau et al. 2013; Levan et al. 2014), whose X-ray flaring activ-
ity lasted ~10%s in the 0.3—10keV band; and GRB 130925A,
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which showed highly variable y- and X-ray emission extending
over ~20ks (Evans et al. 2014). These GRBs can be interpreted
as the tail of the distribution of long GRBs (Virgili et al. 2013).

Since its launch, Swift (Gehrels et al. 2004) has helped to
unravel the properties of early GRB afterglows in the X-ray
and optical bands by providing fast localisations and extensive
monitoring of X-ray afterglows up to ~107 s after the burst trig-
ger (e.g. Nousek et al. 2006; Grupe et al. 2007, 2010). X-ray
light curves are normally well sampled in the 0.3—-10keV en-
ergy range with a canonical shape consisting of 4-5 segments
with different decay slopes (e.g. Nousek et al. 2006; Zhang et al.
2006). During the early parts (<100—1000s post-trigger), the
X-ray light curves are characterised by a fast-decaying phase
commonly associated with high-latitude emission (e.g. Zhang
et al. 2006; Genet & Granot 2009). This may be followed by
a plateau phase that can be interpreted as late energy injection
either from long-lived activity of the central engine (e.g. Zhang
et al. 2006) or from the reverse shock (e.g. Uhm & Beloborodov
2007; Genet et al. 2007; Leventis et al. 2014). During these
two phases and especially in the initial fast-decaying segment
(Chincarini et al. 2010; Bernardini et al. 2011; Margutti et al.
2011), many GRBs have soft X-ray flares (e.g. Burrows 2005).
The spectral lag-luminosity relationship observed in these X-ray
flares may provide a link to the prompt emission (e.g. Margutti
et al. 2010). At the end of the plateau phase the X-ray GRB
afterglow decay steepens in a manner consistent with forward
shock emission that becomes dominant, signalling the end of
the prompt emission. The afterglow emission is then well de-
scribed by synchrotron emission from the interaction of the for-
ward shock with the surrounding medium (e.g. Sari et al. 1998;
Chevalier & Li 2000; Granot & Sari 2002; Zhang et al. 2006). At
late times (a few days), some GRBs show additional steepening
that is consistent with either a jet break (e.g. Frail et al. 2001;
Racusin et al. 2009) or shocks that no longer have sufficient en-
ergy to accelerate electrons that radiate in the 0.3—10keV energy
band (Sagi & Nakar 2012).

Long-lived soft y-ray emission (above 10keV) from indi-
vidual GRBs has been reported in only a few cases. For ex-
ample, Burenin et al. (1999a,b) observed emission for ~1000s
in the 35-300keV energy range from GRB 920723 using the
GRANAT/SIGMA observatory. Emission up to 60keV was
also detected from GRB 990123 using BeppoSAX (Maiorano
et al. 2005). Using the INTEGRAL observatory, Grebenev
& Chelovekov (2007) observed emission for about 20s after
the prompt emission had ended for GRB 060428C using IBIS
(20-200keV). In the cases of GRB 980923 (Giblin et al. 1999)
and GRB 110918A (Frederiks et al. 2013), spectral evidence was
found that supports an external/forward shock origin for these
y-ray emission tails. Recently, Martin-Carrillo & Hanlon (2013)
reported emission of up to ~270s after the end of the prompt
emission using INTEGRAL/JEM-X (hereafter JEM-X) in sev-
eral GRBs of the INTEGRAL sample.

Before the launch of Fermi (De Angelis 2001), long-lasting
GeV emission was observed by EGRET from GRB 940217,
with no corresponding emission at lower energies (Hurley et al.
1994). However, Fermi has now detected high-energy emission
from several GRBs up to ~1000s after the trigger, which is
well modelled by an external shock mechanism at late times
(100-1000s post-trigger) (e.g. Kumar & Barniol Duran 2009;
Ghisellini et al. 2010). These GRBs are characterised by pho-
ton indices ~2, and Ej, between ~2 x 10°2erg for GRBs
with redshift <1.2 and ~>10%*erg for GRBs at higher redshifts
(Ackermann et al. 2013).
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In this paper, the characteristics of the long-lasting emis-
sion in GRB 120711A are described. This is the first GRB ob-
served to have both long-lasting soft y-ray emission and to be
detected at GeV energies. The characteristics of GRB 120711A,
the observations, and the data analysis are described in Sect. 2.
The temporal and spectral results are given in Sect. 3 and are
described using afterglow models in Sect. 4. The physical pa-
rameters derived from the best-fit model are given in Sect. 5.
In Sect. 6, these results are compared with those obtained from
other GRB observations, and a summary and conclusions are
presented in Sect. 7.

The dependence of the flux on frequency, v, and time, ¢, is
described throughout by F, oc v#1~, where f3 is the spectral
energy index that is related to the photon index, I', by I' = 8 +
1. Thus, in this paper, a negative power-law index corresponds
to a rising slope. All errors are quoted at the 1o level for one
parameter of interest. The cosmological parameters considered
are Hy = 70kms™! Mpc‘l, Qum = 0.27, and Qp = 0.73. When
appropriate, the notation Q, is equivalent to Q x 10%.

2. GRB 120711A: observations and data analysis

At 02:44:48 UT (Tp) on 11 July 2012, an extremely bright and
long GRB was detected by INTEGRAL (RA =06h18m48.7s,
Dec=-71°00'04", Gotz et al. 2012). Most unusually, the burst
also had long-lasting emission up to ~1200s after the trigger
that was detected by both INTEGRAL/IBIS-ISGRI (hereafter
IBIS) and INTEGRAL/SPI (hereafter SPI) in the 20-50keV
energy range (Bozzo et al. 2012; Hanlon et al. 2012, respec-
tively). The burst was rapidly followed by several telescopes.
Fermi/LAT observations started ~300s after the trigger and
emission was detected up to 2GeV (Tam et al. 2012; Kocevski
et al. 2012). Robotic optical telescopes detected a rapidly bright-
ening optical counterpart, peaking at magnitude ~12 in the R
and V bands (LaCluyzé et al. 2012) while the burst was still
in progress. Spectroscopic observations of the optical afterglow
using the Gemini-S Telescope derived a redshift of 1.405 for
GRB 120711A (Tanvir et al. 2012). A 30 radio upper limit of
96 uJy at 34 GHz using ATCA was reported at 3.78 days after
the GRB by Hancock et al. (2012). No significant emission or
absorption lines were found in the X-ray spectrum obtained with
XMM-Newton 20 h after the GRB trigger (Giuliani & Mereghetti
2014).

2.1. INTEGRAL data

The ESA INTEGRAL observatory (Winkler et al. 2003)
contains three high-energy instruments: IBIS, sensitive
from ~20keV to ~1MeV (Lebrun et al. 2003); a high-
resolution spectrometer SPI, sensitive in the 20keV-8 MeV
energy range (Vedrenne et al. 2003); and two X-ray monitors,
JEM-X, operating in the 3—-35keV energy range (Lund et al.
2003). All three high-energy instruments have coded masks and
operate simultaneously with the same pointing axis. However,
the fields of view (FoV) are different for all instruments, with
JEM-X having the lowest value of ~5°. INTEGRAL obser-
vations normally consist of a series of pointing observations
(science windows) of duration ~3.5ks (~1 h). Data from the
region of GRB 120711A are available from one hour before the
trigger to 12 h after the burst. The high intensity of the burst
resulted in many telemetry gaps during the prompt emission
phase in the IBIS data. Therefore we only used data from the
SPI instrument for the analysis of the prompt emission. The
large off-axis angle (9.5°) of the GRB at which the burst was
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Table 1. X-ray observations of GRB 120711A.

Satellite ObsID Start time Start  Exposure Net counts Observed flux
(UTC) (ks since Ty) (ks) (x1072counts/s) (0.3-10keV, ergcm™2s7")

Swift 00020223001  2012-07-11T05:03:27 8.34 0.3 857+ 18 (3.7+0.1)1071°
Swift 00020223002  2012-07-11T06:49:05 14.64 1.0 87+3 (1.25+0.07) 10710
Swift 00020223003  2012-07-11T11:06:23 30.12 8.0 35+1 (1.9+0.1) 107"
Swift 00020223004  2012-07-11T17:31:07 53.16 9.2 6.2+0.3 (3.0+0.2)10712
XMM-Newton 0658401001 2012-07-12T00:53:35 79.74 40.0 105.8 £0.3 (5.90+0.05) 10712
Chandra 13794 2012-07-24T03:33:18 1126.14 9.9 1.21+0.12 (1.07 +£0.20) 10713
XMM-Newton 0700380701 2012-07-28T20:42:08 1533.42 28.0 1.6+0.1 (5.1+£0.4)1074
Chandra 14469 2012-07-31T10:15:09 1755.0 19.8 0.65 +0.06 4.4+0.5)1071
XMM-Newton 0700380801 2012-08-15T08:36:19 3045.12 38.0 0.33+0.04 (1.0+0.1) 1074
Chandra 15541 2012-09-25T14:33:27 6608.94 40.5 0.06 +0.02 4.2+1.5)1075
Chandra 13795 2012-09-30T21:55:40 7067.46 40.5 0.07 +0.02 (34+1.5)1075

observed precluded observations with JEM-X until ~T( + 6 ks,
where T is the trigger time. All INTEGRAL analysis was
performed with the Offline Science Analysis (OSAv10)'.

2.2. Swift observations

Swift started observing GRB 120711A at ~Ty + 8ks, with the
XRT instrument (Burrows et al. 2005). Data were collected in
the window-timing mode for the first package and in photon-
counting mode for the remaining observations. The data were
analysed using standard procedures through the xrtpipeline
and the latest version of the calibration files (Burrows et al.
2005), and following the procedure described in Evans et al.
(2007, 2009). Because of orbital constraints, Swift was unable
to monitor the source after ~Ty + 200 ks. The list of all XRT ob-
servations of GRB 120711A considered in this analysis is shown
in Table 1.

2.3. XMM-Newton observations

A target of opportunity was activated with XMM-Newton (Jansen
et al. 2001) ~22h after the trigger for a duration of ~50ks.
The first 10ks of this observation was not considered because
of the high background level. Two more XMM-Newton observa-
tions were granted (PI. Martin-Carrillo) to observe the late after-
glow emission (>T + 1 Ms). The data from all EPIC cameras,
one pn (Striider et al. 2001) and two MOS (Turner et al. 2001),
were analysed using the Science Analysis Software, SASv13?
including the latest version of the calibration files. To help con-
strain the spectral parameters, the information from all instru-
ments was combined for each observation. In all cases, source
and background regions of 20" were taken to extract the source
data. Standard filtering and screening criteria were then applied
to create the final products. Table 1 summarises the key observa-
tional parameters.

2.4. Chandra observations

Four late follow-up observations (>7y + 1Ms) performed
by Chandra (Weisskopf et al. 2002) are publicly available
(Table 1). All observations were performed with the ACIS-S
CCD (Garmire et al. 2003) in timed exposured/faint (TE-F)
mode. The data were analysed using the latest version of the

' http://www.isdc.unige.ch/integral/analysis
2 http://xmm.esac.esa.int/sas/

Chandra Interactive Analysis of Observations, CIAOv4.5 and
the calibration database CALDBvV4.5.9. The source and back-
ground regions were extracted in all the cases from a 3" cir-
cle centred on the GRB coordinates and close-by source-free
regions.

2.5. Fermi/LAT observations

The Fermi/LLAT detector (Atwood et al. 2009) observed the field
of view of the GRB from ~T( + 300s until ~T + 1.1ks, when
the position of the burst was occulted by Earth. A second set
of observations was made after the occultation phase between
~Tp+2.5ks and ~T(+7.2 ks. Because of background constraints,
only photons with energies above 100 MeV were used in this
analysis.

2.6. Watcher observations

The Watcher robotic telescope is located at Boyden Observatory
in South Africa (French et al. 2004). The 40 cm telescope is
equipped with an Electron Multiplying CCD (EMCCD) Andor
iXon camera with a field of view of 8’ X 8’. The EMCCD camera
can operate in a high-gain mode as well as in conventional mode.
In the high-gain mode, photoelectrons go through an avalanche
process with a gain of up to a factor of 255, permitting frames to
be co-added without a read noise penalty.

Watcher began observing the field of GRB 120711A with
a clear filter 60s after the GRB trigger using 5s exposures
with EMCCD mode on and subsequently 30s exposures with
EMCCD mode off. The data were analysed using the standard
photometry pipeline developed for this telescope (Ferrero et al.
2010). After ~Ty + 200s, the images were stacked until a 30
detection was obtained. The source was calibrated in the R-band
using the same nearby standard stars as PROMPT (Sect. 2.7).
Magnitudes were taken from the USNO-B catalogue. The differ-
ence between the GRB afterglow spectrum and the reference star
spectrum in the transformation from the clear filter to R-band
typically results in a shift of ~+0.15 magnitudes. The result-
ing error in magnitude includes the error in the calculation of
the zero-point, sky background, and read-noise of the camera. In
the EMCCD mode, the contribution from read-noise is negligi-
ble. An additional correction of +0.35 mag was applied to the
calculated R-band Watcher magnitudes to match the PROMPT
R-band data. This final adjustment was to simultaneously fit the
light curve with both data sets. The shift arises from applying

3 http://cxc.harvard.edu/ciao/
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Table 2. Summary of optical/NIR observations of GRB 120711A.

Telescope Start time  Time span  Filter ~Number of
(s since T) (ks) detections
Watcher 60 2 Clear 15
PROMPT3 67.4 161 B 14
PROMPT1 38.9 74 \%4 21
PROMPT4 68.3 187 R 25
PROMPTS 7154.8 179 I 14
REM 279 7 H 11
GROND 21160 350 g 25
GROND 21160 350 r 25
GROND 21160 350 i’ 25
GROND 21160 350 4 25
GROND 21160 350 J 25
GROND 21160 350 H 24
GROND 21160 350 K 23

different transformations (clear to R-band in the case of Watcher
and 7’ to R-band in the case of PROMPT) and the use of dif-
ferent catalogues in the photometry pipeline of each telescope
(USNO-B and APASS). The optical observations presented in
this paper are summarised in Table 2. The observational log is
given in online Table A.1.

2.7. Skynet/PROMPT observations

Skynet/PROMPT (Reichart et al. 2005) consists of twelve
Ritchey-Chrétien telescopes of diameters ranging from 0.41 m to
0.80m located at the Cerro Tololo Inter-American Observatory
(CTIO) and Siding Spring Observatory. These telescopes are
designed to respond quickly to GRB alerts and perform
quasi-simultaneous multi-filter observations in the optical/near-
infrared (NIR) band. Four PROMPT telescopes (see Table 2)
were used to monitor the optical afterglow of GRB 120711A
from Tp+39 s. The photometry in the BVRI bands was calibrated
using four stars from the APASS DR7 catalogue (Henden et al.
2011). Since APASS was created using the BVg'r’i’ filters, trans-
formations to convert the ' and i magnitudes into the R and
I filters are required. The observational log is given in online
Table A.2.

2.8. GROND observations

GRB 120711A was observed in three sets of observations
spanning 350ks in total (see Table 2) with the seven-
channel Gamma-Ray burst Optical and Near-infrared Detector
(GROND) mounted on the 2.2 m MPG/ESO telescope stationed
in La Silla, Chile (Greiner et al. 2008). The first epoch (reported
by Elliott et al. 2012) was delayed by several hours because the
position of the GRB was very southerly and lay close to the Sun,
so that it only rose above the pointing limit of the telescope near
morning twilight. Even so, all observations were obtained at a
high airmass and under mediocre to poor seeing conditions.
The GROND optical and NIR image reduction and photom-
etry was performed by calling on standard IRAF tasks (Tody
1993) using the custom GROND pipeline (Kiipcii Yoldas et al.
2008), similar to the procedure described in Kriihler et al.
(2008). Optical photometric calibration was performed relative
to the magnitudes of over forty secondary standards in the GRB
field. During photometric conditions (more than a month after
the GRB occurred, to allow observations at lower airmass), an
SDSS field (Aihara et al. 2011) at RA (J2000) = 06:59:33.6,
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Dec (J2000) = —17:27:00 was observed within a few minutes
of the observations of the GRB field. The obtained zero-points
were corrected for atmospheric extinction and used to calibrate
stars in the GRB field. The apparent magnitudes of the afterglow
were measured with respect to these secondary standards. The
absolute calibration of JHKs bands was obtained with respect
to magnitudes of the Two Micron All Sky Survey (2MASS) cat-
alogue using stars within the GRB field (Skrutskie et al. 2006)
and converted to AB magnitudes. The observational log is given
in online Table A.3.

2.9. REM observations

Early-time NIR data starting 129 s after the GRB trigger (see
Table 2) were also collected using the 60 cm robotic telescope
REM (Zerbi et al. 2001; Covino et al. 2004) located at the
European Southern Observatory (ESO) La Silla observatory
(Chile). The data were reduced by using standard procedures and
calibrated by isolated unsaturated 2MASS stars in the field. The
observational log is given in online Table A.4.

3. Results
3.1. Prompt emission

As shown in Fig. 1, GRB 120711A was a long and bright GRB
with a Tgy of ~115s in the SPI 20—200keV energy range. It had
a peak flux of 32phcm™2s~! in the 20keV-8 MeV band and
27phcm=2 57! in the 20-200keV band. The burst consisted of a
hard precursor followed by a soft flare at ~Ty +40 s, mostly visi-
ble below 50keV, and then ~60 s of long multi-peaked and over-
lapping pulses with emission above 1 MeV (Fig. 1). The prompt
emission was analysed using only SPI data because of significant
telemetry gaps in IBIS due to buffer saturation.

The time-averaged spectrum over the Tg9y emission is best
fit using a power-law with exponential cutoff (y?/d.o.f. = 35/30)
with photon index I', of 1.05 + 0.02 and a peak energy of
1130%)3' keV, making it the hardest GRB (in terms of peak
energy) triggered by INTEGRAL (Foley et al. 2008; Vianello
et al. 2009). The total fluence measured over Tyy is (2.8 =
0.4) x 10~*ergecm™ in the 20keV—-8 MeV energy band, and
(4.4+0.5)x 107 erg cm~2 in the 20-200keV band.

3.2. Post-GRB emission properties
3.2.1. Temporal analysis

The background-subtracted IBIS light curve in four energy
bands (20-40keV, 40—-60keV, 60—-100keV and 100-200keV)
is shown in Fig. 2 with a bin size that increases with time up to a
highest value of 1ks. The emission is detected above 3¢ in each
time bin for ~10ks in the 20-40keV band and up to ~2 ks in the
60—100keV band. Emission at the 5o~ level in the 20—-40keV en-
ergy band is found at even later times by combining IBIS data
from three science windows from 7To+10ks to Ty + 27.8 ks.

The data in all four energy bands can be fit using a series
of smoothly connected power-laws (see Appendix A of Schulze
et al. 2011), where the simplest model (single power-law) is ini-
tially used and additional power-law segments are added when
necessary (Margutti et al. 2013). The best-fit temporal parame-
ters for the four energy bands are given in Table 3. All energy
bands show a short steep decay that ends at ~T + 140 (Fig. 2).
This steep decay phase is followed by a slower decay, which
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12000 ! ' ' !
IBIS/ISGRI 20-200 keV

7540 -20 0 20 40 60 80 100 120 140 160 180
Time since trigger (s)

Fig. 1. Energy-resolved light curves of GRB 120711A. The top panel
shows the 20-200keV IBIS light curve that is severely affected by
telemetry gaps. The lower panels show the SPI light curves in five en-
ergy bands. In all cases, the light curves are binned over 1 s. The vertical
dashed line at 7)) + 115 s represents the end of the Ty duration.

20—40 keV (x 10)
40—60 keV (x 8)
60—100 keV (x 3)
100—200 keV 3

H > *

Counts/s
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Fig. 2. Energy-resolved IBIS light curves of GRB 120711A with a max-
imum bin size of 1ks. The solid lines represent the best-fit model to the
data. In all cases, the light curves show the temporal behaviour in each
band up to the time of the last significant detection (30~ above back-
ground). The upper three curves are re-normalised for display purposes.

may then break again depending on the energy band considered
(Fig. 2).

In the softest energy band, 20—40keV, the best fit consists
of three power-laws (y?/d.o.f.=63/52). The F-test probability
of a chance improvement of this model is 3 X 107% (>40) over
one with a single temporal break (y?/d.o.f.=123/58) and 10~

Table 3. Best-fit temporal parameters for the long-lasting emission from
GRB 120711A observed with IBIS.

Param. 20-40 40-60 60—100 100-200
(keV) (keV) (keV) (keV)
@y, 10.0 = 0.6 6+1 10 + 1 16+5
foeacr () 140 £5 14214  133+10 141 +15
@ya 0.26 +0.30 1.00+0.05 0.86+0.05 0.85+0.07
foeak2 (8) 283436 500 + 250 - -
3 1.13+0.04 15+06 - -
Yo, 63/52 27/23 12/17 10/9

(>30) over a model with two breaks (y%/d.o.f.=98/56). The
40-60keV energy range is best fit using a two-break model
(¥*/d.o.f.=27/23), with an F-test probability of chance im-
provement of 2.5x 1073 (~307) over a single-break model
(x?/d.o.f.= 51/26). Although not required statistically, the model
derived from the IBIS 20—40keV band can also adequately de-
scribe the higher-energy light curves. The observed differences
may be caused by the reduced temporal sensitivity above 40 keV.

All the X-ray data share a common energy band
(0.3—-10keV), and thus are fit as a single data set as shown in
Fig. 3. The spectrum from the whole Swifti/XRT-PC data set
(see Table 4) is used to convert count rates to flux units assum-
ing no spectral evolution during the afterglow phase. This re-
sults in a best fit consisting of a broken power-law (y?/d.o.f. of
116/96) with break time fpreqx 3 = 860 £ 500 ks and temporal in-
dices ax; = 1.65 +0.04 and ax, = 1.96 + 0.22. The F-test
probability for this model compared with a single power-law de-
cay (y?/d.o.f. of 129/98) is 6 x 1073 (~30). It should be noted
that the large error on the break time is mainly due to the lack of
X-ray data from ~Ty + 200ks to ~T + 1 Ms. Figure 4 shows the
flux density light curve post-GRB using data from IBIS in the
20—-40keV energy band, Swift/XRT, XMM-Newton, Chandra,
Fermi, and optical data from Watcher, PROMPT (both using the
R-filter band), and GROND in the ' band. The Fermi/LAT data
is best fit using a single power-law decay with index apemi =
1.30 + 0.13, consistent with temporal decays for long-lasting
emission observed by Fermi/LAT (Ackermann et al. 2013).

Thus, the post-GRB emission from X-rays to y-rays shows
four distinct temporal segments as shown in Fig. 4, determined
by the break times obtained from the two high-energy temporal
fits.

The multi-band optical/NIR light curve plotted in Fig. 5
shows a fast-rising optical flash peaking at an R brightness
of ~11.5mag ~Ty + 126s. The peak is followed by a steep de-
cay that seems to break at later times. The behaviour of the op-
tical/NIR light curve after ~T + 10ks is complex, with small
fluctuations especially evident in the R-filter. In fact, during the
second epoch of GROND observations, the optical/NIR after-
glow seems to re-brighten in all filters, indicating late activity on
top of the standard afterglow decay.

Little or no colour change is seen throughout the entire op-
tical/NIR observing campaign. Therefore we fit the optical/NIR
data using the R-band only where the light curve is best sampled
by combining Watcher and PROMPT data. For times <7 + 1 ks,
the best-fit model (y%/d.o.f. of 30/24) consists of a fast-rising
power-law of index aqp,1 =—9+2 that peaks at Tp+126+5s
and decays as a broken power-law with agp2 =3.30£0.20,
Qop,3 = 1.80£0.13 and #yreak,opt = 215 + 14 5. The F-test proba-
bility of this test over a model with a single power-law decay
after the optical peak (y%/d.o.f. of 74/26) is 2 x 107 (~40).
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Fig.3. Top panel: X-ray light curve of the observed flux in the
0.3—-10keV band using Swift, XMM-Newton, and Chandra observa-
tions. The solid line corresponds to the best-fit model (broken power-
law), while the dashed line shows the fit when a single power-law model
is considered. Bottom panel: photon index evolution during the X-ray
follow-up observations. The dashed line is the photon index (I =2.06)
obtained by the joint spectral fit to the IBIS and Swift data. The 1o error
(£0.05) is shown as a grey area.
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Fig. 4. Afterglow light curves of GRB 120711A as observed at soft
y-rays, X-rays, optical R-band and above 100 MeV. The vertical dashed
lines give the break times observed in the soft y/X-ray light curves that
form the 4 temporal segments (I to IV).

The late-time optical/NIR data (>T(+ 1 ks) can be fit by con-
sidering a single power-law decay of index agp4 =1.00+0.05
using the simultaneous multi-band data from GROND. This im-
plies a temporal break in the optical/NIR somewhere around
~To+1ks. As shown in Fig. 6, the decay between Ty +215s
and ~To+ 1ks (a3~ 1.80) can be explained by the contri-
bution from the decay of two broken power-laws, one with
temporal decay aqpi» and peaking at 7o + 1265, consistent with
reverse shock (RS) emission, and the second with the late de-
cay, Qopi4, consistent with forward shock (FS) emission. This
FS component is best fit with a rising power-law index of
@opirs,1 = —1.23 £0.5 and peaking at 7o +238*3 s.
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Fig.5. Multi-band optical/NIR light curve observed with Watcher,
Skynet/PROMPT, GROND, and REM. The z’JHK bands are scaled for
display purposes.
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Fig. 6. R-band optical light curve of GRB 120711A. The best-fit model

(solid line) consists of two components: a reverse shock (RS, dashed
line) and a forward shock (FS, dash-dotted line).

The unusually fast rising power-law index of the optical
flash is obtained with the data referring to the trigger time, 7,
which corresponds to the time at which the precursor was de-
tected. As discussed by Zhang et al. (2006), for multi-peaked
GRBs, it seems more reasonable to refer to the beginning of the
main emission than to the trigger time. This results in a power-
law index aop,1 ~ 5.4, more consistent with those expected from
a reverse shock in a homogeneous environment (Kobayashi &
Zhang 2003).

3.2.2. Spectral analysis

Time-averaged spectral analysis was performed for the four seg-
ments of the decaying high-energy light curve (Fig. 4). For the
soft X-ray observations, two absorption components were con-
sidered, consisting of an intrinsic absorption fixed at z=1.405
and the Galactic absorption of Ny = 7.9 x 10*cm™ at the
GRB sky coordinates (Kalberla et al. 2005). For INTEGRAL
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Fig. 7. IBIS spectrum from 20 keV to 200 keV of GRB 120711A during
segment I (Tp + 115s to Ty + 130s). The best-fit model is shown as a
solid line. The model includes blackbody and power-law components
that are shown as dashed and dotted lines. The bottom panel shows
the residuals from the blackbody+power-law fit (dots) and the single
power-law fit (diamonds).

and Fermi data, where the absorption is no longer relevant, a
single power-law model was adopted. The parameters obtained
from the spectral analysis for the four segments are given in
Table 4. For segments where data from more than one instru-
ment are available, the spectral results are shown independently
for each instrument. For the data in segment IV, the intrinsic
absorption cannot be constrained and the data were fitted as-
suming only the Galactic contribution. This model is favoured
over a model with a fixed intrinsic absorption, especially for the
XMM-Newton observation at Ty + 1.5 Ms (see Table 4). This lack
of intrinsic absorption at late times could indicate evolution of
N ine With time. However, in this case it is more likely to be due
to the poorly constrained fit caused by the low number of counts
during this segment.

The IBIS spectrum for segment I (7 + 115s to Ty + 1305s)
is shown in Fig. 7. The null-hypothesis probability that the sin-
gle power-law model is not the best fit is 0.8 (y?/d.o.f. =35/28).
As seen in Fig. 7 (bottom panel), the distribution of the residuals
suggests that an additional soft component is required. The F-test
probability of a chance improvement of a two-component model
(blackbody plus power-law or broken power-law) with respect
to the single power-law model is ~10™* (see Table 4). There is
no significant difference between a fit using a blackbody+power-
law and a broken power-law. A similar result is obtained for seg-
ment II (Table 4). In this case, the F-test probability of a chance
improvement is ~1072, and we note that all three models tested
result in a poor fit for segment II (Table 4). The spectrum of the
forward shock emission consists of a series of power-law seg-
ments with breaks caused by self-absorption, characteristic and
cooling frequencies when crossing the observed band. During
segments I and II, the observed change of the spectral index is
AB ~ 1, which is higher than the value expected for the spectral
breaks predicted in the forward shock model (A8 ~0.5). A ther-
mal component is not expected either in the forward shock spec-
trum. Therefore the spectral evolution during segments I and II
may be caused by either late activity from the central engine or
by the reverse shock.
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Fig. 8. Broadband spectral fit from 0.3keV to 45keV during the time
interval between T + 2.5 ks and Ty + 20 ks using data from Swift/XRT,
JEM-X, and IBIS. The data are well fit by a single power-law of I' =
2.06 £ 0.05 that includes soft X-ray absorption from our galaxy and an
intrinsic absorption of Ny = 1.877013 x 102 cm™2. The residuals to
the fit are shown in the bottom panel.

The joint spectral fit from Ty + 2.5ks to Ty + 20ks (seg-
ment III) using Swift/XRT, JEM-X, and IBIS is shown in
Fig. 8. It is well fit by a single power-law of photon in-
dex I'=2.06+0.05 (y*/d.o.f.=67/51) including two absorp-
tion components at soft X-rays, a Galactic component (fixed),
and intrinsic absorption with a value of Nyjnr = 1.87f8:%§ X
102 cm™2. We note that a broken power-law model would also
satisfy the data with a break energy at ~1.3keV fixing AB=0.5
(x*/d.o.f. = 64/50). However, the fit is limited by the uncertainty
in the normalisation between the instruments and the degener-
acy between the intrinsic X-ray absorption and the low-energy
power-law component.

The evolution of the photon index during the X-ray obser-
vation campaign with Swift, XMM-Newton and Chandra (see
Fig. 3, bottom panel) shows little spectral evolution when com-
pared with the resulting photon index from the joint spectral fit
(Fig. 8). However, these variations of the photon index are con-
sistent within 20-. Therefore we consider the X-ray photon index
to be constant during segment III.

3.2.3. Spectral energy distributions

Figure 9 shows that the spectral energy distribution (SED) deter-
mined by GROND is very red, showing clear signs of rest-frame
dust extinction. A joint fit with the X-ray data shows that the best
fit is given by a broken power-law, with the cooling frequency
v, between the optical and the X-ray bands (v, = 2.37f8:2g keV).
The data were corrected for the Galactic foreground extinc-
tion of Ep-vy = 0.08 (Schlegel et al. 1998) and Galactic hy-
drogen column density Ny = 7.9 x 10*° cm=2 (Kalberla et al.
2005) for this fit. The SED was determined at 26 ks, using di-
rect GROND observations and X-ray data for which the SED
was determined over a broader time-frame (no spectral evolu-
tion is seen), and then scaled to the same time as the GROND
data. Table 5 shows the different models considered under the
three common extinction curves (Milky Way, SMC, and LMC).
The best fit is found using the LMC dust (y?/d.o.f. = 436/490),
with Bope = 0.53 £0.02 (Bx = Bope + 0.5), Ay = 0.85 £ 0.06,
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Table 4. Spectral analysis of GRB 120711A per segment and instrument.

Segment  Inst.” Time interval Model NHjiner z r kT [ Epreax x?/d.of.  F-test
(ks since trigger) (10?2 cm™2) (keV)
I IBIS 0.115-0.13 PL - - 1.69 + 0.06 - 35/28 -
BBPL - - 1.36 = 0.12 4.8 +0.9 19/26 4x107*
BKNPL - - 1.38 £ 0.10 44 + 6 18/26 2% 107
224 +0.18
11 IBIS 0.13-0.28 PL - - 2.22 +0.05 - 60/28 -
BBPL - - 1.93 +£0.15 36+1.3 47/26 4%x107
BKNPL - - 1.0+0.5 8610 4526 2x107?
2.35 +0.08
111 IBIS 0.28-2.5 PL - - 2.02 +0.06 - 27/25 -
Fermi/LAT 0.3-1.05 PL - - 2.00+0.3 - 0.17/1 -
IBIS 2.5-10 PL - - 25+05 - 1.43/5 -
JEM-X 7-20 PL - - 1.77 £ 0.27 - 7/5 -
Swift/XRT-wt 8.3-9 PL 1.79 £0.22  1.405¢ 1.99 + 0.06 - 111/93 -
Swift/XRT-pc 14.7-239 PL 1.17 £0.11  1.4057 1.87 +0.04 - 153/152 -
XMM /pn 90-130 PL 0.87 £0.03  1.4057 1.950 +0.014 - 163/156 -
v Chandra® 1126-1136 PL - - 1.7+£04 - 11/9 -
PL 1.174 1.405¢  1.84+0.22 - 12/9 -
XMM/pn® 1530-1560 PL - - 2.16 £0.13 - 16/16 -
PL 1.17¢ 1.405¢ 2.81 +0.20 - 27/16 -
Chandra® 17551775 PL - - 241 +£0.23 - 5/9 -
PL 1.174 1.405¢ 28+03 - 8/9 -
XMM /pn® 3040-3080 PL - - 25+05 - 11/10 -
PL 1.17¢ 1.405¢ 44 +0.5 - 16/10 -
Chandra® 6600-6640 PL - - 2.8+0.8 - 4/5 -
PL 1.17¢ 1.405¢ 37+0.8 - 2/5 -
Chandra® 7100-7140 PL - - 2.7+0.6 - 3/3 -
PL 1.174 1.405¢ 33+0.8 - 3/3 -

Notes. The models considered are power-law (PL), blackbody+powerlaw (BBPL), and broken power-law (BKNPL). @ The energy range of
the instruments is 20-200keV for IBIS, 0.1-10 GeV for Fermi/LAT, 3-35keV for JEM-X, and 0.3-10keV for Swift/XRT, XMM-Newton-pn
and Chandra/ACIS-S. ® The parameter kT corresponds to the temperature of the BBPL model and Ei. to the break energy of the BKNPL.
© Throughout, the F-test probability corresponds to the improvement with respect to the simplest model (PL).  Parameter fixed in the spectral
model.  Only the Galactic absorption component is included in these observations.

and Niine = 1.04*05] X 10*> cm™. The soft X-ray intrinsic ab-
sorption found in this fit is consistent with that obtained using
X-ray data alone (see Table 4). The 2175 A bump lies between
the g’ and the ’ filter, so there is no direct detection of this bump
in the data set. However, in the SMC fit, the r’-band flux is sig-
nificantly overestimated, whereas the g’-band flux is similarly
underestimated. These two bands are fit excellently in the LMC
model.

Figure 9 also shows the simultaneous IBIS and Fermi data
between Ty +300s and T+ 1050 s, during segment III. The data
are well fit by a single power-law with photon index of ~2, which
is consistent with synchrotron radiation. However, the error on
the Fermi/LAT photon index is quite large (Table 4). An analysis
where the normalisation between both instruments was allowed
to vary showed that the results from both instruments are con-
sistent with each other. The lack of spectral data over more than
two decades in energy between INTEGRAL and Fermi makes
it difficult to completely rule out inverse Compton or hadronic
components that peak at energies below 100 MeV.

4. Interpretation of the post-GRB emission

The soft y/X-ray and optical light curves for GRB 120711A
exhibit several interesting features including an optical flash,
a short plateau phase at soft y-rays; a high-energy light curve
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consisting of four segments; a spectral break between the optical
and the X-ray emission due to v, (Fig. 9); and a single power-
law spectral model between INTEGRAL and Fermi. The shape
of the high-energy light curve in Fig. 4 resembles those usually
observed in GRB afterglows. However, for GRB 120711A the
emission is observed above 20keV during the first 10ks. The
20-40keV energy band provides the most sensitive light curve,
and the temporal parameters used to model the IBIS light curve
were obtained from this energy band. The properties of the emis-
sion are studied in the following sections in the context of the
standard afterglow model (e.g. Sari et al. 1998; Chevalier & Li
2000; Granot & Sari 2002; Zhang et al. 2000).

4.1. Segments | and Il

Segments I and II span the time interval from ~T + 115-283s,
which includes the high-energy early steep decay and plateau
phases and the optical flash.

The spectral index during the soft y-ray fast decay is
By,1=0.38+0.10 with an additional softer component in the
form of a second power-law of index, ,8’%1 ~ 1.2 (Table 4). This
additional component seems to preclude the simple relation be-
tween spectral and temporal indices that is typically used to iden-
tify high-latitude emission (¢ = 2+, Fenimore & Sumner 1997;
Kumar & Panaitescu 2000a; Zhang et al. 2006), which assumes
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Table 5. Resulting parameters from the SED fit between optical/NIR and X-ray data at Ty + 26 ks using a broken power-law model.

Extinction Ry* Ayl Nginge Bopt Epreax Xz/d.o.f.
model (102 cm™?) (keV)

Milky Way  3.08 0.91+0.06 0.86f8:{§ 0.55+0.01 21.75 445/490
LMC 3.16 0.85+0.06 1.04“:8:%‘1‘ 0.53 £0.02 2.37f8:3§ 434/490
SMC 293 0.76 £0.05 1.03“_’8:%? 0.51+0.02 2.28f8:2§ 443/490

Notes. In all cases Bx = Bopt + 0.5. @ Frozen parameter. ’ Value calculated at the GRB rest-frame.

Observed wavelength (nm)
10° 10 10" 10" 10711072107 10~ 1077 1070 1077

T

D
(@]

&
(magap)

@
ghtness

x>
1

354

40

10710210 " 10" 107 107 10° 10" 10° 10° 10
Observed energy (keV)

Fig. 9. Spectral energy distributions at two different time intervals. The
SED for IBIS and Fermi/LAT data from T + 300 s to T + 1050 s (light-
grey stars), and the SED for GROND and Swift/XRT at T, + 26ks
(black circles). The IBIS and Fermi/LAT data are also shown rescaled
(dark-grey stars) to the GROND-Swift/XRT SED to illustrate the single-
spectra component from X-rays to GeV.

a single power-law. However, as reported by Rossi et al. (2011),
this relationship can be recovered assuming that the flux and the
peak energy of the high-latitude emission depend on the view-
ing angle (i.e. the electron population is not constant for all an-
gles). For GRB 120711A, the main pulse consists of two broad
peaks that contribute to the high-latitude emission. This multi-
peaked behaviour can lead to temporal indices that do not follow
the simple correlation between the spectral and temporal indices
(Genet & Granot 2009). Steeper decays than the one expected
from the simple approximation have also been reported for sev-
eral GRBs in the Swift sample (Margutti et al. 2013).

The high-energy plateau phase in GRB 120711A is unusu-
ally short when compared with the Swift GRB sample (Margutti
et al. 2013). Assuming late activity of the central engine (e.g.
Zhang 2007), the energy injection parameter in the case of fast
or slow cooling is ¢ =0.3 + 0.3, where @, > =0.26 £0.30 and is
either 5,,=0.93+0.15 or B8,, =1.35+0.08, when the cooling
frequency is lower than that of the IBIS band. Nevertheless, the
X-ray plateau can also be linked with reverse shocks in the op-
tical band (Uhm & Beloborodov 2007; Genet et al. 2007). For
GRB 120711A, a powerful optical flash is observed in the op-
tical/NIR light curve (Fig. 5) that may be responsible for this
high-energy plateau.

The optical/NIR light curve during these temporal segments
shows a very steep increase of flux that peaks at ~T + 126 s and
then decays with a temporal index «,op2 ~ 3.3. This behaviour

resembles that of a type-II reverse shock (Zhang et al. 2003; Jin
& Fan 2007). This hypothesis is also supported by the lack of
chromatic evolution around the peak (Fig. 5). In this type of
reverse shock, the forward and reverse shocks are expected to
peak at similar times with the reverse shock outshining the for-
ward shock. The observed increases of the reverse and forward
shock emission are steeper than those expected in a wind envi-

ronment, tfz/s2 and t}l:/s2 (Chevalier & Li 2000; Kobayashi & Zhang
2003), which could suggest an ISM environment. However, this
steep increase in the flux can also be achieved in a wind environ-
ment if self-absorption cannot be ignored (Chevalier & Li 2000).
Additionally, the rising slope of the forward shock model is not
well constrained for GRB 120711A.

Regardless of the environment, in this type of reverse-
forward shock emission, a flattening of the light curve is ex-
pected at later times when the forward shock dominates, with
a temporal index ~1.1. For GRB 120711A, a break in the decay
is seen by the end of segment II (~7 + 215 s). However, the new
temporal decay index is steeper than that expected for pure for-
ward shock emission (a,qp3 ~ 1.80). The interpretation of this
part of the optical/NIR light curve is discussed in Sect. 4.2.

In the on-axis GRB model, the time at which the reverse
shock finishes crossing the ejecta can be interpreted as the de-
celeration time of the jet, 7g.c. For GRB 120711A this time
(tpeak ~ To+126+) is similar to the duration of the burst (~115).
Therefore, GRB 120711A seems to be in an intermediate state
between the so-called thin-shell case for which #peax > T99, and
the thick-shell case for which #,e.x < T9o (e.g. Sari & Piran 1999;
Zou et al. 2005; Mészaros 2006). The time of the peak of the
forward shock (fpeak ~ To +240's) can be interpreted as the onset
of the afterglow emission and thus it can also be used to estimate
tgec (€.g. Mészaros 2006; Molinari et al. 2007).

4.2. Segment lll: multi-wavelength afterglow emission

Segment III spans most of the afterglow emission from ~7( +
283 s to ~Tp + 900 ks with data available from near-infrared, op-
tical, X-rays, soft y-rays, and photons with energies >100 MeV.

The SED shown in Fig. 9, which combines optical/NIR and
X-ray data, indicates that a break is needed between the two
energy bands. Considering that the peak of the forward shock
occurred at ~To + 12655, vy <Vop < Ve ~vx <V, during most of
segment III, where vy, is the characteristic frequency and v, the
cooling frequency. In an ISM environment, v, is expected to de-
crease with time as v, oct™'/2, while in a wind environment v, is
expected to increase with time as v, «ct!/? (e.g. Chevalier & Li
2000; Granot & Sari 2002; Zhang et al. 2000).

As mentioned, there are two possible environments depend-
ing on the density profile p = Ar~*, homogeneous or ISM when
k=0 and wind when k =2. An estimate of the real k-index can
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be obtained if the observed frequency is below v, (Starling et al.
2008). At Ty +26ks, the optical temporal and spectral indices
are aop.4 = 1.00 £ 0.05 and Bope = 0.53 £ 0.02, respectively. Thus,
the index of the density profile, k given by Eq. (1) is

4GB -20)

k= — =7
3-2a -1

=12+023, ey

which corresponds to an intermediate case between ISM and
wind environments at a ~4 o~ confidence level.

In the IBIS data, v <v,, which means that, the ISM and wind
environments cannot be distinguished. The relationship between
the spectral and temporal index in the slow-cooling regime is
a/th,y“ =(38,—-1)/2=1.03 + 0.09. This value is consistent with the
observed temporal decay of the IBIS data (a3 =1.13+0.04).
Thus, the IBIS soft y-ray data during this segment are consistent
with forward shock emission. Similarly, the Fermi/LLAT data are
also consistent with forward shock emission. The marginal dif-
ference between the IBIS and Fermi/LLAT temporal decays could
be explained by the reduced efficiency of the shock to accelerate
electrons that emit at energies above 100 MeV (Sagi & Nakar
2012).

If the optical/NIR data simultaneous with IBIS are consid-
ered as pure forward shock emission, then aqp3 > @3, favour-
ing the wind environment. However, the closure relation in slow
cooling for the wind environment is not compatible with the ob-
served decay. As mentioned in Sect. 3.2.1 (see Fig. 6), the op-
tical decay index of agp,3 ~ 1.80 can be obtained from a com-
bination of the fast-decaying reverse shock and the forward
shock with temporal index @opi4, Which is similar to a, 3. This
lack of a temporal break between the optical and soft y-ray
bands is incompatible with the ISM or wind environments when
Vopt <Ve <Vy (A ~0.25). However, if a more complete set
of closure relations is considered where k= 1.2 (Starling et al.
2008), the expected temporal index for the optical band becomes
ih,opt = [6Bopt(4—k+2k)]/4(4—k)~ 1.01, which is consistent with
Qopt4- As previously mentioned, oy, , does not depend on k and is
consistent with the negligible difference between the optical and
y-ray temporal indices found for GRB 120711A. Therefore, the
afterglow emission of GRB 120711A is consistent with a mildly
stratified wind-like environment. Note that the late-time variabil-
ity in the optical emission reported in Sect. 3.2.1 may imply that
Qop4 18 actually steeper than measured, which could lead to an
environment more like the classic wind profile (i.e. k =2).

The electron spectral index, p, can be derived from
the IBIS and optical data for a wind-like environment
of k~12 as p=2p,=2.04+0.12 (8,=1.02+0.06) and
P=2Bop +1=2.06+0.04 (Bop =0.53 +£0.02), respectively.

The X-ray data in segment III show a much steeper tempo-
ral decay than the IBIS data with no significant spectral change.
The location of v, within the X-ray band precludes the closure
relations between the spectral and temporal indices, since they
are defined for cases above and below the break frequencies.

The smoothing parameter, s of the spectral break caused
by v. is determined by the electron spectral index as
s =(0.80-0.03 p) ~ 0.7 (Granot & Sari 2002). Such a smooth
break (the lower [s|, the smoother the break) is extremely diffi-
cult to identify in the narrow X-ray band of 0.3—10keV or even
in the joint spectral fit shown in Fig. 8 from 0.3—40keV. The
fact that a broken power-law was fitted using a single power-law
component when using only X-ray data might explain the 20

4 The underscript “th” is used to indicate expected values from the
closure relations.
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variations of the photon index shown in Fig. 3 (bottom panel)
and the relative softening seen at >7 + 1 Ms.
Granot & Sari (2002) described the flux density near v, as

—sp1 —spp17 /s
)T

This means that near the spectral break caused by v, the tem-
poral evolution of the observed flux is F, o F, oct!/27P ~ 716,
which is different from the temporal evolution predicted by
the closure relations when vy, > v, 1>73P/4 ~ =11 This steeper
temporal decay is consistent with the observed X-ray decay of
ax, = 1.65+0.04. The lack of X-ray spectral evolution can be
explained by the mildly stratified environment with k~ 1.2 in
GRB 120711A. As mentioned earlier, for a wind environment
the cooling frequency is expected to evolve as v, o t'/2. However,
a non-evolving v, can be found when k ~ 1.5, suggesting that for
GRB 120711A, v, remains within the X-ray band for the entire
observation (see also GRB 130427A, Perley et al. 2014). The
time evolution of v, might also be modified if the microphys-
ical parameters of the afterglow emission are time dependent
(Panaitescu et al. 2006; Filgas et al. 2011).

The closure relations when vq, <v. in an ISM environ-
ment predict a temporal index consistent with that found us-
ing only the Swift X-ray data (app = (3p — 2)/4 ~ 1.5), which
leads to p ~ 3. However, this model is rejected when combining
the X-ray data with all the multi-wavelength data obtained for
GRB 120711A. Hence, it is possible that GRBs with limited op-
tical/NIR observations might be described with an ISM model
when in reality they occur in a wind-like environment.

4.3. Segments IV: late X-ray afterglow

The X-ray light curve steepens in this last segment. The val-
ues of the temporal and spectral indices are ax, =1.96+0.22
and SBx 2 =1.5+0.5. No significant spectral change is seen dur-
ing the break at Ty ~ 1 Ms, which suggests the occurrence of
a jet break. The change in the temporal index with the previous
segment is Aax = 0.31 £ 0.22 when compared with the X-ray de-
cay. This value is consistent with the expected change due to a
jet break for the wind model (~0.4 Kumar & Panaitescu 2000b).
For a non-spreading jet in a wind environment with vx > v, the
expected temporal index is oy, = 3B8x/2~2.3+1.5, consistent
with the observed decay after the break. As expected for a jet
break, the observed temporal decay after the break is consistent
with the electron spectral index (Kumar & Panaitescu 2000b).

Even though there is good agreement between the model and
the data in the case of a jet break, the tendency towards a softer
spectrum after the break could also be attributed to the ineffi-
ciency of the shock to accelerate X-ray emitting electrons (Sagi
& Nakar 2012).

5. Emission parameters of GRB 120711A in a wind
environment

The standard afterglow model in a stratified wind-like envi-
ronment contains four free parameters (e.g. Chevalier & Li
2000; Granot & Sari 2002): the kinetic energy, Ey, the en-
ergy equipartition fractions of electrons and magnetic field,
€ and e, and the wind parameter, A.. A, is defined by
A, =(Mw /A7 Vy)/(5x 101 g cm™!, where My is the mass-loss
rate, and Vy is the wind velocity of a typical Wolf-Rayet star
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(Vw =1000kms~"). Although studies have shown that the mi-
crophysical parameters can be time dependent (Panaitescu et al.
20006), for GRB 120711A they are considered as constants. From
Eq. (1), the best density profile in this case is k=1.2+0.3. The
formulation by Granot & Sari (2002) considers the two cases
k = 0 and 2. A complete derivation for k=1.2 is beyond the
scope of this work. The parameter most affected by the k value
is the initial bulk Lorentz factor, which varies by a factor of
~2 when comparing the two extreme cases of k=0 and k=2.
Therefore, to allow calculation of the microphysical parameters
in this case, we assumed k=2 and an electron spectral index
of ~2.1.

Considering the formulation from Granot & Sari (2002) to
describe the forward shock emission, three constraints on the
fireball parameters can be obtained as follows: at T+ 26Kks,
ve ~2.37keV with an unabsorbed flux of F, ~5.33 uJy; and at
Ty +238s the forward shock peaks and the location of v,, can
be established at v,, ~ 4.68 x 10'* Hz. These constraints result in
the following three conditions:

2,12 p1/2

_ -4
€€ E 5o = 9.3x 1077,

2 32 1)2
ACG T E G o

=2.5x%x10, (3)

e CAFEYY . =23%x107,

k,52,is0
where the luminosity distance dy g =3.18cm calculated for a
redshift of 1.405 (Tanvir et al. 2012) has been taken into account.
A fourth condition must be imposed to find all unknown pa-
rameters in Eq. (3). The lack of a constraint on the location of
the self-absorption frequency (vy,) requires that one parameter
must be fixed. The radiative efficiency, 7,, to convert total en-
ergy, Eiowl, into radiation is defined as 1, = E,/Ea, where
Eow1 = Ey + Ex. Most long GRBs are well fitted with ,, <0.2
(Zhang et al. 2007). However, Racusin et al. (2011) reported
that while that statement is true for most Swift/BAT GRBs, for
Fermi/LAT GRBs it might not be valid because higher efficien-
cies are required (17, ~ 0.5 or even higher in a few cases). In these
studies all other microphysical parameters were assumed to be
the same for all GRBs in the sample. Considering the ambigu-
ity on 17, and that GRB 120711A is also a Fermi/LAT GRB, all
physical parameters were calculated for two cases, 1, ~0.2 and
1y ~0.5.

! Using the data from the prompt emission, the rest-
frame k-corrected isotropic energy radiated during the Ty
in the 1keV-10MeV energy band is E, s, =1.65X 10°*erg.
Thus, assuming 7, ~0.2 (0.5), the isotropic kinetic energy is
Eyiso=6.6x 10°*erg (1.65x 103 erg). Applying this result to
Eq. (3) gives eg=2x107 (4x107°), &=0.03 (0.12), and
A, =0.11 (1.6). These values are consistent with those reported
for other GRBs (e.g. Panaitescu & Kumar 2002; Zhang et al.
2007). The estimated wind parameter implies a mass-loss rate
for the progenitor of GRB 120711A of My ~107° Mg yr~!
(1075 Mg yr‘l), which is consistent with the expected mass-loss
rate of an evolved Wolf-Rayet star at the end of its life (Langer
1989; Chevalier & Li 1999). This model also predicts the lo-
cation of the self-absorption frequency, vg,, at the time of the
ATCA radio observation (T + 3.78 days) at 51 GHz (241 GHz),
which is higher than the frequency used for the observation
(34 GHz, Hancock et al. 2012). Accodingly, the lack of a detec-
tion of the radio afterglow emission from GRB 120711A might
be due to self-absorption.

The peak emission from the reverse shock corresponds to
the time when the shock has finished crossing the ejecta and

therefore is a good indicator of the deceleration time. From Zou
et al. (2005), the Lorentz factor at this time can be expressed as

(1 + 2)Exiso,53

1/4
~ 170 (62). 4)
A*,—ltdec,s ) ( )

ydec(tdec) = 165(

At the deceleration time, the initial bulk Lorentz factor, vy, is
expected to be twice the Lorentz factor at #4.. (e.g. Sari & Piran
1999; Mészaros 2006), which results in yg = 2 y4ec ~ 340 (124).

The initial bulk Lorentz factor can also be constrained by
considering that the peak of the forward shock (~T + 238 s) is
the onset of the afterglow emission and marks the deceleration
of the fireball. Using the expressions from Molinari et al. (2007)
for the thin-shell case (fpeak > T90), the initial Lorentz factor is
vo ~402 (260). These values are slightly higher (more than x 2
in the case of 1, ~0.5) than those measured using the peak of
the reverse shock. However, considering the large uncertainty
on the time of the forward shock peak, they can be considered to
be compatible.

The deceleration radius, Rgee, in @ wind environment ex-
pressed as a function of the initial Lorentz factor (Chevalier &
Li 2000) can be estimated as

_ 17 2Z‘daysEk,iso,SZ)l/2
R(H)=1.1x 10 ( 1+ DA, cm, 5)
which results in Rgec = 3% 10'7 cm (3 x 10'® cm), consistent with
that reported for other GRBs (e.g. Zhang 2006).

In Sect. 4.3, the last temporal segment in the X-ray light
curve can be explained by a jet break. At the time of the jet break
(tiee ~ To + 0.9 M), the jet half-opening angle can be assumed to
be Bie ~ ¥~ (tier). Therefore, the jet half-opening angle using the
wind model (Chevalier & Li 2000; Ghirlanda et al. 2006) can be

A*tdays

expressed as
1/4
— (6)
1+ Z)Ek,iso,sz)

which results in 6, ~0.03 rad (2°) for 17, ~ 0.2 and ;e ~ 0.09 rad
(5°) forn, ~0.5. This corresponds to a Lorentz factor at the time
of the jet break of y;e, = 30 (11). The high Lorentz factor obtained
at the jet break for 7, ~ 0.2 could indicate that 17, >0.2 may be
preferred for GRB 120711A.

The collimation factor, f, is then f,, =1 — cos fje; =4 x 107
(4% 1073). Therefore, the corrected radiative and kinetic
energies are E,=E,oft =7x10%erg (7x10°'erg) and
Ex = Eyisofy =3x 10" erg (7x10°" erg). The total energy of
the fireball is then E\o = Ey + Ex ~4 x 107! erg (1.4 x 10°? erg).
As a result of these values, either 1, ~0.2 is preferred or
GRB 120711A approaches the class of hyper-energetic GRBs
suggested by Cenko et al. (2011).

The baryon load My, is described as a function of the cor-
rected kinetic energy of the blast-wave and the initial Lorentz
factor by

Oiet = 0.2016(

Ey

My = —,
Y02

(N

and gives a value of Mp=5x10"M, (3x107> M) for
GRB 120711A, using the beam-corrected Eyx. My, is consistent
with the value expected from the fireball model (e.g. Piran 2005,
and references therein).

The emission parameters obtained for GRB 120711A are
given in Table 6.
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Table 6. Emission parameters obtained for GRB 120711A for two cases with different radiation efficiencies, 7, .

Parameter Symbol  Approx. values Approx. values
forn,=0.2 forn,=0.5
Electron spectral index p 2.1 2.1
Redshift z 1.405 1.405
Luminosity distance dy 3.18 x 10% cm 3.18 x 10® cm
Deceleration time tee To+126s To+126s
Time of the jet fiet To+8.5Ms To+8.5Ms
Peak energy Epeax 1130keV 1130 keV
Rest-frame peak energy Epeakz 2260 keV 2260 keV
Isotropic energy Eyiso 1.65x 10 erg 1.65x 103 erg
Isotropic kinetic energy Eiiso 6.6 X 10°* erg 1.65x 10 erg
Wind density parameter A, 0.11 1.6
Electron energy fraction € 0.03 0.12
Magnetic energy fraction e 2x107? 4x107
Mass-loss rate My, 107 Mg yr! 1075 Mg yr!
Initial bulk Lorentz factor 1y, 340 124
Jet half-opening angle Oiet 0.03rad (2°) 0.09rad (5°)
Collimation factor fo 4x 107 4x1073
Radiated energy E, 7x 10 erg 7x 10" erg
Kinetic energy Ey 3x 107 erg 7x 10" erg
Total energy Eoal 4x 10" erg 1.4x10°%erg
Deceleration radius Riec 10'° cm 10% cm
Baryon load My, 2% 107 M, Ix10™* M,

6. Discussion
6.1. GRB 120711A as a member of the long GRB population

The large number of GRBs triggered by BATSE provide one
of the best samples to study the distribution of observed Epeax
for long GRBs (Kaneko et al. 2006). Despite possible obser-
vational biases, the BATSE Ec. distribution peaked around
200-400keV, with a high-energy tail extending up to ~3 MeV.
Similar results have recently been published using Fermi/GBM
data (Goldstein et al. 2012). In these distributions GRB 120711A
is one of the hardest GRBs observed to date. GRB 120711A is
the hardest GRB triggered by INTEGRAL (Foley et al. 2008;
Vianello et al. 2009). In the rest frame, GRB 120711A belongs
to the top 1% of the hardest GRBs with known redshift and
also to the top 1% of the brightest GRBs in terms of E, s
(e.g. Ghirlanda et al. 2012). It should be noted that some of
the most powerful GRBs including GRB 120711A are also de-
tected by Fermi/LAT (McBreen et al. 2010; Racusin et al. 2011;
Ackermann et al. 2013).

The emission from GRB 120711A is well modelled using a
density profile of k ~ 1.2, which corresponds to an intermediate
case between the ISM and wind environments. A stratified en-
vironment seems to be the preferred model for most Fermi/LAT
GRBs (Cenko et al. 2011). This is in contrast to the vast majority
of GRBs that are consistent with a homogeneous environment
(Schulze et al. 2011). A similar intermediate environment has
been found in the powerful GRB 130427A (Perley et al. 2014).
Recent analysis of the Swift GRB sample also indicates that the
wind environment seems to be preferred over a homogeneous
density medium for highly energetic bursts (De Pasquale et al.
2013).

The analysis of several GRBs with known redshifts
(Ghirlanda et al. 2012) indicates that the initial bulk Lorentz
factor seems to depend strongly on the environment, with an
average value of yy of 138 and 66 for the ISM and wind
environments. Ghirlanda et al. (2012) also found a trend to-
wards higher yy in Fermi/LAT GRBs with the average values
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increasing to ~299 in the wind model. The results presented
here indicate that GRB 120711A falls in this category with high
v0. The result found for GRB 120711A is also consistent with
the yo distribution presented in the first Fermi/LAT catalogue
(Ackermann et al. 2013).

The typical jet half-opening angle of GRBs is ~5° with some
values as high as 24° (Racusin et al. 2009), which is consistent
with the values of 2° and 5° derived for GRB 120711A. In a large
sample of Swift GRBs, Racusin et al. (2009) reported an average
time of the jet break of 1-2days post trigger, with a paucity
of GRBs with jet breaks at times >10days. The lack of GRBs
with breaks at late times is probably a bias caused by the lack
of observations at times >2 Ms. Currently, only 5% of GRBs
monitored by Swift have observations at these times. In fact, in
GRB 120711A, the candidate jet break found at ~10days was
detected using late observations performed by XMM-Newton and
Chandra.

GRB 120711A satisfies the so-called Ghirlanda correla-
tion (Ghirlanda et al. 2007) with an expected radiative en-
ergy, E, consistent with our measurements. Interestingly, the
Epeak—Ey iso—tier correlation (Liang & Zhang 2005; Ghirlanda
et al. 2007) predicts a jet break at much earlier times (~5 days
after trigger in the observer’s frame).

The product of the jet half-opening angle and the initial
bulk Lorentz factor, 8ityo, provides insight into the jet geometry.
Ghirlanda et al. (2012) found two distributions of j;yo depend-
ing on the environment, with a wind environment resulting in a
smaller product (~x6) than the ISM environment (~x20). For
GRB 120711A, the product jeiyo is ~11 regardless of 7,. This
value falls in the tail of the 6,y distribution in the wind envi-
ronment reported by Ghirlanda et al. (2012). However, the i yo
product obtained for GRB 120711A is not as high as the values
reported for the hyper-energetic population (Cenko et al. 2011).

The isotropic energy radiated in the afterglow emission is
Es_yiso =3.7% 107 erg in the 20-200keV band (rest frame) dur-
ing the IBIS data in segment III, and Exj,=1.51X% 103! erg
in the 0.3-30keV band (rest frame) during the entire
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Swift campaign. Therefore, the energy in the afterglow of
GRB 120711A during the long-lived soft y-ray emission is ~2%
of the total bolometric energy radiated during the prompt phase
and ~0.1% during the X-ray afterglow. GRB 120711A is con-
sistent with the Ex jso—Ey,iso—Epeak correlation (Bernardini et al.
2012; Margutti et al. 2013) when the IBIS data are extrapo-
lated to the 0.3—30keV band (rest frame) and taking into ac-
count the absorption at soft X-rays. Thus, the observed X-ray
isotropic energy becomes Ex jso = 5.4 x 10°% erg (~3% of the to-
tal bolometric energy) consistent with the expected value of
Exisoth ~ 6% 1072 erg.

The optical absorption at the source rest-frame obtained
for GRB 120711A is one of the highest observed when com-
pared with the large GRB samples presented by Kann et al.
(2010) and Greiner et al. (2011). The absorption value of
Ay ~0.85 is caused by dust extinction in the host galaxy at
z~ 1.4, which is close to the expected peak of the star forma-
tion rate (Covino et al. 2013). Following the method of Kann
et al. (2006), it can be shown that the magnitude shift, dRc,
between what is observed and how bright the afterglow would
be if the GRB had occurred at z=1 and with no dust extinc-
tion is dRc= —-2.70+0.13 mag for GRB 120711A. This im-
plies that the optical flash would have peaked at an unobscured
value of ~9th magnitude. This is fainter than the peak mag-
nitudes of some other GRBs with reverse-shock flashes such
as GRB 990123, GRB 050904, and GRB 080319B, but much
brighter than GRB 060729, GRB 061121, and GRB 070802
(Kann et al. 2010). Although the optical/NIR absorption is high,
the intrinsic soft X-ray absorption from the host galaxy is not
particularly large when compared with a large GRB sample (e.g.
Watson et al. 2007).

6.2. Long-lasting soft y-ray emission in GRBs

An upper limit of 2.7 x 1075 ergcm~2, during the first 5400s
post-GRB, was obtained with BATSE in the 20-300keV en-
ergy band for the burst GRB 940217 with long-lasting GeV
emission (Hurley et al. 1994). A previous study by Topinka
et al. (2009) placed upper limits on bright INTEGRAL GRBs of
~5x10"%ergcm™ in the 20—400keV energy band at 1 hour af-
ter the burst. For GRB 041219A, the brightest GRB detected by
INTEGRAL, McBreen et al. (2006) reported a 30~ upper limit of
~107 ergem ™ in the 20—200keV range between ~1-2ks after
the burst using SPI data. In a re-analysis of the IBIS data from
GRB 041219A, we improved this upper limit to ~107° erg cm ™2
during the same time interval. For GRB 120711A, the detected
fluence, measured in segment III for 1.2ks, is ~1073 ergcm™>
in the 20-200keV energy band. Therefore, GRB 041219A did
not have long-lasting soft y-ray emission at a comparable level
to GRB 120711A. There were no observations of GRB 041219A
above 100 MeV.

Since the launch of Fermi, only GRB 080723B was observed
with similar brightness by INTEGRAL and Fermi simultane-
ously. No LAT emission was detected from this GRB and no
soft y-ray late emission was observed in the IBIS data with a 30
upper limit of ~107® erg cm™2 in the 20-200keV range between
~1-2ks after the burst. The lower initial bulk Lorentz factor of
~200, predicted for ISM environments with the yo—E, s, cor-
relation (Liang et al. 2010), seems consistent with the concept
that a high value of vy is required for both LAT detection and
long-lived soft y-ray afterglow emission.

GRB 120711A and GRB 130427A (e.g. Laskar et al. 2013;
Perley et al. 2014; Preece et al. 2014; Vestrand et al.
2014; Ackermann et al. 2014) are two powerful bursts with
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Fig. 10. Isotropic luminosity light curves for the afterglow emission
of GRB 120711A and GRB 130427A in the rest-frame energy band
from 0.3—100keV. The light curve for GRB 120711A consists of
data from INTEGRAL, Swift, and XMM-Newton. All data points for
GRB 130427A were measured with the Swift/XRT instrument using
data obtained from http://www.swift.ac.uk.

Ey o~ 10°* erg in the 1keV—10MeV energy range (about one
order of magnitude higher than that estimated for GRB 041219A
(McBreen et al. 2006; Go6tz et al. 2011)) and long-lived soft y-
ray afterglow emission (~10ks for GRB 120711A and ~1 ks for
GRB 130427A). The soft y-ray detection from GRB 130427A
is most likely limited by the Swift/BAT sensitivity consider-
ing that the LAT emission was detectable for longer than a
day. In both GRBs the LAT emission seems to be consistent
with synchrotron emission (Kouveliotou et al. 2013). Figure 10
shows the k-corrected isotropic luminosity light curves of
GRB 120711A and GRB 130427A in the rest-frame energy band
from 0.3-100keV. Both afterglows are among the most lumi-
nous detected to date and show similar afterglow luminosities,
with GRB 120711A being ~5 times brighter than GRB 130427A
at 1ks. At To+ 1ks GRB 120711A still had significant emis-
sion above 60keV (Fig. 2) while most of the emission from
GRB 130427A was detected in the 0.3—10keV band. At later
times, both GRBs become comparable, with GRB 120711A
steepening at ~0.9 Ms because of a jet break, which is not ev-
ident in the light curve of GRB 130427A (Fig. 10). However, a
jet break has been claimed for GRB 130427A at Ty +37 ks cor-
responding to a jet half-opening angle of ~3.4° (Maselli et al.
2014), which is compatible with the jet half-opening angle found
for GRB 120711A.

7. Conclusions

GRB 120711A triggered by INTEGRAL was observed as a
bright (32phcm™2s~! in the 20keV-8MeV band) and hard
(Epeak ~ 1 MeV) GRB with a duration of ~115s and showed un-
precedented long-lasting soft y-ray emission above 60 keV until
3 ks post-trigger and above 20keV for at least 10ks. The burst
was also detected by Fermi/LAT in observations that started
300 s post-trigger. A powerful optical flash was observed peak-
ing at an R magnitude of ~11.5 at ~T + 1265 that is consistent
with a reverse shock with contribution from the masked forward
shock peak. GRB 120711A was found to be highly absorbed
with Ay ~ 0.85 in the GRB rest-frame. The X-ray afterglow was

A84, page 13 of 18


http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201220872&pdf_id=10
http://www.swift.ac.uk

A&A 567, A84 (2014)

monitored using Swift, XMM-Newton, and Chandra with obser-
vations spanning the range from ~8 ks to ~7 Ms. Spectroscopic
observations of the optical afterglow located the GRB at a red-
shift of 1.405, yielding an isotropic energy of ~10%erg in the
rest-frame energy band from 1 keV to 10 MeV.

The extended y-ray emission is explained by forward shocks,
except for the first ~300 s when late activity from the central en-
gine seems to be present. Therefore, GRB 120711A does not ap-
pear to be part of the newly proposed ultra-long GRB population
(e.g. Levan et al. 2014). This hypothesis is also supported by the
resemblance of the light curve seen by Swift/XRT in the softer
energy band of 0.3—10keV and the consistence of the estimated
Ex iso from the IBIS data to the Ex jso—FE, iso—Epeak correlation.

The combined optical/NIR, X-ray and y-ray afterglow light
curve was adequately modelled as synchrotron emission in an
intermediate ISM-wind environment with a density profile of
k~1.2. At ~0.9Ms after the trigger, the afterglow light curve
shows evidence of a jet break corresponding to a jet half-opening
angle of 2°-5°.

The detection of GRB 120711A by Fermi/LAT is consis-
tent with the observed trend that LAT GRBs have high Lorentz
factors and stratified wind-like environments. In particular,
GRB 120711A has a Lorentz factor between 120-340, with
a mass-loss rate between ~107-107° M, yr~! depending on
the radiation efficiency range considered. The baryon load is
~107-107% My, consistent with that expected in the fireball
model when the emission is highly relativistic.

At this time GRB 120711A is the only GRB with soft
y-ray emission (>20keV) detected up to 10ks after the trig-
ger. The recently detected GRB 130427A also has long-lasting
emission above 20keV, although only for ~1ks. The lack of
long-lasting soft y-ray emission from INTEGRAL GRBs with
higher peak fluxes than GRB 120711A such as GRB 041219A
indicates that brightness is not the primary factor in the pres-
ence of such long-lived soft y-ray emission. Both GRB 120711A
and GRB 130427A have high isotropic energies and high
Lorentz factors. GRB 080723B is the only other bright GRB
detected simultaneously with INTEGRAL-Fermi/LAT, and it
does not have the properties associated with GRB 120711A and
GRB 130427A. The existence of LAT emission and high Lorentz
factors seems to be a requirement to produce soft y-ray after-
glow emission. Additionally, the fact that GRB 120711A and
GRB 130427A had reverse shocks also suggests that these prop-
erties can be important in the production of harder afterglow
emission.
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Appendix A : Lo i
: Logs of the optic i
of GRB 120711 P al/NIR observations Table A.2. PROMPT observations of the aff
e afterglow of GRB 120711A.

Table A.1. ;
Watcher observations of the afterglow of GRB 120711A Time since tri
- 1i
— : gger [s] mag+error exp [s] Filter
e since trigger [s] magterror  exp [s] filter 22-392 >17.90 10 B
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Table A.2. continued.

Time since trigger [s] mag+error exp [s] Filter
14328.576 19.44 019 80 R
17005.248 19.50 *09 80 R
19535.904 19.71 #0142 80 R
22239.36 20.02 718 80 R
24 875.424 20.17 713 80 R
27325.728 20.27 *1e 80 R
79545.024 21.54 732 80 R

103 998.816 21.61 7042 80 R
164298.24 >22.58 80 R
186 698.304 >22.77 80 R

7154.784 18.15 #0929 80 I

8429.184 18.30 *0409, 80 I

9758.016 18.45 *0:-11 80 1
11022.048 18.59 *0-10, 80 I
12403.584 18.71 *518, 80 I
14313.024 18.69 *098 80 1

16938.72 18.81 *007 80 I
19554.048 18.94 *0:-18) 80 I

22256.64 18.99 019 80 1
24 876.288 19.24 *0-10 80 I
27337.824 19.30 7011 80 I
79460.352 20.38 *022, 80 1
103 984.992 20.95 ¥ 80 I
164 234.304 >22.48 80 I
185945.76 2122 %183 80 1

Table A.3. GROND observations of the afterglow of GRB 120711A.

Time since trigger [ks] magzerror exp [s] Seeing (arcsec) Filter

21.16 20.81+0.11 142 2.0 g
21.62 20.85+0.14 142 2.1 g
21.94 20.85+0.09 115 2.1 g
22.14 20.86+0.10 115 2.3 g
22.34 20.88 +0.09 115 2.1 g
22.53 20.91 +0.09 115 2.0 g
22.86 20.95+0.09 142 2.0 g
23.32 20.95+0.13 142 2.2 g
23.78 21.03+0.11 142 1.9 g
24.21 21.01 +0.09 142 2.0 g
24.64 21.04 +0.08 142 2.0 g
25.07 21.17 +0.09 142 2.1 g
25.50 20.97 +0.09 142 2.1 g
25.93 20.99 +0.08 142 1.8 g
26.36 21.01+0.07 142 1.9 g
26.80 20.99 +0.07 142 1.6 g
27.25 21.09 +0.07 142 1.5 g
27.66 21.17 +0.09 142 1.6 g
28.08 21.12+0.10 142 1.6 g
107.89 23.00 +0.41 919 33 g
109.58 2271 +0.15 1501 2.4 g
11142 22.63+0.13 1501 2.7 g
11325 22.60+0.10 1501 2.4 g
114.64 22.36 +£0.55 212 2.2 g
370.07 23.96+0.17 6463 2.4 g
21.16 20.14 +0.05 142 2.2 r
21.62 20.17 +0.04 142 2.0 r
21.94 20.15 +0.05 115 2.1 r
22.14 20.20 +0.04 115 2.0 r
22.34 20.20 +0.05 115 2.0 r
22.53 20.22+0.04 115 2.1 r
22.86 20.31+0.05 142 2.0 r
23.32 20.37 +0.06 142 2.1 r
23.78 20.33 +0.08 142 22 r
24.21 20.36 +0.05 142 1.8 r
24.64 20.35+0.04 142 1.8 r
25.07 20.30 +0.04 142 1.9 r
25.50 20.30 +0.04 142 1.9 r
25.93 20.32+0.04 142 1.6 r
26.36 20.35+0.04 142 1.7 r
26.80 20.33 +0.04 142 1.5 r
27.25 20.39+0.03 142 1.4 r
27.66 20.43 +0.05 142 1.6 r
28.08 20.46 +0.04 142 1.5 r
107.89 22.15+0.16 919 3.0 r
109.58 22.08 +0.08 1501 2.3 r
11142 21.97+£0.08 1501 2.4 r
11325 21.96 +0.06 1501 2.1 r
114.64 21.96 +£0.22 212 2.2 r
370.07 23.12+0.08 6463 22 r
21.16 19.55+0.06 142 2.0 i’
21.62 19.67 +0.07 142 1.9 i’
21.94 19.58 +0.05 115 1.9 i’
22.14 19.63 +0.04 115 1.8 i’
22.34 19.56 +0.05 115 1.8 i’
22.53 19.61 +0.04 115 1.9 i’
22.86 19.64 +0.05 142 1.8 i’
23.32 19.71 £ 0.05 142 1.9 i’

Notes. All data are in AB magnitudes and not corrected for Galactic
foreground extinction. To obtain Vega magnitudes, it is g/, — Pega =
—0.062 mag, rjyy — 1y, = 0.178 mag, iy — i{,,, = 0.410 mag, z, —
Zg/ega =0.543 mag, JAB - JVega =0.929 mag, HAB - HVega =1.394 mag,
Ks A — Ksvega = 1.859 mag. Corrections for Galactic extinction are,
using Ez_yy = 0.080 (Schlegel et al. 1998) and the Galactic extinction
curve of Cardell et al. (2005): A,y = 0.311 mag, A, = 0.214 mag,
Ay =0.160 mag, Ay = 0.119 mag, A; = 0.070 mag, Ay = 0.045 mag,
Agg = 0.029 mag.
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Table A.3. continued. Table A.3. continued.
Time since trigger [ks] mag+error exp [s] Seeing (arcsec) Filter Time since trigger [ks] magz+error exp [s] Seeing (arcsec) Filter
2378 1971+0.06 142 2.0 i 2119 18.19+0.13 240 2.1 H
2421 19.71+0.05 142 1.6 i 21.64 1823+0.12 240 2.1 H
24.64 19.64+0.05 142 1.6 7 2226 1823+0.12 480 2.1 H
2507 1970 +0.05 142 1.7 i 22.89 1832£0.15 240 2.1 H
2550 19.74+0.05 142 1.7 7 2335 1821+0.15 240 22 H
2593 19.79+0.05 142 1.4 i 23.80 1820+0.14 240 22 H
26.36 19.80+0.05 142 L5 i 2423 1821+0.13 240 2.0 H
2680 19.81+0.05 142 13 i 24.66 18.06£0.12 240 1.9 H
2725 1978 +0.04 142 1.2 i 25.09 18.38+0.14 240 2.1 H
27.66 19.83+0.05 142 1.4 i 2552 1831£0.12 240 2.0 H
28.08 19.82+0.04 142 13 i 2596 1836+0.13 240 1.7 H
107.89 21.56+0.15 919 2.9 7 2639 1825+0.13 240 1.9 H
109.58 21.48+0.13 1501 22 i 26.82 1832+0.14 240 1.9 H
11142 21.43+0.09 1501 2.2 i 27.25 1846+0.14 240 1.7 H
11325 21.37+0.09 1501 2.0 i 27.68 18.46+0.15 240 1.9 H
114.64 2135023 212 2.0 i 28.11 18.49+0.15 240 1.9 H
370.07 2279 +0.14 6463 2.1 i 28.52 18.38+0.15 240 2.0 H
2016 19224006 142 1.8 Z 2892 1847:015 240 1.8 H
2162 19.22+0.05 142 1.8 7 29.33 1846+ 0.17 240 18 a
3104 19205006 115 s v 2974 1836+0.14 240 1.9 H
214 19394006 115 17 Z 30.14 1852012 240 1.9 H
34 19285004 115 17 v 30.54 18.61£031 240 1.6 H
2253 19274004 115 1.9 Z 3094 >17.57 240 2.0 H
286 19354005 142 17 v 107.92 19.74£027 960 26 H
9337 19425000 142 L8 p 109.61 19.67+0.19 1200 22 H
2378 19.41+0.08 142 1.9 7 2119 17.66 £0.14 240 1.8 Ks
2421 19.41+005 142 L5 7 21.64 18.01+0.14 240 1.8 Ks
24.64 19.42+006 142 L5 7 2226 18.06+0.15 480 1.8 Ks
2507 19.38+0.05 142 1.6 7 22.89 18.03+£0.16 240 1.7 Ks
2550 19.37+0.05 142 1.6 7 2335 17.81+£0.12 240 1.8 Ks
2593 1942+0.05 142 13 7 23.80 18.11£0.16 240 1.7 Ks
26.36 19.38+0.05 142 1.4 7 2423 18.09+0.17 240 1.6 Ks
2680 19.44+0.06 142 1.2 7 2466  >16.87 240 1.9 Ks
2725 19.51+0.05 142 1.2 7 25.09 18.08+0.15 240 1.7 Ks
27.66 19.50£0.05 142 13 7 2552 17.96 £020 240 1.6 Ks
28.08 19.49+0.06 142 1.2 7 2596 17.83+£0.17 240 1.5 Ks
107.89 21.52+032 919 27 7 2639 17.84+0.15 240 15 Ks
109.58 21.17+0.11 1501 2.1 7 26.82 17.91£0.16 240 1.4 Ks
11142 21.03+0.17 1501 2.1 7 2725 17.94+0.18 240 1.4 Ks
11325 21.16£0.09 1501 1.9 7 27.68 18.01£0.19 240 15 Ks
114.64 2103021 212 1.9 7 28.11 17.99+0.17 240 1.4 Ks
370.07 21.91+0.12 6463 1.9 7 28.52 17.91£0.18 240 1.5 Ks
21.19 18.66+0.11 240 2.0 J 2892 18.06£021 240 L4 Ks
2064 1872+0.10 240 2.0 7 2933 18.08£020 240 1.4 Ks
226 18684009 480 50 ; 2974 18.13+£020 240 1.4 Ks
2289 1872+0.10 240 1.9 J 30.14 11820018 240 L5 Ks
3335 18764011 240 20 ; 30.54 18.17+£0.19 240 1.5 Ks
23.80 18.86+0.11 240 2.0 J 3094 18.02+£038 240 1.6 Ks
2193 18664000 240 I ; 107.92 1923031 960 2.4 Ks
24.66 18.71+0.10 240 1.8 J 10961  >19.12 1200 21 Ks
2509 18.77+0.11 240 1.9 J
25.52 18.80+0.10 240 L9 J Table A.4. REM observations of the afterglow of GRB 120711A.
2596 18.86+0.10 240 1.6 J
2639 18.87+0.10 240 1.7 J
26.82 18.79+0.10 240 1.6 J Time since trigger [s] mag+error  exp [s]  Filter
27.25 1892 +0.10 240 1.5 J 279 1117 + 004 10 H
S T S PR 296 1127£004 10 H
) ROt ) 311 11.27 £ 0.04 10 H
28.52 18.99+0.13 240 1.7 J 330 11.57 = 0.05 10 "
28.92 19.04+0.13 240 1.5 J 7 1174 £ 0.05 10 "
2933 18.85+0.10 240 1.5 J Al
2974 18.83+0.12 240 1.6 J 362 11.77 £ 0.06 10 H
30.14 1894+0.17 240 17 7 379 1177 £ 0.06 10 H
107.92 20.39+£029 960 27 J 394 11.86 + 0.06 10 H
109.61 20.45+0.26 1200 22 J 445 1221 £ 0.05 50 H
111.44 20.25+0.18 1200 23 J 530 12.68 + 0.05 50 H
11328 20.08+0.18 1200 2.1 J 663 12.98 + 0.05 150 H
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