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ABSTRACT

We present an overview of GRBs detected byINTEGRAL
for the period Nov 2002-Sep 2006. 40 events have been
imaged so far by IBIS/ISGRI (implying a detection rate
of ∼ 0.9 month−1). The fact that a significant fraction
of the INTEGRALpointings are devoted to the Galac-
tic Plane, makes many GRB afterglows elusive at optical
wavelengths due to a considerable extinction in the line of
sight. In any case, only five events can be considered as
having bright optical/near-IR afterglows (after correcting
for Galactic extinction), where the remaining ones have
faint counterparts (being either intrinsically faint or lying
at redshiftsz > 3) or are really truly dark events (also pos-
sible due to very high extinction in their host galaxies).

Key words: gamma-ray bursts; multiwavelength observa-
tions.

1. INTRODUCTION

A significant fraction ofγ-ray bursts (GRBs) seem to be
intrinsically faint. However the fact that they could be in-
trinsically dark events remains an open question (see [1]
and references therein). In some cases, it has been sug-
gested that the cause of the reddening is dust extinction
in the host galaxy. On the other hand, ultra-high redshift
events appear quite faint because of Lyman-α blanketing
affecting the optical passbands.

With the launch ofSwift in Nov 2004, which has the
capability to follow-up the events detected by the GRB
detector onboard (BAT) or by other satellites likeHETE-
2 andINTEGRAL, it is possible to zoom in on this popu-
lation of optically faint events in order to disentangle their
nature.

Here we present an overview of GRBs detected byINTE-
GRAL. The corresponding detection rates of the different
INTEGRALinstruments are SPI/ACS:∼ 0.5 day−1 (but
no position derived), IBIS/ISGRI:∼ 0.8 month−1, JEM-
X: ∼ 0.5 yr−1, OMC: ∼ 0.2 yr−1. Alerts transmitted in

near-real time to ground thanks to IBAS software [2] (po-
sitions accurate to 3′ 90% confidence level), make pos-
sible the detection of afterglows for some bursts in all
wavelengths, from X-rays to radio.

Up to now, 40 events have been detected by IBIS/ISGRI
so far, with GRB 021125 (Fig. 1) being the first one to
be imaged [3]. Out of them, 37 can be considered as
classical long GRBs while 3 have properties reminiscent
of X-ray flashes (XRFs). X-ray afterglows (XRAs) have
been observed for 13 of them. Optical afterglows (OAs)
have been observed for another 12 OAs, with only two
radio afterglows being detected so far. The number of
firmly established redshifts from optical absorption line
spectroscopy is 4 (with another tentative 3 redshifts that
cannot be confirmed for the time being).

2. SEARCHES FOR SIMULTANEOUS PROMPT
EMISSION

Searches for simultaneous prompt emission have been
performed for three GRBs: GRB 041219, GRB 050502A
and GRB 050504. Upper limits were imposed for both
GRB 050502A (observed at BOOTES-2, R≥ 8.5 [4])
and GRB 050504 (observed by Ashra, R≥ 8.0 [5]).

For GRB 041219A, the contemporaneous emission was
detected in both the optical [6] and the near-infrared (nIR)
[7]. Prompt optical emission from GRB 041219A was
seen to vary and correlate with the promptγ-rays (Fig. 2),
indicating a common origin for the optical light and the
γ-rays. Within the context of the standard fireball model
of GRBs, internal shocks driven into the burst ejecta by
variations of the inner engine have been proposed as the
origin of this prompt emission [6]. The initial infrared
pulse suggests an origin consistent with internal shocks
[7].



Figure 1. IBIS/PICsIT lightcurve of GRB 021125 in di-
fferent energy bands. The time of the onset of the event
was T0 = 17:58:30 UT on 25 Nov 2002. From [3].

3. DETECTION OF AFTERGLOWS FROM X-
RAYS TO RADIO

The importance of performing X-
ray/optical/nIR/mm/radio follow-ups is understood
in the context of determining the physical parameters
of the afterglow and the prompt emission. Thus, the
purpose is multifold:

• X-rays observations provide an accurate position
(most essential in case of dark events) as well as
valuable spectral and lightcurve information.

• Optical and nIR photometry is important in order
to properly model the (usually) complex lightcurves
and are most essential in case of very extincted ob-
jects and high redshift events.

• Prompt optical spectroscopy allow to determinez
(and the burst energetics) and studying intervening
systems in the line of sight.

• Polarimetric optical observations are difficult to per-
form but help in constraining the burst geometry and
test the different theoretical models.

• Multiwavelength data (from X-ray to radio) are most
essential for obtaining a proper modelling and deter-
mine the microphysics parameters of the shock.

3.1. Faint optical afterglows [R (dereddened)> 21
at T0 + 12 hr)]

Most INTEGRALGRB afterglows are faint or obscured at
optical wavelengths. GRB 030131, GRB 030227, GRB
040106, GRB 040827, GRB 041218 and GRB 051211B

Figure 2. Comparison of the promptγ-ray photons and
prompt optical light, for both GRB 041219A and GRB
990123. From [6].

are the six events that can be considered as belonging to
the faint optical afterglow population.

GRB 030131: The position was promptly reported [8],
with a faint optical afterglow (OA) being identified with
R = 21 at T0 + 3.2 hr [9], fading to R = 25 at T0 + 29 hr
[10].

GRB 030227: The firstINTEGRALGRB for which after-
glow emission at other wavelengths than optical (ranging
from X-ray to nIR) was reported [11]. The dim OA would
not have been detected by many previous searches due to
its faintess (R∼ 23). It was seen to decline following a
power law decay with indexα = −0.95. The spectral in-
dexβopt/nIR yielded−1.25± 0.14, values that may be
explained by a relativistic expansion of a fireball (with p
= 2.0) in the fast cooling regime. It was also followed-up
by XMM-Newtonfollow-up at T0 + 8 hr. The EPIC-pn
spectrum revealed no emission line features [12]. How-
ever, other authors [13] made use of the RGS spectral data
from which a set of spectral features could be associated
with emission lines atz = 1.4 (Fig. 3). The strong delayed
X-ray line emission was detected in the X-ray afterglow,
appearing near the end of theXMM-Newtonobservation,
nearly 20 hr after the burst. The lines correspond to H-
and/or He-like emission from Mg, Si, S, Ar and Ca at the
above mentioned redshift. An inverse Compton contribu-
tion (Fig. 4) was also invoked in order to explain the high
spectral flux that was observed [11].

GRB 040106: The OA was detected with R = 22.4 at T0

+ 16 hr and R = 23.7 at 40 hr at the VLT [14]. AXMM-
NewtonToO was performed at T0 + 6 hr. From the X-ray
spectral index and temporal decay, it was argued that the
afterglow was consistent with a fireball expanding in a
wind environment. A constant density environment was



Figure 3. EPIC-pn spectrum for the last 11 ksec of the
GRB 030227 X-ray afterglow observation. The Kα lines
of H-like Mg, Si, S, Ar and Ca (redshifted byz = 1.39)
are marked with dotted lines. From [13].

excluded by the data [15].

GRB 040827: Followed up by MASTER at T0 + 7 min,
neither optical [16] nor radio afterglow were detected
[17]. A XMM-Newtonobservation starting at T0 + 6 hr
led to the detection of a fading X-ray afterglow with the
X-ray flux followingF ∝ t−1.4. The spectrum is well de-
scribed by a power law (Γ = 2.3) affected by an absorp-
tion column largely exceeding (by a factor 5) the expected
Galactic one, requiring the contribution of an intrinsic,
redshifted absorber [18]. In the optical/nIR range, the
afterglow emission was observed in the K-band [18,19]
superimposed to the host galaxy; with the flux in other
bands being dominated by the host galaxy (K = 19.5).
A gas column density in the range N(H) = (0.4 - 2.6)×

1021 cm−2, likely located at a redshift 0.5< z < 1.7. Ac-
cording to [18], GRB 040827 is, amongst allINTEGRAL
events detected so far, the best example of an X-ray after-
glow with intrinsic absorption.

GRB 041218: The OA was reported at Calar Alto [20].
A tentative redshift ofz = 0.8 has been proposed on the
basis of a single absorption-line identification [21].

GRB 051211B: ASwift/XRTToO started at T0 + 3 hr,
allowing to detect the X-ray afterglow [22]. Within the
tiny X-ray error box, a radio transient was also detected
[23]. The OA was recorded in the early I-band frames
obtained at the 1.5m telescope in Sierra Nevada [24]. See
[25] for additional details.

3.2. Bright optical afterglows [R (dereddened)< 21
at T0 + 12 hr] and the low bII bright OA popu-
lation

Only six events detected byINTEGRALcan be consi-
dered as part of the bright OA population: GRB 031203,
GRB 041219A, GRB 040422, GRB 050502A, GRB
050525A and GRB 060912B.

Figure 4. The broad-band spectrum for the GRB 030227
afterglow atT0 + 0.87 d. Inverse Compton contribution is
needed to explain the high flux observed at X-rays. From
[11].

GRB 031203: At low Galactic latitudes (bII), this was
the first GRB for which a time-dependent dust scattered
X-ray halo was detected (Fig. 5). The X-ray afterglow
was observed byXMM-Newtonstarting 6 hr after the
burst. The halo appeared as concentric ringlike structures
centered on the GRB location. The radii of these struc-
tures increased with time as t1/2, consistent with small-
angle X-ray scattering caused by a large column of dust
along the line of sight. The rings are due to dust concen-
trated in two distinct slabs in our Galaxy located at dis-
tances of 880 and 1390 pc, consistent with known Galac-
tic features. The halo brightness implies an initial soft
X-ray pulse consistent with the observed GRB [26]. It
was also proposed as an underluminous event (E< 1050

erg) atz = 0.106 [27], making of GRB 031203 one of the
nearest GRBs detected so far. Some other authors [28]
argue that a 2nd soft pulse should have been produced.
The difference between the soft and hard X-ray spectra
from XMM-NewtonandINTEGRALindicates that a sec-
ond soft pulse probably occurred in this burst, as has been
observed in other GRBs, notably GRB 050502B. An un-
derlying supernova, dubbed SN 2003lw [29-31] emerged
few days after the onset of the event. In fact, a very faint
afterglow is detected superposed onto the host galaxy in
the initial nIR observations, carried out∼ 9 hr after the
burst. Subsequently, a rebrightening was detected in all
bands, peaking in the R band about 18 rest-frame days af-
ter the burst. In fact, spectra taken close to the maximum
of the rebrightening show extremely broad features as in
SN 1998bw, with an estimaded absolute magnitude MV

= −19.75± 0.15 [29]. However, the J-band lightcurve
differs significantly from that of SN 1998bw if both were
occurring at the same redshift [30]. It has been also con-
sidered as an analogue to GRB 980425 / SN 1998bw (Fig.
6). In fact, radio and X-ray afterglow observations re-
veal that it is sub-energetic which, when taken together
with the low gamma-ray luminosity, suggests that GRB
031203 is the first cosmic analogue to GRB 980425 [32].
It has been modelled as an event in which a highly colli-



Figure 5. The GRB 031203 X-ray dust-scattered halo as
observed by XMM-Newton. From [26].

Figure 6. The location of GRB 031203 in the Ep - Eγ

plane. From [33] and references therein.

mated explosion was viewed off-axis [33]. In fact, there
might be a large population of such events in the Universe
that are difficult to detect due to the limited sensitivity of
the current instruments aboad scientific spacecraft.

GRB 041219A: The brightest burst detected byINTE-
GRAL according to its gamma-ray fluence. Images
started 8 minutes after the burst at the 2.2m Calar Alto
telescope. A mm detection was obtained at PdB interfer-
ometer. A nIR flash was also recorded starting at T0 +
7 min [7] and could be interpreted as re-radiation of dust
in a circumstellar cloud [34]: the bolometric light curves
for the afterglow resulting from the passage of the blast
wave through a molecular cloud were computed, imply-
ing that the peak of the emission could be reached as soon
as seven days (the gamma-ray burst is located at some
distance from the center of a molecular cloud with small-
scale density enhancements), or as long as one to three
years (the gamma-ray burst is located at the center of a
uniform molecular cloud) after the burst. The bolometric
luminosity of the re-radiated signal can reach 6.5× 1042

erg/s. See Fig. 7.

GRB 040422: At 3 degrees above the Galactic Plane, its
nIR afterglow was detected. The IBIS spectrum is well
fit by the Band model with a break energy of E0= 56 keV

Figure 7. Broadband spectra of GRB 041219 and GRB
050904 (atz = 6.29) for comparison purposes. From
[35].

and Epeak = 41 keV. The peak flux is 1.8× 10−7 erg
cm−2 s−1 and fluence 3.4× 10−7 erg cm−2 in the range
20-200 keV. The afterglow was imaged less than 2 h af-
ter the burst, leading to the discovery of its near-infrared
afterglow. No detection could have been obtained in the
optical R and I bands, partly due to the large extinction
in the Milky Way. It is one of the dimmest GRBs, which
it is superimposed on a K = 20.3 host galaxy. A com-
parison of the magnitude of the afterglow with those of a
compilation of promptly observed counterparts of previ-
ous GRBs, reeals that the afterglow of GRB 040422 lies
at the very faint end of the distribution, only brighter than
that of GRB 021211, singled out later and in the optical
bands, and GRB 040924 after accounting for Milky Way
extinction [36].

GRB 050502A: The brightest OA (R = 14.3) of all events
detected byINTEGRALwith an early optical (unfiltred)
detection (T0 + 23.5 s) by ROTSE-III [37]. The nIR af-
terglow was registered at T0 + 31 min [38].z = 3.793 was
derived from Keck spectroscopy [39]. The light curve in
the optical band can be described by a simple power law
with index of 1.2± 0.1, with evidence for a bump rising
at T0 + 0.02 days, probably implying the existence of a
uniform circumburst medium with clumps in density, as
in the case of GRB 021004 [40]. See Fig. 8.

GRB 050525A: It was detected bySwiftbut was also ob-
served at the edge of the IBIS field of view. Early opti-
cal detection was recorded by BOOTES andSwift/UVOT.
The X-ray afterglow was well monitored bySwift/XRT
[41] with a reported jet-break at 0.15 days andz = 0.606
was determined from absorption spectroscopy. It pro-
vided unique multiwavelength coverage from the very
earliest phases of the burst. The X-ray and optical/UV af-
terglow decay light curves both exhibit a steeper slope∼

0.15 days after the burst, indicative of a jet break. This jet



Figure 8. Early lightcurves for a set of GRBs with opti-
cal detections the minutes after the burst onset, including
the INTEGRAL GRB 041219A, GRB 050502A and GRB
050525A. From [40].

break time combined with the total gamma-ray energy of
the burst constrains the opening angle of the jet to be 3.2◦.
Prior to the jet break, the X-ray data can be modeled by
a simple power law with indexα = −1.2. However, after
300 s the X-ray flux brightens by about 30% compared
to the power-law fit. The optical/UV data have a more
complex decay, with evidence of a rapidly falling reverse
shock component that dominates in the first minute or
so, giving way to a flatter forward shock component at
later times. The multiwavelength X-ray/UV/optical spec-
trum of the afterglow showed evidence for migration of
the electron cooling frequency through the optical range
within 25,000 s. The measured temporal decay and spec-
tral indexes in the X-ray and optical/UV regimes compare
favorably with the standard fireball model for gamma-ray
bursts assuming expansion into a constant-density inter-
stellar medium. The early-time light curve is described
by a broken power law with a break at t∼ 0.3 days af-
ter the burst. About 5 days after the burst, a flattening is
apparent, followed by further dimming. Both the magni-
tude and the shape of the light curve suggest that a su-
pernova was emerging during the late decay of the after-
glow (Fig. 9). This supernova, named SN 2005nc, had a
rise time faster than SN 1998bw and a long-lasting max-
imum. A spectrum obtained about 20 days (rest frame)
after the GRB resembles the spectrum of SN 1998bw ob-
tained close to maximum light [42]. See Fig. 10.

GRB 060912B: It was originally recorded bySwift de-
tecting bright X-ray and optical (R∼ 16.1) afterglows
[43]. The redshift was estimated asz = 0.937 [44].

3.3. Dark events

Eight INTEGRALevents have been followed-up down to
reasonable deep limits at optical/nIR wavelenghts but no

Figure 9. Optical lightcurve of the GRB 050525A after-
flow. The dotted, dashed, and dot-dashed lines indicate
the afterglow, the host galaxy, and the supernova con-
tributions, respectively. The continuous, thick line is the
sum of them all. The arrow points the time when an opti-
cal spectrum was gathered at the VLT. From [42].

Figure 10. Optical spectrum at the time of the SN 2005nc
/ GRB 050525A maximum light. Also plotted, from the
top to the bottom of the figure, are the rebinned spectrum,
a template spectrum for a blue star-forming galaxy, the
subtracted spectrum, the spectrum of SN 1998bw 5 days
past maximum and the spectrum of SN 1998bw 10 days
past maximum. From [42].



Figure 11. Near-IR lightcurves of several GRB after-
glows, including GRB 040223. From [45].

afterglows could be found. These are GRB 040223, GRB
040812, GRB 050504, GRB 050520, GRB 050522, GRB
050714A, GRB 060901 and GRB 060930. A more de-
tailed information follows.

GRB 040223: A dark event similar to GRB 040624,
among the weakest and longest bursts detected byINTE-
GRAL. A XMM-Newtonobservation was performed at T0

+ 5 hr, from which a extremely high column density N(H)
= 1.6× 1022 cm−2 was derived with a redshiftz < 1.7
if N(H) (local) = 1022 cm−2 or z > 7 if due to Fe edge.
A limit of K > 19.5 at T0 + 17 hr [45] was derived in the
nIR. See Fig. 11 and 12.

GRB 040812:Chandraobservations started at T0 + 5
d [46], finding no strong indication of a X-ray after-
glow. No optical or radio counterparts were found either
[47,48].

GRB 050504: The X-ray afterglow was detected by
Swift/XRT on a follow-up observation at T0 + 5.45 hr.
A fading X-ray source was discovered with (3.5± 0.7)×
10−3 cts/s. No optical afterglow was detected either, im-
posing limiting magnitudes of R> 16.0 at T0 + 1 min
[49], R > 21 at T0 + 3 min [50]. The nIR afterglow was
neither detected [51].

GRB 050520: The X-ray afterglow was detected bySwift
at T0 + 2 hr [52] with a countrate in the 0.5-10 keV band
of (2.8± 0.5) × 10−3 counts/s (implying an estimated
unabsorbed 0.5-10 keV flux of 1.0× 10−13 erg cm−2

s−1). Limiting magnitudes on any optical afterglow were
R > 16 at T0 + 5 min [53] and I> 20 at To + 30 min
[54]. The nIR afterglow was neither detected, implying
K > 20 at T0 + 6.5 hr [55]. Limits were imposed on the
mm afterglow emission (F< 57µJy) [56].

GRB 050522: The X-ray afterglow was detected bySwift
at T0 + 9 hr [57] with a count rate (0.5-10 keV) of (1.6±
0.5)× 10−3 counts/s. Limiting magnitudes imposed on
any optical afterglow were R> 18.7 at T0 + 2 min [58])
No near-IR afterglow was found (K> 18.5) at T0 + 2.3

Figure 12. Summary of XMM-Newton results for de-
rived intrisic absorption of GRB afterglows, including
the INTEGRAL events GRB 030227, GRB 040223, GRB
040827 and GRB 041219A. Solid lines correspond to an
NH = GalacticNH ±30%, which represent a reasonable
guess of the uncertainty affecting Galactic column den-
sity estimates. Adapted from [18].

hr [59]).

GRB 050714A: At low galactic latitude (8 degrees), the
X-ray afterglow was detected bySwift at T0 + 13.7 hr
[60]. No OA was detected down to R> 18.2 at T0 + 28
s [61]. There was a claim of a faint optical source within
the XRT error box [62].

GRB 060901: An X-ray afterglow was detected bySwift
although no optical or nIR counterparts were detected
[63,64]. On the basis of its gamma-ray properties, a
pseudo-z = 2.0± 0.5 was estimated [65].

GRB 060930: An X-ray rich GRB with no optical or
near-IR afterglows [66,67]. No follow-up X-ray obser-
vation bySwiftwas feasible.

4. INTEGRAL VS SWIFT GRB POPULATIONS

Since its launch in Nov 2004,Swift is recording∼ 100
bursts/yr. with∼50% detected in optical,∼30% in radio,
and∼15% in the nIR alone. The number of measured
redshifts is∼60, in the range 0.033-6.29 with< z > =
2.7

INTEGRAL is efficiently detecting and localizing long
GRBs at a rate of 0.8 month−1, but areINTEGRALand
Swiftsampling the same population of GRBs ?

According to the results given in [68], taking into account
the different efficiency of the two detectors (IBIS/ISGRI
and BAT), about 10% of the events detected byINTE-
GRALshould be at a redshift larger than 5 (compared to
5% for the case ofSwift).



Table 1. The list of the 40 INTEGRAL long-duration
GRBs detected for the time interval Nov 2002 to Sep
2006. X-ray rich events are marked “X” following the
usual naming convention YYMMDD.

021125 021219 030131 030227
030320 030501 030529 031203X
040106 040223 040323 040403
040422 040624 040730 040812
040827 040903X 041015 041218

041219A 050129 050223 050502A
050504 050520 050522X 050525A
050626 050714A 050918 050922A

051105B 051211B 060114 060130
060204A 060901 060912B 060930

5. CONCLUSIONS

INTEGRALand Swift are providing a unique opportu-
nity to unveil the remaining misteries in the GRB field
in the coming years. 40 events have been detected so
far by IBIS/ISGRI (implying a detection rate of∼ 0.9
month−1). See Table 1. Good follow-up observations
have been performed for∼ 50% of INTEGRALevents,
leading to the detection of 11 optical/nIR counterparts.
6 of them could be considered as belonging to the faint
optical afterglow population, 6 could be representative of
the bright optical afterglow population, and 8 could be
considered as true dark events. In any case, the fact the
a significant fraction of theINTEGRALpointings are de-
voted to the Galactic Plane, makes that many events are
elusive at optical wavelengths due to a considerable ex-
tinction in the line of sight.

Complementary observations in conjunction with other
satellites and from ground-based observatories are most
essential (i.e. follow-ups bySwift -7 XRAs so far- and
XMM-Newton-5 XRAs so far-).

On the aggregate, the majority of afterglows are intrinsi-
cally faint or highly-reddened in the optical, thus prevent-
ing high-quality S/N spectra to determine a larger number
of redshifts. The reason of the faintness is not well deter-
mined, but an origin atz > 3 for a significant fraction of
the events seems plausible.

The lack of short-GRBs (< 3 %) detected by IBIS/ISGRI
is unconsistent with theSwift/BAT detection rate of about
10% (compared to 25% inCGRO/BATSE). A possible
reason might be a slightly different triggering criterium
as the bandpass for IBIS/ISGRI and BAT (15-150 keV
in imaging mode and extending up to 500 keV) are
similar (both are based on CdZnTe detectors). In both
IBIS/ISGRI and BAT, the burst trigger algorithm looks
for excesses in the detector count rate above expected
background and constant sources with images of the sky
being produced as soon as a trigger is generated in order

to check the reality of the trigger source. But probably
the main difference will be the different field of view (5.5
times larger in BAT) besides the collecting area (2.0 times
larger in BAT [69]) which results in BAT being more sen-
sitive than IBIS for picking up the faint (and rare) short
GRBs.

In any case, let us hope for a non-dark GRB at moderate
or high bII within the OMC FOV during theINTEGRAL
mission lifetime !
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