
Spectral and temporal properties of 
long GRBs detected by INTEGRAL 

from 3 keV to 8 MeV

Antonio Martin-Carrillo1

Topinka, M.1; Hanlon, L.1; Meehan, S.1; Foley, S.1,2; McBreen, B.1, Brandt, S.3

1UCD School of Physics, Ireland
2MPE, Germany
3DTU, Denmark



INTEGRAL
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• Launched in October 2002

• Highly eccentric orbit 

• Apogee ~ 150,000 km 
• Perigee ~ 10,000 km

• 72 hour orbit (80% observing time)

• 4 main instruments:

• Spectrometer SPI
• Imager IBIS
• X-ray Monitor JEM-X
• Optical Monitoring camera OMC



INTEGRAL Detectors
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JEM-X IBIS/ISGRI SPI
Energy range 3-35 keV 20 keV- 1 MeV 20 keV- 8 MeV

Fully Coded FOV 5o 8o 16o

Half response FOV 7.5o 19o 35o

Normalisation factor 0.95 1 1.19
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INTEGRAL view of GRBs
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• Since its launch INTEGRAL has triggered 78 GRBs within the  IBIS/ISGRI field 
of view (20-200 keV) at a rate of ~0.8 GRBs/month.

• Most of the GRB detected are located in the direction of the Galactic Plane.

• IBIS/ISGRI great sensitivity has made INTEGRAL one of the best observatories 
for the detection of faint GRBs (peak flux ~ 0.1 ph cm-2 s-1)

Band et al. 2008

FIGURE 1. Left: Threshold 1–1000 keV flux as a function of Ep for different detectors assuming

! = −1/2, " = −2 and #t=1 s. Right: Spectral sensitivity, the flux necessary at E for a 3$ measurement
in 1 s in a band of width #E/E = 1/2.

sensitivity, the continuum sensitivity over a 1 s accumulation time.

The synergy between missions will be maximized by simultaneous burst observa-

tions. Particularly important is the overlap between detectors with spectral capabil-

ity (GLAST, Konus-Wind, Suzaku-WAM) and localization capability (Swift-BAT and

INTEGRAL-ISGRI). Konus-Wind and INTEGRAL SPI-ACS essentially see the entire

sky, while GLAST-GBM, Suzaku-WAM and RHESSI see down to the horizon for a low-
Earth orbit. Although ISGRI is sensitive, it has a (relatively) small FOV. The GLAST

instruments—the LAT (<20 MeV–>300 GeV) and the GBM (8 keV–30 MeV)—have

large FOVs and the GLAST observatory will operate in a fixed survey mode. Swift-BAT

also has a large FOV and Swift has a very flexible observing timeline.

Because of their large FOVs and complementary strengths—localizing bursts and fol-

lowing afterglows for Swift, accumulating spectra over 7 energy decades for GLAST—

increasing the overlap between these two missions will havemajor scientific gains. Dur-

ing most of its mission, the LAT’s pointing will follow a fixed pattern to execute an

all-sky survey. On the other hand, Swift observes a number of targets each orbit with

its Narrow Field Instruments (NFIs)—X-ray Telescope (XRT) and Ultraviolet-Optical

Telescope (UVOT); the wide FOV Burst Alert Telescope (BAT), which observes bursts’
prompt emission, is centered on the NFIs. The NFI targets are burst afterglows and

other astrophysically interesting sources. Semi-analytic calculations show that if Swift

does not coordinate its pointings with GLAST, ∼13% of GLAST-LAT bursts will be in

the Swift-BAT FOV, and ∼27% of Swift-BAT bursts in the GLAST-LAT FOV. If Swift

points as close as possible to the LAT pointing direction these overlap numbers could

increase by ∼3×! However, this estimate neglects Swift’s observational constraints,
and sacrifices many of Swift’s scientific objectives. Nonetheless, the judicious choice

of Swift NFI targets could increase the LAT-BAT overlap by∼2×. For example, Swift’s
timeline could include two sets of targets, one observed when the LAT is pointed to-

wards the northern hemisphere, and the second for the southern hemisphere. Procedures

to increase this overlap with little impact on Swift’s science objectives are under devel-
opment. An increase in the LAT-BAT overlap would of necessity increase the GBM-BAT



INTEGRAL view of GRBs
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5.3.3 Previous Spectral Lag Measurements
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Figure 5.8: Spectral lag distribution of INTEGRAL GRBs as a function of peak flux (20–200 keV).

GRBs with the longest lags tend to have low peak fluxes, whereas GRBs with short lags have both

low and high peak fluxes. The dashed line indicates the separation between long and short-lag GRBs

at τ2+3,1 = 0.75 s. The SN bursts GRB980425 and GRB031203 are identified and represented by

red circles, as is GRB060505 which does not have an associated SN. XRF 060218 has a peak flux of

0.6 ph cm−2 s−1 and is not included in the figure because of its very long lag of 61 ± 26 s.

5.3.3 Previous Spectral Lag Measurements

For the SN burst GRB031203, spectral lags of 0.24 ± 0.12 s between 100–200 keV and 20-

50 keV (Sazonov et al. 2004) and 0.30 ± 0.20 s between 50–150 keV and 15–50 keV (Shrader

2006) have been reported and are consistent with the value τ3,1 = 0.17+0.03
−0.04 s in Table 5.4 and

Fig. 5.8. A spectral lag for GRB040403 of 0.6 ± 0.1 s between 40–200 keV and 15–40 keV

has previously been reported (Mereghetti et al. 2005), consistent with the value of τ2+3,1 =

0.95+0.25
−0.15 s in Table 5.4, taking into account the different energy ranges. The spectral lag of

GRB050525a was found to be τ3,1 = 0.124 ± 0.006 s (Norris et al. 2005), in agreement with

the value of τ3,1 = 0.130+0.003
−0.002 s obtained in Table 5.4. The spectral lag for the short burst,

GRB070707 is 5 ± 5ms (τ2+3,1), consistent with the negligible value of the lag expected for

short GRBs (Norris and Bonnell 2006; Zhang et al. 2006b).

94

Foley et al. 2008

• Long lag GRBs tend to have low peak fluxes (Foley et al. 2008). 
• These GRBs seem to dominate the local GRB population (result found at 2.5σ by Foley et al. 2008 
and later confirmed by Vianello et al. 2009 at 3σ).

• Polarisation studies of GRB 041219A:

• Polarisation of first pulse using SPI: (60±30)% (McGlynn et al. 2007)
• Significant polarisation, with variation in amplitude and polarisation angle during 
the burst, was found in IBIS data for this GRB (Götz et al. 2009).

5.3.3 Previous Spectral Lag Measurements
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Figure 5.9: Isotropic peak luminosity (×1051 ergs s−1, 50–300 keV) as a function of spectral lag mea-

sured between 100–300 keV and 25–50 keV. The two exceptions are GRB060505 and GRB060614 for

which the lag was measured between 50–100 keV and 25–50 keV, and 50–100 keV and 15–25 keV, re-

spectively. The dashed line is the anti-correlation obtained for 6 bursts (diamonds) at known redshift

(Norris et al. 2000). The 3 INTEGRAL GRBs with a redshift and measured lag are represented by green

open circles, including the SN burst GRB031203. The other low-luminosity SN bursts GRB980425 and

XRF 060218 are identified and represented by red squares and the two GRBs without SNe by blue filled

circles. The long-lag GRBs lie within the dashed box if they are at the adopted distance of 250Mpc,

with peak luminosities ranging from 6 × 1046 to 1.4 × 1048 ergs s−1 and total luminosities from 1048 to

1050 ergs s−1. The solid line is the proposed lag-luminosity relationship for the low-luminosity GRBs

and extrapolates to short GRBs at low values of the lag, e.g. GRB060614, which lies in the region of the

plot occupied by short GRBs. No k-correction was applied to the data.
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GRB 050525a
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Foley et al. 2008
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• Around 14% of the GRBs detected with BATSE presented an excess with respect to 
the expected rising power-law index at energies below 20 keV, indicating an 
additional component to the synchrotron model (Preece et al. 1996, 2000).

• Ryde et al. 2010 proposed thermal emission to explain the prompt emission spectra 
from the Fermi GRB 090902B where a blackbody plus power-law provided the best 
spectral fit

• INTEGRAL is the only mission capable of detecting GRB prompt emission below 8 
keV with high performance with its JEM-X detector.

• Combining the 3 high energy instruments onboard INTEGRAL we are able to study 
the prompt emission of GRBs from 3 keV up to 8 MeV.

GRB 090902b: evidence for 

photospheric emission

Ryde et al 2010
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• Spectral shape is very unusual: 
extremely narrow peak

• possible thermal fit?

• created a multi-coloured 
blackbody model (superposition 
of Planck functions) with 
parameters Tmax and q (relates F 
and T)

• simple BB fit is not good enough  
as contributions from different 
regions in the flow broaden the 
spectrum

• Using fine time binning (sub-second scale), it was possible to determine Tmax to very 
high accuracy

• ! and photospheric radius R can be calculated from these fits

• thermal flux is on average 70% of total flux during the burst, with a max of 86%

Ryde et al. 2010Preece et al. 2000

3B 940210



Data Sample
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• 21 out of the 78 GRBs triggered by IBIS/ISGRI were also detected within the 
JEM-X field of view (3-35 keV)

• Most of these burst are faint (peak flux < 0.7 ph cm-2 s-1 in the 20-200 keV energy 
range). 

• A fluence limit of > 2.5 x 10-7 erg cm-2 in the 3-35 keV  energy range was imposed 
for this study.

• 7 GRBs out of the initial 21 detected by JEM-X satisfy this criterion. These bursts 
cover all three classes of GRBs based on their fluence ratio i.e. classical GRBs, X-ray 
rich and X-ray flashes.

• From a sample of 49 GRBs out of the 78 GRBs triggered by INTEGRAL/IBIS, 8% 
were classified as XRFs, 51% as XRRs and 41% as GRBs



Summary of Results
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• All the results correspond to the best fit of the joint spectrum of JEM-X, IBIS and SPI in 
the T90 .

• In all cases a simple power-law (PL), a Band model (Band), a blackbody + power-law 
(BB+PL) and a power-law with exponential decay were considered.

GRB Class
T90 

(sec)

Peak Flux 
(20-200)

(ph cm-2 s-1)

Best 
Fit α β Eo/kT

(keV)
Epeak red. χ2/dof

040812 XRF 22 0.7 PL --- -2.33±0.85 --- --- 0.6/66

041219A GRB 420 33 Band -1.44±0.01 -2.06±0.05 --- 146±11 1.54/212

050520 GRB 52 0.53 BB+PL -1.49±0.09 --- 22±4 --- 0.68/76

051105B XRR 13 0.31 PL -1.91±0.06 --- --- --- 0.63/49

080613 GRB 20 1.3 PL -1.23±0.06 --- --- --- 0.34/37

081003A XRR 22 0.3 BB+PL -1.66±0.11 --- 6.4±0.8 --- 0.77/44

081016 GRB 27 3.3 BB+PL -1.66±0.09 --- 18.6±1.7 --- 0.88/56



GRB 041219A
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Band model

BB+PL

kT= 16.8±0.4 keV

JEM-X 3-35 keV



GRB 041219A
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• Precursor:
• α= 1.28±0.05
• kT= 21±2 keV

BB+PLPrecursor

PL

Soft flare

• Soft flare: α= 2.26±0.02

20-200 keV

Time since trigger



GRB 081016A
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20-200 keV

Time since trigger

BB+PL



Post Burst X-ray Emission
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• A search for post burst X-ray emission between 3-35 keV has been done for several 
of the 21 GRBs detected by JEM-X.

• A 3.5σ detection has been found for GRB 041219A 609 seconds after trigger in the 
3-35 keV energy range (20% of the emission occurs in the 10-35 keV energy range) 
integrating over a time interval of 250 seconds. A power-law was fit to the spectrum 
with α =2.2±0.7 and a flux of 2.9 x 10-10 ergs cm-2 s-1 in the 3-35 keV energy range.

• Post GRB X-ray emission has been also detected for GRB 081003a. A break in the X-
ray light curve was observed at 57 seconds after the GRB trigger.

• There are marginal detections (below 3σ) for GRB 050520, GRB 080613, GRB 
081016 at early times after the prompt emission.
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Conclusions
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• From the 78 GRBs triggered by IBIS/ISGRI so far, 21 have also been detected by 
JEM-X in the 3-35 keV energy range.

• A set of 7 GRBs, including 4 GRBs, 2 XRRs and 1 XRFs has been studied 
spectrally and temporally from 3 keV up to 8 MeV using JEM-X, IBIS/ISGRI and 
SPI.

• The BB+PL has been found to be the best fit in 3 cases, suggesting possible 
thermal emission.

• In the only case where the Band model was the best fit, the BB+PL was 
statistically equally valid.

• A link between the precursor of GRB 041219A and the soft flare coming after it 
has been found, confirming that the soft flare should be considered more like an 
“echo” of the precursor rather than an independent flare part of the GRB.

• Post X-ray emission has been found for at least two GRBs. A break is observed 
in the X-ray light curve of GRB 081003a at 57 seconds after the burst trigger.


