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● Study in detail the prospects for GRB science with ECLAIRs

− Evaluate the impact of ECLAIRs low-level performance on the GRB detection,

localization and characterization

− Examine the synergy of ECLAIRS with other instruments operating at higher energies,

such as the GRM (0.015-5 MeV) and CTA (~0.02-0.5 TeV)

● Collaboration between the SVOM teams at LUPM and IRAP

− Supported by a 2-year post-doctoral grant from OCEVU

● Expected achievements

− Characterization of the scientific performance of ECLAIRs

− Construction of science tools to optimize the scientific analysis of ECLAIRs

− Science studies of GRB emission processes, with an emphasis on their emission at high

and very high energies

− Start of a new collaboration between LUPM and IRAP on GRB science
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No. 1, 1999 CGRO OBSERVATIONS OF GRB 990123 85

FIG. 2.ÈDeconvolved spectra from the CGRO detectors, shown both as photon Ñux and in units. The spectra have been rebinned intoN
E

E2N
E

\ lflwider bins for clarity. Each spectra is calculated using the actual accumulation times (Table 1), except for the EGRET TASC spectrum, which uses a shorter
time interval during which the emission was intense (see text).

MER data is summed from LADs 0 and 4, which had angles
to the burst of and respectively. (For GRB27¡.5 46¡.0,
990123, high time resolution data from the energy channel
from 230 to 320 keV is missing because of a telemetry gap ;
however, all channels are available at 2.048 s resolution via
the CONT data type.) These MER rates show the burstÏs
temporal morphology (see Fig. 1) and are particularly useful
for studying spectral evolution.

Figure 1 (lower panels) shows the evolution of usingE
pÐts to 16 channel MER spectra from LADs 0 and 4

rebinned in time to provide S/N of at least 100. In order to
improve the reliability of the Ðts and because there is little
evidence for temporal variations in b, the GRB function was
used with b Ðxed at [3.11. This value of b was obtained
from the joint Ðt to the BATSE data shown in Figure 2 and
is consistent with the values obtained from the other instru-
ments (see Table 1). As can be seen, increases by a largeE

pfactor every time there is a spike in the light curve, as is
typical of ““ hardness-intensity ÏÏ spectral evolution. Addi-

tionally, the maximum is greater in the Ðrst spike than inE
pthe second, decreases more rapidly than the count rateE

pand has an overall decreasing trend, behaviors that are
typical of ““ hard-to-soft ÏÏ evolution (Ford et al. 1995). The
small maximum for the second spike is consistent withE

pthe absence of that spike in the 4È8 MeV light curve (Fig. 1).
Two intervals during the Ðrst spike have values ofE

p1470 ^ 110 keV. Such values are exceptional : only three
bursts of the 156 studied by Preece et al. (1999) have spectra
with values above 1000 keV.E

pTo investigate the burst spectrum over the broadest
energy range possible, we extend the LAD spectra by also
Ðtting the SD data. The high-energy resolution SHERB
data can be Ðtted satisfactorily by the GRB function dis-
cussed above ; the Ðts are consistent with the Ðts to other
data types. SD 4 provides detections of burst Ñux to at least
the 4.0È8.0 MeV band (Fig. 1).

For the multi-instrument Ðt shown in Figure 2, the
BATSE data from LAD 0, SD 4, and SD discriminators 0

The GRB prompt emission spectrum

Amelino-Camelia+1998,2005 Amelino-Camelia+1998,2005 
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Fig. 3.— Sketches of the various tested models.

3. SPECTRAL ANALYSIS METHODOLOGY

To perform the spectral analysis, we used the XSpec
and Rmfit tool kits. Starting from a cuto↵ power law (C)
or a Band function (Band), we built twelve increasingly
complex spectral models with two or three components
adding a power law (PL), a black body (BB), C or Band.
Sketches of the various models are presented in Figure 3.
The best spectral parameter values and their 1–� un-
certainties were estimated by optimizing the Castor C-
statistic (hereafter Cstat), which is a likelihood technique
that converges to �2 for a specific data set when there
are enough counts. We performed the spectral analysis
over three time scales—we refer to these later in the text
as: time-integrated, coarse-time bins and fine-time bins.
In order to check the consistency of the NaI and BGO

detectors through all tested models, we fitted both detec-
tor types simultaneously and we applied a free e↵ective
area correction (EAC) factor between b0 and each of the
NaI detectors selected for the analysis. For each model
fitted we then fixed these EAC values. To evaluate the
consistency of the GBM data (NaI and b0) with the LAT-
LLE, LAT-FRONT and LAT-BACK data, we also fitted
them simultaneously adding a new, free EAC factor be-
tween b0 and each of the LAT data types. When EAC
values were compatible with no correction needed, they
were set to unity. We only applied the EAC corrections
in the time-integrated and coarse-time bin analysis, be-
cause in the fine-time bin analysis the number of counts
is much smaller, leading to unconstrained EAC factors.
When significant EAC factors (i.e., significant deviation
from unity) between the GBM and LAT data sets are
required with the simplest models, those data sets are

in much better agreement with the more complex ones.
The strong corrections required with the simplest models
seem to be unreasonable based on our current knowledge
of the instruments; therefore, this reinforces the scenarios
involving the more complex spectral shapes. The results
of cross-calibration analysis are reported in greater detail
in Appendix A.
Due to the very limited number of counts at high en-

ergies, we only used the LAT-LLE data in combination
with GBM in the coarse-time analysis, and we did not
use any LAT data in the fine-time analysis. We then
estimated the probability that the Cstat improvements
obtained with the most complex models compared to the
simplest ones are not merely due to signal and/or back-
ground statistical fluctuations, by performing multiple
sets of Monte Carlo (MC) simulations following the same
procedure as discussed in Guiriec et al. (2011a, 2013)
(see Appendix B.) In Sections 4 and 5 we compare the
results of joint GBM and LAT data fits with those of the
GBM-only ones for the time-integrated and the coarse-
time analysis, respectively; the consistency of the joint
GBM and LAT analysis with the GBM-only one is im-
portant to support the results of the fine-time analysis
presented in Section 6, for which we only use GBM data.
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ECLAIRs + GRM view of the prompt emission

Guiriec+11        Tierney+13 
Guiriec+13

ECLAIRs + GRM 
(4-5000 keV) will 
allow us to detect 

the most 
interesting features 

of GRB prompt 
emission

The Astrophysical Journal Letters, 727:L33 (5pp), 2011 February 1 Guiriec et al.

Figure 2. Time-integrated spectrum of GRB 100724B fit by a Band function (top two panels) and a Band+BB function (bottom two panels). The left plots show the
count spectra for the two models, and the right plots show the corresponding deconvolved νFν spectra. The data points appear as color crosses. Dashed lines indicate
the individual spectral functions, and solid lines show the summed model fit. The addition of a BB spectral component over the brightest part of the burst (T0−1.024 s
to T0+83.969 s) shows a significant improvement in the fit compared to a Band function by itself, particularly noticeable as the removal of trends with energy in the
residuals compared to the Band-only fit. The region between 30 and 40 keV is excluded from the fit owing to calibration issues around the k-edge of the NaI detectors.
We have verified that this exclusion does not affect the recovered parameter values.

Table 1
Fit of the Time-integrated Spectrum of GRB 100724B from T0−1.024 s to T0+83.969 s

Models Standard Model Additional Model

Band BB Compt Band Gaussian PL C-stat/dof

Parameters Epeak α β kT Epeak Index E0 α β Centroid log10 FWHM Index

Band 352 −0.67 −1.99 1133/704
±6 ±0.01 ±0.01

Band+BB 615 −0.90 −2.11 38.14 1038/702
±29 ±0.02 ±0.02 ±0.87

Band+Compt 708 −0.94 −2.13 164 +0.81 1039/701
±48 ±0.02 ±0.02 ±7 ±0.20

Band+Band 716 −0.94 −2.13 60 0.76 < −5 1039/700
±48 ±0.02 ±0.02 ±7 ±0.21

Band+Gaussian 403 −0.75 −2.02 103 0.25 1060/701
±8 ±0.01 ±0.01 ±2 ±0.03

Band+PL 341 −0.63 −1.99 −1.93 1131/702
±9 ±0.05 ±0.01 ±1.59

Notes. The count spectrum using the NaI detectors 0, 1, 2, 3, 5 and BGO detector 0 is fit simultaneously with a standard Band function and with an
additional model to evaluate the shape of the spectral deviation. Band+BB is preferred over all the other combinations.

While the simultaneous fit of all the selected detectors
provides the best constraints on the two spectral components, fits
with Band+BB to combinations of individual NaI detectors with

BGO 0 result in similar parameter values and offer significant
improvement over the Band-only fit. This provides a check that
the BB component is real and not introduced by effects such

3

D. Tierney et al.: Anomalies in low-energy GRB spectra with Fermi GBM

(a) (b)

(c) (d)

Fig. 8. Spectal fits for GRB 090424. a) The high-time resolution lightcurve of GRB 090424 with the hatched region being the region of interest.
b) A simple Band fit to selected region. c) A Band + blackbody fit to the data. d) A double broken power-law fit with parameters of Ebreak1 =
32.74+1.56

�1.55 keV, Ebreak2 = 197.70+14.10
�15.10 keV, Index1 = �0.59+0.07

�0.06, Index2 = �1.52+0.03
�0.03, Index3 = �2.95+0.16

�0.16 (where Index1 < Ebreak1, Ebreak1 <
Index2 < Ebreak2, Index3 > Ebreak2).

(Cucchiara et al. 2009). The source was also observed in the ra-
dio (van der Horst et al. 2009).

A significant excess was observed in this GRB in numer-
ous intervals (ten 1-second intervals between 6�16 s relative the
trigger time). The region with the stongest deviation is presented
in Table 4. An additional power-law component was the best
fit model to the data out of the models tested. The additional
power-law index from analysing the GBM data only in this re-
gion, ↵ = �2.00+0.04

�0.06, is consistent with the power-law index
observed by a joint fit over the entire spectral range of GBM and
LAT (↵ = �1.98+0.02

�0.02). Complex spectral models to this GRB are
fit in Fig. 10. Numerous models have been presented in the lit-
erature to explain the spectral features in this burst (Liu & Wang
2011; Barniol Duran & Kumar 2011; Pe’er et al. 2012).

4.4.5. GRB 090926A

Detected by GBM (Bissaldi 2009) and LAT (Uehara et al.
2009), follow-up observations of this GRB were made by Swift-
XRT (Vetere et al. 2009) and Swift-UVOT (Gronwall & Vetere
2009). The prompt emission was also observed by Suzaku WAM

(Noda et al. 2009) and Konus-Wind (Golenetskii et al. 2009).
A redshift of z = 2.1062 was obtained by the Very Large
Telescope (VLT) X-Shooter spectrograph (Malesani et al. 2009).
Skynet/PROMPT also observed the optical afterglow (Haislip
et al. 2009).

GRB 090926A has also been observed in joint GBM and
LAT spectral fitting to necessitate an additional power-law com-
ponent over a wide spectral range (Ackermann et al. 2011).
Thirteen time bins were analysed between 0�17 s with one time
bin showing a significant excess. The excess is observed during
a short sharp spike in the lightcurve which is shown in Fig. 11.
When an additional power-law is fit with a Band function, the
fit statistic shows a large improvement. The additional power-
law index ↵ = �1.73+0.04

�0.04, obtained by using GBM data only, is
again consistent with the power-law observed in the LAT at high
energies ↵ = �1.71+0.02

�0.05 (Ackermann et al. 2011).

5. Discussion and conclusions

Although an empirical model, a Band function has been used to
model the majority of GRB spectra since it was first proposed

A102, page 11 of 15
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Figure 3. Time-integrated spectral analysis from T0−0.016s to T0+0.548s. The panels on the left side show count spectra and those on the right show the corresponding
model in the νFν space. The models used are, from top to bottom: Band, B+Cutoff, 2BPL, and B+BB. The lower part of each panel corresponds to the residuals
of the fit. For presentation purposes, we rebined the energy channels in the figures, although the fit procedure is performed using the full spectral resolution of the
instruments.
(A color version of this figure is available in the online journal.)
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(a) (b)

(c)

Fig. 10. Spectral fits applied to the the time interval of T0+9.7 – T0+10.6 s for GRB 090902B. Fits performed to decribe the data include; a) a
Band + blackbody fit, b) Band + power-law fit and c) a double broken power-law fit with parameters of Ebreak1 = 58.79+3.25

�3.25 keV, Ebreak2 =

743.60+36.70
�39.90 keV, Index1 = �1.80+0.03

�0.04, Index2 = �0.84+0.03
�0.02, Index3 = �3.16+0.14

�0.13 (see Fig. 8 for description of parameters). A lightcurve is shown
in Fig. 6c.

with significant features in the time-resolved analysis are in the
top 5 most fluent GRBs in the sample. A bias exists whereby
additional models are more likely to be required in high fluence
GRBs since these GRBs have enough statistics to confidently
define an additional component, if present.

The observed deviations may be due to significant spec-
tral evolution in the burst (or time interval) or additional spec-
tral features/components in the spectrum. In the time-integrated
analysis, the deviation found in GRB 081215A may be due to
spectral evolution, while the deviations in GRB 090424 and
GRB 090902B could be explained by additional spectral fea-
tures. For those GRBs with deviations found in shorter time
intervals (GRB 090902B and GRB 090926A), a power-law im-
proves the fit at lower energies which is consistent with the
high-energy observations in the LAT data (Abdo et al. 2009a;
Ackermann et al. 2011). For GRB 090424 and GRB 090820 an
additional blackbody component provides a significantly bet-
ter fit to the data than an additional power-law, showing that
a number of di↵erent spectral components may be present in
GRBs. GRB 090323 is adequately fit invoking either of the two
additional components. However as there is little evidence for
LAT emission (Piron et al. 2011), it is unlikely to be due to an

additional power-law component extending to high energies and
a spectral cut-o↵ between the GBM and LAT energy bands is
possible.

The advantage of the method presented in this paper is that it
can demonstrate the requirement for an additional spectral com-
ponent with respect to a Band function without any prior knowl-
edge of the nature of that extra component. Theoretical models
of the GRB emission process must be able to explain why the
majority of GRBs are adequately modelled by a Band function
and also explain the observed deviations. Many physical mod-
els have recently been proposed (see Sect. 1), however in many
cases the spectral data do not have adequate statistics for one
model to be deemed more statistically significant than another.

This technique demonstrates a systematic method to search
GRBs for additional components at low-energies. The method
finds several GRBs in which features have previously been
noted as well as discovering deviations in GRB 090424 and
GRB 090323. Deviations are found in a large fraction of high
fluence GRBs; this method may be unable to find low-energy
deviations in fainter GRBs. This suggests that deviations from a
Band function may be common in all GRBs but the statistics do
not allow us to test this hypothesis.

A102, page 13 of 15
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✦ Short GRB detected by Fermi/
GBM 

✦ prompt emission time-
integrated spectrum: 
comptonised model + 
blackbody (~ 50% of total 
fluence) 

✦ best-fitting model: 
comptonised + b-body  

✦ all spectral parameters well 
constrained and consistent 
with injected parameters 

Guiriec+13
GRB 120323A: a short GRB with BB component

model gamma
Ecut

(keV)

KT

(keV)
Cstat/dof

PL 1.13±0.01 11848/982

cutPL 0.35±0.02 33.82±0.71 2049/981

PL+BB 1.62±0.02 11.65±0.11 1041/980

cutPL+BB 1.51±0.03 320 a 11.68±0.12 1039/979

model gamma
Ecut

(keV)

KT

(keV)
Cstat/dof

cutPL 0.45±0.01 37.8±0.6 5027/1493

cutPL+BB 1.47±0.03 288±36 11.8±0.1 1501/1492

a: only a lower limit can be placed to the cutoff energy Ecut.
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✦ Long GRB detected by Fermi/
GBM 

✦ prompt emission time-
integrated spectrum: Band 
function + blackbody (~ 10% 
of total fluence) 

✦ best-fitting model: band + b-
body  

✦ all spectral parameters well 
constrained and consistent 
with injected parameters 

Guiriec+11
GRB 100724B: a long GRB with BB component
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model alpha beta
Ep

(keV)

flux

(erg/(cm 2 s))

KT

(keV)

flux

(erg/(cm 2 s))

Band+BB -0.90 -2.1 615 6.2e-6 38 2.6e-7

We simulated this spectral model (using the GRBM+BBODY model in XSPEC) as
described above, for a total exposure expo=84.9 s. Then we fitted the simulated spectrum
with different models in XSPEC: power law (hereafter PL - POW model in XSPEC), power
law with exponential cutoff (hereafter cutPL - CUTOFF model in XSPEC), Band (GRBM
model in XSPEC). Within the ECLAIRs energy band it is not possible to constraint the
high-energy spectral index beta for the GRBM model, thus we kept it fixed to the standard
value beta=-2.6 while performing the fit. The results are reported in table 2. The Band
(beta fixed) and cutPL models give an equally good fit to the data, while the PL model
gives a very poor fit and we discarded this model in the following analysis. We then
added the BB (BBODY model in XSPEC) to the cutPL, finding a significant improvement
of the fit. The best-fitting model to the simulated spectrum is the cutPL+BB, and the
best-fitting parameters are consistent with the values injected in the simulated spectrum.
The unfolded Ef(E) spectrum with best-fitting model and residuals are displayed in an
attached file (100724B_EfE.ps).

Table 2: best-fitting parameters for GRB 100724B.

model alpha beta
Ep a

(keV)

KT

(keV)
Cstat/dof

PL 0.910±0.003 1677/984

cutPL 0.79±0.01 525.7±40.5 1196/981

Band -0.79±0.01 -2.6 524.5±40.5 1196/981

cutPL+BB 0.92±0.02 465 b 39.1±1.5 940/979

model alpha beta
Ep

(keV)

KT

(keV)
Cstat/dof

Band 0.70±0.01 2.06±0.02 276±5 3179/2518

Band+BB 0.90±0.01 2.09±0.03 490±25 38.5±0.7 2520/2513

a: for cutPL, Ecut=Ep/(2-alpha)
b: only a lower limit can be placed to the peak energy Ep.

GRB 120323A

GRB 120323A time-integrated spectrum as observed by Fermi/GBM (8 keV - 40 MeV) is
well fitted by a power-law function with an exponential cutoff (hereafter cutPL) with the
addition of a blackbody component (hereafter BB), that comprises 50% of the total
fluence [9]:

model gamma
Ecut

(keV)

fluence

(erg/cm 2)

KT

(keV)

fluence

(erg/cm 2)

cutPL+BB 1.48 307 5.4e-6 11.7 5.4e-6

We simulated this spectral model (using the CUTOFF+BBODY model in XSPEC) as
described above, for a total exposure expo=0.576 s. Then we fitted the simulated
spectrum with different models in XSPEC: power law (hereafter PL - POW model in
XSPEC), cutPL (CUTOFF model in XSPEC). The results are reported in table 3. We then
added the BB (BBODY model in XSPEC) to both the models, finding a significant
improvement of the fit. The best-fitting model to the simulated spectrum is the cutPL+BB,

ECLAIRs+GRM - SVOM - IN2P3-Forge https://forge.in2p3.fr/projects/svom/wiki/ECLAIRs+GRM

2 sur 3 11/04/16 12:06
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The GRB prompt emission spectrum
Band function is empirical and not a 
physical model: what is the 
emission mechanism?? 

✦ synchrotron? line of death problem 
✦ low energy spectral index useful to 

constrain models 2 G. Ghirlanda, A. Celotti & G. Ghisellini: Extremely hard GRBs

energy spectra and their evolution can be used to rule out or
constrain some of these possibilities.

Another relevant aspect of GRB spectra is their possible
thermal character. In fact, the fireball model (Goodman 1986,
Paczynski 1986) naturally predicts thermal radiation when the
fireball becomes transparent. The lack of observational evi-
dence of thermal spectra motivated the proposal of the inter-
nal shock model (Rees & Mészáros 1994) in which the fireball
energy could be efficiently extracted and transformed into radi-
ation with a non–thermal spectrum as observed in most bursts.
Nonetheless, evidence for possible thermal spectra in some
GRBs has been reported by Preece (2001) for GRB 970111
and Schaefer et al. (poster P-56 presented at the Rome 1998
Whorkshop on GRBs, private communication). Furthermore
Blinnikov et al. (1999) propose that also the spectra observed
in most GRBs could be interpreted as superposition of black
body spectra with different temperatures. From a theoretical
point of view thermal emission from the fireball is expected if
the dominant acceleration agent is internal pressure (Daigne &
Mochovitch 2002). Alternatively, magnetic acceleration (e.g.
by Poynting flux) would determine a non–thermal spectrum
(Drenkhahn & Spruit 2002, but see also Ruffini et al. 2002).
The analysis of spectra with a possible thermal character can
therefore have important implications for the understanding of
the nature of the fireball acceleration mechanism.

To the aim of testing the validity/generality of the proposed
models we have then searched among the 156 GRBs of the pub-
lished spectral catalog of Preece et al. (2000) the bursts with a
low energy time resolved spectrum harder than N(E) ∝ E0,
which represents a limit for most of the above models (see Sec.
2). We found two extremely hard bursts: GRB 911118 (BATSE
trigger 1085), whose peak energy evolution has been reported
in the spectral catalog by Ford et al. (1995), and a new case,
GRB 980306 (trigger 6630). These two GRBs are carefully
studied here in terms of their low energy spectral hardness.
Their spectral evolution on timescales of few tenths of a second
is presented in Sec. 4.1, 4.2, particularly regarding the slope
of the low energy spectral component. We also found GRB
910807 (trigger 647) and GRB 970111 (trigger 5773) whose
spectral properties have already been presented in the literature
by Crider et al. (1997, 1997a, 2000) and Frontera et al. (2000)
(only for GRB 970111). We included also GRB 910927 (trig-
ger 829) reported by Crider et al. (1997, 2000) which is not
present in the spectral catalog of Preece et al. (2000). These
bursts have been re-analyzed in order to test the reliability of
their low energy spectral hardness (Sec. 4.4). In fact, we present
the tests that we performed in order to determine the statis-
tical robustness of the spectral hardness, and in particular a
model independent approach consisting in the comparison of
each spectrumwith a template one of given hardness (Sec. 4.3).
The evidence that, at least at the beginning of the bursts, the
spectra are extremely hard suggested their comparison with a
black body model. This part of the analysis is presented in Sec.
4.5. The comparison with the low energy spectral limits pre-
dicted by different models (briefly recalled in Sec. 2 together
with the previous evidence of hard spectra) is the content of
the discussion (Sec. 5), where also tentative interpretations of
the initial quasi–thermal spectral evolution, in the context of

Table 1. Low energy limiting photon spectral index α [i.e.
N(E) ∝ Eα] for various emission models. For clarity the in-
dices for the energy spectrum F (E) and for its EFE represen-
tation are also reported.

α α + 1 α + 2
N(E) F (E) EFE model/spectrum
-3/2 -1/2 1/2 Synchrotron emission with cooling
-1 0 1 Quasi–saturated Comptonization
-2/3 1/3 4/3 Instantaneous synchrotron
0 1 2 Small pitch angle/jitter

inverse Compton by single e
−

1 2 3 Black Body
2 3 4 Wien

the hot fireball model and of the the Compton drag model, are
presented. We draw our conclusions in Sec. 6.

2. Spectral Slopes and Emission Models
The distribution of the low energy photon spectral index α ob-
tained from the time resolved spectral analysis of a sample of
bright BATSE bursts (Ghirlanda, Celotti & Ghisellini 2002) is
reported in Fig. 1. The majority of GRB spectra (Preece et al.
2000, Ghirlanda et al. 2002) have a low energy power law spec-
tral index −3/2 ≤ α ≤ −2/3, i.e. within the limits predicted
by the optically thin synchrotron model (Fig. 2, dashed lines;
see also Katz 1994), but there is a non negligible fraction of
bursts (∼15%, see also Preece et al. 2000) with a low energy
spectrum harder thanN(E) ∝ E−2/3. The spectral analysis of
a sample of GRBs by Crider et al. (1997) also revealed that in
60% of their cases the spectrum evolves with time. Moreover,
the spectrum integrated over the pulse rise phase is harder than
E−2/3 in 40% of their bursts and can be as hard asN(E) ∝ E1

(i.e. EFE ∝ E3). For comparison the distribution of the α
parameter for the hard spectra of the bursts considered in this
work is also reported (gray histogram) in Fig. 1. Note that they
contribute to extend the distribution toward positive α values
up to ∼ 1.5.

Let us here just recall that this evidence is hardly rec-
oncilable with the simplest formulation of the synchrotron
model and some alternatives have been proposed to account
for these observations within the frame of this emission pro-
cess (Papathanassiou 1999, Granot, Piran & Sari 2000). Lloyd
& Petrosian (2000) propose a scenario in which electrons have
a small pitch angle distribution (SPD in Fig. 2), extending the
range of possible low energy spectral indices produced via syn-
chrotron to the limit α ∼ 0. The same limiting slope can be
obtained in the “jitter” radiation theory, which is based on syn-
chrotron emission in a non uniform magnetic field with inho-
mogeneities on length scales smaller than the electron gyro-
radius (Medvedev 2001). Slopes even harder (i.e. α ∼ 1)
may instead correspond to thermal radiation, such as a portion
of a black body spectrum (Mészáros & Rees 2000) or satu-
rated Comptonization spectra with Wien peaks which can be
as hard as α ∼ 2 (Liang et al. 1997, Ghisellini & Celotti 1999,
Ghisellini et al. 2000).
A detailed discussion of these models and their comparison
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Fig. 1. Low energy spectral index distribution from Ghirlanda,
Celotti & Ghisellini (2002). The vertical lines represent the
limits of the emission models reported in Tab. 1 and plotted
in Fig. 2. The triangles represent the maximum values found
from the spectral analysis of the bursts presented in this work
along with their 90% confidence interval (horizontal bars). The
gray histogram shows the distribution of the low energy spec-
tral index found from the time resolved spectral analysis of the
bursts presented in the text.

Fig. 2. Low energy spectral limits for different emission models
(see Tab.1). Examples of the BAND (solid line) and COMP
model (dot–dashed line) with the low energy photon spectral
index fixed at –1 [i.e. EFE ∝ E1] are also represented for
comparison.

with our observational findings are presented in sec. 6. As ref-
erence for the following sections we schematically summarize
the model predictions in Tab. 1, and display in Fig. 2 their typ-
ical low energy limiting slopes in a EFE representation.

3. Data Analysis

We have analyzed the Large Area Detector (LAD) High Energy
Resolution Burst (HERB) data which have a high count rate,
due to the LAD large effective area, and are suited for the spec-
tral analysis of GRBs for which a moderate energy resolution
is sufficient to study the typical broad band continuum (Preece
et al. 1998).

We selected the data from the most illuminated detector
which has the highest signal to noise ratio (S/N), and main-
tained the instrumental time binning corresponding (in the best
cases) to single time resolved spectra accumulated for 128
ms, to follow the spectral variations on the smallest possible
timescale (thanks to the high S/N there was no need to rebin
the data before fitting). Each spectrum has been fitted from
Emin ∼ 28 keV to Emax ∼ 1800 keV which define the typical
energy window for the LAD data (Preece et al. 1998, 2000).

The spectral analysis has been carried out using SOAR
(1993) as a quick look tool for the spectral evolution and then
XSPEC (v11.1) for the individual spectral fitting of time re-
solved spectra.The background, to be subtracted to each time
resolved spectrum, has been calculated as the average over a se-
lected number of background spectra accumulated before and
after the trigger.

In the data analysis we have used the standard forward fold-
ing technique to fit the model spectral functions (convolved
with the detector response matrix) to the observed spectra. As
explained in Sec.4, we also used the instrumental spectra in the
comparison with a simulated spectrum in order to verify the
robustness of our results.

3.1. Fitting models
We fitted the most commonly adopted GRB spectral models:
the BAND (Band et al. 1993) and COMPmodel, represented by
a smoothly connected double power law or by a single power
law ending with an exponential cutoff, and the sharply con-
nected double power law model (BPLW). The choice of these
models is motivated by the fact that they characterize the low
energy part of the spectrum with a spectral parameter (i.e. the
spectral index α) which can be simply compared with the pre-
dictions of the different emission processes. For a detailed de-
scription of these spectral functions see Preece et al. (2000).

Due to the extreme hardness of the low energy spectrum of
these bursts, we decided also to verify if thermal, black body
like, emission was consistent with the low energy data. We con-
sidered only the time resolved spectra which have a low energy
spectral index α ≥ 0.5 when fitted with the BAND or COMP
models. This indicative value, which is softer than α = 1 (i.e.
the Rayleigh-Jeans limit of a black body spectrum) has been
chosen to: a) account for typical errors in the determination of
α with the BAND or COMP models; b) include the possibility
that the spectrum could be softer than α = 1, if its peak is at
low energies, due to the spectral curvature (see also Sec.4.5).

The result of each fit was then considered acceptable if the
reduced χ2

r was lower than 1.5 for typically ∼ 110 degrees of
freedom (dof): in fact the statistical probability of having a bet-
ter fit is around 0.5 if the reduced χ2

r is around 1, but a limiting

Katz+94 
Preece+98,+02 
Ghirlanda+03
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Fig. 1. HR-T90 plot of GRBs detected by different missions (as shown in the legend) 
from Sakamoto et al. (2011). (For interpretation of the references to color in this 
figure, the reader is referred to the web version of this article.)

the two populations are drawn from the same parent distribution. 
In general, the populations of GRBs detected by different instru-
ments overlay in the HR-T90 plane although the relative number of 
short and long GRBs differ among different instruments. The four 
year catalog of 954 Fermi bursts (von Kienlin et al., 2014) con-
tains between 13% and 20% of SGRB with average duration ∼0.7 s
and average HR>1 (LGRBs have an average duration of 25 s and 
HR<1).2

Other possible differences in the temporal properties are the 
smaller minimum variability timescale (MacLachlan et al., 2012, 
2013) of SGRBs (on average 10 ms) with respect to LGRBs (200 
ms); see also Nakar and Piran (2002) and Golkhou and Butler
(2014). What links temporal and spectral properties is the lag: 
this is the delay (either positive or negative) between the light 
curves in two different energy bands. It was early found in the 
BATSE GRB sample that LGRBs have positive lags with the high 
energy light curve lagging the low energy one, while typically 
SGRBs have null lag (Cheng et al., 1995; Norris et al., 2001;
Norris and Bonnell, 2006).

Overall, the comparison of the prompt γ -ray emission proper-
ties of short and long GRBs shows that short GRBs have (a) harder 
spectra (as shown by the HR, Fig. 1), (b) smaller variability 
timescale and (c) null lag. However, there are some caveats: T90
and HR are computed in the observer frame through the light 
curves accumulated by a given detector. Most often, HR has been 
computed as the ratio of the instrumental counts recorded in two 
different energy bands. With the launch of Swift in 2004 (Gehrels 
et al., 2004) the possible different redshift distribution of short 
and long bursts was disclosed. BATSE and Fermi data allowed 
us to characterise the spectra of GRBs over a wide (few keV to 
several MeV) energy range with tens of ms time resolution. We 
now know that GRB spectra might have different shapes (typically 
represented by curved models, i.e. more complicated than simple 
powerlaw) and strongly evolve with time within individual GRBs. 
Therefore, (1) the redshift, (2) the overall shape of the spectrum 
and (3) its evolution within the burst should all be considered 
when comparing the temporal and spectral properties of SGRB and 
LGRB. The possible different redshift distributions of short and long 
GRBs might change the results, i.e. blur away or exacerbate the dif-
ferences between the two classes. The HR represents only a proxy 

2 The HR values may change according to the energy ranges selected for their 
computation.

of the real spectral diversity of short and long events which should 
instead be searched in the difference of the spectral parameters of 
these classes (Ghirlanda et al., 2004, 2009, 2011).

In the following sections we will progressively probe deeper 
into the consolidated differences of short and long GRBs explor-
ing the origin of the different HR by searching for differences in 
the spectral shape (Section 2), including the redshift corrections 
(Section 3) and the temporal evolution of the spectrum (Section 4)
and, finally, revisiting the lag as a discriminator between short and 
long events (Section 5).

2. The observed spectrum of GRBs

Spectral analysis of samples of short and long GRBs showed 
that this is typically represented by a curved function (Preece 
et al., 2000; Ghirlanda et al., 2002, 2004; Kaneko et al., 2006;
Frontera et al., 2009; Nava et al., 2011a; Goldstein et al., 2013, 
2012; Gruber et al., 2014). In particular, a smoothly broken power 
law (Band et al., 1993) or a power law with a high energy cut-
off suffice to reproduce the observed spectra of most short and 
long GRBs with the former being more often fitted by a cutoff 
power law function (Ghirlanda et al., 2004, 2009). The common 
feature of these functions is the presence of a low energy power 
law (parametrised by its photon spectral index α) and a charac-
teristic energy Epeak where the ν Fν spectrum peaks. The smoothly 
broken power law model has an additional high energy power law 
component (parametrised by the photon spectral index β).

Spectral analysis of samples of short and long GRBs detected by 
BATSE and Fermi (Ghirlanda et al., 2004, 2009) shows that short 
and long GRBs have slightly different Epeak distributions (with a KS 
probability of 10−2 of being drawn from the same parent popula-
tion) while the main difference is in the low energy spectral index 
(α) distribution (with a KS probability of 10−4). From the distri-
butions of these two spectral parameters (Ghirlanda et al., 2009) it 
appears that SGRBs are harder than LGRBs due both to a combina-
tion of their peak energy (on average Epeak ∼ 400 keV for SGRBs 
with respect to 220 keV for long events) and of a harder low en-
ergy spectral index (on average α ∼ −0.4 for SGRBs with respect 
to −0.92 for long ones). These results, found in the BATSE short 
and long populations (Ghirlanda et al., 2009), are confirmed by the 
Fermi data (Nava et al., 2011a). Fig. 2 shows the distributions of 
the low energy spectral index (top panel) and peak energy (bot-
tom panel) of Fermi long (blue hatched histogram) and short (red 
hatched histogram) bursts (from Nava et al., 2011a).3 The top panel 
of Fig. 2 also shows that all short GRBs have a low energy spectral 
index violating (i.e. harder than) the synchrotron limit of −1.5 in 
case of electron cooling.

We further test these results with the most updated sample 
of GRBs from the GBM/Fermi catalog4 (von Kienlin et al., 2014;
Gruber et al., 2014). We selected all the GRBs (up to Feb. 2015) 
detected by the GBM on board Fermi with a time integrated spec-
trum well fitted by either a Band function or a power law with 
exponential cutoff. Fig. 3 (top panel) shows the low energy spec-
tral index (α) versus the peak energy (Epeak) in the observer frame
for the 982 GRBs. Red and blue symbols show the population of 
short and long events, respectively, considered separating the sam-
ple at 2 s. The KS test probabilities of Epeak and α for the two 
populations are 10−30 and 10−24, respectively. We also verified if 
the KS probability depends on the 2 s short/long divide. Indeed, it 
has been suggested (Bromberg et al., 2012, 2013) that there could 
be a contamination of collapsars (i.e. long GRB progenitors) in the 

3 For a comparison of the spectral properties of short and long GRBs detected by 
Fermi and BATSE see Nava et al. (2011b).

4 http :/ /heasarc .gsfc .nasa .gov /W3Browse /fermi /fermigbrst .html.
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Fig. 2. Time integrated spectral parameters of short GRBs (red hatched histograms) 
versus long GRBs (blue hatched histograms) detected by Fermi and analysed by 
Nava et al. (2011a, 2011b). The top and bottom panels shows the low energy spec-
tral index and the peak energy of the ν Fν spectrum, respectively. (For interpretation 
of the references to color in this figure legend, the reader is referred to the web ver-
sion of this article.)

population of short events and that the separation between the 
two classes might differ by 2 s (e.g. 0.8 for Swift). We find that by 
shifting the long/short divide by a factor of 2 the KS probability 
remains highly significative of the diversity of the spectral param-
eters of the two classes.

3. Rest frame properties of short GRBs

The comparison of the observed properties (e.g. T90 and spec-
tral parameters) of short and long GRBs does not take into account 
the redshift effects. In particular the observed duration and the 
observed peak energy depend on the source redshift. If short and 
long GRBs have different redshift distributions, this effect can con-
siderably blur away the differences discussed in the previous sec-
tion.

However, our knowledge of the distribution of GRBs through 
cosmic times is still limited by the fact that the majority of the 
GRBs observed by Swift are lacking a redshift measurement (in-
deed the measure of the distance has been secured for about 1/3
of long GRBs and 1/4 of short GRBs). This fact strongly limits the 
possibility of well grounded studies aimed at shaping the GRB rest-
frame properties and redshift distribution.

Fig. 3. Low energy spectral index versus peak energy in the observer frame (top 
panel) and in the rest frame (bottom panel) for the present sample of Fermi GRBs 
with time integrated spectrum fitted with either a Band model or a cutoff power 
law model. Red and blue symbols are for short and long GRBs, respectively. (For 
interpretation of the references to color in this figure legend, the reader is referred 
to the web version of this article.)

3.1. Spectral parameters

As a first exercise we used the average redshift of SGRB, z = 0.6, 
and LGRBs, z = 2.1, in order to correct the observed spectral shape 
of the two populations. The bottom panel of Fig. 3 shows the rest 
frame Epeak (i.e. corrected for the 1 + z factor for long and short 
events). Note that the slope of the spectrum below the peak (i.e. 
the spectral index α) is unaffected by this correction. In the rest 
frame, the KS probability between short and long events (keeping 
their separation still fixed at 2 s observed frame – i.e. consider-
ing the red and blue symbols in Fig. 3 bottom panel) reduces to 
10−4 (to be compared to 10−30 in the observer frame). The KS 
probability on the distribution of α is instead unchanged. This re-
sult confirms that SGRBs and LGRBs have different spectra due to 
a different low energy spectral index rather than a different peak 
energy. Indeed, in the rest frame short and long GRBs (indepen-
dently on their separation timescale, when it is within a factor 2 
from the usual, observer frame, one – T90 = 2 s) have similar Epeak
but remarkably different α with the former being harder than the 
latter.

3.2. Duration

The separation at 2 s between short and long GRBs was origi-
nally based on the two overlapping distributions of T90. Very likely 

Kouveliotou+93 
Ghirlanda+04,+09,+15 
Nava+11
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Spectral parameters with ECLAIRs + GRM
Grueber+14

✦ 446 GRBs with comptonised model from the Fermi/GBM 
spectral catalogue

Low energy 
spectral index

Cutoff energy
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Peak energy

Low energy 
spectral index

Spectral parameters with ECLAIRs + GRM
Grueber+14

✦ 76 GRBs with band model from the Fermi/GBM spectral 
catalogue
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ECLAIRs + GRM GBM
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index

Cutoff 
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Spectral parameters with ECLAIRs + GRM
Comptonised model
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Spectral parameters with ECLAIRs + GRM
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Band model
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Low energy spectral index Cutoff/peak energy

Band 
model

Cpl 
model

Spectral parameters with ECLAIRs + GRM
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Conclusions
The complete study of GRB prompt high-energy emission will 
require combining the data from the ECLAIRs and GRM 
instruments, from 4 keV to a few MeV. The excellent 
performance of the ECLAIRs and GRM instruments (the low 
energy threshold of 4 keV and its good sensitivity at MeV 
energies) will permit: 
✦ to identify and characterize these multiple components in 

more detail 
✦ to measure with precision the low energy spectral 

parameters of GRB prompt emission spectra, providing 
direct insights on the emission mechanisms responsible for 
the prompt emission
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Backup slides
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✦ XSPEC Fakeit to simulate GRB spectrum 
✦ ECLAIRs: ancillary response file, redistribution matrix 

and background files from Geant4 simulations with the 
updated mask for on-axis sources without the Earth in 
the field-of-view 

✦ GRM: 3 GRD detectors, response file and background 
for 30 degree off-axis sources without the Earth in the 
field-of-view 

✦ fit of the simulated spectrum with comptonised and 
Band models in XSPEC to check if we can retrieve the 
simulated spectrum with the injected parameters

Methodology
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✦ Aim: test performances of ECLAIRs + GRM compared to 
GBM (NaI+BGO detectors) 

✦ initial spectra: best fit models (446 comptonised and 76 
band) from Fermi/GBM spectral catalogue (Grueber et 
al. 2014)  

✦ simulated as they would be observed by ECLAIRs + 
GRM (4-5500 keV) and by GBM (4 NaI + 1 BGO 
detectors, 8-40000 keV) 

✦ fitted in XSPEC with comptonised (CUTOFFPL) and 
Band (GRBM) models

Methodology
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GRD effective area (on-axis sources)
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GRD background
Background for 1 GRD with 
the Earth outside the f.o.v.: 

✦ CXB 
✦ Earth’s albedo 
✦ CR induced radiation from 

Earth’s atmosphere 
✦ activation after passage 

through SAA

Moretti+09 
Churazov+06 
Sazonov+07


