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GRB jets
• GRBs are extremely efficient lighthouses!

• The most luminous GRBs are visible up to z ≥ 8.
• However, GRBs require very special conditions:

• Highly relativistic outflows: Γ~100 à Doppler boost
• Beamed outflows à All the jet energy in a small solid angle
• Radio calorimetry & afterglow jet breaks constrain the energy 

of the jet: Ejet ≤1051 erg
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The isotropic equivalent energy Eiso

• Lacking information on the jet beaming for most GRBs, we 
cannot compute the energy radiated by the jet during the 
prompt emission, instead we compute the isotropic equivalent 
energy Eiso. 

• Eiso is the energy released during the prompt phase assuming 
isotropic emission. Eiso is a proxy for the energy radiated in our 
direction. This is our imperfect view to GRB energetics!

• The true energy radiated in !-rays is Erad = Eiso/fb -- fb = 4π/Ω 
≈ 102-103

Goal of this work: Verify if there a limit to Eiso.
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Calculating Eiso

• Eiso is computed according to the formulae:

(Bloom et al. 2001), which is also listed in Tables 2 and 3,
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Since we are mostly interested in energetic GRBs, which are
rare in the local universe, we restrict our analysis to GRBs in
the range - -z1 5. This cut has two advantages: it limits the
impact of redshift evolution within our sample and it avoids the
complex optical selection effects taking place when the Lyα
forest enters the R band channel at z�6. Moreover, since the
volume enclosed within z=1 represents only 8% of the
volume enclosed within z=5, we keep 92% of energetic
GRBs, while removing from our sample low energy GRBs that
are not useful for our analysis. Figure 2 shows the distribution
in redshift and Eiso of the GRBs in our sample.

2.1.1. Peak Flux and Redshift Selection

GRB samples in this study are subject to two selection
effects: in peak flux and in redshift, the construction of a
reliable energy distribution is only possible if we correctly take
into account the impact of these selections. Considering the
selection of GRBs with a redshift, it has been shown by Turpin
et al. (2016) that GRBs with small and large afterglow optical

fluxes have similar distributions of Epi (the maximum of the
νFν fluence spectrum), Eiso, and L iso (the isotropic equivalent
luminosity). These authors conclude that the rest-frame
distributions of Epi, Eiso, and L iso are not significantly distorted
when they are computed from GRBs with a redshift. We thus
consider for the sake of this study that we do not bias the bright
end of the GRB energy distribution when we study the
distribution of GRBs with a redshift.
Considering the impact of peak flux selection, we construct

GRB samples with a peak flux threshold in the trigger energy
range that is typically 50% higher than the trigger threshold.
This procedure transforms the complex detection instrument
threshold into a well-defined sample threshold, at the expense
of loosing the faintest GRBs. The chosen values ensure that
GRBs in our samples will be detected in most observing
conditions. For the rest of this paper, we use the sample
threshold to evaluate the impact of peak flux selection effects.

2.1.2. The Fermi/GBM Sample

We construct the Fermi/GBM sample from the list
of GRBs with a redshift provided in the online GRB table of
Greiner,8 from 2008 August to mid-2016. The best fit
spectral model is extracted from the Fermi GBM Burst
Catalog (Gruber et al. 2014; von Kienlin et al. 2014). In
a first cut, we select GRBs with a 1 s peak flux larger
than Pf=1.05 ph cm−2 s−1 in the energy range [50–300] keV.
This is 1.5 times larger than the detection threshold of

Table 1
Models of GRB Luminosity Function

Reference Model Slope Lbr Lcut Lmax dn dl
(erg s−1) (erg s−1) (erg s−1)

Daigne et al. (2006; SFR2) simple PL 1.6 L L ´4 1053 L L
Salvaterra & Chincarini (2007) cutoff PL 3.5 L ´9.5 1051 L L L

cutoff PL 2.2 L ´0.8 1051 L L 1.4
Zitouni et al. (2008; SFR2) broken PL 2.0 ´3 1051 L ´3 1053 L L
Dai (2009) broken PL 1.3 ´5 1048 L L L L
Butler et al. (2010) broken PL 3 ´5 1052 L L B10a L
Wanderman & Piran (2010) broken PL 1.4 ´3 1052 L L W10b L
Salvaterra et al. (2012) broken PL 2.3 ´3.8 1052 L L 1.7 L

cutoff PL 2.1 L ´3.1 1051 L 1.6 L
broken PL 1.9 ´0.6 1051 L L L 2.1
cutoff PL 2.0 L ´0.2 1051 L L 2.3

Shahmoradi (2013) c log-normal L L ´2.2 1051 L L L
Howell et al. (2014) broken PL 2.6 ´0.8 1052 L L W10 L
Lien et al. (2014) broken PL 3.0 ´1.1 1052 L L W10 L
Pescalli et al. (2015) broken PL 1.8 ´2.8 1051 L L L 2.5
Petrosian et al. (2015) broken PL 3.2 ´1 1051 L L L 2.3

cutoff PL 0.5 L ´1.4 1051 L L 2.3
Tan & Wang (2015; RGRB2) broken PL 2.4 ´3.9 1051 L L W10 L

broken PL 2.1 ´1.4 1051 L L W10 0.8
Deng et al. (2016) broken PL 2.5 ´1.7 1051 L L L 1.14

Notes. This table summarizes how the bright end of the GRB luminosity function has been parametrized in recent works. The slope refers to the high luminosity index
for broken power law models, and to the slope below the cutoff luminosity for cutoff power law models. When it is mentioned, Lmax indicates the maximum
luminosity considered in the study. dn is the index of the density evolution and dl is the index of luminosity evolution described in Section 2.2.
a Butler et al. (2010) propose a model of the GRB formation rate that cannot be represented by a simple index dn. We note B10 this model which predicts an excess of
GRBs over the SFR of Hopkins and Beacom (2006), by a factor ∼3.7 at redshift z=5.
b Wanderman and Piran (2010) propose a model of the GRB formation rate that cannot be represented by a simple index dn. We note W10 this model which predicts
an excess of GRBs over the SFR of Hopkins and Beacom (2006), by a factor ∼3.4 at redshift z=5. Various other studies use this model.
c Lcut gives the center of the log-normal distribution; the width of the distribution is log(sL)=−0.22.

8 http://www.mpe.mpg.de/~jcg/grbgen.html
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(Bloom et al. 2001), which is also listed in Tables 2 and 3,
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Since we are mostly interested in energetic GRBs, which are
rare in the local universe, we restrict our analysis to GRBs in
the range - -z1 5. This cut has two advantages: it limits the
impact of redshift evolution within our sample and it avoids the
complex optical selection effects taking place when the Lyα
forest enters the R band channel at z�6. Moreover, since the
volume enclosed within z=1 represents only 8% of the
volume enclosed within z=5, we keep 92% of energetic
GRBs, while removing from our sample low energy GRBs that
are not useful for our analysis. Figure 2 shows the distribution
in redshift and Eiso of the GRBs in our sample.

2.1.1. Peak Flux and Redshift Selection

GRB samples in this study are subject to two selection
effects: in peak flux and in redshift, the construction of a
reliable energy distribution is only possible if we correctly take
into account the impact of these selections. Considering the
selection of GRBs with a redshift, it has been shown by Turpin
et al. (2016) that GRBs with small and large afterglow optical

fluxes have similar distributions of Epi (the maximum of the
νFν fluence spectrum), Eiso, and L iso (the isotropic equivalent
luminosity). These authors conclude that the rest-frame
distributions of Epi, Eiso, and L iso are not significantly distorted
when they are computed from GRBs with a redshift. We thus
consider for the sake of this study that we do not bias the bright
end of the GRB energy distribution when we study the
distribution of GRBs with a redshift.
Considering the impact of peak flux selection, we construct

GRB samples with a peak flux threshold in the trigger energy
range that is typically 50% higher than the trigger threshold.
This procedure transforms the complex detection instrument
threshold into a well-defined sample threshold, at the expense
of loosing the faintest GRBs. The chosen values ensure that
GRBs in our samples will be detected in most observing
conditions. For the rest of this paper, we use the sample
threshold to evaluate the impact of peak flux selection effects.

2.1.2. The Fermi/GBM Sample

We construct the Fermi/GBM sample from the list
of GRBs with a redshift provided in the online GRB table of
Greiner,8 from 2008 August to mid-2016. The best fit
spectral model is extracted from the Fermi GBM Burst
Catalog (Gruber et al. 2014; von Kienlin et al. 2014). In
a first cut, we select GRBs with a 1 s peak flux larger
than Pf=1.05 ph cm−2 s−1 in the energy range [50–300] keV.
This is 1.5 times larger than the detection threshold of

Table 1
Models of GRB Luminosity Function

Reference Model Slope Lbr Lcut Lmax dn dl
(erg s−1) (erg s−1) (erg s−1)

Daigne et al. (2006; SFR2) simple PL 1.6 L L ´4 1053 L L
Salvaterra & Chincarini (2007) cutoff PL 3.5 L ´9.5 1051 L L L

cutoff PL 2.2 L ´0.8 1051 L L 1.4
Zitouni et al. (2008; SFR2) broken PL 2.0 ´3 1051 L ´3 1053 L L
Dai (2009) broken PL 1.3 ´5 1048 L L L L
Butler et al. (2010) broken PL 3 ´5 1052 L L B10a L
Wanderman & Piran (2010) broken PL 1.4 ´3 1052 L L W10b L
Salvaterra et al. (2012) broken PL 2.3 ´3.8 1052 L L 1.7 L

cutoff PL 2.1 L ´3.1 1051 L 1.6 L
broken PL 1.9 ´0.6 1051 L L L 2.1
cutoff PL 2.0 L ´0.2 1051 L L 2.3

Shahmoradi (2013) c log-normal L L ´2.2 1051 L L L
Howell et al. (2014) broken PL 2.6 ´0.8 1052 L L W10 L
Lien et al. (2014) broken PL 3.0 ´1.1 1052 L L W10 L
Pescalli et al. (2015) broken PL 1.8 ´2.8 1051 L L L 2.5
Petrosian et al. (2015) broken PL 3.2 ´1 1051 L L L 2.3

cutoff PL 0.5 L ´1.4 1051 L L 2.3
Tan & Wang (2015; RGRB2) broken PL 2.4 ´3.9 1051 L L W10 L

broken PL 2.1 ´1.4 1051 L L W10 0.8
Deng et al. (2016) broken PL 2.5 ´1.7 1051 L L L 1.14

Notes. This table summarizes how the bright end of the GRB luminosity function has been parametrized in recent works. The slope refers to the high luminosity index
for broken power law models, and to the slope below the cutoff luminosity for cutoff power law models. When it is mentioned, Lmax indicates the maximum
luminosity considered in the study. dn is the index of the density evolution and dl is the index of luminosity evolution described in Section 2.2.
a Butler et al. (2010) propose a model of the GRB formation rate that cannot be represented by a simple index dn. We note B10 this model which predicts an excess of
GRBs over the SFR of Hopkins and Beacom (2006), by a factor ∼3.7 at redshift z=5.
b Wanderman and Piran (2010) propose a model of the GRB formation rate that cannot be represented by a simple index dn. We note W10 this model which predicts
an excess of GRBs over the SFR of Hopkins and Beacom (2006), by a factor ∼3.4 at redshift z=5. Various other studies use this model.
c Lcut gives the center of the log-normal distribution; the width of the distribution is log(sL)=−0.22.

8 http://www.mpe.mpg.de/~jcg/grbgen.html
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CGRO data (Briggs et al. 1999) 

Ep = 720 keV 

! = -0.6 

" = -3.1 

• S! is the fluence measured in 
the detector energy range, from 
Emin to Emax.

• N(E) describes the shape of the 
spectrum.

• Eiso is computed in the range 
[1-104] keV in source frame.



The sample
• To compute Eiso, we need GRBs with redshifts and 

reliable spectral parameters: 
• Spectra from Fermi/GBM (Gruber et al. 2014, von Kienlin et 

al. 2014) & Wind/Konus (Tsvetkova et al. 2017)
• Redshifts from optical follow-up of Swift GRBs 

• 95 GRBs with redshift 1 ≤ z ≤ 5
• 69 GRBs detected by Wind/Konus (K):

• Sample threshold: Pf  ≥ 3.5 ph.cm-2.s-1 in [50-200] keV
• Pmed = 7.3 ph.cm-2.s-1 – zmed = 1.77 

• 52 GRBs detected by Fermi/GBM (G): 
• Sample threshold: Pf ≥ 1.05 ph.cm-2.s-1 in [50-300] keV
• Pmed = 5.4 ph.cm-2.s – zmed = 1.85

• 26 events in common
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The observed Eiso distribution

?

1	 Redshift																												5
150 Volume	(Gpc3)													2000
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?

• Eiso is in the range  [2 1052 – 4 1054] erg



Correcting the Eiso distribution
1. For every GRB in our reference volume (1 ≤ z ≤ 5), we 

compute its horizon zmax, the redshift at which its peak 
flux becomes fainter than the sample limiting peak flux.
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Z=5 Z=1
*

zmax <	5
w	>	1

Zmax >	5
w =	1
*

zgrb

2. Assuming a GRB world model, 
we compute Nzmax, the 
number of GRBs in the 
volume 1 ≤ z ≤ zmax and N5, the 
number of GRBs in the 
volume 1 ≤ z ≤ 5. 

w = N5/Nzmax is the weight of this 
GRB, used to correct the Eiso
distribution. If zmax ≥ 5, w = 1.



The corrected Eiso distribution
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• The correction does not change the bright end of the 
distribution (as expected).
• The correction is stronger for Konus, which is less sensitive, 

with a closer horizon.
• GBM detects GRBs with Eiso ≥ 1053 erg up to z ≥ 5.



Existence of a maximum Eiso
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• We compare the data with various GRB models having different redshift 
distributions (SFR plus density or luminosity evolution). 

We find that an energy cutoff around Eiso = 3 1054 erg is required 
at the level of 99.9%, for all models.

(more details in ApJ 2017, 837, 119 (arXiv:1711.06122)

• This energy cutoff must not be confused with the break of the luminosity function 
found by various authors in the range 1051 – 1052 erg.



Interpretation?
• GRBs are very luminous lighthouses… up to some limit!

• An upper limit on Eiso does not indicate a limit on the 
energy of GRB jets: the most energetic GRBs may not 
have the largest Eiso. 
• The geometry of the jet may change.
• The energy may be radiated outside the keV/MeV energy 

range.
• The energy may be emitted outside the electromagnetic 

spectrum.
• …

• The Eiso limit could be associated with the activity of the 
central engine (e.g. energy reservoir, energy extraction, 
Lorentz factor), with the beaming of the jet, or with the 
energy dissipation or radiation processes in the jet.
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Conclusions and perspectives
• The GRB isotropic energy seems limited to Eiso ≈ 3 1054 erg, 
and there is no indication of a class of very energetic GRBs.

• Energetic GRBs are rare, our study is based on 8 years of 
observation with Fermi/GBM and 22 years with Wind/Konus. 
• We estimate the rate of GRBs with Eiso ≥ 2 1054 to be ~5 yr-1.
• Most of them have no redshift! 
• Swift, Fermi and Wind are planned to operate for several more years.
• In 2022+ SVOM will contribute (cf. talk of C. Lachaud).

• The Eiso limit may be associated with the activity of the 
central engine or with the physics of the jet.

• If we find a way to identify GRBs close to Eiso limit, we’ll have 
very luminous standard candles, visible to z ≥ 10!

• Should do the same work with Liso.
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The most energetic GRBs
• Our sample contains 8 energetic GRBs with Eiso ≥ 2.3 1054 erg (arbitrary limit):

• 080916C, 090323, 120624B, 160625B è K+G (and Fermi/LAT)
• 090902B, 140206A è G only (and Fermi/LAT)
• 130505A, 130907A è K only

• These energetic GRBs are not special
• z = 4.35, 3.60, 2.20, 1.41, 1.82, 2.73, 2.27,1.24

• Outside our redshift range, we found one energetic GRB:
• GRB 110918A at z=0.984, with Eiso = 2.3 1054 erg detected by Konus
• We found no energetic GRB beyond z=5, despite1500 Gpc3 in 5<z ≤10

• We estimate the rate of energetic GRBs to be ~5/yr/sky.
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Figure 2: Light curves of the two brightest trigger detectors combined (top); and in the 8 energy
channels (bottom).

Figure 2: Light curves of the two trigger detectors combined (top); and in the 8 energy channels
(bottom).

Figure 2: Light curves of the two brightest trigger detectors combined (top); and of the two
brightest trigger detectors and the two BGO detectors after background subtraction (bottom).

Figure 2: Light curves of the two brightest trigger detectors combined (top); and in the 8 energy
channels (bottom).

GRB	090323 GRB	090902B

GRB	140206A GRB	160625B
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Figure 2: Light curves of the two brightest trigger detectors combined (top); and in the 8 energy
channels (bottom).

Figure 2: Light curves of the two trigger detectors combined (top); and in the 8 energy channels
(bottom).

GRB	120624B GRB	080916C


