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How many GRBs? (detection rates) 

What type of GRBs? 
  

• Mission science objectives 
• Optimise mission pro!le 
• Explore synergies with other facilities 

(space/ground)

Gamma Ray Bursts: 
  
Observed samples: 

1.CGRO/Batse 
2.Fermi/GBM (LAT) 
3.Swift/BAT … … 

  
Or a GRB synthetic population
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GRB detection 
rates !

Population vs samples
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out the inconsistency of the large majority of burst spectra with
a synchrotron interpretation. The Eobs

peak distribution of long GRBs
analysed by K06 peaks around Eobs

peak ∼ 250 keV, with a relatively
narrow dispersion. However, this refers to bright bursts, while fainter
bursts have smaller Eobs

peak values (Lloyd, Petrosian & Mallozzi 2000;
Kippen et al. 2003). Nava et al. (2008, hereafter N08) performed the
spectral analysis of a sample of BATSE bursts selected by extending
the limiting fluence of K06 (i.e. F = 2 × 10−5 erg cm−2) down to
F = 10−6 erg cm−2. They found that Eobs

peak correlates with the fluence
F and the peak flux P. This sample of BATSE faint bursts has a
distribution of Eobs

peak values centred at ∼150 keV, i.e. a value smaller
than the one found for the bright BATSE bursts analysed by K06,
as a consequence of the mentioned Eobs

peak–F correlation. This result
confirms that the derived distribution of Eobs

peak is strongly affected
by the adopted cuts in fluence (or peak flux).

N08 also found a correlation between Eobs
peak and the fluence/peak

flux for short bursts. This implies that when we compare the Eobs
peak

distributions of short and long GRBs we must take into account
the possible different fluence/peak flux selection criteria. A large
sample of short BATSE bursts have been analysed by Ghirlanda et al.
(2009, hereafter G09). They performed a detailed spectral analysis
of 79 short bursts and compared their properties with those of 79
long BATSE bursts selected with the same limit on the peak flux.
They found that the Eobs

peak distributions of the two classes are similar,
while the low-energy PL indices are different: short bursts have
〈α〉 ∼ −0.4, harder than long events. Their finding of a similar
Eobs

peak distribution for long and short bursts seems to be in contrast
with several claims by other authors (Paciesas et al. 2003; Nakar
2007; Guiriec et al. 2010). However, the presence of Eobs

peak–fluence
and Eobs

peak–peak flux correlations for long and short events implies
that the Eobs

peak distribution inferred from a given sample of bursts is
strongly affected by the criteria adopted to select the sample (often
based on the requirement of a minimum peak flux or fluence).
The inconsistency between different claims can be easily explained
by accounting for the different selection criteria adopted and the
different energy ranges of the considered instruments.

A well-known property of long GRBs, related to their prompt
emission, is the correlation of the rest-frame peak energy Epeak with
the bolometric isotropic energy Eiso emitted during the prompt (Am-
ati et al. 2002) and with the bolometric isotropic luminosity Lp,iso

estimated at the peak of the light curve (Yonetoku et al. 2004). Such
correlations represent an intriguing clue to the dominant emission
mechanism of the prompt phase. Furthermore, if corrected for the
jet opening angle, their dispersion reduces considerably (Ghirlanda,
Ghisellini & Lazzati 2004a) and allows us to use GRBs as standard
candles (Ghirlanda et al. 2004b).

The correlations in the observer frames (Eobs
peak–F and Eobs

peak–P)
may be just the consequence of the rest-frame (Epeak–Eiso and Epeak–
Liso, respectively) correlations mentioned above. Alternatively, it
has been claimed that the rest-frame correlations are the result of
instrumental selection effects (Band & Preece 2005; Nakar & Piran
2005). Ghirlanda et al. (2008, hereafter G08) and N08 examined the
instrumental selection effects which may affect the observer frame
correlations Eobs

peak–F and Eobs
peak–P. They found that, although instru-

mental biases do affect the burst sample properties, they are not
responsible for the correlations found in the observational planes.

Moreover, Ghirlanda, Nava & Ghisellini (2010a) recently showed
that the correlations Epeak–Eiso and Epeak–Lp,iso hold for the time-
resolved quantities within individual long GBM bursts [see also
Firmani et al. (2009) for Swift bursts and Krimm et al. (2009) for
Swift–Suzaku GRBs] and that this ‘time–resolved’ correlation is

similar to that defined by the time-integrated properties of different
GRBs. Similar results were found for short GBM bursts: there is
a significant correlation between the observer-frame peak energy
Eobs

peak and the peak flux within individual short GRBs, and this
correlation has a slope similar to that of the rest-frame Epeak–Liso

correlation (Ghirlanda et al. 2010b). These results confirm that the
‘Amati’ and ‘Yonetoku’ correlations have a physical origin, instead
of being the result of instrumental selection biases as claimed, and
that the trends (Eobs

peak–F and Eobs
peak–P) seen in the ‘observational

planes’ are just their outcome.
Through the spectral catalogue of GBM bursts of N11, we can

study the distribution of GBM bursts in the observational planes
Eobs

peak–F and Eobs
peak–P and test if the correlations found by BATSE

bursts (G08, N08 and G09) still hold. In the observational planes
we can also study, for the first time, the possible instrumental biases
of GBM for the bursts analysed in N11, and compare the spectral
properties of long and short GRBs detected by BATSE and by the
GBM. Finally, we can also compute the fraction of GBM short
and long GRBs that are outliers, for any assigned redshift, of the
rest-frame Epeak–Eiso and Epeak–Liso correlations. These are the main
aims of the present paper.

In Section 2, we present the samples of BATSE and GBM
bursts (both long and short) used for our comparison. We compute
(Section 3) the relevant instrumental selection effects introduced
by the GBM on the observational Eobs

peak–P and Eobs
peak–F planes con-

sidering short and long GRBs separately. The comparison between
BATSE and GBM results is also presented in terms of spectral pa-
rameter distributions in Section 4. We discuss our results and draw
our conclusions in Section 5.

2 SAMPLES

2.1 Long bursts

2.1.1 BATSE

Fig. 1 shows the log N–log F of long GRBs detected by BATSE
(open squares), where N is the number of objects with fluence

Figure 1. Long GRBs. Log N–log F for long BATSE bursts (empty squares)
and long GBM bursts (filled circles). In both cases, the fluence F is inte-
grated between 20 and 2000 keV. GBM data are taken from N11, while
BATSE data are from the online catalogue and include all the BATSE
bursts for which the fluence has been estimated. For reference two PLs with
slope −3/2 are shown (dot–dashed lines).
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Population

Encodes intrinsic properties 
of the sources

Maps the full parameter space

Detected Sample F > Flim(ΔE)

Result of instrumental selection of a portion of the 
population.

GCRO/Batse, Beppo-SAX, Hete-II, Fermi/GBM, Swift/BAT 
… … 

Maps a portion of the parameter space

☹

• Make predictions for new instruments/
facilities with better control on selection 
biases

• Explore synergies/complementarity 
within instruments and among facilities 

Observed GRB samples 
extrapolation 

GRB detection 
rates



Population based approach

Population GRB detection 
rates !

Population intrinsic properties:
1.Luminosity/energy function
2.Cosmic rate distribution

N(P1 < P < P2) ∝ A∫
∞

0
dz

dV(z)
dz

Ψ(z)
1 + z ∫

L(P2|z)
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Instrumental 
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Building a population: Direct Inversion method

Population

Population intrinsic properties:
1.Luminosity/energy function
2.Cosmic rate distribution

ϕ(L)
Ψ(z)

Strongly affected by samples’ 
incompleteness (Pescalli+2016)

A&A 587, A40 (2016)

Fig. 3. Left panel: GRB-formation rate (normalised to its peak) for the simulated population of GRBs with flux limit 5 × 10−8 erg cm−2 s−1 (black
symbols). The GRB-formation rate assumed in the simulation is shown by the dashed green line. The red symbols show the results obtained from
the same sample using, for the analysis, a flux limit factor of 5 smaller than the real one. Blue symbols are obtained by mimicking the sample
incompleteness by removing some GRBs randomly near the flux threshold adopted for the sample selection. Right panel: cumulative luminosity
function, normalised to the first bin. The black, red, and blue symbols are the same as for the left panel. The assumed luminosity function is shown
by the dashed green line.

the GRB formation rate ψ(z) is flat at low redshifts (i.e. below
z = 2), which shows a clear excess with respect to the assumed
function (see Fig. 3). The luminosity function is flatter than the
assumed one (see Fig. 3 right-hand panel).

Similar results were obtained by assuming for the derivation
of ψ(z) and φ(L0) a flux limit which is a factor of five smaller
than that used to construct the simulated sample, which is an-
other way to make the sample artificially incomplete. The results
are shown in the panels of Fig. 3. We note that in this second
test, the sample used is the same but it is analysed through the
C− method, assuming it is complete with respect to a flux limit
which is smaller (a factor of five) than the one corresponding to
its real completeness (i.e. 5 × 10−8 erg cm−2 s−1).

These simulations show that if the samples adopted are
highly incomplete in flux, an excess at the low redshift end of
the GRB formation rate and a flatter luminosity function are
obtained.

7. Summary and discussion

We set out to derive the luminosity function of long GRBs
and their formation rate. To this aim we apply a direct method
(Lynden-Bell 1971) and its specific version already applied to
GRBs, e.g. Yonetoku et al. (2004, 2014), Kocevski & Liang
(2006), Wu et al. (2012), P15, Y15. This is the first time this
method has been applied to a well-defined sample of GRBs that
is complete in flux and 82% complete in redshift.

We built our sample of long GRBs starting from the BAT6
complete sample (Salvaterra et al. 2012): this was composed
of 58 GRBs detected by the Swift satellite satisfying the mul-
tiple observational selection criteria of Jakobsson et al. (2006)
and having a peak photon flux P ≥ 2.6 ph cm−2 s−1. Here, we
updated the redshift measurement of eight GRBs of the BAT6
(marked in italics in Table B.1) and accordingly revise their lu-
minosities. Then, we updated this sample to GRB 140703A end-
ing with 99 objects. We collected their redshift measurements
and spectral parameters from the literature (see Table B.1). The
BAT6ext sample has a redshift completeness of ∼82% (82 out
of 99 burst with z measured) and counts 81 out of 99 bursts with
well determined L. Using the BAT6ext sample, we also tested the
Ep − L Yonetoku correlation and compared it to the total sample

of all bursts of measured L and Ep (Fig. 2). The slopes of the
correlations are 0.5 and 0.54 for the total and BAT6ext sample,
respectively, which is consistent with each other within 1σ er-
rors (see Table 1). Also the scatter of the points distribution
around the correlations are similar (0.29 and 0.28 for the total
and BAT6ext sample, respectively).

We analyzed the BAT6ext sample, searching for a possible
luminosity evolution that was induced by the flux threshold us-
ing the method proposed by Efron & Petrosian (1992). We found
that the L−z correlation, which was introduced by the truncation
because of the flux limit, can be described as L = L0(1+ z)k with
k = 2.5. This result is in agreement with what has been found by
other authors (Yonetoku et al. 2004; Wu et al. 2012; P15; Y15).
Taking the BAT6ext sample, after de-evolving the luminosities
for their redshift dependence, we find that:

– the luminosity function φ(L0) is a monotonic decreasing
function that is well described by a broken power-law with
slopes a = −1.32 ± 0.21 and b = −1.84 ± 0.24 below
and above, respectively, and a characteristic break luminos-
ity Lb = 1051.45± 0.15 erg/s (see right-hand panel of Fig. 1).
This result (shape, slopes, and characteristic break) is con-
sistent with the luminosity function found by S12 (see Fig. 1,
right-hand panel).

– The cosmological GRB formation rate ψ(z) (see left-hand
panel of Fig. 1) increases from low redshifts to higher val-
ues, peaking at z ∼ 2 and decreases at higher redshifts. This
trend is consistent with the shape of the SFR of Hopkins &
Beacom (2006) and Cole et al. (2001) (see Fig. 1). Our re-
sults on ψ(z) are in contrast with the GRBFR recently found
by P15 and Y15, who report the existence of an excess of low
redshift GRBs when applying the same method to differently
selected GRB samples.

The luminosity evolution we found is huge (but in agreement
with the findings of Yonetoku et al. 2004; Wu et al. 2012; P15;
Y15) and, therefore, it might be difficult to justify theoretically
(Daigne et al. 2006). In fact, this could imply an evolution with
redshift of either the physical processes leading to the emission
of γ-rays and/or an evolution in the physical properties of the
progenitor (even if the GRB-formation rate seems to follow the
SFR, as obtained in this work).
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Infer the luminosity function and source cosmic rate by direct inversion (2D binned method - Lynden-Bell 1971)

Input population

Randomly incomplete sample (I) 
Complete sample "ux limited

Randomly incomplete sample (II) 

Collect a su#ciently large sample 
of sources with measured:  
• Redshift 
• Luminosity



Population intrinsic properties:
1.Luminosity/energy function
2.Cosmic rate distribution

ϕ(L)
Ψ(z)

Past and Present 
Instrumental parameters 

CGRO, Fermi, Swift)

Observational 
constraints:  

CGRO/Batse
Fermi/GBM
Swift/BAT 

…

Building a population: INDirect (parametric) method

N(P1 < P < P2) ∝ A∫
∞

0
dz

dV(z)
dz

Ψ(z)
1 + z ∫

L(P2|z)

L(P1|z,Pmin)
ϕ(L)dL

Adapted from 
Ghirlanda et al 2016

Free Parameter Space



Additional constraints

[Guetta & Piran 2006; …. Wanderman+2015; D’Avanzo+2014]

Steep LF for short GRBs (-2,-3 with 1050 erg/s break and large uncertainties)
Non unique delay time distribution (either power law with min 40 Myr or log-normal with 3 Gyr) 

Complete samples limit the effects of 
complexly-interlaced selection biases 

Break degeneracy?

Observational constraints: how many & which constraints



+ =  7 Constraints

Fermi SGRBs
Peak Flux

Fermi SGRBs
Peak Energy

Fermi SGRBs
Fluence

Fermi SGRBs
Duration

Swift SGRBs
Redshift

Luminosity
Energy

Short GRB population: Ghirlanda+2016

Short GRB population: constraints

Fermi:  
Large samples 
Prompt emission  
Observer frame properties



BAT6 sample SBAT4 sample

o   58 long GRB (up to May 2011)
o   peak flux > 2.6  photons/s/cm2

o   97% with redshift (wrt 35% 
whole Swift sample)

o   16 short GRB (up to June 2013)
o   peak flux > 3.5  photons/s/cm2

o   69% with redshift (wrt 25% 
whole Swift sample)

Salvaterra+12 D’Avanzo+14

- luminosity function and redshift distribution (GRB/GW rates)
- prompt/afterglow emission rest-frame properties, comparison, correlations
- GRB environments
- host galaxy properties
- progenitors

Since 2004, Swift observed more than 1000 GRBs (> 100 short GRB). It is now 
possible to follow a statistical approach (beyond single event studies). To this 
end samples of events, with favorable observing conditions for ground-based 
observations (redshift determination), have been selected. 

 > 60% of Swift GRBs are missing a redshift measure.

GRB samples

These samples are complete in flux (flux-limited) and have a high 
completeness in redshift

>1000 GRBs detected by Swift (since early 2005)

Definition of samples with favourable observing conditions for 
ground-based observations (then redshift measure)

Provides L-z constraints

Complete samples



+ =  7 Constraints

Fermi SGRBs
Peak Flux

Fermi SGRBs
Peak Energy

Fermi SGRBs
Fluence

Fermi SGRBs
Duration

Swift SGRBs
Redshift

Luminosity
Energy

Short GRB population: Ghirlanda+2016

Short GRB population: constraints

Fermi:  
Large samples 
Prompt emission  
Observer frame properties

Swift+GB:  
Small samples 
Redshift 
Rest frame prop.



Ghirlanda et al. 2016

(2) Luminosity function

(1) Delay independent constraints on z-dependent event rate 

Short GRB population



Primordial NS-NS binary merger distributions 
provides a good description of the sGRB population

Case (c) model

Case (a) model

Short GRB population: results

Relatively flat LF in the faint end

ϕ(L)Ψ(z)

Ghirlanda et al. 2016



Fermi/GBM
Constraints

Swift constraints

Peak energy Peak flux Fluence Duration

Peak energy

GG et al., in preparation

Long GRB population



GG et al., 2021 to be submitted

Long GRB population

Vergani et al. 2016

ϕ(L)Ψ(z)



Gamma Ray Bursts synthetic 
population (short and long)

Hermes Theseus

CTA

SKA
… …

Exploring synergies

ELTs

Gamow

COSI

GW

ν

Advantage of using the same model population (short and long)
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