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Redshift completness 
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With	  redshift	  
Without	  redshift	  

53%	  
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Jakobsson	  	  (132/248)	  

With	  redshift	  
Without	  redshift	  

90%	  

5%	  
5%	  
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With	  redshift	   Without	  redshift	  

Limits	  on	  z	  

Jakobsson	  et	  al.	  (2006)	  list	  of	  
criteria	  to	  select	  GRBs	  with	  

favorable	  observing	  conditions	  
for	  redshift	  determination	  from	  

the	  ground	  

P≥2.6	  ph	  s-‐1	  cm-‐2	  

Up	  to	  may,	  2011:	  58	  GRBs	  
(52	  with	  measured	  redshift)	  

	  

z	  of	  1/3	  of	  	  all	  GRBs	  
detected	  by	  BAT	  has	  

been	  measured	  



Complete Sample 
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5%	  
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Redshift distribution & 
Luminosity evolution 

! 

Lcut " 1+ z( )# l   with # l = 2.3 ± 0.6

! 

"# 1+ z( )$ n   with $n =1.7 ± 0.5
                        or
                Zth < 0.3Zsun

luminosity	  evolution:	  

density	  evolution:	  

redshift	  distribution:	  
mean	  (median)	  redshift=	  	  

1.84	  (1.64)	  



Spectral properties 

46: Epeak has been measured 
 
3: lower limit on Epeak 
 
3: no Epeak estimate 
 
 

 Epeak has been measured 
 
 
 

 
Epeak has been measured 

52

3

3

90%	  

5%	  
5%	  

Complete sample 

With	  redshift	  

Without	  redshift	  

Limits	  on	  z	  

Total sample: 



Amati & Yonetoku correlations 

ü Correlations are confirmed 
ü 1 outlier is found (~2% see Nava et al. 2008) 
ü Total and Complete sample: normalization, slope and dispersion are 

consistent 



Amati & Yonetoku correlations  

ü consistency check on GRBs without redshift and/or without 
measured Epeak 

ü all bursts are consistent with both the correlations 



Redshift evolution 

Another important issue: possible evolution of correlations with z 
 

ü  no evolution of the slopes is found 



Ghirlanda	  et	  al.	  2012,	  MNRAS	  in	  press,	  arXiv:1203.0003	  

Monte Carlo simulations 

▪  pick up a z (from GRB formation rate, Li 2008) 

▪  we assign a peak luminosity adopting a luminosity function  
▪  we assign to each simulated burst Epeak (independent on Liso) 
▪  we extract a sub–sample of bursts with P > 2.6 ph cm−2s−1 

▪  we then study the correlation Epeak-Liso: a correlation has been 
introduced by the introduction of a flux limit? 

We compute: 
1- the percentage Pp of simulations giving a significant correlation (i.e. 

with chance prob. >10-3)  
2- the percentage Pc of simulations giving a significant correlation that 

matches the observed slope, normalization and scatter 



92.7% (91.7%) of simulations do not produce a significant correlation. 
If we also require that the obtained correlation is consistent (in terms 
of its slope, normalization and scatter) with that observed in the Swift 

complete sample, the percentage drops to P = 0.7%  
 

Yonetoku correlation is not due to the flux limit of the sample 
Ghirlanda	  et	  al.	  2012,	  MNRAS	  in	  press,	  arXiv:1203.0003	  

luminosity	  evo.	  model	   density	  evo.	  model	  

Pp~8.3%   Pc~0.6%    Pp~7.3%   Pc~0.7%    



assuming the correlation or a boundary give  
reasonable results 

Ghirlanda	  et	  al.	  2012,	  MNRAS	  in	  press,	  arXiv:1203.0003	  

correlation	   boundary	  

Pp~100%   Pc~66%    Pp~87%   Pc~12%    



Conclusions 

GRB luminosity function 
 

o  strong evolution (luminosity and/or density) is required 

o  observed z-distribution does not allow to distinguish 
among evolutionary models 

Prompt emission properties and correlations 
 

o  Amati & Yonetoku correlations are confirmed with 1 
outlier 
 

o  Slope, normalization and dispersion are consistent with 
those found from the Total (incomplete) sample 

o  no redshift evolution of the slope is found 

Yonetoku correlation is not due to the flux limit of the 
sample 





no evolution model provides a poor fit of the data (KS~5x10-5) 

Salvaterra	  et	  al.	  2012,	  ApJ	  749,	  68	  



assumes	  no	  luminosity	  evolution	  
GRB intrinsic distribution 
peaks at higher redshift 

with respect to stars, 
requiring: 

 
- higher z for the first 

break  
    z1=1 → z1=2.5 

 

or 
 

- harder second power-law  
     a2=0.055 ⎯→ a2=2.4 

 

Li	  2008	  

Salvaterra	  et	  al.	  2012,	  ApJ	  749,	  68	  



comparison with a deeper sample 

ü Mean predicted 
redshift <z>=2.05±0.15 

ü 3-5% at z>5 consistent 
with observations 
(Greiner et al. 2011; 
Perley et al. 2009) 

ü luminosity and density 
evolution predict 
similar observed 
redshift distributions 



	  jointly	  fit	  the	  BATSE	  logN-‐logP	  and	  the	  z-‐distribution	  of	  the	  complete	  sample	  

Salvaterra	  et	  al.	  2012,	  ApJ	  749,	  68	  

BATSE	  



Spectral properties 

Liso 

Comparison between different samples: 

Epeak Eiso 



Correlation analysis 

Test for spectral-energy correlations 7

Table 1. Continued

GRB z α [β] Fluence Range Peak Flux Range Mission Epeak Eiso Liso Ref.
10−6erg/cm2 keV erg/cm2/s keV keV 1052erg 1051erg/s

090709A <3.5 -0.85±0.08 [-2.7±0.24] 91±0.7 20-3000 (3.9±0.6)×10−6 20-3000 K <1341 <229 <442 35
090715B 3.00 -1.1±0.37 9.3±1.3 20-2000 (9.0±2.5)×10−7 20-2000 K 536±164 21.3±3.0 82.6±22.9 36
090812 2.452 -1.03±0.07 26.1±3.4 15-1400 2.77±0.28a 100-1000 Su/K/S 2023±663 40.5±5.3 96.2±9.7 37,38
090926B 1.24 -0.19±0.06 9.81±0.16 8-35000 (4.73±0.28)×10−7 8-35000 F 212±4.3 3.96±0.06 4.28±0.25 30
091018 0.971 -1.53±0.48 1.44±0.17 20-1000 (4.32±0.95)×10−7 20-1000 K 55±26 0.80±0.09 4.73±1.04 39
091020 1.71 -1.20±0.06 [-2.29±0.18] 12.4±1.81 8-35000 (1.88±0.26)×10−6 8-35000 F 507±68 7.96±1.16 32.7±4.6 30
091127 0.49 -1.25±0.05 [-2.22±0.01] 24.8±0.54 8-35000 (9.38±0.23)×10−6 8-35000 F 51±1.5 1.61±0.03 9.08±0.22 30
091208B 1.063 -1.29±0.04 5.98±0.17 8-35000 (25.6±0.97)×10−7 8-35000 F 246±15 1.97±0.06 17.4±0.7 30
100615A -1.24±0.07 [-2.27±0.11] 8.64±0.17 8-1000 8.3±0.2a 8-1000 F 86±8.5b 40
100621A 0.542 -1.70±0.13 [-2.45±0.15] 36±4 20-2000 (1.70±0.13)×10−6 20-2000 K 146±23 4.35±0.48 3.17±0.24 41
100728B 2.106 -0.90±0.07 2.69±0.11 8-35000 (5.43±0.35)×10−7 8-35000 F 404±29 2.98±0.13 18.7±1.2 42
110205A 2.22 -1.52±0.14 36.6±3.5 20-1200 (5.1±0.7)×10−7 20-1200 K 715±238 55.9±5.3 25.1±3.4 43
110503A 1.613 -0.98±0.08 [-2.7±0.3] 26±2 20-5000 (1.0±0.1)×10−5 20-5000 K 572±50 18.0±1.4 181±18 44

a In these cases the peak flux is in units of ph/cm2/s
b For GRBs without measured z the listed peak energy refers to the observed one Eobspeak.
c The spectrum is well described by a power–law model and Eobspeak is unconstrained.

Table 2. Results of the statistical analysis on the Epeak − Eiso and Epeak − Liso correlations for (i) the total sample, (ii) the complete sample presented in this
work and (iii) the sample of bursts belonging to the total sample but not included in the complete one (complementary sample). The table lists the Spearman’s
rank correlation coefficient (ρ), its associated chance probability, the slope and normalization of the power–law fit and the 1σ scatter of the point distribution
around the best fit line.

Correlation Sample #GRBs ρ Pchance Slope Norm. σsc

Total 136 0.77 4×10−28 0.55±0.02 -26.74±1.13 0.23
Epeak − Eiso Complete 46 0.76 7×10−10 0.61±0.04 -29.60±2.23 0.25

Complementary 90 0.78 3×10−19 0.53±0.02 -25.55±1.35 0.25

Total 135 0.74 8×10−25 0.49±0.03 -22.98±1.81 0.30
Epeak − Liso Complete 46 0.65 1×10−6 0.53±0.06 -25.33±3.26 0.29

Complementary 89 0.75 3×10−17 0.48±0.04 -22.44±2.12 0.30

fined with the complete, total and complementary sample are sim-
ilar among themselves and are about σsc = 0.25 and σsc = 0.30
for the Amati and Yonetoku correlation. We also investigated pos-
sible instrumental effects in the correlations found in this com-
plete sample. We defined three sub-samples based on the instru-
ment which derived the burst spectral parameters (see Table 1). In
particular, we study the Amati and Yonetoku correlations within the
sample of Swift/BAT bursts (10 events), Konus bursts (18 events)
and Fermi/GBM bursts (13 events). The results derived from dif-
ferent sub-samples are very similar and consistent within the er-
rors. In fact, we found that the best fit slopes (normalizations) of
the Amati correlation are 0.60±0.05 (-28.97±2.67), 0.59±0.08 (-
28.41±4.19) and 0.60±0.11 (-29.19±5.77) for the Swift, Konus and
Fermi samples respectively. For the Yonetoku correlation we find:
0.44±0.11 (-20.76±5.95), 0.52±0.08 (-24.61±4.49) and 0.54±0.12
(-25.87±6.37).

Our study outlines the presence of one GRB (061021) that lies
at 3σ limit (or more) of the tested correlations. In particular, it is an
outlier to the Amati correlation.

GRB 061021 has been detected by Swift/BAT (Moretti et al.
2006) and by Konus/WIND (Golenetskii et al. 2006). It shows a
single pulse with a duration of ∼ 10 s, followed by a weak tail

seen up to ∼ 60 s. On the basis of the lag analysis (Norris &
Barthelmy 2006) this burst is classified as a long duration event.
The time integrated BAT spectrum is well described by a power–
law model with photon index –1.31±0.06 (Palmer et al. 2006), sug-
gesting Eobspeak> 150 keV. Golenetskii et al. (2006) report the spectral
analysis of Konus/WIND data separately for the pulse and the tail.
The pulse is well described by a power–law with a high–energy
exponential cutoff, with spectral parameters α = −1.22+0.12

−0.14 and
Eobspeak= 777

+549
−237. The soft tail can be modelled as a single power–

law, with photon index −1.93+0.32
−0.27 and a fluence which is nearly 1/3

of the fluence of the main pulse. In order to avoid to underestimate
the total energetics, we also include the fluence of the soft tail in
the computation of Eiso . Nevertheless, this burst is on average ∼2
orders of magnitude less energetic as compared to bursts charac-
terized by a similar peak energy. Note that the lack of a spectral
analysis integrated over the whole burst duration does not affect
the estimate of Liso, which is well computed by using the peak flux
and the spectral shape of the main peak. Also in this case, the peak
luminosity is ∼2 orders of magnitude less than the average Liso of
events with Epeak similar to GRB 061021. Finally, the redshift of
this source is z = 0.346 (Fynbo et al. 2009).

The presence of outliers to the Amati relation is somehow ex-



Epeak- Eiso Epeak- Eγ 

collimated	  
energy	  

isotropic	  
energy	  

         “GHIRLANDA”  and  “AMATI” correlation 

Scatter = 0.24 
Slope = 0.5 

Scatter = 0.1 



Epeak − Liso correlation 5

Figure 3. Results of the simulation of a GRB population with φ(Liso) and
ξ(z) derived by Butler et al. 2011 (used by K12) and adopting the BATSE
trigger threshold (solid contours) or the Swift Flim(dot–dashed contours).
The null hypothesis is that there is no intrinsic Epeak − Liso correlation.
Symbols as Fig. 1.

correlation at more than 3σ in the BATSE and Fermi population of
GRBs.

Note also that a considerable fraction (∼20%) of the simulated
GRBs withF !Flim have a peak energyEobs

peak, in the observer rest
frame, larger than the upper Swift energy threshold of 350 keV but
still lower than 2 MeV, which roughly corresponds to the limit of
current instruments with the largest energy range that can measure
Eobs

peak (e.g. Fermi and Konus).
Kocevsky 2012 (K12, hereafter) performed a population study

finding that the Epeak −Eiso correlation is induced by a combina-
tion of the redshift/luminosity function of GRBs with the detection
limit of a given instrument (BATSE in his study). K12 attributes
the existence of the Epeak −Eiso correlation to the combination of
the Malmquist bias (i.e. the detection of the most luminous GRBs
at high z preferentially), the flux limit of the detector, and its lim-
ited band–pass. According to this interpretation the most luminous
GRBs at high z with intermediate Epeak goes undetected because
their Eobs

peak=Epeak/(1 + z) falls below the low energy threshold of
the detector (i.e. 15 keV in the case of Swift–BAT). This argument
is intuitively plausible: a detector sensitive in a given energy range
should hardly detect bursts withEobs

peak outside this range. However,
what matters for triggering a burst is its peak flux (integrated in
the detector energy range) which depends on the spectral shape of
the burst (e.g. Eobs

peak, α, β) and the normalization of the spectrum.
If this flux is larger than the detector flux limit, the burst will be
detected no matter its Eobs

peak. Our simulations in the case of lumi-
nosity evolution, for instance, predict that ∼13% of the simulated
GRBs with F !Flim have Eobs

peak<15 keV (i.e. the lower thresh-
old of the BAT energy band–pass). In other words, these bursts are
bright enough to be detected by Swift, despite the fact that their
Eobs

peak is outside the BAT energy range. Therefore, the absence of
GRBs in the lower/right plane of the Epeak −Liso correlation can-
not be entirely attributed to this effect.

Our population synthesis code is simpler than that of K12 be-
cause we test the Epeak − Liso correlation through the complete
Swift sample. In our case, by simulating z, Liso and Epeak we
can immediately compute the peak flux of a simulated GRB and

compare it with the flux limit. The simulation of K12 concerns the
Epeak −Eiso correlation, which involves the time integrated spec-
tral properties of GRBs, and requires several assumptions (e.g. on
the profile structure and time evolution of the spectrum during a
burst) in order to simulate a GRB light curve and verify if it can
be detected by BATSE (in turn, this also requires K12 to model a
typical background and the BATSE detector response matrix). The
advantage of our simulation is that it uses the Flim of the complete
sample of S12, which is a simple sharp cut in the 15–150 keV peak
flux of the simulated GRB population.

K12 adopts a slightly different LF and performs the simulation
for BATSE. We assumed his luminosity function and redshift den-
sity distribution φ(Liso) and ξ(z) (originally derived from Butler et
al. 2011). We have implemented in our code the BATSE detection
algorithm as described in Band (2003). The results of this simula-
tion are shown in Fig. 3 and reported in Tab. 1 (labelled K12). Un-
der the null hypothesis of no correlation between Epeak and Liso,
the majority (99.5%) of the repeated simulations show no signifi-
cant Epeak−Liso correlation in the sample of bursts that should be
detected by BATSE. The percentage of outliers that we find is 0.7%
below the correlation and 2.3% above the correlation (see Fig. 3
and Tab. 1). We compare the results of the simulation assuming the
BATSE trigger threshold with the complete Swift sample instead
of using the larger (but highly incomplete) sample of all the bursts
with measured z and known spectral parameters. This is justified by
the findings of N12 that show that the Epeak −Liso correlation de-
fined by the complete Swift sample (46 events with Epeak and Liso

known) is quite similar to the correlation defined with the larger
sample of 136 GRBs with measured z and known spectral parame-
ters (Epeak, Liso). We have also tested the LF adopted by K12 but
with the flux limit of Swift. We show in Fig. 3 (see also Tab. 1) the
contours corresponding to the complete sample of simulated GRBs
(dot–dashed contours). Also in this case we are not able to obtain
a significant (at more than 3σ) Epeak − Liso correlation in 96% of
the repeated simulations under the null hypothesis that there is no
Epeak − Liso correlation.

5 Epeak − Liso CORRELATION OR BOUNDARY?

We have shown in §4 that if there is no correlation between Epeak

and Liso the apparent correlation between these two observables
cannot be produced by the flux limit cut of the complete Swift sam-
ple or of the BATSE instrument. We still have two possibilities:
(i) to assume the observed correlation and use it in simulating the
GRB population; (ii) assume that the Epeak − Liso correlation is
produced by a boundary in the corresponding plane.

For these reasons, it is worthwhile to test the possibility that
there is a population of GRBs with a uniform distribution of Epeak

above theEpeak−Liso correlation. In this case their absence in the
observedEpeak−Liso plane could be induced by the trigger thresh-
old and/or by a bias related to the detection of the bursts with the
smallest jet opening angles. Here we study the former possibility
(i.e. absence due to the detector threshold).

5.1 Real correlation

We repeat the Monte Carlo simulation to obtain a population of
GRBs assuming thatEpeak andLiso are intrinsically correlated. We
assume that the correlation between Epeak and Liso has the same
properties as the correlation that we observe in the complete sample
of Swift bursts (point (3) of §2). In particular we refer to the slope,

c© 0000 RAS, MNRAS 000, 000–000



Correlation analysis 
simulated sample 

4 G. Ghirlanda et al.

Φ(L) a Lcut erg s−1 b δ Pρ P %Out. ↑ %Out. ↓

Density -1.37 3.8×1052 -2.37 1.22 7.3% 0.7% 0.7% 2.0%
Luminosity -1.4 1051 -2.13 2.67 8.3% 0.6% 1.0% 2.2%
Assume Epeak − Liso -1.4 1051 -2.13 2.67 100% 66% 0.07% 0.2%
Epeak − Liso boundary -1.4 1051 -2.13 2.67 87% 12% 1.4% 0.1%

K12 (BATSE) -1.22 1053 -3.89 0.5% 0.0% 2.6% 0.7%
K12 (Swift) -1.22 1053 -3.89 0.7% 0.0% 0.4% 1.3%

Table 1. Pρ is the percentage of simulations giving a significant correlation (i.e. with chance probability ! 10−3). P is the percentage of simulations giving
a significant correlation with slope m and normalization q consistent, within their 1σ errors, with the correlation of the real Swift complete sample and with
a scatter σc ! 0.29 (i.e. that of the observed correlation of the Swift complete sample). % Out ↓ (↑) give the percentage of GRBs in the complete sample
of simulated bursts which are outliers at more than 3σ of the Epeak − Liso correlation defined by the complete Swift sample. The arrows correspond to the
outliers below (↓) and above (↑) the boundary of the 3σ scatter (dot–dashed blue lines in all the figures).

liers at more than 3σ of the correlation defined by the Swift com-
plete sample (Col. 8 and 9 in Tab. 1).

For a certain set of assumptions (ψ(z) and φ(Liso)) our term
of comparison is the correlation observed in the Swift complete
sample (N12). Therefore, the best match between the “simulated
world” and the “reality” is when Pρ and P are large and the per-
centage of outliers at more than 3σ is consistent with 0.3%

In addition, we also check that the complete sample of simu-
lated GRBs has a redshift distribution and a flux distribution con-
sistent with those of the real complete Swift sample. Since we adopt
the LF derived from the complete sample of S12, we should find a
complete sample of simulated bursts with ψ(z) and φ(Liso) con-
sistent with those of the real sample, and indeed this is the case.

Tab. 1 lists the input assumptions (LF parameters) and the re-
sults of our simulations which are also shown in Fig. 1, 2, 3, 4,
5: the contours are obtained by smoothing the distribution of data
in the Epeak − Liso plane obtained by stacking all the 300 re-
peated simulations. The red contours, for instance, are obtained by
smoothing the distribution of 13800 data points, i.e. 46 simulated
GRBs in 300 repeated simulations.

4 NULL HYPOTHESIS: NO INTRINSIC Epeak − Liso

CORRELATION

Under the null hypothesis that there is no intrinsic correlation be-
tween Epeak and Liso we find that ∼92.7% (91.7%) of the 300
repeated simulations do not produce a significant (at least at the 3σ
level of confidence) Epeak − Liso correlation (Tab. 1) in the case
of density (luminosity) evolution. Moreover, if we also require that
the correlation obtained with the simulated bursts is consistent (in
terms of its slope, normalization and scatter) with that observed in
the Swift complete sample, the percentage of simulations satisfy-
ing all our constraints drops to P = 0.7% (P = 0.3% in the case
of luminosity evolution). In other words, we can never reproduce
the observed correlation through our simulations if we assume that
Epeak and Liso are uncorrelated. Therefore, we can reject the null
hypothesis (i.e. that there is no correlation betweenEpeak and Liso)
at the 2.7σ and 3σ confidence level in the case of density and lumi-
nosity evolution of the GRB population, respectively. These results
are shown in Figs. 1, 2 where the solid contours represent the sub–
sample of simulated bursts extracted with the same flux limit of the
Swift complete sample (open blue circles in these figures) and the
dashed contours represent the total population of simulated bursts.
From these plots, it appears that the simulated bursts cannot repro-

duce the distribution of the real data points (blue open circles) in
the Epeak − Liso plane.

The solid (red) contours of Fig. 1 show a very weak correlation
(in the upper–left part of the plane). Indeed, the flux–limit induces
a weak correlation in the Epeak − Liso plane by excluding part of
the observables’ space (i.e. the upper–left part of the Epeak − Liso

plane). However, a very weak correlation as that shown by the (red)
solid lines in Fig. 1, has a very high significance if it is computed
for all the 13800 data points resulting from the 300 repeated simu-
lations. This is because the correlation significance would be dom-
inated by the extremely large data sample. Instead, our goal is to
compare samples of comparable sizes: the 46 GRBs of the swift
complete sample versus the 46 GRBs of the simulated complete
sample (the latter are produced in each of the 300 repeated simula-
tions). For this reason, in analyzing our results, we have computed,
for instance, the percentage of repeated simulations that generate a
sample of 46 simulated GRBs which have a significant correlation
in the Epeak − Liso plane. As we discuss in §3, although an appar-
ent very weak correlation is produced by the flux–limit in Fig. 1 in
the uppper–left part of the plane, the overall distribution of the data
points violates most of our constraints.

Under the null hypothesis of no correlation between Epeak

andLiso, we have computed the average percentage of GRBs which
are outliers at more than 3σ below (%Out ↓ in Tab. 1) the observed
Epeak−Liso correlation defined by the Swift complete sample. Ac-
cording to our simulations, Swift should have detected a percentage
between 2.0–2.2% (see Tab. 1) of GRBs with intermediate Epeak

and large Liso (e.g. 1052−54 erg s−1). These bursts (1 event on av-
erage) should be below the 3σ limit of theEpeak−Liso correlation
(dot–dashed line in Fig. 1, 2) defined by the complete Swift sample.
At present, there are no outliers in the bottom/right triangle of the
Epeak − Liso plane, either in the complete Swift sample or more
generally in the whole population of GRBs with measured z and
known Epeak and Liso (e.g. see N12).

A similar argument applies to the simulated GRBs of the com-
plete sample that have high Epeak and low Liso. The 0.7–1.0% of
simulated bursts with F !Flim lie above the 3σ upper boundary of
the Epeak − Liso correlation of the real burst sample. While there
are no outliers in the complete Swift sample in this part of the plane,
it has been discussed in the literature if a fraction of bursts with in-
termediate/largeEpeak and lowLiso could already be present in the
populations of GRBs detected by different satellites (e.g Nakar &
Piran 2005; Band & Preece 2006). On the other hand, Nava et al.
(2011) have shown that there are no outliers of the Epeak − Liso

c© 0000 RAS, MNRAS 000, 000–000



Comoving frame properties: 
 

an explanation for 
correlations? 
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homogeneous	   wind	  

•  slope = 0.70 ± 0.04 
•  scatter (1σ) = 0.11 dex 
•  χ2

red ~ 1.5 (27 dof) 

•  slope = 1.04 ± 0.05 
•  scatter (1σ) = 0.09 dex 
•  χ2

red ~ 1.4 (27 dof) 

29	  objects	   29	  objects	  

Nava et al., 2006 



TRIGGER THRESHOLD 

SPECTRAL ANALYSIS 
THRESHOLD 

Minimum Energy Peak Flux:  

Plim (Epeak,obs) 

Peak flux 

Epeak 

Allowed 
region 

Minimum Fluence:  

Flim (Epeak,obs) 

Epeak 

Fluence 



HETE: Sakamoto et al. 2005    Swift/BAT: Butler et al. 2007 (freq) 
BATSE: Kaneko et al. 2006       Konus/Wind: Golenetskii et al. (GCNs) 

Amati relation in the observational plane 

All  GRBs  

with  

redshift 

All  GRBs  

with  

published  

Epeak and 
Fluence 



Build a complete spectral 
sample of BATSE bursts 
down to ~ 10-6 erg/cm2 

Extend the Bright 
BATSE GRB sample  

(Kaneko et al. 2006) to 
lower fluences 

Density 
contours 

Nava et al., 2008, MNRAS 



Yonetoku relation in the observational plane 

HETE: Sakamoto et al. 2005    Swift/BAT: Butler et al. 2007 (freq) 
BATSE: Kaneko et al. 2006       Konus/Wind: Golenetskii et al. (GCNs) 
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What about short bursts? 

Short bursts populate the same region of  long bursts in the Epeak,obs-Peak 
Flux plane. They can be consistent with the Epeak-Liso correlation 

Short bursts have similar Epeak but lower fluences in respect to Long bursts. 
They cannot be consistent with the Epeak-Eiso correlation 



Fermi/GBM GRBs 
Fluence	   Peak	  Flux	  

L
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N
G	  

S
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S
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O
R
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Selection effects ?  

Ghirlanda, Nava & Ghisellini 2009 


