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Redshift completness
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Complete Sample
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Redshift distribution &

Luminosity evolution

redshift distribution:
mean (median) redshift=
1.84 (1.64)

luminosity evolution:
L. «(l+z)" withd, =2.3£0.6

density evolution:
ne(l+z)” withd =17+05
or
Z, <0.3Z

a et all. 2002, ApJ, 748), 68
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Spectral properties

A4
46: Epeak has been measured
Complete sample 52 CRBs
measured-< 3 lower limit on Epeak
RS 3: no Epeak estimate
N
3 ERBs

redshify ——> Epeak has been measured
upper (imiv
(With redshift

(Without redshift 3 ERBs
o - witheu? ——> Epeak has been measured
redshife

Total sample: all bursts with known redshift and speciral
properties (186 ERBs)




Amati & Yonetoku correlations

104 r T Y T ¥ T T T T T
.,-.-\':5‘]"\ I,__,\K:E-‘—'\ 3 !
P [ ¢ !
103 = @ d , oy . —
o ¥ =
* | o * *? ' 0
;! - < - ] = - K1) 3
g 2 x {7 :
10 F 3
Ll.lg;. y i) M M ! 5
i
10 F E
1 ] ] ] 1 1 ] 1 1
10*° 10%° 10% 10* 10* 10%° 10% 10>
E,., [erg] L., [erg/s]
?

v  Correlations are confirmed

Nava et al. 2022, MNRAS 221, 1256

v' 1 outlier is found (~2% see Nava et al. 2008)

v’ Total and Complete sample: normalization, slope and dispersion are




Amati & Yonetoku correlations
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v’ consistency check on GRBs without redshift and/or without
measured Ep
ts are consistent with both the correlations




Redshift evolution
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Another important issue: possible evolution of correlations with z

v no evolution of the slopes is found



might the Epeak - Liso correlation be produced by

the threshold of a flux-limited sample of bursts?

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 E. . (independent on L)
we extract a sub-sample of bursts with P > 2.6 ph cm=—s-!

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

Ghirlanda et al. 2022, MNRAS in press, arXiv:1203.0003



Results from simulations

uminosity evo. mode

densitx evo. model
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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. 2022, MNRAS in press, arXiv:1203.0003



correlation or boundary?

correlation boundary
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Conclusions

> GRB luminosity function
@ 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 ho redshift evolution of the slope is found

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

e






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

Salvaterra et al. 2012, ApJ 749, 68



GRB intrinsic z-distribution

GRB intrinsic distribution

- assumes no luminosity evolution peaks at higher' redshift
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comparison with a deeper sample
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grb luminosity function
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Correlation analysis

Correlation Sample #GRBs Jo, Pchance Slope Norm. Tsc
Total 136 077 4x1072®  0.55+0.02 -26.74+1.13 0.23
Epeak — Eiso  Complete 46 076 7x10710  0.61+0.04 -29.60+223 0.25
Complementary 90 0.78 3x107!° 0.53+0.02 -2555+135 025
Total 135 0.74 8x107%  0.49+0.03 -22.98+1.81 0.30
Epeak — Liso  Complete 46 065 1x107®  0.53+0.06 -2533+326 0.29
Complementary 80 0.75 3x107'7  0.48+0.04 -22.44+2.12 0.30




Epeak_ Ey Epeak_ Eiso

“GHIRLANDA” and “AMATTI” correlation
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Log(Ep) [keV]
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Correlation analysis

simulated sample

¢(L) a Leugergs™ b ) Po P %0ut.T  %Out. |
Density 137 3.8x10°2 237 122 73% 07% 0.7% 2.0%
Luminosity AT 213 267 83% 06% 1.0% 2.2%
Assume Epear — Liso  -14 1071 213 267 100% 66%  0.07% 0.2%
Epeax — Liso boundary  -14  10°! 213 267 87%  12% 14% 0.1%
K12 (BATSE) 122 10°3 -3.89 05% 00% 2.6% 0.7%
K12 (Swift) B -3.89 07% 00% 04% 1.3%




Comoving frame properties:

an explanation for
correlations?



Beaming effects
rest frame properties are affected by the
relativistic motion of the emitting matter

During prompt = bulk Lorentz factor ~ T,
3L

15O

comoy

iSO _41—2)2

=.=ﬁ(afarr\ é:p\ f‘-\e'ef'/q ﬁe'z
Methods to estimate

1. Lower limit from Yy opacity

Flux

2. Peak time of the afterglow

lightcurves



[y from afterglow lightcurves
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L., distribution:

rest frame vs comoving frame
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Comoving quantities have a smaller dispersion!
In particular, all bursts seem to have nearly the
same comoving E,.q and Lig,



Epeak- L‘iso
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- homogeneous

29 objects | 48 29 objects

| |
1051 4 1051
£, [erq] ., [erg]

* slope =0.70 = 0.04 * slope = 1.04 £ 0.05
e scatter (10) =0.11 dex e scatter (10) = 0.09 dex
* Yreqd ~ 1.5 (27 dof) * Yeq ~ 1.4 (27 dof)




Instrumental Selection Effects

TRIGGER THRESHOLD Epeax T
Minimum Energy Peak Flux:
PIim (Epeak,obs)
>
Peak flux
SPECTRAL ANALYSIS Epear T

THRESHOLD

Minimum Fluence:
|:Iirn (Epeak,obs)

>
Fluence



Amati relation in the observational plane
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Extend the Bright Build a complete spectral
BATSE GRB sample

sample of BATSE bursts
(Kaneko et al. 2006) to =} dow|:| to ~ 10-6 erg/cm?
lower fluences

Nava et al., 2008, MNRAS
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Yonetoku relation in the observational plane
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What about short bursts?
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Selection effects ?
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