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Gamma -Ray Bursts :the most extreme
phenomena Inthe Universe
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Gamma -Ray Bursts :the most extreme

phenomena Inthe

Long GRBs: core

collapse of pecular
massive stars,

association with SN

Short GRBs: NSNS
or NS-BH mergers,
association with
GW sources

== Short GRBs
- Long GRBs

Universe

Long gamma-ray burst
(>2 seconds’ duration)
A red-giant
l star collapses
—> <« onto its core....

1

..becoming so
dense that it
expels its outer

Gamma rays

Short gamma-ray burst
(<2 seconds’ duration)

»
Stars* in \
a compact
binary system »

begin to spiral
inward....
»

T OEY
colliding.

The resulting torus
has at its center

a powerful

black hole.
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*Possibly neutron stars.




Sheddingdight on the early Universewith GRBs

(; Long GRBshuge luminosities, First Stars and Reionization Era
mostly emitted in the X and Ll " e

g am m a rayS ~ 380 Thousand

Jniverse becomes
neutral and transparent

C Redshift distribution
extending at least ta 9 and
association with exploding
massive stars

C Powerful tools for

CosmologySFR evolutlon’ e A ' ' R:(C)m:c:?ffwo(w
physics of raonization, highkz
low luminosity galaxies, pop o

Qur Solar System
forms

[l stars

Today: Astronomers look back and understand




Sheddingdight on the early Universewith GRBs

A statistical sample of highcz GRBs can provide
fundamentalinformation:

A measure independently the cosmic starcformation rate, even
beyondthe limits of currentandfuture galaxysurveys

A directly (or indirectly)detectthe first population of stars(pop IIl)
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A Detectingand studying primordial invisible galaxies

050904 F850LP |060522 F110W| 060927 F110W
2=6.29: Mg > 28.86 | Z=5.11: Mg >28.13 7=547: M5 > 28.57

F160W | 090423 F125W+F160W| 0904298 F160
Z7=6.73; Myg > 27.92 | Z=8:23:M,5>30.29 | Z=9.4; M,g> 28.49
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Tanvir+12 e iy 3 =

Robertson&Ellis12

EvenJWSTand ELTssurveyswill be not able to probe the faint end of the
galaxyLuminosityFFunctionat highredshifts(z>6-8)



A Detectingand studying primordial invisible galaxies
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A Detectingand studying primordial invisible galaxies

050904 F850LP 060522 il w neutralhydrogenfraction
7=6.29; Myg > 28.86 | Z=5.11; Myg>28.13 :

w escape fraction of UV
photons from highz

galaxies
w early metallicity of the
080913 F160W | 090423 F125W+F1¢ ISM and IG M and ItS
Z=6.73; Mg > 27.92 | Z=8:23; Mz > 30.29 .
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Measuringcosmologicaparameterswith GRBs

U GRBH spectratypicallyshow apeakat a characteristigghoton
energyk,

U measuredspectrum+ measuredredshift -> intrinsic peakeneryand
radiated energy
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Amati et al. (2002,2006,2008, 2013)
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C not enough lovz GRBs for cosmologiydependent calibratier circularity

Is avoidedy fitting simultaneously the parameters of the correlation ar
cosmological parameters

C doestheextrinsicscatterandgoodnesf fit of theEp,tEisocorrelatiorvary

with thecosmolog|Caparameter$13edto computdsiso?
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a fractionof the extrinsicscatterof the E; -E¢, correlationisindeed
due to thecosmologicaparametersusedto computek,,

Evidenceindependenton other cosmologicaprobes that, if we
are in aflat Universe, W, is lower than 1 andaround0.3
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Amati et al. 2008, Amati & Dell2ValplorescoAmatet al. 2022



a fractionof the extrinsicscatterof the E; -E¢, correlationisindeed
due to thecosmologicaparametersusedto computek,,

Evidenceindependenton other cosmologicaprobes that, if we
are in aflat Universe, W, is lower than 1 andaround0.3
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