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Gamma -Ray Bursts : the most extreme

phenomena in the Universe



Short GRBs: NS-NS 
or NS-BH mergers, 
association with 

GW sources 

Long GRBs: core 
collapse of pecular

massive stars, 
association with SN 

Gamma -Ray Bursts : the most extreme

phenomena in the Universe



Sheddinglight on the earlyUniversewith GRBs

ÇLong GRBs: huge luminosities, 
mostly emitted in the X and 
gamma-rays

ÇRedshift distribution 
extending at least to z ~9 and 
association with exploding 
massive stars 

ÇPowerful tools for 
cosmology:SFR evolution, 
physics of re-ionization, high-z 
low luminosity galaxies, pop 
III stars 



A statistical sample of highςz GRBs can provide
fundamental information:

Åmeasure independently the cosmic starςformation rate, even
beyondthe limits of currentandfuture galaxysurveys

Ådirectly(or indirectly)detect the first population of stars(pop III)

Z = 9.2
Robertson&Ellis12

Sheddinglight on the earlyUniversewith GRBs



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

Robertson&Ellis12

ÅDetectingandstudyingprimordial invisiblegalaxies
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ÅDetectingandstudyingprimordial invisiblegalaxies

ωneutralhydrogenfraction
ωescape fraction of UV

photons from high-z
galaxies
ωearly metallicity of the

ISM and IGM and its
evolution

Robertson&Ellis12



üGRB nFnspectratypicallyshow a peakat a characteristicphoton
energyEp

ümeasuredspectrum+ measuredredshift -> intrinsic peakeneryand 
radiatedenergy

Ep,i = Ep x (1 + z)

Ep

Measuringcosmologicalparameterswith GRBs

Amati et al. (2002,2006,2008, 2013)



Ep,i = Ep,obsx (1 + z) 

Dl = Dl (z , H0 , WM , WL ,é)

Ç not enough low-z GRBs for cosmology-independent calibration -> circularity 

is avoidedby fitting simultaneously the parameters of the correlation and 

cosmological parameters

Ç doesthe extrinsicscatterand goodnessof fit of the Ep,i-Eisocorrelationvary

with the cosmologicalparametersusedto compute Eiso?

Çά{ǘŀƴŘŀǊŘƛȊƛƴƎέ Dw.ǎ ǘƘǊƻǳƎƘ the Ep-Eisocorrelation



Ç a fractionof the extrinsicscatterof the Ep,i-Eiso correlationis indeed
due to the cosmologicalparametersusedto compute Eiso

Ç Evidence, independenton other cosmologicalprobes, that, if we
are in a flat Universe, WM is lower than 1 and around0.3

Amati et al. 2008, Amati & Della Valle 2013, Moresco, Amati et al. 2022
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