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Correlations Between Spectral and/orCorrelations Between Spectral and/or
Temporal Properties and Energetics of GRBsTemporal Properties and Energetics of GRBs
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Relation:  Liso vs spectral lag τlag

● Anti-correlation between isotropic equivalent luminosity Liso and spectral lag τlag (Norris et al. 

2000; Schaefer et al. 2001).
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Norris et al. 2000



  

Relation:  Liso vs variability V

● Correlation between  Liso and light-curve variability V (Fenimore and Ramirez-Ruiz 2000; Reichart 

et al. 2001; Li and Paczynski 2006).
● V does correlate with L, but very large scatter.
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Reichart et al. 2001

Liso ~ V 3.3

Enriched sample (BSAX+Swift-BAT GRBs 
(Rizzuto et al. 2007).



  

Amati Relation: Ep vs Eiso

● From redshift, fluence and spectrum, it is possible to estimate the cosmological rest frame peak 
energy Ep and the radiated energy assuming isotropic emission Eiso.

● Correlation between source rest frame peak energy Ep of the prompt gamma spectrum and  

isotropic equivalent energy Eiso.
● First reported by Amati et al. 2002 using the sample of the BeppoSAX satellite with GRBs with 

measured redshift. Later confirmed on larger samples Amati et al. (2006, 2009, 2015).

5Amati et al. 2002 Amati & Valle 2015

0.5
Ep ~ Eiso

LGRBsLGRBs

●                                                     Intrinsic peak energy of time-integrated energy spectrum.

●                                                     Isotropic energy release over T90 in 1 keV – 10 MeV.



  

Amati Relation: Ep vs Eiso

● The correlation holds also for short duration GRBs.

6

GRBs in the Ep,i  - Eiso  plane as of end of 2009. The continuous line is 

the best fit power-law of the 108 long GRBs (Amati et al. 2010).



  

Yonetoku Relation: Ep vs Lp

● Correlation between source rest frame peak energy Ep of the prompt gamma spectrum and  

isotropic equivalent peak luminosity Lp (Yonetoku et al. 2004, 2010).
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1.6
Ep ~ Lp

Yonetoku et al. 2010



  

Ghirlanda Relation: Ep vs Eγ
● Correlation between source rest frame peak energy Ep of the of the prompt gamma spectrum and 

collimated energy released Eγ (Ghirlanda et al. 2004, 2006; Nava et al. 2006).

● Similar to Amati relation but less scatterd.
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Nava et al. 2006

0.7Ep ~ Eγ



  

Other Correlations

Correlation between Ep-Liso-T0.45   where T0.45 

is the time spanned by the brightest 45% of 
the total counts above the background 
(Firmani et al. 2006).
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● There are also other correlation, see a review paper Dainotti et al. 2018.

Bernardini et al. 2012; Margutti et al. 2012



  

Pseudo-redshifts Pseudo-redshifts 
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Pseudo-redshifts
● If we assume that a given correlation between spectral or temporal properties of GRB light curves 

and intrinsic luminosity or total emitted energy, e.g. Amati relation, holds then from measured, 
e.g. Ep,obs, fluence S, a pseudo-redshift can be calculated.

● See e.g. Atteia 2003; Kocevski and Liang 2003; Ghirlanda et al. 2005; Guidorzi 2005; Guidorzi et 
al. 2006; Tsutsui et al. 2008, 2013; Zhang and Wang 2018; Zitouny et al. 2018.
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Ghirlanda et al. 
2005
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Zitouni et al. 2018
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Sample of long gamma-ray bursts (GRBs) common to both Swift and 
Fermi to re-derive the parameters of the Yonetoku correlation (Paul 
2017).



  

GRBs as Cosmological ToolsGRBs as Cosmological Tools
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GRBs as Cosmological Tools
● These correlations can be used as cosmological tools to construct Hubble diagram (distance modulus 

vs. redshift) and to constrain cosmological parameters.
● For measured z, S, Ep,obs of many GRBs:
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closedflat
open

Constraint on ΛCDM model. Joint 1σ 
confidence intervals given by constraints 
from the datasets of galaxy clusters, GRBs, 
CMB shift parameter, SNe Ia, BAO, and 2dF 
Galaxy Redshift Survey (Wang et al. 2007, 
2015).

The Hubble diagram of 67 GRBs (green) and 557 
SNe Ia (magenta) by Dirirsa and Razzaque 2015.



  

GRBs as Probes ofGRBs as Probes of
High-Redshift UniverseHigh-Redshift Universe
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GRBs Probing High-z Universe

● GRBs are seen out to high redshift (>5) allowing us to prob high-z universe.
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Gehrels 2014



  

History of the Universe
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         9.4
GRB 090429B

z≈6



  

Evolution of Metallicity with Redshift 
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Savaglio 2010



  

Star Formation Rate Density of the Universe
● GRBs allow to trace the total mass of stars formed per year in a given volume (star formation rate density) at 

high redshift.
● Rapidly increases at z<1, remains almost constant in the redshift range 1<z<4, and then shows a steep 

decline with slope at z ~4. The sharp drop at z ~4 may be due to significant dust extinction (Wei et al. 2014).

18Kistler et al. 2013

GRBs



  

Probing Reionization
● Gunn-Peterson trough is a feature of the spectra of very distant objects (quasars, GRBs) due to the presence 

of neutral hydrogen (HI) in the Intergalactic Medium (Gunn & Peterson 1965).
● It is suppression of electromagnetic waves from the source at wavelengths less than the Lyman-alpha line at 

the redshift of the emitted light.
● Observational test for a smoothly distributed neutral Intergalactic Medium.

19Kawai et al. 2006



  

GRBs from Population III Stars? GRBs from Population III Stars? 
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GRBs from Population III Stars? 

● Possible masses of Pop III stars around ≥ 100 Msolar

● Composed entirely of primordial gas, metal-free, mainly hydrogen and helium.

● Expectations of such GRBs are duration T90~1000-10 000 s, Eiso=1055 erg, L=1052 erg/s

● At redshift ~20
● Abel et al. 2002; Bromm et al. 2002; Mészáros and Rees 2010
● No observation so far.
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GRBs from Population III Stars? 
● Another work claims that hydrodynamic simulations suggest that Pop III stars were formed as 

binaries or as small multiple systems with stellar masses 10 to 40 Msolar .
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Stacy et al. 2010



  

GRBs from Population III Stars? 
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Suwa & Ioka 2011

● Shock breakout is possible even in a
massive, metal-free Pop III stars with a
large H envelope thanks to the 
longlived powerful accretion of the 
envelope.



  

GRBs from Population III Stars? 

● Expected star-formation rate and GRB rate for Pop I, II and III stars.
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Kouveliotou et al 2012; 
Bromm and Loeb 2006



  

Multi-Messenger Observations - UHECR, Multi-Messenger Observations - UHECR, 
Neutrinos, GWNeutrinos, GW
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Possible Neutrino Production Sites

26

• GRBs were proposed to be sites for accelerating ultra-high energy cosmic rays and sources of 
very high energy neutrinos up to 1017~1019 eV (Waxman and Bahcall 1997, 2000; P. Mészáros 

Waxman 2001; Waxman 2003; P. Mészáros 2015).          



  

Proposed Production of Neutrinos in GRBs
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Constraints from IceCube for prompt GRB ν flux
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• The efficiency of neutrino production may be much lower than what has been predicted 
(Abbasi et al. 2012).

• Constraints for a prompt neutrino flux from GRBs were derived from 4-years IceCube data. A 
single low-significance neutrino, compatible with the atmospheric neutrino background, was 
found in coincidence with one of the 506 observed GRBs (Aarsten et al. 2015).

• Coincidence analysis between Fermi / LAT gamma-ray data and IceCube neutrino data did 
not reveal significant coincidence (Turley et al. 2018).

Theoretical
prediction

Observational
limit

Comparison of predictions of flux from GRBs based on observed 
gamma-ray spectra (dashed lines) with 90% condence upper limits 
obtained from the results of IceCube for 40 and 59 detector strings 
(Abbasi et al. 2012).
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17. 08. 2017 BEGINNING OF MULTI-MESSENGER ASTROPHYSICS OF GRBs
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AN EMPTY REGION IN PARAMETER SPACE
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CAMELOT: Cubesats Applied for MEasuring and LOcalising Transients
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TWO POSSIBLE DETECTOR CONFIGURATIONS
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THE DETECTOR DESIGN
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SPECTRAL FEASIBILITY
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CAMELOT GPS TIME-STAMPING TEST BOARD
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SKY VISIBILITY ON 53 DEG WALKER ORBITS

37



  

SKY VISIBILITY ON SUN-SYNCHRONOUS POLAR ORBITS
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HIGH BACKGROUND ON POLAR ORBITS
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WHAT DO WE EXPECT TO SEE?
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TIMING BASED LOCALISATION
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LOCALISATION FEASIBILITY
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LOCALISATION ALGORITHM
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LOCALISATION ACCURACY
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Tests of Lorentz Invariance Violation Tests of Lorentz Invariance Violation 
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Tests of Lorentz Invariance Violation 
● Lorentz invariance: the laws of physics in a non-accelerated system are not affected when this system 

undergoes Lorentz transformation. For example the speed of light is constant and does not depend on the 
reference system. However, many Quantum Gravity theories have suggested that the propagation of light 
through the space-time with a foamy structure would show a dispersion relation in vacuum (Amelino-Camelia et 
al. 1998), speed of light would depend on energy, which could lead to the violation of Lorentz invariance (LIV).

● See: Abbott et al. 2017; Abdo et al. 2009; Bernardini et al. 2017; Boggs 2004; Ellis et al. 2006; Ellis et al. 2018; 
Martinez and Piran 2006; Petitjean et. al 2016; Wei et al. 2017; Wei et al. 2017; Zhang and Ma 2015.
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● Some quantum-gravity theories predict the photon-propagation 
speed vph  varying with photon energy Eph. At energies Eph<<EPlanck 

(1.22x1019GeV)  the |vph/c  - 1|≈(Eph/MQG,nc
2)n, where MQG is is the 

quantum gravity energy scale for order n  and n=1 or 2 is usually 
assumed and c≡vph(Eph→0).

● Abdo et al. 2009 found  no evidence for the violation of Lorentz 
invariance for GRB 090510 at z=0.9.

Bernardini et al. 2017

● However, the physical origin of 
the intrinsic spectral lag of GRB 
prompt gamma light curves is still 
unclear, and it is not possible to 
predict theoretically its value for 
specific events, thus it is hard to 
disentangle its contribution from 
the purely quantum-gravity delay 
of photons.



  

Review: GRBs In a Nutshell Review: GRBs In a Nutshell 
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GRBs In a Nutshell
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GRBs In a Nutshell
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GRBs In a Nutshell
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Frail et al. 1997

First radio afterglow

Radio
X-rays

Optical (red)
X-rays



  

GRBs In a Nutshell
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GRBs In a Nutshell
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GRBs In a Nutshell
● The first GRB/SN association was GRB 980425 / SN 1998bw, nearby and very bright type Ic supernova (core-

collapse, no He lines). The explosion was unusually energetic, more than 10 times that of an ordinary 
supernova. GRB 980425 is the closest burst recorded to date with redshift z = 0.0085, i.e. only 37 Mpc.

● Some (not all) long-duration busts are associated with core-collapse supernovae Ic.
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SN bump

half-life of 56Ni: 6 days
half-life of 56Co: 77 days

GRB 980425 / SN 1998bw

Another example: GRB 041006



  

GRBs In a Nutshell
● EM counterpart from NS-NS merger event GW170817/GRB170817A (short duration GRB).
● Large campaign of follow-up observations identified a kilonova.
● Confirmation of short GRBs originating from merger of two compact objects.

54Abbot et al. 2017
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