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Sky map of Compton, Swift and FermiGRBs
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Until March 23, 2018 

> 5,000 GRBs!
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GRBs as cosmological standard candles
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• No physical basis
• (unknown emission 

mechanism)
• Only phenomenological 

studies
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Amati relation between Ei,p and Eiso
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Amati relation between Ei,p and Eiso
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Potential for cosmological application – Standard candles (?) 

Evolving GRB samples and fits
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Amati relation with Fermi-LAT GRBs
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o Dedicated analysis of a uniform sample from a single spacecraft

o Fermi-GBM and LAT data

o Detailed modeling of time-integrated spectra

o Multiple components required for fitting GBM+LAT data for some GRBs

o More reliable Ep and Eiso measurements

o Extension of Eiso calculation to 100 MeV

o Test Amati relation for GRBs emitting at >100 MeV

o Compare Fermi-LAT sample of GRBs with other GRB sample: 

Revised Wang+2016 sample

o 94 GRBs from BATSE, BeppoSAX, HETE-2, Swift-BAT, Konus

Wind, Suzaku-WAM, Fermi-GBM (without Fermi-LAT bursts)

o Updated Eiso calculation
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Fermi-LAT GRBs with known redshift
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~ 115 GBM GRBs with known z (∼1 GRB/month) 

11 June 2008 –
30 April 2017

25 long + 1 short 
GRB detected 
by LAT with 
known redshift

Fermi sample

Wang+2016 sample
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Fermi data analysis
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o GBM (8 keV - 40 MeV energy range)

o 2 BGO detectors: b0 (210 keV-40 MeV) and b1 (220 keV-40 MeV)

o 12 NaI detectors: (8-900 keV) 
o GBM TTE data with 2 µs precision in 128 energy channels

o LAT (30 MeV - 300 GeV energy range)

o Pass 8 Transient 20E data with correct energy dispersion

o 12o Radius Of Interest (ROI)

o Binned likelihood analysis

o RMFIT package for spectral analysis

o Band, Smoothly-broken power law, Power law, Compton, 

Blackbody and combinations
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Time-integrated spectra of 25 LGRBs and 1 SGRB
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Band, Smoothly-broken power law, Power law, Compton, Blackbody and combinations

12 : Band
5 : SBPL
3 : Band+BB
2 : SBPL+BB
2 : Band+PL
1 : Band+BB

+PL
1 : Band+Comp

+PL
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Fluence, Ep and Eiso distributions of LAT GRBs
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Fermi samples of
25 long GRBs

F10 sample
1 keV – 10 MeV

F100 sample
1 keV – 100 MeV 

W2016 sample of 
94 long GRBs

1 keV – 10 MeV
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Amati relation for Fermi-LAT GRBs with known z
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D’Agostinit 2005

Wang+2016; Demianski+2017

Likelihood fit:

Linearized relation:

Extrinsic systematics

Errors on parameters: Demianski+Piedipalumbo 2011
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Amati relation for Fermi-LAT GRBs with known z
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Fits with 1s
scatter for 
separate and 
combined 
samples for 

F10
F100
W2016 
F10+W2016
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Amati relation for Fermi-LAT GRBs with known z
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Best fit: F10 sample
(1 keV – 10 MeV)

Fits for various other samples and combinations

o Slight difference in parameters between F10 and F100 samples
o Noticeable difference with other samples in some cases
o Error is dominated by unknown systematics in all cases  
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Constraints on Cosmological parameters
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LCDM flat cosmology: Wm + WL = 1 

Distance modulus: µ(z) = 5 log

✓
dL
Mpc

◆
+ 25

Calculate for each GRB in the sample:

From Amati relation

H0 and WL free
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Constraints on Cosmological parameters
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F10 / F100 sample W2016 sample F10+W2016 sample

z > 1.41 z > 1.41 z > 1.41

o Constraints on H0 and WL can be obtained for some cases
o Errors on parameters are rather large 
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Constraints on Cosmological parameters
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Constraints with combination of type Ia SNe data

Type Ia SNe data:
U2.1 sample of 580 SNe
0.015 < z < 1.414

Suzuki+2012
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Constraints on Cosmological parameters

Soeb Razzaque

Constraints for various samples and combinations

o Combined F10+W2016+SNe sample gives the best fit
o Dominated by type Ia SNe data
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Take home points
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o Detailed spectral analysis of 26 Fermi GRBs detected both by LAT and GBM 

with known redshift in 9.5 years of data

o Multiple spectral components in a number of GRBs

o Eiso calculation up to 100 MeV

o Amati relation for Fermi-LAT GRBs is consistent with relation derived from 

other samples (e.g., Wang+2016, Demianski+2017) in literature

o Large scatter in fit parameters, dominated by unknown systematics

o Constraints on flat LCDM cosmological model with 2 free parameters: H0, WL

o Fermi-LAT GRBs and/or another GRB sample can constrain parameters in 

some cases (including z > 1.414, beyond type Ia SNe redshift) 

o The errors on the parameters are too large at present

Increased GRB sample with known redshift in future can be interesting
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Details of Spectral fits
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Details of Fluence and Eiso calculations
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Sensitivity to initial choice of H0 and WL
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