
General	
  outline	
  of	
  my	
  talks	
  

1)	
  Gamma	
  Ray	
  Bursts:	
  the	
  observa9onal	
  pillars	
  a;er	
  two	
  decades	
  of	
  observa9ons	
  

2)	
  Theore9cal	
  picture:	
  the	
  standard	
  model	
  from	
  its	
  founda9on	
  to	
  the	
  latest	
  debates	
  

3)	
  Gamma	
  Ray	
  Bursts	
  in	
  the	
  cosmological	
  context:	
  present	
  status,	
  issues	
  and	
  perspec9ves	
  

Global	
  observa9onal	
  proper9es	
  of	
  GRBs	
  in	
  the	
  frequency/9me	
  
domain	
  (prompt	
  and	
  a;erglow	
  –	
  long	
  and	
  short),	
  their	
  typical	
  
energe9cs,	
  distance	
  scale,	
  spectral	
  proper9es	
  etc.	
  	
  	
  

The	
   standard	
   model,	
   progenitor,	
   energy	
   extrac9on	
  
mechanism,	
   hydrodynamic	
   of	
   the	
   fireball,	
   radia9ve	
  
mechanism.	
  Its	
  developement	
  and	
  the	
  present	
  issues.	
  	
  	
  

Observa9onal	
  approach	
  to	
  the	
  possibility	
  of	
  standardizing	
  GRB	
  
energe9cs	
   and	
   use	
   them	
   as	
   (complementary)	
   standard	
  
candles	
  to	
  constrain	
  the	
  cosmological	
  parameters.	
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GRBs as a cosmological tool 
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1) ISM in hosts, IGM, epoch of reionization, CSFR, PopIII 

2) Cosmological parameters  



Z=5 

Z=15 

Advantages	
  of	
  GRBs…	
  

1)	
  Time	
  stretching	
  +	
  
a:erglow	
  powerlaw	
  decay	
  

2)	
  No	
  proximity	
  effects	
  

3)	
  “clean	
  spectrum”	
  

4)	
  signposts	
  the	
  gal-­‐beacons	
  

Barkana & 
Loeb 2004 



High	
  redshi:	
  GRBS	
  

~ 7 are at 
z>5 



10 Kpc 

Z=20 

M=100 Msun 

Feedback 

1 Kpc 

200 pc 

Population III stars 

Broom & Loeb 2003; Loeb & Broom 2004 



Very	
  high	
  z	
  GRBs	
  	
   Pop	
  III	
  ? 

SFR GRB-FR 

GRB	
  from	
  Pop-­‐III	
  



Analysis of the Red Damping Wing to 
Constrain the Reionization  

●  two possibilities for the origin of the damping 
wing: 

1) A damped Lyα system (DLA) associated with the  
host galaxy 

●  DLAs often found in GRB afterglows 
●  log NHI (cm-2) ~ 21-22  

2) IGM neutral hydrogen (damping wing  of GP trough) 
●  If detected, it would give a crucial information on xHI   

GRB 030323 at z=3.372 
 (Vreeswijk et al. 2004) 



C2
	

Pre-Swift 
Swift 

GRBs as standard candles 



need method to 
standardize GRB 

energetics  C2
	



νF
(ν

) 
Prompt emission spectrum 

GRB Peak Energy 
Epeak 

(i.e. where most of power 
comes out) 

ΔE 

F(E,z,…) dE 4 π dL(z)2 Eiso = 
1+z 

e.g. Band et al. 1993; Preece 
et al. 2000; Ryde 2000, 2002; 
Ghirlanda et al. 2002; Kaneko 
et al. 2006 



Ep-Eiso
0.5 

χ2=492/95 dof

σ=0.23 dex

<σ%(Ep)>=0.1 
<σ%(Eiso)>=0.06 

97 GRBs 

Amati et al. 2002; Lamb et al. 2003; Yonetoku et al. 2004; Ghirlanda et al. 2004,2005; Amati et al. 
2008; Nava et al. 2008; Ghirlanda et al. 2009 



Jet half 
opening angle 

Jet effect 
Γ ↓  , Surf.↑	



Γ ∼ 1/ϑ	



Log(t) 

Log(F) 
Jet break 

Γ >> 1/ϑ	





GRB 990510 – Israel et al. 1999	



Obs. evidences of Jet breaks 



GRB 990510 – Israel et al. 1999	



GRB 050525A – 
Blustin et al. 2006	



Obs. evidences of Jet breaks 



GRB 990510 – Israel et al. 1999	



GRB 050525A – 
Blustin et al. 2006	



GRB 070125	


Dai et al. 2008	



Obs. evidences of Jet breaks 



Ghirlanda 2009 

Ep-Eiso
0.5 

χ2=492/95 dof

σ=0.23 dex

<σ%(Ep)>=0.1 
<σ%(Eiso)>=0.06 

97 GRBs 

1-cos(θ) 



Ghirlanda 2009 

Ep-Eγ1.03 

χ2=31/27 dof

σ=0.07 dex

<σ%(Ep)>=0.1 
<σ%(Eγ)>=0.07 

Ep-Eiso
0.5 

χ2=492/95 dof

σ=0.23 dex

<σ%(Ep)>=0.1 
<σ%(Eiso)>=0.06 

97 GRBs 

29 GRBs 



Similar to Supernovae Ia 

P
erlm

utter 1998 

“Stretching 
Luminosity” 

ü  Tight correlation 

ü  Calibration by low 
redshift events 



The Hubble diagram 

Stretch-lum (SNIa) 
Ep-Eγ correlation (GRB) 

z 

GRB 



Constraints on ΩM-ΩΛ with the Ep-Eγ correlation	



Ghirlanda, Ghisellini, Firmani, Lazzati 2004,2005 

19 
GRBs 



Constraints on ΩM-ΩΛ with the Ep-Eγ correlation	



Ghirlanda, Ghisellini, Firmani, Lazzati 2004,2005; Ghirlanda et al. 2007 

19 
GRBs 

29 
GRBs 



Simulation	
  of	
  150	
  GRBs	
  
	
  
• 	
  GRBs	
  follow	
  the	
  SFR	
  
• 	
  Epeak	
  –	
  Eiso	
  relation	
  
• 	
  Epeak	
  –	
  Eγ	
  relation	
  

Ωm – ΩΛ plane	
   Dark	
  Energy	
  EOS	
  (p=w0ρc2)	
  

Ghirlanda, Ghisellini, Firmani, Nava et al., 2006 



Issues	
  &	
  criQcs	
  raised	
  about	
  
the	
  Ep-­‐Eg	
  correlaQon	
  	
  and	
  its	
  

cosmological	
  use	
  	
  

2) The Ep-Eg correlation is 
model dependent  

1) Few Jet opening angles 
measured 

3) The correlation is not 
calibrated (no low z bursts) 

4) Evolution with z  

5) Outliers & selection effects 

Ghirlanda et al. 2007  
Ghisellini et al. 2008 
Van Eerten et al. 2012 

Zhang et al. 2005  
Nava et al. 2005 
Ghirlanda et al. 2006,2007  

Ghirlanda et al. 2005, 2006 
Zhang & Liang 2006 

Ghirlanda et al. 2008 
Nava et al. 2008 
Ghisellini et al. 2006 
Ghirlanda et al. 2009, 2010  

Papers	
  where	
  the	
  problem	
  
has	
  been	
  studied	
  

(not	
  necessarily	
  solved)	
  



Few	
  Jet	
  opening	
  angles	
  à	
  ~40	
  GRBs	
  (Ghirlanda	
  et	
  al.	
  2013)	
  

[Ghirlanda	
  et	
  al.	
  2007]	
  

Account	
  for	
  Host	
  and	
  SN	
  	
  
Need	
  spend	
  late	
  9me	
  Telescope	
  9me	
  
Op9cal	
  beVer	
  than	
  X-­‐ray	
  

Delicate	
  measure	
  





Distribu9on	
  of	
  jet	
  opening	
  angles	
  

Ghirlanda	
  et	
  al.	
  2013	
  

Measured  

Simulated pointing to the Earth 

Simulated pointing in every 
direction 



homogeneous	
   wind	
  

•  slope = 0.70 ± 0.04 
•  scatter (1σ) = 0.11 dex 
•  χ2

red ~ 1.5 (27 dof) 

•  slope = 1.04 ± 0.05 
•  scatter (1σ) = 0.09 dex 
•  χ2

red ~ 1.4 (27 dof) 

29	
  objects	
   29	
  objects	
  

Ghirlanda et al. 2004, 2007, Nava et al., 2006 

The correlation is model dependent 



Liang & Zhang 2005 
3-parameter correlation 

Epeak – Eiso – tbreak 

Eiso 

Ea pe
ak

  
tb br

ea
k 



χ2
red=1.3 (22 dof) 

Eiso∝ Ep
1.9  tjet

-0.92
 

ΩΛ-ΩM plane	





χr
2 = 1.32 χr

2 = 2.9 

The correlation is not calibrated  



1.5 -1.5 



0.2 - 0.1 



Calibration:	
  very	
  low	
  redshift	
  GRBs	
  ?	
  

Problem:	
  there	
  are	
  few	
  
events	
  at	
  low	
  redshift	
  	
  

	
  
	
  
	
  
	
  

It	
  is	
  possible	
  to	
  use	
  a	
  
given	
  number	
  of	
  GRBs	
  at	
  
the	
  same	
  (not	
  necessarily	
  

low	
  )	
  redshift?	
  

Simulation	
  

Ghirlanda, Ghisellini, Firmani, Nava et al., 2006 



Can we use other correlations? 	





Epeak- Eiso 
Epeak- Eγ 

collimated	
  
energy	
  

isotropic	
  
energy	
  

 Amati et al. 2002 2008 

Scatter = 0.24 
Slope = 0.5 

Main Advantages: 
larger number of GRBs (a factor 3)  
Model independent 

Main Disadvantage 



Liso ∝ τ - 1.05 

χ2
red=9.6 (34 dof) 

χ2=100 (46 dof) 

Liso ∝ V 3.0 

Lag [s] 

Li
so

 [e
rg

/s
] 

Li
so

 [e
rg

/s
] 

Variability[s] 

…other correlations… 

Lag – Luminosity 
 

Lag – Variability 
 



Which	
  correla9on(s)	
  can	
  we	
  use?	
  
Epeak ∝ Eiso

0.57 

χ2
red=7.2 (60 dof) 

σ=0.23 

Epeak ∝ Eγ
1.05 

χ2
red=0.89 (23 dof) 

σ=0.08 

Liso ∝ τ - 1.05 
χ2

red=9.6 (34 dof) χ2
red=100 (46 dof) 

Liso ∝ V 3.0 

Ama9	
  et	
  al.	
  2002	
  
	
  

Ghirlanda	
  et	
  al.	
  
2004	
  

Norris	
  et	
  al.	
  2000	
  

Reichart	
  et	
  al.	
  2000	
  
Ramirez-­‐Ruiz	
  &	
  
Fenimore	
  2000	
  

Epeak ∝ Liso
0.57 

χ2
red=9.6 (96 dof) 

σ=0.24 

Yonetoku	
  et	
  al.	
  2004	
  
Ghirlanda	
  et	
  al.	
  2008	
  
	
  

4 empirical correlations with ~ 
100 GRBs 
 
Advantages: 
1.  Large number of data 
2.  Easily populated 
3.  Model independent 
 
Disadvantages: 
1.  Large scatter (0.5 dex) >> statistical 

1 model dep correlation (and its 
empirical analogue) with 40 GRBs 
Advantages: 
1.  Scatter (0.07 dex) consistent with 

statistical 

Disadvantages: 
1.  Jet breaks hard to measure 
2.  Few objects 



 

(Ghirlanda et al. 2004,2005,2006, Firmani et al. 
2005,2006, Liang&Zhang 2005, Xu et al. 2005,2006,2007; Izzo et al. 2009)  

(Amati et al. 2008, 2009; Kodama et al. 2008; Capozziello&Izzo 2010) 

(Schaefer et al. 2006, 2007) 



Extrinsic	
  variance	
  σext:	
  
Kodama	
  et	
  al.	
  2008;	
  Ama9	
  et	
  al.	
  2008	
  	
  
introduce	
  an	
  extra	
  scaVer	
  term	
  

	
  	
  
Assump9ons	
  on	
  the	
  extra	
  scaVer	
  term:	
  	
  
1.  equal	
  for	
  all	
  bursts	
  	
  
2.  gaussian	
  
3.  only	
  on	
  Ep	
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Extrinsic	
  variance	
  σext:	
  
Kodama	
  et	
  al.	
  2008;	
  Ama9	
  et	
  al.	
  2008	
  	
  
introduce	
  an	
  extra	
  scaVer	
  term	
  

	
  	
  
Assump9ons	
  on	
  the	
  extra	
  scaVer	
  term:	
  	
  
1.  equal	
  for	
  all	
  bursts	
  	
  
2.  gaussian	
  
3.  only	
  on	
  Ep	
  	
  

Flat Universe 

70 GRBs 



Extrinsic	
  variance	
  σext:	
  
Kodama	
  et	
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…	
  but	
  cosmology	
  acts	
  on	
  
Eiso	
  rather	
  than	
  on	
  Epeak	
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Extrinsic	
  variance	
  σext:	
  
Kodama	
  et	
  al.	
  2008;	
  Ama9	
  et	
  al.	
  2008	
  	
  

	
  	
  
Assump9ons	
  on	
  the	
  extra	
  scaVer	
  term:	
  	
  
1.  gaussian	
  
2.  equal	
  for	
  all	
  bursts	
  
3.  only	
  on	
  Ep	
  	
  

ΩM 

extrinsic scatter on Ep 

extrinsic scatter on Eiso 

σ
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Ep-Eγ  
29 

GRBs 

70 GRBs 

Amati et 
al. 2008 

Ep-Eiso  
95 

GRBs 

95 GRBs 

Amati 2009 



 each luminosity indicator gives an estimate of the distance modulus. 
Different distance moduli are combined weighting for their errors 

Wa-W0 Wa-W0 



Other applications of the “Schaefer” method 

Mosquera Cuesta et al. 2006 

Busti et al. 2012 



In summary 
Epeak ∝ Eiso

0.57 

χ2
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σ=0.23 

Epeak ∝ Eγ
1.05 
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Liso ∝ τ - 1.05 

χ2
red=9.6 (34 dof) χ2
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Liso ∝ V 3.0 
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1 model dep correlation (and its 
empirical analogue) with 40 GRBs 
Advantages: 
1.  Scatter (0.07 dex) consistent with 

statistical 

Disadvantages: 
1.  Jet breaks hard to measure 
2.  Few objects 
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4 empirical correlations with ~ 
100 GRBs 
 
Advantages: 
1.  Large number of data 
2.  Easily populated 
3.  Model independent 
 
Disadvantages: 
1.  Large scatter (0.5 dex) >> statistical 

1 model dep correlation (and its 
empirical analogue) with 40 GRBs 
Advantages: 
1.  Scatter (0.07 dex) consistent with 

statistical 
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1.  Jet breaks hard to measure 
2.  Few objects 
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4 empirical correlations with ~ 
100 GRBs 
 
Advantages: 
1.  Large number of data 
2.  Easily populated 
3.  Model independent 
 
Disadvantages: 
1.  Large scatter (0.5 dex) >> statistical 

1 model dep correlation (and its 
empirical analogue) with 40 GRBs 
Advantages: 
1.  Scatter (0.07 dex) consistent with 

statistical 

Disadvantages: 
1.  Jet breaks hard to measure 
2.  Few objects 

Maybe … but  
still a lot to understand 

 
What could help is a physical 

interpretation  
(e.g. see Ghirlanda et al. 2012 for a unifying interpret.) 


