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BATSE & Beppo_SAX

Zeldovich - Reizer
The Atomic bomb 



When a large amount of energy is released within a 
small volume, an explosion will result and a strong 

shock wave will expand supersonically into the 
surrounding medium.

When the energy release E is so large that E>> (M+ρ V) c2,  where M 
is the of the explosion products, ρ is the ambient density, and V is the 
volume swept by the shock, then the motion of the shock &ont wi' be 

relativistic.

see Blanford and McKee (1976) for the theory



GRB: Observable 
and 

model ingredients
The essential we observe of a Gamma Ray Burst

Energy 1049 - 1053 erg

Evolution of the light curve & spectra

The ingredients of the model [and we have problem in each one 
of them]:

A central engine - generates jets & energy

A mechanism of emission

a medium (CSM & ISM)

A progenitor
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Highlights
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Swift: A U. S. A.  - Italy - UK collaboration 
Physics Astrophysics Cosmology



The Observations



The Swift satellite 
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GRB Visiting  CARD

15-150 keV

15-25 keV

250 ms

100 s
This	  is	  a	  HETE	  GRB

D’Avanzo	  et	  al.	  	  2009	  -‐A&A	  498,	  p.	  711	   Fox	  et	  al	  2005

Courtesy of Bloom 2009

10

Non-‐thermal,	  peaking	  at	  ~	  10	  keV	  -‐	  MeV	  in	  our	  frame,	  0.1-‐1	  ~	  keV	  in	  rest	  frame.



Long GRBs & Flares



Norris	  2005Kocevski,	  Ryde,Liang	  2003

(Norris	  1996)(Kobyashi)
Et	  al.	  1997
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GRB 090423: X-ray afterglow

• Come tutti i bursts e NH
• Above the critical metallicity

canonical light curve

analysis of the XRT spectrum 
shows intrinsic absorption

NH=7x1022 cm-2

Lower limit on the  metallicity 
of the circum-burst medium

Z> 0.04 Zsun



GRB 060607

Opt-In between the X_Ray Flares Observed by REM & UVOT

REM
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15Chincarini	  et	  al.,	  2010,	  MarguN	  et	  al.,	  2010,	  Bernardini	  et	  al.,	  2010
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Oates et al 2009 Astro - ph 0901.35971
Sample of 27 GRBs 21 redshifts
 
A p p a r e n t l y t h e b r i g h t n e s s i s 
correlated with the slope, brighter 
decay faster. See however rest frame.
The maximum is not always detected in 
the early phase, may be not early 
enough.

Flare activity is visible, and however 
the characteristics are somewhat 
different, not so prominent, from 
those observed in the X_ray. A 
correlation OPTICAL - X is under way.

Various GRBs shows a peak of the light 
curve during the first 1000 seconds. 
See also Molinari et al. 2006 and 
Kruehler et al. 2009 XRF 071031. 

See also Rykoff et al., ROTSE -III - 
Astro_ph 0904.0261
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Fermi	  GRB080916C	  
Highest	  En	  Photon

30	  GeV

EGRET
GRB940217
18	  Gev

AcceleraWon	  
Mechanism

??

HIGH	  ENERGY
PHYSICS



Where	  do	  we	  stand

Where	  are	  the	  
jet	  breaks?

Similarity	  of	  Long	  and	  
Short	  a\erglows

Abrupt	  
ending:	  
why?	  

Plateau	  
phase:	  
energy	  
injecWon?

EmiNng	  
mechanism?

Origin	  of	  the	  GeV	  
emission?

X-‐ray	  tails	  and	  
extended	  
emissions
(SGRBs)

Where	  is	  the	  
reverse	  shock?
&	  Origin	  of	  the	  
prompt	  opWcal	  

emission
Flares:	  a	  
long-‐
lasWng	  
engine?	  

Where	  are	  the	  
X-‐ray	  emission	  

lines?
(SN	  connecWon	  
+	  progenitor)

Are	  there	  two	  
different	  
components	  
overlapping	  in	  
Wme?

Origin	  of	  the	  
Steep	  decay

Temporal	  Variability	  of	  
the	  a\erglow	   Slide	  from	  a	  talk	  prepared	  and	  given	  by	  R.	  MarguN



What is it?



According to the standard fireball shock model we distinguish 
between prompt emission and afterglow. The prompt emission 
if due to internal shocks, that is shocks generated by clashing 
shells that  have been ejected at various speeds. Gamma ray 

burst afterglows are the result between the decelerating 
relativistic jet and the surrounding medium. Synchrotron   

radiation is produced by shock - accelerated electrons 
interacting with a shock - generated magnetic field.

The radiation will peak at progressively longer wavelengths and 
the observed light curve will change shape whenever the 

observed frequency crosses into different spectral regimes, when 
the flow becomes non relativistic and when the lateral spreading 
of the initially strongly collimated outflow becomes significant.

Furthermore: 
Off axis jets to the never observed orphan a)erglows



The standard model

106 - 108cm
1013 - 1014 cm

1016  - 1017 cm
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Zhang, W., Woolsey, MacFadyen - 2006
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Left: Collapse and explosion in a 14 
solar mass Wolf-Rayet star.
Disk T ~ several MeV, Density ~ 109 g 
cm-3. BH ~ 4 solar masses.
Right: GRB_SN - Introduction of a two 
component jet : 1 ) 1051 erg s -1 , 
Gamma=50, Jet 10 degrees 2) ~ 40 
degrees jet, 5 1050 erg s-1, speed 14000 
km s-1.

5 degrees opening and Gamma 200 - 3 
1050 erg s-1. 

3 1049 erg s-1 
no yper-relativistic 

jet core

1 1048 erg s-1 
rather slow

may be bright transient

SNe 3 1053 in neutrinos in seconds;  < 
0.01% light in a few months
GRBs Most light in Gamma Rays - less 
than 1% as frequent as ordinary SNe



2D GRB Blastwave
Weiquin Zhang, Andrew McFadyen, 2009, ApJ 698, 1261



A Kelvin-Helmholtz instability on Saturn, caused by the interaction 
between two bands of the planet’s atmosphere. Image from the Cassini 
probe. Caption from NASA’s press release: This turbulent boundary 
between two latitudinal bands in Saturn’s atmosphere curls repeatedly 
along its edge in this Cassini image. This pattern is an example of a 
Kelvin-Helmholtz instability, which occurs when two fluids of 
different density flow past each other at different speeds. This type of 
phenomenon should be fairly common on the gas giant planets given 
their alternating jets and the different temperatures in their belts and 
zones. 
Saturn from NASA

Wave clouds forming over Mount Duval, NSW.



KH:10243 Rel. MHD
Weiquin Zhang, Andrew Mcfadyen, Peng Wang, 2009,,, ApJ 692, L40



New Inputs

The	  simulaGons	  predict	  a	  raGo	  of	  the	  magneGc	  
energy	  to	  total	  energy	  to	  be:	  

εB	  =	  5	  10-‐3

Clumpy	  structure	  of	  the	  magneGc	  energy.	  
Therefore	  likely	  a	  site	  for	  the	  Fermi	  acceleraGon	  
of	  charged	  parGcles,	  may	  be	  a	  source	  of	  high	  

energy	  cosmic	  rays.
May	  give	  informaGon	  on	  the	  origin	  of	  cosmic	  

magneGc	  fields.

Weiquin	  Zhang,	  Andrew	  Mc	  Fadyen	  &	  Peng	  Wang
2009,	  ApJ	  692,	  L40	  

27



The most recent flare sample
Chincarini et al. 2010

Period	  April	  2005	  –	  March	  2008.
321	  GRBs	  –	  87	  with	  redshi`
273	  by	  Swi`,	  82	  with	  z.
27	  by	  INTEGRAL	  1	  with	  z
10	  by	  IPN	  –	  1	  with	  z
9	  by	  HETE	  (3	  w	  z),	  3	  by	  AGILE
A`erglow	  observaGons	  for	  234.
Data	  set	  of	  56	  GRBs	  with	  flares.
Peak	  count	  rate	  >	  1	  count/s.
36	  present	  a	  single	  flare.
15	  two	  flares.
More	  that	  5	  cases	  with	  more	  than	  two	  
flares
Analysis	  in	  5	  channels	  
0.3-‐10,	   0.3-‐1,	   1-‐2,	   2	   –	   3,	   and	   3	   –	   10	  
keV.
Fit	  Norris	  2005	  funcGon

NEXT:	   	   TO	   THE	   END	   OF	   2010	   ~	   600	  
GRBs.	   2011	   =>	   Light	   curves	   et	   al.	   IN	  
PREPARATION

28CONTINUE



Distribution of the energy 
emitted in   single X - ray flares 
of the present sample. In the 
inset the distribution of the 
logarithm of the energy to 
better evidence the faint tail of 
the distribution.
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Late flares are less energetic. 
More or less 10% of the 
energy we observe in early 

flares. 



CONCLUSIONS
Accretion or magnetic reconnection or???

Margutti et al. 2010 MNRAS, 406, 2149

Phase lag as detected in 
GRB060904B. The high 
energy peak precedes the 
lower energy peak. Note 
that after normalization 
(inset) higher energy 
profiles are broader than 
low energy profiles.

The whole story in a 
plot. Flares know 
that if they occur 
late they must be 
fainter and broader. 
There is memory.

30



?

FLARES AS A FUNCTION OF TIME
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The instability setting up in the rotating disk (gammie 2001, Rice 
2003, Lodato et al. 2005) when the cooling time is low. Blobs 
will form with a mass that is about 10% of the mass of the 
central object. If the cooling time is large (larger than about 3 
Ω) then the blobs form but rotates about the central object 
with rather stable orbits.
The cooling time τc ~ (αΩ)-1 and τc < 3 Ω-1 therefore 1/α < 3 [α -> 
Shakura Sunyaev]



FLARES

Flares	  have	  the	  same	  characterisGcs	  of	  
the	  spikes	  we	  observe	  in	  
the	  prompt	  emission.

They	  get	  so`er	  and	  weaker	  with	  Gme

Chincarini	  et	  al.,	  2007
Chincarini	  et	  al.,	  2010
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The fit of GRB061121 is quite 
reasonable as shown previously 

by Dall’Osso et al. We have 5 
free parameters and two (radius 
and inertia of the Neutron star 
fixed at IN = 1.45 1045 and R = 106 
cm. The result is good and 
however it is not a robust prove 
of the presence of the neutron 
star. The magnetic field we 
derive is B = 1.8 1015 Gauss in 
agreement as expected with that 
derived by Dall’osso et al.
(the fit was done by Maria 
Grazia Bernardini).



CONCLUSIONS

GENERALITIES:
Steep	   decay	   -‐	   Curvature	   effect	   does	   not	   fully	   explain	   spectroscopic	  

variaDons.	  See	  also	  evoluDon	  of	  E_peak	  in	  MarguJ	  et	  al.	  2009
Plateau:	   InjecDon	  of	   energy,	   external	   shock	  or	  what.The	   light	   curve	  

aRer	  flaring	  returns	  to	  its	  no	  flare	  value	  level.
.......
FLARES
All	  main	  characterisDcs	  are	  similar	  to	  wide	  spikes	  observed	  during	  the	  

prompt	  emission.
External	  shock	  cannot	  be	  the	  origin	  of	  the	  flares.	  A	  possibility	  is	  Internal	  

shock.
The	  engine	   reacGvate	  and	  may	  be	  was	  never	  completely	  off.	  Pressure	  

holding	  accreGon?
May	   have	   to	   take	   a	   bener	   look	   at	   the	   accreGon	   from	   the	   disk	   and	  

related	  instabiliGes.	  LazzaG	  &	  Perna,	  Marguo	  et	  al.	  in	  preparaGon.
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OPEN QUESTIONS
Remembering that statistically in time everything gets weaker and softer

Standard	   Fireball	   model	   may	   not	   survive	   -‐	   Flares	   remain	  
unexplained.
Ordered	  magneDc	  fields	  and	  polarizaDon.
Magnetar	  -‐	  Pulsar	  Model	  -‐	  PoynDng	  flux.
SimulaDons	  &	  New	  targeted	  observaDons.
The real conclusion is that while we are progressing 

very well in sharply characterizing the properties of 
flares and their relation to the prompt emission spikes 
and prompt emission energy, at the moment there is 
no yet satisfactory model explaining the overall 
picture and the origin, evolution and energetic of 
flares.
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THE END
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BAT	  Swi\
•4	  ms
•15	  –	  25	  	  	  	  	  keV
•25	  –	  50	  	  	  	  	  keV
•50	  –	  100	  	  	  keV
•100	  –	  150	  keV

•Konus-‐WIND
•	  64	  ms
•	  18-‐70	  keV
•	  70-‐300	  keV
•	  300-‐1160	  keV



Jerusalem	  December	  2009 41
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Narrow-band filters were used to isolate the red emissionlines 
of hydrogen and singly-ionized sulfur. 

The image reveals many previously unseen shockwaves, 
evidence for powerful outflows from newlyformed stars 

embedded within the molecular clouds that rim the nebula.
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BAT	  Swi\
•4	  ms
•15	  –	  25	  	  	  	  	  keV
•25	  –	  50	  	  	  	  	  keV
•50	  –	  100	  	  	  keV
•100	  –	  150	  keV

•Konus-‐WIND
•	  64	  ms
•	  18-‐70	  keV
•	  70-‐300	  keV
•	  300-‐1160	  keV



Salvaterra et al., 2009
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GRB	  090423

GRB	  050904
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The simulations are from the 
presentation given by A. McFadyen in 

the Venice 2009 meeting 

This talk benefited form discusion I had with 

Raffaella Margutti 



OTHERS



T50	  =	  T1	  +	  T2

50%	  Counts
Above	  

Background

Background
90%	  Counts

Above	  
Background

T90	  =	  T3

50



Enrico Ramirez Ruiz 2009
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[OII], z= 0.923 - Graham et al. 2009



Syn.	  cooling	  &	  curvature
Kumar&Panaitescu

Dermer
Sari	  et	  al.

This	  equaGon	  is	  quite	  robust.	  
It	  is	  valid	  for	  both	  the	  forward	  and	  reverse	  
shock	  and	  it	  is	  independent	  of	  whether	  the	  
reverse	  shock	  is	  relaGvisGc	  or	  Newtonian.

Fennimore	  et	  al.	  ACF	  Width	  =	  k	  E-‐0.42	  

If	  we	  assume	  the	  main	  factor	  is	  the	  curvature	  
effect	   we	   have	   the	   following	   [The	   Observer	  
way,	   however	   see	   later	   more	   formal	  
derivaGon	  by	  LazzaG	  &	  Perna:
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A way to form 
short variability

and related geometry



Do we have a 
problem with 

Energy budget?

See among others 
recent work by:

Kumar,
Lyutikov 

Piran



2D Uni.Blastwave (energy - erg cm-3)
surrounding medium internal energy density ~ 2.25 10-13 erg cm-3

Zhang et al., 2009 see also Venice 2009 presentation by A. McFadyen
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(a)

 147 days

(b)

 256 days

(c)

 372 days

(d)

 970 days

(e)

  27.6 years

(f)

 150.3 years


