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More	  than	  650	  GRBs	  

165	  with	  redshi:	  
Energe=cs	  
Intrinsic	  Time	  Scales	  

Largest	  sample	  to	  date	  

Link	  between	  the	  
prompt	  and	  the	  X-‐

ray	  a:erglow	  	  

Short	  GRBs	  vs	  long	  GRBs	  
X-‐ray	  a:erglow	  
proper=es	  1	   2	  ?	  
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Catalog	  of	  LONG	  GRB	  
early	  Gme	  flares	  
(Chincarini,	  Mao,	  
MarguK,	  2010,	  

MNRAS,	  406,	  2113)	  
Spectral	  and	  

temporal	  study	  of	  
the	  bright	  sample	  
(MarguK	  et	  al.,	  

2010,	  MNRAS,406,	  
2149)	  
	  

Average	  flare	  	  
luminosity	  

evoluGon	  with	  Gme	  
MarguK	  et	  al.,	  

2011,	  MNRAS,410,	  
1064	  

	  

Catalog	  of	  LONG	  
GRB	  LATE-‐Gme	  

flares	  
Bernardini,	  

MarguK	  2011,	  A&A,
526A,	  27B	  

	  

Flare	  in	  SHORT	  
GRBs	  	  

MarguK,	  2011,	  
MNRAS	  417,	  

2144	  
	  

…	  see	  Poster	  on	  flares	  in	  Short	  GRBs…	  
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…but	  all	  the	  informa=on	  about	  the	  superimposed	  variability	  is	  stored	  and	  available	  online	  	  



PROGENITOR	  	  
ENVIRONMENT	  	  
EMISSION	  MECHANISM	  
OBSERVATIONAL	  EFFECTS	  	  

dx=!
Log(t)	  

Lo
g(
Lu
m
)	  

Canonical	  X-‐ray	  
a:erglow	  

Prompt	   A:erglow	  

Nousek	  2006	  
Zhang	  2006	  

Panaitescu	  2006	  



hTp://www.grbtac.org/xrt_demo/	  
alpha1=	  2.6	  +\-‐	  0.3	  
alpha1(T90)=	  1.3	  +\-‐	  	  0.2	  

alpha3=1.2	  +\-‐	  	  	  0.2	  

alpha2=0.2+\-‐	  0.3	  

T_begin=	  418	  s	  

T_end=	  	  10	  ks	  	  

Flux	  End	  Plateau=	  (2.3	  +\-‐	  0.3)	  e-‐12	  (erg/cm2) 	  	  

Flux	  Begin	  Plateau=	  (1.4	  +\-‐	  0.2)	  e-‐11	  (erg/cm2) 	  	  

Fluence1	  =	  (4.4	  +\-‐	  0.4)	  e-‐08	  
(erg/cm2)	  

Fluence2	  =	  (3.8	  +\-‐	  0.5)	  e-‐08	  
(erg/cm2)	  

Fluence3	  =	  (8.0	  +\-‐	  1.2)	  e-‐08	  
(erg/cm2)	  

Fluence	  fluct	  2=	  (5.4	  +\-‐	  1.2)e	  -‐09	  

Fluence	  fluct	  1=	  (1.3	  +\-‐	  0.4)e-‐07	  

Dura=on1=200	  s	  
Dura=on2=	  2ks	  

Retrieve	  lc	  +	  Retrieve	  fit	  +	  Retrieve	  spec	  analysis	  	  

GRB	  

40-‐50	  parameters	  

+	  prompt	  
parameters	  

Blind	  search	  for	  correla=ons	  

968	  



hTp://www.grbtac.org/xrt_demo/	  
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0.3-‐30	  keV	  k-‐corrected	  REST	  FRAME	  

LONG	  

SHORT	  

Ex,iso	  

100	  

CLUSTERING	  



No	  evidence	  for	  a	  
different	  NH	  distribu=on	  
of	  long	  and	  short	  bursts	  
in	  the	  SAME	  redshi:	  bin	  
(KS	  test	  gives	  34%	  prob.)	  

Direct	  rela=on	  	  
NH	  -‐>	  Close	  Environment	  
is	  ques=onable	  	  

High	  (intrinsic)	  NH	  absorp=on=	  Link	  to	  STAR	  forma=on	  



hTp://www.grbtac.org/xrt_demo/	  



Munich,	  May	  8th	  

Epk≈(Eγ,iso)0.5	  
	  

LONG	  

Log(t)	  

Lo
g(
Lu
m
)	  

Ex,iso	  Eg
am

m
a,
iso

	  

Ex,iso≈(Eγ,iso)0.8	  
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Epk≈(Eγ,iso)0.5	  
	  

Ex,iso≈(Eγ,iso)0.8	  
	  

Progenitors??	  
Environment??	  SHORT	  

SHORT	  
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Ex,Eγ,	  Epk	  
	  

061021	  
Outlier	  of	  the	  Ama=?	  
(Nava	  2011)	  

101225A	  GRB	  or	  Galac=c?	  
Judith’s	  talk	  

111209A	  GRB	  with	  unusual	  X-‐ray	  
a:erglow	  

031203	  
SN-‐GRB	  
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Ex/Eγ	  ~	  Epk	  -‐0.6	  

Take away message!!

XRFs	  (low	  Epk)	  

SGRBs	  (high	  Epk):	  	  	  more	  efficient	  eaters	   Se
e	  
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JET	   Γ	  

See	  Ghirlanda	  	  2012,	  Lazza=	  talk	  
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Ex,Eγ,	  Epk	  
	  

Long	  GRBs	  

Short+XRFs+GRB/SN	  
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Short	  are	  less	  luminous,	  less	  energe=c,	  
	  faster	  decay	  but	  similar	  intrinsic	  NH	  

We	  have	  a	  “Universal”	  GRB	  scaling	  rela=on	  	  
	  

Take	  away	  
MESSAGE	  

Sta=s=cal	  analysis	  of	  more	  than	  650	  GRBs:	  
GRB=	  40-‐50	  parameters	  

The	  parameter	  table	  will	  be	  on-‐line	  
Data	  and	  best-‐fiKng	  profiles	  will	  be	  on-‐line	  
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Complement	  these	  
tables	  with	  

parameters	  from	  
other	  wavelengths	  

We	  built	  a	  detailed	  OBSERVATIONAL	  picture	  of	  the	  X-‐
ray	  emission	  a:er	  the	  prompt	  (flares	  +	  con=nuum)	  
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The	  FLARE	  observa=onal	  picture:	  
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…very	  different	  from	  the	  “prompt”	  	  
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Figure 2. EX,iso − Eγ,iso − Epk correlation for the sample of 52 LGRBs (black points) and 7 SGRBs (red triangles): in the common
cosmological rest-frame 0.3 − 30 keV energy band (left panel); for the extrapolated LCs (rigth panel). The orange stars correspond to
low-energetic GRBs. The black dashed line is the best-fitting function y = 1.05(x−0.7z)−1.7 and the green area marks the 2−σ region.

Figure 4. Efficiency ε = EX,iso/Eγ,iso vs Epk correlation for the
sample of 52 LGRBs (black points) and 7 SGRBs (red triangles).
The orange stars correspond to the low-energetic GRBs and the
blue square to GRB061021. The black dashed line is the best-fit
function y = −(0.66 ± 0.16)x + (0.62 ± 0.42) and the blue area
marks the 2− σ region, with σi = (0.31 ± 0.07).

GRBs (e.g. GRB060218) are thought to be mildly relativis-
tic (Waxman et al. 2007; Ghisellini et al. 2007), and in fact
they are consistently on the low efficiency tail of Fig. 4.
GRB090510, which is two orders of magnitude more efficient
than the majority of our sample, has a very high Lorentz fac-
tor (Γ ! 1000, Racusin et al. 2011; Γ ∼ 800, Ghisellini et al.
2010).

The photospheric model identifies Epk with the thermal
peak of the photospheric emission. Its value in this interpre-
tation is coupled to the main properties of the outflow, as
the luminosity and the Lorentz factor6 (Rees & Mészáros
2005; Ryde et al. 2006; Thompson et al. 2007). Since sim-
ilar properties are expected for the SGRB outflow (Nakar
2007), it is reasonable to think that thermalisation below
the photosphere occurs for those GRBs as well, and that

6 Epk ∝ Γ is expected for magnetic dissipation and photospheric
emission. On the contrary, an inverse proportionality is expected
for internal shocks (see Zhang & Mészáros 2002, Table 1).

some relation between Eγ,iso and Epk exists also in this
case (Thompson et al. 2007). Significant dissipation is re-
quired close to the photosphere of the flow to lead to the
observed spectra. The source of such a dissipation can be
internal shocks, nuclear collisions or magnetic reconnection
(Rees & Mészáros 2005). In the latter case, Giannios (2011)
showed that the peak energy is mainly determined by the
bulk Lorentz factor of the flow.

Both accreting black holes and rapidly rotating magne-
tars have been invoked for launching the jet. In the proto-
magnetar model for LGRBs (see e.g. Metzger et al. 2011,
and references therein) the highest magnetised flows give
rise to the brightest flows (see Eq. 11 in Metzger et al. 2011,
and the following discussion). The energy budget is limited
by the magnetar rotational energy (Usov 1992), which im-
plies also that less energy remains to power the following
X-ray emission. This qualitatively accounts for the anticor-
relation between ε and Epk. SGRB outflows might be highly
magnetised as in the previous scenario, and a limited en-
ergy budget is expected also in the merging of two compact
objects if these are neutron stars. Although the scaling be-
tween Eγ,iso and Epk is different in this case, the limited
energy budget implies again that the more energetic is the
prompt emission (the higher is Epk), the lower is the energy
budget left over after the main event.

The correlation does not include the energy emitted
during the flaring activity, which is present in 40% of the
GRBs of our sample. The energy content of flares is usually
∼ 3%Eγ,iso, but it can be as high as Eγ,iso for GRB0605267 ,
and is ∼ 25% of their underlying continuum energy EX,iso

(for details see M12). The inclusion of the flare energy into
EX,iso does not improve significantly the correlation scatter.
This is not surprising since SGRBs, which are the most scat-
tered population in the three-parameter correlation, have no
bright flares (Margutti et al. 2011).

After a systematic analysis of all the flare prop-
erties (Chincarini et al. 2010; Margutti et al. 2010, 2011;

7 The most extreme case is GRB050502B (Burrows et al. 2005),
with a flare whose fluence is 22.7 times larger than the fluence of
the underlying continuum, and 2.6 times the fluence observed by
BAT.


