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Outline

• Little history of Short-GRBs
• Recent advancements 
• SGRBs in the context of Gravity Waves progenitors
• GRB 130603B: phenomenology
• GRB 130603B as r-process Supernova
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Little bit of context...
...long time ago...

Short GRB in a ``nutshell’’

★ Short GRBs have T90 ≤ 2s
★ Their spectrum is harder than LGRBs
★ Spectral lag analysis (lag between soft and 
hard component ~ 0)
★ They are intrinsically fainter 
★ Their afterglows decays faster than LGRBs

Thanks mainly to the BATSE, HETE II, 
KONUS-WIND satellites first and, in the last 
~9 year,s to Swift we now can describe SGRB 
based on some key observables: 

Kouveliotou et al. 1993,
Ghirlanda et al. 2004, 

Mazets et al. 2004, 
Lazzati 2005 et al. , 

Lee and Ramirez-Ruiz  2007 
Nakar et al. 2007 (review)
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Little bit of context...
...long time ago...

Short GRB in a ``nutshell’’

★ Short GRBs have T90 ≤ 2s
★ Their spectrum is harder than LGRBs
★ Spectral lag analysis (lag ~ 0)
★Spectrum is often not fitted by the usual Band 
function
★ They are intrinsically fainter 

These are two examples of long and short 
prompt emission from BATSE.

Nakar et al. 2007
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...in the recent years...
Afterglows

From the extensive work of Kann et al. 2011 (Nicueasa Guelzebu et al. 2012)we can see that the 
afterglow is fainter then the usual long population.

Text

Nicuesa Guelbenzu et al. 2012
Thursday, September 26, 2013
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...in the recent years...

The Astrophysical Journal, 769:56 (18pp), 2013 May 20 Fong et al.

Figure 14. Distribution of short GRB environments, according to Table 3. The fractions of late-type (blue), early-type (orange), host-less (green) and inconclusive
(yellow) environments are shown. Top: the distribution of 25 short GRBs with subarcsecond localization is divided into all four categories (left), and the 6 host-less
bursts are each assigned to their most probable host galaxy (right; Berger 2010a and this work). Middle: our full sample, including 11 short GRBs with XRT
localizations and probable hosts, is divided into all four categories (left), and with the 6 host-less bursts assigned (right). Bottom: distribution of our sample for which
there is no evidence for extended emission (left) and for which PNC > 0.9 (right; Bromberg et al. 2013).
(A color version of this figure is available in the online journal.)

13

Host Galaxies 
a lot of work has been done to associate the host to the short GRB.

It has not been easy since the GRB position is known only from 
the X-ray afterglow position (~2-3 arcsecs). 

Overall Fong et al. 2013 has
determine that 44% of the secure identified host are late-type galaxies 

See also Bloom 2002, 
Berger et al. 2009, 2011
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What are SGRB progenitors?

*
Blinnikov et al. (1984), 
Paczynski (1986), 
Goodman (1986) 
Goodman, Dar & Nussinov (1987)
Eichler et al. (1989)  
Narayan, Paczynski & Piran (1992)  
Paczynski (1991), 
Narayan, Paczynski & Piran (1992)   
Mochkovitch et al. (1993) 
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What are SGRB progenitors?

*
Blinnikov et al. (1984), 
Paczynski (1986), 
Goodman (1986) 
Goodman, Dar & Nussinov (1987)
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The usual collapsar does not work completely: timescale, energy, afterglow spectrum

The merging of two compact objects (NS, WD and BH) has been proposed since the mid-80s*. 
During the coalescence an accretion disk is formed and its dissipation onto the newly 
formed BH produces a jet (see Pozanenko’s talk)*.

Simulation has been carried out and produced some predictions about the timescale of the 
merger, the energy released and the ejection velocity of the blastwave (Rosswog 2005, 
Metzger 2010).

Host observations suggest a late time population, which more consistent with this scenario 
then LGRB hosts (actively star forming, e.g, Fruchter 2006).

More importantly for the future is that these events would naturally produce 
Gravitational Waves signatures, detectable with the new generation of ground based 
GW detectors (AdLIGO, Khagra).

Are there any reasonable observables that come out 
from these models?
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Observables anyone?

This is  observable signature is now 
at reach of our capability!!!

r-process Light Curves 7

Fig. 8.— Bolometric light curves for models that include two
components: r-process material (from tidal tails) and 56Ni (from a
disk wind). We plot the light curve of the fiducial r-process ejecta
model (Mrp = 10−2 M", black line) along with two models of
pure 56Ni with different masses (Mni = 10−2 M" and 10−3 M",
green and purple solid lines). The dashed lines give the combined
two-component light curves.

Fig. 9.— A comparison of select broadband light curves for a
pure r-process transient (solid lines) and an r-process transient
combined with a 56Ni-powered outflow (dashed lines). The bluer
SED from the 56Ni shifts the magnitudes of the bluer bands of the
combined SED upward relative to a pure r-process model. This
plot is for Mni = Mrp = 10−2M".

thanides may be produced in these events. While the
material dynamically ejected in the merger itself (the
tidal tails) is thought to undergo robust r -process nu-
cleosynthesis, it is plausible that a comparable amount
of mass may subsequently be blown off in winds from an
accretion disk surrounding the merged remnant. Though

the physical properties of the disk winds remain uncer-
tain, neutrino irradiation may drive the electron frac-
tion to Ye ! 0.4, in which case the nucleosynthesis
may not extend past Z ∼ 50 (Surman et al. 2006, 2008;
Metzger et al. 2008; Darbha et al. 2010). If Ye is very
close to 0.5, the composition will be primarily 56Ni. In
this case, the EM signature of a merger may be a super-
position of a 56Ni- and a r -process-powered transient.
To address this possibility, we consider a simplified sce-

nario where 10−3−10−2M" of pure 56Ni is blown off in a
wind immediately post-merger. Consistent with our use
of spherical symmetry thus far, we model this wind as
a spherical outflow, with βchar = 0.1 and the same bro-
ken power law density profile with (n, δ) = (1, 10). We
consider the tidal tails and disk wind to be two separate,
non-interacting components, which is perhaps not unrea-
sonable given that the winds are likely collimated in the
polar regions, while the tidal tails are largely confined to
the orbital plane. Ignoring viewing angle effects, we take
the two component light curve to simply be the superpo-
sition of the individual 56Ni-powered and the r -process
powered light curves.
Figure 8 shows the two component light curves, for

two different ratios of the 56Ni wind mass (Mni) to the
r -process tidal tail mass (Mrp). For Mni # Mrp, the
primary effect of the 56Ni wind is to raise the early-time
luminosity, creating a very short peak at t ∼ 1 day, which
blends into the long, flat, r -process light curve. The cu-
mulative light curve thus appears to have a faster rise
time and longer plateau. If Mni ≈ Mrp, the 56Ni emis-
sion dominates the r -process emission for the first ∼ 5
days post merger, with the two components contributing
roughly equally thereafter. The net effect is a gradually
declining light curve, with the long r -process plateau ob-
scured by the 56Ni-powered light curve.
The addition of a 56Ni component also affects the

SED of the transient, as shown in Figure 9 for the case
Mni = Mrp = 10−2M". Given the much lower iron group
opacities, the SED of the 56Ni ejecta is much bluer than
that of the r -process ejecta. The emission in the op-
tical bands (U,B,V,R) is relatively bright and set by
56Ni mass, while the r -process material establishes the
behavior in the infrared bands. Such an unusual SED
may serve as an EM fingerprint that could improve the
prospects for positively identifying a NSM. In particular,
as shown in Figure 10, the spectrum of a two compo-
nent outflow is, to first approximation, the superposition
of two blackbodies – a sharply peaked bluer blackbody,
corresponding to the 56Ni ejecta, and a lower, redder one,
corresponding to the r -process material.
The aggregate light curve model we present here

glosses over some of the more complex physical processes.
Our model assumes spatially distinct regions of pure 56Ni
and pure r -process material. In reality, the nucleosyn-
thetic yields are highly sensitive to the conditions in
the wind, and it is possible that disk outflows contain
some elements heavier than 56Ni. Contamination of the
outflows with even a small mass fraction of lanthanides
(∼ 10−3) can significantly increase the opacities and the
optical line blanketing. Even if our simplified compo-
sitions turn out to be reasonable, our model does not
account for the geometry of the ejecta and any possible
mixing of the wind and tidal tail components. Given

Barnes 2013, Kasen 2013 and Tanaka 2013, have investigated the outcome of NS-BH/NS-
NS events in terms of afterglow properties: there is the possibility that after the afterglow 
radiation (synchrotron) radioactive, neutron reach elements are ejected. 
The opacity produced by these elements will suppresses the optical/UV emission letting a 
very long-living (red) near-infrared counterpart (called “kilonova’’, `”macro-nova’’, or “r-
process SN’’ .

Spectrum from Kasen 2013 Lightcurve from Barnes 2013
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GRB 130603B - the night of the discovery
In strict chronological order:

1. GRB Swift discovery - GCN14735, Melandri et al. 
2. XRT enhanced position - GCN 14739, Evans et al .
3. BAT refined analysis - GCN 14741, Barthelmy et al
4. WHT afterglow detection - GCN 14742 Levan et al.
5. NOT afterglow detection - GCN 14743 de Ugarte et al.
6. GTC spectrum/redshift (I)  - GCN 14744 Thoene et al.
7. Magellan spectrum/redshift  - GCN 14745 Foley et al.
8.GTC spectrum/redshift (I) - GCN 14746 Sanchez-Ramirez et al. 
9. Gemini spectrum/redshift  - GCN 14748 Cucchiara et al.
10. VLT spectrum/redshift  - GCN 14757  Xu et al.

• Tanvir et al. GCN 14893 - SN limits
• Berger et al. GCN 14895 - Emerging Kilonova?

Thursday, September 26, 2013
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Properties of the host (Cucchiara et al. 2013)

Despite the short nature of GRB13063B the afterglow was 
detectable several hours after the explosion, allowing follow-up by 
many different facilities.

We trigger our program on the Gemini South telescope using the 
GMOS imaging/spectrograph (R~1200 @ 6000 A). 

We obtained two spectra nodding along the slit including both the 
host galaxy and the afterglow. We reduce them separately with the 
IRAF tools and calibrated the extracted 1D spectra using the 
standard star Feige110. 

Thursday, September 26, 2013
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Gemini results

Text

Cucchiara et al. 2013
Thursday, September 26, 2013
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Gemini results
 We were able to obtain a spectrum of the short GRB (z=0.3568)

 The GRB continuum appears pretty flat, with some exception

 The Host continuum is fainter than the afterglow one and emission lines are 

identified 

 The emission lines are broad BUT do not extend at the GRB location

Host Properties
SFR ~ 1.84 M⊙/yr
12+log(O/H) ~ 8.4
Mass = 5x109 M⊙

MB= -20.96 (~L*)

GRB location Properties
SFR < 0.4 M⊙/yr

Thursday, September 26, 2013
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Results
Emission/Absorption line analysis: we were able to extract the spectrum of the 
host and the afterglow. This allowed to secure the redshift and determine the 
properties of the host and the GRB explosion location. We also obtained a 
spectrum with Keck/Deimos of the host galaxy only at later time.

Cucchiara et al. 2013

Thursday, September 26, 2013
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Properties of the host (de Ugarte-Postigo et al. 2013)
GTC/NOT/X-Shooter/FORS

and more

Host Properties
SFR ~ 4.84 M⊙/yr
12+log(O/H) ~ 8.6
Mass = 1.7x109 M⊙

Thursday, September 26, 2013
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Properties of host (Cucchiara et al.  and de Ugarte-Postigo et al.)
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Properties of the host - Summary 
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Properties of the host - Summary 

 We got lucky
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Properties of the host - Summary 

 We got lucky

 The GRB afterglow was bright for long

 The host was in SDSS and we can resolve it from the ground 

 The host is star-forming 

 It has solar metallicity  

 The GRB location does NOT show star-formation

We have to be careful when we associate SFR to 
SGRB hosts. What we can say for sure is that the 

hosthas similar properties than other SGRBs.

Thursday, September 26, 2013
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Properties of the afterglow (Tanvir et al. 2013)
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Properties of the afterglow (Tanvir et al. 2013)

I hope to have convinced you that the host
looks like other SGRB hosts in their overall properties
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I hope to have convinced you that the host
looks like other SGRB hosts in their overall properties

Now, why GRB 130603B has become so important?

Astronomy needs funding....wherever they are....

Thursday, September 26, 2013



Cabo de Gata - Sept. 26 2013

Properties of the afterglow (Tanvir et al. 2013)

I hope to have convinced you that the host
looks like other SGRB hosts in their overall properties

Now, why GRB 130603B has become so important?

Astronomy needs funding....wherever they are....

Thursday, September 26, 2013



Cabo de Gata - Sept. 26 2013

Properties of the afterglow (Tanvir et al. 2013)

I hope to have convinced you that the host
looks like other SGRB hosts in their overall properties

Now, why GRB 130603B has become so important?

Astronomy needs funding....wherever they are....

Thursday, September 26, 2013



Cabo de Gata - Sept. 26 2013

Properties of the afterglow (Tanvir et al. 2013)
Let’s look at more careful at the lightcurve

Several groups (including us) observed the GRB130603B in several bands for few 
epochs (it was short overall). Tanvir et al. had a HST program to follow up short GRB 
in search for signature of their progenitors.

Thursday, September 26, 2013
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Properties of the afterglow (Tanvir et al. 2013)
Let’s look at more careful at the lightcurve

Several groups (including us) observed the GRB130603B in several bands for few 
epochs (it was short overall). Tanvir et al. had a HST program to follow up short GRB 
in search for signature of their progenitors.

Combining all the available data 
(propriety and not) Tanvir was able to
construct the lightcurve of the afterglow
in optical and infrared.

SED is very red 
(R-H=2.5) 

and not synchrotron

Thursday, September 26, 2013
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Is GRB 130603B a r-process SN?

If GRB 130603B is indeed produced by the coalescence of a NS-BH binary the 
opacity in the explosion envelope will suppress the optical emission (very red 
colors). 
This emission will rise on the time scale of  ~1 week (as expected).

The models are still in development, work needs to be done to be sure that the 
opacity is estimated properly. 

The models are still in development, 
work needs to be done to be sure that 
the opacity is estimated properly. 

The ejected masses are within 0.01 and 
0.1 M⊙

r-process Light Curves 7

Fig. 8.— Bolometric light curves for models that include two
components: r-process material (from tidal tails) and 56Ni (from a
disk wind). We plot the light curve of the fiducial r-process ejecta
model (Mrp = 10−2 M", black line) along with two models of
pure 56Ni with different masses (Mni = 10−2 M" and 10−3 M",
green and purple solid lines). The dashed lines give the combined
two-component light curves.

Fig. 9.— A comparison of select broadband light curves for a
pure r-process transient (solid lines) and an r-process transient
combined with a 56Ni-powered outflow (dashed lines). The bluer
SED from the 56Ni shifts the magnitudes of the bluer bands of the
combined SED upward relative to a pure r-process model. This
plot is for Mni = Mrp = 10−2M".

thanides may be produced in these events. While the
material dynamically ejected in the merger itself (the
tidal tails) is thought to undergo robust r -process nu-
cleosynthesis, it is plausible that a comparable amount
of mass may subsequently be blown off in winds from an
accretion disk surrounding the merged remnant. Though

the physical properties of the disk winds remain uncer-
tain, neutrino irradiation may drive the electron frac-
tion to Ye ! 0.4, in which case the nucleosynthesis
may not extend past Z ∼ 50 (Surman et al. 2006, 2008;
Metzger et al. 2008; Darbha et al. 2010). If Ye is very
close to 0.5, the composition will be primarily 56Ni. In
this case, the EM signature of a merger may be a super-
position of a 56Ni- and a r -process-powered transient.
To address this possibility, we consider a simplified sce-

nario where 10−3−10−2M" of pure 56Ni is blown off in a
wind immediately post-merger. Consistent with our use
of spherical symmetry thus far, we model this wind as
a spherical outflow, with βchar = 0.1 and the same bro-
ken power law density profile with (n, δ) = (1, 10). We
consider the tidal tails and disk wind to be two separate,
non-interacting components, which is perhaps not unrea-
sonable given that the winds are likely collimated in the
polar regions, while the tidal tails are largely confined to
the orbital plane. Ignoring viewing angle effects, we take
the two component light curve to simply be the superpo-
sition of the individual 56Ni-powered and the r -process
powered light curves.
Figure 8 shows the two component light curves, for

two different ratios of the 56Ni wind mass (Mni) to the
r -process tidal tail mass (Mrp). For Mni # Mrp, the
primary effect of the 56Ni wind is to raise the early-time
luminosity, creating a very short peak at t ∼ 1 day, which
blends into the long, flat, r -process light curve. The cu-
mulative light curve thus appears to have a faster rise
time and longer plateau. If Mni ≈ Mrp, the 56Ni emis-
sion dominates the r -process emission for the first ∼ 5
days post merger, with the two components contributing
roughly equally thereafter. The net effect is a gradually
declining light curve, with the long r -process plateau ob-
scured by the 56Ni-powered light curve.
The addition of a 56Ni component also affects the

SED of the transient, as shown in Figure 9 for the case
Mni = Mrp = 10−2M". Given the much lower iron group
opacities, the SED of the 56Ni ejecta is much bluer than
that of the r -process ejecta. The emission in the op-
tical bands (U,B,V,R) is relatively bright and set by
56Ni mass, while the r -process material establishes the
behavior in the infrared bands. Such an unusual SED
may serve as an EM fingerprint that could improve the
prospects for positively identifying a NSM. In particular,
as shown in Figure 10, the spectrum of a two compo-
nent outflow is, to first approximation, the superposition
of two blackbodies – a sharply peaked bluer blackbody,
corresponding to the 56Ni ejecta, and a lower, redder one,
corresponding to the r -process material.
The aggregate light curve model we present here

glosses over some of the more complex physical processes.
Our model assumes spatially distinct regions of pure 56Ni
and pure r -process material. In reality, the nucleosyn-
thetic yields are highly sensitive to the conditions in
the wind, and it is possible that disk outflows contain
some elements heavier than 56Ni. Contamination of the
outflows with even a small mass fraction of lanthanides
(∼ 10−3) can significantly increase the opacities and the
optical line blanketing. Even if our simplified compo-
sitions turn out to be reasonable, our model does not
account for the geometry of the ejecta and any possible
mixing of the wind and tidal tail components. Given
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Is GRB 130603B a r-process SN?

The models are still in development, work needs to be done to be sure that the 
opacity is estimated properly. 

Berger et al. 2013
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Summary and Conclusions
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Summary and Conclusions

• Short-GRBs are still important (probably more than before)
• We were able for the first time to obain a spectrum of a SGRB 
afterglow
• GRB 130603B occurred in a region of negligible star-formation
• The host is instead star-forming (SFR ~ 1.84-4.8 M⊙/yr)
• The afterglow present very peculiar SED (very red)
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Summary and Conclusions

• Short-GRBs are still important (probably more than before)
• We were able for the first time to obain a spectrum of a SGRB 
afterglow
• GRB 130603B occurred in a region of negligible star-formation
• The host is instead star-forming (SFR ~ 1.84-4.8 M⊙/yr)
• The afterglow present very peculiar SED (very red)

GRB 130603B represent the best case to date of SGRB 
produced by compact object mergers.
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Summary and Conclusions

• Short-GRBs are still important (probably more than before)
• We were able for the first time to obain a spectrum of a SGRB 
afterglow
• GRB 130603B occurred in a region of negligible star-formation
• The host is instead star-forming (SFR ~ 1.84-4.8 M⊙/yr)
• The afterglow present very peculiar SED (very red)

GRB 130603B represent the best case to date of SGRB 
produced by compact object mergers.

Future SGRB follow-up campaigns and GW detectors will bring new 
light to this still not fully understood phenomena
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Why are short GRBs important?

*
Blinnikov et al. (1984), 
Paczynski (1986), 
Goodman (1986) 
Goodman, Dar & Nussinov (1987)
Eichler et al. (1989)  
Narayan, Paczynski & Piran (1992)  
Paczynski (1991), 
Narayan, Paczynski & Piran (1992)   
Mochkovitch et al. (1993) 

In order to produce such short living emission, the energy observed and the afterglow behavior  
the collapsar model does not work. The merging of two compact objects (NS, WD and BH) has 
been proposed since the mid-80s*.

The idea is that during the coalescence an accretion disk is formed and its dissipation onto the 
newly formed blackhole produces a jet (see Pozanenko’s talk).
Simulation has been carried out and produced some predictions about the timescale of the merger, 
the energy released and the ejection velocity of the blastwave (Rosswog 2005, Metzger 2010).

More importantly for the future is that these events would naturally produce Gravitational 
Waves signatures, detectable with the new generation of ground based GW detectors 
(AdLIGO, Khagra).

Barnes 2013, Kasen 2013 and Tanaka 2013, have investigated the outcome of NS-BH events 
in terms of afterglow properties: there is the possibility that after the afterglow radiation 
(synchrotron) 
radioactive, neutron reach elements are ejected. The opacity produced by these elements 
will suppresses the optical/UV emission letting a very long-living (red) near-infrared 
counterpart (called “kilonova’’, `”macro-nova’’, or “r-process SN’’ .

This is  observable signature is now at reach of our capability!!!
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