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What are GRBs?
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GRB Standard Model

• Transient Relativistic Explosions

• Gamma-ray to Radio (GWs? Cosmic 

rays? Neutrinos?)

• timescales: few ms to years

• Extreme physics, fundamental physics



Two Observed Classes
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Short—Mergers Long—Collapsars



So What Do You Need for GRBs?
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• Stable (or predictable) backgrounds, good triggering algorithms

• Hard-to-soft evolution in GRBs means that the WFM may not be 

triggering on the start of the GRB, and the GRB soft emission is often 
less impulsive


• Optimize WFM for ~all-sky coverage, anti-Earth/anti-Sun pointing


• Onboard triggering, ability to repoint


• WFM modules ~co-pointed with XRCA 

• similar to Swift BAT & XRT, minimize amount of required repointing


• Low deadtime


• TDRSS wake-up capability to transmit real-time alerts, data



X-ray Flashes—Off-Axis Jets?
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Urata+ 2015
long BATSE bursts (Band et al. 2004) and the distribution of
WFCBATSE bursts and a representative sample of long BATSE
GRBs (Kippen et al. 2003), respectively, in the same plane. The
distribution of HETE-2 bursts is consistent with the distribution
of BATSE bursts for E obs

peak > 50 keV but extends farther down
in E obs

peak [and therefore in FP
N (50–300 keV)]. This is expected

because of the BATSE trigger threshold, which is 50 keV. The
distribution of HETE-2 bursts is consistent with the distribution
of WFC BATSE bursts but also extends down to fainter peak
photon number fluxes for a similar reason.

8. DISCUSSION

8.1. Comparison of XRF, XRR, and GRB Properties

We have studied the global properties of 45 GRBs localized
by the HETE-2WXM during the first 3 years of its mission, fo-
cusing on the properties of XRFs and XRRs. We find that the
numbers of XRFs, XRRs, and GRBs are comparable for bursts
localized by the HETE-2 WXM. We find that there is no statis-
tically significant evidence for any difference in the duration
distributions or the sky distributions of the three kinds of bursts.
We also find that the spectral properties of XRFs and XRRs are
similar to those of GRBs, except that the values of the peak
energy E

obs
peak of the burst spectrum in !F! , the peak flux Fpeak ,

and the fluence SE of XRFs are much smaller—and those of
XRRs are smaller—than those of GRBs. Figure 18, which shows
the best-fit !F! spectra of two XRFs, two XRRs, and two GRBs,
illustrates this. Our results are consistent with Barraud et al.
(2003), who studied the spectral properties of the HETE-2 GRBs
using FREGATE data. Finally, we find that the distributions of
all three kinds of bursts form a continuum in the [S(2–30 keV),
S(30–400 keV)] plane, the [S(2–400 keV), Epeak] plane, and
the [Fpeak(50–300 keV), E obs

peak] plane. These results provide
strong evidence that all three kinds of bursts arise from the
same phenomenon.

8.2. Theoretical Models of XRFs

Several theoretical models of XRFs have been proposed.
GRBs at very high redshifts might be observed as XRFs (Heise
et al. 2001). However, the fact that the duration distribution for
XRFs is similar to that for GRBs argues against this hypothe-
sis as the explanation for most XRFs, as do the low redshifts

(Soderberg et al. 2004; Fynbo et al. 2004) and the redshift con-
straints (Bloom et al. 2003) that exist for several XRFs.
According to Mészáros et al. (2002) and Woosley et al.

(2003), X-ray (20–100 keV) photons are produced effectively
by the hot cocoon surrounding the GRB jet as it breaks out, and
could produce XRF-like events if viewed well off the axis of the
jet. However, it is not clear that such a model would produce
roughly equal numbers of XRFs, XRRs, and GRBs, or the non-
thermal spectra exhibited by XRFs.
Yamazaki et al. (2002, 2003) have proposed that XRFs are

the result of a highly collimated GRB jet viewed well off the axis
of the jet. In this model, the low values of Epeak and Eiso (and
therefore of E obs

peak and SE) seen in XRFs are the result of rela-
tivistic beaming. However, it is not clear that such a model can
produce roughly equal numbers of XRFs, XRRs, and GRBs, and
still satisfy the observed relation between Eiso and Epeak (Amati
et al. 2002; D. Q. Lamb et al. 2005b, in preparation).
The ‘‘dirty fireball’’ model of XRFs posits that baryonic ma-

terial is entrained in the GRB jet, resulting in a bulk Lorentz
factor !T300 (Dermer et al. 1999; Huang et al. 2002; Dermer
and Mitman 2003). At the opposite extreme, GRB jets in which
the bulk Lorentz factor !3300 and the contrast between the
bulk Lorentz factors of the colliding relativistic shells in the in-
ternal shock model are small can also produce XRF-like events
(Mochkovitch et al. 2003).
It has been proposed that XRFs are due to universal GRB jets

in which the luminosity falls off like a power law from the jet axis
(Zhang &Mészáros 2002; Rossi et al. 2002) and are viewed well
off the jet axis (Zhang et al. 2004). However, Lamb et al. (2005)
have shown that such a model predicts far more XRFs than
GRBs, in conflict with the HETE-2 results described in this pa-
per. A universal GRB jet model in which the luminosity falls off
like a Gaussian may do better (Zhang et al. 2004).
Lamb et al. (2005) have shown that a unified description of

XRFs, XRRs, and GRBs is possible in a model in which the
GRB jet opening angle varies over a wide range. In this model,
XRFs are due to jets with wide opening angles, while GRBs
are due to jets with narrow opening angles.
As this discussion suggests, understanding the properties of

XRFs and XRRs, and clarifying the relationship between these
two kinds of events and GRBs, could provide a deeper under-
standing of the prompt emission of GRBs. And as Lamb et al.

Fig. 17.—Distribution of HETE-2 bursts (black) and WFC BATSE bursts
(red and blue) in the [FP

N (50–300 keV), E obs
peak] plane.

Fig. 18.—Examples of best-fit !F! spectra for XRFs GRB 010213 (black
solid line) and GRB 020903 (black dashed line), XRRs GRB 010613 (red solid
line) and GRB 021211 (red dashed line), and hard GRB 030328 (blue solid line).
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Cocoon Emission from Off-axis Jets
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• Less luminous

• Less collimated

• Soft off-axis emission

• ~1-100 keV thermal—

quasi-thermal

2 Nakar & Piran
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Fig. 1.— A schematic description of the Collapsar’s jets and
the cocoon. The cocoon is composed of two components, an inner
‘shocked jet cocoon’ and an outer ‘shocked stellar cocoon’. The
jet cocoon is more dilute and hence it expands to faster, possibly
relativistic, velocities. Also shown are the di↵erent emission com-
ponents and their angular extent. A typical opening angle of the
relativistic cocoon components (if exist) is ⇠ 0.5 rad. The stellar
cocoon is sub-relativistic. As it gets out of the star it engulfs the
star and its emission is practically isotropic.

ativistic) velocities. The evolution may be di↵erent if
the jet is Poynting flux dominated (Levinson & Begel-
man 2013; Bromberg et al. 2014). It depends strongly
on the stability of the jet and the location where the
magnetic field is dissipated. Bromberg & Tchekhovskoy
(2016) find that it is dissipated early on and the larger
scale evolution will resemble a baryonic jet. The main
di↵erence is that in this case the shocked cocoon mate-
rial will be magnetized while the stellar cocoon won’t,
and it is likely that mixing will be somewhat suppressed
as compared with the mixing in a purely baryonic jet.
The cocoon emission, from each one of the two com-

ponents has two sources: (i) Di↵usion of the internal
energy deposited during the jet propagation. This emis-
sion is similar to the cooling envelope emission of a SN,
or to the so called photospheric emission of a GRB fire-
ball. Here we denote this phase as the ‘cooling cocoon
emission’. (ii) Interaction of the cocoon material with
the external medium. This emission is particularly im-
portant for the jet cocoon, which could be relativistic.
In this case the emission is similar in nature to the GRB
afterglow. Here we denote this phase as the ‘cocoon af-
terglow’.
Already in 2002, Ramirez-Ruiz et al. (2002) realized

the importance of the cocoon component and discussed
its possible signature. However, these authors consid-
ered only the shocked jet component assuming that it
has the same Lorentz factor as the GRB jet, ignoring
the important possibility of mixing between the shocked
stellar material and the shocked jet material. This as-
sumption implies a relativistic expansion of the shocked
jet, like a fireball. They realize that the emerging flow
would result in a wider angle than the GRB jet and that
this may lead to an o↵-axis ‘cocoon afterglow’ that can
be observed also in cases that the �-rays are not seen.
Ramirez-Ruiz et al. (2002) also discuss a possible photo-
spheric ‘cooling emission’ from this fireball. Lazzati et al.
(2010) carried out a numerical simution of cocoon evolu-
tion. Using the energy distribution per solid angle and
an ad hoc emission model they estimated the resulting
prompt �-ray emission that will be seen by an observer
at 45o finding that it may resemble a short GRB.

We present here an analytic framework for estimat-
ing the di↵erent cocoon emission components, both from
the shocked jet and from the shocked stellar material,
that has been ignored so far. In this framework we esti-
mate the cocoon’s signature as a function of the cocoon’s
parameters at the time that it breaks out from the stel-
lar envelope. The signature of the shocked jet depends
strongly on the amount of mixing between the two co-
coon’s components, which is currently unknown. This
amount is likely to depend on the properties of the jet
and the progenitor, and it should be explored by de-
tailed numerical simulations. We therefore leave it as
a free parameter and calculate the resulting emission as
a function of the mixing. We focus, however, on the
signatures resulting from partial mixing as suggested by
previous numerical simulations (e.g., Morsony et al. 2007;
Mizuta & Aloy 2009; Mizuta & Ioka 2013; López-Cámara
et al. 2013, 2016) and by our preliminary numerical re-
sults (Harrison et al., in preparation).
While we focus on cocoons arising in LGRBs as sug-

gested by the Collapsar model, we note that cocoons are
also expected in short GRBs, if those are generated by
merger of two neutron stars, and that our formalism can
be applied to them as well. When two neutron stars
merge, matter is ejected prior to the jet’s onset by tidal
forces, by winds driven from the newly formed hyper-
massive neutron star and from the debris disk that forms
around it (see e.g. Hotokezaka & Piran 2015, for a brief
review). The cocoons are generated during the interac-
tion of the GRB jet with this surrounding matter (Na-
gakura et al. 2014; Murguia-Berthier et al. 2016). These
cocoons will be much less energetic than those produced
in LGRBs, reflecting the fact that LGRBs are much more
energetic than short GRBs. Still they may lead to a de-
tectable signal from events taking place at a few hundred
Mpc from us, giving rise to a new potential EM counter-
part to the gravitational radiation signals arising from
these mergers.
Cocoon emission would arise also in failed LGRBs

where the jets are chocked before they break out. This
happens when the central engine stops early enough be-
fore the jet reaches the outer edge of the stellar enve-
lope, so the entire launched jet ends up in the cocoon.
Chocked jets may be quite numerous, in fact the duration
distribution of GRBs suggests that they are much more
numerous then successful GRBs (Bromberg et al. 2012).
When the jet is choked it dissipates all its energy within
the stellar envelope and there is no GRB. However if be-
fore chocking the jet crossed a significant fraction of the
stellar envelope then the cocoon is energetic enough to
break out of the star by itself and produce an observable
signature.
Various authors (Kulkarni et al. 1998; Tan et al. 2001;

MacFadyen et al. 2001; Campana et al. 2006; Wang et al.
2007; Katz et al. 2010; Nakar & Sari 2010; Bromberg
et al. 2011a) suggested that the emission from the shock
breakout of chocked jets’ cocoons produce the low lumi-
nosity GRBs (llGRBs). However Nakar & Sari (2012)
have shown that shock breakout can produce the ob-
served llGRBs only if their progenitors are extended
(> 1012 cm). In particular Nakar (2015) have shown that
both the signature of GRB 060218 and the accompanying
SN2006aj show that indeed the progenitor star must have
had a low mass extended envelope of ⇠ 1013cm. So, if

Nakar & Piran 2016

Lazzati & Begelman 2005
Lazzati+ arXiv:1709.01468

4 Lazzati et al.

FIG. 4.— Profile of the peak photon energy of the photospheric jet/cocoon
emission as a function of the off-axis angle from our simulation. The meaning
of the symbols and error bars is the same as in Figure 3.

nated cocoon, eventually transitioning to a predominantly soft
X-ray regime at large angles, with properties independent of
the off-axis angle . We notice that the error bars in the tran-
sition regions are particularly large, indicating that it is where
the different components interact that the assumption of bal-
listic evolution fails and our results should be taken with cau-
tion. This is particularly obvious at ✓ ⇠ 40�, at the cocoon
boundary with the shocked ambient medium, and at ✓ ⇠ 70�,
where the sharp cutoff in energy is observed.

Figure 5 shows the pulse duration as a function of the
off-axis angle. This is computed as the angular time scale
tang = R/c�2. For the cocoon and shocked ambient medium
material, the angular time scale is the dominant time scale,
while for the jet-dominated case the width of the fireball dom-
inates, and what is shown may be a lower limit on the dura-
tion of the transient. We notice that the angular time scale
coincides with the time delay after the merger at which the
transient is observed, so that a prediction of this model is that
the delay between the engine formation (possibly indicated by
the detection of a GW signal) and the detection of the transient
should be equal to the duration of the transient itself (Salafia
et al. in preparation). We find that this should be of a few sec-
onds in the cocoon-dominated regime and much longer (min-
utes) for the shocked ambient medium.

Finally, we consider out to what distance the prompt EM
transient from a merger observed at a given off-axis angle
would be observable with the GBM onboard FERMI3. Fig-
ure 3 shows the amount of energy that would be seen by the
GBM instrument onboard Fermi. We characterize the BAT
sensitivity curve as flat within the energy range [10-150] keV
and zero outside. Since the predicted photospheric tempera-
tures are at the edge of the sensitivity band of the instrument,
the detected radiation depends sensitively on the details of the
spectrum. We evaluate the detected energy in two somewhat
opposite and extreme cases: a purely thermal, single tem-
perature spectrum, and a Comptonized spectrum with photon
index -2.54. The latter is obtained by substituting the part
of the thermal spectrum above the peak with the prescribed
power-law. Comptonization of the photospheric spectrum is

3 Similar distances would be obtained for BAT onboard Swift since their
sensitivity is comparable for X-ray transients like those we discuss.

4 A spectral index -2.5 is fairly standard for high-frequency prompt GRB
spectra in the FERMI catalog (Gruber et al. 2014).

FIG. 5.— Profile of the pulse duration and time delay of the pulse from the
jet launching time as a function of the off-axis angle from our simulation.
The meaning of the symbols and error bars is the same as in Figure 3.

expected in case of trans-photospheric dissipation(Pe’er et al.
2006; Lazzati & Begelman 2010; Ryde et al. 2011; Lund-
man et al. 2013; Chhotray & Lazzati 2015). To determine
the maximum detectable distance, we adopt a transient detec-
tion threshold of 0.7 counts per square cm per second (Mee-
gan et al. 2009). The results are shown in Figure 6. If the
transient is thermal, only fairly on-axis bursts would be de-
tectable in the ⇠ 200 Mpc sphere where LIGO/Virgo are ex-
pected to detect NS-NS mergers (red, thin line in the figure).
If, instead, some sub-photospheric dissipation is present, the
cocoon radiation would become detectable at wider off-axis
angles, at least for bursts within ⇠ 50 Mpc. In Figure 6, the
thick blue line is computed adding a high frequency power-
law with photon index -2.5 on top of the thermal emission.
The extra energy in the power-law photons is, for all cases,
significantly smaller than the energy of the black body spec-
trum. It is possible for Comptonization to add significant en-
ergy to the spectrum. We do not consider this case because
it would require either strong shocks (not seen in our simula-
tion) or some form of magnetic dissipation (which we cannot
account for in our AMR-RHD simulation). An example light
curve for the Comptonized pulse observed by FERMI at 30�

off-axis is shown in Figure 7.

4. SUMMARY AND DISCUSSION

In Lazzati et al. (2017) we discussed the possibility of
detecting a short X-ray transient associated with an off-axis
short GRB. The transient would be due to the expansion of
the high-pressure cocoon that forms around a relativistic jet
as it works its way out of a region of high ambient density.
In L17, we made some simplifying assumptions, such as the
assumption of isotropy for the cocoon material and the as-
sumption of a Lorentz factor �1,cocoon = 10 for its asymptotic
expansion. Such assumptions (especially isotropy) have been
cast in doubt by Gottlieb et al. (2017), who studied the af-
terglow emission from such a component (see also L17). In
this paper, we have presented the results of a numerical sim-
ulation of a SGRB jet with similar properties as the fiducial
case presented in L17. We find that the cocoon material pro-
duces an X-ray flash detectable by the GBM on board Fermi
under favorable conditions (either a relatively small off-axis
angle ✓ . 30� or a distance of tens of Mpc). We also find that
such transients are a few seconds long (compared to a pre-



Choked Jets
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• Extended wind/outer envelope “chokes” jet

• low luminosity

• trans-relativistic to mildly relativistic

• softer emission 


• TeV neutrinos to precede burst
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FIG. 1: Left panel: The choked jet model for jet-driven SNe. Orphan neutrinos are expected since electromagnetic emission
from the jet is hidden, and such objects may be observed as hypernovae. Middle panel: The shock breakout model for LL
GRBs, where transrelativistic shocks are driven by choked jets. A precursor neutrino signal is expected since the gamma-ray
emission from the shock breakout occurs significantly after the jet stalls (e.g., [26]). Right panel: The emerging jet model
for GRBs and LL GRBs. Both neutrinos and gamma-rays are produced by the successful jet, and both messengers can be
observed as prompt emission.

tion since shock acceleration may occur inside the jet
before the shocks become radiation mediated, allowing
for efficient neutrino emission. On the other hand, the
gamma-rays produced deep inside the choked jets will
not be able to escape through the extended material to
observers, and bright gamma-rays are observed from the
shock breakout component only. A similar picture for
neutrino production is considered in Ref. [19] for low-
power jets with L ! 1047 erg s−1 and/or extended pro-
genitors such as blue supergiants (BSGs).

B. Hydrodynamical Constraints on Choked Jets

We will consider VHE neutrino emission from choked
jets and it is relevant to consider the condition where
relativistic jets are stalled. The dynamics of a relativis-
tic jet is determined by its interaction with the ambient
medium in the progenitor star and circumstellar enve-
lope, which can change the shape of the jet through col-
limation shocks [53, 54]. While this work focuses on neu-
trino emission only from internal and termination shocks,
it is important to note that collimation shocks near the
base of the jet will also affect estimates of VHE neu-
trino production [19] but are generally not considered in
most of the previous literature [68–72]. As the jet drills
through the star, a contact discontinuity is formed be-
tween the shocked jet material and the shocked ambient
matter. This region of shocked material is often referred
to as the jet head. Balancing the jet’s internal pressure
with the ram pressure of the ambient material determines
the head’s dynamics (see, e.g., [26, 53, 54]), and the head
velocity is given by

βh =
βj

1 + L̃−1/2
, (1)

with dimensionless luminosity

L̃ ≈
L0j

π(rhθ0)2ρac3
, (2)

where L0j is the one-sided jet luminosity, ρa is the am-
bient density, rh is the distance of the jet head from the
central engine, and θ0 is the initial opening angle inside
the star. Assuming the jet material is relativistic βj ∼ 1
before reaching the head it is obvious from Eq. (1) that
for L̃ ≫ 1 the head moves relativistically as well. Then,

the jet will be collimated for L̃ ≪ θ−4/3
0 or uncollimated

for L̃ ≫ θ−4/3
0 [53].

First, let us consider a jet propagating inside its pro-
genitor star. As shown in Refs. [53, 54], such a jet is typ-
ically collimated. Let us assume that the density profile
is approximated to be ρa = (3− α)M∗(r/R∗)

−α/(4πR3
∗)

(α ∼ 1.5 − 3). Here M∗ is the progenitor mass and
R∗ ∼ 0.6 − 3R⊙. For WR progenitors, we may take
α = 2.5 [73], leading to the jet head radius rh ≃
5.4× 1010 cm t6/51 L2/5

0,52(θ0/0.2)
−4/5(M∗/20 M⊙)

−2/5

R1/5
∗,11, where L0 = 4L0j/θ20 is the isotropic-equivalent

total jet luminosity [19, 53]. The classical GRB jet is
typically successful (i.e., it emerges from the progenitor),
since the time required for the jet to escape the progen-

itor tjbo ≈ 17 s L−1/3
0,52 (θ0/0.2)

2/3(M∗/20 M⊙)
1/3R2/3

∗,11 is

shorter than the jet duration teng ∼ 101.5 s. This time
is in good agreement (i.e. within a factor of a few) with
numerical studies of jet emergence [53, 74–76]. See also
Fig. 15 of Ref. [54].
Toma et al. [55] suggested that the prompt emission

of GRB 060218 may come from an emerging jet with a
Lorentz factor of Γ ∼ 5, and this possibility of marginally
successful jets has been further investigated by Irwin &
Chevalier [50]. The jet has more difficulty in penetrat-
ing the progenitor star due to its lower luminosity, but
on the other hand, its longer duration helps in achieving
breakout. In this model, the prompt gamma-ray emission
may come both from relatively low radii around the pho-
tosphere or large radii. Such marginally successful jets
are expected for larger radius progenitors such as BSGs,
and UL GRBs may correspond to the case of successful
GRBs [19].

Senno+ 2016
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SNe Ia
GRBs

H0 
constraints

Dark Energy

Constraints

• Short GRBs with GW 
observations can help 
constrain H0


• Long GRBs  + energetics 
correlations can help 
constrain dark energy 
EoS

Wei+ 2015

Low z

High z



X-ray Afterglow—Jet Breaks
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• Long GRB jet breaks time 
distribution likely biased


• Difficult to observe prompt 
afterglow jet breaks without a 
Swift BAT/XRT type mission


• Less collimation -> longer jet 
break time, difficult to observe 
due to fading flux


• XRCA could catch both prompt x-
ray afterglow/jet breaks and late 
jet breaks out to O(10) days

8 C. Guidorzi et al.: Prompt and afterglow study of XRF 080330
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Fig. 4. Top panel: NIR/visible/UV/X-ray light curves expressed in flux densities units, after correction for Galactic extinction. The
effective wavelength decreases from top to bottom, from K filter all the way down to X-rays. Red empty circles are public data
points from literature (Im et al. 2008; Wang et al. 2008; Sergeev et al. 2008; Moskvitin et al. 2008). Upper limits are 3σ. The solid
lines show the same model of a multiple smoothly broken power-law obtained by fitting all the curves simultaneously, allowing for
different normalisations but with the same fit parameters. Bottom panel: residuals of the r′ curve with respect to the corresponding
model.

indices, α1 and α2, the smoothness n, the Lorentzian normalisa-
tion, FL,r, the peak time, tc and its width, tw. The time-integrated
flux density of the latter component is π FL,r tw/2. The two terms
of eq. (2) peak at tp1 = tb1(−α1/α2)1/[n(α2−α1)] and tp2 = tc, re-
spectively. Each of the light curves of the remaining filters were
fitted with a free scaling factor with respect to the r′ curve as
modelled by eq. (2). The free parameters and the dof total 19
and 185, respectively. The best-fit result is shown in Fig. 5, while
the second line of Table 3 reports the corresponding best fit val-
ues. The fit is good: χ2/dof = 187/185. The scaling factors
for the remaining bands are the following: fK = 2.31 ± 0.12,
fH = 2.03 ± 0.10, fJ = 1.65 ± 0.09, fz = 1.40 ± 0.04, fi =
1.20 ± 0.03, fV = 0.90 ± 0.08, fg = 0.78 ± 0.02, fB = 0.77+0.19−0.15,
fU = 0.59+0.12

−0.10, fUVW1 = 0.28+0.17
−0.11, while the X-ray normali-

sation is still Fx = (3.7 ± 0.3) × 10−11 erg cm−2 s−1. The two
components peak at tp1 = 600 s and tp2 = 34.4 ks, respectively.

We also tried to model the second component with a rising
and falling smoothly broken power law instead of a Lorentzian.
However, this brings in too many free parameters, such as the
slope of the rise, so unless one finds reasons to fix some of them
to precise values, the fit with such a component turns into highly
undetermined parameters.

4.2. Spectral Energy Distribution

Figure 6 displays four SEDs we derived in as many different time
intervals (see shaded bands in Fig. 3):

1. SED 1 includes the last γ-ray pulse and the optical flash de-
tected by RAPTOR (Wren et al. 2008), around 60 s;

2. SED 2 corresponds to the final part of the optical rise, coin-
ciding with the final part of the X-ray steep decay, spanning
from 186.8 to 269.4 s;

3. SED 3 has the broadest wavelength coverage and corre-
sponds to the plateau phase, from ∼400 to ∼1500 s.

4. SED 4 includes NIR/visible measurements around the possi-
ble late time break in the light curve (Fig. 4), at ∼105 s.

To construct SED 1 we made use of the RAPTOR measure-
ment (Wren et al. 2008), a UVOT upper limit in the V band
and of the BAT spectrum of the fourth pulse. Figure 7 displays
this SED: the solid line shows the best fit with a smoothed bro-
ken power law used to fit the high-energy photon spectra of the
prompt emission of GRBs (Band et al. 1993). The best-fitting
parameters are the following: αB = −1.12, βB = −2.35 and
Ep,i = 71 keV (χ2/dof = 5.8/5) consistent with the limit on
Ep,i derived in Sect. 3.1. The Band indices are photon indices,
so the corresponding energy indices are 0.12 and 1.35, respec-
tively.While βB was constrained by the BAT data themselves, we
solved the coupled indetermination αB–Ep,i by initially freezing

Guidorzi+ 2009



GRB Science with STROBE-X
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• Long GRBs—Collapsars 
• Choked Jets (coincident neutrinos)

• Cocoon Emission

• X-ray Flashes


• Short GRBs—Mergers 
• Gravitational-wave counterparts

• Cocoon Emission

• Constraining H0 (with GW)

• Jet collimation (with GW)

• Population studies with BNS & NSBH progenitors (with GW)



Design Trade - STROBE-X
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• Difficult to do prompt spectroscopy for canonical long and short GRBs


• Generally, energetics will be difficult to estimate

• May not contribute to the energetics correlations

• May not contribute to high-z GRB cosmology

• Only contribute to luminosity function at the very low end


• Triggering efficiency - lightcurves are less impulsive at lower energies


• Association of progenitors to GRBs—could be difficult if not observing 
over canonical energy band

These issues can be addressed if observational 
energy range is extended to 150 or 300 keV



Backup
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Short GRBs—Mergers
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SGRB / CBC association

NASA and A. Feild (STScI)

NS-NS merger is a leading candidate for SGRB progenitor	
‣ Expect coincident SGRB+GW observation for nearby events

Synergy between GW and EM observation:	
!
GW	
‣ inspiral signature confirms compact binary coalescence (CBC) 

progenitor model	
‣ information about binary system parameters	
‣ precise merger time	
‣ standard candle → luminosity distance	
!

EM	
‣ detection confidence	
‣ EM energetics	
‣ x-ray or optical afterglow gives precise location	
‣ breaks degeneracies in binary parameter estimation	
‣ host galaxy / redshift	
‣ local environment	

SGRB emission

BH

eobs

ej
Tidal Tail & Disk Wind

EjectaïISM Shock

Merger Ejecta 

v ~ 0.1ï0.3 c

Optical (hoursïdays)

Kilonova
Optical (t ~ 1 day)

JetïISM Shock (Afterglow)

GRB
(t ~ 0.1ï1 s)

Radio (weeksïyears)

Radio (years)

optical off-axis	
θobs = 2θj

x-ray

Camp et al, 2013

Metzger and Berger, 2011

Metzger and Berger, 2011

HETE

LSST

ISS-Lobster

EM 
• Detection confidence 
• EM energetics 
• X-ray or optical afterglow gives precise 

location 
• Breaks degeneracy in binary parameter 

estimation 
• Host galaxy/redshift 
• Local environment information

GW 
• In-spiral confirms CBC progenitor model 
• Information about binary system 

parameters 
• precise merger time 
• standard candle -> luminosity distance



Long GRBs — Core-Collapse SNe
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• X-Ray Flashes (XRFs)

• Jet Cocoons

• Choked bursts

• X-ray afterglow
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Guelbenzu+ 2011


