
GRBs Orphan Afterglows (OAs)
• Short presentation of the topic:

• What are GRB OAs?
• Why observing them?
• Why observing them with Colibrí?

• Discussion:
• Science goals justifying their observation with Colibrí
• Trigger sources?
• Criteria for the observation of GRB OAs with Colibrí?
• Observing strategy
• ...

• A word of caution: these slides have *not* been prepared, they are 
raw material to introduce the discussion.
• Incomplete: important points/issues may be missing

• Outcome: Fill the excel file!
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What are they?
• GRB « orphan » afterglows

designate GRB afterglows where
the GRB is absent.
• Really absent, not undetected!

• The most common explanation is
a GRB seen off-axis, typically
beyond 2 times the beaming
angle of the jet (see plot).

• GRB OAs exist: they have been 
detected by ZTF. 
• Andreoni et al. (2021): Fast-

transient Searches in Real Time 
with ZTFReST: Identification of 
Three Optically Discovered
Gamma-Ray Burst Afterglows and 
New Constraints on the Kilonova
Rate
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Fig. 1.—B-band luminosity for models 1 (dashed lines) and 2 (solid lines)
for , , , , , ,v p 5! v p (0, 1, 2, 3, 5)v E p 80 n p 1 p p 2.5 e p 0.010 obs 0 52 0 B

and , where and are the fraction of the internal energy in thee p 0.1 e ee B e

magnetic field and electrons, respectively, and p is the power-law index of the
electron energy distribution. Note that model 1 is scaled down by a factor of
2.5 to help compare between the two models.

Fig. 2.—Light curves of model 3 for , ,v p 0.2 E p n p z p 1 p p0 52 0

, , , and Hz. The inset shows the same light142.5 e p 0.1 e p 0.01 n p 5# 10e B

curves for model 2, where the same traces correspond to the same viewing
angles .vobs

therefore, the dominant contribution to the emission is missing
until the time when . This problem is overcome byg ∼ 1/vobs
our next model.

2.2. Model 2: A Homogeneous Jet

This model is described in Kumar & Panaitescu (2000). The
Lorentz factor and energy per solid angle are considered in-
dependent of v within the jet aperture. The jet deceleration is
calculated from the mass and energy conservation equations,
and the jet expands laterally at the local sound speed. The
calculation of radiative losses includes synchrotron and inverse
Compton, and the synchrotron spectrum is taken to be a piece-
wise power law with the usual self-absorption, cooling, and
injection break frequencies, calculated from the cooled electron
distribution and magnetic field. The observed flux is obtained
by integrating the jet emission over the equal arrival time
surface.
The light curves of model 2 are shown with solid lines in

Figure 1. The flux density in the decaying stage (when the
entire jet is visible) increases slightly with vobs because, for a
given observer time, the emission received at larger vobs arises
at smaller radii, when the jet is intrinsically brighter. At a few
hundred days, the light curves begin to flatten owing to the
transition to the nonrelativistic regime.
The light curves for are very different from thosev ! vobs 0

of model 1 (and more realistic). Furthermore, the light curves
for are very similar to in this model. Sincev ≤ v v p 0obs 0 obs
the jet is homogeneous, the ratio of fluxes for andv ! vobs 0

is the ratio (1 ) of the areas within the jet opening1v p 0obs 2
that subtend an angle of 1/g around these directions.
We note that the light curves of model 1 for v /v pobs 0
are much closer to the light curves of model 2 for1, 2

, respectively, than to the model 2 light curvesv /v p 2, 3obs 0
for the same viewing angles, because the emission received at

is dominated by the region on the jet surface that isv 1 vobs 0
closest to the direction toward the observer. Therefore, model
1 becomes more accurate if is used in-v p max (0, v ! v )obs 0
stead of in equations (1) and (2).v p vobs
The main advantage of model 2 is that it provides more

realistic light curves with a very small computational effort,

making it convenient to use for data fitting (e.g., Panaitescu &
Kumar 2001). Its main drawback is the simplified treatment of
the dynamics, which leads to some differences relative to our
next model.

2.3. Model 3: Two-Dimensional Hydrodynamical Simulation

This model is described in Granot et al. (2001). The jet
dynamics is obtained with a two-dimensional hydrodynamical
simulation, with initial conditions of a wedge taken from the
spherical self-similar Blandford-McKee (1976) solution. The
afterglow light curves are calculated considering the emission
from all the shocked region, taking into account the relativistic
transformations of the radiation field, and the different photon
arrival times to the different observers.
Figure 2 shows the light curves of model 3, while the inset

provides the light curves of model 2 for the same set of pa-
rameters. In model 3, the peak of the light curves for v 1obs
is flatter compared to model 2 and occurs at a somewhatv0

later time. The rise before the peak is not as sharp as in models
1 or 2, since in model 3 there is some material at the sides of
the jet with a moderate Lorentz factor (Granot et al. 2001;
Piran & Granot 2001), whose emission dominates the observed
flux at early times for . The light curves forv 1 v v 1 vobs 0 obs 0
peak at a later time compared to model 2, and the flux during
the decay stage grows faster with , because in model 3 thevobs
curvature of the shock front is larger and the emission arises
within a shell of finite width, so that smaller radii contribute
to a given observer time. The light curves for models 2 and 3
are quantitatively similar for .v ! vobs 0
The main advantage of this model is a reliable and rigorous

treatment of the jet dynamics, which provides insight on the
behavior of the jet and the corresponding light curves. Its main
drawback is the long computational time it requires.

3. LINEAR POLARIZATION

While a spherical afterglow should exhibit little or no linear
polarization, as the polarizations from the different parts of the
afterglow image cancel out, a jetted afterglow breaks the circular
symmetry of the afterglow image for and may have av 1 0obs
polarization of !20% for (Ghisellini & Lazzati 1999;v ! vobs 0
Sari 1999). One might therefore expect an even larger polari-
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Why observing GRB OAs?
• The rate and spectro-temporal evolution of GRB 

OAs may provide crucial information on the jet: 
• Geometry: uniform or structured jet
• Cocoon
• Beaming angle...

• Space density of GRBs (after correction for the 
beaming)
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Identifying GRB OAs
• Identifying GRB OAs is complex:

1. Be sure it is a GRB afterglow
2. Be sure it is orphan

1. GRB OAs have characteristic colors & temporal 
evolution. 
• Confirming a candidate requires repeated observations for 

multiband photometry & temporal evolution of the candidate 
afterglow. 

• Flare stars are significant contaminants.

2. Requires GRB monitors (not discussed here).
• All optically selected afterglows are not OAs.
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Why observing GRB OAs with Colibrí?

• With multiband capability, good sensitivity and 
great availability, Colibrí is perfectly suited to 
characterize & confirm the nature of GRB OA 
candidates. 
• Confirming the candidates quickly may require

using templates of GRB OAs.
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Time for discussion
• Suggested topics:

• Science goals justifying the observation of GRB OAs with Colibrí
• GRB jets geometry, ...

• Trigger sources & expected number
• VRO, ...
• At Colibrí sensitivity, we do not expect more OAs than GRB afterglows

• Criteria for the observation of GRB OAs with Colibrí
• Which criteria beyond the brokers selection?
• Limiting magnitude, ...

• Observing strategy
• Perform various series of images with all the filters (in a sequence TBD).
• Establish the best sequence of filters a durations, this requires 

simulations with known afterglows and orphan afterglows.
• Decide quickly if this a good candidate. If not stop observations (unless 

it’s a kilonova ! ).
• ...
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Conclusions & Actions
• Some conclusions of the discussion:

• GRB OAs are interesting targets
• They add up to other transients, like FBOTs
• ACTIONS:

• Find a way to introduce long-lived transients (hours to days) in the 
programming of Colibrí, e.g. a web page, in complement with alerts
and general program.

• Discuss with Fink, the selection of GRB OA candidates.

• At Colibrí sensitivity (r ≈ 21 – TBC), the candidate GRB OAs should
not be so frequent
• ACTIONS:

• Evaluate the number of candidates.
• Define a few typical scenarios for OA candidate observation.

• Additional points:
• Role of HE monitors of SVOM (GRM & ECLAIRs) to distinguish OAs

from normal afterglows.
• Role of EP to constrain the X-ray afterglow.
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