
Observing a GRB Afterglow (A Target of Opportunity)
Science Aim:  Detect & monitor the mm/submm afterglow of a GRB from its burst to one month later
Long-duration gamma-ray bursts (GRBs) are among the most energetic phenomena in the universe. The broad-band 
afterglow emission accompanying GRBs can be described quite robustly as non-thermal emission from electrons ac-
celerated in relativistic shocks that occur as the GRB-generated outflow is decelerated by the ambient medium. At mm 
and submm wavelengths, we can observe the synchrotron emission directly, where it is free from interstellar scintilla-
tion. Continuum monitoring at mm and submm wavelengths provides information on GRB physics, not only for 
normal GRBs but also dark GRBs, and it sets constraints on theoretical models of GRB phenomena as well.
Only a few GRB afterglows have been detected at mm and submm wavelengths, because instruments at these 
wavelengths have had limited sensitivity. GRB 030329, the second nearest (z=0.1685) GRB to date, was intensive-
ly monitored at mm and submm wavelengths. The GRB 030329 afterglow light curve at 100, 250, and 345 GHz 
showed a “plateau” for about one week after the burst, followed by a steep decline (Sheth et al. 2003, ApJ, 595, 
L33; Kuno et al. 2004, PASJ, 56, L1; Kohno et al. 2005, PASJ, 57, 147; Smith et al. 2005, A&A, 439, 981). These data 
support a model with a two-component, jet-like outflow (Berger et al. 2003, Nature, 426, 145).
Receiver(s):  Bands 3, 6, 7: (100 GHz, 230 GHz, and 345 GHz)
Angular Resolution and LAS: The sources will be unresolved, since they are about the size of a star.  We select 
an angular resolution of “Any” using the OT so that any configuration can be used.
Spectral Resolution: N/A. Each measurement will use the largest bandwidth possible in dual polarization.
Sensitivity and Observing Time: With 43 antennas and with 7.5 GHz of bandwidth in two polarizations, ex-
traordinary sensitivities are possible in only a few minutes of integration time.  For this project, however, obser-
vation cadence is required over a four week period.  For proper sampling, the target must be observed every two 
or three days for the first two weeks, followed by two additional epochs over the final two weeks.  These can be 
specified in the OT by selecting “Yes” for time constraints in the Control and Performance window, and specify-
ing the required time constraints.
Triggering Target of Opportunity (ToO) Observations:  As an observation target that can be anticipated but not 
specified in detail, this would be an archetypal ToO project.  The proposal must specify in detail the observing 
modes, sensitivities, the observing cadence, and the trigger needed to initiate the observations.  The trigger must 
include an accurate position (within ~10”).   During Cycle 7, there is no limit on the size of the time window, but 
whether such observations are technically feasible will be judged on a case-by-case basis.  See the Proposer’s 
Guide, Appendix A.10, for details.  Once the proposal is approved, full details on how to trigger the ToO obser-
vations will be sent to the PI.
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Figure 16: GRB161219B was observed by ALMA at Band 3 over five epochs ranging from 1.3 days to 78 days after the burst.  
On the left above, the Band 3 flux density is plotted as a function of time.  The rebound, or reverse shock, triggered by the GRB’s 
powerful jets slamming into surrounding debris, lasted thousands of times longer than expected.  On the right is an artist’s im-
pression of the “reverse shock” echoing back through the jets of the GRB.  (Credits:  Laskar et al., 2018, ApJ, 862, 94L; NRAO/
AUI/NSF, S. Dagnello)  


