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The Environments of the Most
Energetic Gamma-Ray Bursts

Ben Gompertz (University of Warwick); Andy Fruchter (Space Telescope Science Institute); Asaf Pe’er (University of Cork)

Long gamma-ray bursts (GRBs) are explosive transients associated with the deaths of massive stars. Stellar core collapse launches highly 
relativistic bipolar jets that can emit more than 1052 ergs in gamma-rays over a few minutes. As the relativistic ejecta interacts with the 
surrounding medium, it decelerates and forms shocks that emit a broad-band synchrotron afterglow.

The synchrotron spectrum (right) has four power-law segments connected at 
three break frequencies:

1. The self-absorption frequency !", usually at radio frequencies after 1 day.

2. The peak frequency !#, typically close to optical frequencies after 1 day.

3. The cooling break !$, typically around X-ray frequencies after 1 day.
These frequencies depend on the energy in the shock and the density of the 
environment. The environment can be ISM (density does not vary with radial 
distance) or wind (density falls off as radius squared).

The GRB afterglow can tell us where we are on the synchrotron spectrum, 
and whether we are in a wind or ISM environment because the relation 
between the observed evolution and the underlying distribution of electron 
energies (a power law with index p) changes in each case (see above).
We investigate the afterglows of 56 GRBs, sorting them into five categories 
based on how well the observed evolution converges on p:

I. !$ < !89:2$";. In this case we can’t tell wind from ISM environments.

II. !89:2$"; < !$ < !<="> in an ISM-like environment.

III. !89:2$"; < !$ < !<="> in a wind-like environment.

IV. !<="> < !$ in an ISM-like environment.

V. !<="> < !$ in a wind-like environment.

In this example (left), the indicators of p best converge in scenario IV.

We find three key results:

1. GRB afterglows are roughly 50:50 wind:ISM, and the wind class is more 
energetic.

Long GRBs are considered to be a single population, but we find that bursts 
occurring in wind-like and ISM-like environments may be distinct from one 
another (see right). Further study is needed to make this fully conclusive.
This may explain why no GRB has been convincingly seen to transition from wind 
to ISM.

3. GRBs with the most precisely measured evolution do not show 
better convergence on p.
This implies we are testing the limits of the simplified theory. We were 
able to measure the magnitude of the uncertainty in the theory for the 
first time (see left).
Our findings indicate an intrinsic error when converting a measured index 
into p of 0.25 ± 0.04.

2. The energy contained in the magnetic fields of the shock (CD) is significantly 
lower than previously assumed.
Our work allows us to place constraints on the underlying shock physics.
To avoid implied circumstellar densities that are as low as the intergalactic 
medium, we find that EF ≪ 0.01.
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