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            Abstract
After the initial burst of γ-rays that defines a γ-ray burst (GRB), expanding ejecta collide with the circumburst medium and begin to decelerate at the onset of the afterglow, during which a forward shock travels outwards and a reverse shock propagates backwards into the oncoming collimated flow, or ‘jet’1,2. Light from the reverse shock should be highly polarized if the jet’s magnetic field is globally ordered and advected from the central engine3,4, with a position angle that is predicted to remain stable in magnetized baryonic jet models5 or vary randomly with time if the field is produced locally by plasma or magnetohydrodynamic instabilities6,7. Degrees of linear polarization of P ≈ 10 per cent in the optical band have previously been detected in the early afterglow6,8, but the lack of temporal measurements prevented definitive tests of competing jet models9,10,11,12,13,14. Hours to days after the γ-ray burst, polarization levels are low (P < 4 per cent), when emission from the shocked ambient medium dominates15,16,17. Here we report the detection of P =  per cent in the immediate afterglow of Swift γ-ray burst GRB 120308A, four minutes after its discovery in the γ-ray band, decreasing to P =  per cent over the subsequent ten minutes. The polarization position angle remains stable, changing by no more than 15 degrees over this time, with a possible trend suggesting gradual rotation and ruling out plasma or magnetohydrodynamic instabilities. Instead, the polarization properties show that GRBs contain magnetized baryonic jets with large-scale uniform fields that can survive long after the initial explosion.
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                    Figure 1: Time-integrated optical properties of the GRB 120308A field.


Figure 2: Evolution of optical polarization and brightness in GRB 120308A.


Figure 3: Rest-frame optical polarization properties of GRBs.
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Extended data figures and tables

Extended Data Figure 1 RINGO2 measurements of Stokes parameters for zero-polarized stars.
Shown is a two-dimensional histogram depicting the distribution of q values versus u values, with bin size 0.002 in both coordinates, for 3,955 objects with r′ < 16 mag detected in ∼2,000 observations of zero-polarized standard star fields. See Supplementary Information for more details.

Source data



Extended Data Figure 2 RINGO2 measurement of the polarization of the zenith sky at sunset over a 4′ × 4′ field of view.
See Supplementary Information for more details.


Extended Data Figure 3 RINGO2 measurement of Stokes parameters for all objects in the GRB field.
The complete data set (all temporal bins) has been used. The GRB optical counterpart is indicated in red. The four points with large error bars are too faint (r ′ > 18.5 mag) for reliable measurements to be made. Error bars are given at 1σ confidence. See Supplementary Information for more details.

Source data



Extended Data Figure 4 Stokes q and u parameters of all objects in the GRB field versus r′ magnitude.
Error bars are given at 1σ confidence. See Supplementary Information for more details.

Source data



Extended Data Figure 5 Polarization evolution of GRB 120308A compared with the four brightest objects 1–4 (Fig. 1) in the field.
The data have been split into the same five temporal bins as presented in the main text. In comparison with the GRB, no significant variation of the comparison objects is apparent. Error bars are given at 1σ confidence. See Supplementary Information for more details.

Source data



Extended Data Figure 6 Polarization evolution of GRB 120308A compared with a co-addition of three nearby objects in the field.
In order to enhance the signal-to-noise ratio, the data for objects 5–7 (Fig. 1) have been co-added to produce a source of apparent magnitude similar to that of the GRB. The data have been split into the same five temporal bins as presented in the main text. See Supplementary Information for more details.

Source data



Extended Data Figure 7 Polarization degree evolution of GRB 120308A with two different temporal binning schemes.
Shown is original (red) and an alternative co-addition (black) of the data over the time period covered by the first four temporal bins into six bins. The polarization evolution of the optical counterpart is unaffected within the error bars. Error bars are given at 1σ confidence. See Supplementary Information for more details.

Source data



Extended Data Figure 8 Polarization angle evolution of GRB 120308A with two different temporal binning schemes.
Original (red) and an alternative co-addition (black) of the data over the time period covered by the first four temporal bins into six bins. The evolution of the polarization angle is unaffected within the error bars. Error bars are given at 1σ confidence. See Supplementary Information for more details.

Source data



Extended Data Figure 9 Polarization evolution of GRB 120308A compared with the four brightest objects in the field for alternative temporal binning.
The data have been split into six temporal bins covering the first 305 s of observation. As in Extended Data Fig. 5, in comparison with the GRB no significant variation of the comparison objects is apparent. Error bars are given at 1σ confidence. See Supplementary Information for more details.

Source data



Extended Data Figure 10 Spectral energy distribution and best fit model for GRB 120308A.
Flux density at t = 1.44 h after the GRB is plotted as a function of observing frequency. Upper limits are given at 3σ confidence. Error bars are given at 1σ confidence. See Supplementary Information for more details.
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        Editorial Summary
First light from a γ-ray burster
On 8 March 2012 NASA's Swift satellite identified the γ-ray burster GRB120308A, initially as a single pulse of γ-rays lasting about 100 seconds. The LaPalma-based Liverpool Telescope, responding automatically to the Swift discovery, identified the optical afterglow and was able to track the evolution of polarized light during the crucial early minutes of the outburst. Those results, presented here, provide the tightest constraints yet on the physics of the jets of material ejected in a γ-ray burst explosion.
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