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Abstract

The highly variable and energetic pulsed emission of a long gamma—
ray burst (GRB) is thought to originate from local, rapid dissipation
of kinetic or magnetic energy within an ultra-relativistic jet launched
by a newborn compact object, formed during the collapse of a mas-
sive star. The spectra of GRB pulses are best modelled by power-law
segments, indicating the dominance of non-thermal radiation processes.
Spectral lines in the X-ray and soft ~-ray regime for the afterglow
have been searched for intensively, but never confirmed. No line fea-
tures ever been identified in the high energy prompt emission. Here
we report the discovery of a highly significant (> 60) narrow emis-
sion feature at around 10 MeV in the brightest ever GRB 221009A.
By modelling its profile with a Gaussian, we find a roughly constant
width & ~ 1 MeV and temporal evolution both in energy (~ 12 MeV
to ~ 6 MeV) and luminosity (~ 10°° erg/s to ~ 2 X 10*° erg/s)
over 80 seconds. We interpret this feature as a blue-shifted annihilation
line of relatively cold (kBT < mec?) electron-positron pairs, which
could have formed within the jet region where the brightest pulses of the
GRB were produced. A detailed understanding of the conditions that
can give rise to such a feature could shed light on the so far poorly
understood GRB jet properties and energy dissipation mechanism.
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Time interval [s] Lgauss [10°Y erg/s] Egauss [MeV] Ogauss [MeV] AAIC

280 - 300 [5] 1197035 12,5610 20 Larto s 49
280 - 285 [5.1] Rk 44022 0. 99+8 i 2.4
285 - 290 [5.2] 0437 08 1320702 1. AT S 1.2
290 - 295 [5.3] L84 12.1670 =8 1.0819-32 42
295 - 300 [5.4] 0. 63+8 3’; 12. 55+0 =L 0. 79+° 8; 5

300 - 320 [6] 114t22] 10.19702 29 17015 53 141
300 - 310 [6.1] 1. 08+8 A 10. 42+0 gg, 1. 14+8 o 45
310 - 320 [6.2]" 0.757923 9. 77+° e 1.2419-2° 30

320 - 340 [7]* 0.2370] 15 7.2211°8 63 2.38103 45 L)

+0 12 —I—O 74 —|—1 08
340 - 360 [8]* 0.21+9-12 6,12+ 2-12 135108 0

1 These spectra require the presence of an extra power-law component.
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