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Fermi/GBM data of GRB 221009A
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Time since Fermi/GBM trigger [s]
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How do you produce a narrow feature with 10°°
erg/s luminosity ath 10 MeV?

Om S. Salaa { MeV line in BOAT GRB Swift 20



How do you produce a narrow feature with 10°°
erg/s luminosity ath 10 MeV?
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How do you produce a narrow feature with 10°°
10 MeV?
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[e.g. Kumar & Panaitescu 2000; Oganesyan et al. 2020; Sala a et al., 2026]
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hv,s = 6 hy'

[e.g. Kumar & Panaitescu 2000; Oganesyan et al. 2020; Sala a et al., 2026]
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= (1- cos )*

h obs — h'

[e.g. Kumar & Panaitescu 2000; Oganesyan et al. 2020; Sala a et al., 2026]
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r=r(1-cos ) t= rlc

i = (1- cos )%

h obs — h'

[e.g. Kumar & Panaitescu 2000; Oganesyan et al. 2020; Sala a et al., 2026]
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If
r =r(1-cos ) t= rlc tem r=c
— —
o o then
N —> HLE dominates time evolution,
' = Y1- cos )t and
h obs = h

[e.g. Kumar & Panaitescu 2000; Oganesyan et al. 2020; Sala a et al., 2026]
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If
r =r(1-cos ) t= rlc tem r=c
— —
o o then
N —> HLE dominates time evolution,
' = Y1- cos )t and
: ' 2E=tang
L(tobs) = 773
(fobs) 1+ tobsztang)3
2h?o
h t = —
obs( obs) (1 T+ tobs:tang)
. where
h obs — h r
tang TC

[e.g. Kumar & Panaitescu 2000; Oganesyan et al. 2020; Sala a et al., 2026]
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Assuminge* e annihilation
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[Thompson & Madau 2000; Beloborodov 2002]
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Electrons in blastwave initially relativistic.
Pairs also mildly relativistic when produced (  10).

BUT

tO

illumination

tO

cool;IC

I leptons can be assumed cold (phew!)
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Evolution equations in Beloborodov 2002 contain typos. Correct equatic
in our appendix.

[Sala a et al. 2026]
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Epre (erQ)
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k= 2,Ec = 100 MeV
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Pairs born with 10.
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Pairs born with 10.
External inverse Comptor®, ( 1)mec? emitted per pair.
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Pairs born with 10.
External inverse Comptorf, ( 1)meC? emitted per pair.
2
Emission in HLE regimetge Y20 DM 1plargg 1,

tang
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Pairs born with 10.
External inverse Comptorf, ( 1)meC? emitted per pair.
2
Emission in HLE regimetge Y20 DM 1plargg 1,

tang

h gic 2Epeak few 100MeV! LAT band
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Pairs born with

10.

External inverse Comptor®, ( 1)mec? emitted per pair.
2
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Pairs born with 10.

External inverse Comptor®, ( 1)mec? emitted per pair.
Emission in HLE regimeLgc = ™ Z(tang Dmee®  qPlergs 1,
h gic 2Epeak few 100MeV! LAT band
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Epre 10°%ergvsE.pe 10°terg

very low e ciency?
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Epe 10°%ergvsE.pe 10°terg
very low e ciency?

CSM as ‘Thomson screen’:
optical depth dominated by low (wind case)
Ifr  10%cm, thene Ticsv 10 2
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Absorption from maximally pair-enriched, but
not-yet-accelerated material. Assuming wind

1000 = density pro le:

ej

Rabs(E ) RaCC 8 1015E ]’-:523 cm

: max TZ ;accN(Rabs)Rabs

W - max & L if Ao & 530E %
1015 10]5
R [cm]

[Beloborodov 2005]

[Oganesyan, Sala a, et al. 2026, arXiv:2601.14393

Om S. Salaa { MeV line in BOAT GRB Swift 20



Residuals
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Konus Wind + AGILE data
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Binary interaction?

Pre-collapse eruptive mass ejection?

Carinae
[NASA, ESA, Hubble; Processing & License: Judy Schmidt]

[Chevalier 2012]
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