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Prompt emission
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Internal shocks

Narayan et al. 1992, Rees & Mészáros 1994
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Radiation mediated shocks

Mészáros & Rees 2000, see review by Levinson & Nakar 2019
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Reconnection

Lyutikov & Blandford 2003
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GRB spectrum

Waxman and Bahcall 1997
<latexit sha1_base64="uIAkWzlxm5n6dsFSJXjKg1/Ji/Q=">AAACInicbVDLSgMxFM3Ud31VXboJFqEilJkqPnZFXbhUsFro1HInTdvQZGZI7iil9Fvc+CtuXCjqSvBjTOssbPVA4HDOPdzcE8RSGHTdTyczNT0zOze/kF1cWl5Zza2tX5so0YxXWCQjXQ3AcClCXkGBkldjzUEFkt8E3dOhf3PHtRFReIW9mNcVtEPREgzQSo3ccUx3qd8GpYD6WrQ7CFpH99Q/4xKh4JX2SjvjRixud23GZvNu0R2B/iVeSvIkxUUj9+43I5YoHiKTYEzNc2Os90GjYJIPsn5ieAysC21eszQExU29PzpxQLet0qStSNsXIh2pvxN9UMb0VGAnFWDHTHpD8T+vlmDrqN4XYZwgD9nPolYiKUZ02BdtCs0Zyp4lwLSwf6WsAxoY2laztgRv8uS/5LpU9A6K+5f7+fJJWsc82SRbpEA8ckjK5JxckAph5IE8kRfy6jw6z86b8/EzmnHSzAYZg/P1Da8Goeg=</latexit>

p+ � ! �(1232) ! ⇡+ + n
<latexit sha1_base64="8ZeAfFKNkDLSwxktTDYUWW77YtY=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey2CIJQZKeqy6MZlBXuBzjhk0kwbmmSGXJQydO3GV3HjQhG3PoE738b0stDWHwI/3zmHk/PHGaNKe963s7C4tLyyWlgrrm9sbm27O7sNlRqJSR2nLJWtGCnCqCB1TTUjrUwSxGNGmnH/alRv3hOpaCpu9SAjIUddQROKkbYocg+CjN6dwEDSbk8jKdMHGHBjiWXCRNZHbskre2PBeeNPTQlMVYvcr6CTYsOJ0Jghpdq+l+kwR1JTzMiwGBhFMoT7qEva1grEiQrz8SlDeGRJByaptE9oOKa/J3LElRrw2HZypHtqtjaC/9XaRicXYU5FZjQReLIoMQzqFI5ygR0qCdZsYA3Cktq/QtxDEmFt0yvaEPzZk+dN47Tsn5UrN5VS9XIaRwHsg0NwDHxwDqrgGtRAHWDwCJ7BK3hznpwX5935mLQuONOZPfBHzucPw4SZrw==</latexit>

⇡+ ! µ+ + ⌫µ
<latexit sha1_base64="t/rBsW39m1FG6p/UocPw0YIVyUA=">AAACFXicbVDLSgMxFM34rPU16tJNsAhCpcxIUZdFNy4r2Ad0pkMmvW1DM5khyShl6E+48VfcuFDEreDOvzF9LLT1QMjJuedyc0+YcKa043xbS8srq2vruY385tb2zq69t19XcSop1GjMY9kMiQLOBNQ00xyaiQQShRwa4eB6XG/cg1QsFnd6mIAfkZ5gXUaJNlJgn3pR2i56kvX6mkgZP2BoF3EReyINYHyHRGbmMQqMMbALTsmZAC8Sd0YKaIZqYH95nZimEQhNOVGq5TqJ9jMiNaMcRnkvVZAQOiA9aBkqSATKzyZbjfCxUTq4G0tzhMYT9XdHRiKlhlFonBHRfTVfG4v/1Vqp7l76GRNJqkHQ6aBuyrGO8Tgi3GESqOZDQwiVzPwV0z6RhGoTZN6E4M6vvEjqZyX3vFS+LRcqV7M4cugQHaET5KILVEE3qIpqiKJH9Ixe0Zv1ZL1Y79bH1LpkzXoO0B9Ynz8MYZ4k</latexit>

µ+ ! e+ + ⌫e + ⌫̄µ

Briggs et al. 1999

see review by Kimura 2022
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Zhang and Kumar 2013

Pitik, Tamborra, Petropoulou 2021
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IceCube results

Aarsten et al. 2017

+
Abbasi et al. 2022 (stacking analysis)
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Our approach
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(A) Prompt emission: stacking search with physical weights 
  

(B) X-ray flares 

(C) X-ray plateau emission
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(A) Prompt emission: stacking search with physical weights
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(A) Prompt emission: stacking search with physical weights
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(A) Prompt emission: stacking search with physical weights
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(A) Prompt emission: stacking search with physical weights



(Considering all sources)
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Ghirlanda et al.  2017

(A) Prompt emission: stacking search with physical weights



(Considering all sources)
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Nava et al.  2012

(A) Prompt emission: stacking search with physical weights
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Fermi/GBM sample

(A) Prompt emission: stacking search with physical weights
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(Considering all sources)
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(A) Prompt emission: stacking search with physical weights



(Considering all sources)
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(A) Prompt emission: stacking search with physical weights



(Considering all sources)
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(A) Prompt emission: stacking search with physical weights



(Considering all sources)
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(A) Prompt emission: stacking search with physical weights



(B)-(C) X-ray plateau and X-ray flares
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(B) X-ray flares
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(C) X-ray plateaux
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Summary

F. Lucarelli et al., in preparation
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Future

F. Lucarelli et al., in preparation
27



Some remarks

- Weighting GRBs is important  

- X-ray flares/ Soft EE are promising  

- GRB jets either are highly magnetised and/or are not able to accelerate protons to HEs  

- GeV neutrinos (difficult) or TeV with IceCube 2  
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