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Emax ∼ A3/2Z−3/2 ( t
103 s )

5/12

⋅ 1017.5 eV

Z,/*',/"43;*E,#'#)*23&X-"#%)$*(1*3EE"#[(43'/$*Y(',*3*
2;3&X*2#$0*E,#'#)*+(/;$\

P#).',/"43;*&#4E#)/)'\

nNT(ϵ) ≃ (7.2 ⋅ 1041 eV−1 cm−3) ( 1 cm3

V ) ( t
1 s )

2.21

( ϵ
1 eV )

−1.6

T = 108 K ÷ 104 K log ( t
1 s ) ≃ −

1
2

log ( T
1 K ) + 6

6E,/"(&3;*()'/"3&'(#)*/)5("#)4/)'\

λesc(t) = cβejt βej ≃ 0.3
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dN
d log E

= const . , 1014 eV ≤ E ≤ 1020 eV

D)a/&'(#)*#+*3*E%"/*&#4E#1('(#)*#+*E"#'#)1*Y(',*/)/"-0*1E/&'"%4\

Fixed T ⇒ Fixed t ⇒ Fixed nBB(ϵ) and λesc

!#1'*"/.Y/(-,'/$*()a/&'(#)
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dN
dE

∝ E−γ exp (−
E/Z
Rmax )
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GW170817 − like : T = 106 K ÷ 104 K

Optimistic : T = 108 K ÷ 104 K
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Jinj(E, z) = Jinj(E, z = 0) ⋅ (1 + z)m
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Protons , γ = 2.1 , Rmax = 1018 V , m = 0 , GW170817 − like
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τ−1 ≃
c

π2(ℏc)3
σpγ(kBT )3 ⋅ ℐ(Γ, T )

I#)1'3)'*&"#11*1/&'(#)

ℐ(Γ, T ) = ∫
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dx

x2 − r2

ex − 1
r =

ϵΔ
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r ≫ 1 ⇒ Γ(3)ζ(3) + r2 (ln(1 − e−r) −
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