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3D SPH simulations of BdHNe
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NS evolution to the BH formation point
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“Papetrou-Wald” solution: magnetic

field around a Kerr black hole 10}
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The “blackholic quantum” of energy
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There are no losses along the BH
rotation axis

ultrahigh-energy cosmic rays
(UHECRs)

Table 1 Inner engine astrophysical quantities for GRBs and AGN. The
power reported in the last row is the one to accelerate ultrahigh-energy
particles, i.e. & = &/1e. In both cases the parameters (mass, spin and
magnetic field) have been fixed to explain the observed high-energy
(= GeV) luminosity

GRB (130427-like) AGN (M87*-like)

Tel 221 x 1077 s 0.49 day
ge (eV) 1.68 x 10'8 1.19 x 101°
& (erg) 4.73 x 1036 5.19 x 1047

& (ergls) 2.21 x 104 1.22 x 10%




Off-axis radiation: high-energy (GeV) emission

= GeV Best Fit after UPE, «t~12
10 $_Fermi-LAT 0.1-100 Gev An approximate solution of the electron
1052 b 4 synchrotron emission in the PW EM field:
T, N + ':'“"m.: Ruffini, Rueda, Moradi, et al., Ap) 886,
glﬂ ' 82 (2019); arXiv:1812.00354
2105 + :
8 ydy 1 2 Bisin’(y) ,
E 10% mec = = E‘EU’BD c— 5{? —mgc3 .
10% L[ 3 a |
‘UPE Ymax = 5| ] .2 ‘
1047 2 | e7/(hc) Bsin” (y)
10° 10t 102 103 10
Rest-Frame Time (5) 172
- )2 = Jl'
Inner engine parameters (M, J, B) can be obtained from: fim B0 o ({ a B’
myc? sin (y) \ hic
(i) GeV energy budget from BH
(ii) Mechanism: synchrotron radiation by ’
accelerated electrons _ e Bo 5 » _9m  a
. & = 5 50 SIN () Vmax = W T
(iii) Transparency of high-energy photons 2m, ¢ 8 e~ /fic sin{x)
(>0.1 GeV) to magnetic pair production . 1876 o R
Moradi, Rueda, Ruffini, Wang; submitted (2020); arXiv:1911.07552 Sy



dr

Mo

A e .. P M 6Ma qm@
y=——Evy—-—+|—= 3 I,
m m r2af1 — ZM/r I
— [(E? — B, 4 VBT + (P BT VBN — BNV nﬁ]
m
P M _ 6Masiné ) st
_ —) — "\f
ny r2 T =2M]r r’

(6Masing M (V)2 V- 2M/r(‘_l&)z] o5
j‘.

[6Masing . NT=2M[r ;. ; cosf @lA(s;
y VoY — — 7y y

Dlta ~ ~ oA q ~ 7 ~ G 2 F Fd
. 3 = =i — ui -
=0 + we"gubu( = —F"’Bub —Fa F=3] ( cal“ou‘u )
m )

3 \m
otion of a charged, accelerated particle
in the PW solution

+ ~ +
R r2(1 —2M/r)3/2 r
M Loz g
Fof_ S088 G ]

7y
2(1=2M/r)/? rsiné

3

r r rsin @ ¢

y) 2 DF”’?J oy
2 q _ 2 —(—) g———1u" ~

Rueda, Ruffini, et al.;

- (3)2 L pa ph 0
3\m/ m b €

2(q\2 ¢ a P,
?(—/) /—(FdFd u H)i = ——1

m

in preparation (2020)



104 L I
103 ¢
<«
10}
10' } 0=1 degree (blue)
0=14 degree (red)
10° . , 0=27 degree (green) , 10° : L . . .
0 100 200 300 400 500 600 0 100 200 300 400 500 600
WRpT
£
u .
¥} ;
A
= F
S S
w 2
- .
3 E
10 . . ‘ . . . 107 g 7 ] 9 10
105100 200 300 400 500 600 10 10 10 10 10
wyT €, (eV)

Rueda, Ruffini, et al.; in preparation (2020)

Electron accelerated
from different
positions near the BH:

M=4 Msun, a/M = 0.3,
B=101G

r~4M and different
polar angles 6



Discussion and Conclusions

Pitch Angle
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(i) There is no bulk expansion motion
(no deceleration, so no degadration
of the peak-energy of the spectrum

is expected)

(ii) Electrons radiate in the >~GeV
regime during their acceleration

(iii) The GeV energetics is paid by
the BH extractable energy

(iv) The high-energy emission is
produced by synchrotron radiation

(v) The system is transparent to GeV
photons

(vi) The GeV emission is radiated
from e- with appropriate pitch
angles and those occur within 60
degrees from the BH rotation axis: a
crucial result for the morphology of
the BAHN |
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