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Short and long GRB sub-classes

Table 1. Summary of the astrophysical aspects of the different GRB sub-classes and of their observational properties. In the
first four columns we indicate the GRB sub-classes and their corresponding in-states and the out-states. In columns 5-8 we
list the ranges of E,; and Fjs, (rest-frame 1-10* keV), Eiw x (rest-frame 0.3-10 keV), and FEis, gev (rest-frame 0.1-100 GeV).
Columns 9 and 10 list, for each GRB sub-class, the maximum observed redshift and the local observed rate pcrp obtained in
Ruffini et al. (2016b).

Sub-class In-state Out-state Eo Fiso Eiso x Fiso Gev Zmax PGRB
(MeV) (erg) (erg) (erg) (Gpe?yr )

I XRFs COcore-NS  UNS-NS <02  ~10%-10°2 ~ 10*-10%" — 1.096 100737
II  BdHNe COeore-NS  wNS-BH  ~0.2-2  ~ 10°2-10°* ~ 10°1-10° < 10%3 9.3 0.775008
Il BHSN  COcoe-BH  vNS-BH > 9 > 10 ~ 10712102 > 10 9.3 <077 o8
IV  S-GRFs NS-NS MNS <2 ~ 10%-10°2  ~ 10*-10>" — 2.609 3.6%1%
V  S-GRBs NS-NS BH >2  ~10%-10% < 10% ~10°%-10" 552  (1.97;7) x 1077
VI  U-GRBs  vNS-BH BH > 9 > 1072 - —~ - > 0.7770 08
VII  GRFs NS-WD MNS  ~02-2 ~10°'-10" ~ 10*-10" — 2.31 10270 %%

Ruffini et al., ApJ (2015,2016); arXiv: 1602.02732




A common evolutionary scenario for B | na ry-d rive N hype rnovae

short and long GRBs
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T-rho near the NS surface and
neutrino production

Becerra, Bianco, Fryer, Rueda, Ruffini, ApJ 2016;

arXiv:1606.02523
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Some numbers related to the neutrino emission

Becerra, Guzzo, Rueda, Ruffini, Uribe, Torres, Ap) 2018; arXiv:1712.07210

M p kgT Nex ne-—ng  kgTs  (E,) FS s, F§ 5. s o Tins
(Ms s 1) (g em™)  (MeV) (cm) (MeV) (MeV) (em s 1) {em s 1) {cm™) (cm™) (cm™)
1078 146x10° 156 0325 441x10¥ 178 639 41710 179x10° 278x10® 1.19x 10 3.97x10%
107 390%x10° 201 0251 1.25x10°" 228 824 316x 107 136x 107 211x107 9.00x 10* 3.01x 107
107 LI2x 107 259 0193 338x10 203 1061 240x10¥ 1.03x 10" 1.60x10* 690x 107 229x 10*
107 310x107 334 30147 95610 378 1369 1.84x10% 787x10% 123x10% 520x 10 175x10%
104 B66x107 430  =F0.011 261x10°" 487 1762 1.39x 10" 594x 10" 024x10” 396x 10* 132x10%
107 248%10° 554 0082 765x10°' 628 2270 1.04x 10" 451x 10" 700x10" 3.00x 10 1.00x 10°
1072 7.54x10° 713 F0.057 227x10% 808 2022 7.092x10*" 339x10*" 528x10°" 226x10°" 7.54x10"
1/4 . 1/4 9
3 Pshock T MyeeVaee© kgT
p . ] B — —
acc & ( 1 . €rer 2 8.69x 107 ——| MeVem™s™
afc 4JTRNSI.T | MeV
Ar, = Cee* — Argr ~ 0.08RNs L, =~ 4.‘:‘1’R§]5ﬂrvfﬁ,-ﬂ+ 2 1043—]05? MeV S_I
Véee: ) c_,C pC C
n, =n;, F,=F; Yi€le 1}
&’ o C3 7 r ,
_€ € M _ ”C H{: FC rf: 7
0 0, .0 2 2 Yo Yo Ve _ Ve
g &,+& Ci, +C 3 = ~ .
* H T TH T f;rE_ ng_ FE Fg_ 3



NS EOS (Relativistic
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Rotating NSs: full rotation in GR

(e.g. Cipolletta et al., PRD 2015; arXiv: 1506.05926)
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Neutron Star Binding Energy

(Cipolletta et al., Phys. Rev. D 2015; arXiv: 1506.05926)
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Neutron star stability region

| MRS = MRS (1 + ki)

M/=0 RJI=0 M/ ps#0 fx p k

crit crit max max

Mg km Mg km  kHz

—  Static sequence NL3 | 281 13.49 338 1735 134 | 1.68 0.006
— Koplerimm sequencel | GM | 239 12.56 | 284 1612 149 | 169 0011
A Ao f=50Hz 1 T™MI1 | 2.20 12.07 262 1598 140 || .61 0.017
& & (=200 Hz

7=300 Hz
— =500 Hz |

‘ | — Jf=TI6Hz Taken from Cipolletta, Cherubini, Filippi, Rueda,
14.4 14.6 0 15.2 Ruffini, PRD (2015); arXiv:1506.05926
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First simulations (1D):
ICRANet-LANL Collaboration
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SN at t=0 (shock at CO-core surface)
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Initial conditions from Los Alamos core-collapse SN code



Log density (g em™3)
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Role of angular momentum in BdHNe

(Becerra, Cipolletta, Fryer, Rueda, Ruffini, ApJ 2015; arXiv: 1505.07580 )
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Visualizing the IGC process
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Becerra, Bianco, Fryer, Rueda, Ruffini, Ap) 2016; arXiv:1606.02523



NS evolution up to the instability point
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Mys | M,

X-ray Flashes - BdHNe Separatrix

(Becerra, Bianco, Fryer, Rueda, Ruffini, ApJ 2016; arXiv:1606.02523)
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y[ x 10 cm ]

X-ray Flashes and BdHNe
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An XRF example (GRB 060218):
X-rays and optical emission

— Accretion luminosity (P=2.5 h)
e o X-ray data GRB 060218
— Supernova emission
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Ejecta density distribution at NS collapse instant
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See R. Ruffini, R. Moradi and Yu Wang talks for consequences of the 3D structure



Latest simulations (SPH):
ICRANet-LANL Collaboration



Mzams | Miem Me; Reore Ratar Vatar Egrav m;j

(Mg) | (M) (Mgz) (10°cm) (10°cm) (10%cm/s) (10°'erg) (107°My)
15 1.30  1.606  8.648 5.156 9.75 0.2149 0.2—4.4 C O C O re N S
25 1.85 4995 2141 5.855 5.43 1.5797 22114
30 1.75  7.140 2833 7.751 8.78 1.7916 1.9 — 58.9 p ro p e rt | e S
30" 1.75 7140  13.84 7.830 5.21 1.5131 1.9 — 58.9
40 1.85  11.50  19.47 6.529 6.58 4.4305 2.3 —72.3

SPH Simulations [

CO-Core Progenitor:

Total energy:
Ejected Mass:
v — NS Mass:

NS Mass:
Orbital Period :
Orbital Separation:

25 ir‘l'ifzams

1.57 x 105! ergs
5.0Mg

1.85 M

2.0 Mg

~ 5 minutes
1.35 x 1019 ¢m

Becerra, Ellinger, Fryer, Rueda, Ruffini; arXiv:1803.04356
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BdHNe: orbital plane view

10° 4
4
1071_
T
210725
- 42 [
5L it I ]
_ID -I L L L I--I L L 1 I--I L L L I-
10 [KaaiinahEREER- el T T IRRREEE oo akRELRE RSN
24 2.8 32 1073 4
5F ’ 1 v + w
0F dL I
S5 F I 1 0
10~ T . -
_]0'|...| PR PP IR 1 I PP L (Lol PP oLl —10.0 —7.5 —5.0 —2.5 :
-10 -5 0 5 10-10 -5 0 5 1010 -5 0 5 10 r/ao
X X X

Becerra, Ellinger, Fryer,

Rueda, Ruffini; arXiv:1803.04356




y [ X le-1 Rsun |

y [ x le-1 Rsun |

i 4 4 44w

& & a4 4l—-? U[S] |

b B & A4 4 ¥ ¥

LA 7

o

% -

S 0
]

l
0
%[ x le-1 Rsun |

S
|
-1 0 1
log density [ g/fcm? |

BAHN:
orbital plane view

Becerra, Ellinger, Fryer,
Rueda, Ruffini;
arXiv:1803.04356



BdHNe: polar view and disk-like structure
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BdHNe and the orbital plane view:

“fortune cookie” morphology
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Accretion rate onto the NS and newNS

) n=1 102
102 Ty A n=109
TN n=08
W n=0.7T
Qf
1074
= o
= :; '"‘-.7“‘?{: vl _
& 1074 _;,f- 'm, . 104
- =
. o, ‘ 'J
‘Fq! ' — =10
S \, " | _— g = 0.9
-5 T n=08
— =07
------- n = 0.8 —non NS 1 \
=== p=0.7T —nonNS Y
10-51 . : \
10! 10° 10! 104 103 10-? 10! 10° 10t

T = flfl f':}rb

(a) NS star mass accretion rate

T = flfl.f'i.ﬂ.h

(b) vNS mass accretion rate

Becerra, Ellinger, Fryer, Rueda, Ruffini; arXiv:1803.04356




Scaling with the orbital period and asymmetric
explosion effects
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Some results of an specific simulation

Model n -El-: L L'rz pﬂrb.i Qorb.i My ns, b 1L"’In-:in:]l'. TMyns Mns If’C},I por'l::-.f Qorb, £ e TMhound bound
(10 erg) (s) (10%ecm) (mg) (10%em/s) (mg) (mg ) (107em/s) (s) (10%cm) (Mg)
Mzams = 30 M, Progenitor - exp 2
30mlpleb 1.0 3.26 363.8 1.667 4.184 141.30 3.675 2.382 3.50 727.929 2.209  0.5686 0.331 yes
30mlpl2eb 1.2 3.01 363.8 1.667 2.462 147.79 2.515 2.376 5.86 2764.53  5.0092 0.733 0.133 yes
30m2pl2eb 1.2 3.01 623.27 2,410 2.462 147.79 2.621 2.228 4.85 0425.47 11.3017 0.848 0.029 yes
30mlp2eb 2.0 G6.45 363.8 1.667 1.771 13.89 1.783 2.077 9.50 — — 1.447 5.7 x 10—3 no
30mlp3leb 3.14 10.02 363.8 1.667 1.766 5.21 1.768 2.017 9.95 — — 1.712 6.5 x 104 no
rNS NS

xy = 0.5 y =10 y =05 y=1.0

CO.ore Model Lot M, xs JuNS Fate | M_ng JuNS Fate Lot Mg JNS Fate | Mysg NS Fate
Mams c/(GM2)| Mg c/(GMZ) Mg c/(GMZ) c/(GM2)| Mo c/(GMZ) Mg c/(GM2)

30mlpleb | 64.935 |2.379 2614 Sc-in| 2.215 3.507  DM-sh| 19.995 | 2.244 1.099 Sc-in | 2.307 2.634 Sth
30mlpl2eb| 28.432 |2.362 2.541 Sth | 2.200 3.392  DM-sh| 33.681 2.244 1.100 Sec-in | 2.304 2.606 Sth
30 J'Mr@-' 30m2pl2eb| 26.508 |2.397 2.807  Sc-in| 2.162 3.207  M-sh| 23.922 |2.1801 0.802 Sth |2.1827  1.572 Stbh
J0mlp2eb 2.819 1.777 0.106 Sth | 1.77 0.196 Sth T7.846 2.061 0.271 Sth | 2.061 0.546 Stbh
30mlp3leb| 0.721 1.766 0.0611 Sth | 1.766 0.105 Sth 1.6715 | 2.014 0.062 Sth | 2.014 0.122 Stbh




NS-BH binaries produced by BdHNe
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3D view of a BAHN
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See R. Ruffini, R Moradi a-r'\'d Yu Wang talks for cons'equen-ces' of the 3D structure
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Baryon load on the orbital plane
R. Ruffini, L. Becerra, C. L. Bianco, et al.; arXiv:1712.05001; Ruffini et al. Ap) 852, 53 (2018)
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Baryon load parameter = B = plasma energy / baryon target mass-energy
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