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Crab Nebula Pulsar
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Einstein, Yukawa and Wheeler: the birth of Relativistic Astrophysics
April 5", 1968




Princeton, 1971

R

Joseph Henry Laboratories, Princeton University




Introducing the black hole

According to present cosmology, certain stars

end their careers in a

total gravitational collapse that

transcends the ordinary laws of physics.

Remo Ruffini and John A, Whesler

The quasistellar object, the palear, the
neitios star have all come onbto L1
soene af physies within the speee of a
fewr wears.  Is the sest entrant destined
o be the black hole? 1f so, it I diffi-
walt to thisk of any develepment that
could be of greater significance. A
bleck hole, whether of “cedinary size™
::.ppmnm.l.leh.r ome solar mass, 1 M),
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as propesed 5 he sucls of wome
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mementum (see Bgure 1), Mo cse has
yit foand a way to distingalsh between
twen black balel emstrocied out of tha
mast differont k of matter i they
have the sanse mass, charge and angulas
mwwrentus.  Mestorement of  thews
throo determinants is permitied by their
elfect on the Kepler cebils of test
jeets, charged nnd wncharged, in rovalu-
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depends more apon an act of el
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he crossed a ocentain evitical saface
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lapen ootur a Emite lime afler the pai-
sape of this purface, but it is inevitabde
Time amd space are inlerchanged ine
gicde a Black ke in om unarual way; the
direction of increasing proper time for
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g vabses of the
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bague,  All signals and all imfermation
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Uhlll’ll satelllte (1970-1973) Uhuru
. o X-Ray: 2-20 keV

-, The satellite Uhuru was

" lunched from an Italian

- platform from Kenya, the days
of independence of kenya:

Uhuru means freedom in
- SWAHICI




The identification of the first
black hole in our galaxy:
Cygnus X-1

Luminosity = 10% erg/s =10* L
=0.01(dm/dt), c>

acc

Absence of pulsation due to

uniqueness of Kerr-Newmann
black holes

M>32M g4

Leach & Ruffini, 1973




Cressy — Morrison award (NY, 1973, Cressy — Morrison)




Giacconi,
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A common
evolutionary scenario
for short and long

GRBs
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] NS-NS merger S-NS merger
Rueda, Ruffini, ApJL, 758 (2012) L7 l (S-GRF) (S-GRB)
Becerra, Cpolletta, Fryer, Rueda, Ruffini, ApJ, 812 (2015) 100 NS-BH merger (U-GRB) GRB 050509 B 090510

Fryer, Oliveira, Rueda, Ruffini, Phys. Rev. Lett., 115 (2015) 23 ® © ®
Ruffini, Rueda, et al., ApJ, 832 (2016) 136 BH SINE e




Eight different GRB famlies

Sub-class Number In-state Out-state Ey i Fio Eiso,Gev
(MeV) (erg) (erg)
S-GRFs 17 NS-NS MNS ~ 0.2-2 ~ 10*9-10°2
11 S-GRBs 6 NS-NS BH ~ 2-8 ~ 10°2-10°3
XRFs 48 COcore-NS  UNS-NS  ~ 0.004-0.2 ~ 10*3-10°2
v BdHNe COcore-NS  vNS-BH ~ 0.2-2 ~ 10°2-10°4
\Y% BH-SN 4 COcore-BH  vNS-BH > 2 > 1054
VI U-GRBs 0 vNS-BH BH > 2 > 10°2
VII GRFs 1 NS-WD MNS ~ 0.2-2 ~ 10°1-10°2
VIIT GR-K 1 WD-WD MWD ~ 0.082 ~ 1047

- m S—GRBs (7) GRFs (13) ] m S—GRBs (7) GRFs (13)

[ S—GRFs (33) ) m XRFs (82) ] L m S—GRFs (33) , m XRFs (82)

L — short burst K BdHNe (345) ] — short burst J BdHNe (345)

distribution / » - - long burst 1 L distribution ‘ - - long burst
distribution ' , d distribution

0 1 2
observed Log(7Tyo/s) rest—frame Log(Top/s)

Ruffini, Rueda, et al., Ap]J, 832 (2016) 136
Ruffini, Wang, et al., 2017, arXiv:1704.03821
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The Binary-Driven NS CO core
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See Rueda's talk



No GeV Emission in Short GRFs

Group S-GRF z Fiso Fermi GCN 0 GeV observed Comments
(10°° erg) (deg)
090426  2.609 44.5 + 6.6 Upgraded to S-GRB at MG15
090515 0.403 0.094 4+ 0.014
100724A  1.288 16.4 £ 2.4
No Fermi 101219A  0.718 48.8 £ 6.8
Observation  120804A 1.3 70.0 £ 15.0 467 x-ray (GCN 13841)
130603B  0.356 21.2+2.3 kilonova (GCN 14893, 14895, 14913)
140622A  0.959 0.70 £0.13
140903A  0.351 1.41+£0.11
090927 1.37  408.64 7.6t 3.5
Outside 100117A  0.915 625.7: 78.0 = 10.0
Boresight 100625A  0.453 701.81 7.50 £ 0.30
Angle 131004A  0.717 202.45 12.74+0.9
141004A 0.573  268.99 21019
080905A 0.122 443.12 6.58 £+ 0.96
Inside 100206A  0.408 748.34 4.67 £ 0.61
Boresight 111117A  1.31  857.40 34.0 £13.0
Angle 150101B  0.134 141.88 0.4
160821B  0.16 97.44 1.2

9974 85.0

10345 86.0

10912 125.0

15315 93.0

16900 100.4

8204 28.0

10381  44.7

12573 12.0

17276 44.0 . 3999 x_ray (GCN 17431)
19843  61.0 kilonova
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Ruffini, et al. arXiv:1802.07552



GRB 090510:
P-GRB Light Curve

and Specrum
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GRB 090510:
Prompt emission
Light Curve
and Spectrum

z =0.903+-0.003 (spectroscopic

determination from the host
galaxy located by VLT/FORS2)

z =0.75+-0.17 (theoretically

determined from the Fireshell
theory)

100 12 14 16 18 20 22
ftance (units of 107 cm
Ruffini, et al., Ap]J, 831 (2016) 178 distance (units of 10" cm)




[zH] 31wy [zH] 31wy [zH] 31wy

0.9

(s)

0.8
0.8
0.8

ETECTPEY SETEPers

0.7 .
Time since trigger (s)

0.7
Time since trigger (s)

0.7
Time since trigger (s)

Time since trigger

cpemmoma-

0.6
0.6

6
0.6

0.

[

5

1

tliya b | Y
= 2 @
= =
=+ o~

uig/suno D

Time since Tﬂl

1

=
1
L6
S
o
S
&4
s
O

+ Nal, + Nal,
, *GBM BGO

&
L (260 keV-5 MeW)

260 keV)

| GBM Nal
(8 keV.
L (All events)

| Ly v 1y
= =t "] =
[}

100 - GemBGO
50

60 — LAT

|
=
=t

0

|
=
(3]

a0

u g/siunon uig/sunon uig/siunon ulg/sunon [A2w] ABsaug

Ackermann, et al., 2010



Spectra and GeV emission in S-GRBs

Source

Ep i Jiso Fermi GCN LA’ comments

8407. 8
No Fermi observation
~» kilonova

Ruffini, et al. arXiv:1802.07552



Rest-frame GeV luminosity in S- GRBs

S—GRB 081024B
S—GRB 090510
S—GRB 140402A
S—GRB 140619B
S—GRB 160829A
best—fit line
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Figure 2. The rest-frame 0.1-100 GeV isotropic luminosity light-
curves of all S-GRBs with LAT emission. The black line indicate
the common power-law behavior of the GeV emission with the slope
of v = —1.29 4 0.06.

Ruffini, et al. arXiv:1802.07552




Complementarity of S-GRBs
090510, 090426 and 140619B

X-ray and Optical light curves of 090426

1000
Source rest—frame time (s)

090510 (Fermi, Agile and Swift)
090426 (No Fermi data and z =2.609 - No GeV)

140619B (Fermi and derived z_ = 0.9 independent on GeV
observation)



Remo Ruffini and Roy Kerr at
Stephen Hawking's home on July 2017
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The Black Hole Mass-Energy Formula

2
m* = | mj, - e | L
— ir
Ay 47711%,

S = 167{171%,
0S = 327'(77”11'757711'7, > ()

Christodoulou, Phys. Rev. Lett., 25 (1970) 1596 (received September 17%, 1970)
Christodoulou, Ruffini, Phys. Rev. D, 4 (1971) 3552 (received March 1%, 1971)
Hawking, Phys. Rev. Lett., 26 (1971) 1344 (received March 11%, 1971)
Hawking, Commun. Math. Phys., 25 (1972) 152 (received October 15", 1971)
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Figure 3. NS critical mass as a function of the spin parameter
« for the NL3 and TM1 EOS. We recall that the maximum spin
parameter of a uniformly rotating NS is amax = 0.7, independently
of the NS EOS; see e.g. Cipolletta et al. (2015).

Ruffini, et al. arXiv:1802.07552



The spin and the mass of the Kerr

S-GRB 081024B
S-GRB 090426

S-GRB 090510A
S-GRB 140402A
S-GRB 140619B
S-GRB 160829A

Ruffini, et al. arXiv:1802.07552
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The short GRB contribution to understanding
the nature of GRB 170817: no BH
Light curve of 090510 and upperbounds of 170817
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Short GRBs

* Contrary to all the other GRB families, short GRBs
(S-GRBs) all have comparable mass-energies.

* Their GeV luminosity, in the source rest frame,
overlap and follows a universal power law
behavior.

o The redshift is observed, z_ , only in two cases

(GRB 090510, GRB 090426), in all other S-GRB:s it
has been theoretically determined, z . The GeV

emission is not used in determining the z _,
therefore the overlapping of the GeV emission



The BAHN basic structure

rho [5.9e-6g/cm ™3]

10e-04 10e.03 1.0e.02 10e-01 1.0e+ 00 1ie+01 10e+02 1e+03 1.0e+04 1De+03 1.oe+06 LDe+07 1.0e+08

X / Rsun

0.0

Figure 5. Three-dimensional, half hemisphere views of the density distribution of the SN ejecta at the moment of BH formation in a
BdHN. The simulation is performed with a SPH code that follows the SN ejecta expansion under the influence of the NS companion
gravitational field including the effects of the orbital motion and the changes in the NS pravitational mass by the hypercritical aceretion
process. The initial conditions of the SN ejecta are set by a homologous velocity distribution in free expansion and the mass-distribution
is modeled with 16 millions point-like particles (see Becerra et al. 2016, for additional details). The binary parameters of this simulation
are: the NS eompanion has an initial mass of 2.0 Mg the COcqre, obtained from a progenitor with ZAMS mass Mzams = 30 Mg, leads

to a total ejecta mass 7.94 M and to a 1.5 Mz vNS, the orbital period is P = 5 min (binary separation a = 1.5 x 1019 em).

Ruffini, et al. ArXiv:1803.05476 and see talk of Rueda
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BdHNe without GeV Emission

BEdHMNe 2 g Formi (GCN il GeV observed comments
- (dex)
11.0
50.0
0230 71.0
0415 20.0 o Clear X-ray flare observed
10204 250
10851  64.0
11015 bT.1
11628  45.0
12744  70.0
12874 31.4
13469 120
13498  G3.0
13737  66.0
14729  60.0 3] X-ray flare observed
15261 22.0 o X-ray flare observed
15455  37.0
157590 16.0 (7] [To Verify,15791),Clear X -ray flare observed
15833 485
16152 44.0
16450 320
16512 16.0
16798 16.0 3] X-ray flare observed
17205 47.0
17525  39.0
18190  57.0
18492 10.0 o Clear X-ray flare observed
18582  &O.D o X-ray flare observed
U5 GO0

081118

0812232

000424
O0516A
091127A
100615A
1007288
1101284
1112284
1201194
1207124
120T16A
12000094 3.4 5

e
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e

el
=
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1305284 MG.18 + 179.33 15.01 = 2.2

130025A [.347 144.13 +4.04 3934

131105A 1.686 34.7 4

*140206A 2.73 1 144.94 4

140213A 1.29076 003+ 0.15
140423A 3.26 5.3+ 3.3
141623A 1.92 7.60 + 0.68
140703A 4.13 1.72 +0.09
140007 A 1.21 240,73 £ 1547 2,20 4+ 0.08
141220A 1.3195 2.44 £ 0.07
1503018 1.5169 287+ 0.42
1508214 0.755 147+ 1.1
151027A 0.a1 615.40 + 114.03 3.04+1.33
151111A 3.5 254.70 £+ 41 .41 3.43+1.19
161014A 2.823 10.1 +£1.7

P22 22 222222222222 2222222222

Table 10
List of 25 (updated 28) BdHNe inside Fermi-LAT boresight angle and no GeV photon detected: 25 (updated 28) BdHNe with
redshift taken from (Ruffini et al. 2016b) from 2008, when Fermi started to operate, till the end of 2016, All of them are within the
boresight of Fermi-LAT, but none detected GeV photon. For each source the columns list: z, E,,, Ep, GCN number, position of the
source from LAT boresight &, whether was detection by LAT, and additional information.

Ruffini, et al. arXiv:1803.05476




BdHNe with GeV Emission

BEdHNe

A, (Amplitude)

uncertainty of A,

a (Index)

uncertainty of o

Lios

error of Ligs

080916C
090323
090328
090902B
090926A
091003A
100414A
110731A
120711A
13042T7A
130907A
131231A
141028A
160509A

4.396 x 107
3.008 x 1053
1.187 x 1073
1.716 x 1053
1.99 x 1053
4.551 »x 10°1
2.681 x 1052
4.570 x 1052
3.776 »x 10°1
1.575 x 1052
5.200 x 1052
1.520 x 1051
3.185 x 1052
5.820 x 1052

1.34 x 10°°
0.84 x 1052
+ 4.52 x 10°1
+ 3.68 % 1052
+ 4.75 % 1052
1.64 x 10°!
1.23 x 1052
+ 2.00 x 1052
1.26 x 10°!
3.07 % 1051
+ 3.00 x 10°2
+ 0.02 % 1050
1.64 x 1052
+ 1.24 x 10°2

1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15

+ 0.11
+ (.11
+ 0.11
+ (.11
+ (.11
+ 0.11
+ (.11
+ 0.11
+ 0.11
+ 0.11
+ 0.11
+ (.11
+ 0.11
+ 0.11

3.255 x 10°°
2.297 x 1052
8.791 x 10°Y
1.270 x 1052
1.472 x 1052
3.369 x 10°Y
1.985 x 1051
3.390 % 1051
2.796 % 10°Y
1.166 x 1051
3.857 x 10°1
1.125 x 1050
2.358 x 1051
4.316 x 1051

—1.15;_.? w I.'DEE
x 1091
w 1050
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x 1091
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Table T

Fitting results of BdHNe with GeV emission in Tab. 6: a list including the amplitude of BAHN {Ax) and its uncertainty, the
common power-law index a and its uncertainty. The inferred luminosity of 0.1-100 GeV at 10 s from the fitting and its uncertainty.

Ruffini, et al. arXiv:1803.05476



The spin and the mass of the Kerr
BH in BdHNe

Source

Table 8
» TM1 and the NL3 nuclear models, as inferred from the values of Ep a1 for 10 BdHNe,
: an s o < 0.71.

Ruffini, et al. arXiv:1803.05476



The topology of the BAHN
supernova ejecta

Figure 4. Idealized plot for showing the morphology of the BdHNe. The GeV emission is detectable when the viewing angle is less than
the 55.77° from the normal to the orbital plane. Left panel is the situation in which the detectors can observe the GeV emission and the
right panel is the one which GeV emission is not detectable and only Gamma-ray and X-ray flares are detectable.

An analogy between GRBs and AGNs

Ruffini, et al. arXiv:1803.05476



A prescient polar view of a
BAdHN: GRB 160509A

GRB160509A
8keV-100keV : - [ : :
MNal 0 . " ; o * glg_cspec_n0_bn 160509374 _v01.pha

Nal 0

¥ sz E
N i P

—_—
250keV—10MeV

Rate (count / )

30Mev—130MeV
LATLLE :

Time (s

P. T. Tam and et. al., Ap]JL, 2017, 844, 1



A current polar view of a BAHN

HHTF[EHJHTHEIJ

Z 13

i 4 -:
}“Hn,ﬂwm M-"MWW

w (TR O

&00 200D 200

Mal rate

BGO rate

Tirme [5)

Data from B.-B. Zhang et. al., Nat. Astron. 2017
See D. Melon-Fuksman talk for the source BAHN interpratation




A current polar view of a BAHN
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Conclusion

The interpretation of GRB phenomenology
cannot overlook the knowledge of the
morphology of the binary progenitors



The Planck Mass (77%p)
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