GW170817/SHB170817A

A binary neutron-star merger

The dawn of an era;

Or the sunset
of another one?
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NGC 4993 and GRB 170817A afterglow as
taken by Hubble Space Telescope!'
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Observation of
GW 170817, lasted
~ 100 seconds

Lenticular Galaxy
NG 4993

GRB 170817A detected by the
Fermi and INTEGRAL spacecraft
1.7 seconds after the GW merger

An optical transient, the
AFTERGLOW, AT 2017gfo
was detected in NGC 4993

11 hours after the GW
and gamma-ray signals

140 million light-years away

o NGC 4993 and GRB 170817A afterglow as
z = 0.009783 taken by Hubble Space Telescopel'!
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Huge amounts of gold, platinum, uranium and other heavy elements
were created in the collision of these compact stellar remnants, and
were pumped out into the universe — unlocking the mystery of how
gold on wedding rings and jewellery is originally formed.

n illustration of two merging neutron stars. This stellar collision created heavy elements such as platinum,
ranium and gold. (Image credit: National Science Foundation/LIGO/Sonoma State University/A. Simonnet)
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Huge amounts of gold, platinum, uranium and other heavy elements
were created in the collision of these compact stellar remnants, and
were pumped out into the universe — unlocking the mystery of how
gold on wedding rings and jewellery is originally formed.

"There's about 10 times the Earth's mass in gold and

platinum alone,"
he said.

The collision
produced
as much gold

as the mass
of the Earth

1.8 10*° atoms

n illustration of two merging neutron stars. This stellar collision created heavy elements such as platinum,
ranium and gold. (Image credit: National Science Foundation/LIGO/Sonoma State University/A. Simonnet)
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Figure 3: Kilonova model compared to the AT 2017gfo spectra. X-shooter spectra (black
line) at the first four epochs and kilonova models: dynamical ejecta (Ye = 0.1
—0.4,orange), wind region with proton fraction Ye = 0.3 (blue) and Ye = 0.25 (green). The
red curve represents the sum of the three model components.



e\

L

~ ‘.. u.\“ ﬁ’

-

Ul A _J\;"\-‘ {“ "r\ (- ’,\__/.
s A,_'..‘,“"!s}_\l}i\g. ;.—0

S UG e
- el \ :" “""“’ e
4 3 . - (%) AN 48
) e 1.9 gl \Tk\ '
B S v t ))V
‘I:-’ ’ ‘l > - t Y
'\\)y ‘“ " ;o

) @

== v
! ..-/\

-~







COMMERCIALS



COMMERCIALS

TRUE TALK
WILL START IN

~ FIVE
TRANSPARENCIES



4500

4600

'
ot “
' -1y Py "
1 P '
. ' - <>
T . . 'y
. - .
M . 3 - .
' . .
' N 4 “a
st "
- . '
N . Bie
.. L -
'L o
. ' @
. .
. e - ’
= .
v >
- r
- .
’
'.' o !
% s .
.l
) : - N
T EENET
’ . X o
» - )
' o
4 » ' -
o :
: - A oY
. - of - ‘A
- ™A " '
[
'
- i
I | -
'
'
i
f
s
o \
L e
y
)
.
) s
! ¥
4 .
. . s 0y
' r »
r N - ’
A .
{ ‘e ' .
. )
- . ' '
f . '
. ‘4 '
'
. '
.
' ' ’

Gh 19 &0

Pictor(ius) A quasar




4500" B

4600 |
307 i
47v00u _'

5°4730" |-

Gh 19 &0

Pictor(ius) A quasar







Micro-quasar XTE J1550-564
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Goodman, Dar and Nussinov (1987)

Arnon Dar and collaborators

Systematically: Shlomo Dado
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Gamma-Ray Emission Mechanism
CB Model

Very forward photon beam of
precisely calculable properties
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Pulsar Wind |

The inner Crab Nebula. Central part:
the pulsar wind nebula (PWN);

red star in the centre 1s Crab Pulsar.
Optical data Hubble (red) and X-ray
Chandra (in blue).
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Optical data Hubble (red) and X-ray
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Table 1. GRBs with measured 7-ray polarization during the prompt emission.

GRB
930131
960924
021206

041219A
100826A
110301A
110721
061122
140206A
160821A
190530A

Polarization(%)

> 35,
> 50
80 £+ 20
98 + 33
27 £11

70 -

84 +7

=22
6/-28

> 60
>48
66 +27 /-26

55.4

+21.3

CL
90%
90%
2?7?
68%
99%
68%
68%
68%
68%
99%
99%

Reference [4

0

Willis et al. 2005
Willis et al. 2005

Coburn & Boggs 2003

Kalemci et al.
Yonetoku et al
Yonetoku et al

2007
. 2011
. 2012

Yonetoku et al

. 2012

Gotz et al. 2013

Gotz et al.

2014

Sharma et al. 2019
Gupta et al. 2022

Polarimetry
BATSE (Albedo)
BATSE (Albedo)
RHESSI
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Table 1. GRBs with measured 7-ray polarization during the prompt emission.

GRB
930131
960924
021206

041219A
100826A
110301A
110721
061122
140206A
160821A
190530A

Polarization(%)

> 35,

> 50
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98 -
27 -
70 4

Il 1 Il
= N

0
3
1
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> 60
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66 +27 /-26
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CL
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2?7?
68%
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68%
68%
68%
68%
99%
99%

Reference [41]
Willis et al. 2005
Willis et al. 2005
Coburn & Boggs 2003
Kalemci et al. 2007
Yonetoku et al. 2011
Yonetoku et al. 2012
Yonetoku et al. 2012
Gotz et al. 2013
Gotzetal. 2014
Sharma et al. 2019
Gupta et al. 2022

Polarimetry
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Table 1. GRBs with measured <y-ray polarization during the prompt emission.

GRB Polarization(%) CL Reference [41] Polarimetry
930131 > 35, 90%  Willis et al. 2005 BATSE (Albedo)
960924 > 50 90%  Willis et al. 2005 BATSE (Albedo)
021206 80 + 20 2?2 Coburn & Boggs 2003 RHESSI
041219A 98 + 33 68% Kalemci et al. 2007 INTEGRAL-SPI
100826 A 27 +11 99%  Yonetoku et al. 2011 IKARUS-GAP
110301A 70 + 22 68%  Yonetoku et al. 2012 IKARUS-GAP
110721 84 +16/-2 68%  Yonetoku et al. 2012 IKARUS-GAP
061122 > 60 68% Gotz et al. 2013 INTEGRAL-IBIS
140206 A > 48 68% Gotzetal. 2014 INTEGRAL-IBIS
160821A 66 +27 /-26 99% Sharma et al. 2019 AstroSat-CZTI
190530A 55.4 +21.3 99%  Gupta et al. 2022 AstroSat-CZTI

First of > 13 decisive tests
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CB-model CORRELATIONS
(as if all GRB properties
were fairly “standard
candle”-like but for
THE VIEWING ANGLE)

Relativistic-kinematics
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The Gamma Rays of
“long duration” GRBs
and Short Hard Bursts




The Gamma Rays of
“long duration” GRBs
and Short Hard Bursts

Their (longer wavelength)

“AfterGlows”
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FB before GRB 030329
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FB before GRB 030329

Progenitor: Failed SN Hypernova Macronova

FB after

Progenitor: Everybody always
knew it was core-collapse SNe




The AfterGlows
of Long GRBs

The AfterGlows
of SHBs




CB-Model’S SHB AfterGlows

Pulsar losing rotational energy

by magnetic dipole radiation Constant fraction of this

energy absorbed and
re-emitted by PWN as
electromagnetic radiation

(Pacini, 1967,
Dado, Dar 2018)
L(tvtb) o 1
Lt =0) (1+t/ty)?
P(0)

Ly

"~ 2 P(0)
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SEEING IS BELIEVING






NYT 030529 (the New York Times of that date, in GRB’s parlance) that, according to Dale
Frail “/Our observations| are sufficient to rule out predictions of the cannonball model”. We

- = U l(. = , U 7 LD LU U LN D L - o LU = - - s LS U - - - —

030329 imply that our earlier results (Dar & De RuJula 2003b) —Whlch 1gnored the presence
of these features— constituted an overestimate of the predicted superluminal displacement.
In this sense, Frail was right in stating that the observations ruled out the predictions, as

opposed to the model itself. \cite{Taylor2004}
In a setting more SCIentlﬁc than the NYT, Bloom et al. (2003) state: “Owing to the

()7 () ll INEXS lﬂll llll =77 ll llll () ll ~J () = ()71 (] ll - I' A 1710

imaging of the compact afterglow was used by Frail (2003) to unequivocally disprove fhe
cannonball model for the origin of GRBs.” The emphasis is ours. We have seen that these

= WV 9 - UCCo 9 - » JULC 2 A AVE DEC )1 C ALULEC. Ve ..: vidl B W
eventually died for sure, the CB model —though probably not immortal— is still in an
excellent shape. Yet. trvine to disprove the best available model(s). or even the proof of a
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Table 3. Critical Tests of The Cannonball and Fireball models of GRBs and SHBs

Test Cannonball Model Fireball Model
Test1  Large GRB linear polarization Vv Small GRB polarization X
Test2  Prompt emission correlations Vv Frail relation X
Test3  Inverse Compton GRB pulses Vv Curvature-shaped pulses X
Test4  SN-GRBs: Canonical afterglow Vv Canonical AG not expected X
Test5  AG’s break correlations Vv AG’s Break correlations X
Test 6  Post-break closure relation Vv Post-break closure relation X
Test7  Missing breaks (too early) Vv Missing breaks (too late) X
Test8  Chromatic afterglow Vv Achromatic afterglow X
Test9  MSP-powered AG of SN-less GRB  / Magnetar jet re-energization X
Test 10 GRB rate o« SFR Vv GRB rate not « SFR X
Test 11 LL GRBs = far off-axis GRBs Vv LL GRBs = Different GRB class X
Test 12 Super-luminal CBs Vv Superluminal fireball X
Test 13 SHBs optical AG powered by NS ? SHBs + macronova ?
Test 14 XRFs = Far off-axis LGRBs Vv Different class of LGRBs X
Test 15 XRTs = NS-powered AGs V4 AGs of Far-off-axis GRBs X
Test 16 Radio image of SHB170817A:a CB  / A complex structured jet X




Table 4. Majority and minority views on GRBs preceding decisive observations

Key property Majority view Minority view
Location: Galactic X Extragalactic Vv
Produced by Relativisticete™ 1y fireball X Highly relativistic plasmoids Vv
Production mechanism  Collisions of e*e™ shells X ICS of light by plasmoids (CBs) /
Prompt Emission Synchrotron radiation (SR) X Inverse Compton scattering Vv
GRB geometry Isotropic X Very narrowly beamed V4
LGRBs origin Stellar collapse to BH X  Stripped-envelope SN Vv
Afterglows’ origin SR from shocked ISM X  Synchrotron from CBs Vv
Afterglows’ geometry  Isotropic X Narrowly beamed Vv
SN1998bw/GRB980425 Rare SN/Rare GRB X  SNIc-GRB viewed far off-axis Vv
LL GRBs Different class of GRBs X Normal GRBs seen far off-axis 4/
SN-Less LGRBs Stellar Collapse to BH ?  Phase Transition in HMXRBs ?
AG plateau origin Jet re-energization X Early time jet deceleration Vv
AG break origin Deceleration of conical jet X Deceleration of CBs Vv
Missing jet breaks Too late to be seen X Too early to be seen v
Observed rate of GRBs o« SFR + evolution X o« SFR, modified by beaming v
X N,

Geometry

Spherical — Conical shells

Succession of cannonballs
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CB Model objects

GRB or LLGRB gamma rays, T_{90}>2 s
Produced by Type Ic SNe
AG Produced by SR from CB

SGRBs. Short. T_{90|<2 s. Hardest of them: SHBs
Produced by NS/NS mergers
AG produced by Pulsar Wind Nebula, with universal shape

SN-less GRBs are a “Glow” with PWN universal shape
Accreting NS -> quark star?

XRF is a GRB seen at large angle

LL GRBs, high energy but off-axis Low Luminosity
O GRBs, closer to axis

In the CB model GRBs produce two main types of extragalactic X-ray transients:
X-ray flashes , which are narrowly beamed LGRBs viewed far off axis [130], and
fast X-ray transients (XRTs) which are emissions from a wind nebula powered by
a newly-born millisecond pulsar in a binary neutron-star merger (are these not
SHBs?) and in SN-less LGRBs [130].
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Table 1. GRBs with measured <y-ray polarization during prompt emission

GRB Polarization(%) CL Reference [38] Polarimetry
930131 > 35, 90% Willis et al. 2005 BATSE (Albedo)
960924 > 50 90% Willis et al. 2005 BATSE (ALbedo)
021206 80 +/-20 ???  Coburn & Boggs 2003 RHESSI

041219A 98 +/-33 68% Kalemci et al. 2007 INTEGRAL-SPI
100826A 27 +/-11 99%  Yonetoku et al. 2011 IKARUS-GAP
110301A  70+/-22 68% Yonetoku et al. 2012 IKARUS-GAP
110721 84 +16/-28 68% Yonetoku et al. 2012 IKARUS-GAP
061122 > 60 68% Gotz et al. 2013 INTEGRAL-IBIS
140206 A > 48 68% Gotzetal. 2014 INTEGRAL-IBIS
160821A  66+27/-26 99% Sharma et al. 2019 AstroSat-CZT1

First of > 12 decisive tests

... because ...
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X-ray AG Flux
F,(t)=vdN,/dv
o< n(r[i]) P02 [y (O [5(0)) 4 v

For constant ISM density n(r)

Y(t) = - 10
11/2

ta=(1+2)N,/(8cnm R*~;)
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Figure 23. Comparison between the cumulative distribution function, N(< z), of the 262 LGRBs with
known redshift (histogram) detected by Swift before 2014 and the N(< z) expected in the CB model
(left curve) for long GRBs, whose rate is assumed to trace the SFR. Also shown are the distributions
expected in FB models with no evolution (rightmost curve) and with it (middle curve) [77].
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CORRECT CR PREDICTION
HAPPENED ONLY ONCEHK!!

CRs must be
Ecr > Econt(Z) extragalactic
5uG  p(E)
~ .65k
Rp, ~ 0.65 kpc i Econf(Z)

Econf(Z) ~ / (3 X 109) GeV
Eankle ~ 3 X 109 GeV

G. Cocconi (1956) P. Morrison (1957)



Gamma-Ray Emission Mechanism in FB Model
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n.p decouple th. radiation

- Jet - - - X
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parts of the flow shock<= =s shock

=101! em = 10" ¢cm > 10'""cm

Electrons in turbulent shocks emit (unpolarized) SR
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® Flux Normalixation

® Spectral Features
(knees, ankle, endpoint)

® Spectral Slopes

® “Chemical” Abundances
(and their E-evolution)

® Confinement volume, time

All Predicted
ONE Mechanism

at ALL energies

ONE Parameter for CR nuclei (not used today)
Relative proton flux norm above/below its knee
ONE Parameter (freely chosen today)

(to predict the electron flux normalization)
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CBs ejected by core-collapse
Supernovae & acting on the
Inter-Stellar Medium as
Relativistic Rackets explain
(to a good approximation)
all properties of (non-solar)
Cosmic Rays at all energies

& entail verifiable predictions
Should YOU care ?7??
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Positron Spectrum
* AMS-02

== Fit with Eq.(4) and
68% C.L. band

62 64 66 68 70 72 74

Source term

DM m, type,
decay mode

Energy [GeV]

1 10 ~ 100 1000
DT = p(CR) + ISM — e™ + ... ST = DM decay or annihil.

%e++... %GJF—I—...
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FIGURE 3: A Chandra image of the M&7 jet. with radio contours overlaid. This image was cg
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Internal-External Shock Model
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