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Could GRB 170817° be really

correlated to a NS NS merging?
Journal of Modern Physics D, subm. 11 October,

 Related to earlier:

 May GWs signals by BH-BH merging be
associated with any gamma or neutrino
burst? arXiv:1603.09639

e And related to:

Solving the missing GRB neutrino and GRB-SN puzzles
Daniele Fargion - Pietro Oliva @FXiV:1605.00177 (Nuclear Phys and Particles, 2017)
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Could GRB170817A be really correlated to
an NSNS merging?

arXiv:1710.05909 (submitted 110ctober 2017)
By DF, M.Khlopov,P.Oliva

Why such a
puzzled title?

Because :
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Because (among the other)

* GWs are almost spherical signals.
 While GRBs are beamed jt '
blaze. ‘

* Therefore: How could the very first s by NS-NS
discovered by LIGO-VIRGO be within a narrow jet
just pointing to us? arXiv:1603.09639
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Could GRB 170817

be really correlated to a NS NS merging?

The GW 170817 and GRB170817A occurred within a short time
almost in the same sky windows. It has been the nearest Short
GRB observed, the first NS NS collapse merging, the softer SGRB,
the weakest one and the first GRB GW correlated event within just
a year or even a month of VIRGO detection. An amazing lucky
event hard to be accepted at first view. Moreover the huge spread
(8 order of magnitude) in apparent luminosity among thousands
GRB call for a thin blazing jet source able to embrace (with the
same NS-NS or NS-BH collapse) the vast variability observed by its
geometry (in axis , off axis) view. May the case of GRB170817 be
associated to such an extreme off axis detection?

Many authors , and us, agree on this possibility. However there
maybe an additional unexpected novel geometry in GRB explosion
making the GRB observation at near distance much more
probable: a twin gamma disk-cone blazing in wide solid

angles in addition to the inner thin precessing jets event.
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Rarest GW 170817

versus first Rarest GRB 170817A

The arXiv received above 117 preprints
: most sincel6 October (65 papers)

The mOSt cited article in three months!

https://arxiv.org/find/all/1/all:+GW170817/0/1/0/all/ 0/ 1
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A very Exeptional event

(a) it is the nearest short GRB (SGRB) ever detected (40 Mpc) ’
(b) it is among the weakest fluency SGRB ever recorded
(c) it is the most soft SGRB in whole known SGRB catalogs
(d) it is the first NS-NS (or more rare NS— BH) merging GW event ever detected
(e) it is the nearest GW event ohserved
(f) it is the first NS-NS merging into a new born NS or a new BH ¢
(g) it is (probably) the most powerful energy fluency GW signal ever observed by
LIGO-VIRGO £
(h) it is the very first GWs correlated with an electromagnetic burst and afterglows

(v, X, optical).

i) Itis the first SGRB to be localized NOT by its X ray afterglow
ii) (coming very lated days after)
iii) But it has been detected just via its Optical transient ten hour laters.
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A Connection first by its Optical
Transient, not with its late X afterglow

LIGO, VIRGO + ALL “Multi-Messenger paper” AplLett

LIGO

30 " Swope +10.9 h
LIGO/ ~ :

Virgo

S .
Fermi/ | L |
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160 12n Bh

IPN Fermi
INTEGRAL
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THE HOST GALAXY OFGW170817

GW 170817 Optical Counterpart NGC 4993

HST/ACS

F606W 28 April 2017

d = 39.5 Mpc

F475W GALFIT residual
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NS and BH: Where we all shall go one day

Masses in the Stellar Graveyard

BINARY PSR 1913+16
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How a NS is and How NS NS collapse

Pulsar in the radio sky

Neutron star

~ 20 ki diameter

Solid crust

~ Zkm deep

Fluid core
bainly neutrons
with other particles

Ardmiana



Binary Neutron Stars
_1dP_128G' M <N8> A /NS>

Pdt 15 ¢ a a \ |

Hulse-Taylor Binary Pulsar

. GR Prediction \

r Trmerge = 300 Myr

) 312/1:0942

- 14



We knew that NS must merge with other NS
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Magnetic Field making the Jet
collimation (but not the GRB jet

itself)

Figure 13: Evolution of the density in a NS-NS merger, with magnetic field lines superposed. The first
panel shows the binary shortly after contact, while the second shows the short-lived HMNS remnant shortly
before it collapses. In the latter two panels, a BH has already formed, and the disk around it winds up the
magnetic field to a pu%il:cﬁ{tlgé,gaﬁgtzsﬁl%ﬁ%ggr&ue]y large strength, ~ 10'® G, with an half-opening n%ale
of 30°, consistent with theoretical SGRB models. Image reproduced by permission from Figure 1 of [241],




How do NS NS explode? Into NS or BH?
GW , gamma,X, OT signals
The Jet morphology it is the reading key

D,Fargion:27_11 2017
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Summary of the talk

* How an almost unbelivable rare correlated

event (GW-GRB) at its very first discover
(Observed at the detection edge values)
* Itis, just because of its extreme signals,
nevertheless a very probable one.
First: List of the GW-GRB versus NS_NS data
Second: Possible explanations

In other words, how a GRB seen by a peculiar off
axis dark side may shine in an unexpected way.

D,Fargion:27_11 2017 17



GW GRB 170817°: GW and Gamma
A rare international multi detection
100 seconds, few thousand oscillations

Gamma rays, 50 to 300 keV GRB 170817A

Gravitational-wave strain GW 170817

D,Fargion:27_11 2017




More than 70 detector observed GRB-
GW 170817: 65 article in a day : 16 Oct.

GRB 170817A viene . . Al
segnalato anche da INTEGRAL

' aIIe 15 57 47 del 17 agosto \’

Ly Vg D,Farglon:27_11_2017



PEA (apartlcle play a role: Heavy Element birth on NS skin crust
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A Rich Unified Science Mosaica: 2017

Rate of NS-NS collapse in the Universe by GW 170817
Rate of NS NS merging by known binary

Rate of Heavy Nuclei Chemical Pollution

Rate of Kick NS or BH velocities

Rate of Short GRB in the near Universe

* Anisotropy of GRB Jet (Kick velocity of NS)

GRB afterglow as a Kilonova . UV, X,IR,Radio

Gamma Jet and Geometry of Beaming solid angle

Time delay GW GRB

ICS, Synchrotron Radiation, Lorentz factor, GRB Energy Spectra
GRB polarization

Thermal Neutrino and UHE Neutrino by GRB

Beaming View and Probability to be observed



Our main message

*The rarest values of the
GRB 170817a

* Make somehow more acceptable the
event by an off axis view of the jet

* |t might require an additional Jet component
hortogonal to the jet (wider jet disk):

* The synchrotron gamma disk

D,Fargion:27_11 2017
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GRB170817a :The most weak fluence
SGRB observed

D. Fargion, M. Khiopov & P. Olwva
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The most extreme Luminosity peak

Could GREITO81TA be really correlated to an NS-INE merging?
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The rarest IR and Radio Afterglow
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The nearest GW and SGRB ever observed
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IMPORTANT LESSON by GRBS

There is a common way to address to each GRBs as an
unique one, forgetting all the thousands earlier ones.

These 2000 GRBs requires an unified model that
cannot be adapted by ad hoc condition each time for
event spread by their apparent Luminosity out 7-8
order of manitudes

One must keep the whole GRB hystory lesson alive!
It is possible an electron power law spectra ranging

few thousands Lorentz fator to tens one. The solid
angle spread from (1/3000 )*2 almost 7 order of
magnitude
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Apparent Power versus Distance conspirancy
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25 April 1998-GRB -170817A- connection
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The Nearest and Less Powerful event.

We claimed on 1999 the GRB 980425 off

axis nature: 8 order-Solid angle!
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Also a Blazar unified connection
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NS-NS-Rates by unique GRB170817a event

Byvnary NS NS rate in galaxy by Kim et al. (2015)
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Fig. 8.
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The different expected NS NS rate

upper limit on merger rates based on non-detection

NS-NS
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OLD GRB MODEL out of fashion now

The failure of the Fountain GRB Fireball

GRB FIREBALL MODEE‘H

Pre- Burat
~1021-1 054 ergs ]
_ Shockl

— Formation

- Yn
DG cm R 3?‘:1 D12 cm T~ 3}” 03 g S

R~ 1014 cm




Thin Precessing Beaming it is the key of the
apparent GRB powers huge diversity

D,Fargion:27_11 2017
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GRB peaked, rebrightening signature

* A thin precessing Jet may by geometry at
once explain sharp variability and multi
peaked events.

 The maximal Lorentz factor of the electron
in the Jet beam offer the maximal energy
and alignement of the GRB. The most far
way, the largest sample, the most aligned
and apparent brightest ones.

* The thin precessing jet span a solid angle as
large as a millionth of steradiant.

On the nature of GRB-SGRs blazing jets



. GRB by thin persistent precessing Jet
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GRB jet by

: models N 2015
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Main message: To fit GRB in unique
model thin Jet is needed

To embrace 8 order of magnitude in all apparent
luminosity GRBs we need or 8 order of magnitude in
mass: (unable to explain short GRBs durations
because larger Schwarchild time scales)

Or to require a very thin Jet in GRB whose solid angle
is 8 order of magnitude observation may spread in a
wide geometrical amplifications for any given view.

Thin precessing Jet may also explain short scale multi-
variability : a Must! The spin precessing explain the
variability:

(X Precursors, Gamma-X-optical rebrightening)

D,Fargion:27_11 2017 40



The GW contribute in Universe

D. Fargion, M. Khlopov & P. Olwa
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The graviton number flux rule
over Cosmic BBR
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Fig. 11. The GW GRB170817A flux number density contributes by extrapolating its (40 Mpc)?
volume and an event a year on average along all the universe,
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NS NS Collapse:Usually no Jet considered

Neutron Star Binary Mergers
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Relativistic Jets & Gamma-Ray Bursts
- :
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host galaxies
) coincident supernova explosion
't of GRB location from galaxy,

".:I:: wWith r"]t:‘ |J|r[!.|! If"-.l".':.l'l.""" (.03 F

F I ¥ ¥ % et
:.. 1 3 (LY o Al e

D,Fargion:27_11 2017




Our model for GRB avoiding neutrino:
a tidal distruption in NS BH or in NS NS

arXiv:1605.00177 (Nuclear Phys and
Particles, 2017)

some protons from outer.u
disk regions evaporate: 3

Bp=magnetic field” "$4&"
from proton disk |

Fig. 3 Protons follow their ring trajectory while in B-decay form-

D,Fargion:27_11 2017 45



Thin Precessing Jet (neutrino free)
B made by a charged proton disk

NS

I
below Roche €c
limit
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A final NS-NS Collapse ;
a “Fragment-Nova”

N Smin

_.—"_

nstable
ragment

Mys < 0.2 Mg




Unstable NS fragment
exploding like a Kilonova or a SN:
a NS-Fragment-Nova

NS

min

NS _. decay
and explosion
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The Off axis case

 The hundreds keV GRB 170817 require a
hundred or tens Lorentz factor

* The on axis anyway cannot be too much
large.

 The observed case may need a help to
increase the probability to be observed even

if off axis

D,Fargion:27_11 2017
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The simplest beaming jet
A Power spectra and off axis

5ing'
¥(p+cosa')

1

ef*‘i.—_,

tange=

half-opening angle in radians

Different Lorentz factor, different beaming, different apparent
Luminosity Peak: THERE MUST BE A Power Spectra in electron
jet and consequent spread gamma jet too.



Still the popular Fountain jet it is not
consistent with most powerfull GRBs

Ilectromagnetic Counte t]} arts of NS Mergers
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What are the relic of the NS NS and
GRB explosion?

Heavy Nuclei formation

Kilonova (or SN) OT

Radioactive luminous blue red tails
Kick velocity of NS and BH

Late X ray afterglow

Late radio signals
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Off Axis; The simplest solution:

 An off axis detection of the GRBs it is natural

 However at large Lorents factor (thousands or
hundreds) the Jet it is very narrow and its output
decay with rapidity out of the beam

(Theta ~ (-2)): Power law may help; but
 The hardness require a Lorentz factor 30-100

* The probability to be inside the
cone it is still small anyway!
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A more fitting solution:
A wide synchrotron radiation twin gamma ring disk

 The Jet should consist of two component:

* A Top Hat electron ejecting photons by ICS within a
thin cone jet by a spread of energy power law (up to
Thousands factors Gamma):

Delta Omega= 1/ Gamma”2 (very thin beam)

* A Ring Spiralling electron component

around the Top Hat whose synchrotron radiation
ejection it is spread in a wider gamma cones hortogonal
to the Jet itself:

Delta Omega= 1/ Gamma (very wide solid angle)
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A different «dress of light»
around the GRB 170817 A Jet

Could GREITOEITA be really correlated to an NS-NE& merging¥

Thin beamed solid angle made
by ultra relativistic electrons
and by narrow gamma jet via ICS

eleciron
il FREomE YA perelg
[ -8t LR

from proton disk
Thick wide solid angle

made by low relativistic
spiral electrons via
~____Syncrotron Radiation

=

—
T

S Lo

Bp=magnetie field
from proton disk

D,Fargion:27_11 2017

55



= KRE Y

l__J'llUl.Ull Il

Residuals

10!

10°- 10
Energy (keV)

10

D.Fargion

10°

56



Thin beamed solid angle made
by ultra relativistic electrons

e 2 SR o and by narrowa gamma jet via ICS
pome protans from outapg - : "'.‘,,.1; . _

dink raglons evaporateg

from proton disk

Thick wide solid angle
made by low relativistic
spiral electrons via

Syncrotron Radiation
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A many splendored explosion
The merging neutron stars powered a sec-
onds-long gamma-ray burst that beamed radiation

S h 3 pe |t |S t h e key into space. They also sparked a kilonova that

glowed for days as it generated heavy elements.

Line of sight

»— (Optical light

Black hole ar
neutron star

Kilonova
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Conclusions:
Does the
GRB170817A
Surprisingly an
Off-Axis event
Showing a first
Gamma Disk
Blaze?

An example:
Eta Carina
Twin lobes made
by inner jets and
hortogonal disk
wind
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