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GRB Energy
E ~10°>3 erg

This energy Is typical for
collapse

E ~ 0.1 Mc2, M~1-100 M.,

Firstly pointed out by Blinnikov et al., 1984;
Pachinsky, 1986 (!), Astrophys. J. 308, L43-L46
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SPECTRUM

° Epeak — 1 MeV

* Typical energy for relativistic
collapse

° E ~ meCZ

Vladimir Lipunov, Central Engine from Early Multimessanger GRB observations, KW25, St.Petersburg, Russia, 12 sep 2019



DURATION

At . ~0.1-100s

Rg -5
C

The MAIN Paradox
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2 SOLUTIONS

1. Back fall rotating envelope
Woosly et cetera

1
2GM
R
. 2
At i’ R / 2 D diffusion massive disk accretion

V. =HR<(

2. Magneto-rotational collapse(Spinar

paradigma) At~1 OJK

core

Where K — dissipation force moment
Of the Viscosity + Magnetic Field

Vladimir Lipunov, Central Engine from Early Multimessanger GRB observations, KW25, St.Petersburg, Russia, 12 sep 2019



 Usual Collapse - Super Novae

* Magneto-Rotational Collapse — GRB

 Rate (SN) / Rate (GRB) ~ 100

Vladimir Lipunov, Central Engine

from Early Multimessanger GRB
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SN & GRB in Spinar Paradigma

Lipunov & Gorbovskoy, 2007,ApJ, 665, . L97
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After 17 Aug 2017

Short GRB
NS+NS merging
And NS+BH ...
Long GRB
core collapse rotating massive star

Vladimir Lipunov, Central Engine from Early Multimessanger GRB observations, KW25, St.Petersburg,
Russia, 12 sep 2019



IS THERE THE NEW PHYSICS
IN GRB?

« Kardashev limit

*  Max.Energy = eER ~ eBR ~ (2/137) "ept

1047eV

Vladimir Lipunov, Central Engine from Early Multimessanger GRB observations, KW25, St.Petersburg, Russia, 12 sep 2019



Prolongated GRB activity fetures

1. early Precursors (up to 200cek)

2. follow-up X-ray Flares (up to 10000s)

Vladimir Lipunov, Central Engine from Early Multimessanger GRB observa tions, KW25, St.Petersburg, Russia, 12 sep 2019



Precursors
Lazzati, D. Precursor activity in bright, long BATSE gamma-ray

bursts. MNRAS 357, 722-731 (2005).
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Spinar history

The Importance of the magnetic rotational effect was pointed
firstly with connecting to energetic and evolution of the

quasars (Hoyle & Fauler, 1963; Kardashev, 1964; Ozernoy, 1966; Morison, 1969;
Ozernoy & Usov,1973)

SN explosion (Bisnovatiy-Kogan; 1971, LeBlance & Wilson 1970).

The formation of the quasi eqvilibrium object was noted -
Splnar. (Lipunov (1983) proposed of the idea Spinar with stellar mass).

Spin-up and spin-down was considered by in the frame the
magnetorotator ( Lipunov, 1987) .

The relativistic Spinar was considered by, where was a first
model GRB as the Spinar (Lipunova G.v. , 1997).

Vladimir Lipunov, Central Engine from Early Multimessanger GRB observations, KW25, St.Petersburg, Russia, 12 sep 2019



Prolongated GRB activity was predicted

« Lipunova, G.V. A burst of electromagnetic
radiation from a collapsing magnetized
star. Astronomy Letters 23, 84-92 (1997).

« Lipunova, G.V. & Lipunov, V.M.
Formation of a gravitationally bound
object after binary neutron star merging
and GRB phenomena. Astron. Astrophys.
329, L29-L.32 (1998).
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Spinar Paradigma

(Lipunov & Gorbovskoy, 2007, ApJLetters, v.665, 97L)

0 = lw,C o U,
: (:;PV“ é;re ' (:;PV4 é;re /F2
E; = GM* [ 2R e = (1 2a; )I\/ICore

wR: =GM?2 IR,

core

dlew/dt =-U
L =—wdlo/dt =U_w o R

L_“ C” 5 A-t/te)"
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Magnetic Energy

SN & GRB in Spinar Paradigma

Lipunov & Gorbovskoy, 2007, ApJLetters, v.665, 97L
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Nonstationary Relativistic Pseudo-Newtonian Spinar Model
(Lipunov & Gorbovskoy, 2008, MNRAS , V383 p1397)

d°R
dt2 = Fgr + |:c + |:nuclear + |:diss
o GM (x* —2ax+a®)?
ST (X (x—2) 1 a)? X=2R/R, Mukhopadhyay, 2002
X = l dP P

nuclear d r ,OR

472_ 2/3
P= p(\/C4 +bp®? +(Q/M)? —c?) bz(?j G*M s

1dR

Faw =——r T =21y|® r =004

o 2
j B, B, d _}/IBBRdR K=z<t:—3 R=Rc:(G|\/|/a)2)1/3 see Lipunov, 1987

t

2

dlo @ xu”
dt R’ GMw*
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Magnetic Field Evolution and Central Engine
Power

u = BR3 ~ BRZR ~ R u=py R Rm/2

Ro = Ryin /2

ﬂ~“(ROJ2§(XO) SR /X) Gi -
'\ R ) Z(x) E(X) = ;+ e +In(1-1/X) Ginsburg & Ozernoy (1963):

1 R

L, = —kM dr

T dt
2

L, = /13 @
R°.
min

|_ — azl_o a:\/x2+a2—2x Thorne et al., 1986
o0 X° +a’
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Spinar Collapse Video
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L{t) [erg/sl

R(t)-0.,5 [Rgl

B(t) [Gs]

W‘WWM | EXtralOng X'ray Plato

h Lipunov & Gorbovskoy, 2007, ApJLetters, 665, 97L

51

Among several hundred gamma-ray bursts, two
GRB070110 and GRB050904 do not fit into the
usual picture of the formation of X-Ray
afterglow. Both bursts revealed an extensive

| plateau lasting up to 6000-7000 seconds in
X R B their own frame of reference. Troja et al. (2007)
suggested that such a long manifestation of
. activity was associated with the features of the
central engine and specifically with the
e formation of a neutron star after the collapse of

a small mass nucleus (less than the
Oppenheimer-Volkov limit).

Vladimir Lipunov, Central Engine from Early Multimessanger GRB observations, KW25, St.Petersburg, Russia, 12 sep 2019
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7 Solar Mass Core
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Up to down: energy release, Spinar
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7 Solar Mass Core Collapse Luminosity for different Kerr
parametyers
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5 UNSOLVED OBSERVATIONAL GRB
PROBLEMS

I. The discovery of the most distant objects in
the Universe. +

Il. Prompt optical Short GRB emission
detection. -

Ill. Optical emission Precursor detection. -

I\VV. Polarization measurement of the prompt
optical, X-ray and Gamma GRB emission. +

V. High time resolution observations of the
prompt optical/UV/IR emission. -+

Vladimir Lipunov, Central Engine from Early Multimessanger GRB observations, KW25, St.Petersburg,
Russia, 12 sep 2019



Y .;beal MASTER Robotic Net 23

"3, Vladimi}_Lipunov, Central Engine-ffonﬁ Eafl:y.l'\/lultimessangef ‘GRB observations, KW25, St.Petersburg, Russia, 12 sep 2019 ) o



- MASTER Net D'teéeted‘i’O‘types{ of the OTs from NEO to redshift z ~ 5. Sy

Accretion disk
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'MASTER and Huge Physical Experiment

FGST|

FERMI GAMMA-RAY SPACE TELESCOPE




- Alain Klotz” Talk. "TAROT: follow-up of LIGO, GRB, IceCube, ANTAREé“ ,
International Conference is devoted to the 15 th Anniversary MASTER project
"Bursting Universe by Robots Eyes" SAI MSU 14-18 Aug. 2017

Optical telescopes for GRBs : Early photometry

GCN circular productions of telescopes having diameter <100 cm
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Figure 1| Prompt ~-ray and optical light curves of GRB 160625B. The
~-ray light curve (black; 10-250keV) consists of three main episodes:
ashort precursor (G1), a bright main burst (G2), and a fainter and longer-
lasting tail (G3). Optical data from the MASTER Net telescopes and other
ground-based facilities™ are overlaid for comparison. Error bars represent
1o; upper limits are 3. The red box marks the time interval over which
polarimetric measurements were taken. Within the sample of nearly 2,000
bursts detected by the GBM, only six other events have a comparable
duration (https://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigbrst.

html). Most R i ety Lartehpekigimerrtesnip ions
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"The opt|cal |dent|f|cat|on of events with poorly defined Iocatlons the case of
| . the Fermi GBM GRB 140801A
Lipunov, Gorosabel, Pruzhinskaya et al., MNRAS, 455, 712-724L..2016

Fermi GBM GRB 140801A 715

MASTER OT MASTER ref. image
D

MASTER field 2°x 2¢ -

Figure 1. MASTER OT discor very ¢ of GRB 140801A in the Fermi GBM error-box. The left panel illustrates the final GRB localizations [red circle: 3° of

(3-0) and 3° of atic error GBM; blue lines: 3-0 IPN). G es are ficlds covered by MASTER. The black square is the location

STER OT. The right | show MASTER images of the OT position: di ery image (bottom), reference image (top). The IPN localization was
published after the MASTER dl\L overy circular (Gorbovskoy et al. 2014; Hurley et al. 2014).
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MASTER-OAFA: Fermi GRB faded optical
- counterpart detection
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-t N MASTER- OAFA May/2016 ;
; Observatorlo Astronomlco Felix Aguilar (OAFA), San Juan Unlver5|ty, Argentmar .
Left- rught Federico Podest , Carlos Safe, Helpman, char’do Podesta, Vladimir. Lipunov, Igor Gorbunov, Evgeniy Gorbovskoy

ﬂepabm CHVMOK apl'eHTVIHCKVIVI MACTEP caenan B 22:54: 18 UT To eCTb yepes 10.22 yaca nocne CTONKHOBEHUSA I/I
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'V.I:_‘ipun'ov,‘The Discovery of gravitational waves: prédiction & observationl, The Third Zeldovich me'etil"_ig, ApriT_23-27, 2018, Minsk, Belarus
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Independoptical Loqalization.-GW°.~

MASTER OT J130948.10-232253.3 / SSS17a

NGC 4993

IPN Fermi /
INTEGRAL

Reference image

V.Lipunov, The Discovery of gravitatiagal Waves: predictierr® observationl, The Third Zeldovich meeting, April 23-27, 2018, Minsk, Belarus



First pointing in Argentina Fa
MASTER Wide field cameras started at 22:54:18 UT, 10:22 yaca after
merglng In NGC 4993.

MASTER-NET LIGO G298048 observations
VWF imaae at 2017-08-17 22:58:52

MASTER coverage
SSS17 —

0.0x100 1.3x10°3 2.6x10°3 3.8x10°> 5.1x10-3 6.4x10°>

The MASTER-OAFA with two MASTER-VWF cameras, began imaging the new BAYESTAR-HLV

(Singer,Price 2016,Singer et al.2016) localization‘map of LIGO/Virgo G298048 (LIGO Scientific

-4 - Collaboration and Virgo Collaboration 2017a,b ,C) at 2017-08-17 22:54:18 UT, immediately after sunset.
. Observations started for the first field at RA, DEC = 12h 59m 00:00s -19d 59m 38.00s.

V.Lipunov, The Discovery of gravitational waves: prediction & observationl, The Third Zeldovich meeting, April 23-27, 2018, Minsk, Belarus



~ First image'host.-_galaxy \[e]e: .'4993 after NSS Merging at 10.22 hours UT A
, . 2017-08-17 : Upper OT limit 15.2 V. e

MASTER-OAFA VWF camera NGC 4993 first image.
2017-08-17 22:54:18. Upper limit 15.5 m. 5 x 225 exposure.



I\/IASTER OAFA mspectlon _
Kllonova started imaging at 2017-Aug-17 11:59:56 UT
-~ (02:59:56 Moscow Time)
| Llpunov Kornilov, Gorbovskoy et al., ApJlett, "
-~ MASTER optical detection of the first LIGO/Vlrgo neutron
stars merglng GW170817."

MASTER-NET LIGO/VIRGO G298048 observations MASTER-net first nigth coverage of G298048
up to Tg + 10.22 hours
Time since trigger [h]
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MASTER OT J OTJ130948.10- -
232253 3/SSSl7a detection in NGC4993 by
' MASTER OAFA

Lipunov, V., Gorbovskoy, E., Kornilov V., etal., 2017c, GCN, 21546, 1 -

.
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“* MASTER-OAFA first image of SSS17
2017-08-17 23:59:54, 180 s exptime Difference image Reference image

V.Lipunov, The Discovery of gravitational waves:.prediction & observationl, The Third Zeldovich meeting, April 23-27, 2018, Minsk, Belarus
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- Composed MASTER image -

' ' ; MASTER-net full frame‘image 2 x 2 deg.
’ e e s NGC 4993 and GW170817 optical counterpart

Zoom 32x '
4 x 4 arcmin

Zoom 8x : g
15 x 15 arcmin . » ; ) i ' .o
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Abott et al., 2017, MULTi—I_\/IE-SS_ENGER OBSERVATIONS OF A BINARY NEUTRON STAR MERGER,, ApJlett,

+ V.Lipunov, The Discovery of gravitational waves: brediction & observationl, The Third Zeldovich meeting, Abril' 23-27, 2018, Minsk, Belarus



Sadovnichy, et al The Astrophysical Journal, Volume 861, Issue 1,

article id. 48, 12_ pp. (2018). At 12:52:17 UT on 17 Sep 2016, the Lomon6sov BDRG

Gamma-ray Burst Monitor triggered GRB 161017A (E.
Troja et al.,, GCN 20064). GRB -161017A has several
peaks LC, total duration ~100s;the energy range 70-300-
keV. :

Habniwogenuwa ramma-ecnnecka GRB 161017A
CNyTHUKOM JIOMOHOCOB 1 CeThbio TeNleckonos-poboToe MACTEP

MACTEP hruifp Pl =
MACTEP-IAC C
MACTEP-TyHka P| ——

MASTER-Amur, - robotic telescope (MASTER-Net:

http://observ.pereplet.ru) located in Blagoveschensk was

pointed to the GRB161017A 21 sec after

notice time and 47 sec after Swift trigger time at 2016—,

10-17 17:52:38 UT in two polarizatioris.  On - our first

(1(73 epr§ure) set we marglnally found  optical

transient at Yurkov et al. (GCN'20063) and Troja et al.
100 1000 10000 100000 (GCN 20064) position. The 5-sigma upper limit-has been

o S about 14.5 mag .

The OT was became brighter up to maX|mum at 3-4- set .
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i e e RS TS R AR
TR e B s s e e R S s MASTER-Tunka  robotic  telescope  (MASTER-Net:

: o e e T i eni | http://observ.pereplet.ru) located in Tunka (Baykal lake)
e .-#-| was pointed to the GRB161017.74 75 sec after notice
s S R R A B R T S e b de s ] time  and <108 sec after “trigger--time at .2016-10-17
£ il SRR e s iR R ] 17:53:34 UTD TR e e .
b s e A SR B e We imaged OT late. ‘
Syt MASTER-IACG. - robotic telescope located at Teide
o L e Loiidma =i jbservatory (Tenerife, Canary, Spain) was pointed to the
Bpen D R s e pien edan i Sine | GRB161017A 32942 sec after trigger time at 2016-10-
FMASTERAmMuUrE. -~ s MASTER Amur e ol 187 03:00:53 UT. We found optlcal transient <on coaded

imanes




GRB 180728A MASTER- SAAO observations:

Detected by SWIFT BAT Starlmg etal GCN 23046

OT discovered by I\/IAST ER Llpunov etal GCN 23048
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V Llpunov et. AI GCN 23048

. MASTER SAAOQ robotic telescope Iocated in-South. Afrlca (South African Astronomlcal Observatory) was pomted to
‘the GRB180728A

22 sec after notice time and 38 sec'faf.ter t_r:i.gger~time at 2018-07-28 17:29:38 UT

£ ihﬁfo polarizations. On our first (10s exposure) set we fouhd‘rieb\'/ bp'tical object (transient) within SWIFT error-box

MASTER OT J165415.75-540239.27 RA. DEC = 16h 54m 15.75s, -54d 02m

'39.27S m ~ 14.5



(GRB 180728A: MASTER-SAAO observations:

=" Detected by:'SWIFT BAT
Starling et al GCN 23046

Z = 0117 ESO VLT
(R033| et. al GCN 23055)

Very close GRB

s Gal latitude: . “-7.0d
" Gal. Iongltude. 334.2d

-f

Supernova SN 2018fip
discovered 12 days after
trigger by X-shooter
instrument on the ESO/VLT (
- . lzzoetal. GCN 23142) -,




GRB 180728A MASTER- SAAO observations:

Detected by SWIFT BAT Starlmg et al GCN 23046

GRB180728A MASTER-Net observations .
~ OT discovered by MASTER Lipunov et al GEN 23048
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GRB 190114C: MASTER-NET 4 tube observations®

(Trojacetal. in preparatlon)

Detected by Swift BAT Gropp et al GCN 23688 : : GRB 190114C MASTER
' , g optical light curve in 4
L B | polarizations
Z S 1350 MASTER-SAAD =~
B SR X A ‘ " it ] 18

Y Tyurlna ef. AI GCN 23690
: _-MASTER IAC robotic telescope (Global MASTER-Net: http: //observ pereplet ru, Lipunov et al., 2010, Advances in Astronomy, vol.
..°2010, 30L) located in Spain (IAC Teide Observatory) was pointed to the GRB190114.87 25'sec-after notice time and 47 sec after

trigger time at-2019-01-14 20:57:51 UT On our first (10s exposure) set we found 1 optical transient within SWIFT error-box
brighter than 16.54.

'T;—J_mid Date Time Expt- Ras St Dec . Mag

-

52 2019-01-14 20:57:51 . 1¢ { "h 38nm G)'L , -26d 56m 46.73s) 11,29
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.2019-08-29 19:55:53.13
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e Swift GRBl90829A

GCN 25552:(19/08/29 20:25:37 )
~Ttrig=19:56:44.60 UT

-

Swift/XRT data of GRB 190829A
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‘Fermi / Swift GRB190829A
Fermi 588801358 . * GCN 25551 (19/08/29 20:06:10 UT)
Ttrig:2019-08-29 19:55:53.13 - oE s

SW|ft BAT XRT (UVOT )i GCN 25552 (19/08/29 20:25:37 )
Ttrig= 19: 56 44.60 UT e 22 ;

R 1 GCN 25553 (19/08/2’9 21:31:14) , .
- MASTER K"S'OVOd 250 sec after notice time (1290 from trigger) -

3 Dabancheng -0. 5m optlcal afterg_ , ’c'f:etection (GCN 2'55'5"5' 1’9/08/29 21:36:30,
.., - started at 20:49:03 UT (52 3 min after the burst), x150s OT :
MASTER brlght and decay OoT detectlon (GCN 25558 19/08/29 22 35 55

GF\’GWTH Indla detectlon of afterglow GCN2556O 19/08/29 22:55:45 g+, startlng 51 min
,.after 16. 9 B ® - ,

'Q,NOT optlcal afterglow detection and spectroscopy GCN-25563 19/08/30 03:42: 22
| r-band 19/08/3002:03:52 18.9 |
:LO 4m GTC GCN 25565 19/08/80 06: 40 25 | =18.42 19/08/30 3:00UT, z =0. 0785_

VHE gamma-ray emission with H.E. S S. GCN 19/08/30 07:08:37 TO + 4h20, >55|gma
gamma ray excess compatlble vv"h the direc tuor. (f \1R3190829A



Fermi / Swift GRB190829A
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GEO-LIGO-Virgo operating segments

GEOGO0

Hanford

A S 0 12 1 6 18 20
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[1251072018-1251158418, state: Observing|
GEO-LIGO-Virgo gravitational-wave strain
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B Hanford
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B Vireo

LIGO-Virgo binary neutron star inspiral range
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MASTER Net MASTER Database: LIGO alert list
Please use the reference to MASTER DataBase as Lipunov et al., 2010, MASTER Robotic Net, Advances in Astronomy, vol. 2010, pp. 1-7
MASTER II:
Raw | Processing | Search by orbit elements | Search
SN | Asteroid | Transient | Two tube | Short transient | Tr. difference | Comet | Nova M31 | GRB | LIGO
Manual control | Planner | Planner Results | Planner NET

MASTER WEC:
w | Processing | Search
igle sets | Single images
steroid | Transient | Comet

General:
SN list | Sky map | Add a
Meteo | MASTER pa
Users list | Users statistic |

Search: proc_data v || Search Net
Where: satel="LVC' and id in (select max(id) AS id | Order by: |grbtime desc |Preview:|No || Search || Reset
LVC EVENTS TABLE FROM GCN
Pages: [1] ... 2
select set_sphere_output(EMS); select set_sphere_outpu_pracision(1); SELECT id , grbtime , noticetime , coord2000 , satel, errorbox , type , name 25 Zrame datz_peth , superalent, distance d_dist, bus, bbh, Z2p, tarr , nsbh FROM lizo where satsl=LVC' and id in {selact max(id) AS id fom lizo GROUP BY name) ORDER BY grbtime desc OFFSET 0 LIMIT 50
NO ¢ Name + Trigger ¢ Notice ¢ |Detector ¢ Path ® Distance ¢ | BEST # links $
10778 S190901ap 2019-09-01 23:31:01 2019-09-02 12:26:41.280418| LVC /master/data/ligo/db/S190901ap/152/3/ 240.869 + 78.6482| BNS ([This =>[Best =>
10754 $190829u 2019-08-29 21:05:56 2019-08-29 21:13:18.446497| LVC /master/data/ligo/db/S190829u/150/1/ 157.208 + 45.0109|3-5Msun|This =>|Best =>
10744 $190828I 2019-08-28 06:55:09 2019-08-28 07:41:09.870678| LVC /master/data/ligo/db/S190828l/151/2/ 1609.3 + 426.351| BBH [This =>|Best =>
10749 $190828j 2019-08-28 06:34:05 2019-08-28 08:08:41.489804| LVC /master/data/ligo/db/S190828j/152/3/ 1802.53 + 422.884| BBH |[This =>|Best =>
10728/GW190816_FERMI|2019-08-24 21:53:45.784479(2019-08-24 21:53:45.784479| LVC /master/data/ligo/db/GW190816_FERMI/152/  |428.449 + 142.625 This =>[Best =>
10722 $190822c 2019-08-22 01:29:59 2019-08-22 01:38:05.752008| LVC /master/data/ligo/db/S190822¢/150/1/ 34.9392 + 9.5232| BNS |[This =>|Best =>
10714 $190816i 2019-08-16 13:04:31 2019-08-16 13:13:21.10371 LvC /master/data/ligo/db/S190816i/150/1/ 260.617 + 100.392| NSBH ([This =>[Best =>
10710 S190814bv 2019-08-14 21:10:39 2019-08-15 16:10:32.734442| LVC /master/data/ligo/db/S190814bv/152/5/ 267.402 + 51.5854| NSBH |[This =>|Best =>
10674 S190808ae 2019-08-08 22:21:21 2019-08-08 22:59:51.567759| LVC /master/data/ligo/db/S190808ae/151/ 208.014 + 76.6051| Terr |[This =>|Best =>
10643 $190728q 2019-07-28 06:45:10 2019-07-28 20:35:28.340329| LVC /master/data/ligo/db/S190728q/152/ 873.782 + 170.813| BBH ([This =>[Best =>
10650 $190727h 2019-07-27 06:03:33 2019-08-01 17:07:40.490847| LVC /master/data/ligo/db/S190727h/152/ 2838.58 + 655.239| BBH ([This =>|Best =>
10579 $190720a 2019-07-20 00:08:36 2019-07-24 15:05:19.020467| LVC /master/data/ligo/db/S190720a/151/ 1070.89 + 323.335| BBH |[This =>|Best =>
10580 $190718y 2019-07-18 14:35:12 2019-07-24 15:21:04.251101| LVC /master/data/ligo/db/S190718y/150/ 226.629 + 164.934| Terr ([This =>[Best =>
10471 $190707q 2019-07-07 09:33:26 2019-07-07 10:29:39.642918| LVC /master/data/ligo/db/S190707q/151/ 809.827 + 233.565| BBH ([This =>[Best =>
10578 $190706ai 2019-07-06 22:26:41 2019-07-24 15:04:50.81308 LvC /master/data/ligo/db/S190706ai/150/ 5725.06 + 1445.52| BBH ([This =>[Best =>
10449 S190701ah 2019-07-01 20:33:06 2019-07-01 21:06:35.566666|  LVC /master/data/ligo/db/S190701ah/151/ 1044.74 + 233.891] BBH |[This =>[Best =>
10447| S190630ag 2019-06-30 18:52:05 2019-06-30 18:57:12.765088| LVC /master/data/ligo/db/S190630ag/150/ 1059.02 + 307.214| BBH |[This =>[Best =>
10445 S190602aq 2019-06-02 17:59:27 2019-06-02 18:36:09.496198| LVC /master/data/ligo/db/S190602aq/151/ 797.337 + 238.488| BBH |[This =>|Best =>
10440 $190524q 2019-05-24 04:52:06 2019-05-24 05:04:58.088204| LVC /master/data/ligo/db/S190524q/150/ 191.693 + 101 Terr ([This =>[Best =>
10408 $190521r 2019-05-21 07:43:59 2019-05-21 08:57:30.566673| LVC /master/data/ligo/db/S190521r/151/ 1136.13 + 279.258| BBH |[This =>|Best =>
10439 $190521g 2019-05-21 03:02:29 2019-05-21 15:43:38.646296| LVC /master/data/ligo/db/S190521q/152/ 3931.42 + 953.035| BBH ([This =>[Best =>
10404 $190519bj 2019-05-19 15:35:44 2019-05-19 17:05:40.170498|  LVC /master/data/ligo/db/S190519bj/151/ 3153.54 + 790.989| BBH ([This =>[Best =>
10403| S190518bb 2019-05-18 19:19:21 2019-05-18 19:25:48 LvC /master/data/ligo/db/S190518bb/150/ 27.7601 + 15.2671| BNS ([This =>[Best =>
10402 S$190517h 2019-05-17 05:51:01 2019-05-17 16:41:50.480126| LVC /master/data/ligo/db/S190517h/150/ 2950 + 1037.85 BBH |[This =>|Best =>
10366 $S$190513bm 2019-05-13 20:54:28 2019-05-13 21:34:08.234118| LVC /master/data/ligo/db/S190513bm/151/ 1987.05 + 501.212| BBH |[This =>|Best =>
10401 $190512at 2019-05-12 18:07:14 2019-05-17 16:20:31.761949| LVC /master/data/ligo/db/S190512at/152/ 1387.68 + 322.114| BBH |[This =>[Best =>
10363 $190510g 2019-05-10 02:59:39 2019-05-10 10:47:19.047701| LVC /master/data/ligo/db/S190510g/152/ 227.221 + 92.413| BNS |[This =>|Best =>
10644 $190503bf 2019-05-03 18:54:04 2019-07-30 15:03:36.592837| LVC /master/data/ligo/db/S190503bf/150/ 421.108 + 104.533| BBH |This =>|Best =>
10201, $190426¢C 2019-04-26 15:21:55 2019-04-26 16:39:31.835087| LVC /master/data/ligo/db/S190426c/152/ 375.432 + 108.174| BNS ([This =>[Best =>
10198 $190425z 2019-04-25 08:18:05 2019-04-26 15:16:33.849222| LVC /master/data/ligo/db/S190425z/152/ 156.144 + 41.3734| BNS |[This =>|Best =>
10196 S190421ar 2019-04-21 21:38:56 2019-04-22 17:06:12.033586| LVC /master/data/ligo/db/S190421ar/151/ 2281.32 + 696.623| Terr ([This =>[Best =>
10185 $190412m 2019-04-12 05:30:44 2019-04-12 06:40:50.026518| LVC /master/data/ligo/db/S190412m/150/ 812.179 + 194.141 This =>[Best =>
10183 S190408an 2019-04-08 18:18:02 2019-04-09 13:48:07.07137 LVC /master/data/ligo/db/S190408an/151/ 1472.9 + 357.875 This =>[Best =>
10186 S$190405ar 2019-04-05 16:01:30 2019-04-12 15:17:49.139004| LVC /master/data/ligo/db/S190405ar/152/ 268.106 + 128.788 This =>[Best =>
10066 G299232 2017-08-25 13:13:37 2017-08-29 16:08:46.552308| LVC /master/data/ligo/db/G299232/151/ 254.502 + 86.5358 This =>[Best =>
10070 G298936 2017-08-23 13:13:58 2017-08-29 17:21:36.838523| LVC /master/data/ligo/db/G298936/152/ 1541 + 415.434 This =>[Best =>
10047, G298389 2017-08-19 15:50:46  |2017-08-19 VoladimlskipsinovyEenfral Engiaedramdzaklyib/c298389/151/ + This =>|Best =>
10174 GW170818 2017-08-18 02:25:09.1 | 2019-03-14 NtoktEmessanger LGRB|observationgdd€ANRBqb/cw170818/150/ 567.547 + 112.025 This =>|Best =>
= Of s
s O ).




" Very Bright GRB1606258

The black curve'is the MASTER optical curve,
red - Fermi LAT observations (> 1 MeV)

Vladimir Lipunov, Central Engine from Early Multimessanger GRB"observations, KW25, 'St..Petersburg, Russia, 12 sep 2019
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The black curve is the MASTER optical curve,
red - Fermi LAT observations (> 1 MeV)

Vladimir Lipunov, Central Engine from Early Multimessanger GRB observations, KW 25, St.Petersburg, Russia, 12 sep 2019



Model A: The gravitational

impact of a companion star
oy 300 (NS) directly on the stellar
wind. (Topolev et al.,2019)

- 250
- [TapameTpsl Mozenupyemoit
CUCTCMBI.
. . M;=15M,
2. M,=20M,
100 3. Ry~ 14Rg
4. vy, = 1300 kM/c
" 5. T~5800¢
0 9
The X, y axes show the distance in solar radii, the A N m
relative density of particles is shown in color (above) LAY S S
Density distribution on the line of sight, x - distance in l R ——
the radii of the Sun, y - relative density (right) \ ‘
Vladimir Lipunov, Central Engine from Early |
Multimessanger GRB observations, KW25,

St.Petersburg, Russia, 12 sep 2019 0 5 10 15 20 25 30 35 40
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3eneHbln - MOZeNbHAA KpUBAA ANA NAPaMETPOB: Paamyc
nosepxHocTu ucnyckanma—1,4 RO ; Tsystem = 7200 ¢; voo =
500km/c (Caepxy)

[lBneHne BOMH NNOTHOCTK B PasyaNbHOM HanpasaeH!u
(Cnpasa)

Model B: a companion star (NS) is
drawn in an ellipse relative to a
collapsing star; passage through
the pericenter of the orbit perturbs
the main star. The stellar wind flux
density increases, creating a
density wave that is already
accelerating according to the stellar
wind acceleration law (Topolev et
al.,2019):

p
V= vw\/l — st.f/r

[Michalas, D. “Stellar atmospheres”]
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Vladimir Lipunov, Central Engine from Early Multimessanger GRB observations, KW25, St.Petersburg, Russia, 12 sep 2019
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LIGO/University of Oregon/Ben Farr




SPINAR COMEBACK!

« Lunan Sun, Milton Ruiz, Stuart L. Shapiro, Phys. Rev. D 99, 064057 (2019) -
Magnetic Braking and Damping of Differential Rotation in Massive Stars

« Milton Ruiz, Antonios Tsokaros, Vasileios Paschalidis, and Stuart L. Shapiro,
Physical Review D, Volume 99, Issue 8 - Effects of spin on magnetized binary
neutron star mergers and jet launching

« Maurice H.P.M. van Putten and Massimo Della Valle, Mon. Not. R. Astron.
Soc.000, 1-9, 4 September 2018 Observational evidence for Extended Emission
to GW170817

Vladimir Lipunov, Central Engine from Early Multimessanger GRB observations, KW25, St.Petersburg,
Russia, 12 sep 2019



MODERN CALCULATIONS and observations

Lunan Sun, Milton Ruiz, Stuart L. Shapiro, Phys. Rev. D 99, 064057 (2019) -
Magnetic Braking and Damping of Differential Rotation in Massive Stars

Milton Ruiz, Antonios Tsokaros, Vasileios Paschalidis, and Stuart L. Shapiro,

Physical Review D, Volume 99, Issue 8 = Effects of spin on magnetized
binary neutron star mergers and jet launching

Maurice H.P.M. van Putten and Massimo Della Valle, Mon. Not. R. Astron.
Soc.000, 1-9, 4 September 2018 Observational evidence for Extended
Emission to GW170817

Vladimir Lipunov, Central Engine from Early Multimessanger GRB observations, KW25, St.Petersburg, Russia, 12 sep 2019



New Spinar consideration

(Posdnyakov et al. 2019, in preparation) «
Nuclear pressuve
Lenge~Thurring effect
Aupring collapse
Angudar momensum loxses
New: Pynamo—mechancsm

Vladimir Lipunov, Central Engine from Early Multimessanger GRB observa tions, KW25, St.Petershurg, Russia, 12 sep 2019



Before merger:

32G*MiM5 (M, + M,)
g~ C.5A5




optical radiation

* We assume that the spinar spectrum
corresponds to the Crab pulsar (B0531+21)
spectrum.

Vladimir Lipunov, Central Engine from Early Multimessanger GRB observations, KW25, St.Petersburg, Russia, 12 sep 2019
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Pozdnyakov et al., in prep.
GW precursor
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Vladimir Lipunov, Central Engine from Early Multimessanger GRB observations, KW25,
St.Petersburg, Russia, 12 sep 2019



MASTER can see the optical
transient:

12.5
IgB



Summary

* The magnetic field strongly affects the
electromagnetic luminosity

« For usual electromagnetic fields we can see
the optical transient at a distance about 200-
300 Mpc

o At these distances in the radio band can
radiate about 20 Ya at a frequency of 178 MHz



Perspectives

 More detailed account of differential rotation

« Accounting of statistical data on magnetic
fields of neutron stars

« More detailed account of the jet



5 UNSOLVED OBSERVATIONAL GRB
PROBLEMS

I. The discovery of the most distant objects in
the Universe. +

Il. Prompt optical Short GRB emission
detection. -

Ill. Optical emission Precursor detection for
GRB. :

I\VV. High time resolution observations of the
prompt optical/UV/IR emission. -+

V. NS+BH localization

Vladimir Lipunov, Central Engine from Early Multimessanger GRB observations, KW25, St.Petersburg,
Russia, 12 sep 2019



Thank you for attention

Vladimir Lipunov, Central Engine from Early Multimessanger GRB observations, KW25, St.Petersburg,
Russia, 12 sep 2019
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Extended Data Figure 1 | Multiwavelength light curves for

GRB 1606258 and its afterglow. Different emission components shape
the temporal evolution of GRB 160625B. On timescales of seconds to
minutes after the explosion, we observe bright prompt (solid lines) and
reverse-shock (dotted lines) components. On timescales of hours to weeks
after the burst, emission from the forward shock (dashed lines) becomes
the dominant component from X-rays down to radio energies. After
about 14 days, the afterglow emission falls off at all wavelengths. This
phenomenon, known as jet-break, is caused by the beamed geometry of
the outflow. Error bars denote 1o limits; upper limits are 3o. Times are
given with reference to the LAT trigger time T. FS, forward shock;

RS, reverse shock; a subscript ‘v’ refers to frequency; u, V, .1, z,y, J and H
denote specific optical filters.



