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Discovery
Klebesadel R W, Strong | B, Olson R A Astrophys. J. Lett. 182 L85 (1973)

First GRB670702

Outburst of cosmic gamma-radiation according to observations aboard the artificial earth satellite
Cosmos 461., Mazets E P, Golenetskii SV, Il'inskii V NJETP Lett. V. 19, 77 (1973)


http://dx.doi.org/10.1086/181225
http://dx.doi.org/10.1086/181225
http://dx.doi.org/10.1086/181225
http://dx.doi.org/10.1086/181225
http://dx.doi.org/10.1086/181225

Bimodal + Isotropy

Mazets E P, Golenetskii SV, in Soviet Scientific Reviews, Sec. E,
Astrophysics and Space Physics Reviews Vol. 1 (Ed. R A Syunyaev)
(Chur: Harwood Acad. Publ., 1981) p. 205

+ ASPR V0.6 1988 (Pt.3) p.283
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1000 BATSE Gamme—ERayv Bursts

+ 20

Talactic Coordinates

V.Lipunov, St.Pb.,09.22.14, GRB2014



SPACE DISTRIBUTION:
Mazetz et al., . 1980s
Evolution of the Double Neutron Star Merging Rate and the Cosmological

Origin of Gamma-Ray Burst Sources
Lipunov et al., 1995, Astrophysical Journal v.454, p.593



SAX — abbreviation of the Italian satellite Satelito di Astronomica X

V.Lipunov, St.Pb.,09.22.14, (

405,502 414,40 177+



GRBs — cosmological!

V.Lipunov, St.Pb.,09.22.14, GRB2014



Prompt Optical Very Bright Emission Discovery

GRB 990123
ROTSE | Akerlof et al. 1999




Energy

Typical collapse

NS merging (Blinnikov et al., 1983)
Collapse ( Paczynski, 1986, Astrophys. J. 308, L43-L46)



Spectrum

Typical collapse temperature



DURATION

Typical collapse time



Magneto-Rotational Collapse

At ~lo/K

Where K — dissipation magnetic force moment
At~ R2/D
D ~ Viscosity

V.Lipunov, St.Pb.,09.22.14, GRB2014



Woosley Scenario Spinar Scenario

(Gamma-ray bursts from stellar mass accretion e+e- high massive fast rotating star collapse
disks around black holes, ApJ, 405,273, 1993) 1

Core collapse mean massive star

Formation Spinar (precursor)

2. Formation limiting Kerr Black Hole (GRB)
1. Formation Black Hole

2. Formation Massive Accretion Disk

3. GRB s result of accretion in Massive
Disk (BZ-mechanism)

Woosley Scenario Spinar Scenario
Core collapse mean massive star NS+NS merging
1. Formation Spinar (precursor)

Does not work 2. Formation limiting Kerr Black
V.Lipunov, St.Pb.,09.22.14, GRB2014 HOle (GRB)



The Importance of the magnetic rotational effect was pointed firstly
with connecting to energetic and evolution of the quasars (Hoyle
& Fauler, 1963; Ozernoy, 1966; Morison, 1969; Ozernoy &
Usov,1973) and SN explosion (Bisnovatiy-Kogan; 1971, LeBlance

& Wilson 1970).
The formation of the quasi eqvilibrium o

pject was noted - Spinar.

Lipunov (1983) proposed of the idea Spinar with stellar mass

(see Ostriker, 1973).Spin-up and spin-c

own was considered by

Lipunov, 1987 In the frame the magnetorotator.
The relativistic Spinar was considered by Lipunova G.V. (1997),

first model GRB as the Spinar.

V.Lipunov, St.Pb.,09.22.14, GRB2014



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,
L29-1.32 (1998).

V.Lipunov, St.Pb.,09.22.14, GRB2014



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

o = lw,C o U,
= GMczore . GMczore/R
EB = GM /2Rspinar — (1/ 2a0)|v|core
oR: =GM?2 /Ry
dlew/dt=—U _

L =—adlw/dt=U_w oc R™'?
o4 C
L = 1—t/t.)°"°
g A-te)

O
V.Lipunov, St.Pb.,09.22.14, GRB2014
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GRS 050004
GRS 070110

Among the several hundreds of gamma-ray bursts - GRB070110 and GRB050904
don’t fit into the usual picture of the X-Ray afterglow formation. Both bursts have a
long plateau lasting up to 6000-7000 seconds in the rest frame. Troja et al. (2007)
suggested that such a long display of activity is associated with features of the
central engine and specifically with the formation of a neutron star after the collapse
of the core of low-mass (less Oppenheimer-Volkoff limit).



time

Nonstationary Relativistic Psevdoneutonian
Spinar Model
(Lipunov & Gorbovskoy, 2007, MNRAS)

ol

1000 — Drag fl‘ame effeCt

2000 Gravitational redshift

3000 Nuclear matter pressure

7% %4000300020001000 ©  1000200030004000 Relativistic magnetic field disappearance (BHs
t-o0e have no hair)

Magnetic spindown
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All Included
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7 Solar Mass Core Collapse

Up to down: energy release, Spinar radius, Kerr parameter and
Magnetic Field for far observer frame
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Event Rates

Rate (SN) / Rate (GRB) ~ 100

Including jet angle ~1 degree



Scenario Machine — Population Synthesis Binary Stars
Bogomazov, Lipunov & Tutukov, 2007, Astronomy Reports, Volume 51, pp.308-317

The origin of the large angular momentum collapsing
core Is tidal synchronizations in binary high massive
stars with period less 0.5 days. We are talking about

pair annihilation CO core collapse.

The formation rate of this binaries 1/100 per all SN type
b or Il.

V.Lipunov, St.Pb.,09.22.14, GRB2014



Magnetic parameter versus initial effective Kerr parameter for different
classes of GRBs: with precursor (big red dots), with the stronger first peak
(green pluses), with single peak (black diamonds) and merged peaks (small
blue dots).

Ratio of the energy released during the precursor
and the main peak versus separation time
multiplied by the constant factor. Dots represent
model results for GRBs with precursor for
population ‘1°. The average value of the redshift
for long GRBs . Stars are adopted from fig. 13 of
Koshut et al. (1995)



http://mnras.oxfordjournals.org/content/397/3/1695.full#ref-23

Common (more or less) opinion

NS+NS, NS+BH merging

Massive star collapse



Is the any new physics near GRB?

Kardashev limit (maximal energy accelerated particles)



1. The existence precursors with more 1000 sec
before GRB

2. The existence extra long GRB or XRAY flare.

3. We need high wave length electromagnetic prompt
observations from Radio, IR, Optical to X-Ray,
Gamma, UHE diapason for Understanding of the
Central Engine.

V.Lipunov, St.Pb.,09.22.14, GRB2014



1. Discovery most distant gravitationaly bounded
objects Z >10-12.

2. Discovery of the Prompt Optical Emission from
Short GRB.

3. Optical Precursors Detection
4. Prompt optical polarizations doscovery.
5. High time resolution optical observations.

V.Lipunov, St.Pb.,09.22.14, GRB2014
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Second Generation Robotic Telescope MASTER 11

Colors, Polarization

* Very Wide Field Cameras
MACTEP VWF
*FOV=400 square degrees up to 12 mag per 1s.

MASTER Il (D=400mm) *Time Resolution 150 ms
FOV= 2x4 = 8 square degrees up to 20-21 up.




MASTER Photometer
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ABTOMaTHYeCKast 00pad0OTKa U300paKeHUl

CtpykTtypa b/l

“Cobipble” ObpaboTaHHble BhigeneHHble 3gésnbl U3
n3obpaxxeHus n3obpaxeHus 06 beKThbI KaTa/ioros

cotpaaers B o Ko oo
el \ e
octpuromers B o
FLAT FIELD O6beKT #4

KanpgupaTtel B OT

Kangupart 8 OT

O61BeKT #3
Kanpoupatbl B CBEpXHOBbIe

O61beKT #5
HabnopeHuunsa actreponnos

OOBbeKT #6
Actepoug Llepepa

» O6bveKT #7
HeusBecTHbIM acTepomy

O6vexT £8 KanoupaTtsl B acTepouabl

HeunzBecTHbIN acTepoung,

Wk A-n=‘i"..[ KBHAMAaT B acTeponibl
R ———




CraTncinka HabmogeHny raMmmva-BeneckoB cerbro MAGCTEP

66 HAbTrOAeHN raMmMa BCHJIECKOB

MASTER 50.0 %

MASTER 34.0%

Pi of the Sky 4.0 %
ROTSE-II10.0%
GROND 6.
TAROT 6.0 % o Piof the Sky 5.6 %
Faulkes 20% ROTSEAN 111 %
UVOT 380 % UVOT 333 %
JloJis1 mepBbIX HABEJICHU M JoJst prompt HaBeJIeHUH

Puc. 5: OrHocureasaag 10/16 IEPBBIX 1 Prompt HABEJACHII Ha FaMMa-BCILICCKI HOC/IE BBCICHIS
B crpoit Beex teeckonon cern MACTEP ¢ 01 cenradpa 2010 1 no nactogmiee speatd (miounn 2011)




v |
RB100901A ¢

SKy: -4.3 Sun: +
Sen: +17.4
Amb:+12.5



TOT_RATE count's

VY DSS
%,

RA(J2000) = 01h 49m 00.5s
Dec(J2000) = +22d 45' 02.9"

BbicoTta B TYHKe Ha MOMEHT Havana
HabnogeHun ~12 rpagycos.
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T90 (15-350 keV) is 439 +- 33 sec

HabnopneHus B TyHke ctapToanu yepe3 103
CeK.




GRB100901A: corbovskoy, E. S. et al, MN RAS, V. p. 2580, 2012

GRB 1008901A
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Figure 7. Spectrum of GRB 100901A for two time intervals at ¢ < Tgg. Optical flux density obtained by MASTER, corrected for

the Galactic extinction Ay = 0.327 (NED; 'Schlegel, Finkbeiner & Daviﬂ‘lgga), is shown by the single left point, whose horizontal bar
corresponds to the MASTER unfiltered effective frequency interval. Spectra in 0.3-10 and 15-150 keV are made with the Swift BAT

and XRT data. Best-fitting absorbed power laws are shown by the red lines. Their spectral parameters are described in Table[10] as Fit
100901.2 for 312 — 372 s and Fit 100901.3, for 387 — 467 s).




GRB100901A: svinar a0 g ma =al M ELELS
Gorbovskoy, E. S. et al., MN RAS, V. p. 2580, 2012

GRB 010910A

Z=1.408 [1], D]__ =~ 1010 pc 3 m=25.00 "‘k=4-"°b ﬂm=l7.006—'05 =

Fluence(tot,15-350 keV)=3.56 10 erg/cm® Spinar burst 7=0.003
before 460 s [2] EX/E1=15 if m1=m> /\\
/

—» Eiso (15-350 keV) =1.8 1032 erg \
ATr=400s/(1+z)=170 s

107 erg/cm2/s

] | PR = ) l L T 1 l

Fluence(1,15-350 keV) = 5.3 10-7 erg/cm?

—» Fluencez/Fluenceq ~6

counts/sec/det

17 Epurst =Eiso= 4 7 D12 Fluence / (1+2)

Eburst=6.2e+54 erg

[1] Chomock et al., GCN Circ 11164

[2] Resuits of the batgrbproduct analysis,
http://gcn.gsfc.nasa.gov/notices_s/433065/BAS

107® erg/cm2/s
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V.Lipunoyv, St.Pb.,09.22.14, GRB2014
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Figure 4. MASTER light curve of GRB 100901A in two polar-
izations, unfiltered band (blue dots and red crosses). Data are not
corrected for the Galactic extinction.
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Figure 8. Spectrum of GRB 100906A for two time intervals at t < Tog. Optical points are corrected for the Galactic extinction
Ay = 1.194 (NED; |Schlegel, Finkbeiner & Davis 1998). In the left panel, we use the MASTER observation at 73.8-83.8 s. Best-fitting
absorbed Band functions are shown by the red lines (Fit 100906.1 and 100906.2 in Table [10). No attempt has been made to estimate
the optical extinction in the GRB host galaxy. The brown dashed line depicts the unabsorbed low-energy part, and the orange dot-
dashed line, the unabsorbed high-energy part. Dotted power law represents observations of Konus—Wind from 98.304 to 122.880 s in
20 keV-2 MeV with a correct slope and a roughly estimated flux.
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Figure 9. Spectral distributions of GRB 100906A at three time
intervals: 6000-7000, 10500-11000 and 28000-30400 s (points,
squares and crosses with bars, respectively). The optical data are:
the MASTER P = 17.54+0.05 for 6000—7000 s, P = 18.7+0.3 for
10500 —11000 s and OSN R = 18.70£0.02 for for 28000 — 30400 s,
additionally corrected for the Galactic extinction Ay = 1.194 and
ARr = 0.963 (NED; Schlegel, Finkbeiner & Davis [1998). Lines

show the best-fitting absorbed power laws, whose parameters are

listed as Fit 100906.3 in Table
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Figure 10. Spectrum of GRB 100906A compiled from the XRT
data in the interval 45-65 ks and optical BV I R observations ob-
tained by OSN around 14 h after the trigger (in the interval 50.9—
54.0 ks) and corrected for the Galactic extinction. Solid line is the

best-fitting absorbed broken power law model, whose parameters
are listed as Fit 100906.4 in Table

[a—
Ol'_
[}




ERBLVVSVGAS

IIIIIII| T TTTTI T IIIII| T TTTTT I T TTTTH

©

100906a

¢+ 100902a

&

107 10% 10° 10* 10° 0.01 0.1
F_(Jy)

Figure 12. Diagram of the optical flux density versus X-ray flux density at 3 keV for five GRBs observed by MASTER in September
and October 2010. Each point represents a simultaneous observation in the optical and by Swift/XRT. The optical flux densities have
been corrected for the Galactic extinction. Diamonds connected with grey line show evolution of GRB 100901A (eight time intervals:
193-233, 312-372, 387-467, 481-581, 595-T15, 3800-4150, 27000-28500, and 102800-121500 s); squares connected by blue lines, of
GRB 100906A (seven time intervals: 84-94 (point 1), 105-125 (point 2), 330-390, 410-480, 942-1112, 6000-7000, and 10300-11000 s).
For GRBs 100902A, 100905A, and 101020A, only upper limits on optical flux density are given at post-trigger times 132-162, 150-180,
and 106-126 s, respectively. When tr are parall ~ t line igal flux density is emphatically correlated with the
3 keV fux density. We adopt Ga,la,ctifﬁg'lilrp:%{m%vmgt;ﬁ fﬁﬂ?éﬁ%ﬁ%ﬁ@v — 0.191 for CRB100905A, and Ay = 0.051 for

GRB 101020A from the NED Extragalactic Calculator.
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CraTuctuka cambix ObICTPbLIX HaBeAeHUN Ha 66 Namma-
BCNJIECKOB

B MASTER Poccusa
I GROND ESA
I Faulkes AHMuWA

B Pi ofthe Sky
Monbwa

Il ROTSE-IIl CWA

M TAROT ®paHusa

V.Lipunov, St.Pb.,09.22.14, GRB2014



Optcal SYNCHRONOUS observations of GRB

MASTER prompt obhservations
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Information Flow
MASTER Il 4x15Gb = 60Gb/night

MACTEP VWF
12 x950 Gb/night =10Tb/night



14h 24m 07.44s

1 MASTER-NE'T transients sky +26d 17m 50.3s

2005 Apr. 20.939 Mag=16.5
CBET #146

Discovered by
N. Tiurina

Moscow (Vostriakovo)

Supernova




.. . Bosswou -KaHapckuu -
..« "Teneckon, 10.4 m

B

-

Teneckon

B. N epwens,
NcnaHus

MMT O6cepBaTopus,
R ClA 65 m







Accretion disk

Sun-like or red giant star

Time (Days)

— _ "’
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*~ Hormal Star

Global MASTER Net 2013 by Vladimir

Lipunov at Gravitational Wave Physics and
Actronnmy/ \Anrleehon Dacamhbhar 172 20 2012


http://imagine.gsfc.nasa.gov/docs/dict_jp.html#light_curve

11000+ observations in 50 days after the
discovery by MASTER, 7 rebrightenings

AANVSO DATA FOR MASTER OT J211258.65 242145.4 - WWW.AAVSO.ORG

2456110.0 24561200 2456130.0 2456140.0 2456150.0
Julian Date

Visual Prevalidated @ Unfiltered w/V Zero-pt Unvalidated @
V' Prevalidated @




Global MASTER Net 2013 by Vladimir

Lipunov at Gravitational Wave Physics and
Actronnmy/ \A/nrleehnn Dacamhbar 172 20 2012
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