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 Gamma Ray Bursts   
 



 BeppoSAX  

SAX - Satelito di Astronomica X  
 

Afterglow 

GRB970228 

Hubble Telescope Image ( 1997 ) 



1997: 

Spectral line discovery 

 

GRB970508 

GRBs – cosmological! 



Prompt Optical Very Bright Emission Discovery 
GRB 990123 

ROTSE I Akerlof et al. 1999 



Energy 

E ~ 1051-53 erg 

 

Typical collapse  

E ~ 0.1 Mc2, M~1-10 Msolar 
NS merging (Blinikov et al., 1983) 

Collapse ( Pachinsky, 1986, Astrophys. J. 308, L43-L46) 

  



DURATION 
 D tobs  ~ 0.1 -100 s 

 

Typical  collapse time 
 

D t   ~   Rg /c   ~ 10-5 s << D tobs 



Common (more or less) opinion  

Short GRB     

 NS+NS, NS+BH merging 

 

Long  GRB     

Massive star collapse 



5 unsolved GRB observational 

problems 
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 discovery.   

5. High time resolution optical observations. 

 



GCN global physical expirement 



MASTER Near Moscow 

Started 2002  



 

 

 

 

 

 

 
 

 

 

 

 MASTER II (D=400mm) 

• FOV= 2x4 = 8 square degrees  up to 20-21 up.  

•  Very Wide Field Cameras 

 МАСТЕР VWF 

•FOV=400 square degrees  up to 12 mag per 1 s. 

•Time Resolution 150 ms 

 Second Generation Robotic Telescope MASTER II 
Colors, Polarization 



MASTER Photometer 



Sibirian Roof (up to -50 C) 



MASTER-Net (2008-2011) 

одна ночь - одно небо (до20m)  
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1000 nights/yr 



MASTER-Kislovodsk (SAI MSU)  







МАСТЕР НА БАЙКАЛЕ 

Ученые МГУ и космические 

исследования 2009 MASTER Tunka under constraction. Tunka, Baykal lake  (2009) 
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Небо глазами МАСТЕРа (снимок 

сделан 16 марта 20111 г. на Урале) 



 MASTER Information flow structure 



Observational process 



Real Time Reduction  



Real Time Video Conrol 























GRB pointing statistic 
2010-2011 winter time 

 
 66 наблюдений  гамма всплесков 

First pointing  Prompt pointing 



Ученые МГУ и космические 

исследования 2009 

Two continuous  MASTER-net GRB observations in September 2010: 
Gorbovskoy, E. S. et al.,MN RAS, V. p. 2580, 2012  

 GRB100901A 

101 s 

103 s 

Total: More than 11 hours of the continuous 
observations of GRB prompt and afterglow emission, 
since 101 seconds on the 4th uniform observatories 



GRB100901A: Multifilter light curve 

arXiv e-print (arXiv:1111.3625) 



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

gcn11178 



GRB100901A: Spectral evolution 

arXiv e-print (arXiv:1111.3625) 



Ученые МГУ и космические 

исследования 2009 

Two continuous  MASTER-net GRB observations in September 2010: 
Gorbovskoy, E. S. et al.,MN RAS, V. p. 2580, 2012  

GRB100906A 
(gcn11214) 

23  s  after notice time 
38  s after trigger time 
gcn 11228 

Result:  
For the first time in the world polarizing images of GRB 

prompt emission are received 



First-ever synchronous polarizing observations of GRB  

(September 6, 2010, the robotized MASTER network) 

At the left – optical flash – distance about 10 billions light years. 

On the right: the white – gamma emission, gray – x-ray radiation, red – optical  



GRB100906A: The burst from the textbook. 
MASTER Tunka prompt observations 



 GRB100906A: The burst from the textbook. 
 

MASTER Tunka prompt observations 



 
 
 
 
GRB100906A:  
The polarization  
less  than 2% 



GRB100906A: Spectral evolution 



GRB100906A: Спектральная эволюция 



5x5 degrees around Swift XRT position. 60s exposure each frame 

 

F
gamma

=1.0 x 10-6 erg/cm2 

 

F
optic

=1.0 x 10-8 erg/cm 

Coadd 2 sets (2sec)   

Limit V >9.5m         => 

 

F
opt

/F
gamma 

<1/100 

 

 

Fermi 1 sigma error-box (white) R=5.4 deg.  

Rectangular is IPN triangulation error-box 

 

FERMI detected short GRB090305  MASTER  prompt observations 





MASTER WFC GRB prompt observations 

 



MASTER SYNOPTIC SKY SURVEY 

 (up to 20-21 m)  



Information Flow 

MASTER II   4x15Gb = 60Gb/ночь 

 

МАСТЕР VWF  

12 x950 Gb/night =10Tb/ночь 

 



Synoptic  
Telescope Theorem 

 

If you design synoptic telescope with diameter  

D,  

You must have spectral telescope with diameter  

~ 10 D. 



System MASTER possibilities  



System MASTER possibilities  



Optical transients: 
1) Supernova stars                                     
2) Nova stars     
3) Dwarf nova and CV.    
4) Orphans GRBs 
5)  Variable stars   
6) Unknown nature astrophysical transients 
 
7) Asteroids, NEO, Comet, Transneptun asteroids. 
 
8) Meteors, Satellites, Space debris Метеоры 





Ученые МГУ и космические 

исследования 2009 

Supernova stars:  



Hubble diagram,  «Pure SN» Pruzghinskaya et al. (Astronomy Letters , 

2011) 

20.065.0 



Novae and Dwarf novae:  Star flashed with 22 
to 14 magnitudes 



OT: Star flashed with 22 to 14 magnitudes 

 

Halpha - emission and absorption  

HeI 5876 - absorption  
HeI 5016, 4920, 4470 - absorption  

Hbeta - absorption  

HeII 4685 - emission and absorption  

Hgamma - absorption  

Hdelta - absorption  

Atel 3730 , 3715 , 3724 



NOVA V965 PERSEI = NOVA PERSEI 2011 
Atel #3746 , IAU Circ 9247 



Optical transients: CVs 

Atel 3747 



MASTER discoveries of CV (since 
the start of 2012) 

MASTER designation Mag. Site Date (UT) Telegram 

OT J061730.02+354036.6 14.5V Amur 2011-12-28.572 ATel 3843 

OT J105123.02+672528.3 14.6V Amur 2012-01-01.700 ATel 3845 

OT J061431.44+415904.4 18.4C Kislo. 2012-01-14.861 ATel 3866 

OT J124819.37+072049.6 16.8C Kislo. 2012-01-21.045 ATel 3875 

OT J021216.01+461154.5 14.4C Tunka 2012-01-29.577 ATel 3898 

OT J124346.19+160504.1 16.8C Kislo. 2012-02-16.027 ATel 3935 

OT J064757.28+594811.3 18.4C Tunka 2012-02-16.779 ATel 3935 

OT J072948.66+593824.4 13.3C Tunka 2012-02-17.626 ATel 3935 

OT J033006.27+181233.1 16.1C Kislo. 2012-02-21.717 ATel 3938 

OT J070737.08+104933.7 16.0R Amur 2012-03-16.478 ATel 3981 



MASTER discoveries of CV in 
2012 (continued) 

MASTER designation Mag. Site Date (UT) Telegram 

OT J072351.31+635526.2 16.1C Amur 2012-03-18.505 ATel 4001 

OT J063425.03+434513.4 18.4C Tunka 2012-03-25.653 ATel 4003 

OT J174305.70+231107.8 15.6C Amur 2012-04-05.831 ATel 4022 

OT J182201.93+324906.7 15.4C Amur 2012-04-29.791 ATel 4084 

OT J184809.40+395440.5 16.0C Kislo. 2012-04-30.953 ATel 4084 

OT J221621.91+705415.5 15.3C Amur 2012-06-03.656 ATel 4150 

OT J221811.12+654219.9 14.3C Amur 2012-06-03.655 ATel 4150 

OT J211258.65+242145.4 12.9C Kislo. 2012-06-24.859 ATel 4208 

OT J225350.78+364434.5 17.8C Amur 2012-06-25.728 ATel 4213 

Note: 2 CVs on June 03 were discovered on 2 images separated by 96 sec. 



Nova Sgr 2012 No.4 prediscovery image by 
MASTER-ICATE 



Brightest MASTER CV so far OT 
J211258.65+242145.4  

Constellation: Vulpecula    Range: 12.9C-20.8B    Type: UGWZ   Period: 0.0598d (86.1 

min)   Published: ATel 4208, 2012 June 25 



OT J211258.65+242145.4 



10000 observations in 30 days 
since the discovery! 



7 rebrightenings in the next 25 
days! 



Scientific output 

 MASTER telescopes are providing the large share 
of bright CV discoveries in the world 

 Objects discovered by MASTER are getting 
significant attention from the international CV 
community 

 MASTER database has a lot of data on new and 
potential future bright CVs 



Perspectives 

 Southern CVs with MASTER-Argentina 

 Photometric time series with MASTER-
Vostryakovo and University telescopes 

 Spectroscopic identification with future 2.5-m 
MSU telescope near Kislovodsk 

 Search for eclipses in our database 

 Detailed statistical analysis 



Unknown nature astrophysical transients : 
OT082752+704606  



Short optical transients MASTER OT114444+323011  

On December 11, 2011 in 21:06:07.2  

Magnitude is  16.5-m, but nevertheless on earlier (in 4 

minutes prior to) and later (in 41 minutes) sets with 

optical limit  M_R < 17.9 and M_V <1 7.4 this object 

isn't found. 

On December 23 on the 6th meter telescope of Special astrophysical observatory by means of 

SCORPIO-2 imit is 25 mag. The nearest galaxy at distance of 6.2'' from the center of errorbox, that 

corresponds to linear distance in  45 kpc, in the assumption  Omega_lambda = 0.7,  H = 75 km/s/Mpc of  

and red shift of  z=1 typicaly  for galaxies of the 23-rd mag. 



First asteroid discovering by 

MASTER  



2011 OH26 

First 

asteroid 

MASTER 

discovered 

 



Comet independently opened by 

the MASTER network, Atel 3868 
17 Jan 2012; 15:55 UT 



High-precision photometry: Extrasolar planet 

Transit of HAT-P-10/WASP-11 b in the filter R, received in Kourovka 10.12.2011. 

Depth of transit of 0.022 ± 0.002 mag, duration - 162.1 ± 4.6 minutes. Accuracy (in 

sense of a standard deviation of star size of a certain control star) - 0.004 mag 



High-precision photometry: Extrasolar planet 

transit  of WASP-12 b in the filter R, received in Tunka 23.04.2012. Depth of transit  

0.018 ± 0.001 mag, duration - 176.1 ± 2.2 minutes. Accuracy - 0.003 mag 



Results 2011-2012 (may).  
GCN 

    More than 60 telegrams 

 

Atel 
    115  OT detections 

(SN, Novae, Dwarf Nova, MPs, Orphan OT). 

 

MPC Circular 
 more than 3928  Minor Planets positions.  

IUC Circular 

 Over 20 telegrams  

 

 

 



  2013 



Argentina, february 2012 
Mobile Astronomical System of TElescope-Robots  

MASTER-ICATE-Argentina 

Started 10 Feb 2012  
Lomonosov Moscow State University, Instituto de Ciencias Astronomicas, de la Tierra y del Espacio (ICATE), Observatorio 

Astronomico Felix Aguilar (OAFA) , National University of San Juan, Sternberg Astronomical Institute, Moscow Union "Optic",  
Latitude = -31o 48'.135 N; Longitude = -69o 19'.586 E; Altitude = ~2430 m  
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”Lomonosov”, SHOK,  2012 год  

 

 

Prompt Optical High 

Time Resolution 

Observations 
 

FOV = 2000 square degrees 

 

Time Resolution =150ms 
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 MASTER III  
Main parameters: 

1.   D=1 m. FOV = 4 square degrees  

2.   Survey Rate   - 540 square degrees per night. 

3.   Limit –  22-23 m. 

4.  Fully Robotic 

 



 Thank You ! 


