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Ø Study of transient events at hard x-ray and soft gamma-ray 
   energies (0.01-3.0 MeV) 
Ø Search and detection of optical transients accompanying GRBs 
Ø Study of transient events in the Earth atmosphere at UV, X-rays 
Ø Study of ultra-high energy cosmic rays            synergy with GRBs 
Ø Earth magnetosphere research 

“LOMONOSOV” SPACE MISSION 

Launched April 28, 2016 



Lomonosov instruments suite to study GRBs: 

•  BDRG – gamma spectrometer 

•  SHOK – wide field optical 
camera 

•  UFFO – composed of the coded 
mask X-ray telescope, and of  UV 
telescope 

Parameters of mission: 

Orbit: 520 km, solar-synchronous 
Mass: Spacecraft  ~500 kg; Scientific payload ~120kg 
Total power ~ 300W 
Launch time – April 2016 



Complex of instruments to study GRB: 

BDRG 



BDRG on-board “Lomonosov”  
1. Produce GRB trigger for SHOK 
2. Spectral measurements and timing of 

transients at hard x-ray and gamma energies 
3. Estimation of GRB coordinates 
3. X-ray and gamma-ray all-sky monitoring  
 



BDRG detector unit 
    Detector consists of optically coupled thin (3mm) 
NaI(Tl) with considerably thicker (17mm)  CsI(Tl) 
crystal.  
    Thickness of NaI(Tl) is optimized for soft part of 
energy range. CsI(Tl) plays a role of active shield for 
the soft radiation, and is main detector for the hard 
one. 
    Energy ranges are 0.01-0.5 MeV for NaI(Tl) and  
 0.05-3 MeV for CsI(Tl) crystals, accordingly. 

Parallel coded  amplitude of 
PMT signal  is integrated for the 
first ~600ns and during the next 
~3µs is read-out  by BDRG 
electronics (BE BDRG) together 
with request “output strobe”. 
Data frames, GRB trigger, etc 
are formed by the BE BDRG 



Svertilov+2018 



Count rate of NaI(Tl) part of the BDRG-2  
detector at 20-170 keV for GRB160720 

Examples of BDRG data use for GRB160720 analysis 

 BDRG-2 spectrum for GRB160720 using 
data of both scintillators NaI(Tl) and CsI(Tl) 



MAGNETARS and their general properties 
  
• X-ray pulsars with Lx ~ 1031 - 1036 erg s-1 
• X-ray luminosity generally larger than the rotational 
   energy loss rate  
• soft and hard X-ray emission (0.5-200 keV); 
   thermal + non-thermal spectral components 
• rotating with P ~ 0.3 - 12 s  
• magnetic fields of  ~1013 - 1015 Gauss ** 

• flaring activity in X-ray/gamma-ray energy range 
   (0.01 - 102 s; L x ~1038 - 1046 erg s -1 )  
• large outbursts with E ~1040 - 1043 erg 
   (time scale months-years)  
• transient radio emission detected in 4 cases 
  
Ref.: Turolla et al. 2015; Kaspi & Beloborodov 2017 

** See different interpretation by G.S. Bisnovatyj-Kogan (2016) in  
the “Handbook of Supernovae”, Springer, Alsabti and Murdin (eds.) 



Short bursts (timescale: sec)  
• duration ~0.01-1s 
• L x ~1039 -1041 erg s-1 

• soft γ-rays thermal spectra  
(kT ~ 10-40 keV) 

Short-bursts forest 
(timescale: sec/min) 

Magnetar’s flaring activity 

Huppenkothen+13 (SGR 0501+) 

Kaneko+10 (1E1547.0-…) 



Ibrahim+(2001)  
(SGR1900+14) 

Hurley+99 (SGR1900+14) 

   Intermediate bursts 
 
• duration 1-40 s 
• peak ~1041 -1043 erg s-1 

• abrupt on-set 
• soft γ-rays thermal spectra 

    Giant Flares 
• very rare events (only 3 observed) 
• L x > 3x1044 erg s-1 

• initial peak lasting <1 s with a hard spectrum 
• ringing tail that can last > 500s, with softer 
spectrum and showing the NS spin pulsations 

Magnetar’s flaring activity 



Outburst activity: mechanisms 
  
Internal source of heat 
Magnetic stresses in localised parts of the crust 
  
Plastic flows convert magnetic energy into heat 
  
Heat conducted up and radiated 
  
External source of heat 
  
Crustal displacements twist up the external B-
field. 
  
Returning currents hit the surface 
  
The bundle dissipates as the energy 
supply from the star interior decreases 
  
Both processes are likely at work. 
Turolla et al. 2015; Kaspi & Beloborodov 2017 

(Thompson&Duncan 1995; 
Thompson+Beloborodov 2005; 
Beloborodov+Thompson 2007; 
Beloborodov 2009, etc..) 
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Kaspi & Beloborodov @ ARA&A (2017) 



Astro-H-WP: Kitamoto, Enoto, Safi-Harb et al., arXiv1412.1165v1 



A new member of the growing family of magnetars, i.e., SGR 
1935+2154 was discovered by Swift on 2014, July 05 via detection 
of persistent short duration bursts of X-rays. 
The source was active during 2015-2016 years that is well 
documented by Swift, GBM (Fermi), RHESSI and Konus-Wind 
detections. 
Lomonosov has joined the study of the new magnetar activity by 
detecting 14 flashes from this SGR 1935+2154 during 2016 by 
BDRG-1, 2, 3 detectors flying on-board of Lomonosov satellite. 

Lomonosov detections of SGR 1935+2154 



* Three symbols indicate work of  BDRG-1, BDRG-2 and BDRG-3 in time of  SGR flare, 

    where: 1- indicate SRG burst detection; 0 – no burst observed; Х – no data from this unit.  

SRG 1935+2154 flares of 2016 detected by BDRG 



Magnetar’s persistent emission and short bursts (forest) 



Some light curves for different bursts of SGR1935+2154 from the table 



Comparison of BDRG count-rates with that of GBM detected bursts  
                        for SRG1935+2154 

Count rate at burst maximum, (s -1) 



Israel+(2016) 



!Photons energy (keV) 

Spectrum of BDRG-1 (NaI) for 2016.06.20 15:16:34 event 



!
Fit by: F(E) ~ A1*(E^3/(exp(E/kT1)-1)+ A2*E^3/(exp(E/kT2)-1)) 
 
with kT1=3 кэВ, kT2=10.5 кэВ, A1=1.3*10-2,   А2=1.3*10-5     

SGR 1935+2154 flare of 20.06.2016, 15:16:34 UT 



BDRG spectra provide BB 1 and BB 2  kT values quite similar to those of 
GBM, Konus-Wind and Swift BAT derived, typically: 
                                   kT 1 ~ 4 keV, and kT 2 ~ 10 keV   

Kozlova+(2016) for April 2015 flare 

Younes+(2017) 



!

!

Light-curves for  
2016.06.20 15:16:34 
event by BDRG-1 



Conclusions-1 

1.  Lomonosov registered 14 bursts of SGR 1935+1421 during 
      June-July 2016; 
 
2.  Two of 14 bursts were self-triggered and provided good timing for 
     two light-curves, especially for the June 20, 15:16:34 burst! 
 
3.   Clearly better statistic for magnetar burst photons, as well, as 
      polarisation measurements for  different energy channels will be  
      helpful  to put constrains on the emission mechanism! 



Conclusions-2 
4. Instruments with polarisation measurements capabilities are badly 
    needed to help solving a few of the magnetar bursts problems! 
 
Instruments under development: 
XIPE->IXPE->XTP->EXTP  +  eASTROGAM-AMEGO +…? 



GEM electric field 

Polarization information is derived from the 
angular distribution of  the emission direction 
of  the tracks produced by the photoelectrons.  
The detector has  a very good imaging capability. 
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The principle of detection 
X-ray polarimetry with a  Gas Pixel Detector 

Costa et al., 2001 

A photon cross a Beryllium window and it is absorbed in the gas gap, the 
photoelectron produces a track. The track drifts toward the multiplication 
stage that is the GEM (Gas Electron Multiplier) which is a kapton foil 
metallized on both side and perforated by microscopic holes (30 um 
diameter, 50 um pitch) and it is then collected by the pixellated anode plane 
that is the upper layer of an ASIC chip. 

To efficiently image the track at energies typical of conventional telescopes IASF-Rome and             
INFN-Pisa developed the Gas Pixel detector. The tracks are imaged by using the charge. 

Costa et al., 2001,  Bellazzini et al.2006, 2007 

(XIPE) 



Compton polarimeter:  
a – position-sensitive 
detector pixels, top view,  
b – PSD pixels, side view.  
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Svertilov et al. (2008) 



THANK YOU! 



Example of 2D-diagram plot of slow against fast components of a PMT pulse for 137Cs 



Magnetars and SNRs (from Astro-H WP  (2014)) 

Astro-H-WP: Kitamoto, Enoto, Safi-Harb et al., arXiv1412.1165v1 


