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by the decree of the Russian Government 

of December 28, 2012 No. 2594-R 

  

Russian Government program 

“Russian Cosmic Activity in 2013–2020” 
 

In project:  

Creation of three space observatories: “Spectrum-UV”,  

“Spectrum-M” (“Millimetron”), and “GAMMA-400”  

to research astrophysical objects in various  bands of the 

electromagnetic spectrum and high-energy gamma rays. 



At the end of the last century the Nobel laureate academician Vitaly Ginzburg 

(LPI) and professor Lidiya Kurnosova (LPI) were initiated the GAMMA-400 

project in Russia to search for dark matter particles using the gamma-ray 

astronomy methods. Within the framework of this project, which has become 

international, the precision gamma-ray telescope GAMMA-400 with high 

physical and technical characteristics is designed. 

Lidiya Kurnosova (1918-2006) Vitaly Ginzburg (1916-2009) 





GAMMA-400 SCIENTIFIC GOALS 

 

The GAMMA-400 main scientific goals are: 

study of the origin of the dark matter by 

means of gamma-ray astronomy; precise 

measurements of Galactic and extragalactic 

discrete astrophysical sources; research of 

high-energy gamma-ray bursts; research of 

high energy electron + positron fluxes; 

research of high-energy nuclei fluxes. 



GAMMA-400 GAMMA-RAY TELESCOPE 

 

GAMMA-400 is optimized for the energy 100 GeV with the 

best parameters: the angular resolution ~0.01º, the energy 

resolution ~1%, and the proton rejection factor ~106, but is 

able to measure gamma-ray and electron + positron fluxes in 

the energy range from 100 MeV to 10 TeV. The GAMMA-400 

effective area is ~5000 cm2 at Eγ > 1 GeV, the total mass is 

4100 kg, the power consumption is ~2000 W, and a telemetry 

downlink capability is 100 GB/day. Together with the gamma-

ray telescope GAMMA-400, the space observatory will 

include two star sensors for determining the GAMMA-400 

axes with accuracy of approximately 5", two magnetometers, 

and the KONUS-FG gamma-ray burst monitor. 



GAMMA-400 PHYSICAL SCHEME 
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Energy resolution vs. 

energy for normal incidence 

for Fermi-LAT and 

GAMMA-400  

Angular resolution vs. 

energy for Fermi-LAT  

(for normal incidence) and 

GAMMA-400 (for θ=0°-15°) 



Comparison of the main parameters for  

GAMMA-400 and Fermi-LAT 

Fermi-LAT GAMMA-400 

 Orbit circular, 565 km high-elliptical, 500-300 000 km 

 Energy range 20 MeV - 300 GeV 100 MeV – 10 000 GeV 

 Effective area  

(Eγ > 1 GeV) 
~8000 cm2 ~5000 cm2 

 Coordinate detectors Si strips (pitch 0.23 mm) Si strips (pitch 0.1 mm) 

 Angular resolution 

 (Eγ > 100 GeV)  
~0.1 ~0.01 

 Calorimeter 

 - thickness 

CsI 

~8.5X0 

CsI(Tl)+Si strips 

~25X0 

 Energy resolution 

 (Eγ > 100 GeV)  
~10% ~1% 

 Proton rejection 

coefficient 
~104 ~106 

 Mass 2800 kg 4100 kg 

 Telemetry downlink 

capability 
15 GB/day 100 GB/day 



General view drawing of the  

GAMMA-400 scientific complex 



GAMMA-400 SCIENTIFIC COMPLEX  

ON THE NAVIGATOR SERVICE MODULE 

Gamma-ray burst monitor 

“Konus-FG” (6) 

(Ioffe Physical Technical 

Institute, St. Petersburg) 

 

Star sensors (2) 

(Space Research Institute) 

 

The GAMMA-400 spacecraft and Navigator service module  

are designed by Lavochkin Association 

4 direction detectors on 

telescopic booms 

2 spectrometric detectors 

Magnetometer (2) 

(Ukraine, Lviv) 

on telescopic boom 

Navigator service module 

GAMMA-400 gamma-ray telescope 



THE GAMMA-400 SPACECRAFT LAUNCHING SCHEME 

The GAMMA-400 project is included in the Russian Federal Space Program and 

funded by the Russian Space Agency. The launch of the GAMMA-400 space 

observatory is planned in 2019 using the more powerful Proton launch vehicle + Briz 

booster instead of Zenit launch vehicle + Fregat booster.  

The expected mission duration is more than 7 years.  



OBSERVATION MODES AND  

THE GAMMA-400 ORBIT EVOLUTION 

Initial orbit parameters:  

-an apogee is 300 000 km: 

-a perigee is 500 km; 

-an inclination is 51.4º 

After ~5 months the orbit will transform to circular 

with a radius of  ~150 000 km. 

Observation modes: 

- continuous long-duration (~100 days) 

observation of some regions of celestial 

sphere, including point and extended gamma-

ray sources; 

-monitoring of the celestial sphere. 



STUDY OF THE NATURE OF 

THE DARK MATTER BY 

MEANS OF GAMMA-RAY 

ASTRONOMY 
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Indirect methods of detecting 

dark matter particles 
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 Increasing the energy resolution 

Bergström L., arXiv:1208.6082 (2012)  

background 

10% (Fermi/LAT) 

5% (Fermi/LAT) 

1–2% (GAMMA-400) 



Increasing the energy resolution 

Alexander Moiseev Aspen 2013 Closing in 

on Dark Matter 



Gamma-ray sky map by  

the Fermi-Lat data 
The GAMMA-400 

observational program. 

Наблюдение карликовых сферических галактик 



PRECISION MEASUREMENTS OF 

HIGH-ENERGY GAMMA-RAY 

EMISSION OF GALACTIC 

DISCRETE SOURCES 



[arXiv : 1108.1435  v2] 



Cosmic-ray high-energy sources 

• Galactic 

– PWN — plerions 

– SNR — SuperNova Remnants 

– Binary gamma-ray objects 

• Extragalactic 

– Star formation galactics 

– AGN — active galactic nuclei 

[arXiv : 1307.5560 ] 



Distribution of 573 nonidentified sources from 2FGL 

Zhu Mao, Yun-Wei Yu, 

arXiv:1304.3989v1  



Gamma-ray sky map by  

the Fermi-Lat data 
The GAMMA-400 

observational program 

For first year.  

Galactic scanning mode 



Name Facility Spectr. 

index 

Integr. 

flux 

F(> 100 GeV), 

10-9 cm-2s-1 

Expected gammas 

N(> 100 GeV) 

per 100 days 

1ES 1011+496 MAGIC 4.0 67.7 2921 

1ES 1218+304 MAGIC 3.0 4.09 177 

1ES 1959+650 MAGIC 2.78 5.805 251 

1ES 2344+514 MAGIC 3.3 1.67 72 

3C 279 MAGIC 4.11 219.0 9458 

BL Lac MAGIC 3.64 3.18 138 

Crab H.E.S.S., MAGIC 2.48 11.7 504 

MAGIC J0616+225 MAGIC, VERITAS 3.1 0.605 26 

Mkn 180 MAGIC 3.25 3.60 155 

Mkn 421 H.E.S.S., MAGIC 3.2 6.05 261 

Mkn 501 MAGIC 2.28 10.7 463 

PG 1553+113 H.E.S.S., MAGIC 4.01 204.0 8833 

PKS 2155-304 H.E.S.S., MAGIC 3.53 69.0 2983 

RX J0852.0-4622 H.E.S.S. 2.2 0.331 14 

RX J1713.7-3946 H.E.S.S. 2.84 0.618 27 

W Com VERITAS 3.8 4.570 198 

Using the data from the TeV Gamma-Ray Source Catalogue (from the ground-based 

facilities), we can calculate expected number of gammas, which GAMMA-400 will 

detect during 100 days of observation (the GAMMA-400 effective area is 5000 cm2). 

http://tegasocat.in2p3.fr/view_source.php?id=4
http://tegasocat.in2p3.fr/view_source.php?id=6
http://tegasocat.in2p3.fr/view_source.php?id=7
http://tegasocat.in2p3.fr/view_source.php?id=8
http://tegasocat.in2p3.fr/view_source.php?id=9
http://tegasocat.in2p3.fr/view_source.php?id=10
http://tegasocat.in2p3.fr/view_source.php?id=29
http://tegasocat.in2p3.fr/view_source.php?id=37
http://tegasocat.in2p3.fr/view_source.php?id=15
http://tegasocat.in2p3.fr/view_source.php?id=16
http://tegasocat.in2p3.fr/view_source.php?id=17
http://tegasocat.in2p3.fr/view_source.php?id=19
http://tegasocat.in2p3.fr/view_source.php?id=22
http://tegasocat.in2p3.fr/view_source.php?id=22
http://tegasocat.in2p3.fr/view_source.php?id=22
http://tegasocat.in2p3.fr/view_source.php?id=43
http://tegasocat.in2p3.fr/view_source.php?id=43
http://tegasocat.in2p3.fr/view_source.php?id=43
http://tegasocat.in2p3.fr/view_source.php?id=44
http://tegasocat.in2p3.fr/view_source.php?id=44
http://tegasocat.in2p3.fr/view_source.php?id=44
http://tegasocat.in2p3.fr/view_source.php?id=25


COMPARISON OF BASIC PARAMETERS OF OPERATED, 

EXISTING, AND PLANNED SPACE-BASED AND GROUND-

BASED INSTRUMENTS 

SPACE-BASED INSTRUMENTS GROUND-BASED GAMMA-RAY 

FACILITIES 
EGRET AGILE Fermi-

LAT 

CALET GAMMA-

400 

H.E.S.S.-

II 

MAGIC VERITAS CTA 

Operation 

period 

1991-

2000 

2007- 2008- 2014 2019 2012- 2009- 2007- 2018 

Energy 

range, 

GeV 

0.03-30 0.03-50 0.02-

300 

10- 

10000 

0.1- 

10000 

> 30 > 50 > 100 > 20 

Angular 

resolution 

(Eγ > 100 

GeV) 

0.2º 
(Eγ~0.5 GeV) 

0.1º 
(Eγ~1 GeV) 

0.1º 0.1º ~0.01º 0.07º 0.07º 
(Eγ = 300 GeV) 

0.1º 0.1º 
(Eγ = 100 GeV) 

0.03º 
(Eγ = 10 TeV) 

Energy 

resolution 

(Eγ > 100 

GeV) 

15% 
(Eγ~0.5 GeV) 

50% 
(Eγ~1 GeV) 

10% 2% ~1% 15% 20% 
(Eγ = 100 GeV) 

15% 
(Eγ = 1 TeV)  

15% 20% 
(Eγ = 100 GeV) 

5% 
(Eγ = 10 TeV) 
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