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The main scientific objective of the 
GAMMA-400 Project, that was defined by 
Nobel laureate V. L. Ginzburg, is to search 
for peculiarity (of gamma-ray line) in the 
energy spectrum of high energy gamma 

radiation from discrete sources and 
diffuse radiation, that is the most 

effective method of solving the issue of 
the nature of dark matter. 
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APPROVED 
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:  
Making of three space observatories: “WSO-UV”,  
“Spectrum-M” (“Millimetron”) and “GAMMA-400”  
for the purpose of execution of research 
of astrophysical objects in various electromagnetic ranges 
and high energy gamma rays. 
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Russian spacecrafts to research 
in various electromagnetic ranges 
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The international status of the project 
The agreement with Ukraine on GAMMA-400 
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The international status of the project 
The agreement with Ukraine on GAMMA-400 
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With a view to fulfil the “Russian-Ukrainian coöperation program 

of investigation and peaceful use of the outer space in 2012 to 2016” (further: 

the Program), signed in June 27, 2012, I send you an extract from the Program 

with a list of undertakings with your organization as one of the main executors. 

Extract from the Russian-Ukrainian coöperation program 

of investigation and peaceful use of the outer space in 2012 to 2016 

Section 3. Fundametal and applied scientific space research 

Name of a work, 

time constraints 

“GAMMA-400” 

Space observoatory 

for high energy 

gamma-ray research 

2012–2016 

Programs (projects) within the framework of which the work 

is being done. A matter of the work. A customer. 

FSP (“GAMMA-400”),  National Space Program of Ukraine 
(“Science”). Launch of the observatory: 2016. 
Production of the space observatory to get data of the dark 
matter origin, to develop the HE CR origin theory and particle 
physics. 

Customers: ROSCOSMOS, RAS, SSA of Ukraine, 
NAS of Ukraine 

Executors 

(possible executors) 

Russia: 
LPI, 
Lavochkin Association, 
NRNU MEPhI 
Ukraine: 
CLO of MAO of NAS 

of Ukraine, 
Karazin Kharkov NU, 
Shevchenko Kiev NU 

Funding 

source 

Russia: 
ROSCOSMOS, 
RAS 
 

Ukraine: 
SSA 

of Ukraine, 
NAS 

of Ukraine 



GAMMA-400 Collaboration 
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GAMMA-400 Collaboration 

All collaborators take part in: 

• Development of scientific program, 

• Tests and calibrations of the GAMMA-400 
instrument, 

• Treatment of scientific information, 

• Analysis of scientific data and publication 
of scientific results. 
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GAMMA-400 Collaboration 
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Russian scientific organizations Foreign scientific organizations 

LPI RAS — main collaborator INFN (Italy)  — stripped detector and 

calorimeter 

NRNU MEPhI — detectors INAF (Italy)  — stripped detector 

NIIEM — design, 

temperature control system 

Taras Schevchenko National University 

(Ukraine)  — Ukrainian main collaborator 

NIISI RAS — electronics CrAO (Ukraine)  — ground-based 

observations 

Ioffe Institute —  

Konus-FG burst monitor 

IKI (Ukraine)  — magnetometer 

IKI — star sensor ISM (Ukraine)  — scintillators 

IHEP — calorimeters, scintillators KTH (Sweden)  — anticoincidence 

TsNIIMASH — space qualification 

Coöperation in the design and production of scientific equipment 



GAMMA-400 Collaboration 
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Collaboration is 
open to entrance 



Physical diagram of the GAMMA-400 
scientific equipment 
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Comparison between characteristics 
of existing and planned gamma-ray telescopes 
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space gamma-ray telescopes ground gamma-ray telescopes 

Fermi AMS-2 GAMMA-400 H.E.S.S.-II MAGIC CTA 

energy range 
[GeV] 0.02–300 10–1000 0.1–3000 > 30 > 50 > 20 

acceptance 
[m² sr] 2.4 0.4 1.2 0.01 0.01 0.1 

effective area 
[m²] 0.8 0.2 0.6 105 105 106 

angular 
resolution 
(Eγ > 100 GeV) 

0.2° 1.0° < 0.02° 0.07° 0.05° 0.06° 

energy 
resolution 
(Eγ > 100 GeV) 

10% 3% 1–2% 15% 15% 10% 



3D model of the scientific equipment 
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Top level drawing of scientific equipment 
GAMMA-400 
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  2012 2013 2014 2015 2016 2017 2018   

Development of a working design documentation 

of a scientific payload                 

Design, production and independent tests (ITs) 

of monitoring instrumentation, payload systems 

and the payload as a whole (PS&PaW)                 

Design and production of mass modules, ITs, 

delivery to Lavochkin Association (LA), assembly 

testings (ATs)                 

Design and production of technological models (TM) 

of PS&PaW, ITs, calibration of technological models 

of PS&PaW                 

TM modification for design tests (DT), calibration, DT 

carrying out, second calibration, delivery to LA, 

acceptance tests, ATs                 

Design and production of flight models (FMs)                 

ATs of FMs, calibration and confirmation of the main 

characteristics at the accelerator, delivery to LA, 

acceptance tests                 

ATs of FMs to LA, delivery to the cosmodrome, 

preparation at the cosmodrome                 

FT, controlling, state control of the payload 

maintenance during operation (2018–2025)                 

Plan for further works for the development 
of scientific equipment “GAMMA-400” 

according to the General schedule 
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GAMMA-400 scientific equipment on 
“Navigator” service core module 
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Launching scheme 
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disclosure of 
batteries 

GAMMA-400 

 launching 
at the 

initial orbit 

transference to the 
intermediate orbit 

transference 
to the 

operational 
orbit 

separation 
from the 

upper stage 



Initial: 

apogee:     500 km 

perigee: 300 000 km 

Orbit evolution 
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GAMMA-400 

Earth 

5 months later: 

apogee: 100 000 km 

perigee: 200 000 km 



Research of discrete sources of high 
energy gamma radiation 

• The effectiveness of observation 
(the signal-to-background ratio) of discrete sources 
by gamma-ray telescope GAMMA-400 
is up to 100 times better than that by Fermi/LAT. 

• The energy resolution for 100 GeV photon 
is 5 times higher than that of Fermi/LAT. 

• GAMMA-400 collects data 3 times faster than 
Fermi/LAT does. 

• Continuous long-term measurements and detailed 
analysis of the luminosity  variability of a source can 
be done. 
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Primary tasks of the project 

a) Study of the origin of the dark matter 
by means of gamma-ray astronomy; 

b) Precise measurements of discrete 
astrophysical sources in the Milky Way; 

c) Research of high energy gamma-ray bursts; 

d) Research of high energy e−e+-fluxes; 

e) Research of high energy light nuclei fluxes. 
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STUDY OF THE ORIGIN 
OF THE DARK MATTER 

BY MEANS OF GAMMA-RAY 
ASTRONOMY 
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γ + … 

ν + … 

e⁺+ … 
p̄ + 

… 

d̅ + 

… 
∙ ∙ ∙ ∙ 

Indirect methods of dark matter particle 
registration 
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WIMP

WIMP

WIMP

Annihilation 

Decay 

γ + γ 

ν + 

ν̄ 

e⁺+ e⁻ 
p̄ + 
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d̅ + 

d 
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Improvement of energy resolution 
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Alexander Moiseev Aspen 2013 Closing in 

on Dark Matter 



 Improvement of energy resolution 
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Bergström L., arXiv:1208.6082 (2012)  

Background 

10% (Fermi/LAT) 

5% 

1–2% (GAMMA-400) 



PRECISE MEASUREMENTS 
OF DISCRETE ASTROPHYSICAL 
SOURCES IN THE MILKY WAY 
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The distribution of 573 
2FGL unassociated sources 
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Zhu Mao, Yun-Wei Yu, 

arXiv:1304.3989v1  



Fermi Gamma-Ray Sky 
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Cygnus Area 



Fermi Gamma-Ray Sky 
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GAMMA-400 
observation program 
for the first year 
of mission 

Scanning of the Galaxy 



Preliminary program of observations 
(first year of flight) 
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Conditions: 
Sun < 45°, 
Moon < 30°, 
Earth < 30°. 
 
* 306 clear days 
* 59 days to change 
  observation order 
 
30 days exposure for each point 
 
Minimal flux: 

 10−9 photons 
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Fermi Gamma-Ray Sky 
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Observation of dwarf spherical galaxies 

GAMMA-400 
observation program 
for the next years 
of mission 



Extended sources used 
in the 2FGL analysis 
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Name Instrument Spectral 
index 

Integral flux 
F(> 100 GeV), 
10-9 cm-2 s-1 

Expected number of 
gamma 

N(> 100 GeV) 
For 100 days 

1ES 1011+496 MAGIC 4.0  67.7   2336.7 

1ES 1218+304 MAGIC 3.0  4.09  141.3 

1ES 1959+650 MAGIC 2.78 5.805 200.7 

1ES 2344+514 MAGIC 3.3  1.67  57.7 

3C 279 MAGIC 4.11 219.0   7566.7 

BL Lac MAGIC 3.64 3.18  110.0 

Crab H.E.S.S., MAGIC 2.48 11.7   403.3 

MAGIC J0616+225 MAGIC, VERITAS 3.1  0.605 20.9 

Mkn 180 MAGIC 3.25 3.60  124.3 

Mkn 421 H.E.S.S., MAGIC 3.2  6.05  209.0 

Mkn 501 MAGIC 2.28 10.7   370.0 

PG 1553+113 H.E.S.S., MAGIC 4.01 204.0   7066.7 

PKS 2155-304 H.E.S.S., MAGIC 3.53 69.0   2386.7 

RX J0852.0-4622 H.E.S.S. 2.2  0.331 11.4 

RX J1713.7-3946 H.E.S.S. 2.84 0.618 21.4 

W Com VERITAS 3.8  4.570 158.0 

List of discrete sources from ground 
observations which may be observed 

by GAMMA-400 in 100 days. 
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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=16
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
http://tegasocat.in2p3.fr/view_source.php?id=25


Current 2-year phase “Technical project” 

1. detailed analysis of physical and technical 
characteristics of the instrument; 

2. design and fabrication of prototypes of 
gamma-ray telescope systems and their GSE for 
testing technical solutions in laboratory; 

3. design and fabrication of laboratory prototype 
of “GAMMA-400” including prototypes (point 2) 
and GSE for testing technical solutions; 

4. detailing of the scientific program of 
– research, 

– development of list of astrophysical objects 
to observe and 

– estimation of expected results of observation. 
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Thanks for your 
attention! 
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