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1. Scientific goals 
    1.1 Gamma-ray astronomy 

    1.2 HE cosmic rays 

 
2. GAMMA-400 simulation environment 

 

3. GAMMA-400 performance 
 3.1 Gamma 

         Effective area 

       Acceptance 

        Energy resolution 

       Angular resolution 

        3.2 Separation of electrons and protons 

 3.3 Protons and nuclei 

       Calorimeter performance 

 

4. Identification of high-energy (>10 GeV) gamma-ray source form 

(GAMMA-400, Fermi-LAT) 

 

5. Conclusion 
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The current generation of gamma-ray space experiments with the advent of solid-state 

Silicon detector technology: 

AGILE-GRID (Gamma-Ray Imaging Detector) – launch 2007, 

FERMI LAT (Large Area Telescope) – launch 2008. 

(arXiv:1507.01475v1 [astro-ph.HE] 6 Jul 2015) 

Future gamma-ray mission: 

GAMMA-400  – launch ~2023-2025, 

                      Last GAMMA-400 workshop, 29-30th June, 2015, Barcelona (CIEMAT, ICCUB) 

GAMMA-LIGHT – ???. 

(Nuclear Physics B (Proc. Suppl.) 239–240, 193–198, 2014) 

Energy range, GeV Angular resolution (68%) 

100 MeV  10 GeV 100 GeV 

AGILE 0.05÷10 40 0.20 - 

FERMI (total) 0.2-300 50 0.20 0.130 

GAMMA-400 0.02÷3000 2.50 0.10 0.0170 

GAMMA-LIGHT 0.05÷10 ~1.50 0.10 - 



Physical scheme 
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Scientific goals 
 

Physics goals for total telescope acceptance (~4200 cm2 sr) 

 

1.1 The features in the energy spectra of high energy γ-ray emissions from discrete and 

extended sources associated with particles of dark matter 

 

1.2 The variability of high energy γ-ray emissions from discrete sources in order to clarify the 

nature of particle acceleration in such sources 

 

1.3 γ-ray bursts, including high-energy bursts 

 

1.4 high-energy γ-ray emissions, fluxes of electrons and positrons, and nuclei in solar flares 

 

Physics goals for calorimeter only acceptance (~4 m2 sr) 

2.1 HE e+, e- from Dark Mater annihilation 

2.2 HE e+, e- acceleration mechanisms 

2.3 HE protons and nuclei (>>GeV) 

         PAMELA  has revealed a break in proton and He spectrum (different slope) 

         the knee of proton and helium 

         the spectral hardening of nuclei (E>TeV) 

2.4 CR propagtion in the Galaxy 
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 GAMMA-400 will be launched in highly elliptical orbit (500–300000 km) with an 

inclination angle of 51.8°. The initial orbit, after some months, evolves to a very high circular 

orbit (100.000 – 200.000 km) with an orbital period of about 7 days. 

 GAMMA-400 is less as survey and more as “pointing telescope” (without 

occultation of the Earth). 
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GAMMA-400 instrument layers  
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GAMMA-400 gamma-ray 

 telescope simulation 

environment 

GEANT4 (4.9.4p02) 

GLAST physical list 
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GAMMA-400 instrument layers 

 

Magnified view of the top part  



Interactions of gamma inside the instrument 

100 MeV 

1 GeV 

10 GeV 

100 GeV 1 TeV 

14th Marcel Grossmann Meeting, Rome, July 12-18, 2015 



Effective area for vertical gamma. 

Effective area as a function of 100 GeV 

gamma incidence angle.  
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GAMMA-400 performance 



Acceptance. 
AC 1200 mm 

S1 1000 mm 

S2 1000 mm 

Simulation plane 4600 mm 
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Different length of CC2 
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Energy resolution 
Vertical flux in the  center of surface 



Angular resolution 
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MEDIAN method, gamma > 1 GeV For each silicon-strip layer with energy release the 

distribution of the sum of energy deposited in strips 

is constructed. 

The horizontal line is median, which is calculated as 

a half sum of the extreme points for constructed 

distribution. 

The intersection point of median with piecewise 

continuous distribution gives the estimation of 

median energy location in silicon-strip layer. 

To find the energy weight of the median the  

ordinary distribution of energy releases in strips is 

built. 

The median energy weight is defined using the 

obtained median location on the piece line linking 

adjacent (respective median location) points of the 

obtained distribution. 

The estimation of the initial direction is obtained 

using fitting procedure for the median locations in 

silicon-strip layers. Around the estimated direction 

the corridor from strips is constructed. The energy 

releases in strips outside the corridor are ignored. 

After that the iteration procedure starts, narrowing 

the corridor from strips in each silicon-strip layer, 

but not less, then 200 μm. 
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Angular resolution > 1 GeV 
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Imaginary curvature method, gamma < 500 MeV 

Xconv 

XL(1) XR(1) 

XL(2) XR(2) 

XR(0) XL(0) 

Step 1: From the radius of track the pair component energies ER and EL are restored. 

Step 2: Coordinate of  XL(W)  on conversion plate is restored from XL(0), XL(1), XL(2) and EL . 

Step 3: Coordinate of  XR(W)  on conversion plate is restored from XR(0), XR(1), XR(2) and ER . 

Step 4: Calculate middle point coordinate: Xconv = XR(W) × (ER /(EL+ER) + XL(W) × EL /(EL+ER)).  

Step 5: Repeat  the steps 2, 3, 4 for  (Xconv, XR(0), XR(1)) and  (Xconv, XL(0), XL(1)). 

Step 6: Calculate angles αR(Xconv, XR(0), XR(1)) and αL(Xconv, XL(0), XL(1)). 

Step 7: Calculate ‘weighted’ plane angle α = αR × ER /(EL+ER)  +  αL× EL /(EL+ER).   
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Relations of plane angles αx and αy with polar angle 

θ and azimuth angle φ: 

tan2 θ = tan2 αx + tan2 αy 

 tan φ = tan αy / tan αx 
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The main influence on the angular resolution provides the thickness of first converter layer 

from tungsten, in which gamma conversion occurs. The investigation was done to look for 

the optimal thickness in the configuration of converter planes. 

The configurations under study are the following: 

0.01 X0 - 0.1 X0 - 0.1 X0; 

 label ‘011’; 

 

0.1 X0 - 0.1 X0 - 0.1 X0; 

 label ‘111’; 

 

0.01 X0 - 0.01 X0 - 0.01 X0; 

label ‘000’; 

 

0.01 X0 - 0.01 X0 - 0.1 X0; 

 label ‘001’; 

 

0.01 X0 - 0.1 X0 - 0.01 X0; 

 label ‘010’; 

CFRP+Al honeycomb+Si ~ 0.013 X0 
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Improvement of low energy angular resolution 

Extension of energy range to 20 MeV 



To reject protons from electrons, information from ND, S4, S3, S2, CC1, and CC2 is used. 

The rejection factor at 100 GeV is calculated as the 

ratio of the number of initial protons with energy 

more than 100 GeV - assuming that the proton energy 

spectrum power-index is -2.7 - to the number of 

events identified as electrons with energy 100±2 GeV 

(taking into account that the GAMMA-400 energy 

resolution is equal to about 2%). 

Every detector is considered as a “separate layer of a 

composite calorimeter”, and the ability of each layer 

to decrease the proton contamination in the different 

energy region is investigated individually. 
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Separation of electrons and protons 
 

The materials were accepted for publication in ASR 

 (Reference: JASR 12330, DOI: http://dx.doi.org/10.1016/j.asr.2015.06.040) 



The cutoffs are determined in such a way to retain 98% of electrons.  

In total, 25 cutoffs are used to reject protons. 

Taking into account this selection, roughly 30% of electrons are also lost due to proton 

rejection. 
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Detector, number of cutoffs Intrinsic rejection factor Decrease of the total 

rejection factor 

S4 (2 cutoffs: 1 cutoff for each scintillation layer) 100 1.7 

CC2 (2 cutoffs) 30 2.6 

Strips in CC1 (4 cutoffs: 2 cutoffs for each X or Y silicon 

strip) 

6 1.2 

CsI(Tl) from CC1 (2 cutoffs: 1 cutoff for each layer of 

CsI(Tl) crystal) 

3 1.3 

S2, S3 (4 cutoffs: 2 cutoffs for each detector) 2 1.3 

ND (1 cutoff) 400 (upper limit) 2 

Intrinsic proton rejection factor for each detector taken individually, and the value of the 

decrease of the total rejection factor in case of elimination of a given detector from the 

analysis. 

Total rejection factor to separate protons from electrons in energy range from 50 GeV to 1 TeV. 

Energy, GeV Total rejection factor 

50 (12.8±2)×105 

100 (4.0±0.4)×105 

200 (5.0±0.7)×105 

1000 (4.1±0.7)×105 
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GAMMA-400 only calorimeter CC2 (CsI(Tl)) performance 

Protons and Helium (Polygonato model) 
Effective 

GF (m2 sr) 

σ(E)/E E>0.1 PeV E>0.5 PeV E>1 PeV E>2 PeV E>4 PeV 

p He p He p He p He p He 

~4 35% 7.8×103 7.4×103 4.6×102 5.1×102 1.2×102 1.5×102 28 43 5 10 

N×N×N cubes 28×28×12 

L 3.6 cm 

Size 1×1×0.47 m3 

X0 54.6×54.6×23.4 

λI 2.5×2.5×1.1 

Mass 1683 kg 

Expected number of proton and helium events in 10 years data taking, according to 

the Polygonato model 
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Calorimeter only proton energy resolution  

Resolutions and Aeff depend on cuts. 

 Optimizeation for large acceptance.  

(E-Etrue)/Etrue 

10 TeV 

RMS=38% 

Aeff=4,9 m2 sr  

1 PeV 

RMS=37% 

Aeff=4,8 m2 sr  

(E-Etrue)/Etrue 

100 TeV 

RMS=40% 

Aeff=5 m2 sr  

(E-Etrue)/Etrue 
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Nuclei energy resolution 
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Calorimeter only angular resolution (gamma 100 GeV) 

68% containment: 1.70±0.20 (Elena Vannuccini, INFN, Florence) 

For HE (>1 TeV)  protons and nuclei with 68% containment ~30 (Sergio Bottai, INFN, Florence) 
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Number of gamma from diffuse flux near Galactic center (1 deg. × 1 deg.) during 1 

year of GAMMA-400 measurements. 

Energy range, 
GeV 

Number of 
gamma 

10÷100 609 

30÷100 103 

50÷100 30 
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100÷300 22 
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http://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.html
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1 year: Number of gamma from CRAB (1 FHL) neighborhood, 30 deg. × 30 deg. 
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1 year: Number of gamma from VELA (1 FHL) neighborhood, 30 deg. × 30 deg. 
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Initial circle distribution for supernova remnant IC 433 statistic 
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Initial arc distribution 
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Initial arc distribution 
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Initial arc distribution 
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Initial arc distribution 

14th Marcel Grossmann Meeting, Rome, July 12-18, 2015 



2 point sources (distance 0.050) to distinguish  
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2 point sources (distance 0.050) to distinguish  
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Conclusion 

- Scientifically, a precise, long duration experiment in space as GAMMA-400 will provide 

fundamental information with gamma rays and will allow to extend the range of  direct 

measurements of cosmic rays beyond the TeV range 

 

- The GAMMA-400 space observatory is scheduled to launch in about 2023-2025  

 

Werner Hofmann (CTA Spokesperson, private communications): 

One of our worries in terms of maximising the science output of CTA is  

the coverage of the GeV domain - that is crucial for interpretation of  

sources - after the termination of Fermi. Obviously, GAMMA-400 is very  

well suited to fill that gap, and joint observations or joint projects  

seem very natural  

 



Thanks for your attention 



Spare slides 
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Nuclei count estimation 
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p and He count estimation 
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Flux sensitivity. 

Significance to identify point source in the presence of permanent background:   

 - gamma from point source during time T in energy range E1, E2; 

 - gamma from permanent background during time T in energy range E1, E2; 

Source spectrum 
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FERMI Point Source Sensitivity: < 6 ×10-9 cm-2 s-1 

http://fermi.gsfc.nasa.gov/science/instruments/table1-1.html 
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Thickness of GAMMA-400 instrument layers 

Standard output of the simulation code  
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