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GAMMA-400 project

No gamma-ray space mission planned after Fermi and Agile
GAMMA-400: |

 Total mass budget: | 2600 kg

 Maximum power consumption: 2000 W

* Telemetry downlink: 100.GB/day

* Lifetime: > 7 years

* Orbit, initial parameters: apogee 300000 km, perigee

500 km, orbital period 7. days, inclination angle 51.8°.

GAMMA-400 space observatory installed on the Navigator
service module. S AMMLA400

—

A  "
Navigator// .‘\
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GAMMA-400 project

base plate

~—__ NAVIGATOR
| electronic frame
box

NAVIGATOR

X
solar array solar array
z v

Emiliano Mocchiutti — INFN Trieste
9th Workshop on Science with the New Generation of High Energy Gamma-ray Experiments — Lecce, Italy, June 229, 2012




GAMMA-400 orbit

Initial orbit: 500 — 300000 km

T~ Orbit after 5 months : 100000 — 200000 km

GAMMA-400

High Earth Orbit (HEO)

—~
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Russian requirements (@2010)

Gamma-ray energy range 0.1-3000 GeV
100 x 100 cm?
0.84 Xo
80 x 80 cm?
~ 30 Xo

Multilayer converter

Calorimeter

Angular resolution
(100 GeV)

Energy resolution
(100 GeV)
Proton rejection 10°

~0.01°

1%
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Russian GAMMA-400
Scientifie.Goals (@2012)

Main scientific investigations

1o study the.nature and features of weakly interacting massive
particles, from which the'dark matter consists;

To study the nature and f€atures of variable gamma-ray activity of
astrophysical objeets fromistars to galactic clusters;

To study the mechanisms of generation, acceleration,

propagation, and inateraction of cosmic rays in galactic and
Intergalactic.spaces.
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Russian design (@2012)

AC — anticoincidance detector;
C — converter (1 Xo);

11 layers:
(Al+W+SiY)+(SiX+AI+W+SiY) +(SiX+AI+W+Si Y ) +....+(SiX+AI+SiY) +(SiX+AI+SiX)+(SiX+Al)
CD — coordinate detector — (Si+Al)

581, S2 — time of light scintillation detector (TOF): S1+Al, S2+Al

83, 84 — scintillation detectors of electromagnetic calorimeter: S3+Al, S4+Al

CC1 — preshower (3Xo),

5 layers: (Al+Csl+SiX)+(SiY+AI+Csl+SiX)+(SiY+Al+Csl+SiX)+(SiY +Al+CsI+SiX)+(SiY+Al)
CC2 — electromagnetic calorimeter (34x34 blocks BGO, 22Xo0): C+BGO+C . ;
SD — side detectors, : silicon Y strip
ND — neutron detector

silicon X strip

Al - honeycomb aluminium (30 mm)

‘W - tungsten, 0.1 X,
BGO - BiyGe;045, 22 X,
CsL, 0.75 X,

S1(TOF)

cD

- sssssss———— 52 (TOF)

400 - s3
] sSD
_ / S

S4

T

ND
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Tracking system

topAC
(cucmema avmucobnadeHud)

0048 g/cm?

CFRP: 233 g/cm:

SiArray 1 ——
0016 g/cme

every Si 03 mm

0016 g/cm?

_—Silicon X
R, ~—carbon-fiber-reinforced polymer

——Silicon Y
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Homogeneous calorimeter

- Sensitive volume 800x800x25 cm?®
« 1024 BGO crystals 25x25x250 mm?
. 22 r.l. normal particle direction
. 70 r.l.lateral particle direction

« Total mass 1150 kg

« Power consumption 200 W

— | support
element







GAMMA-400: ljnique iInstrument
and opportunity

First time double instrument: photon and particle (electrons
and nuclei)

« Excellent Silicon Tracker

— breakthrough angularresolution 4-5 times better than
Fermi-LAT at 1 GeV

= improved sensitivity compared with Fermi-LAT by a
factor of 5-10 in'the energy range 30 MeV — 10 GeV

 Heavy Calorimeter with optimal energy resolution and
particle discrimination

— Electron/positron detection beyond TeV energies
— Nucleij detection up to 10'> eV energies
* Trigger with ToF capabilities (“smart” AC)

—~
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GAMMA-400
‘the . CosmiciAceelerator-Hunter”

Three main components of'‘cosmicsadiation:

1. gamma-rays from 30 MeVup to TeV energies, to be studied
with substantialimprovements concerning the angular
resolution, the'bread-band sensitivity, and the continuous
exposure of sources without Earth occultations

2. electrons+positrons in the TeV energy range and beyond, to
be measured with much improved sensitivity compared with
current space;’balloon-borne, and ground measurements

3. proton/nuclei cosmic-rays up to the "knee", whose spectrum
and compositioniis to be studied with unprecedent details up
to 1 PeV/nucleon

—~
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Scientific goals

- Cosmic-Ray acceleration in-Supernova Remnants
and Galactic diffusion resolved with the greatest
detail both Iin space and spectra. Large sensitivity to
neutral pion emission below 200 MeV.

» Dark Matter studies at GeV energies, resolving the
Galactic Center and excellent sensitivity for
searches tn'spheroidal galaxies (10 times better
than Fermi-LAT).

—~
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Scientific goals —1ow energy vs

(Giuliani, Cardillo et al. 2011)

H44: AGILE and Ferni-LAT data + nodel

“AGILE"

“Ferni=LAT"

“total™
“hadronic_photon_nodel"
“brens_nodel™
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- heutral pion emission
| (marginal Bremsstrahlung)
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Scientific goals —1ow energy vs

® AGIIE-GRID Cyg X-3 flares (seven 1-day episodes)
Hadronic model (neutral pion decay)
Leptonic Model (IC)
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Scientific goals — high energy ys

arXiv:1205.1045
arXiv:1206.1616

43 months of (public) Fermi data

C. Weniger, arXiv:1204.2797 +

y-ray line fit:

B BB Moo B

Regd (ULTRACLEAN), E =129.8 GeV
T T T T T r—
Signal counts: 46.1 {4.36a)

p-value=0.37, \:{ﬂ 23.6/22
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Scientific goals — high energy vys

arXiv:1205.1045
arXiv:1206.1616

43 months of (public) Fermi data

C. Weniger, arXiv:1204.2797 +

B BB Moo B

y-ray line fit:

Ideal eg., fnr looking for spectral DM-induced
fea‘rurea, like searching for y-ray lines! If Weniger
is right, the 130 GeV line should be seen with
about 10c significance (L.B., 6. Bertone, J. Conrad, -
C. Farnier & C. Weniger, in preparation). ergst ro
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Scientific goals — electrons

Bergstrom, Edsjo & Zaharijas 2009
Mon = 2.35 TeV, Model AH4, E-=1500

-
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HESS LE (x0.85)
Total

Background (*0.85)
DM signal

100
Positron energy, E. [GeV]
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Scientific goals — electrons

E.=20TeV, r=5x10'yr Rockstroh et al. (Radio) 1978
‘ y Golden et al, 1984 |
Do=2x10""(cm?s™1) Tang 1984

Golden et al, 1994

Kobayashi et al. 1999
Distant cnmpnnenl excluding Boazio et al. 2000
1 <l=-<10 yr and r<1kpc DuVernois et al. 2001

Torii et al. 2001

& Aguilar et al. 2002
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Scientific goals — Nuclei

Equivalent c.m. energy\l'gpp [GeV]
10° 10° 10° 10° 10°

Knee energy
E~ 1015 eV
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entific goals — Nuclei
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» Study the acceleration mechanism (or mechanisms)
» Study the limit of the acceleration phenomena

» Understand the kind of sources in the Galaxy

» Answer the question: is there the same mechanism (or source) for different nuclei?
» Study the distribution of the sources

» Study the propagation process in the Galaxy
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Russian vs. Italian desic

Smart AC

1

Silicon arrays
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Tracker geometry

W (19.3 g/om? I 0013 cm

s I 0.0 cn
Si(y) EENNNNNNNNANNEEARNEREEE 003 cm

Kapton {1 42 g/emd 0008 cm

0.001 cm

Cu

CF (1 48 glem®)
25cm

Al {00812 glom®) ——F :

f0.005 cIm

Plane height = 2.785 cm

Tower height = TRK height = 72125 cm
Towar width = 53.875 cm

TRK width = 118.75 cm

Total X{Si+W) =1.088

Plane 25




Trackergeometry

4 towers |

tower dimension = 59.875 x 59.875 x
72.125 cm?3

tracker dimension = 119.75 x 119.75 x
72.125 cm?

W thickness =3%
25 planes - each plane 2 array.(view) of
the silicon tiles

Each array. contains 6x6 silicon tiles
tile dimension,=9.5 x 9.5 x 0.03 cm?

each tile contain 900'strips of NE: SCHSHIIR " 2P Pos
, and Si'sensors not to'scale!
pitch 0.01 cm.

—~

Emiliano Mocchiutti — INFN Trieste INFN
By 9t Workshop on Science with the New Generation of High Energy Gamma-ray Experiments — Lecce, Italy, June 22", 2012 | \gegas




Analog vs. digital read-out
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Digitization + Kalman reconstruction take into account
analog readout! .
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50 MeV — 0 reconstruction

(0]
.02
=2
5 30" ‘('\ov\1 '
\a ARAVE A
g

PSF_theta (68%) = 3.9°

—~
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G-400 vs. Fermi PSF (68% Contéinment radius) (Fermi: 0°; G-400:_30°)

G-400, set-up: 25 planes, 0.03 X, tungsten, 2.8 cm spacing, Si pitch 120
micron, analog, (alternate) readout, Kalman‘reconstruction, assumed bkg
rejection eff. 10
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Point
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G-400 vs. Fermi effective area (0-30 degrees)

G-400 set-up: 25 planes, 0.03 X, tungsten, 2.8.cm spacing, Si pitch 120
micron, analog (alternate) readout, Kalman reconstruction, assumed bkg
rejection eff. 10 |

F—LA&T front

—~
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G-400 vs. Fermi 3o flux sensitivity (2-week observing time)

Fermi-LAT in'sky scanning mode, G-400 in"pointing mode with no Earth
occultation

—~
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Calorimeter geometry

 Homogeneous calorimeter

« Symmetric, to maximizesthe Geometric Factor

« Total weight < 1600 kg

* \Very high.dynamic range

» Finely segmented in-every direction
1 Ry x 1 RggxX' T Ry small BGO or
Csl crystais, cubic shape

« Few mm gap*between crystals

N

—~
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The calorimeter planée

Blue: Crystals
Grey: Aluminium support
Green: Light detectors

Brown: Readout cables

Readout is foreseen
on 2 opposite sides

—~
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Side View
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BGO ~1600 kg

NxNxN 28x28x28 28x28x27 29x29x25 32x32x20

L (cm) 2.2* 2.2* 2.2* 2.2*

Crystal volume (cm3) 10.6 10.6 10.6 10.6

Gap (cm) 0.3 0.3 0.5 0.3

Mass (Kg) 1667 1607 1596 1555

N.Crystals 21952 21268 21025 20480
70.0x70 0x70.0 70.0x70.0x67.5 78 3x78.3x67.5 80.0x80.0x50.0

55x55x55 55x55x53 57x57x49 63x63x39
2.7x2.7x2.7 2.7x2.7x2.6 2.8x2.8x2.4 3.1x3.1x1.9

Planar GF (m2sr) TA3XT43xt43—443x+43x1+38—1+80x1T54x1.54 1.89x1.16x1.16
(fiducial*™)

(* one Moliere radius)
(** within a reduced perimeter of size (N-1)*L )
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NxNxN

L (cm)

Crystal volume (cm3)
Gap (cm)

Mass (KQ)
N.Crystals

Size (cm?3)

Csl(TI) ~1600 kg

20x20x20 20x20x19 21x21x18 32x32x32
3.6* 3.6* 3.6* 2.2
46.7 46.7 46.7 10.6
0.3 0.4 0.3 0.3
1683 1599 1578 1574
8000 7600 7497 32768
78.0:78-0>78-0——86-0x80-0-F6-0—84-9x81 9x81.9 80.0x80.0x80.0

Depth (R.L.)
: l.L.)

39x39x39 39x39x37 41x41x33 38x38x38
1.8x1.8x1.8 1.8x1.8x1.7 1.9x1.9x1.6 1.8x1.8x1.8

Planar GF (m2sr)
(fiducial**)

(* one Moliere radius)

1.72xT72xT72 8IxtT72xT.7Z 1.9Tx1.53x1.53 1.89x1.89x1.89

(** within a reduced perimeter of size (N-1)"L )
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Electrons

BGO

28%x28x%28
L =22mm
G =3mm
‘IIIIIIIIIIII Selection:
}MDD_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ 1ﬂ2- .Extrap0|ated trajeCtOry
1] L - C H 0,
d [ ] Energy resolution (%) crossing top surface
;gmu:_ _ vs lin.length Maximum energy
-Emg‘ [ i‘ ! RMS(EdeP_<EdeP>J deposit within 2 crystals
&700f 10 <Edep> from lateral borders
sook- * 10 upper cut on
i ; maximum shower depth
= L 10 lower cut on
s - b3 t ! } maximum-to-total
C ] C .
ol E : + energy deposit
F c | Selection efficiency
2000 [ | . .
¥ ] (lin.length>min)
- u 10
100 N
bt b ool b oo b rETTAETETINTER1 IRETR AU 1 ATENI SNSRI ANETAR ARINEIN,
10 20 3 40 50 &0 VOO OBD S0 100 110 1] 10 20 3 40 50 &0 TOOBD S0 100

Linear length {cm) Linear length {cm)
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Electrons

Csl

20x20x20
L =36mm
* G=3mm ¢
EEEEEEEEEEENER Selectlon
e L ) B B 10° Extrapolated trajectory
% ' : Energy resolution (%) crossing top surface
Egﬂu i vs lin.length -Maximum energy
Zo ' 1* RMS{Edep‘<Edep>J deposit within 2 crystals
K 0E + (Eep) from lateral borders
700 * 10 upper cut on
\ maximum shower depth
o : * 10 lower cut on

maximum-to-total
energy deposit

500

400 i : -
-Selection efficiency

o :_(Iln.length>m|n)

00— -4

(I B A B N A A oo bbb b b b beene ek

20 40 &0 80 100 120 o 10 20 30 40 50 60 FO O 8BD S0 100

Linear length {cm) Linear length {cm) 1 T
eV
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Electrons

BGO vs. Csl(Tl)

Selection:
*Extrapolated trajectory
crossing top surface
*‘Maximum energy
deposit within 2 crystals
from lateral borders

* 10 upper cut on
maximum shower depth
* 10 lower cut on
maximum-to-total
energy deposit

[=]
=]

Energy resolution (%)
vs lin.length

3

3

Deposited energy tGe\.%

— ——

40 &0 80 100 1z L Selection effici
Linear length {cm) (I|n|ength>n .

11}DH.A..:A....|....|....|....|....|....|....|...j Lol b b,

10 20 30 40 50 &0 TO O OBD S0 100 110 ¢ 10 20 30 40 S50 &0 TO BO S0 100
Linear length {cm) Linear length {cm)
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Electrons, summarys " -

(top)

1 BGO 1.53 m?sr
28x28x28
cube
(2.2+0.3)cm

2 BGO
29x29x25
cube
(2.2+0.5)cm

4 Csl 1.91 m2sr
20x20x20
cube
(3.6+0.5)cm

5 Csl 2.01 m2sr
32x32x32
cube
(2.2+0.5)cm

— | * shower-maximum fiducial containment+shower length > 40cm (BGO) 60cm(Csl)
~&Y N ** top and bottom fiducial containment




Protons (1 TeV

Energy released (GeV),

=1
=
=

500

400

300

200

100

................................................................................................

87.85/43
14.74 + 0.6979
0.7562 + 0.0954
1.938 £ 0.05424

Emiliano Mocchiutti — INFN Trieste

Shower lenght (cm)

INFN

9th Workshop on Science with the New Generation of High Energy Gamma-ray Experiments — Lecce, Italy, June 229, 2012 (_/ 43



Protons, shower starting point resolution

1 TeV

—~
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Protons, energy resolution

Entries 2430
72 | ndf 113.2/69
| Gonstant 108.5+ 2.9
420 N | N ....| Mean  -0.0002065* 0.0038342
— § Sisma | ﬂ.1?ﬂ4i 0.0029

ool AE __________ % A

Bu_ ..............................................................................................................................................................................

I S .

40— .................. ........... i ................ .................. ..................

- T Re
.2“ I .._ .................. . ..... f T _. ................. . .................. _. .......... + = .................. .._ ..................

Wi, 1 TeV

! . _ai J ] | ] ]
-1 08 06 -04 -0.2 0 0.2 0.4 0. E 0.8 1
relative energy residuals
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Protons, pointing resolution at calorimeter top

140

120

100

80

60

40

20

Entries 2430
2 | ndf 41.41 | 47
p0 101+ 5.3
p1 0.4262 + 0.0704

..........................................................................................................................................................................
.............................................................................................................................................................................

-1.5 -1 -0.5 0 0.5 1 1.5 2
AX{cm)
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Protons, summary-per geometry model (BGO)

NxNxN

L (cm)

G (cm)
Mass (Kg)
N.Crystals

Size (cm3)

Depth (R.L.)

“ (I.L.)
Planar GF (m?2sr)
(fiducial*)

o(x)

Efficiency

28x28x28
2.2*
0.3
1667
21952

70.0x70.0x70.0

55x55x55
2.7x2.7x2.7

1.43x1.43x1.43
0.75cm

%

29x29x25
2.2*
0.5
1596
21025

78.3x78.3x67.5

57x57x49
2.8x2.8x2.4

1.80x1.54x1.54
0.79 cm

53%-(tap) 41% (side)

Effective G.F.

5x 0.77 =
3.86 m”*2 sr

17%

32x32x20
2.2*
0.3
1555
20480

80.0x80.0x50.0

63x63x39
3.1x3.1x1.9

1.89%x1.16x1.16
0.85cm
55% (top) 43% (side)

1x0.923+4x0.634 =
3.46 m*2 sr

20%
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Protons, summary per geometry model (Cs!)

Size (cm3)

Depth (R.L.)

“ (I.L.)
Planar GF (m?2sr)
(fiducial**)

Effective G.F.

o(E)/E

20x20x20
3.6"
0.3
1683
8000

78.0x78.0x78.0

39x39x39
1.8x1.8x1.8

1.72x1.72x1.72

0.91cm

5x0.75 =
3.75 m”*2 sr

16%

Emiliano Mocchiutti — INFN Trieste

32x32x32
2.2
0.3
1574
32768

80.0x80.0x80.0

38x38x38
1.8x1.8x1.8

1.89%x1.89x1.89

0.78 cm

5x 0.77 =
3.86 m*2 sr

16%
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Electrons Gamma rays Protons

Geometry

BGO 0.1
28x28x28 0.5
(2.2+0.3)cm 4

BGO 1
29x29x25
(2.2+0.5)cm

BGO
32x32x20
(2.2+0.3)cm

Csl
20x20x20
(3.6+0.5)cm

Csl 0.683 0.75%
32x32x32

(2.2+0.5)cm
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' Summary

« GAMMA-400 greatsepportunity as a new space
experiment

» 30 MeV.— 1 GeV'energy range crucial for gamma
rays physics

* unique features to'make simultaneous _
measurements/f gammas, electrons and nuclei

* many disceveries to be made by GAMMA-400,
dark mattergSearches, CR origin, production,
acceleration to the largest energies, etc.

 target: deliver technical sample in 2017
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