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5 e-ASTROGAM Scientific requirements

1. Cover most of the energy range of space-based y-ray astronomy (0.2 MeV — 3 GeV)

2. Achieve a sensitivity better than that of CGRO/COMPTEL by a factor of 50 — 100
in the important range 1 — 30 MeV

Fully exploit gamma-ray polarization for both transient and steady sources
Improve significantly the angular resolution (to reach, e.g., ~ 10" at 1 GeV)
Achieve a very large field of view (~ 2.5 sr) = efficient monitoring of the y-ray sky

Enable sub-milisecond trigger and alert capability for transients
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5 e-ASTROGAM Measurement principle

B N coincidence detector s B

Pair event Compton event 3
g g Compton event || . Pair event
Silicon ‘ j |y P Y
tracker Event circle ' |
/ Event arc !
/ - 1
g/ Plastic anti- \ ; |
\
|
\
\

Scintillator
calorimeter

» Tracker — Double sided Si strip detectors (DSSDs) for excellent spectral resolution
and fine 3-D position resolution

* Calorimeter — High-Z material for an efficient absorption of the scattered photon
= Csl(TI) scintillation crystals readout by Si Drift Diodes for better energy resolution

* Anticoincidence detector to veto charged-particle induced background = plastic
scintillators readout by Si photomultipliers
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5le-ASTROGAM Silicon Tracker

* 56 layers of 4 times 5x5 double sided Si strip
detectors = 5600 DSSDs

e Each DSSD has a total area of 9.5x9.5 cm?, a
thickness of 500 um, a strip width of 100 um
and pitch of 240 um (384 strips per side), and
a guard ring of 1.5 mm

e Spacing of the Si layers: 10 mm

 The DSSDs are wire bonded strip to strip to
form 5x5 2-D ladders |

= 860 160 electronic channels
e DSSD strips connected to ASICs
through a pitch adapter

= 26 880 IDeF-X ASICs (32
channels each)

= Power budget =688 W

:

(800 nW/channel) insFermifLAT

V. Tatischeff 15t e-ASTROGAM workshop: the extreme Universe
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‘HJ e-ASTROGA MTracker heritage - Technology challenges

e DSSDs are widely used in particle physics experiments, e.g. LHC/ATLAS+CMS 5

* Ladders of wire-bonded SSSDs in Fermi/LAT and AGILE, and of wire-bonded
DSSDs in PAMELA and AMS-02

* Main technology challenges:

(i) Mechanical structure
(no material between the Si layers)
and 2-D bonding

(i) Thermal control (FEE areas in the
temperature range -10° — 0° C)

(iii) Front-end electronics (noise not
to exceed a few keV FWHM)
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‘LW e-ASTROGA M Tracker mechanics - thermal control

e Structure of a detection plane made of two frames
sandwiching the Si detectors, with the support rods
parallel to the DSSD strips to enable wire bonding

» Detailed structural calculations including both static and modal analyses
—> maximum vertical displacement of 280 um

* Thermal control: heat pipe technology to channel
the electronics-generated heat to external radiators

= Heat pipes

Thermal bus
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5 e-ASTROGAM Tracker FEE

* FEE ASIC: ultra low-noise (AMS CMOS 0.35 um), space- x| e
qualified (Solar Orbiter/STIX) IDeF-X HD (CEA/Irfu) P o ide ety (0LO e
B15 \
e SILVACQO’s Tcad semiconductor toolkit to simulate the £
H H sé 1| \."&\
electrical behavior of the DSSDs (C,, /i.ax---) RN L= =
. . . oy | ‘I ‘_#W\H :_.toooooooo
= Predicted electronic noise: AE ~6 keV (fort=8ps) ° | o/ 7 s
| { . /
with IDeF-X HD, AE = 3.1 keV with IDeF-X optimized LV
for large capacitance (new space-qualified preamplifier) o W Wm0
2 IDeF-X HD g IDeF-X - large capacitance
E I P-side strip - 6 DSSDs chained > P-side strip - 6 DSSDs chained
= 10k IC’= 0-’; ?V;/Cha““el Z7F P = 0.8 mW/channel
o= - tot — p o= E C ot = 85 pF
% - .. = 580 pA (T =0 °C) § 6F I, =580 pA (T =0 °C)
g 8_— RB=1GQ g 5: RB=1GQ
= s —
5 f 6 keV S
£ °F 3 3.1 keV
= i . . Total s F .
< 4 [ 1/f noise (Cp Series noise (C,) z 3F Total
i ) : 1/f noise (C,) Series noise (C,)
2 F .
R Shot noise (I,) 1f Shot noise (1)
Jemee T T Imermalnoise (Ry) e T, iemalpoise (Ry)
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Sle

-ASTROGAM Calorimeter module

FEE ASIC: modified version of the ultra low-noise VEGA ASIC (INFN) with 4

channels (instead of 32) and an increase of the shaping-amplifier dynamics

ASICs mounted on the 2x2 _ Carbon alveolus
64 crystals with on-top structure for

SDD boards to minimize the
bonding stray capacitance 16x4 photosensors (SDDs) Xtals support
g stray cap and 16 FEE ASICs

\

Calorimeter module Kapton foils for 16

bottom FEE ASICs
connection to ADC

Kapton foils
for 16 top
FEE ASICs
connection
to ADC

Connections to
kapton foils

FEE board with 4x32
channels ADC ASICS

=

ﬂ Connections to kapton foils
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5 e-ASTROGAM Anticoincidence system

= . 10

 Upper-AC system formed by large panels | T
of plastic scintillators covering 5 faces of
the instrument (6 plastic tiles per lateral
side and 9 tiles for the top = 33 tiles total)

e\

~ Fermi/LAT AC system

 Wavelength shifting optical fibers buried in
trenches convey the scintillation light to Si
photomultipliers (e.g. the B-Series SiPMs
of the SensL® company)

 The SiPM signals are readout by the space-
qualified VATA64 ASICs from Ideas®

* Heritage: Fermi/LAT, AGILE

1 Time-of-Flight system formed by two scintillator layers separated by 50 cm
below the instrument to reject the particle background from the platform

* Heritage: AMS, PAMELA
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5l e-ASTROGAM Satellite

11

* Arrangement of the Thales Alenia Space PROTEUS 800 platform developed
in the frame of the SWOT CNES/NASA program

e Spacecraft dry mass 2.4 t. Telescope mass 1.2 t (with mat. & syst. margins)

AC system <

Si Tracker

Calorimeter

P/L Time-of-Flight Unit

P/L Data Handling +
Power Supply Units +
Back-End Electronics

Radiator

Solar panel
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5l e-ASTROGAM Mission profile

e Orbit — Equatorial (inclination j < 2.5°,
eccentricity e < 0.01) low-Earth orbit
(altitude in the range 550 - 600 km)

e Launcher — Ariane 6.2

 Satellite communication —
ESA ground station at Kourou
+ ASI Malindi station (Kenya)

Background environment in an ELEO

_I_I'I'I'HTI]_I_I'I'I'HTI] T ||||I'I'I| T |||||I'I'| T ||||I'I'I'|_I_I'I'I'I11l|_l_l'l'l111r|_l_
—Atmospheric photons3
—Cogmic photons
—Primary protons

.. . --.Secondary protons

* Data transmission — via X-band _Primadryeli(;;trons
) PN N N = R \ Secondary electrons
(avallable downlink of 8.5 |V|HZ) ..... Secondar%; positrons

"""""""""" — Albedo neutrons

»
0

* Observation modes — (i) zenith-pointing

2
ffff
AR
~

* In-orbit operation — 3 years duration +
provisions for a 2+ year extension

sky-scanning mode, (ii) nearly inertial !
pointing, and (iii) fast repointing to 102 "'»;;I::;.,,a
avoid the Earth in the field of view ) o
10 '
7
RN

lllllu|l llllllul L1111

10 10° 10° 10° 10°

Energy (MeV)
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5 e-ASTROGAM  Threats

d No major threats: no active mechanical system, no active cooling...

d Full redundancy of the platform, as well as of the Payload Data
Handling Unit and the Power Supply Unit

(d Due to the payload modular design, a single failure of an element
would cause only a small reduction of the overall performance

(d Possible descoping options:
* Tracker — reduce the number of Si layers

* Calorimeter — replace 4 Csl(Tl) crystals of 5x5 mm? cross section
by one of 1 cm side (loss of spatial resolution to be studied)
33 856 =>» 8 464 crystals

V. Tatischeff 15t e-ASTROGAM workshop: the extreme Universe Padova 28 Feb - 02 Mar 2017



Sl e-ASTROGAM Performance assessment

~ 10
"0 4 SPI e-ASTROGAM sensitivity:
o 10 -9 rd 1 yr effective exposure of a
§ COMPTEL high-Galactic latitude source
o 4
S .
2 10 / EGRET
2
s
= 10 Cormi Ll AT CTA North
2 _f IBISASGRI ermi- ,
3 10
FIEMX e-ASTROGAM HiSCORE
10 CTA Sou
10 -14
élllllu] ]I_IIIII"I 1 |||||||| 1 |||||||| 2| |||||||| 1 |||||||I 4| |||||||I 1 |||||||| 1 Illllu] 7I Litil 1 Illllu] L 1
0% 100 1 10 10° 10° 10 10° 10° 107 10° 10° 107
NG 1Ll Energy (MeV)

‘ ’  e-ASTROGAM performance evaluated with MEGAIib

(Zoglauer et al. 2006) and Bogemms (Bulgarelli et al.
2012) — both tools based on Geant4 — and a detailed
numerical mass model of the gamma-ray instrument

(talk by V. Fioretti)
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© e-ASTROGAM

Line sensitivity

E FWHM Origin SPI sengtivity eA;Igt%ﬁi‘M I mprovement
2 <1
(keV) | (keV) (ph cm™s?) (ph cm2 <Y factor
Narrow line component of the
511 1.3 e+/e- annihilation radiation from 5.2 10° 417 10° 13 = R. Diehl
the Galactic center region
847 35 *®Co line from thermonuclear SN 2.3710% 357 10° 66 = E. Churazov
/Y,
Ti line from core-collapse SN PR . a6 :
1157 15 Cemants 9.6~ 10 3.6 10 27 = R. Diehl
Na line from classical novae of oAb ;A nb
1275 20 the ONe type 1.17 10 38710 29 = M. Hernanz
Neutron capture line from o nd A6
2223 20 accreting neutron stars 11710 2.1°10 52
'2C line produced by low-energy
4438 100 Galactic cosmic-ray in the 1.1~ 10* 1.7 10° 65 = J. Kiener
interstellar medium
'—75 ' ' - ' ' ' s 'W'(C'h c'i kh'D'fI i )E 10-6
*SNIla: » ¢ | —/—— o asekhar-Deflagration)| 3 e LECR: -80°<1<80";-8<b<8
& 6F SN 2014J L Paing Dotayed Detonation | _ — nuclear _
S ; (adapted from —1 77777 gg;l)%'g{?inous He-Detonation E ‘_'|U) o nuclear + |e tons Fer ml-LAT
%_ 5 = Diehl et al. 2015) ] SPI Exposure 3 o o + ources+ BG =
Lo & 10
= O
5 4F z
2 af S
= Z . -l0
S, 5 10 eASTROGAM
3| T
Q 1F
O ok
8 Og 10-12 IIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII L e
0 10t 1 10 10° 10° 10° 10
Time past explosion [days] E (MeV)
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Sl e-ASTROGAM  Angular resolution

[
o

* Angular resolution improved
close to the physical limits
(Doppler broadening, nuclear recoil)

@

COMPTEL %, \Fermi/LAT

0
>,
0
s

Compton Pair‘e,

Angular resolution (degree)
|_\

ASTROGAM
Cygnus region in the 1 - 3 MeV energy band 1 d
with the e-ASTROGAM PSF (extrapolation 10 ¢ | | | | |
of the 3FGL source spectra to low energies) 0t 1 10 02 10°  10°

Gamma-ray energy (MeV)
COMPTEL 1-30 MeV

Gal. latitude (deg)

WPs 1-522 5
fiaximum entropy imaging

95 90 85 80 75 70 65 -
Gal. longitude (deg) Wisighted sum 1-3, 3-10, and 10-30 MaV
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5l e-ASTROGAM Polarization

e Achievable Minimum Detectable Polarization

MDPy, = 10% for a 10 mCrab source in 1 yr
pulsars, magnetars, PWN, X-ray binaries )
* e-ASTROGAM will measure the y-ray i
polarization of ~ 100 GRBs per year ﬁ
jet composition + geometry, LIV etc... g

 Blazars Bl leptonic vs hadronic models
(talks by C. Gouiffes, A. Shearer, D. Bernard, R. Mignani)

GRB/year

INTEGRAL/IBIS — GRB 140206A (z = 2.74)

2.0 T T
L 0F:18:10-07:18:20 1T, F = 2.2x107*]
1.5
1.0 =
o
oL
1=
0.6 1@
IT>48% (68%c. 1.) 200—400 keV | |3
10
P SR T T S S T (N S T S A T S N T T [ S U T S R S ST SN N T
4] 100 200 200
¢ [deprees)

—_
o P (=2 (=] (=2 ~ =
(] (= [ [— (= (=)

~ ECumdlative humbef of GRBS
- to'he detected by e:ASTROGAM. ...
- (postem Ulyanov et al.)
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5le-ASTROGAM  Conclusions

18

* The e-ASTROGAM payload is innovative in many respects,
but the technology is ready

* The simulated performances show that the mission has a
great potential for science...

-
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5l e-ASTROGAM
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S e-ASTROGAM Dimension, mass, power budgets

. . Predicted mass+
PAYLOAD MASS BUDGET Predicted Mass| Maturity | 0 v margin
[kq] margin Ikq
Silicon tiles 59.0 5% 62.0
Silicon Tracker FEEs, harness, glue 152.0 20% 182.4
Mechanics 51.5 20% 61.8
Calorimeter Crystals 305.0 5% 320.3
FEEs, harness, housing 77.0 20% 92.4
Anticoincidence Upper AC (Plastic, FEEs, mechanics) 76.0 20% 91.2
ToF (Plastic, FEEs, mechanics) 60.0 20% 72.0
ST, Cal, AC Back-end electronics (BEES) 30.0 20% 36.0
Electronic boxes PDHU 10.0 20% 12.0
PSU 15.0 20% 18.0
Thermal control Thermal harness 20.8 20% 25.0
Harness 22.0 20% 26.4 |
TOTAL 878.3 999.4
) . PAYLOAD POWER BUDGET Design [W] Margin Total [W]
* Instrument dimension: Silicon Tracker 688.1 20% 825.8
120 x 120 x 78 cm? Calorimeter 28.4 20% 34.1
Anticoincidence (AC + ToF) 175 20% 21.0
* Mass of the thermal control = Tracker, Calorimeter, AC BEEs 50.0 20% 60.0
thermal harness at payload level |PPHU 200 20% 24.0
. . PSU 273.0 20% 327.6
(based on CNES PASO simulations) — 00 o ™
TOTAL 1117.1
V. Tatischeff 15t e-ASTROGAM workshop: the extreme Universe Padova 28 Feb - 02 Mar 2017



5l e-ASTROGAM Telemetry budget

Average
Data acquisition source acquisition Notes
rate (kbps)

50.000 HK parameters coded with 16 bits;

FUL RIS 40.0 sampling time: 20s
P/L : : 0.1 TC acceptance/execution reports,
engineering reports ' anomaly reports, memory dump reports etc.

Gamma-ray Compton events Average output event rate: 2800 Hz;

- : 739.2 _ :
(AC, Silicon Tracker, and Calorimeter data) average event packet length: 264 bits
Gamma-ray Pair events 20000 Average output event rate (>10MeV): 200 Hz;
(AC, Silicon Tracker, and Calorimeter data) , average event packet length: 10 kbits

2000 ratemeters (1 for each ladder);

Integration time: 1s

2 TGF/orbit (10s including pre-burst & post-burst);
Calorimeter Burst data 140.0 1 GRB/day (100s including pre-burst & post-burst);
average event rate: 16 kHz

Spectra of 13 energy channels between 30 keV - 200

Calorimeter Scientific ratemeters 10.4 MeV;
integration time: 10ms; 8 bits per energy bin

5 ratemeters (1 for each AC side);

Silicon Tracker Scientific ratemeters 32.0

AC SCIENIIE [Elemeters 6.7 integration time: 1ms; 8 bits per energy bin

Total (kbps) 2968.4

Margin 20% 593.7

Total with margin (kbps) 3562.1 = ~ 2.5 Gbytes per orbit (before data

compression by a factor > 2.6)

V. Tatischeff 1t e-ASTROGAM workshop: the extreme Universe Padova 28 Feb - 02 Mar 2017
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5l e-ASTROGAM Dimensions

3400 mm 1204 mm
<€ > € >
A
A
X &
940 mm
1600 mm 3711 mm X
v _ 1990 mm
1800 mm 1650 mm
-‘ 1653 mm
2185 mm
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Sl e-ASTROGAM Procurement

(J Double-sided silicon strip detectors ¢ esa
- Number: 5 600 =2 7 500 with prototypes, models and spare detectors
- Possible manufacturers: Hamamatsu (Jp.), FBK (It.), IMB-CNM (CSIC, Esp.)

- Screening, characterization: i B E(+[e]?)

(1 Silicon Tracker FEE ASIC (:esa
- Number: 26 880 =2 36 000 with prototypes and models
- Manufacturer: AMS under coord. of CEA (prod., backend process) | §

J Calorimeter Crystals ¢ esa
- Number: 33 856 =2 45 000 with prototypes, models and spare detectors
- Possible manufacturers: Saint-Gobain Crystals, Detect Europ (Amcrys)
- Screening, characterization: 11 B

(] Calorimeter silicon drift detectors § §
- Manufacturer: FBK under coordination of INFN Trieste (232 wafers of 6”’)

J Calorimeter FEEASIC § §
- Manufacturer: AMS under coordination of Politecnico di Milano

V. Tatischeff 1t e-ASTROGAM workshop: the extreme Universe Padova 28 Feb - 02 Mar 2017



M e-ASTROGAM Schedule - models

Nome attivita

N

~

M5 Candidate Selection
ESA Phase 0

w

4 |[ESAPhase AITT

5 |ESA Phase A Study
6 |PRR

7 M5 selection

8 |ESAPhase B1ITT

9  |[ESA Phase B1 Study

10 |Development activities to reach TRL>5

11 Development of tecnologies with lower TRL
12 Procurement of LLI for DM

13 Demonstration Model MAIT

14 |ST/Cal/AC proto-QMs design

15 SRR

16 M5 Adoption

17 |B2/C/DITT process

18 |ESA Phase B2 Study

19 |ST/Cal/AC proto-QMs

20 LLI procurement for ST/Cal/AC proto-QMs
21 ST/Cal/AC proto-QMs MAIT

22 |PDR & early QR for ST/Cal/AC proto-QMs
23 |ESAPhase C

24 |Payload STM development
25 |Payload EM development
26 |PDHU Funtional Model

27 |Satellite STM

28 |satellite AVM

29 |CDR

30 [ESAPhase D

31 |Payload S/Ss PFM MAIT

32 Procurement of LLI for ST/Cal/AC PFM
33 ST/Cal/AC PFM MAIT

34 PDHU & PSU PFM MAIT
35 |Payload AIV

36 |Payload E2E Calibration

37 |SVM PFM S/Ss procurement
38 SVMAIV

39 [Satellite AIV

40 [FAR

41 |Contingency

42 |ESA Phase E1

43 |Launch

2023
st | s2 | st | s2 | st | s2 | st | s2 ‘ s1 52 ‘ 51 52 ‘ s1 52 s1

+02/06 | | |
& Phase 0 | | |
% Phase A ITT | | |
Phase A | | |
PRR | | |
08/11 : : :
[~ Phase BLITT | | |
; Phase B1 !
| | |
] | |
D of logies with lower TRL |
e LLI proc: for DM |

[ . Den’onstratlon Model IYIAIT

ST/Cal/AC proto-QMs deslgn

SRR
Xo6/12

Phase B2

T
LLI procurement for ST/Cal/AC proto-f QMs

.
Co ]
=;=—ST/CaIIAC proto-QMs MAIT

%PDR & early QR for §T/CaI/AC proto-| QMs

Phase C
™ d

: Payload ST
Payl|

|
pad EM

s PDHU F
|

e |
! E
|
|

u.Mo
Satellite STM
Satellite AVM

CDR
L

1 Phase D

|
of LLI for ST/Cal/AC PFM

Pr
|

T T |
PDHU & PSU PFM MAIT |
|

SVM PFM S/Ss |
i A |

ST/Cal/AC PFM MAIT !

s Payload AIV
E Payload E2E (#alibration

T } Satellite AIV
FAR

|
|
| ﬁl[’hase E1l
| >103/12

Contlhgency

0 Planning to accommodate the mass production involved in the P/L implementation
* Definition phase (A/B1; S2-2017/52-2021): test benches, prototyping (TRL >5), design proto-QMs

* Phase B2 (S2-2021/S2-2023): development and qualification of proto-QMs => start P/L subsystem
mass production after PDR

* Phase B2/C/D (52-2022/S1-2028): mass production for P/L S/S PFMs, P/L AlV, P/L E2E calibration
* Phase D/E1 (S1-2026/52-2029): SVM S/S PFM, SVM AlV, Satellite AlV,
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©le-ASTROGAM  Costing

- im
e-ASTROGAM cost at Activity AT e 5] Notes
completion for ESA 1. Launch (S/C adaptor included) 73 |Ariane 6.2
2. Spacecraft 144 |Based on platform costing
Project Office and Engineering 36
SVM products 84
AIT Platform + AlV Satellite 24

Procurement of silicon detectors,

5 Beh Eemilanien o Al 60 Csl crystals, and Tracker ASICs
4. ESA contribution to Science Data
20
Center
5. Ground Segment (MOC) 42
6. Ground Segment (SOC) 42
5 .
7 ESA internal cost 57 15_/250f the ESA cost for items
S -
8. Contingency 44 10_/0701‘ the ESA cost for items
TOTAL COST FOR ESA 482
Contribution to P/L development by national agencies Contribution to e-ASTROGAM science
SUB-SYSTEMS Cost (M€) Programmatic involvement and Operation by national agencies
Cost (M€ Programmatic
Italy, France, Germany, Switzerland, S involvement
P/L SYSTEM 20 .
Spain, Sweden, Poland, Ireland, Denmark || CONTRIBUTION TO
Italy, Switzerland, France, Germany, SCIENCE DATA CENTER S Al
TRACKER 30 .
Spain, Denmark MALINDI GROUND 5 italy
CALORIMETER 20 France, Germany, ltaly, Ireland, Spain STATION (3 YEARS)
ANTICOINCIDENCE 10 Germany, Sweden, Spain TEAM SUPPORT 20 Al
DATA HANDLING & TOTAL 31
POWER SUPPLY 10 Germany, Poland, France
TOTAL P/L 90
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