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R The ASTENA m|55|on concep’r

The mom ASTENA satellite on- boerd ms’rrumen’rs are:.

aA modu’l_ar wide field monitor imagl
(WFM-IS), with a passband from 2
WFM-IS consists of an array of 12
. each side of the hexagon, that
the unl’rs are offse’r by 15° withr

.. QXIs. '

Q A narrow field telescope (NFT) wuth,
. passband. The NFT is a broad-band Laue'|

Iength (5m)is |nS|de the spacecraft and 15 m outside.

.

-

i
\\\\\\
The WFM-IS and the focal plane position sensitive de’rec’ror (PSD) are |n3|de

the spacecraft at the launch. The ASTENA spocecref’r can be eccommodo’red inside the fomng
of a Soyuz or Vego C Iounchers

about 3 m diameter and 20 m focal length. Part of the focal 7‘
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The ASTENA WEM-IS instrument

coded mesk =l deTeéTér'module of the WEM-IS is @ _

~ Position Sensitive Detector (PSD)

Property "~ WFM-IS

surmounted by a coded mask at 70 cm
distance. - .

Q The imagingls obtained using a double
scale coded mask: one scale forthe
~ high energy photons (30-150 keV), and
another scale for the low energy =
- ~ phetons (< 30 keV). The high energy
Concept and function - maskis made of Tungsten 1. mm thick,
principles derived from the  while'the low energy mask is made of
THESEUS XGIS instrument. - stainless steel 0.5 mm thick.

WFM-IS unit

Q The PSD unit consists of an array of 4x8 modules, each of which

- conhsists of 10 rows of hexagonal scintillator bars 4.5 mm between flats
readout, on the. top, by linear multi-anode SDDs 0.4 mm thick, and,

- on the bottom, by hexagonal single anode SDDs. This configuration
has the advantage of a very broad passband (2 keV{20-MeV), a 3D
position sensitivity to energy losses in the scintillator bars and a very
low intrinsic background, given its similarity to a phoswich system

band

Energy pass

mear

exagonal SDD

. 020T 199040Q z-| ‘Buldell sujjuo quW!OD_ AviaHV



The ASTENA NFT instrument

B Laue lens The Laue lens is made by bent crystals

\\\\\H

R 17200, tiles distributed in edheeniiie clicles
& ,ex’rendmg gelay 0. 26 up ’ro 3min dlome’rer

. Ben’r crysToIs dimensio_ns: 1 cmx3cm

= Crystal file.curvature: 40 m
= Crystal material: Si (111) and Ge (111)
= Number of crystal tiles: .~19500

W) Focal plane

(along the radius), and thickness 1-2 mm.

The focal-plane deTecTor will be based one‘semic

Pro perty

detector 4 layers, with eoch layer made of 4x16-3D-CZT sensors.

“cross section of 8x8 cm? and ’rh|c|<ness of 8 cm, to hove an eff|C|ency

| hlgher than 80% up to 600 keV.

The reqU|red resolu’rlon in the(X,Y) plone is 0.3 mm. It has elreody been demon’rro’red that ’rh|s
value can be achieved with the proposed conﬂguro’rlon for single sensors of CZT.

The PSD, because of its high segmentation (~40000 ° virtual” voxel for Stelely sensor) and fine
,spec’rroscopy operate as a h|gh performon’r Comp’ron sce#’rermg polorlme’rer
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" AHEAD 2015 - ASTENA study ou’rcome L b

ESA VOYAGE 2050 -
LONG-TERM PLANNING OF THE ESA SCIENCE PROGRAI\/IME

- CALL.FOR THEMES

- COVID-19 Pandemic impact: The original timeline was for the Semor Committee’s recomm
the SPC'in November, but this is now anticipated to be more a draft recommendation rat
recommendation as orlgmally planned.

Accordingly, the release of the Voyage 2050 pubhc report will also be delayed into 2021.

Two white papers relymg on the ASTENA concept as reference mission

to

» ADeep Study of the High—E y Transient Sky - Deeper_ & Broader: Futu
* /Gamma-Ray Band of Kno d Unknown Explosion Transients (Coord
University of Ferrara, suppor’red by a team from 21 institutions from Europe
presentation at the ESA Voyage 2050 Workshop 29 — 31 October 2019, Madri L
WWW.Cosmos.esa.int/GuidorziC WP ESA Vovdqe 2050 pdf in publication on EXp. Astronomy i

- (2020). | -

> Understandmg the origin of the p05|tron annlhllatlon Ilne and the phyS|cs of the supernova. '
explosions Contact (Coordinator F. Frontera, University of Ferrara, supported by a team from-12
institutions from Europe and USA): - wWww.Ccosmos.esq. m’r/Fron’rerdF White Pdper FFrontera- ESA—

for .
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- voyage2050. pdf in publlcatlon on Exp Astronomy (2020)




Sco’pe and focus.of the WEM/S ASTENA sub-task
‘.> Implementation of hexogonel secftion scm’rlllo’ror bars for the high- energy de’rec’ror momly
fo improve its performonce as a sco’r’rerlng polorlme’rer |

» Use of.linear SDDs in the top plane to. bring The spa’rlol resolution ta 1 mm, asr
ob’rolnlng a localization error of the order of ’rhe mlnu’re of arc. This require
fundamental to enable the follow- up of GRB and o’rher ’rrermen’r events
Telescope :

» - Design OpTImISOTIOﬂ of a two scole coded mask to achieve the requwed

location‘accuracy of 1 minute of arc by the SSD low energy de’rec’ror
The above fargets-will be occor%ﬁed: | :

Mcunly with the developmen’r of a erX|b|e numerical model of ’rhe WFI\/\/S dete
modules for the optimisation of their operating porome’rers ond the design..

% By'using d de’rec’non sys’rems prototype currently under consTruchon as a THESEWS' XGIS
demonstrator: a 8x8 module of Csl square section bars coupled to two SDD arrays
" (produced within one year by OHB). The test results on this detector will be used to
validate and tune the numerical model of the WFM/S.
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Scope omd focus of ’rhe ASTENA/NFT sub ’resk | B

» Opfimization of the conﬁguro’rlon of the focal plone based on specTroscoplc sensors with 3D
spatial resolution, to maximize their performence according to the characteristics of the Laue lens,

*.in terms of spec’rroscopy imaging and sensifivity to. polorlzo’non

| > Op’rlmlzo’non of the lens configuration to maximize the effective areain th
4600 I<eV) in terms of the type ond mo’renol of the crys’rols and their distrib

| The above targets will be occompllshed

<« Mainly with the developmen’r of numencol models of ’rhe ASTENA detect
the reliable evoluohon of the formances elgle ollow_ophm_lzmg their op
the design. | ' fie '

<« By using the 3D CZT sensor module Whlch issunder development in ’rhe fromework
project (OVGI|Gb|e within a yeor) With this device, tests will be corrled out at’ focm’nes within the
collaboration (e.0. LARIX, Ferrara), and externally (e.g. ESRF). A balloon flight in 2022 is foreseen for
a small payload-based on the’same sensor type suppor’red by the HEMERA program. The resul’rs
" from these measurements will be used to validate the Mon’re Corlo models for ASTENA NFT |
performance simulation. -

< By prosecuting ’rhe ’rechhologicel activity on Laue Lens crys’rdls qssembling at LARIX (F_errdrc)".

AFE/ASI
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.-DeTe'c_:’ror‘-pro’ro’rype_'s‘ elements

- Overview of the the 8x8 CsI-SDD
module with its ASIC AFEE under
realisation as THESEUS XGIS
demonstrator. The Csl bars are 3

cm Iong and 0.5x0.5 ch |
sechon

(right) The 3D CZT sensor: 20x20x5 mm3;
~ Anode side: 12 collecting anodes,
3 STI’IDS drift strips between each anode couple
Cathode side: 10 gold strips (2 mm pitch).
 (left) The sensor moun’red and bondedon the
- mechanical/electrical interface

. 020Z 1290400 -1 *BulBalu auluo RIQUIOD) QYIHY



WFI\/\ N Ac’rvr’ry up ’ro NOW.

' S’rudres were performed @] estimate, The performgnce of ASTENAs WFM- N modules in.
terms of i imaging and polgrrme’rry ' | '

O Optimisation of the double scale design of the mask of the WFM modules o
- arcmin target of point source location.accuracy; The high energy mask is
‘mm ’rhrck WialllS ’rne low energy mgsk is made of s’rgrnless steel 0.5 mm thi

-} The low energy (< 30 I<eV) mono-dime
157 and throughput of ~66% together
. The mask sequence is based on friadic,

;The low energy mask high rhrougnper (aro
combined fine/course mask pattern to have a
50%.at high energy, crnd ’rnerefore 30-35%.at low energy

|||Il

Z|III IJIII

" for ’rne fullmask.

=
=

-
|
-
- a
-
--

The high energy mask is based on a URA design.

i
|||l |r|||

of..,

1 The compIeTe mgsk (hrgn +low energy) wr’rh The Iow energy psf
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WFM-IS Actvity up to now

O Estimation of the ability to localize the
position of a source by meqns‘of '
Comp’-’ron kinematics. -

Assuming 5 cm length of the Csl bars, and
exploiting the 3D spatial resolution of the
bars (5 mm in each direction) for double
events generated by Compton interaction

of 1 MeV incident photons, @. siﬂisemi— '

analytical estimate of the sourc ation

GCCUFOCY gIVGS

| DE/E=5%, | AE/E=10%
photatt | . ~8° | - ~18°
tot att SRR e35e

The results depending on counts statistics
and sco’r’rering distance distribution.

11

a Prehmmory evoluo’non of ’rhe performonce as
sco’r’rerlng polarimeter of the Csl bl Bitor (sfill
joss_ummg square section)

GRB (20 s, Band Model Spectrum)

—e— Fluence 10 erg.f'cmg, 2 Modules
—4— Fluence 10™ erg!cm'”, 12 Modules
—&— Fluence 2.5x10* el'ga'cr‘r12, 2 Modules
—&— Fluence 2.5x10™ erga'c.m‘"’, 12 Modules

600 800 1000
Energy (keV)

The ossumed.speoTkum is.a Bdhd law with onv—energy
photon index = 1,0, high energy photon index = 2,3
and peak energy of the EF(E) spectrum = 300 keV.
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NTF Ac’nvfry up ’ro now.

" Concerning ASTENA's NFT instruments, the activity has focused on the evoluc’rlon of The

expec’red performonce in ferms of senS|T|V|Ty and polorlme’rrlc copobllmes

.0 The improvement of the simulation tool used to evaluate the effective area Qi
the 50 600 keV pass bond ond its response func’non WITh the mplemen’ra’r'

> 'of a more redlistic numericol mode"lp’r'o'_ estimate
the first order Laue crystal reflectivity, plus

- diffraction to |
rgies.

> the inclusion of the higher or
~improve efficiency at higher

Efficiency vs Energy

Si(111) for .
50- 70 keV;

R G (111)
il from

Best choi'ce: :

jflE>170keV |

‘

l

The Laue lens PSF simulated usihg the new
SW tools for the case of a on-axis point
source and two source a different
angular distance in the Lens FOV.
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NTF ACT|V|Ty up ’ro now

13

Qa Developmen’r of a new user interface for the software tool (bosed on Laue Lens Library)
to S|mulo’re the spectro- |mog|ng copobllmes of the Laue lens WITh Si and Ge crys’rols

> this now includes new functionalities ondi allows the access the full se’r [o)i
parameters (crystals properties, ge,om‘e_’rrico‘l-configuroﬂon, input sour

The ASTENA Laue
Lens efficient area
evaluation as a -
-ﬁcﬂon of energy
fdined with the

improved sw.tool

:
:

300 400
Energy (keV)

" The «newy sensitivity of the ASTENA telescope with the

improved efficient area evaluation. Focusing
ms’rrumen’rs (dotted Imes) Non focusing instrument

(con’rmuous Imes)

itivity (photons

Sens

10

Sigma-Granat

/Swft

HXD Suzaku
chandra

30 Sensitivity. AT = 1085, AE=E/2

" 500 to 1000

' improvement

10° 10 10°
Energy (keV)




NTF Activity up to now.

14

a Impl‘emen’rd’ridn of a simple; bu"r fI'eXible nUmeriéoI model of the 3D CZT épec’frb i'mdger for the
NFT focal plane using the MEGAlib pockoge fo simulafe the response of The entire telescope -
. using as mpuT the output of the Laue Lens sw fool. .

data and folded model

| These.new developmenTs have allowed Us ’ro:

> Build a first version of the NFT response matrix in ASTENA/NFT
-FITS format (RMF and ARF files), which can now = FEES bservation time
be usedin XSPEC to verify the NFT performance ~ il
and assess specific science E@ses, both for
‘confinuum and'line,sources. | |

o - Kuvvetli et al. (2003)

=)
2
=
T
g

500

First simul-d’red,s'pec’rrdl response of a Laue lens
based instrument: Crab Nebula spectrum (Power
Law of index -2.1, normalization = 9.7)

. ® - :
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NTF Activity up to now.

15

Q Refine'the e‘vdluo’rion of the pol.cnr'imefric p‘erforrﬁonce of the ASTENA NFT Tele'sc.':o'p‘e in differen’f
energy bands and for dlfferen’r source fluxes bosed on the new effmen’r area figure gnd -
deTec’ror numerical model.

Obsarvation time () Minimum Detectable Polarization (MDP)

T Laue lens passband, in 105 s, as-a functj
source intensity (red line) and, for .10

function of ’rhe observoﬂon time (blue

T TyTrIm 2

N bo’rh cases, we
@ssumed & modulation
- factor of the detector
of Qo = 0:6
| . Background derived
N with scaling from °
INTEGAL/SPI

AT=10"s, Flux=10 mCrab
*  AT=10"s, Flux=1 mCrab
*  AT=10°s; Flux=1 mCrab

T 1T 1T 1r1r1rg
11111117

Tobs=10%s
—— Flux=10 mCrab

sy

Source flux (mCrab)

t

0¢

MDP in different energy ranges and observation

ti m es. ' 100 200 300 400 500 600
Energy (keV)

) &-

< G

§| %’ gol1O(

4




Dlssemmo’non and commumcohon oc’nvmes | I

(on gomg elgle corrled ou’r)

> -Thé résul’rs of the described activities will be repor
for Astronomy and AstrophysiCs currently in prep
~Iinternational oolloboro’rlon Teom .

" » The mo’rnx r_e-sp se of ’rhe NFT WI|| be made ava
- the LARIX portalfe the science community for o
simulatfions onol s’rudies of. relevon’r science cases.

» A 5|gn|f|con’r froc’rlon of ’rh|s NFT. deS|gn improvement hass been- -

~ the subject of a Master Thesis by Lisa-Ferro (defended on Sept
17, 2020), entitled “Simulations and expenmental activity in -
support of the ASTENA concept mission proposed to ESA

. .
.
8 . .
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>

f Meosuremen’rs at laboratories of the colloboro’non and at external f

sensor) fo asses the achievable performance in term of spohal re

freatment and reconstf@ctions fo be applied bo’rh on experiment

- Continue the fecmblll’ry s’rudy to |mplemen’r doublefocusing ’ro correc’r coma
. oberrohon of Laue lenses in The current conﬂguro’non

MonteCarlo model |mprovemen’rs for bo’rh the WFM IS module cmd the NFT bosed on |
fthe Megollb suite and the new tools for Loue lens ’rrcmsfer funchon evalugii |

Grenoble) on both the mentioned detector pro’ro’rypes (Csl- -$SD

spec’rroscopy and polonme’rry capability. .

D_evelopmen’rs of olg ithms based on neurol né’rwork and self-le

measurements on de’rec’ror pro’ro’rypes

: Con’nnuous updating of the response mo’mx of bo’rh the WFM and the NFT to allow -
scientists to perform mcreosmgly reliable simulations to. study predicted scientific cases
~ and new observational scenarios. This updo’rlng is.Of course a d|rec’r produc’r of the
previously men’rloned oc’nwhes
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