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,' The ASTENA payoload two complementary hlgh
‘.performance mstruments covermg the 1- ZOOOO keV range

EI A modular W|de ﬁeld monltor/spectrometer (WFM/S), W|th a passband from 1 keV
to 20 MeV. Each: detector module.is coupled to a light coded mask for GRB '
. localization accuracy of order of ~1’ between 1 and 50/1&0 keV. The number of -
. ‘modules is sufficient to achieve the sensmwty for GRB science requirements. The .
total |sotrop|c detection area will be ~ 1. 8 M2 with a FOV of at least 1 sr. The

'O A narrow field telescope (NFT), made of a broad- band Laue lens (50 -600/700 keV)
.. ofa 15-20 m: focal Iength “with a FOV= .2 3-arcmin, and .an angular resolution of =20".
- The:NFT-i is. coupled’to a hlgh efﬁuency (>80% above 600 keV) focal plane posmon
. sensitive detector W|th 3D spatlal resolutlon of ~300 umvin the (X, Y) pIane fine
.Spectroscopic response (1% @5'11.k,e\./) and with polarlzatlon sensitivity. . ‘
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._'ASTENA Hot suentlﬁc pornts (1) Gamma Ray Bursts

« Unprecedented performances of the WEM/S for the detectlon

" characterization and |ocaljzation within' few arcmin of*all classes of GRBs high- -
z'(-> GRB cosmology) soft/weak (GRB-SN connect:on) short (-> GW and- e
multl messenger astrophysms) uItra Iong( > pop-Hl stars) S,

8 WFIVI/S measurements of GRB Spectra light curves and 'polarlza'tlon over an-
| unprecedented energy band (1 keV —20 MeV) with Iarge effective area and

_excellent energy and tlme resolutlon (-> GRB phy5|cs fundamental phyS|cs
. W|th GRBs) -5 -

r

"¢ 2 -
. 4

J Investlgatlon of the poorlyunexplored X-ray afterglow em|ssron above 10 keV

and of the totally unexplored soft gamma-ray afterglow emission with the NFT -
(-> GRB and shock-emission phy5|cs GRB jet structure and energetlcs)

SRS R



ASTENA Hot ‘sc'ien‘t'i ﬁc p .O.i nts (2) N ucl'ea r Astrop hysjcs : "

. NFT I\/Ieasurements Wlth unprecedented sensmvlty and angular resolutlon of -t
- the 511 keV annlhllatlon line from.the GC with the: origin- (diffuse vs. d|screte- °

sources) hlnts of dark matter, phy5|cs of galactlc sggrces

s . “NFT measurements of the |nten5|ty and tlme behaV|or of t
emitted by the heavy eleménts produced in supernova exp

.- burning processes in Type-1a supernovae (impact.on. SNe-
from hypernovae assoc1ated to GW- events after glow

SNVIORE. s (see suen’uﬁc case)

ne expected I|nes
osions: nuclear

acosmolggy)and o

o.-*. .



.'ASTE—NA Hqt'-'sc°i.eh'tiﬁ'c ,point: Ha r'd.'X‘-_r'-ay', p.o-lériZaiti_Q'n st.u_die_s" .

g Target for ASTENA NFT MDP <1% for a meab source Gy
Target for. ASTENA WFM/S MDP ~1 0% for a mCrab source

e PoIarlmetry for prompt GRB emlssmn (from 10]@’V up 10/20 MeV)
WIth WFM/S 3 .

NG

gy Pola'r.imetry for high energy foilq’w-ub (60&600 '_ke-\:l) with NF"I-'.. ‘

' .I'-Iard X/Soﬁ y-ray Polér_im’etry wi}II?become a standard ,Obéerving _rhqde ,
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. ASTENA ;ma.in,c'on.ﬁguraﬁgn '(u'p.d,a'ted), :

: > One of the SC|ent1ﬁc maln target of ASTENA |s the hlgh energy
follow- up ofGRBs ey & 4

| : > Th|s W|II be achleved by the ASTENA NFﬁ\nth two order of
& magnltude Jump in sen5|t|V|ty, up to 600 keV; =

»

r

. * 1 :

2 WFM/S modules and NFT are partlally coamal

- This conﬁguratlon guarantees that the NFT ﬁeld of V|ew |s
centred |n the WFI\/I FOV - |
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'ASTENASa'te,I'Iité Configuﬁtibn (updatéd) i

»

Laue Lens. (left) WFM/S closed conf'igurvatiqn';'.
(D 3m) - 4. (right) open conﬁguraijiqu.:- ;) n

In flight " WEM/S (18
configuration U ARl o) .
-modules) 4




ASTENA Optlmlsatlon & Performance evaluatlon
‘ASTENA Slmulatlon Worklng Teams |

EI WFM/S conﬁguratlon optlmlsatlon RSB A
INAF/IASF Bologna (ltaly): M..Orlandini, Fablo Fusdyno R Campana

EI WFM/S Performance Slmulatlon

INAF/IASF (Italy), CEA/Irfu Saclay E. CaroI| C Labantl G De Cesare
of Laurent r A : . . . |

& EI NFT Optlmlsathn and Slmulatlon 5 L s -
UniFe, INAF/IASF (lItaly); DTU- -Space (Denmark) LIP- C0|mbra (Portugal):t
e Vlrglllr RUI M Curado da S|Iva Irfan Kuvveth S



ASTENA NFT Optlmlsatlon & Performance evaluatlon.- |

EI Broad band Laue Lens conflguratlon optlmlsatlon and S|mulat|on

- Development of a ray- tracrng program to optrmlse malnly the PSF the efﬁuency, -
"and the FOV of the Laue Lens optics. ;

| _> Produce the |mp|ng|ng focal spot (posmon dlrectlo.gand energy of each |
photon focused on the top focal plane surface) for dlfferent observations: - -

-

- - O Focal PIane detector optlmlsatlon and S|mulat|on

5 ,Development of a GEANT4/IVI EGALIB model of the CZT 3D spectro |magerfocal
plane and subsystems (shleld baffle, eIectronlcs volumes): - = -

> Evaluate.the sen5|t|wty and MDP ‘as functlon of conﬁguratlon andoperahng
. parametess (e.g. 3D spatial and energy resolution, background etc.)and for
different types of obse.rvatlon_ deflned by the Laue. Lens photon list outputs

I Sy



 ASTENA-WFM/S: Optimisation & Performance evaluation

C > OveraII WFM/S conﬁguratlon optlmlsatlon

. L% DeveIopment of a ray tracmg program to optlmlse the FOV and the exposed sensmve
area of the WFM/S instrument. - - : |

’2’ These tools will be-used to decrde the best trade off between the number of modules
per block, thelr respectlve axis of orlentatlon W|th respe&o the NFT optlcal axis .

-

S WFM/S Performance evaluatlon
X Development of a GEANT4/MEGALIB model of one WFM/S block (| e. 3 coded mask
' teIescopes/bIock) | Pr. g oo B 4 ‘

% To evaluate WFM/S Block’performance (sensutlvlty and MDP) as functlon of relevant

" configuration (e.g: shape.of sensitive‘elements and mask desrgn) and operating
parameters (e.g. spatial and energy resolution, background) and for dlfferent types of
observatlon (e.g. source spectra and dlrectlon) s & - -

S ko)



ASTENA WFM/S Ray tracmg tool for conﬁguratlon_- |

b % optlmlsatlon:
The BLOCK WFM/ AREA RELATIVE TO MAXIMUM VALUE
S assembly.’

The ma.p of one
The red arrows . -

WFM Block FOV: at
100 keV with % 20°
offset of the module
optical axes |

B represent the
_opticalaxis‘of _
each telescope ,
module.

Pro‘ﬁle of the FOV at 100 keV of one B|0Ck in the d|rect|on '
SN that crosses the three telescope modules - '
The total exposed area |s ~3000 cm2 e w o
.TheFOV|51355r A

- The Total ﬁeld of V1ew of the WFI\/I/S (6 Blocks) will
be the superlmposm,qn of the single Block «elliptic»
. FOV- with each-major axis rotated by 602.

Tkl



ASTENA WFM/S GEANT4/IV|EGALIB Monte Carlo Model...-_

Slngle coded mask telecope

‘Cod»ed mask i |mag|ng up.to 50/100 keV Random
Hopper FOV delimiter up to 150 keV . 5X5 mm
' . 30% ;
< The mask has a self-support pattern in e 0 cm xn50 cm B
orderto guarantee the maximum - - 20 cm
transparency of the open-elements - Steel
R ‘The Hopper walls have graded.thickness - 0.5-1 mm

‘profile to-optimize opacity and weight. - - W
-, -1 '_ T A 0.1-0.5 mm

4 . e -
WFIVI/S Block Unit= o 8 T e g T
~The relatlve inclination (offset) between the optlcai aX|s of each |
module shall be optlmlzed to. maX|m|ze fotal FOV but taklng mto o
account satelllte bus constralnts. R o) | R T e - .

)




ASTENA WFM/S GEANT4/MEGALIB Monte Carlo Model 1/2

-Detalis of the b7
volumes thatare . .
. definred inthe” ~* = 2 keV—20 MeV @
WFM/S .detector. - 4
array-model = . .
Sy 32x32
'1, : b 4 3-5 mm/
~ ' e At R Square/Hex
'Materlal Deﬁnltlon in the MC model e SDD
»>$SD. Top ‘Silicon. Iéyer on a cEramlc | Iayer ™ 450 um thick
: >Scmtlllator bar detector Csr(TI) ol CsI(Tl)/
»SSD Bottom same as SSD top o .' £ 235 (3-5 cm thick)

' >FEE,. silicon and FR4 material mlxture - EShB . Square/Hex



ASTENA WFM/S GEANT4/MEGALIB Monte Carlo Model 2/2 .

.The MC model |mplements '. i

J Analytlcal model of spectral resolutron of the,..- .

+.SSD.layers as functlon of‘energy.

EI Analytlcal modeI of- spectral resolutlon of Csl '

_bar elements as function of energy and -
mteractlon posmon anng Csl'bar axis (z). -

U Analytrcal model of spatial resolunon of Csl
bar sensmve eIements anng AXis.:.

The Csl bars detector |s a 3D spectrometer in wh|ch 0,

.the position along the Iongest axis Is given: by

Geometrlc shape SSD and CsI P
senstlve elements

Square/HexagonaI (preferred)

| %
.« This will have |mpact on the

WFM/S module de5|gn (under :
: evaluatlon) -

bl Improvementm the polarimetric -

performance (decreasing. the
+ square’diagonal efiect) and the
; Compton klnematlc '
.“reconstruction that’ can be used
for GRB Iocallsatlon

(i



For the SWG dlscu55|on g ke
Remarks for ﬁnal results comparlson ; 3

' To heIp a correct comparlson of the final results obtalned for each

~ mission.concépt: proposals under study I thlnk we shall défine some
*common ﬁgure of MErits;.. o i s 7Y .

>Deﬁne how the. sen5|t|V|ty (both in ﬂux and polarlmetry) shaII be

reported observation time, number of sigmas, Energy delta (the
classical AE= E/2 or Energy bands) '

. >Deﬁne some reference observatlon for S|mulat|on e.g. type of source
(GRB and po|nt source) spectrum, durat|on in time and/or varlablllty

. »Define the reference bac_kgrou.nd model (LEO Ol‘b._lt)
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