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The ASTENA payload

[ two complementary hlgh performance mstruments
o 'COVerlng the 24 ZOOOO keV range .

o EIA modular W|de fleld monltor/spectrometeﬂWFM/S) witha .5
K passband ‘from 2 keV to 20 MeV with-a GRB localization . =

accuracy of order of few arcmin between. 1 and 50/100 keV and @ !
FOV of about 1. 5 sr k. ' '

- dA narrow field téIéSEope (NFT), rn'ade' of 4 broad- band Lalie lens
(50 —600/700 keV) 'of 20 m focal Iength wrth a FOV="2-3 arcmin, 1
and an angular resolutlon of 30 ' |
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e .ASTE-NA S'ateliite cbnfigurétioh' |

(left) WEMY/S closed configuration; -
(right) open configuratiqu.;- 2 :

In flight | f Laue I;ens (& 3 m), with 20 mfocal Iength-

configuration %)

.W.FIV_I/-S"(18 mOdQIQS)‘



ASTENA WFM/S mam characterlstlcs

,@ 18 identical modules (|n 6 blocks)

® WEM/S modules and NFT are partrally coaXIaI Thrs

- configuration guarantees: that the NFT field of view is centred |n_- ¥
:the WEM/S FOV. - -+ ¢ | - .

® Each module has 4 detectlon systems based on solrd state
- detectors and scrntlllators SDD+CsI(TI) ' |

® Energy band 2 keV.— 20 MeV

o Imaging’ capabllltles at low energles (2— 50/100 keV) us1ng A i
- coded mask: FOV of 1.5 srand angular resolutlon of few arcmin..

Isotroprc detectron Capabllltles at hlgh energles (100 keV—
20 MeV) 2 -

T
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ASTENA WFM/S Block fleld of V|ew

The BLOCK o ; AREA RELATIVE TO MAXIMUM VALUE
WFN]/S adsembly:.
.The red 8rrows . -

The map 6f one .
‘WFM Block FOV: at
100 keV with. * 20O

offset of the module |
optical axes

fl represent the
-optical axis of

‘each telescope
module.

Prcrﬂle of the FOV at 100 keV of one Block in the dlrectlon
W that crosses the three telescope modules

¥ The total exposed area |s ~3000-cm?.... =T o
-The FOV. |5135 ST vk A el +

The Total f|eId of V|ew of the WFIVI/S (6 BIocks) will
be the superimposition of the single Block «elliptic»
. FOV. with each-major axis rotated by 60?.
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o ASTENA-'Wi:M/S:"Performa'nc'e"évalna-ti’on S

S S GEANT4 mass model of one WFM/S block (l e 3 coded mask
' telescopes modules) ready %3 ' '

o Implementatlon in the MEGALIB enwron@nt startmg

T Goals WFM/S sensrtlwty and MDP for dlfferent

*.W.shape and dlmenSIon of sens:t/ve elements and mask i
deszgn ik '

| 5 - | & :
EI operat/ng parameters I/ke spat/al energy resolut/on

" .and background _ |
EI source spectra dlrectlon and durat/on



AS'I;-'E_NA : WFM/S Per'fo.rmance- e‘veluati.()n code

Flux geometry,
nature, energy

| spectrum,
duration and
polarisation status

..

Bl materials)

WFM/S block Mass
model '
(geometry,
dimension and

Convolution with
detector response
: models to obtain
B the count lists

MC physical

simulation code

' Adopted detector response models:

J Analytlcal model of spectraJ resolution of the SSD Iayers as functlon of energy.
a Analytical model of spatlal resolutlon of Cs| bar elements along axis. *

a Analytlcal model of spectral resolution of Csl bar elements as. function o} energy
..and interaction posmon along Csl bar axis..



" ASTENA-WFM/S GEANT4 Mass Model of a module

’

Mask'(StainIess Steel)

CODED MASK LA -5._0 SR o
{ Light Shield 50x50 cm? IO S R
GRADED HOPPER i be
| Layerd(int) 0.1 mm & .32.¢cm
1 Layer2(mid) 0.3-0.5 mm | 20%32x70 ' :
cm?2 SDD (Si
Layer3(ext) 2 mm p '
| DETECTOR SYSTEM | Scintillator (Csl)

SDD top 0.45 mm 32x32 [ g iy SDD (Si
Scintillator 50 mm 32x32 FEE

SDD bottom | 0.45 mm 32x32 e NI
g "EE | 5mm The sizes argithe baseline values

e ; 3 - ) : s ¥ : 8
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WFM/S Detector response model for SDD spectroscoplc resolutlon.

I\/Iodel of the spectroscoplc resolutlon of the SDD Iayers as functlon of
energy. G S

Mo The SDD are used as soft X—réy detector and as Cs'l‘i . o | Energy keV]
. ; 0 100 200 300 400 500 600 700 800
. scintillator readout : : . |
" From experimental spectra acqulred usmg SDD we:s
* can extrapolate the mode] to convert simulated
energy deposit in readout signal as functlon of "
energy-and interaction position (SDD or Csl)
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b Slmultaneous acqmsmon of a 137Cs plus an 2*1Am source by
SDD.’ ' ;

" The black curve (lower x-axis) is the spectrum of X-events (SDD -
events), while the blue one (upper x-axis) i is the spectrum of

Cs events detected in the Csl bar unit. : R Energy [keV]




WFM/S Detector response model for CsI spatlal resolutlon

.’Model of spatial resolutlon of CsI bar unlt sen5|t|ve
elements anng axis. . '

The model is derived from Iaboratory measurements on
CsI bar W|th the same geometry and dlmenS|on
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The reconstructlon of the photon mteractton p05|t|on anng the bar ) o Sum of 00 and cHO1

axis is performed by, *e : - = 0 el 10

Location along br [mm]
; 1z g 5'1
Z = n =53

~“Where S, ‘and S are the light S|gnal coIIected by the two SDD at the
opposite-extteme of each senSItlve unit.:

*

: (top) Exponentlal Light attenuatlon anng the bar (top)
(bottom) Reconstructed position for various measurements along the’
. bar. Th.e'g,petlal resolution (F_V\_/HM) is ~2 mm over 50 mm Ier)gth.




ASTENA : WFM/S Detec'to.r response-model fOr Csl spectra.l 'r‘_es.olution

; .IVIodeI of spectroscoplc resolutlon of Csl bar unlts as functlon of energy and
mteractlon posrtlon along Csl bar aX|s A el

: '-The model is derlved from Iaboratory measurements on Cs| bar W|th the same geometry and
.dlmenSIons | .

v 2 . ' : A —— Sum of CHOO and CHO1
E k S S —— kE e o ol " . —— Resolution at 662 keV: 4.9%
A . ‘ —— Resolution at 32 keV: 41.8%

The energy resolution (10) as function of the position
interaction.can, be evaluated from:the above relation
by error propagatiof _* .+

. AONERRECT : ¢

Spectrum of a cpllimateo[ 137Cs source, placed inthe
middlesof the scintillator bar, acquired summingthe
scmtlllatlon light S|gnals collected by the SDDs at.

200 300 400 500
both ends Energy [keV]




ASTENA WFM/S GEANT 4 Slmulatlon Results

Examples from the I\/Iatr|x Response obtalned with the THESEUS WFI\/I/S
Geant4 I\/Iass I\/Iodel - : A

Detected spectra of a GRB - |
‘with a fluence 20 ph/cm?in 8
50- -300 keV (a typlcal BASTE HE

- GRBspectrum) . |E

~EXpected Bask’gfound‘,
'LEO orbit at 550 km,
“ equatorial [5°]-

One -Module effective area -
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ASTENA WFM/S GEANT 4 Slmulatlon Results | -
Examples from the Matrlx Response obtained wrth the TH ESEUS WFM/S
Geant4 Masstodel the reconstructed spatlal dlstmbutlon of Csl events

o-. S
' . >

- o : .
Each Csl bar is dlcretlzeQanng the mam axis in. 10 segment of

' 5 mm (tW|ce thelo spatlal resolutlon The fma Cs| detector

|anm|ng d|rect|ons (both external to the
| Mask*FOV) Frod |

' Left(0,0)=(40°, 0°)
e e Rrght (e¢) (70° 2100)»

" From these eounts dlstrlbutlon over the fuII set of WFM/S modules |t WI|| be
p055|ble to mfer the GRB mcommg dtrectlon W|th|n a certaln angular preC|5|on

e . :
2 : | BT
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CO.NCLUSIO‘I.\I.': A’STEI_\'IA-.WFM/S ‘ExpeCte'd' perfOrmanC‘e-

Using a reference background. in a LEO orbit the figure ———

shows the expected Sensitivity by the ASTENA WEFM/S ¢ -1 — otokey
~indifferent energy bands. Sen5|t|V|ty to GRBs is - |
“unprecedented.
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- " This preliminary evaluation is already at least a factor
ten (in 1 s integration time).in sensitivy with similar:

" instrumentation currently proposed (Theseus) far GRB
-sciehce: ™, . g "
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NEXT STEPs ) ' - D L4
J Implementatlon of the GEANT 4 WFI\/I/S block mass model in. I\/IEGALIB 3

- . Implementation of the detector response models in MEGALIB;

d Deflnltlon of S|mulat|on scenarlos needed to buildthe WFI\/I/S response matrlx

»
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' -'ten {in 1 s integration time) in sensitivy with similar °

CONCLUSION ASTENA WFM/S Expected performance

~Using a reference background in a LEO orbit the figure ‘ —

: shows the expected sensitivity by the ASTENA WFM/S. : B sk
in different.energy.bands. Sen5|t|v1ty to GRBs 4S. 7 ;

| unprecedented - |
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This preliminary evaluation’ is already at least a-factor -
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mstrumentatlon currently proposed (Theseus) for GRB

- science.
102
Exposure [s]

_NEXTSTEPS i T ' I .
e ‘Implementatlon thhe GEANT 4 WFIVI/S block mass. model in IVIEGALIB (may‘2018)
3 Implementationt.of the detector response fodels in MEGALIB (may 2018);"
~ ' Definitioh and run: of S|mulat|on scenarios needed to bUI|d the WFM/S response matrix .
" for GRB's and-source survey (June november2018); .. :

u Evaluatlon of sen5|t|V|ty, source Iocatlon accuracy, and IVIDP (october december 2018)
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ASTENA WFIVI/S GEANT4/MEGALIB Monte Carlo Model :

Smgle coded mask teIecope

Coded masK i |mag|ng up.to 50/100 keV Random

Hopper FOV delimiter up to 150 keV .. SX5> mm

* The mask has a self support pattern in : e £0 cr:?</;0 cm
orderto guarantee the maximum - . 20 cm
transparency of the open.elements Steel

< The Hopper walls have graded. thickness . 0.5-1 mm

profile to-optimize opacity and weight. - . W
% e | b gte L . 0.1-0.5 mm

.

WFMfS Block:Unita i b - # il L
" The reIatlve |ncI|nat|on (offset) between the optlcal axis of each

moduIe shall-be optlmlzed to maX|m|ze total FOV but takmg |nto
account satelllte bus constralnts .

. 16



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

.Detalis ofthe o

volumes thatare. . .
defmed inthe ° e 2 keV — 20 MeV %
WEM/S detector. - 4 '
array-model . . °
Gt de 32x32
-.‘ . = 3-5 mm/
e s SRS Square/Hex
& 'Materlal Defmltlon tn the MC model - ¥ i oy SDD
>SSD. Top ‘silicon. Iéyer on a ceramlc I Iayer % 450 pum thick
. >Scmtlllator bar detector: Csr(TI) P R CsI(T)/
>SSD Bottom same as. SSD top it 1 s : (3-5 cm thick)

. >FEE, Silicon and FR4 material mixtUre. ¥oal sl . Square/Hex



