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'The ASTENA NFT mstrument (baselme)

’

. 'Laue Optlcs
Py Pass-band:. 50 - 700 keV .
',°20mfocallength_- o R, |
eSi1114Ge220 SR
8 Crystal dlmensmns 30x10x (optlmlzed thlckness) mm3
43 rings .+ $ . '
“* Rinjour= 18 cm / 149 cm (3 m dlameter)
» Filling Factor. 93% ' ! , .
« Total Geo.metrlc Area 69800 cm2 ~ 7 m2H . |




The ASTENA NFT mstrument (baselme)

Focal Plane Detector Sl 5
~Main FeqUiremBts # - .t @ TRy
~+» Detection efficiency > 80% @ 700 keV e .
¢ 3D imaging capability = 400 pm (x Y, Z dlrectlon)
' Fme spectroscopy response 1 % @ 511 keV |

Geometrlcal characterlstlcs
"Materlal CZT

% CZT units: Anodedrlft strlp and orthogonally
' 'segmented cathdde in PTF - o

%4 layers of 8x8x2 cm3" " - "y o B afelngs o7
. "Sensmve volume 8x8x8 cm3 . e |

*




ASTENA-NFT Heritage (GRI) Polarimetry Simulation

Laue Lens

‘
'
ETr N )
Passban | 100000 kcev |

- Focal Plane Dimension

| Top Layer 16x16x0.5 cm® ey

B N. 3 Bottom Layers 16x16x2 cm3

Gap between layers

GRI like Laue Lens Telescope main- *
‘characteristics? R

»

Dimension -

@l Layer pixelisation 64x64 £

’

' I\/Iosaic'La‘ué'Ien_s'_ PSF'(@- _
. ~2 ¢tm FWHM) at’4Q0 keV.
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Doubleevent distri'butioﬁ Fwa ps:obtained
fof each CZT stack layer when irradiated by

3 400 keV Laue lens PSE fully polarized

source in axis. The palarization direction is

il
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ASTENA-,N FT .H“erita ge (GRI)-Po E ri'm.é_try' Simu lation Results

Simulated modulation Q factor, 6btained for,
each layer andthe Q factor obtained mtegratlng
= 7 % the. contrlbutlon of aII Iayers for an on-axis
< 7 . N J
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'. ASTENA NFT Improvmg Hard X ray Polarlmetry

£ Determlnant characterlstlcs for |mproved polarlmetrlc performance of the

._ASTENANFT b 2L e
g Laue Iens using curved crystal tlles (Ge S|) PSF @- 2 mm (f/gure)

' _2 CZT focal pIane W|th fine spatlal resolutlon vostel 5|ze 0.4x0.4x0.4 mm3
3.: CZTfocaI pIane W|th f|ne spectrosc0py 1% FWHI\/I @ 511 keV
Advantages for poIarrmetry measurements sen5|t|V|ty

T SmaII amoun’c of background :

2 ngh modulatron factor of the: detector

-0.8-0.6-0.4-02 0 0.2 0.4 0.6 0.8

3 Rellable Compton event selectlon and fllterlng i oeosett




ASTENA NFT Polarlmetry VS Focal plane spatlal resolutlon

~ Two scattering-maps at 200 keV and
with polarisation axis 30° inclined ywth
respect - ; |

“to the detector ones: ” |
(left) Imarad CZT W|th 2.5 plxel pltch 5
.mm thick, 2.75x2.75 mm?2; -

(right) Caliste CZT module with O 58 mm

pler pitch, 2 mm thlck 9.3x9. 3 mm2

MC Modulation curve for two dlfferent

"discretisation in voxel of the same volume:
. obtairied by selecting scattered events for which: "

the two hits have the same coordmate inz (along
the detector thlckness) |

300 KeV parallel beam
100% polarized

Modulation Q

—e— 0.5x0.5x0.5 mm? Voxel Siz€,
—8— 2x2x2 mm’ Voxel, z=const

135 180 225 270 315 360

Azimuthal Angle (degree)



ASTENA NFT Polarlmetry VS: Energy resolutlon

The experlmental Caliste modulatlon curve at 200 keV
e Lgis gl )

(90° scattering)  TATLY The modulation factor Q measured Wlth Caliste, selectlng '
double events with energy in the 139-148 keV window, - *
was ~0.78;i.e. very close’ to the theoretical expected
values of 0.9 (red line). '

_ In black,.the data obta#a&d by a simple Caliste I\/Ionte
vosuaion  1\1r ] Sl Carlo model.results are statistically consistent with*the -

Caliste Results

flom ESRF data ] il experimental results.

¢ MC Results
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Polarisation Angle 20°
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Azimuthal angle (degrees)

..The SEIeCtio_n : ! . ' The modulation curve obtained ' %
correspondto evehts - -4 with CZT Caliste 256 at 300 keV é
“that scatteriat 90° :i.e.. = .. (98%linearly polarized) for g

different polarisation plane:
oriéntation; Double events-

. the optimal condition:
fOF-P_‘?'a”me"V -+ ."selection'within 181-197 keV. - - BT




AST—-ENA-N FT.:.P'olar.imferi_,c.~sta'tUS measu re'rhenfs.~'_ t

e CZT Caliste 256 - 200 keV
e POLCA (IMARAD) - 400 keV

@
o

e 200keV
e 300keV
e 300 keV (POLCA)
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Polarisation direction (degrees) Beam Polarisation fraction (%)

’The reconstructed..polarlsatlon Comparison. betweenthe * ., -

. plane direction versus the: real sensitivity-to polarlsatlon ‘ot
beam polarisation plane 2 degree evaluated from ESRF
direction for two energies; “data for the POLCA (II\/IARAD)

: () -7 . and the CZT Callste deteetors,

-

The large difference

between the two
results.is a further.
confirmation of.the.
modulation factor:
impro'vement

achievable with a fine
* spatial resolution

coupled-with fine."

. * . z
spectroscopic * - -

performance.



ASTENA-NFT: Effective Collecting Area.and Background

| — nominal lens |:

__ AR =6m
Am = 30"

Effective Area (cm?)

80 90 100 200 300 400 500 600
Energy (keV)

- Expected effecti.ve' areawith enefgy of a Laue
lehs made with bent Ge(Ill) tiles, 90 -600 keV
passband, and focal length of 20 m..

(red) nominally bent and perfectly.arranged files}

. (Bblue) crystals radially distorted in the range

+6 m with respect to nominal-value of 40 m and. . -

uniformly misaligned in the range +30 arcsec 0
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. The éxpected lens background at LEO

compared with the INTEGRAL SPI
méasured background foma CZT focal

plane with prewous glven main
characterlstlcs
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'ASTENA NFT IVIDP prellmmary evaluatlon

- Polarimetric’ performance achlevable by.a 20 m
Observation time 10° s focal length broadband (90;600 keV) Laue lens -
s telesecpe with-a fine (0.4 mm) spatial resolution -

T foeal plane in:a LEO orbits - i - mi

10 mCrab source

10

Source flux (mCrab)

“(top) MDP vs observat|0n time for a 10 mCrab source and
two representative (an conservaUve) modulation faetors
(Q=0.3 all double events, Q=0.6 double events selected
using both hit's energy and coordlnates)

' (right) MDP vs source |nten5|ty (100% polarlzed) {o] g 105 ; 10
Observat|0n \ : Observation Time (s)
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; ASTENA NFT Next step for: PoIar|metr|c performance study

‘o The next steps to evaluate a reallable flgure of merit for poIarlsatlon
o capabllltles of the ASTENA NFT mstrument W|II foresee

2 "Finalizing the focal pIa'ne'det'ectOr maSs ‘model QSign

-0 Performing simulation of polarlzed different sources by using the *
avalailable and verified ray- tracing tools to abtain the photon spatial
and energy distribution on the focal'plane detector (PSF files) -
.l Performing the GEANT4/MEGALIB 5|mulat|on of the focal plane '
-~ detector using the PSF files. '

- Analysmg MC data obtalned with un- poIarlsed source to study plxel
geometry systematlcs &
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