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Advanced Surveyor of Iransient Events and Nuclear Astrophysics (ASTENA)

focal plane detector

3D CZT
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large collection area
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Diftractive crystal

Dittracted beam
L r
Focal axis

Wide Field Monitor Spectrometer
(WFM/S)

. Lens focus

3 x 6 = 18 modules

total detector area ~ 18000 cm?
1 keV - 20 MeV

>]1 sr FoV




INAE _IASESOLOGNA

University of Ferrara - Physics and Earth Science Department

ASTITUS GBS RUPISTCAIS Ph i
BRRE IS S L LSS A - SOLL5) LA
S

ASTENA Narrow Field Telescope (NFT)

optics configuration

1.5
pass-band 50 - 700 keV NQ

20 m focal length 1

Si 111 + Ge 220 :]%
crystal dimensions: 30 x 10 x (optimized thickness) mm? \\_/
43 rings

Rin/out= 18 cm / 149 cm
Filling Factor 93%

Total Geometric Area 69800 cm? ~ 7 m? !!

20 m

focal plane detector requirements
detection efficiency > 80% @ 700 keV

3D imaging capability = 400 pm (X, y, z direction) \'/

fine spectroscopy response 1 % @ 511 keV

AHEAD SWG meeting - Roma Tor Vergata - November, 14-15




INAF - IASEF BOLOGNA

University of Ferrara - Physics and Earth Science Department

ISTITUSGITPNSIRUPISTCARSPA Z | A1E

BRI F SIS A SUSINCA - SIS

Narrow Field Telescope (NFT') outline

» Software development-upgrade for performance evaluation

e Simulation results:

* optics

 focal plane detector
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the NFI on board ASTENA is the only

instrument in this working group that
University of Ferrara - Physics and Earth Science Departr requires 2 tools to be optimized.

one is the LLL that was developed for

Laue lens optics, and the other is the

megalib.
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optimization and performance evaluatic

ASTENA/NFI

Two step process 1s required

» Ray tracing to define the Laue
lens photons flow over the
detector

e PSF and FoV optimization

Laue Lens Library MEGAlb

Development of a model of
spectro-imager focal plane
detector
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INAF - IASE BOLOGNA ) = ) ; through the LLL we define the crystals
o e e cowge ™ Unuversity of Ferrara - Physics and Earth Science L with their material, dimensions,
B3 7 ST cosiCa - Sorus i o geometry. The crystals are assembled in
R the lens that is defined by its FL, radius
and mounting accuracy.

g g
y ‘,’_!'“'“_

To get the output results, i.e. the lens
definition of the basic Crystals performances, is required to define a

source, therefore its spectrum, intensity,
dimension must be given.

e material .
o diffraction planes LLaue Lens Lib
e crystal geometry —
o crystal dimensions

o crystal mosaicity distribution
¢ uncertainty on Rcurvature

definition of the lens parameters interaction process output parameters
1
: leqs profile e Point Spread Function
o filling factor * kair = kin + g e Field of View
o focal length < = — "1+ Effective Area
e lens dimension (radius) - la=1 R(E) e Sensitivity
* mounting accuracy

definition of the source

source dimension
source-target distance -
number of photons

photons energy distribution
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recently the LLL has been upgrded with new features

_ sk _ ; - . and | want to describe here few of them. Some of them
ASTITUTOHY AZIALS UIHV@I‘Slty of Ferrara - PhYSICS and Earth Sc¢ are very important for the ASTENA performances
BPFISICA SUSINSA - R evaluation.
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1. in case of mosaic crystals (not the case of NFT-
ASTENA) the mosaicity distribution can be different,
definition of the basic crystals we can have a distribution.
2. curvature radius distribution
3. mounting accuracy

e material

e diffraction planes Laue Lens In a focusing instrument that needs to be coupled with
a focal plane detector the source component has two

J Crystal geometry i > meanings.

’ CryStal dimensions In LLL the meaning is the original astropysical source.

o crystal mosaicity distribution :c_at(tar: Wg rt\avte to _useltrt\_e output of LLL as input source
- or the detector simulation.
e uncertainty on Rcurvature

definition of the lens parameters interaction process
te lens profile
« filling factor * kair = kin + g ¥e Field of View
o focal length > > e

« Effective Area
 Sensitivity

lens dimension (radius) e la=1 R(E)
mounting accuracy

definition of the source

¢ source dimension
 source-target distance > «
« number of photons

« photons energy distribution

link with MEGAb

LAKEX Bacibiy

-* ‘ .*
AHEAD @ %
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« /s N sample of 60 GaAs crystals
< - \ c
2] / \ provided by IMEM-CNR Parma
g ° 7 \ C.Ferrari, A.Zappettini
Y= 4 \
o / \
z. \
4 £ “\
// \.,\ foe instance, this is an example of
7 T mosaicity distribution of a sample of 60
/ N mosaic crystals made of GaAs
2 r /" \'\ . measured at LARIX. We can use this
d AN distribution in our code, to get the real
//"" ~ - PSF or the Effective Area or the
N sensitivity affected by this crystal
0 ' ' production inaccuracy
L0 12 14 16 18 20 22
o For STENA we are not going to use
Mosalcity (arcsce) mosaic crystal but perfect bent crystals.
For some crystallographic orientatons a
—— quasi mocaicity occur that can have a

less evident effect.

% &

LAKEE facibity
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INAFE - IASEBOLOGNA the main property that we can exploit
e U with bent crystals is their capability to
: {:J S ASTAURIEAS A Sre s focus the radiation in an area smalle

i = than their cross section itself

Even if for perfect crystals the mosaicity
— affect less the PSF FWHM, their
e - curvature radius and the mismatch with

Flat VS. bent CI‘YStaIS — ' respect the nominal curvature, has to

be taken into account.

o prolile

Il ' flat crystal

Focal pl;mc/ R | :
) y profile

W

bent crystal PSF FWHM = 1.1 + 1.7 mm depending on:
- mosaicity
- curvature radius

Focal plage / a, | ASTENA-NFT is based on bent perfect crystals for which the
al pl: |
PSF FWHM is < I mm (curvature uncertainty still present)
G &

LAKEX Lol
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Combined PSF from a ring of 20 perfectly aligned and perfectly bent GaAs bent crystals

simulation

GaAs (220) @ 157 keV
0

40
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Lo

120

D 20 w 60 ac 100 120
Pixels
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Curvature radu distribution of GaAs for the LAUE

even if small this radial mismatch
occur for each crystal therefore a
distributon of mismatch must be

. considered
. . . . . in the [ |
14 foo | -
/TN 3L €711 S ——
12 / -
’ \
/ H. - uniformly distributed

10 / \
4 { e s
3 / \ - affected by systematic uncertainty
;._‘ 8 / % . .
z / \ (radial shift)
- ‘ Kr‘ \
i O F “,r' I\. g

J \
4 ",r" \'n‘
§ \\l
/ N
2 a '\\ LAPPING process for bending the
pd N crystlals adopted by IMEM-CNR, Parma
0 - ' N e S C. Ferrari, A. Zappettini
34 36 38 40 42 4 46
Curvature Tadius (m) sample of the 60 bent GaAs crystals
‘.—
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Curvature radu distribution (I1)

PSF with Gaussian distribution of

nominal PSF with crystals Rc = 40 m the curvature (FWHM = 6 m)
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HPD ~ 1.1 mm HPD ~ 4.5 mm

v

worsening factor ~ 4

recent results have shown a bending accuracy of ~ 5 % R (~ 2 m)
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Crystals mounting uncertainties

nominal mounting accuracy 15” mounting accuracy
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our experimental monting capability 1s better than 10 arcsec

% &
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Expected performances of a Laue lens made with bent crystals

E. Virgilli**, V. Valsan®, F. Frontera*°, E. Caroli¢, V. Liccardo’, J.B. Stephen®
4Department of Physics, University of Ferrara, Via Saragat 1/c, 44122 Ferrara, Italy

®Indian Institute of Astrophysics, Koramangala, Bangalore - 560034, India

‘IASF-Bologna, INAF, Via Gobetti 101, 40129 Bologna, Italy

dITA-Instituto Tecnoldgico de Aerondutica, Sao José dos Campos, Brasil

Abstract. In the context of the LAUE project devoted to build a Laue lens prototype for focusing celestial hard

X-/soft gamma-rays, a Laue lens made of bent crystal tiles, with 20 m focal length, is simulated. The focusing energy G c b ent
passband is assumed to be 90—600 keV. The distortion of the image produced by the lens on the focal plane, due to

effects of crystal tile misalignment and radial distortion of the crystal curvature, is investigated. The corresponding

effective area of the lens, its point spread function and sensitivity are calculated and compared with those exhibited by p C rfe Ct CI‘YS tal S
a nominal Laue lens with no misalignment and/or distortion. Such analysis is crucial to estimate the optical properties

of a real lens, in which the investigated shortcomings could be present.

Keywords: Focusing telescopes; X-ray diffraction; Laue lenses; Experimental astronomy; High energy instrumenta-
tion.

*Corresponding author: virgilli@fe.infn.it larixfacility.unife.it

Journal of Astronomical Telescopes, Instruments, and Systems, 3(4), 044001 (2017)
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Laue lenses made with bent mosaic crystals: comparison between
simulations and experimental results

E. Virgilli', L. Ferro!, et al.

! Department of Physics, University of Ferrara, Via Saragat 1/c, 44122 Ferrara, Italy
2 IMEM Institute, CNR, Parco Area delle Scienze 37/A, Parma 43124, Italy e-mail: virgilli@fe.infn.it

GaAs bent

Context. Laue lenses made with bent crystals represents a challenging way to focus the radiation from the Gama ray sky. Investigate >
the possibility of using bent crystals represents a new window that only recently started to be a real possibility. I I I O S al C C rys tal S
Aims. It is shown that the crystals curvature radii represent a very important parameter to be carefully investigated, given that is capable

to minimize the psr. The distortion of the photon distribution on the focal plane detector due to the effects of crystal misalignment and

radial distortion with respect to the nominal curvature are dicussed.

Methods. A software named laue lens library LLL has been developed for the purposes. In the Monte Carlo code, all the main param-

eters have been takein into account. The ray tracer

Results. We have found that a radial distortion of 5-10% with respect to the nominal curvature radius can be accepted to turn into

a worsening of the on-axis psr of about 10%. In this paper we have shown our method to realize a prototype with an unprecedent

accuracy and stability in long time monitoring.

Conclusions.

Received, accepted

Key words. Focusing telescopes; X-ray diffraction; Laue lens; Experimental astronomy; High energy instrumentation

In preparation
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: ass-band 50 - 700 keV
ASTENA-NFI Effective Area i

Silll + Ge 220

T g — crystal dimensions: 30 x 10 x (optimized thickness) mm?
43 rings
Rin/out= 18 cm / 149 cm
Filling Factor 93%
Total Geometric Area 69800 cm> ~ 7 m? !!
10000
Ng i
5
I [Si 111 + Ge 220 optimized thickness \\
i
g EA can be further smoothed with \\1
! a different crystals arrangement -
! :

50 100 200 300 400 500 €00 700

CEnergy - keV
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Detector dimensions and FoV
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Detector dimensions and FoV
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Detector optimization activity (@ D'TU - Copenhagen

Detector geometry definition:
- 3D CZT detector (DTU - 1. Kuvvetli, C. Butz-Jorgensen):

- (3D position sensitive) 400 pm spatial resolution (x, y, z directions)
- spectral resolution

- required > 80% efficiency @ upper energies i.e. @ inner LL ring radius for Ge 220 (612 - 700 keV)

Source definition
- 10’ photons interact with the focal plane detector
- > 10° photons are generated

- two generation methods of the source of radiation are being investigated

@ % AHEAD SWG meeting - Roma Tor Vergata - November, 14-15
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Detector optimization activity (@ DTU - Copenhagen

I. Detector geometry definition

4 CZT packed units

Single CGZ'T unit 20 x 20 x 5 mm + read out electronics
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I1. Source definition

Energy X, Y position 6 (I)

Output flux from the LLL can be used as input
source for MEGALIib (photon list available)

20m
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I1. Source definition for MEGALib

RIng or crystals =quivalent ring of
diffracted Images

g L o —
-~ N
/ \
! \ .
i \
s i " |
\ | ' |
LY ~ _ - equivalent
ay B — e —— . __,' crystal ‘{-;“Aj.' source
—

---------

focal plane focal plane
detector ’ detector
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Sensitivity (photons/cm” s keV)
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10" T
o \\ 3¢ 10°s AE=E/2
BerpoSAX
e Virgilli et al. (2017)
. ' .. Ibis/INTEGRAL
10° o XMM - "
7 Line sensitivity will also
10° benefit from the Laue lens
- g Nustar large EA:
10~8 % COMPTEL
Improvement over
. . " INTEGRAL/SPI:
to® e ASTENA/NFT
o . 350 x @ 100 keV
107055 TY T - TE R 100 x @ 200 keV

Luuxmn,

Encrgy (keV)
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Conclusions and next steps

@ LLL 1s fully implemented and capable to describe 1deal and real operative conditions of

the NF'T optics;
® Detector material and geometry already defined: 3D-CZT;
® Focal plane detector requirements have been defined (spectral and imaging capabilities);
® Source localization method for MEGAIb is being investigated;
@ With this lens-detector system, FoV and sensitivity have been preminary ivestivated;

® Nuclear line sensitivity is being evaluated (e.g. e*/e 511 keV line)
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