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Collaborazione nata circa 13 anni fa da
una iniziativa INAF-INFN, come sigla INFN
(CSN 5), sotto il coordinamento di INFN-
Ts

Forte complementarieta e sinergia tra i
gruppi

Partecipazione gruppi (limitatamente alla
parte spaziale): INFN, INAF, Fondazione
Bruno Kessler, Politecnico di Milano,
Universita di Pavia, Karlsruhe Institute of
Technology

Supporto INFN, ASI, FBK, INAF, EU, ESA




Sviluppo di sistemi di rivelazione innovativi basati sul Silicon Drift Detectors ed elettronica di
lettura integrata (ASICs) per Astronomia X (ed altre applicazioni...).
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ORGANIZZAZIONE DEL TEAM

<R

Istituto Nazionale di Fisica Nucleare

INFN sez. Trieste & TIFPA Trento — Coordinatore: A. Vacchi
Detector design, trade-off analysis, simulations, bench-test, detector-FEE
integration.

INAF — Coordinatori: M. Feroci, C. Labanti

Science drivers and requirements. Experiment and system concept, design and
development. FEE design and trade-off, production, integration and test. Test
equipment, functional and physical tests, qualification tests.

Fondazione Bruno Kessler Trento — Coordinatore: P. Bellutti
Detector technology development, production and test. Detector design.

Politecnico di Milano — Coordinatore: G. Bertuccio
Analogue front-end development, ASIC design, trade-off analysis, bench-test.

Universita di Pavia — Coordinatore: P. Malcovati
Digital front-end development, ASIC design, trade-off analysis, bench-test.

KIT Karlsruhe — Coordinatore: M. Caselle

. Detector-ASIC flip-chip interconnection.
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Mean value 12-half: 14.6 pA/anodg (44 pA/cm?) at 20° C; Detector leakage current: 25 pA/cm? at 20° C;
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Le attivita REDSOX sono sostenute attraverso progetti R&D e studi di missione, da bandi competitivi:

ASI “Bando Svelto” Architetture Compton 2008-2010
ESA-M3 LOFT 2011-2014
TECNO-2016 PixDD 2015-2017
Premiale 2015 ADAM 2018-2021
ESA-M3 FBK Rivelatori eXTP 2018-2020
MoO eXTP Fase A 2018-2019
MoO eXTP Fase B1 2019-2021
MoO eXTP Fase B2 2021-2022
TECNO-2016 HERMES-Tecno 2016-2021
Premiale 2015 HERMES-TP 2018-
Premiale 2016 HERMES-SP 2020-
ESA-M5 THESEUS 2019-2021

INAF Idee Missioni _ Anno | ASM 2007
Idee Missioni _ Anno Il ASM 2008
Idee Missioni _ Anno llI ASM 2009
Idee Missioni — Anno llI LOFT 2009
TECNO-2014 PixDD 2015-2017

INFN CSN5 XDXL 2009-2012
CSN5 REDSOX 2013-2017
CSN5 REDSOX2 2018-2019
CSN2 XRO 2021-

EU Horizon-2020 HERMES-SP 2018-2022
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LEADERSHIP

O 1l Gruppo REDSOX nasce da una collaborazione INAF-INFN con l'obiettivo di applicare
all’Astrofisica spaziale i rivelatori sviluppati dall'INFN per esperimenti di Fisica delle
Alte Energie. Ciascun team di ciascun ente porta all'interno di REDSOX la propria
expertise: la complementarieta e completezza di queste sono il punto di forza della
collaborazione.

L Nei progetti ai quali si applicano le tecnologie sviluppate nell'lambito di REDSOX il
coordinamento e effettuato dal gruppo che li propone e/o ha la migliore expertise
specifica.

O L'INAF coordina i progetti PixDD, ADAM, ASM, HERMES, LOFT, eXTP, THESEUS. (Ad
esempio, I'INFN coordina invece le applicazioni alla luce di sincrotrone o le
applicazioni medicali, che sono tra le applicazioni non-spazio di REDSOX).
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CRITICITA

Il team REDSOX rappresenta una filiera nazionale unica costituita da autonomi gruppi di
ricerca di INAF, INFN, FBK ed Universita, coordinati nel proporre ed affrontare sfide
specifiche in risposta a bandi ESA, ASI, INAF o INFN. Dal punto di vista progettuale e
tecnologico REDSOX e una eccellenza nazionale, in alcuni casi in posizione di leadership
europea o mondiale.

Tuttavia, la collaborazione soffre ad oggi la mancanza di una «stabilita istituzionale» e di
una efficiente infrastruttura per I'ingegnerizzazione e la spazializzazione (e.g., laboratorio
nazionale inter-ente), che potrebbe rendere la presenza dei dispositivi integrati
(rivelatore e front-end) sul mercato scientifico meno occasionale e piu strutturata,
permettendo un flusso di sviluppo organico e continuo.

Una tale infrastruttura nazionale potrebbe poi aprire facilmente la strada a spin-off per
la commercializzazione di questi dispositivi per le numerose potenziali applicazioni
anche in settori non specificamente scientifici.
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ENHANCED X-RAY TIMING AND POLARIMETRY MISSION MARCO FEROC! IR .0 l- ¥ 2 @"-

O A flagship X-ray observatory mission, being developed by the Chinese Academy of
Sciences, with a large contribution by a European Consortium. ESA is studying a MoO
participation.

U Currently in Phase B1. The launch date is planned in late 2027, for a minimum
mission lifetime of 5 years (goal 8 years).

L eXTP is proposed as an observatory open to the worldwide scientific community
through a Core Program and a Guest Investigator Program.
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EXTP INTERNATIONAL CONSORTIUM varco Feroc SRTTIEIR k. B+ &
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EXTP SCIENCE DRIVERS MARCO FEROC ST

Study of matter under extreme conditions of gravity, density and
magnetism. For the first time: simultaneous, high-throughput spectral,
timing and polarimetry observations.

» Constrain the Equation of state of the supra-nuclear
density matter in the interior of neutron stars.

» Accretion physics in the strong-field regime of
gravity and tests of General Relativity in neutron
stars and black holes over the mass scale.

» Physics of light and matter in the presence of ultra-
strong magnetic fields in magnetars and X-ray
pulsars.

» Multi-purpose observatory and wide-field
monitoring for transients (and e.m. counterparts of
GWs). Rapid follow-up.




EXTP SCIENCE MARCO FEROCI

and polarime

SCIENCE CHINA
Physics, Mechanics & Astronomy () Froviesn

« Invited Review « February 2019 Vol 62 No. 2: 029503
hitps:doi org/ 10, 1007/s11433-017-9188-4

Special Issue: The X-ray Timing and Polarimetry Frontier with eXTP

% SCIENCE CHINA.
PhySiCS, Mechani Dense matter with eXTP

Anna L. Watts'", WenFei Yu?, Juri Poutanen*, Shu Zhang®, Sudip Bhattacharyya®,
7 ® - - - - - - - - :
Slavko Bogdanov’, Long Ji¥, Alessa SCIENCE CHINA

Federico Bernardini'>'3, 1 . . s M:
o Physics, Mechanics & Astronomy (@) Crossvark
Deepto Chakrabarty ', Jeror
Tiziana Di Salvo®, Victor Doroshe  Invited Review « February 2019 Vol. 62 No. 2: 029504

R . N ial s : ~ . i . ; ‘hitps://doi.org/10.1007/s11433-018-9297-0
Angelo F. Gambino®, MingYu SPecia 1sue: The X-ray Tming and Polarimety Fronter with eXTP

Dieter H. Hartmann®, Kai Heb

Jean in "t Zand®', Oleg Kargaltsev”

ZhaoSheng Li**, Manuel Linare
M. Coleman Miller®, Si Accretion in strong field gravity with eXTP

Chanda Prescod-Weinstein®, Jin

Andrea Santangelo®?, Hendrik Sc Aleseandra De Roca!® Phil Titflev? Tilnn Gan® Yaan Tin® Cocima Ramhi®

Benjamin Stappers™, Holger S D i SCIENCE I('Hl'.\i,\ CrossMask
Gabriel Térok'?, David Tsai Physics, Mechanics & Astronomy ® i
YuPeng Xu®, Silvia Zane™, ¢+ Invited Review « ruary 2019 Vol 62 No. 2: 029506
N Special Issue: The X-ray Timing and Polarimetry Frontier with e XTP /10.1007/511433-017-9186-1
Lo
Su
@ science chma press inge : ; Observatory science with eXTP
Jean J. M. in *t Zand"*, Enrico Bozzo, JinLu Qu?, Xiang-Dong Li*, Lorenzo Amati®, Yang Chen®,
An Immacolata Donnarumma®”. Victor Doroshenko®. Stanhen A. Drake?. Marsarita Hernan .
Peter A. Jenke'!, Thomas . - .
g SCIENCE N
° Eb Alessandra De Rosa’, Elena . CIENCE (' HINA @ ~rossMark
|te a p ers 1or e Al Thomas M. Tauris”, Joern Wilins Physics, Mechanics & Astronomy S
e Jean-Luc Atteia®, Nils A. A_nder « Invited Review » February 2019 Vol 62 No.Z 029505
' Ehud Behar®, Tomaso Belloni®®, ¢ Special Issue: The X-ray Timing and Polarimetry Frontier with eXTP i doi.org/10. 100751 1433-013-9234-3

Andre Joiio Braga™, Seren Brandt™

science case and mission:

Frank Chambers", Liang Ch
France ChiChuan Jin*, Riccardo Ciol

Zi-Gao Dai’, Filippo D"A . o : 0
[ D e n S e M a tte r' Mot et Sonta et Physics and astrophysics of strong magnetic field systems with eXTP
XiLong Fan™33, }zlf’be" D. Ferd: Andrea Santangelo™*", Silvia Zane™, Hua Feng*", RenXin Xu*". Victor Doroshenko'*, Enrico Bozzo®,
Angelo F. Gambino™!, Poshak Gan Taria Caiazzo®. Franc: . -
) H H Christian Gouiffés®%, Paola Gra Daniela Huppen . SCIENCE .( HINA CrossMark
ro n g I e ra V I y Craig O. Heinke®, Jeroen Hor Nanda Rea’®! Physics, Mechanics & Astronomy @ Paepstion
Peter G. Jonker'*’, Jordi 1
Nobuyuki Kawai’, Laurens K R
Ersin Gigiig*, Can (

* Strong Magnetism Py Kot B 0 G

Andrea Tiel

[ O b S e r'v a to r'y S C i e n C e The enhanced X-ray Timing and Polarimetry mission—eXTP

ShuangNan Zhang'*, Andrea Santangelo'", Marco Feroci**", YuPeng Xu'*, FangJun Lu',
PY M M Yong Chen', Hua Feng®, Shu Zhang', Sgren Brand(*, Margarita Hernanz'>'?, Luca Baldini®,
| n St r u I I I e nt a n I I I I S S I O n Enrico Bozzo®, Riccardo Campana®, Alessandra De Rosa®, YongWei Dong, Yuri Evangelista®*,
Vladimir Karas®, Norbert Meidinger'®, Aline Meuris', Kirpal Nandra'®, Teng Pan®', Giovanni Pareschi®',
Piotr Orleanski”’, QiuShi Huang®, Stephane Schanne'’, Giorgia Sironi*', Daniele Spiga®',
Jiri Svoboda®, Gianpiero Tagliaferri®', Christoph Tenzer?, Andrea Vacchi®*?, Silvia Zane'?,
-~ M M e X . 1

T vae

Cristina Baglio®, 1 * Invited Review « February 2019 Vol. 62 No.2: 029502
Special Issue: The X-ray Timing and Polarimetry Frontier with eXTP hips;/fdoi.org/10.1007/511433-018-9309-2
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Science Case study and scientific simulations for the enhanced
X-ray Timing and Polarimetry mission eXTP (A. De Rosa)

Studi di Astrofisica delle Alte Energie e di Fisica Astroparticellare. Bando 2019.
Accordo ASI - INAF 2017-14-H.0

Composing team
UdR 1. Alessandra De Rosa - INAF/IAPS/OA Roma/OA Arcetri/OAS. U La
sapienza, U Roma Tre, U Tor Vergata

UdR 2. Fiorella Burgio - INFN-Catania/Ferrara, U Ferrara, U Pisa

UdR 3. Tiziana Di Salvo - U Palermo, U Cagliari, INAF/OA Brera, IASF-Pa,
OAS, IRA, OA Capodimonte
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SCIENTIFIC OBJECTIVES warco Feroc IR IR Vg ¢ ©

=1 O1: NS Equation of State .
= Measuring the M/R ratio of NSs through the observation of the (/\/

very broad FeKa emission line. Occultation techniques

= Theory: phenomenological consequences of the existence of =
two families of compact stars. evaluate eXTP ability to I
discriminate models.

~| 02: BH (AGN and XRB) disc-corona

= Spectral (occultation) and Spectral-timing properties (time lag) /%ﬂ
of outflowing coronae: constraining the corona location;
polarimetric signature: constraining the geometry of the
emitting corona

~| 03: millisecond X-ray Pulsar

= modelling the fast X-ray variability of the accretion flows in
binary systems hosting a NS. Timing noise. MW+X-ray mock
data
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Scientific simulations: support to the community and
contribution to mission definition

* The scientific activities are strongly linked with the mission definition:
Scientific Requirements, Observing Plan (#pointings, cadence, exposure),
Instrument performances, ...

* The proposing team has been and is still in charge to prepare and submit
the response matrices (arf and rmf) and background for science simulations
and their routine update depending on the instruments definition and
characterization. We released in 2021 the latest version of the eXTP
matrices and background.
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SCHEDA CORRELATA: POLARIMETRY AWARE (M. BACHETTI) MARCO FEROCI
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EXTP PAYLOAD vARCO FEROC TR J Sl ¢ ©

9 Telescopes Nickel replica

LAD 40 Modules MCP Collimator SDD
PFA 4 Telescopes Nickel replica GPD
- WFM 6 Cameras 1.5 Coded Mask SDD

INAF Role

LAD (40x)

. WFM (3x)




LAD — LARGE AREA DETECTOR

,| | ==-AstroSat-LAXPC
1075 -~ -RXTE-PCA :
- =——eXTP-LAD

Effective Area(cm2)

10 100
Energy(keV)

% Total effective area: 3.4 m? @8 keV
» Energy band: 2-30 keV

% Energy resolution: <240 eV FWHM @6 keV
*»* Based on the LOFT/LAD design

** 40 Modules on support structure

» 1° Collimated, large-area SDD detector.
Single photon, <10us

* AUDIZIONE INAF CSN5 — 17 MAGGIO 2021




WFM — WIDE FIELD MONITOR varcoFeroc SRR R b & €&
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** Field of View: 4 steradian (at 20% response)

L
I

* Imaging, <5 arcmin angular resolution, 1 arcmin PSLA
+* Energy band: 2-50 keV
+* Energy resolution: 300 eV FWHM @6 keV

¢ Effective area: 80 cm? @6 keV (1 unit, on axis)
** 3 units (6 cameras)

** Same detectors as LAD (SDD). Single photon, <10us



SFA — SPECTROSCOPY FOCUSING ARRAY varcoreroc TIEIR R W= & ¢

6000 8000
T T

Effective Area {cm?)
4000

2000

0

L L PR | i i L L PR T |
05 1 2 5 10
Energy (keV)

%+ Large collecting area achieved by multiple optics with
short focal length. Baseline: 9 optics with 5.25m FL

*»» Total effective area: >0.7 m2 @1 keV, 0.5 m? @6 keV
** Non-imaging, PSF requirement 1 arcmin HPD, 12’ FoV

s Multi-pixel SDD detector (to enable background
subtraction). Single photon, <100us

s Energy band: 0.5-10 keV
» Energy resolution: <180 eV FWHM @6 keV
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PFA — POLARIMETRY FOCUSING ARRAY varcoreroc STIRIR A b & ¢

800

600
T

Effective Area (cm?)
400

200

1 2 5 10
Energy (keV)

** Focal plane imaging polarimeter: 4 telescopes with
5.25m FL PR
o FPD

»* Imaging, PSF 20 arcsec HPD
+»» Total effective area: 900 cm? @2 keV (includes QE)

<— Titanium frame

<— Beryllium window

» Gas Pixel Detector: single photon, <100us
s Energy band: 2-10 keV
» Energy resolution: 20% FWHM @6 keV

<— Ceramic spacer

<—— GEM foil
GEM support

SIC chip

<— Readout board
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EXTP — KEY PERFORMANCE IN CONTEXT MARCO FEROCI SR

Effective Area of SFA and LAD Instantaneous FoV of WFM
10?
— RXTE/PCA
m— ASTROSAT/LAXPC
— XMM-Newton/EPIC-PN A
(‘E 10! 5 : ZA%?%H RXTE ASM /
3
E 10°
2
Ea 10!
1072 —— . 1\ — :
1 2 3 5 10 20 30 50 100
Energy [keV]
< LAD: 6x RXTE/PCA, 35x XMM-Newton (but collimated!) + hard-X response
< SFA: 8x XMM-Newton (but multiple optics and larger PSF!).
Limiting sensitivity ~1014-10 erg cm2 st
< PFA: 5x IXPE. Sensitivity: 1% MDP in 50ks for a 100 mCrab source
< WFM: Largest FoV ever, first time with 300 eV resolution. 3 mCrab in 50ks
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LEADERSHIP E RUOLO uarcoreroc SNECIR K 44 8 ¢ (©

La missione eXTP nasce dal merging tra la missione europea LOFT e |la missione cinese XTP.
La missione LOFT era stata proposta a Pl-ship INAF.

Su eXTP INAF é:

» Coordinatore consorzio europeo

» Pl dello strumento LAD

» Col degli strumenti WFM e SFA

» Co-coordinatore(trice) del team scientifico

Il ruolo INAF include inoltre le seguenti attivita:

= Project Office LAD (PM, SM, PA, PS, ingegneria, ...)
= Design e test filtri ottici LAD

= Design e test ottiche SFA e PFA

= |ntegrazione e test LAD

= Calibrazioni LAD e WFM

= Matrici di risposta LAD

= Simulazioni background LAD

= Simulazioni scientifiche WFM

= Software scientifico (SSDC, SpecTempPolar)

= Studio requisiti scientifici (Studi Alte Energie)
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Lo sviluppo di eXTP e finanziato dall’ASlI:

v’ Accordo ASI-INAF studio di Fase A: completato
v’ Accordo ASI-INAF Studio Alte Energie 2017 — Scienza eXTP: completato

v’ Accordo ASI-FBK per sviluppo rivelatori: completato

» Accordo ASI-INAF studio di Fase B1: in corso
» Accordo ASI-INAF Studio Alte Energie 2019 — Scienza eXTP: in corso

» Accordo ASI-INAF studio di Fase B2: fondi deliberati, in corso di
formalizzazione

» Contratto industriale Fase B2: fondi deliberate, in attesa avvio gara
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MARCO FEROCI

Team Summary
15. Personale INAF coinvolto 16. Personale Associato INAF coinvolto

Murnera di partecipanti IMAF al progetto: 57 Mumero di partecipanti Associati INAF: 16

Tl Tl Ti TD ™™ TD Tl Tl TI TD D D

Struttura Nfte NO 21 22 23 21 22 23 HNex Extra # Struttura 2021 2022 2023 2021 2022 2023  Extra
O.A ROMA 4 1 030 030 030 010 000 000 1 010 1 DIFC UNIBA g1 010 010 0 a o 0.00
DIREZIONE 1 0 025 025 025 0 o a o 0.00 2 Universitd di Palermo 030 030 030 060 0.00 0.00 0.00
SCIEMTIFICA

3 Universitz' Roma Tre 010 010 010 0 0 0 0.00
O.A CAGLIARI 2 2 050 050 050 0 0 0 1 010

4 Universiti degli Studidi = 010 010 010 0O 0 0 0.00
O.A BRERA g 6 070 070 070 060 100 030 2 020 Roma - Tor Vergats
|APS ROMA 11 0 220 220 220 115 165 165 1 020 5 DA Cagliari o 0 0 pi0 010 o0 000
OAS BOLOGNA 6 0 070 070 070 O 0 0 0 000 6  IADS ROMA 000 000 000 O 0 0 0.00
O.A PALERMO 5 0 050 070 070 0 1] 0 0 00 7 OAR 0 0 0 020 020 020 000
O.A PADOVA 0 2 000 000 000 0 0 0 1 015 8 |ADS 0 0 o 0ol 000 000 000
|ASF PALERMO 4 0 020 040 030 0 0 0 1 010 9  0AP: 0 a 0 010 010 010 000
IRA BOLOGMA 1] 1000 000 000 O ] 0 0 000 10 Universita Roma 3 01 010 010 0 0 0 0.00
O.A CAPODIMONTE 1 0 010 010 010 0 0 0 0 000 11 Univ. Cagliari 0 o 0 010 010 010 000
IASF MILAND 1 0 010 010 010 0 1] 0 0 00 12 OA Cagliari 010 040 010 O 0 0 0.00
O.A ARCETRI 0 1 0 0 0 000 000 000 0 000 13 INAF 000 000 000 O 0 0 0.00
Totali 44 13 555 595 585 1.85 265 195 7 0.85 Totali 080 0.80 080 110 050 050 0.00
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O Le attivita di Project Office richiedono I'acquisizione di personale per le attivita di
ingegneria degli esperimenti, la gestione del progetto (management) e le
interfacce con il Prime Contractor del satellite: Ingegnere meccanico, termico,
elettronico, product assurance, export control, system engineering, project
management.

O Queste figure sono rare o assenti tra il personale a tempo indeterminato
dell'INAF. La loro acquisizione a tempo determinato e molto difficoltosa, sia per la
difficolta di reperire figure professionali di questo genere al contempo esperte e
disoccupate, sia per la capacita di mantenerle all'interno dell'INAF con contratti
precari, a fronte del mercato esterno.
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