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Advanced Telescope for High ENergy Astrophysics

Athena and the Hot and Energetic
Universe

v ESA Large Mission (L2): Observatory class
v' Hot & Energetic Universe Science theme:
v Formation and Evolution of hot gas cosmological structures
v  Growth of black holes over cosmic time and their influence on galaxies

v’ Transient phenomena, GRBs as probes of the early Universe and
Multimessenger Astronomy

v Observatory Science
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ATHENA

L1 orbit Ariane VI
TOO in 4 hrs
Mass 7 tons
Power 2500 W
4+6 year mission

The Athena Observatory

\‘-’

X-ray Integral Field Unit:
AE: 2.5 eV

Field of View: 5 arcmin
Operating temp: 50 mk

Wilingale et al, 2013
arXiv1308.6785

Silicon Pore Optics:
1.4m2at 1 keV

S5 arcsec HEW

Focal length: 12 m
Sensitivity: 3 1077 erg cm-2s-!

Wide Field Imager:

AE: 125 eV

Field of View: 40 arcmin
High countrate capability

Barret et al., 2013 arXiv:1308.6784

Rau et al. 2013 arXiv1307.1709
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Transient Universe
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International Organization

ESA Athena Science Study Team (ASST)
M. Guainazzi (Chair), D. Barret (X-IFU PI), K. Nandra (WFI Pl), M. Caboi. E. Costantini, J.

ESA responsible at system level, spacecraft,

launcher, mirror, operations and SOC

Instruments and Science Ground Segment
by Instrument Consortia:

— XIFU PI/CoPI: France, Holland, Italy
(INAF/IAPS)

— WHFI Pl: Germany
NASA & JAXA contributions
ESA Athena Science Study Team
Science &Mission WG

HOT AND/ENERGE
UNIVERSE

Croston, A. Decourchelle, J.W. den Herde: . L. Piro. 1 .. Rea, T. Reiprich, N. Werner, R. Smith

——
SWG1

Hot Universe

Ettori, Fabian,
Reiprich, Ota

SWG2

Energetic
Universe

Aird
Brenneman,Capp:

(NASA), H. Matsumoto (JAXA).

SWG3
Observatory

Decourchelle,
Matsumoto, Smith

TWG4
Telescope

Willingale, Pareschi

AGN feedback in
galaxy group and
clusters

AGN and star

e
—_———
SWG1.1 SWG2.1 SWG3.1
Evolution of Formation and Solar System &
galaxy group and growth of earliest exoplanets
clusters SMBH Branduardi-
Allen, Buchiner, Civana, Raymant, Gidel
Pointacouteau, Sato Comastr
SWG3.2
SWG1.2 SWG2.2
Btar formation and
) phy of Under the luti
galaxy group and bulld-up of SMBH Aauw, Sciorting
clusters and galaxies
Eckert, Mernier, Carmera,
Pratt Georgakakis, Ueds SWG33
End points of
I {
SWG1.3 SWG2.3 stellar evolution

Feedback in local

forming galaxies

Bozzo, Schwope

McNamara, Ponti, Ptak, swas4
Sanders, Terashima Supernova
i remnants &
mionescy Interstellar
SWG2.4 Bamba, Costantini
SWG1.4 Close
Missing baryons environments of
end';vga1m-¥|ol SMBH SWG3.5
intergalactic Doveizk, Matt, Mukti Jenath
medium Miniutt ultiwavelengtl
Kaastra, synergy
! Combes, Salvatc
Finoguenov
f—
SWG2.5
Physics of SWG3.6
accretion
Athena
de Marco, Dane, Multimessenger
Miler Piro
-
—_—
SWG2.6 SWG3.7
Luminous Physics Beyond
extragalactic the Standard
transients Model
Jonker, O'Brien Bulbul, Reynoids
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MWGS

Mission
Performance

den Herder, Piro,
iau

MWG5.3

Inter-calibration
Burwitz, Pajor,

MWGS5.1 Please, in case you do
PR
Sclence ground not find yourself,
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Athena Community
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INAF leadership in ATHENA

XIFU CoPI-ship (INAF/IAPS) + synergical participation to WFI
« [talian responsibilities on XIFU: enabling science, high VISIbI|ITy

Canada

— cryoAC TES microcalorimeter United Statee Crech Repubic

— background o 186 / France
United Kingdom _ {

- FI|TeI’S Turkey \

Germany

- |CU Switzerland \ p— , 102
— XSAT ChOirShip Spain "_:-_ : Greece
Poland -\
« System/satellite merangs taly
— Particle environment and orbit Japan _—

— Mirror calibration and module integration

« [talian representatives in ASST &WGs: 2 ESA Study Team, 9 co-chairs of

Mission & Science WGs, 212 members (largest conftribution vs total 1020)
— INAF: IAPS(lead of the Athena Italian Consortium), IASF-MI, IASF-Bo, IASF-Pa, OAB,
OABo, OATo, OAPa, OATs, OAR, plus all other INAF obs for participation to wgs
— Univ. &INFN Genova, Univ Rm1,Rm2,Rm3, Univ. Bo, Univ. Pa, Uni.Mi
— CNR, IFN-RM
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HOT
~ UNIVERSE

Bkg and TES CryoAnticoincidence

* Enables XIFU science for faint &diffuse
sources (INAF/IAPS, UNI&INFN/Ge, R
INAF/IASF-Mi, CNR/IFN-RM Nb-Ti wiring

* The first large area (1 cm2) TES array:

longstanding development by
INAF&INFN/UniGe

* The only European TES onboard

ROX thermometer

VTT K4 SQUID

Pt heater (x4)

[ rim
New Mass Model - SPL

GCR Protons Ir/Au TES (x96)
_"—'—|_|_\ Au bonding wires
for rim thermalization
0.1 Sample holder for test at IAPS
% 2-10 I(r:le?/ir{flfsct 0.08) x 102 cts cm? s keV"! Event ID: 180
X I_|—I—\—3:— only CryoAC , o . 0.5 -
‘T(I) E 2-10 l;(z\p/);fa +0.16) x 10 cts cm? s keV' — TES :‘rf.:y (Pxl 3) Edca‘: 19.9 keV
o 2-10 keV = (3.6 + 0.16) x 10° cts cm? s keV-' = Cryodc, Edep= 264 kev
E ——— Bi-Kapton 0.4
3 0.01 4 ; 2-10 keV = (2.96 + 0.16) x 10° cts cm? s keV!
° _Requirement 0.3
I —
: e o T o I g N TES ARRAY
- %l = l:; ; 02 I'|'
- \
1
0.001 \
oz 5 & s 6 7 & & 1o o \ CRYOAC
E (keV) . L
* Particle bkg & Environment(INAF: IAPS,
. -5.0 -2.5 0o 2.5 50 7.5 10.0 12.5 15.0
IASF-Mi, IASF-Pa, OAS)
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UNIVERSE

Thermal Filters
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5 filters from 300K to 50 mK, 4 x larger -
than XRISM.
OaPA & UniPa % 06
€
0,2
0,0

@CNRIFN

T -l— — Y
o TF110-2472 20/45/0 }
— Fit
o8
Al L-edge N K-edge
B 04 081 T
- . lL‘ 80 90 100 " vtﬁ’.‘ 400 20 _J
C K-edge 050 O K-edge Al K-edge
L e :M% .
j;': 200 310 ¢ E’:‘C\ 53 550 sT0 Q H-i\’,\ 1600 1700
PR (PR SN SRNPU PR T S S S S
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Energy (eV)

Presentazione Athena INAF RSN4 May 25, 2021



Advanced Telescope for High ENergy Astrophysics

XIFU ICU

e Commanding all XIFU subsystems

* Euclid heritage
* OAS &OaTO FilterW:x;:lﬂ(llz‘;;)(&(z:igl)ibmﬁon

U EWand CAS/
electronics (FWE,
~ {] N&Rinibox) |
Calibration
4‘_JL ASsembly
ATHENA  x-ray integral Fieid Unit (CAs)
Digital Readout Electronics 1Pl
(DRE, 6 boxes) 5 Focal Plane ’
Assembly signals E¥[and SRS
. Warm Front-End
::\,E,‘g];);‘ng electror )
(WFEE, 3 boxe: Aperture Cylinder (ApC)
Event Processor - - N
St T »
d
2K Core | i 1
[
CryoAC Warm Back-End CryoAC Warm Front-End Focal Plane Assembly (FPA) 0
el A oo e o
Spacecraft Power Distribution 1 (CryoAC-WBEE, (CryoAC-WEEE, R fers N
(ESA) (=== unit @DUN&R N &Rin 1box) Redundancy 1/4thin1box) | % 4
in 2 boxes) ) o
g CryoAC TES & Cold o
S Front-end Electronics T
g I (@]
5 oocan |f |2
i : |
Unit (ICU, N & Rin (Zégg‘;f?"‘;l: ) S — B
7 in 1 box] (@] [
Tbox) it
FPA Auxiliary Board FPA house keeping I
2K Core Frame 3 3 E
2K Core house keeping : 3 :
Hybrid Cooler A
Hybrid Cooler Control Hybrid cooler house keeping Mechanical Assembly ! 3 :
Electronics (CCE) Hybrid cooler current leads : i :
I8
4
e Power line == High speed bus Signals (control & science)
' Air tight feedthrough U Connectors * could be as a separate harness

| NEd\erlands

| Italy | |United5tates | | Switzerland | | Belgium | | Finland | | Poland | |

©DB/X-IFU/2021
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Mirror Integration & Calibration

* Facilities @ INAF (OAB) for
proper Mirror Modules
assembly (600 MM) and
calibration: Beatrix & VERTEX
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WBS [taly

‘ SYSTEM \ SUB-SYSTEMS

INSTRUMENT l
SIMULATIONS & SCIENCE FLIGHT SEGMENT [ GROUND SEGMENT ]
CALIBRATIONS

MANAGEMENT

SCIENTIFIC MISSION A\:ll[? %ﬁ:&?'},ﬁ:ﬁs XAFU X-IFU INNOVATION
MANAGEMENT BACKGROUND R RERIER
Resp.: L. Piro | d Resp.: F. Fiore
- £acer CRYOAC
P AREMBES Resp.: C. Macculi (" X-IFU BACKGROUND
PROJECT Resp.: C. Macculi X-IFU CALDB & CRYOAC
MANAGEMENT Resp.: M. Cappi THERMAL FILTERS Resp.: S. Lotti
Resp.: A. Argan EXACRAD Resp.: M. Barbera \_ M. D’Andrea
Resp.: S. Molendi WEI o]
AT Resp.: A. Comastri Resp.: L.
X-IFU Valenziano
|  BACKGROUND
Resp.: S. Lotti
S

WFI BACKGROUND

OPTICAL FILTERS
Resp.: S. Molendi Resp.: M. Barbera
-
OPTICS
)

Mission
— Calibrations BEATRIX
Resp.: L. Natalucci Resp.:B. Salmaso

VERTEX
Resp.: A. Moretti

SIMPOSIUM
Resp.: G. Sironi

(i
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OBS ltaly

ATHENA ltalian Scientific

& Programmatic Coordination

ATHENA Italian Board || X-IFU Co-PI & ATHENA Coordinator ASI Manager
L. Piro (INAF) E. Cavazzuti (ASI)

Central PO Co-Is
PM & SM PA Project Scientist &
A. Argan (INAF) D. Brienza (INAF) C. Macculi (INAF) Science team
X-IFU Local POs WEFI Local POs Optics Local POs

BKG Thermal CrvoAC BKG || || Optical Filters Optics
Simulations Icu. Filters CryoAC detector Cold & Warm Gs Simulations M. Barbera G. Pareschi
C. Macculi L. Valenziano M. Barbera C. Macculi (INAF) Elect. F. Fiore (INAF) S. Molendi (UniPa) (INAF)

(INAF) (INAF) (UniPa) F. Gatti (UniGe) G. Torrioli (CNR) (INAF)
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ATHENA
Schedule

v Hot&Energetic Univ. Theme selected for ESA L2 Nov. 2013

v Athena Mission selected Jun. 2014
v Phase A and B on going
v Implementation Phase 2023

v' Launch 2033/34

v Operations: 4 +6 years
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109

Task Name

Phases & Milestones

4 CRYOAC

TRL Demonstration

CryoAC Requirement Specification

DM1

Trade off

TRLS demonstration

WE requirements consolidation

Pre-adoption EM activity

4 Post adoption activities

Post adoption ITT preparation
Industrial prime selection
EM/STM Activities
Detailed Design (cold stage)
QM/FM/FS activities

4 THERMAL FILTERS

TRL Demonstration
THF Requirement Specification
Preliminary Design
4 Post adoption activities
Post adoption ASI contract negotiation
EM/STM Activities
Detailed Design FPA THF
Detailed Design ApC THF
QM Activities
FM/FS Activities

41CU

ICU Requirement Specification
Requirements document delivery from CNES
ICU Breadboard Development (FuMo 1,2)
Pre-adoption industrial contract KO
ICU Preliminary Design
ICU Breadboard Development (FuMo 3)
ICU EM detailed design
4 Post adoption activities
Post adoption ITT preparation
Industrial prime selection
EM/STM Activities
Detailed Design
ICU PFM Development

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1

I-PRR ¢ SRR MARG  IPDR &

I-CDR ¢
CRYOAC | 1
TRL Demonstration I e I 25/11/2021
CryoAC Requirement Specification G 01/01/2019
DM1 1
Tradeoff
TRL 5 demonstration | 1
WE requirements consolidation
Pre-adoption EM activity
Post adoption activities [ 1
Post adoption ITT preparation | 30/11/2023
Industrial prime selection
EM/STM Activities
Detailed Design (cold stage) 21/04/2025
QM/FM/FS activities | 1
THERMAL FILTERS | 1
TRL Demonstration 25/11/2021
THF Requirement Specification 1412001
Preliminary Design &8/02/2023
Post adoption activities | 1
Post adoption ASI contract negotiation + 14/08/2023
EM/STM Activities
Detailed Design FPA THF 17/12/2024
Detailed Design ApC THF 25/06/2025
QM Activities
FM/FS Activities | 1
ICU T 1
ICU Requirement Specification I 21
Requirements document delivery from CNES .
ICU Breadboard Development (FuMo 1,2) 07/01/2022

Pre-adoption industrial contract KO ¢—,
ICU Preliminary Design /0172022
ICU Breadboard Development (FuMo 3) 13/06/2022
ICU EM detailed design* 03/07/2023

Post adoption activities |

Post adoption ITT preparation e 30/11/2023

Industrial prime selection ¢

EM/STM Activities ———————
Detailed Design pummns - 22/01/2026

azione Athena INAF RSN4
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Schedula
e EM

— Cryoac cold stage: Q1 2023
— Filtri : Q2 2023

— Cryoac warm eletronics: Q3 2024
—ICU: Q3 2024

* FM
— Cryoac cold stage: Q4 2025
— Cryoac warm elect: Q2 2027
— Filtri: Q2 2026
—|ICU: Q4 2027
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Fondi e risorse

* ASI|: Athena phase A-B1 contract + addendum; fase di
implementazione in discussione

 EU: AHEAD & AHEAD2020

* ESA tenders: Bkg simulations (PI: IAPS); bkg
measurements (Pl:IASF/MI), Mirror (PI: OAB);TES
Technology (IAPS, participant), Filter(OaPA, participant)

* INAF fondi CaC (primariamente ASI): 15Me
* FTE INAF: 350 FTE
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Criticita
A livello programmatico la complessita della integrazione del sistema XIFU porta
in avanti nel tempo il feedback dai test di sistema ai sottosistemi e rende
particolarmente importante la realizzazione del modello EM.
La schedula di integrazione richiede di anticipare in fase B una serie di attivita
relative all’EM di long lead items (tipiche quindi della fase C) come la CryoAC e i

filtri. Alcune criticita programmatiche e budgetarie connesse sono in via di
risoluzione con ASlI.

Stabilitd dei finanziamenti ASI (sperabilmente superato)

Pre-contratto industriale KO in anticipo rispetto congelamento I/F requirements e
design

La consegna del red book e stata spostata a Febbraio 2022 in modo da basarlo su
performance scientifiche comprovate, come richiesto da ESA.

Personale con bkg ingegneristico e project managing fondamentale per il
progetto. Aspetto strategico per INAF
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ATHENA
Athena in context of large facilties

ATHENA

CTA SKA

Multimessenger (v's and

GW): KM3NET, IceCube,
ALIGO,AVIRGO, ET

Y-RAY

QPY

Athena is a crucial part of the suite of large observatories needed to reach the
science objectives of astronomy in the coming decades



