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ATHENA in the ESA Cosmic Vision

Space science programme of the European Space Agency (ESA)
2015-2025/35... L class :

L1 Jupiter Icy Moon Explorer - JUICE
Jupiter system (Laplace heritage) launch planned 2022

L2 Advanced Telescope for High Energy Astrophysics -
ATHENA
X-ray observatory launch planned 2031

L3 Laser Interferometer Space Antenna - LISA
Gravitational waves at lower frequencies than Earth-bound
detectors launch planned for 2034
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Athena project development - current status

Athena selected in 2014 by ESA _ after ATHENA+ 1XO XEUS proposals ...

» The WFI and X-IFU instruments consortia officially
endorsed by ESA in December 2018 — successful Instrument
Preliminary Requirements Review - IPRR in 2018/2019

» Phase A ended on Nov. 2019 with Mission Formulation
Review — Phase Bl

» X-IFU currently moving to phase B2

> next key milestone Mission Adoption by ESA’s Science
Programme Committee - SPC - end 2022

» ... launch (Ariane 6) in the early 2030s 4
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ATHENA science case

The Hot and Energetic Universe

» How ordinary matter assemble in the large-scale structures?
large scale structure map — hot gas (>50% baryons > 10°k; > 107K in
clusters as in the stars) €volution : chemical enrichment

» How black holes grow and shape galaxies?
around supermassive black holes conditions

accretion of compact objects

Cosmic feedback : black holes <-> cosmic structures

and
Fast ToO capability — transient sources

Powerful general-purpose observatory — current astro. topics

> + multi messenger astronomy conjunction with ALMA, ELT, JWST, SKA, CTA, LISA ... \4,
44
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ATHENA

Advanced Telescope for High ENergy Astrophysics

> single large-aperture grazing-incidence X-ray telescope

/ Bonding surface |
!E

ESA Si pore optics mirror ef area 1.4m? @ 1 keV

» 12m focal length and 5 arcsec on-axis angular resolution

> 0.2-15 keV X-tay focal plane contains 2 instruments :

» Wide Field Imager - WFI
40'x40’ field of view / spectroscopy 170 eV @ 7 keV / high
count-rate capability (DEPFET detector)

» X-ray Integral Field Unit - X-1FU
spatially resolved high-resolution X-ray spectroscopy over 5 arc

minutes - 5" /pixel (TES) W
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WFI

amplifier

P+ drain clear
13cm side fear gate

P+ source

FET gate

+ TDM ASIC based readout

N+ clear

Depleted P-channel FET —

deep p-wey

deep n-doping
depleted Internal gate
N-Si bulk

P+ back contact
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XIFU

The Athena X-ray Integral Field Unit

3-4 k TES micro-calorimeters cooled to 50 mK —look like a big

Cryostat (about 1 m side) with Adiabatic Demag. Refrigerator ADR + Joule Thompson & Pulse Tube coolers
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XIFU

Key performance requirements for X-IFU

Energy range 0.2-12 keV
Energy resolution 2.5eV @7 keV (E/AE = 2800)
Field of View 5" (diameter) (3840 TES)
Effective area 1.5m? @ 1 keV
Gain error (RMS) 0.4 eV
Count rate capability 1 mCrab(HighRes) - 1 Crab
Time resolution 10 us
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XIFU

X-IFU Functional block diagram
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X-IFU Focal Plane Assembly - FPA

50mK Nb magnetic shield

2K mu-metal (Cryoperm)
magnetic shield

2K structure / housing

sensor array _
300 mK support frame .

flexible sensor-to-LC
interconnect

50 mK sensor read-out
assembly (LC filter array +
front-end SQUID amplifiers) _

Kevlar suspension unit
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X-IFU readout dev

Transition-Edge Eensor - TES

Absorber
Lead
Stem
TES

Sio,
Silicon

C=0.5pJ/K
G = 0.4 nW/K

TES (1A
Wiring (A)
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X-IFU readout dev.

Time Domain |\/|u|tip|exing - TDM (move from FDM to TDM in 2019,/2020)
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Honl I-CD) saixf  » SQUID MHz switch ON/OFF
’ » Each pixel sampled at 180 kHz

> Interleaved signals demux®@ 300 K

satk¢ > Linearize SQUID feedback
generated with 1 frame delay
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e O > 96 readout channels

» Ground-based demo 8x32 demo
AE 2.23 eV @ 7 keV
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Warm Front End Electronic - WFEE in the X-IFU TES Readout
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Equipe projet WFEE @ APC

Science Team Project management

A Goldwurm X¥-IFU - WFEE : D. Préle

A Loieig APC Local Management : F. Ardellier

P. Laurant

P. Vanigre

5. Gabicci -

R. Terrier System Er!glne er Administrative

R. Mignon D. Prale L Pavlll Baladine

J. Baird ANT

L. Arthur Product Assurance Documentation / PA D. Pailot
5. Colonges (TBC) D. Menia

Microelectronies Architect
5. Chen

Electronics Architect
1. Lesral

architect

A Givaudan

ETIET, ST &
Characterisation

5. Chen
Simulation & Layout
J. Mesquida
Alternative techno trade-off
harrier [Subatech)

TITTTaT & FraCnarat

F.E. simulations EMIfEMC
A Givaudan 5. Chen

&5 b Sign an
deploiement
Karakac
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Schedule and model philosophy

@ esa STM — EM Campaign

11/10/2023
29/12/2028

Early X
Demonstration EM campaign PFM

Model campaign campaign

11/01/2022

e 1/08/2024 27/11/2026

1/05/2026 28/05/2029

Spare Model I_@
ASI ASICVS
c Camete (5 boitiers w [—[_
. ¢ WFEE ra.y Integral Field Unit
équipés)
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X-IFU readout dev.

some activities about WFEE ... at APC
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X-IFU consortium © APC s

< IFU

ATHENA X-ray Integral Field Unit!

X-IFU CONSORTIUM MEETING #7
LABORATOIRE APC. UNIVERSITE PARIS DIDEROT. PARIS (FRANCE)
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