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Athena mission concept

■ Second large ESA Cosmic 
Visions mission

■ Single telescope, using Si pore 
optics. 12m focal length
■ Wide Field Imager (WFI): 

sensitive imaging & timing
■ X-ray Integral Field Unit (X-

IFU):  spatially resolved high-
resolution spectroscopy

■ Movable mirror assembly to 
switch between the two 
instruments

■ Launch early 2030s, Ariane 6.4

■ L1 halo orbit 

■ Lifetime: 4 yr + possible 
extensions (designed for 10 yr)

Athena concept, ESA CDF
Credit: IRAP, CNES, ESA & ACO
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The Hot and Energetic Universe

■ The Hot Universe: How does ordinary 
matter assemble into the large-scale 
structures that we see today?
■ >50% of the baryons today are in a 

hot (>106 K) phase
■ There are as many hot (> 107 K) 

baryons in clusters as in stars over 
the entire Universe

■ The Energetic Universe: How do black 
holes grow and influence the 
Universe?
■ Building a SMBH releases 30× the 

binding energy of a galaxy
■ 15% of the energy output in the 

Universe is in X-rays
Nandra, Barret, Barcons et al. arXiv:1306.2307

https://arxiv.org/abs/1306.2307
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Athena: a transformational observatory

Weak line sensitivity comparison between 
X-IFU and XRISM

Number of sources per log flux that can be 
detected in a single pointing with WFI 
compared to XMM-Newton & Chandra
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Athena in the framework of the early 2030s
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Athena will fill a gaping 
hole in the multi-
wavelength and multi-
messenger parameter 
space in the early 2030’s 
and reveals otherwise 
unobservable aspects of 
cosmic sources.
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The Athena X-ray mirror

■ Athena optics development:
■ Light-weight Si-pore optics
■ Grazing incidence optics with 

modified Wolter-Schwarzschild type I 
geometry optimized to provide wide 
flat field imaging

■ Vigorous development program on-
going

■ Performance Goals:
■ 5´´ HEW on-axis
■ Graceful degradation off-axis

HEW <10´´ @ 30´
■ ≥1.4 m2 effective area @ 1 keV        

0.25 m2 effective area @ 6 keV (TBR)

Cosine/ESA
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Mission & SC
• Mission Adoption Review in February 2023

• Spacecraft ITT (= RFP) expected to be released in late 2023.  Meanwhile, carrying parallel study contracts with 
Airbus and Thales-Alenia

• Both candidate SC designs are stable – some design optimization to lower overall mass (to relieve SIM mass NC –
see below)

• SC Primes are currently focusing on Mirror Assembly Module (MAM), in support of the MAM<>SC interface and the 
MAM Demonstrator (MAMD) activities, as well as answering outstanding issues from the SC Interface Review

• ATHENA custom adaptor design concept by Arianespace/CASA ~completed, geometry confirmed (I/F plane height) 
and mass estimate received (slightly above internal estimate used to-date)

• Ariane-64 performance estimate increased significantly, but no final decision on mass allocation to the SC

SIM (Science Instrument Module) & Payloads
• SIM-IR completed in May, main problem identified was a non-compliance against the NTE mass (2,500 kg) - mass 

reduction exercise (also payloads); increased A-64 performance estimate seems to have solved this.

• The X-IFU Detector Cooling System (DCS) activity first cool-down expected Q3_2022, in addition to a significant 
number of subsystem and component-level demonstration activities already ongoing and continuing through 
adoption

• For the WFI, demonstration activities under national funding are underway to demonstrate TRL 5-6

• The new SIM definition activities and the X-IFU key technology demonstrations are currently driving the mission 
adoption date (closely followed by the optics developments)

ATHENA – Study Status (from ESA) - 1
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Optics Technology Development
• SPO technology development continues; 2022 will be essential to understand what performance can 

actually be reached (IBF machine procurement delayed, arrives Q2 '22), and the Red Book preparation has 
been delayed to allow 2022 results to be factored into the assumed performance

• Mirror demonstrator activities with each candidate SC Prime are at CDR-stage, SC Primes shortly to 
manufacture a pocket demonstrator (one 60° segment) to provide pre-demonstration prior to manufacturing 
the full-size demonstrator for mechanical testing in 2024 

• The reference mirror layout is stable, with some micron-level updates underway as a consequence of 
additional specification to define the plate curvatures – these small adjustments do not affect the MM<>SC 
interface

International Contributions
• NASA existing international contributions are stable

• Preparation of the XRCF facility (for X-ray testing of the selected mirror) is ramping up; 3 month feasibility 
study by Moog for the hexapod and position/metrology completed with the result that it is feasible

• MPE adaptor ring study passed PDR in August, CDR planned in December then proceed to 
manufacture in '22

• NASA shall initiate procurement for up-righting jig before end '22
• JAXA contribution now only 2K JT stage – Study Team initiating planned activity with RAL/Hymatic for 

industrialization preparation to manufacture 4K JT RAL coolers

ATHENA – Study Status (from ESA) - 2
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A 960-pixel X-ray-TES readout platform
for Athena X-IFU development

Randy Doriese (doriese@nist.gov), Jim Beall, Dan Becker, Doug Bennett, Ed Denison,
Shannon Duff, Malcolm Durkin, Joe Fowler, John Gard, Gene Hilton, Jozsef Imrek,

YRXQg IO JRe, ViQce KRWVXbR, BeQ MaWeV, KeOVe\ MRUgaQ, GaOeQ O¶NeiO,
Nate Ortiz, Christine Pappas, Carl Reintsema, Dave Rudman, Dan Schmidt,

Robbie Stevens, Dan Swetz, Paul Szypryt, Joel Ullom, Leila Vale, Joel Weber, Abby Wessels
NIST, Boulder, Colorado, USA

Antoine Miniussi, Joe Adams, Simon Bandler, Jay Chervenak, Aaron Datesman, 
Megan Eckart, Fred Finkbeiner, Ruslan Hummatov, Rich Kelley, Caroline Kilbourne, 

Scott Porter, Jack Sadleir, Kazu Sakai, Steve Smith, Nick Wakeham, Ed Wassell
NASA/GSFC, Greenbelt, Maryland, USA

Kent Irwin
Stanford U. Dept. of Physics, Stanford, California, USA

time-division multiplexing, code-division multiplexing, & hybrid code/time-division multiplexing
LNA LNA

modulated FB1 signals

Hybrid C/TDM: 4 TESs connected to 4 SQ1s three different ways:
TDM-4; CDM-4; and a hybrid, 2-row CDM in time division with another 2-row CDM.
In any of these, the SQ1s are run as TDM-4 and only the TES couplings are different.
A backup option for X-IFU is CDM16xT4, or 4 TDM¶ed banks, each of CDM-16.
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TDM: Schematic of 2-column x 2-row TDM to illustrate the technique.
A backup option for X-IFU is TDM with Nrows ≤ 40 and Ncols ≤ 96 CDM: Schematic of 1-column x 4-row flux-summing CDM to illustrate the technique.

demodulated ITES signals

X-IFU-like TDM readout of LPA2.5a TESs with 40 timing rows (in older 8-col x 32-row system)

other 1-column x “40-row´ TDM

Al KĮ (1.5 keV)
31 of 32 TESs
126k cRXQWV iQ AO KĮ
ΔEFWHM = 1.91 � 0.01 eV

Ti KĮ (4.5 keV)
31 of 32 TESs
75k counts in Ti KĮ
ΔEFWHM = 2.10 � 0.02 eV

Co KĮ (6.9 keV)
29 of 32 TESs
167k counts in Co KĮ
ΔEFWHM = 2.40 � 0.02 eV

Br KĮ (11.9 keV)
29 of 32 TESs
107k counts in Br KĮ
ΔEFWHM = 3.44 � 0.04 eV

Ti KĮ (4.5 keV)
85 of 96 TESs
360k counts in Ti KĮ
ΔEFWHM = 2.03 � 0.01 eV

Co KĮ (6.9 keV)
85 of 96 TESs
743k counts in Co KĮ
ΔEFWHM = 2.40 � 0.01 eV

3-column x “40-row´ TDM

Mn KĮ (5.9 keV)
29 of 32 TESs
187k cRXQWV iQ MQKĮ
ΔEFWHM = 2.23 � 0.02 eV

1-col x “40-row´ TDM; Mn KĮ:
� ΔE ranged from 1.99 eV to 2.49 eV
� ΔEavg : 2.23 eV
� TDM degradation ~ 0.2 eV

“40-row´ TDM: To simulate the timing and noise of
40-row TDM, the 32-row TDM system (32 LPA2.5a
TESs and 32 SQ1s) was run with row 32 repeated
8 times.
Circuit parameters (RTES_op, RTES_shunt, Lloop, and Min)
and operating/analysis parameters (trow, trec, input X-
ray rate, and the fraction of events surviving pileup
and crosstalk cuts) were chosen to make the
experiment faithful to X-IFU¶V requirements.

new 960-pixel platform:  24-col x 40-row TDM or hybrid C/TDM up to 64 rows (CDM16xT4)

ΔE vs. EX-ray for LPA2.5a TDM-40

� X-IFU¶V UeVROXWiRQ UeTXiUePeQWV:
� ΔE < 2.5 eV for E � 7 keV
� ΔE < 5 eV at E = 10 keV
� ³gRaO´: ΔE < 2.0 eV for E � 1 keV.

� TDM-40 results exceed these.
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(10 SQ1s; NIST)
LNy and Rsh chip
(10 channels; NIST)

column-wiring PCB
(supplies 8 columns;
commercial)

row-address PCBs
(40 RAs for all cols;
commercial)

Purpose #1:  screen X-IFU TES arrays.    Purpose #2:  continue development of TDM and hybrid C/TDM for X-IFU

NASA contributions to ATHENA

■ NASA’s hardware contributions are in the 
$100M-$150M range

■ Contributions consist of various enabling 
technologies:
■ X-IFU Focal Plane Array (GSFC) 

components
■ Use of NASA Testing Facilities (MSFC-

XRCF) and involvement in mirror calibration
■ WFI VERITAS ASIC Design (Stanford, BNL)
■ WFI Background Analysis Model (BAM) 

Development (PSU, SAO, MIT, Stanford
■ Vibration Isolation System (Moog SoftRide)

■ Additional contributions will include:
■ Science Ground Segment support
■ US Guest Observer Facility
■ Preparatory Science and Guest Observer 

programs

VERITAS ASIC
Design

X-IFU-FPA

VIS
(Moog SoftRide Uniflex)
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X-Ray and Cryogenic Facility for ATHENA Mirror Calibration

Currently planning MAMD verification (early 
2024)
Primary interface between Athena MAMD 
assembly and XRCF MGSE defined 

Athena -
provided Ring

MSFC-
provided 
base
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§ Programmatics
- Formulation Authorization Document signed Mar 16, 2021
- Transition the APD ATHENA study to the EHPD ATHENA Project 

Office Oct 1, 2021
- Preparations for Phase A Review leading to KDP A/B (August 

2022)
§ X-IFU Focal Plane Assembly (GSFC)

- Demonstrated several TRL-5 milestones using brass-board 
detector

- Engaged in CNES mass reduction exercise requested by ESA, 
looking at both readout and detector redesign options

- NIST yielded the next generation of SQUID multiplexer chips with 
newer more symmetrized and differential designs

- NIST generated and provided to GSFC updated side panel 
designs to match the recently updated NIST large-chip (4x34) 
readout designs 

- Completed extensive radiation testing campaign at UC Davis 
§ Mirror Assembly Test and Calibration at XRCF

- Completed Moog short study; concluded existing Hexapod 
hardware can be used for ATHENA

- Provided draft facility Contamination Control Plan to ESA for 
review

NASA Contributions - Status (1)
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ray rate, and the fraction of events surviving pileup
and crosstalk cuts) were chosen to make the
experiment faithful to X-IFU¶V requirements.

new 960-pixel platform:  24-col x 40-row TDM or hybrid C/TDM up to 64 rows (CDM16xT4)

ΔE vs. EX-ray for LPA2.5a TDM-40

� X-IFU¶V UeVROXWiRQ UeTXiUePeQWV:
� ΔE < 2.5 eV for E � 7 keV
� ΔE < 5 eV at E = 10 keV
� ³gRaO´: ΔE < 2.0 eV for E � 1 keV.

� TDM-40 results exceed these.

300 K

60 K
(PT)

3 K
(PT)

300  mK
(3He)

55  mK
(ADR)

8x32 TDM
55 mK snout

24x40  TDM
skeleton of 55 mK FPA

FPA parts:
Nb-on-Kapton flex
(160 pairs; NASA)

carrier chip
(4 columns; NIST)

TDM chip
(10 SQ1s; NIST)
LNy and Rsh chip
(10 channels; NIST)

column-wiring PCB
(supplies 8 columns;
commercial)

row-address PCBs
(40 RAs for all cols;
commercial)

Purpose #1:  screen X-IFU TES arrays.    Purpose #2:  continue development of TDM and hybrid C/TDM for X-IFU

X-IFU-FPA
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NASA ATHENA Project Organization
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Project Science Safety & Mission Assurance

X-IFU Development
Simon Bandler, Instrument Manager
Jim Perry, Deputy IM 
Steve Graham, ISE
Oscar Cheatom, QA
Joel Ullom/NIST, Readout PM

Rob Petre, Project Scientist 
Andy Ptak, Dep Project Scientist
Kristin Madsen, Mirror Cal. Lead

Susie Pollard, CSO 

Project Systems Engineering and Risk Management 

Mark Ayers, Systems Engineer

VIS (Moog SoftRide)

Kenny Segal, Mechanical Engineer

XRCF Mods/Testing

SGS
Andy Ptak, Lead

WFI-ASIC Consultation
Steve Allen, Stanford 

Lead
Sven Hermann, Lead 

Designer BNL

Office Support Staff

Spencer Hurd, Procurement Officer
Zach Walters, Scheduler

Sharon Zehner, Configuration Manager
Laura Paschal, Document Support

Jennie Mccall, MSFC XRCF 
Mgr

W. Baumgartner, MSFC    
Cal Lead

Jeff Kegley, MSFC SE

Explorers and Heliophysics Projects Division

Betsy Park, Project Manager
Ben Shoster, Financial Manager

ATHENA Project Office

August 13, 2021
EHPD GSFC

LEGEND

PSU StanfordMSFC NIST BNL

Dave Burrows, WFI 
BAM Lead, PSU

BAM
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§ Vibration Isolation System
- Held joint NASA/Moog PSR with ESA 

Acceptance Review
- Moog delivered Demonstrator Model 

isolators to GSFC for storage until 
shipment to ESA ~April 2022

§ WFI ASIC Consultation
- Ported VERITAS 2.2 filter design to 

XFAB technology and performed 
optimization

§ WFI Background Analysis Modeling
- Submitted papers and gave talks on WFI 

background
- Comparing eROSITA (filter wheel 

closed)  background with XMM pnCCD
Small Window Mode (SWM) and XMM 
pnCCD Full Frame

Vibration Isolation System (Moog)

VERITAS ASIC
Design 

(Stanford)

NASA Contributions - Status (2)
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Life-Cycle reviews that require SRB.
ATHENA Project Lifecycle

Note: Flexibility is allowed as  long as the equivalent information is provided at each KDP and the approach is fully documented 
in the Project Plan.

IMPLEMENTATIONFORMULATION
Approval for

Implementation
Approval for
FormulationNASA Life-Cycle

Phases

Project Life-Cycle
Phases

Pre-Phase A:
Concept Studies

Phase A:
Concept and
Technology
Development

Phase B:
Preliminary Design

And Technology
Completion

Phase C:
Final Design and

Fabrication

Phase D:
System Assembly,
Integration & Test, 
Launch & Checkout

Phase E:
Operations and

Sustainment

Phase F:
Closeout

Project Life-Cycle
Gates & Major Events

Robotic Mission
Project Life-Cycle
Reviews

KDP EKDP A KDP B KDP C KDP D KDP F

Launch
End of 
Mission

Final 
Archival
Of Data

FAD FA

MCR SRR PDRMDR SIRCDR ORR PLARMRR DR
LRR

DRR

ATHENA Project
Life-Cycle Reviews

XRCF
MAMD
TRR

TRL-5 Review
QM PSR

FPA SRR

Phase A Review

KDP A/B

IPR Phase B Review

TR

FPA PDR FPA CDR

Peer Reviews, Subsystems PDFs, Subsystem CDRs, and Systems Reviews

X-IFU SRR X-IFU PDR X-IFU CDR

FM PSR

EM PSR

FS PSR

KDP C

ATHENA ESA, 
CNES & SRON 
Life-Cycle
Reviews

ATHENA Mission
Adoption 

XRCF QM TRR XRCF FM TRR

ASIC Design Del

VIS DM PSR VIS STM PSR VIS FM PSRVIS STM DR VIS FM DR

Contribution I&T 
Support to ATHENA

Mission

Project

X-IFU

XRCF

ASIC

VIS

URD/IRD Baselined
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Outlook
■ ATHENA will be a transformational X-ray observatory
■ Designed to address the Hot and Energetic Universe science theme
■ Will impact virtually every corner of astronomy

■ Progress continues on spacecraft, instruments, NASA contributions

■ In US, ATHENA is now an official project, managed out of GSFC

■ Key milestones: NASA KDP A/B (August 2022), Mission Adoption (Q1/2023) 
&  launch early 2030s

■ Current major concerns: 5 arcsec angular resolution is unlikely to be 
demonstrated by Adoption (and possibly ever); mirror design also does not 
meet effective area requirement. ASST is assessing revised science case in 
case only 10” is achieved.
■ Follow Athena on
■ Web: www.the-athena-x-ray-observatory.eu
■ Twitter: @AthenaXobs 
■ Facebook: The Athena X-ray Observatory
■ Athena Community Office email: aco@ifca.unican.es

http://www.the-athena-x-ray-observatory.eu
https://twitter.com/AthenaXobs
https://www.facebook.com/athena.xray.observatory/
mailto:aco@ifca.unican.es
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Backup
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Athena Science Requirements
Parameter value enables (driving science goals)

Effective area at 1 keV ≥1.4 m2 Early groups, cluster entropy and metal evolution, WHIM, 
high redshift AGN, census AGN, first generation of stars

Effective area at 6 keV 0.25 m2 (TBR) Cluster energetics (gas bulk motions and turbulence), AGN 
winds & outflows, SMBH & GBH spins

PSF HEW (≤ 7 keV) 5’’ on axis (TBR), 10’’ off axis High z AGN, census of AGN, early groups, AGN feedback on 
cluster scales

X-IFU spectral resolution 2.5 eV
0.2-12 keV

WHIM, cluster hot gas energetics and AGN feedback on 
cluster scales, energetics of AGN outflows at z~1-4

X-IFU FoV 5’ effective diameter Metal production & dispersal, cluster energetics, WHIM

X-IFU background < 5 10-3 counts/s/cm2/keV 
2-10keV 

Cluster energetics & AGN feedback on cluster scales, metal 
production & dispersal

WFI spectral resolution
<80eV (1keV) & <170eV (7keV) 

GBH spin, reverberation mapping

WFI FoV 40’ x 40’ High-z AGN, census AGN, early groups, cluster entropy 
evolution, jet-induced cluster ripples

WFI count rate 1 Crab > 80% GBH spin, reverberation mapping, accretion physics 

WFI background < 5 10-3 counts/s/cm2/keV 
2-7keV 

Cluster entropy, cluster feedback, census AGN at z~1-4

Recons. astrometric error 1’’ (3s) High z AGNs

GRB trigger efficiency 50% WHIM

ToO reaction time ≤ 4 hours WHIM, first generation of stars
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X-ray Integral Field Unit (X-IFU)
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http://x-ifu.irap.omp.eu/

■ Cryogenic imaging spectrometer, based on 
Transition Edge Sensors, operated at 50 mK
featuring an active cryogenic background 
rejection subsystem

■ Key performance parameters:
■ 2.5 eV energy resolution <7 keV
■ FoV 5´ diameter
■ Pixel size <5´´

■ Consortium led by IRAP/CNES-F, with 
Netherlands and Italy and further ESA member 
state contributions from Belgium, Czech 
Republic, Finland, Germany, Ireland, Poland, 
Switzerland and contributions from Japan and 
the United States

■ Providing both spatially-resolved high 
spectral resolution and high count rate 
capability
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Wide Field Imager (WFI)

■ Silicon Active Pixel Detector based 
on DEPFET technology 

■ Key performance parameters:
■ <80 (<170) eV spectral resol. @ 1 (7) 

keV
■ 2.2´´ pixel size (PSF oversample)
■ Field of view: 40´×40´ square
■ Separate chip for fast readout of 

brightest sources
■ Readout speed up to ~30 MHz

■ Consortium led by MPE, with other 
European partners (DE, AT, DK, FR, 
IT, PL, UK, CH,  P & GR) and NASA 

■ Optimized for sensitive wide-field 
imaging and intermediate resolution 
spectroscopy, up to very bright 
sources
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http://www.mpe.mpg.de/ATHENA-WFI/

http://www.mpe.mpg.de/ATHENA-WFI/

