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Gold standard for X-ray spectroscopy K cSa
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The 2020's big observatories landscape \\\w eSa
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A transformational mix of science performance \\\&Qi‘f%:esa
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Outline

« Athena mission profile
« Athena Study status

« Athena optics development status
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« Athena mission profile
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Athena mission profile \\\m eSd

. Single telescope, Silicon Pore Optics (SPO)
technology, 12 m focal length, 2 m2 area (goal) @1 keV
. WFI (Active Pixel Sensor Si detector): wide-field
(40'x40") spectral-imaging, CCD-like energy resolution
(120-150 eV @6 keV) (A.Rau’s talk)

. X-IFU (cryogenic imaging spectrometer): 2.5 eV
energy resolution, 5'x5’ field-of-view, ~5” pixel size
(D.Barret’s talk)

. Movable mirror assembly to switch between
instruments in the focal plane

. Defocusing capability increases count rate dynamical
range

. Metrology system to achieve a reconstructed
astrometric error <1” (30)

. Launch 2028, Ariane 6.4, L2 halo orbit (TBC)

. Nominal life-time 5 years + extensions

. End-of-Life disposal in deep space
Athena concept, ESA CDF
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Athena key mission requirements Qk eSa

Parameter Requirements .

Effective Area 2m’ @1 keV Science Instrument Module (SIM)
0-25 m™ @ 6 keV design as of December 2016

Angular Resolution 5" on-axis

10” at 25’ radius

Energy Range 0.3-12 keV

Instrument Field of View Wide-Field Imager: (WFI): 40’
X-ray Integral Field Unit: (X-IFU):
5’

Spectral Resolution WEFI: < 150 eV @ 6 keV

X-IFU: 2.5 eV @Q 6 keV

Count Rate Capability > 1 Crab (WFT)

10 mCrab, point source (X-IFU)
1 Crab (30% throughput)

TOO Response 4 hours with a 50% efficiency to observe

a TOO source in a random sky position

Adapted from Barret et al., 2013, SF2A-2013, 447 ESA Study Team | XRU 2017, 8/6/2017 | Slide 8
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Athena Ground Segment

Mission Operations Centre
(MOCQC): ESA/ESOC

Science Operations Centre
(SOC): ESA/ESAC
Instrument Science Centres
(ICSs)

Share of tasks between SOC/

ICSs under discussion:

« Data processing

« Telescope calibration,
instrument cross-calibration
and inter-calibration

Ehle, 2016, ATHENA-SA-Dc-0001
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Athena Target of Opportunity (ToO) capabilities @k ceSa

3 hours daily downlink to New Norcia + additional uplink stations for ToO (New

Norcia, Malargle)

[ToO alerts isotropic and random assumed hereafter:]
Working hours reaction (MOC/SOC): 09:00-17:00, Monday-Friday
Out-of-working hours reaction (MOC/SOC): 2 hours commutes twice per day
« SOC staff able to perform trigger evaluation at home
Agile spacecraft (4°/minutes slew & settle)
10 minutes instrument swap if the “wrong” instrument is observing
40 hours X-IFU cooling cycle, with 32 hours cool time and 8 hours regeneration

time (main constraints on the ToO trigger response time and ToO exposure time)

ESA Study Team | XRU 2017, 8/6/2017 | Slide 10
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Outline

« Athena Study status
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Athena overall schedule i\&i‘f%iesa

- Phase 0 (completed) (bar sizes not to scale]
- Phase A (industry studies ongoing)
t - Phase B1 (Select Primes)
You are here - Phase B2 (Select Contracts Design Update)
- Phase C (Detailed Design)
Phase D (Build S/C & Instruments) _

Key date: adoption by the ESA Science Program Committee, 2020
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Athena-related technological activities

€216-132FT [SPO Modelling & Simulation]

2 On-Board Metrology
£204-110EC [AREMBES Background Model]

Soft Proton monitor

€221-005F1 [Cryogenic Vibration Isolator]
C221-006F! [Super Cond. Flex Harness]

€217-031F1 [TES Array Optimisation]

C217-043FM [TES Array Optimisation - Prod & Test]

)

'216-022MM [Large Area X-Ray Window]
J217-061MM [Large Area Optical Filter]

@224-003QT [in-situ contamination sensor QMB])

C217-044FM [Large Area TES]

TRL*>5-6 before

201-033ED [Platform & PL Bus Nodes]

€215-121 M [Large Stable Deployable Structures]

€220-001FT [Passive Vibration Control]

I adoption

I

€205-106EC [High Accuracy STR]
sc X-IFU WEI 0GS
224-004QT [Additive manufactured metallic optical bench]
€216-127MM (A,B) [SPO AIT] P11 P12 P13 P_15
T216-103MM [In-vacuum alignment] Ke a re a S .
£216-007MM [Telescope Demonstrator] L]
220-010MT [WFI CH Ethane LHP dev.]
C220-041FM [FPM Development Model] -
/f €204-119FM [Magnetic Diverter] ° O p t I CS
v R’ vy ‘ !
s A ™ s « _ moc & ° X = I I U
P_TBD P_TBD P_TBD P_TBD P_TBD P_15.1 P_15.2 "
ESOC responsibility ‘ ryoger] IC
€220-032MC [15K Pulse Tube Cooler] .
T220-053MC [2K Joule Thompson Cooler]
C216-006MM [IXO MM Ruggedisation ~ Phase 2] €221-001MT [Detector Cooling to 50mK] a I I l
€216-136MM [SPO MM Ruggedisation - Phase 3] €221-003FI [Hydrogen Phase ESU 15-20K] Fast Timeline Generation
ISM MM €216-008MM [Inner SPO Module] €221-007FM [Low vib. 15K PT EM inc. CDE] Fast Planning S/W
€216-134MM [Outer SPO Module] £221-038FM [2K JT EM inc. CDE] SCsupplier responsibility T209-001EC [Autonomous ToO) °
TBD C€216-117MM [True Wolter] r u
P_TBD P, €216-125MM [True Wolter CCN]
€216-126MM [SPO EM] -
€216-135MM [Prep. Of coated X-ray MP Prod.]
€216-128MM [SPO Manufacturing Facility Design] 3 _ TDA COLOUR CODE: I
5216-116FA [Multilayer SPO Stack & Test] RED [Highly critical for ATHENA]
T204-117EE [Charged particle scattering in optics] GREY [Unplanned, moderately critical for ATHENA]
€220-038FM [Instrument Selection Mechanism] T204-120EE [Focusing of micrometeorites] ORANGE [Possible application for ATHENA] °
C215-127FT [Flexible pivots] C216-129FT [Synchrotron Beam-time Bessy Il] GREEN [Modelling activities]
€215-128FM [HDRM] C216-130FT [Bessy Il Enhanced Performance] cc
€216-005MM [Panter Upgrade] AT
C216-131FT [Panter Thermal Control] O O
\C216-153MM [Advanced/Compact SPO Test Fac.] J _ I

*Technical Readiness Level (scale 1-9: 5-6 is the level of “technology demonstration”)
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MCR+ Delta (A) MCR - technical {cesa
Mission Consolidation Review (May 2016) + Delta MCR (February 2017)

Main technical conclusions:
« Mature mid-Phase A spacecraft design for all elements

« Mass constraint (7 tons) can be achieved with at most a minor reduction of the
mirror diameter (corresponding to ~7% effective area @1 keV)

« High-load at the center of the mirror structure potential concern, but can be
addressed with reliable technical solutions

« Complex SIM thermal control design, with high-level of dissipation (~3 kW) and
~no growth potential
- X-IFU thermal budget and instruments’ mass budgets to be consolidated

« Launcher requirements still under definition (potential uncertainty)

ESA Study Team | XRU 2017, 8/6/2017 | Slide 14
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MCR + AMCR - costs
ESA Cost-at-Completion (CaC) cap: 1.05x10° €

« Cost estimates systematically exceed the CaC cap over the whole Phase A
« Envelope of international contributions (JAXA/NASA) defined, unlikely to change
« The problem must be addressed <autumn 2017. Among the possible options:

« More “aggressive” industrial cost policy

« Transfer of SIM-related activities/responsibility ESA — others

« Saving in operation (MOC/SOC) costs

« Optimization of international contributions and/or new partners

« Mission performance: mirror diameter/number of modules, field-of-regard,
nominal operational life

* Shared effort of the ESA Study Team and the Athena Science Study Team
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Outline

Athena optics development status
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Athena mirror: a gold standard

collecting area cm? @ 1 keV
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Key requirements:

1.4-2 m2 area @1 keV

« 5" HEW on-axis

« Graceful degradation off-
axis (<10” @209

« Limited vignetting @1 keV
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Silicon Pore Optics (SPQOs)

12" Si wafers Dicing & Ribbing

Wedging & Coating
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Automated stacking Stack

Collon et al., 2016, SPIE, 9905, 28
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SPO development priority activities

1.

2,

3.

— Il hm 2= W -

Improving the angular resolution
Deposition of first and second plate

Optimized die design for different radii

Stacking recipe (pressure, duration)

Increasing production rates
Mirror plate production automation
Coating mass production
Stacking time reduction
Environmental qualification

Annealing of stacks

Metrology

Particles
Figure

12 m BESSY beamline
Panter Facility

Shock and vibration testing on stack level

Qualification and acceptance criteria definition

Bavdaz et al., 2016, SPIE, 9905, 27
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ESA Study Team | XRU 2017, 8/6/2017 | Slide 19
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»dicated shock testing facility close
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H EW per COIU mn (entire pair of stacks in ~Wolter I configuration)

{cesa

| <HEW>:~22"in 2015
— 13.9" in 2016

{1 60% of the optics have
a HEW of 8”

Best performance: ~5”
] Consistent results at
Bessy (2.8 keV) and
Panter (1.49 keV)

1 — J.De Bruijne’s poster
on the MAM calibration
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Double-reflection measurements at
PANTER, July 2016
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Summary @k eSd

« Athena is the contribution of the X-ray community to 2020s astrophysics

« It will represent a =order-of-magnitude performance improvement (in several
parameter spaces) with respect to any existing or approved X-ray missions

« Unique combination of effective area, energy/spatial resolution, and FoV

« The Phase A study has confirmed the technical feasibility, with a maturity level
adequate to the current Study phase

 Need to optimize the mission profile/performance/international contributions to
fit the CaC cap - to be done now!

- Intense SPO optics development to: a) continue the current rate of
performance improvement; b) achieve production rates and quality standards
adequate for Flight Module production

ESA Study Team | XRU 2017, 8/6/2017 | Slide 22
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