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1 INTRODUCTION 

1.1 Scope 

This document is an instance of the ECSS standard Technical Specification [ECSS-E-ST-10-
06C, Annex A], and is a constituent of DDF_1.0 (Mission), under the responsibility of the 
ESA Project Office. 

The ATHENA MRD establishes the set of top-level requirements for the ATHENA mission, 
and, once approved by SPC, will constitute the ESA commitment with respect to the 
ATHENA mission. They are derived from the L2 requirements in the SciRD*, and the 
functional requirements and mission constraints as described in the ConOps [RD 2]. 

The ATHENA MRD defines the tier-1 architecture of the mission in accordance with the 
Product Tree [RD 4]: The Spacecraft (SC), X-IFU, WFI and NGRM payloads, the Operational 
Ground Segment (OGS), the Science Ground Segment (SGS) and the Launch Segment (LS). 
However, the MRD does not decompose performance or functional requirements between 
tier-1 items in the Product Tree. The requirements allocated to the tier-1 Products can be 
found in their respective specifications*, with decomposition (where required) described in 
the MBD [RD 3]. 

*Note: Currently this MRD also contains (in the embedded spreadsheet) the entire 
functional specification down to tier-1 of the Product Tree i.e.: 

 SciRD – Science requirements document 

 MRD – Mission requirements document 

 SRD – SC requirements document 

 XIFU URD X-IFU requirements document 

 WFI URD – WFI requirements document 

 MIRD – OGS requirements document 

 SIRD – SGS requirements document 

 LSRD – Launcher requirements document. 

The specification includes several fields which provide the following information per 
requirement: 

  
  



 

 

Page 6/10 

ATHENA - Mission Requirements Document 

Date 18/10/2017  Issue 2  Rev 2 

ESA UNCLASSIFIED - For Official Use 

Table 1: Fields contained in the requirement spreadsheet 

ID Unique identifier 

Requirement Requirement text 

Value Declaration of the requirement value 

Conditions Any conditions applicable to the value 

DDF/DJF Ref. 
Relevant references to the DDF/DJF, describing the source of the requirement and if needed the 
decomposition 

Verification Method Analysis, Inspection, Review, Test 

Verification Description 
More detailed description of the envisaged verification of the requirement during Phase B2/CD 
implementation 

Verification Reference Reference to documents [in square brackets] which support the verification - blank at the moment. 

Phase A/B1 Assessment 
Description 

More detailed description of the envisaged assessment of the requirement during Phase A/B1 

Phase A/B1 Assessment 
Reference 

Reference to documents [in square brackets] which support the Phase A/B1 assessment - anticipated 
documents are indicated when appropriate; otherwise this field will be populated with specific document 
titles as they become available 

Trace Up Traceability to parent requirements 

Owner/Verifier 
The organisation responsible for verification of the requirement during Phase A/B1 (note: in the SRD 
there are some requirements which cannot currently be evaluated by the Primes, and these are indicated 
in the Project Management Plan, which contains more information about responsibilities) 

Author 
The organisation responsible for authoring the requirement (see the Project Management Plan which 
lists the organisations involved in the ATHENA Phase A/B1 study) 

Validation Status Validation status of the requirement 

Validation Reference Reference to any documentation which supports the validation status 

Change Status Change status 

Comment Additional comments 

1.2 Requirement Precedence 

The present requirements document shall take precedence over all lower-level requirement 
documents. In the event of a discrepancy between the L2 requirements in the SciRD and 
those in the MRD, the MRD takes precedence.  

Any change to the SciRD by the ATHENA Science Team shall not be automatically 
incorporated in the MRD, but shall be evaluated by ESA to assess the affordability to 
introduce the change to become part of the ATHENA baseline. 

1.3 Requirements Identification 

1.3.1 Requirement Identification 

All requirements in this specification that require verification form a statement of the form 
‘The ATHENA Mission shall…’, and are marked with a unique reference, which is given as 
follows: 

X-MIS-nnn 

where: 

 X is the requirement theme: “R” for a requirement or “G” for a goal 

 MIS is the requirement designation (applicable to the ATHENA Mission) 
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 nnn is the requirement identifier (sequential number of digits). 

1.3.2 Requirements and Goals 

For several performance requirements, a goal is also specified in the text. Requirements 
are mandatory and must be complied with. Goals (which will subject to an identical 
verification method to the requirement) are desirable in order to maximise the science return 
while keeping the impact on the cost and complexity to a minimum. They are to be the 
subject of system trade-offs and analysis, and are to be fulfilled under restricted conditions 
which are to be defined and quantified. 

1.3.3 Explanatory Text 

Supplementary text added to explain the source or reasoning behind a mission requirement 
is written after the requirement in italics. Where appropriate, the parent requirement 
justification is declared in supporting text to aid comprehension. 

1.4 Definitions 

See [RD 5]. 

1.5 Acronyms 

See [RD 5]. 
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2 APPLICABLE AND REFERENCE DOCUMENTS 

2.1.1 Applicable Documents 

[AD 1] Space engineering: Technical requirements specification, ECSS-E-ST-10-06C, 
Issue 3, 06/03/2009. 

[AD 2] Margin Policy for SRE-PA Studies, SCI-PA/2007-022, Issue 1, Rev. 3, 
15/06/20012. 

[AD 3] ECSS Set of Space Project Management Standards, ECSS-P-Series. 

[AD 4] ECSS Set of Space Engineering Standards, ECSS-E-Series. 

[AD 5] ECSS Set of Space Product Assurance Standards, ECSS-Q-Series. 

[AD 6] Technology Readiness Levels Handbook, TEC-SHS/5551/MG/ap. v1.6. 

2.1.2 Reference Documents 

[RD 1] ATHENA - Science Requirements Document (SciRD), ESA-ATHENA-ESTEC-
SCI-RS-0001, Issue 1.D1, 05/09/2017 (embedded). 

[RD 2] ATHENA – Concept of Operations, ESA-ATHENA-ESTEC-MIS-DD-0001, Issue 
1.2, 07/07/2015. 

[RD 3] ATHENA – Mission Budgets Document, ESA-ATHENA-ESTEC-MAN-RP-0001, 
Issue 1.3, 07/07/2015. 

[RD 4] ATHENA – Product Tree, ESA-ATHENA-ESTEC-MAN-PT-0001, Issue 1.1, 
12/06/2014. 

[RD 5] ATHENA – Acronyms and Definitions, ESA-ATHENA-ESTEC-MAN-LI-0001, 
Issue 1.0, 06/02/2015. 

  



 

 

Page 9/10 

ATHENA - Mission Requirements Document 

Date 18/10/2017  Issue 2  Rev 2 

ESA UNCLASSIFIED - For Official Use 

3 MISSION OVERVIEW 

3.1 Mission Description 

See the ConOps [RD 2]. 

3.2 Mission Objectives 

See the SciRD [RD 1]. 

3.3 Measurement Principle 

TBW. 
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4 REQUIREMENTS 

See attached s/s for the requirements down to tier-1 products. Note that the current version 
has updated the MRD and SRD only to the new descoped mission. The other tier-1 products 
will be updated in the next issue. 
 



SciRD L0-1

		ID		Level 0 Requirement

		1		Determine how large-scale hot gas structures form in the Universe and track their evolution from the formation epoch to the present day

		2		Perform a complete census of black hole growth in the Universe, determine the physical processes responsible for that growth and its influence on larger scales, and trace these and other energetic and transient phenomena to the earliest cosmic epochs

		3		Provide a unique contrubition to multiwavelength astrophysics in the 2030s by exploring high energy phenomena in all astrophysical contexts, including those yet to be discovered 

		ID		Level 1 Requirement

		R-SCIOBJ-111		Athena shall find the first building blocks of the dark matter structure filled with hot gas by detecting 50 evolved groups at z>2 with M500>5 x 10^13 Msun and determine the gas temperature of 25 of them. At least five groups are expected to lie at z>2.5.

		R-SCIOBJ-112		Athena shall measure how gravitational energy is dissipated into bulk motions and gas turbulence in the galaxy cluster population, by achieving a 5sigma detection of these quantities.

		R-SCIOBJ-121		Athena shall  determine which physical process dominates the injection of non-gravitational energy into clusters as a function of cosmic epoch by measuring entropy profiles to the virial radius (locally) and to R_500 up to z~2 with an uncertainty <25% at R500 at z=2, to differentiate models, and shall also determine the evolution of the scaling relations between bulk properties out to at least the same redshift and precision (in particular Lx-T).

		R-SCIOBJ-122		Athena shall constrain SN yields by measuring the abundances and distribution of rarer metals (e.g., Al, Cl, Mn, Co) in clusters from the core to ~virial radius locally (5sigma detection). In distant clusters, Athena shall constrain the SNIa/SNcc ratio  via relative abundances of more abundant metals (i.e., O, Si, Fe), and study their evolution in redshift and mass, as well as differences between distributions in core and up to ~R500 (5sigma detection).

		R-SCIOBJ-131		Athena shall  measure the energy stored in hot gas around the bubbles in a  sample of clusters by achieving a 5sigma detection of bulk motion and turbulence induced through AGN feedback.

		R-SCIOBJ-132		Athena shall  determine the occurrence and impact of AGN feedback phenomena, by detecting at least 2 ripples in surface brightness at 5sigma, produced by such mechanisms, across the full volume of the cluster for a volume-limited sample of nearby short cooling time clusters, spanning a range of spatial scales, AGN and cluster properties.

		R-SCIOBJ-133		Athena shall determine the gas which fuels the AGN jets to balance the gas cooling rate, by measuring how much gas is at each temperature in cluster cores, using temperature sensitive line ratios for a representative sample of nearby clusters.

		R-SCIOBJ-134		Athena shall determine the shock speeds of expanding radio lobes in a well-defined sample of FRII radio galaxies, spanning 3 orders of magnitude in radio luminosity and an order of magnitude in source size, by distinguishing the gas temperature in shocked and undisturbed regions to >3sigma level.

		R-SCIOBJ-141		Athena shall measure the local cosmological baryon density in the WHIM to better than 10% and constrain structure formation models in the low-density regime by measuring the redshift distribution and physical parameters of  200 filaments against bright background sources, selected to probe various cosmic densities; and by performing a statistical analysis of the emission lines of heavy elements in a representative sky region and high-probability targets.

		R-SCIOBJ-142		Athena shall,  for the higher density WHIM regions directly measure their physical parameters through emission spectroscopy of ~ 30% of (GRB) absorption systems as described in R-SCIOBJ-141.



		R-SCIOBJ-211		Athena shall determine the nature of the seeds of the earliest growing SMBH (z>6), characterize the processes that dominated their early growth and investigate the influence of accreting SMBH on the formation of galaxies.
Populate the LX-z plane at high redshift, specifically: identify more than 400 AGN at z>6; 

		R-SCIOBJ-221		Athena shall  determine the accretion energy density in the Universe, by measuring the X-ray luminosity function and obscuration properties of the AGN population with at least 20 Compton thick AGN per luminosity bin (0.5dex) and redshift bins (Δz=1) up to redshift z~3.5.

		R-SCIOBJ-222		Athena shall  determine the incidence of strong and ionized absorbers, implying the presence of outflows, among the population of luminous AGN from   z=1-3.5.

		R-SCIOBJ-223		Athena shall  measure the mechanical energy of moderately ionized outflows in LX>L* AGN at z=1-3.5, spanning a broad range of column densities and ionization parameters.

		R-SCIOBJ-224		Athena shall  determine the incidence, duty cycle and energetics of transient Ultra-Fast Outflows (UFOs) in QSOs at z>1.

		R-SCIOBJ-231		Athena shall  measure the kinetic energy in nearby AGN outflows and understand how accretion disks around SMBH launch winds and outflows.

		R-SCIOBJ-232		Athena shall  probe directly the interaction of winds from AGN and star-formation with their surroundings in local galaxies,
to understand how the gas, metals and energy accelerated by winds are transferred into the circumgalactic medium, and to form a template for understanding AGN/starburst feedback at higher z.

		R-SCIOBJ-241		Athena shall  determine the geometry of the hot corona-accretion disk system and constrain the origin of the hot corona in AGN.

		R-SCIOBJ-242		Athena shall  determine the SMBH spin distribution in the local Universe as a probe of the SMBH growth process (mergers vs accretion, chaotic vs standard accretion).

		R-SCIOBJ-251		Athena shall  measure black hole spins of Galactic Black Holes (GBH) to provide insight into black hole birth events (GRBs and/or SN) that set stellar-mass black hole spins, and to study the relationship between  accretion and outflows (winds and jets).

		R-SCIOBJ-252		Athena shall determine the accretion geometry of accreting black holes and neutron stars in our galaxy (GBHs and NS binaries, ULX sources, TDE and Sgr A*) and the relationship between accretion and outflow phenomena.

		R-SCIOBJ-261		Athena shall  probe the first generation of stars, the formation of the first black holes , the dissemination of the first metals and the primordial IMF. Determine the elemental abundances of the medium around high-z GRBs by deriving  relative elemental abundances distinctive of primeval (Pop III) explosions versus evolved stellar populations in the spectrum of GRB afterglows.

		R-SCIOBJ-311		Athena shall establish how planetary magnetospheres and exospheres, and comets, respond to solar activity and to the interaction with the solar wind by spectral mapping of Jupiter atmosphere, of the Io Plasma Torus, of Mars’ exosphere and from comets and by obtaining fluorescence spectra of Galilean Satellites for surface composition analyses.

		R-SCIOBJ-312		Athena shall measure the magnetic interplay between stars and exoplanets in X-rays by measuring X-ray spectral variability over the activity cycle of the host star and over the planet’s orbital period.

		R-SCIOBJ-322		Athena shall map the hot gas distribution in the wind interaction zone of binary systems where the winds from both components collide by phase-resolved spectroscopy

		R-SCIOBJ-323		Athena shall measure magnetospheric accretion onto the photosphere and corona of young low-mass stars by measuring time-series of high-resolution spectra to probe line-intensity variability from the accretion shock and post-shock plasmas, and the stellar corona. 

		R-SCIOBJ-324		Athena shall measure magnetic activity in ultra-cool dwarf stars by measuring their X-ray luminosity and temperature

		R-SCIOBJ-331		Athena shall constrain the equation of state of neutron stars by : 1-obtaining X-ray spectra of 20 quiescent X-ray binaries with a good distance estimate (e.g. with GAIA). 2-obtain energy dependent folded light curves of a selected sample of millisecond pulsars. 3-perform high-resolution X-ray spectroscopy of neutron star surface absorption lines. 4-search for narrow absorption lines in type I X-ray bursts.

		R-SCIOBJ-332		Athena shall determine the geometry, porosity  and mass loss-rate of stellar wind structure of isolated massive stars, especially in the presence of magnetic fields, through phase spectroscopy of time profile for a sample of objects.

		R-SCIOBJ-341		Athena shall determine the chemistry of the cold interstellar medium through X-IFU observation of X-ray-absorption fine-structure features due to absorption by interstellar matter.

		R-SCIOBJ-342		Athena shall constrain dust models from the dust size distribution and dust composition through imaging and spectroscopy of dust scattering halos

		R-SCIOBJ-343		Athena shall determine the chemical composition, the heating and the dynamics of the warm and hot gas of the interstellar medium in the Milky Way and nearby galaxies

		R-SCIOBJ-344		Athena shall contrain SN1a and CC explosion models by 3d determination of kinematics,  ionisation state and abundances of young galactic supernova remants. 

		R-SCIOBJ-399		The Athena observatory shall make available an additional 25 Ms beyond that needed for the above goals to enable proposer-driven observations of high energy phenomena which can not currently be formulated, because e.g. they are based on new discoveries by future multiwavelength facilities, or Athena itself



										grey - below		not yet defined or not yet applicable

		ID		Level 2 a Requirement		point source sensitivity		survey speed		GRASP		sufrace brightness sensitivity		positional accuracy		spectral line sensitivity at 6 keV		spectral throughput at 1 keV		spectral throughput at 6 keV		velocity resolution at 1 keV		velocity resolution at 6 keV		energy scale accuracy		weak line sensitivity		ToO trigger efficiency		ToO fluence capability		spatial resolution in high-redshift spectroscopy		absolute temperature calibration		absolute flux calibration uncertainty		relative flux uncertainty 		absolute time accuracy		relative time accuracy		countrate capability		data latency		other?

		definition		definition of requirement		0.5-2 keV fluc of point source detectable at 5 sigma in 100 ks		solid angle in 100 ks down to 2 x point source sensitivity		integated area times solid ange		0.5-2 keV flux per arcmin2 dectable in 100 ks (5 sigma?)		absolute positional error after reconstruction		surface brightness of narrow line detectable at 5 sigma against background at 6 keV in 100 ks in 5"x5"						5 sigma detectable velocity shift between 2 unresolved lines		5 sigma detectable velocity shift between 2 unresolved lines				equivalent width of unresolved emission/absoprtion line at 1 keV against bright continuum (specify brightness?)		Fraction of the times that a ToO trigger in a random position fo the > 20deg sky results in a successful X-IFU observation.		Minimum fluence to be delivered by X-IFU in a GRB ToO that has a flux of 10 mCrab 4 hours after trigger.		Minimum angulas scale that can be resolved with tehe X-IFU				Maximum calibration error (rms) in 0.5-2 keV and 2-10 keV 		Maximum relative calibration error (rms) across energy		Maximum difference  of internal clock with respect to universal system		Maximum rms internal clock error to detected events

		units				erg/cm2/s in x ks		arcmin2		m2deg2		erg/cm2/s/arcmin2		arcsec		flux/kev/arcmin		(ct/s)/(erg/cm2/s)		(ct/s)/(erg/cm2/s)		km/s		km/s				EW in eV		Fraction		counts/keV		arcsec		Fraction		Fraction		Fraction		microsec		microsec				days

		R-SCIOBJ-111		Athena shall find the first building blocks of the dark matter structure filled with hot gas by detecting 50 evolved groups at z>2 with M500>5 x 10^13 Msun and determine the gas temperature of 25 of them. At least five groups are expected to lie at z>2.5.				>=1200 arcmin2				<3e-16 (<25')																				 <=9 arcsec (80 kpc@z=2 over FoV <25 arcmin		<= 100eV@1keV (=10%)?

		R-SCIOBJ-112		Athena shall measure how gravitational energy is dissipated into bulk motions i and gas turbulence in the galaxy cluster population, by achieving a 5sigma detection of these quantities.		<=??						< 2e-15 				<=??								< 20

		R-SCIOBJ-121		Athena shall  determine which physical process dominates (at each epoch) the injection of non-gravitational energy into clusters by measuring entropy profiles to the virial radius (locally) and up to z~2 to R_500 with an uncertainty <25% at R500 at z=2 to differentiate models, as well as scaling relation evolution of bulk properties out to at least the same redshift and precision (in particular Lx-T).		<1e-16  in 100ks		>=1200 arcmin2				< 3.5e-16 				<=??																		<= 400eV@4keV (=10%)		<=10%?

		R-SCIOBJ-122		Athena shall constrain SN yields by measuring the abundances and distribution of rarer metals (i.e., Al, Cl, Mn, Co) in clusters from the core to ~virial radius locally (5sigma detection). Constrain SNIa/SNcc ratio  via relative abundances of more abundant metals (i.e., O, Si, Fe), and study their evolution in redshift and mass, as well as differences between distributions in core and up to ~R500 for distant clusters (5sigma detection).		<=??						< 2e-15 				<=??

		R-SCIOBJ-131		Athena shall  measure the energy stored in hot gas around the bubbles in a  sample of clusters by achieving a 5sigma detection of bulk motion and turbulence induced through AGN feedback.		<=??																		< 20				<=??				< 5 arcsec (5 kpc@z=0,05) 

		R-SCIOBJ-132		Athena shall  determine the occurrence and impact of AGN feedback phenomena, by detecting at least 2 ripples in surface brightness at 5sigma, produced by such mechanisms, across the full volume of the cluster for a volume-limited sample of nearby short cooling time clusters, spanning a range of spatial scales, AGN and cluster properties.								< 2e-15 																				< 5 arcsec (3 kpc @ z=0.03)

		R-SCIOBJ-133		Athena shall determine the gas which fuels the AGN jets to balance the gas cooling rate, by measuring how much gas is at each temperature in cluster cores, using temperature sensitive line ratios for a representative sample of nearby clusters.																				 < 3000 @ 0.5 keV, < 1500 @ 1 keV

		R-SCIOBJ-134		Athena shall determine the shock speeds of expanding radio lobes in a well-defined sample of FRII radio galaxies, spanning 3 orders of magnitude in radio luminosity and an order of magnitude in source size, by distinguishing the gas temperature in shocked and undisturbed regions to >3sigma level.		<=??						< 4.4e-15 																				< 5 arcsec (10 kpc @z=0.1)

		R-SCIOBJ-141		Athena shall measure the local cosmological baryon density in the WHIM to better than 10% and constrain structure formation models in the low-density regime by measuring the redshift distribution and physical parameters of  200 filaments against bright background sources, selected to probe various cosmic densities; and by performing a statistical analysis of the emission lines of heavy elements in a representative sky region and high-probability targets.																								?		?

		R-SCIOBJ-142		Athena shall,  for the higher density WHIM regions directly measure their physical parameters through emission spectroscopy of ~ 30% of (GRB) absorption systems as described in R-SCIOBJ-141.



		R-SCIOBJ-211		Athena shall determine the nature of the seeds of the earliest growing SMBH (z>6), characterize the processes that dominated their early growth and investigate the influence of accreting SMBH on the formation of galaxies.Populate the LX-z plane at high redshift, specifically: identify more than 400 AGN at z>6; 		<2.4×10-17 over 2.4 deg2 in XX Msec    and      7.2×10-17 over 52.7 deg2 in XX Mse								< 1 arcsec

		R-SCIOBJ-221		Athena shall  determine the accretion energy density in the Universe, by measuring the X-ray luminosity function and obscuration properties of the AGN population with at least 20 Compton thick AGN per luminosity bin (0.5dex) and redshift bins (Δz=1) up to redshift z~3.5.						< 5e-15 erg cm-2 s-1 deg2  				<3 (requirement), < 1 (goal)

		R-SCIOBJ-222		Athena shall  determine the incidence of strong and ionized absorbers, implying the presence of outflows, among the population of luminous AGN from   z=1-3.5.		7.2e-17  in 60 ks				52.7 deg2 in 14.9 Ms

		R-SCIOBJ-223		Athena shall  measure the mechanical energy of moderately ionized outflows in LX>L* AGN at z=1-3.5, spanning a broad range of column densities and ionization parameters.														??				 < 500						50 eV

		R-SCIOBJ-224		Athena shall  determine the incidence, duty cycle and energetics of transient Ultra-Fast Outflows (UFOs) in QSOs at z>1.		7.2e-17  in 60 ks 				52.7 deg^2 in 14.9 Ms 																		50 eV

		R-SCIOBJ-231		Athena shall  measure the kinetic energy in nearby AGN outflows and understand how accretion disks around SMBH launch winds and outflows.																detect at 5sigma absorption lines with EW=10-15eV, in sources with F(2-10)>5e-12 cgs, in 50 ks.     And          detect at 5sigma absorption lines with EW=10-15eV, in sources with F(2-10)>2e-11 cgs, in <10 ks.								< 3 eV

		R-SCIOBJ-232		Athena shall  probe directly the interaction of winds from AGN and star-formation with their surroundings in local galaxies,
to understand how the gas, metals and energy accelerated by winds are transferred into the circumgalactic medium, and to form a template for understanding AGN/starburst feedback at higher z.								Smin(0.3-2)=0.16 counts/s/arcmin^2 in 100 ks  										<0.3 eV						?

		R-SCIOBJ-241		Athena shall  determine the geometry of the hot corona-accretion disk system and constrain the origin of the hot corona in AGN.														?		?

		R-SCIOBJ-242		Athena shall  determine the SMBH spin distribution in the local Universe as a probe of the SMBH growth process (mergers vs accretion, chaotic vs standard accretion).														?		?				< 10eV

		R-SCIOBJ-251		Athena shall  measure black hole spins of Galactic Black Holes (GBH) to provide insight into black hole birth events (GRBs and/or SN) that set stellar-mass black hole spins, and to study the relationship between  accretion and outflows (winds and jets).																?				< 10 eV

		R-SCIOBJ-252		Athena shall determine the accretion geometry of accreting black holes and neutron stars in our galaxy (GBHs and NS binaries, ULX sources, TDE and Sgr A*) and the relationship between accretion and outflow phenomena.																?

		R-SCIOBJ-261		Athena shall  probe the first generation of stars, the formation of the first black holes , the dissemination of the first metals and the primordial IMF. Determine the elemental abundances of the medium around high-z GRBs by deriving  relative elemental abundances distinctive of primeval (Pop III) explosions versus evolved stellar populations in the spectrum of GRB afterglows.																								1 eV		2.5e-8 erg/cm2





				Observatory Science Requirements		Do not drive the Science requirements with the exception of xxx

		R-SCIOBJ-311		Athena shall establish how planetary magnetospheres and exospheres, and comets, respond to solar activity and to the interaction with the solar wind by spectral mapping of Jupiter atmosphere, of the Io Plasma Torus, of Mars’ exosphere and from comets and by obtaining fluorescence spectra of Galilean Satellites for surface composition analyses.

		R-SCIOBJ-312		Athena shall measure the magnetic interplay between stars and exoplanets in X-rays by measuring X-ray spectral variability over the activity cycle of the host star and over the planet’s orbital period.

		R-SCIOBJ-322		Athena shall map the hot gas distribution in the wind interaction zone of binary systems where the winds from both components collide by phase-resolved spectroscopy

		R-SCIOBJ-323		Athena shall measure magnetospheric accretion onto the photosphere and corona of young low-mass stars by measuring time-series of high-resolution spectra to probe line-intensity variability from the accretion shock and post-shock plasmas, and the stellar corona. 

		R-SCIOBJ-324		Athena shall measure magnetic activity in ultra-cool dwarf stars by measuring their X-ray luminosity and temperature

		R-SCIOBJ-331		Athena shall constrain the equation of state of neutron stars by : 1-obtaining X-ray spectra of 20 quiescent X-ray binaries with a good distance estimate (e.g. with GAIA). 2-obtain energy dependent folded light curves of a selected sample of millisecond pulsars. 3-perform high-resolution X-ray spectroscopy of neutron star surface absorption lines. 4-search for narrow absorption lines in type I X-ray bursts.

		R-SCIOBJ-332		Athena shall determine the geometry, porosity  and mass loss-rate of stellar wind structure of isolated massive stars, especially in the presence of magnetic fields, through phase spectroscopy of time profile for a sample of objects.

		R-SCIOBJ-341		Athena shall determine the chemistry of the cold interstellar medium through X-IFU observation of X-ray-absorption fine-structure features due to absorption by interstellar matter.

		R-SCIOBJ-342		Athena shall constrain dust models from the dust size distribution and dust composition through imaging and spectroscopy of dust scattering halos

		R-SCIOBJ-343		Athena shall determine the chemical composition, the heating and the dynamics of the warm and hot gas of the interstellar medium in the Milky Way and nearby galaxies

		R-SCIOBJ-344		Athena shall contrain SN1a and CC explosion models by 3d determination of kinematics,  ionisation state and abundances of young galactic supernova remants. 

		R-SCIOBJ-399		The Athena observatory shall make available an additional 25 Ms beyond that needed for the above goals to enable proposer-driven observations of high energy phenomena which can not currently be formulated, because e.g. they are based on new discoveries by future multiwavelength facilities, or Athena itself









SciRD L2

		ID		Requirement		Value		Conditions		DDF/DJF Ref.		Trace Down		Owner		Author		Val. Status		Change Status		Comment		Comment reply

		L2 Requirements

		Effective Area

		Note:		The following effective areas correspond to the proposal values, these are the goals in the MRD.

		Narrow Field Effective Area

		SCI-EA-R-01		ATHENA shall perform Narrow-Field observations with an Overall Effective Area at the target of ≥ 1.47m^2 at 1 keV.		1.47m^2		at 1 keV		Enable spectral determinations (eg. Temperatures of faint groups, WHIM filaments), characterise AGN outflows and perform AGN reverberation mapping by accumulating sufficient photons in characteristic timescales. 				Science Team		Science Team		numbers need science justification and checked				At the core the need to accumulate enough photons per unit time. Not all can be compensated by longer observing times, due to background limitations for example. 1keV represents the peak of assumed detection efficiency and of spectrum.

Note that the effective area here is the overall effective area as in the response files, i.e. taking into account detector QE etc.

		SCI-EA-R-02		ATHENA shall perform Narrow-Field observations with an Overall Effective Area at the target of  ≥  0.2m^2 at 6 keV.		0.20m^2		at 6 keV		Perform reverberation mapping and characterise spins in Black Holes. Characterise the metals'distribution in clusters.				Science Team		Science Team		response currently has 0.298 m2				Need to accumulate enough photons per unit time at the iron line. Not all can be compensated by longer observing times, due to  typical source variability timescales for example.

Note that the effective area here is the overall effective area as in the response files, i.e. taking into account detector QE etc.

		SCI-EA-R-03		ATHENA shall perform Narrow Field observations with an overall Effective Area of  ≥ TBDm^2 at 0.2 keV.		TBD m^2		0.2 keV		Lowest measureable energy range defined by the need to detect red-shifted Carbon resonant lines in WHIM.												The energy range limits are set as 10% of the peak area. TBC

		SCI-EA-R-04		ATHENA  shall perform Narrow Field observations with an Overall Effective Area at the target of  ≥ TBDm^2 at 12 keV.		TBD m^2		12 keV		Highest energy range defined by the ability to characterise reflection spectral features in order properly to utilise iron line diagnostics.												Lowest measureable energy range defined by the need to detect warm absorbers at z~3.5. Highest energy range defined by the ability to characterise reflection spectral features in order properly to utilise iron line diagnostics.

		Wide Field Effective Area

		SCI-EA-R-05		ATHENA shall perform Wide-Field observations with an Overall Effective Area at the target of ≥1.71m^2 at 1 keV.		1.71m^2		at 1 keV		Perform multi-tiered survey for necessary sample of high-z AGN, obscuration, outflows, and find high-z galaxy groups.				Science Team		Science Team		value need to be checked				At the core the need to accumulate enough photons per unit time. Not all can be compensated by longer observing times, due to background limitations for example. 1keV represents the peak of assumed detection efficiency and of spectrum.

		SCI-EA-R-06		ATHENA shall perform Wide-Field observations with an Overall Effective Area at the target of  ≥0.24m^2 at 6 keV.		0.24m^2		at 6 keV		Perform reverberation mapping and characterise spins in Black Holes. Characterise the metals'distribution in clusters.				Science Team		Science Team						Need to accumulate enough photons per unit time at the iron line. Not all can be compensated by longer observing times, due to  typical source variability timescales for example.                                                               
                                                                                                     Note that the effective area here is the overall effective area as in the response files, i.e. taking into account detector QE etc.

		SCI-EA-R-07		ATHENA shall perform Wide Field observations with an Overall Effective Area at the target of  ≥ TBDm^2 at 0.2 keV.		TBD m^2		0.2 keV		Lowest measureable energy range defined by the need to detect warm absorbers at z~3.5.												The energy range limits are set as 10% of the peak area. TBC

		SCI-EA-R-08		ATHENA shall perform Wide Field observations with an Overall Effective Area at the target of  ≥ TBDm^2 at 15 keV.		TBD m^2		15 keV		Highest energy range defined by the ability to characterise reflection spectral features in order properly to utilise iron line diagnostics.												Lowest measureable energy range defined by the need to detect warm absorbers at z~3.5. (R-GOAL-140). Highest energy range defined by the ability to characterise reflection spectral features in order properly to utilise iron line diagnostics.		Why if the energy range higher than NF if same rationale is given?

		SCI-EA-R-09		ATHENA shall perform Wide Field observations with a Grasp of ≥0.5m2deg2 at 1 keV.		0.5 m2deg2 		1 keV		 Perform reverberation mapping and characterise spins in Black Holes. Characterise the metals'distribution in clusters.				Science Team		Science Team						Need to accumulate enough photons per unit time at the iron line. Not all can be compensated by longer observing times, due to  typical source variability timescales for example..                                                               
                                                                                                     Note that the effective area here is the overall effective area as in the response files, i.e. taking into account detector QE etc.

		SCI-EA-R-10		ATHENA shall perform Wide Field observations with a Grasp of ≥0.035 m2deg2 at 6 keV.		0.035 m2deg2 		6 keV		 Perform reverberation mapping and characterise spins in Black Holes. Characterise the metals'distribution in clusters.				Science Team		Science Team						Need to accumulate enough photons per unit time at the iron line. Not all can be compensated by longer observing times, due to  typical source variability timescales for example.                                                                                                     
                                                                                                     Note that the effective area here is the overall effective area as in the response files, i.e. taking into account detector QE etc.                                                            

		Effective Area Calibration

		SCI-EA-R-11		ATHENA shall have an AKE of the Overall Effective Area at 1 keV to ≤10% for the Wide Field and for the Narrow Field observations, anywhere in the FoV.		10%		at 1 keV						Science Team		Science Team		need science justification

		SCI-EA-R-12		ATHENA shall have an AKE of the Relative Effective Area for the Wide Field observations to ≤ +/- 3%  (TBC) between 0.5 and 10 keV.		3%		relative accuracy at 0.5 and 10 keV						Science Team		Science Team		need science justification

		SCI-EA-R-13		ATHENA shall have an AKE of the Relative Effective Area for the Narrow Field observations to ≤ +/- 5% (TBC) between 0.5 and 10 keV.		5%		relative accuracy at 0.5 and 10 keV						Science Team		Science Team		need science justification				The detection of WHIM abs lines requires systematic effect in the continuum (area) at the level of 1% but this is over very small energy bands. Difference wity WFI also needs to be addressed but, for the time being, it is assumed that with a larger energy band, the constraints on the WFI can be different and more constrained

		Angular Resolution

		SCI-ANR-R-01		ATHENA shall perform all observations with a Point Spread Function (PSF) having ≤5'' Half Energy Width (HEW) at the target, over an energy range of 0.1 - 6keV.		5'' HEW		at target;
0.1 - 6 keV;
all observations		This performance allows deepest surveys not to be compromised by confusion, and ensures 50kpc sized structures can be discriminated in clusters at Z~2.				Science Team		Science Team

		SCI-ANR-G-01		ATHENA should perform all observations with a Point Spread Function (PSF) having ≤3'' HEW at the target, over an energy range of 0.1 - 6keV.		3'' HEW		at target;
0.1 - 6 keV;
all observations		This performance allows gosl sensitivity in deepest surveys, and reduces spectral background contamination in faint sources by a factro ~2, while allowing galaxy scales to be discriminated in clusters at Z~2.				Science Team		Science Team

		SCI-ANR-R-02		ATHENA shall perform all observationswith a Point Spread Function (PSF) having ≤20'' HEW at the target, over the energy range 6 - 15 keV.		20'' HEW		at target;
6 - 15 keV;
all observations		Without a constraint on PSF at higher energies, the spectral extraction for point sources becomes extremely complex, rendering reverberation and iron line diagnostics impossible.				Science Team		Science Team						Essentially a constraint on the quality of innermost optical shells figure, as well as scattering properties of  mirror surface finish.                      Q (EW/ASST): But we don't have an effective area specification at 15 keV - do we need one?		(EW) To be consistent, if we need to go up to 15 keV in HEW we also need to have higher energy specs for the Effective area. To be check by the ASST.
(DL) The 15keV performance will be difficult to verify as a requirement. However we should not let it be undefined, else there is no constraint to get coatings and surface finish optimised. With existing simulated performance, the total area at 15keV (including detector) is ~16 sq cm, implying the mirror effective area about 20-25 sq cm should be required.

		SCI-ANR-R-03		ATHENA shall perform all observations, at 25' off-axis,with a Point Spread Function (PSF) having ≤10'' HEW.		10'' HEW		25' off-axis;
0.1 - 6keV;
all observations		Ensures Wide Field tiered survey can detect the AGN populations such that luminosity functions can be accumulated in a reasonable time.				Science Team		Science Team						To ensure that the PSF at field edges is not so large as to grossly degrade the sensitivity over large solid angles. Data analysis is greatly simplified if PSF changes slowy with radius and azimuth.

		Spectral Resolution

		SCI-SPR-R-01		ATHENA shall perform Narrow Field observations with a Mean Spectral Resolution of ≤2.5 eV at 6 keV over the FoV.		2.5eV		FWHM at 6 keV, averaged over the sensor		Defined by weak absorption lines sensitivity, and bulk velocity determination of 20 km/s.				Science Team		Science Team						Also the response function must be very well characterised so that systematic residuals can be minimised and do not become misinterpreted as astrophysical signals.

		SCI-SPR-G-01		ATHENA should perform Narrow Field observations with a Mean Spectral Resolution of ≤1.5 eV at 1 keV over the FoV.		1.5eV		FWHM at 1 keV, averaged over the sensor		Improved spectral resolution directly scale to better WHIM sensitivity and velocity determination.				Science Team		Science Team

		SCI-SPR-R-02		ATHENA shall perform Narrow Field observations with an energy AKE  ≤0.4eV over the range of 0.3 - 6 keV.		0.4eV		0.3 - 6 keV		Absolute energy accuracy is required to be able to centroid across any spectral line feature with 2.5eV resolution.				Science Team		Science Team		Need to check numbers				Given Fano-limited resolution achieved for SPR-R-03 then this performance should be simultaneously achieveable

		SCI-SPR-R-03		ATHENA shall perform Narrow Field observations with a Energy Resolution Homogeneity (FWHM) ≤0.5 eV over the field of view and energy range 0.3 – 6 keV.		0.5 eV (TBC)		0.3 - 6 keV										number should be justified

		SCI-SPR-R-04		ATHENA shall perform Narrow Field observations with an AKE of the spectral resolution ≤ 0.15 eV over the range of 0.3 - 6 keV.		0.15 eV (TBC)		0.3 - 6 keV										number should be justified				Or % of achieved resolution - query.

		SCI-SPR-R-05		ATHENA shall perform Wide Field observations with a Mean Spectral Resolution of ≤150 eV at 6 keV over the FoV.		150eV		FWHM at 6 keV, averaged over the sensor		Measuring spins and reverberation in Galactic BH.				Science Team		Science Team						Also the response function must be very well characterised so that systematic residuals can be minimised and do not become misinterpreted as astrophysical signals.

		SCI-SPR-G-02		ATHENA should perform Wide Field observations with a Mean Spectral Resolution of ≤130 eV at 6 keV over the FoV.		130eV		FWHM at 6 keV, averaged over the sensor		Measuring spins and reverberation in Galactic BH.				Science Team		Science Team						Also the response function must be very well characterised so that systematic residuals can be minimised and do not become misinterpreted as astrophysical signals.

		SCI-SPR-R-06		ATHENA shall perform Wide Field observations with a Mean Spectral Resolution of ≤70 eV at 1 keV over the FoV.		70 eV		FWHM at 1 keV, averaged over the sensor		Characterise broad temperatures for any source with >1000 photons.				Science Team		Science Team						Given Fano-limited resolution achieved for SPR-R-03 then this performance should be simultaneously achieveable

		SCI-SPR-R-07		ATHENA shall perform Wide Field observations with an energy AKE ≤10 eV, over the energy range 0.1-15 keV and the field of view.		10 eV (TBC)		0.1 - 15 keV										number should be justified

		Field of View

		SCI-FOV-R-01		ATHENA shall perform Narrow Field observations with a Field of View equivalent to ≥5' diameter.		5' Ø		actual design might not be circular (e.g. Hexagon, square) but the integrated FoV should be consistent with 5 arcmin diameter		Cover cooling cores and jet  energy dissipation volumes in clusters with a single IFU pointing. Cover error boxes of typical GRB alert from a coded mask quality instrument trigger.				Science Team		Science Team						Nearby clusters (z<0.03) and 100kpc coling core radius barely fit within 5 arcmin diameter

		SCI-FOV-G-01		ATHENA should perform Narrow Field observations with a Field of View equivalent to  ≥7' diameter.		7' Ø				Required to map the cooling flows and expanding bubbles in the nearest clusters, without mosaicing.				Science Team		Science Team

		SCI-FOV-R-02		ATHENA shall perform Narrow Field observations with a filling factor of the detector  ≥90% (TBC).		90% (TBC)		NF observations										check if there is a proper science justification				science justification is not only area but also 'homogeneous filling' of sensor area

		SCI-FOV-R-03		ATHENA shall perform Wide Field observations with a Field of View of 40' diameter.		40'Ø				Measure entropy profiles and metal distribution across a cluster. Detect sufficient z~6-8 AGN in a Wide Field tiered survey.				Science Team		Science Team						A (ASST): Need to quantify vignetting versus field radius trade. Any cluster for Z<0.05 will have virial radius extending beyond the WFI field.
JW put diameter in these requirements, but don’t they want a square FoV (i.e. they can patch together surveys?)

		SCI-FOV-G-02		ATHENA should perform Wide Field observations with a Field of View of 50' diameter.		50'Ø				 Increases survey speed.				Science Team		Science Team						A (ASST): Should be quantified if additional  vignetting losses render this marginal improvement (i.e. <<25/16 solid angle gain) 

		SCI-FOV-R-04		ATHENA shall perform Wide Field observations with a filling factor of the detector ≥90% (TBC).		90% (TBC)		WF observations										check if there is a proper science justification

		Absolute Photon Timing

		SCI-ATM-R-01		ATHENA shall perform all observations with an absolute photon timing accuracy of ≤50µs.		50µs		All observations		 (Observatory Science) Obtain energy dependent folded light curves for millisecond pulsars.				Science Team		Science Team		Needs justification

		SCI-ATM-R-02		ATHENA shall detect individual photons with a time resolution of ≤10µs for Narrow-Field Observations.		10µs (TBC)		Narrow-Field observations		 (Observatory science) Required to allow coordinated obseervations of pulsars at other wavelength facilities.				Science Team		Science Team

		SCI-ATM-R-03		ATHENA shall detect individual photons with a time resolution of ≤5ms for Wide-Field Observations.		5ms		Wide-Field Observations		(Observatory science) Required to allow coordinated obseervations of pulsars at other wavelength facilities.				Science Team		Science Team		needs science justification, minumum time is 1.2 ms

		SCI-ATM-R-04		ATHENA shall detect individual photons with a time resolution of ≤80 µs for the WFI fast chip.		80 µs		Fast Chip Observations						Science Team		Science Team		needs justification

		Photon Timing Resolution

		SCI-TMR-G-01		ATHENA should detect individual photons with a time resolution of ≤40 µs for the WFI fast chip.		40 µs		Fast Chip Observations						Science Team		Science Team		needs justification

		SCI-TMR-R-01		ATHENA shall achieve a knowledge of the instrumental dead time at the level of TBD % for Narrow-Field observations.		TBD		Narrow-Field observations						Science Team		Science Team		number needed

		SCI-TMR-R-02		ATHENA shall achieve a knowledge of the instrumental dead time at the level of TBD % for Wide-Field WFI observations.		TBD		Wide-Field Observations						Science Team		Science Team		number needed

		SCI-TMR-R-03		ATHENA shall achieve a knowledge of the instrumental dead time at the level of TBD % for observations with the WFI fast chip.		TBD		Fast Chip Observations						Science Team		Science Team		number needed

		Count-Rate Capability (Source intensity)

		SCI-CTR-R-01		ATHENA shall perform Wide-Field observations of point sources to a count rate of 2x10^-8 erg.s^-1.cm^-2 with 80% throughput and  < 1% pile up.		2x10^-8 erg.s^-1.cm^-2		2-10keV, point source with 80% throughput		Achieve spectral diagnostic of bright X-ray binaries.				Science Team		Science Team						Special mode of WFI to achieve high count rate measurement of binaries (only restricted field of view window), level corresponds to 1 Crab                                                                     Q (ASST): Is this related to dead-time/pile-up?		FLux value (if related to missing band of, say 2 - 10keV) relates to 1 Crab source. Then 80% refers to all effects (indeed mainly dead time and pile-up losses) that prevent recording all detected events

		SCI-CTR-R-02		ATHENA shall perform Narrow-Field observations of point sources to a count rate of 2x10^-11 erg.s^-1.cm^-2 with 80% throughput with 2.5 eV energy resolution.		2x10^-11 erg.s^-1.cm^-2		2-10keV, point source with 80% throughput in Narrow-Field nominal energy resolution		 Achieve spectral diagnostic of bright X-ray binaries.				Science Team		Science Team						Anticipated nominal count rate capability to achieve good X-IFU spectral performance.

		SCI-CTR-G-01		ATHENA should perform Narrow-Field observations of point sources to a count rate of 2x10^-10 erg.s^-1.cm^-2 with 80% throughput with 2.5 eV energy resolution.		2x10^-11 erg.s^-1.cm^-2		2-10keV, point source with 80% throughput in Narrow-Field nominal energy resolution		Achieve spectral diagnostic of bright X-ray binaries.				Science Team		Science Team		goal for 10mCrab				Anticipated potential count rate capability to achieve good X-IFU spectral performance which is important for GRB afterglows (significant fraction in 1 - 10 mCrab range after 4 hours).

		SCI-CTR-R-03		ATHENA shall perform Narrow-Field observations of point sources to a count rate of 2x10^-8 erg.s^-1.cm^-2 with 30% throughput but degraded resolution (30 eV, TBC).		2x10^-8 erg.s^-1.cm^-2		2-10keV, point source with 30% throughput in Narrow-Field ~30eV FWHM  energy resolution		Achieve spectral diagnostic of bright X-ray binaries.				Science Team		Science Team						To achieve very good energy resolution, the X-IFU should be able to accept worse resolution and loss of many events to pile-up processes.

		SCI-CTR-R-04		ATHENA shall perform Wide Field observations of extended sources to a count rate of TBD 10^-8 erg.s^-1.sr-1 with TBD % throughput.		TBD		TBD										number needs to be specified

		SCI-CTR-R-05		ATHENA shall perform Narrow-Field observations of extended sources to a count rate of TBD 10^-8 erg.s^-1.sr-1 with TBD % throughput.		TBD		TBD										number needs to be specified

		Non X-Ray Background

		SCI-BKG-R-01		ATHENA shall achieve a non-X-ray background for Wide-Field observations of ≤ 5 10^-3 counts .s^-1 . Cm^-2. keV^-1 (TBC).		≤ 5 10^-3 counts .s^-1 . cm^-2. keV^-1 TBC		Wide-Field Observations		Ensures low surface brightness (faint cluster or outskirts) spectral features at 6keV or the bremmstrahlung exponential cut-off can be determined.				Science Team		Science Team		it needs to be demonstrated by simulations that this number is achievable.				The non X-ray background refers to events not registered as cosmic X-ray events (direct particles and secondaries) which fall in the X-ray band between 0.1 and 15 keV. 		(DL) This is supposed to refer to any events not registered as cosmic X-ray events: i.e. includes direct particles AND secondary events (which might also include fluorescent X-rays )  that register in the detector. There is a energy band figure missing (see below)  that should probably for be 0.1-15keV.

(ASST) The non X-ray background refers to events not registered as cosmic X-ray events (direct particles and secondaries) which fall in the X-ray band between 0.1 and 15 keV. 

		SCI-BKG-G-01		ATHENA should achieve a non-X-ray background for Wide-Field observations of ≤ 2 10^-3 counts .s^-1 . Cm^-2. keV^-1 (TBC).		≤ 2 10^-3 counts .s^-1 . cm^-2. keV^-1 TBC		Wide-Field Observations		Ensures low surface brightness (faint cluster or outskirts) spectral features at 6keV or the bremmstrahlung exponential cut-off can be determined.				Science Team		Science Team		it needs to be demonstrated by simulations that this number is achievable.				The non X-ray background refers to events not registered as cosmic X-ray events (direct particles and secondaries) which fall in the X-ray band between 0.1 and 15 keV. 		(DL) This is supposed to refer to any events not registered as cosmic X-ray events: i.e. includes direct particles AND secondary events (which might also include fluorescent X-rays )  that register in the detector. There is a energy band figure missing (see below)  that should probably for be 0.1-15keV.

(ASST) The non X-ray background refers to events not registered as cosmic X-ray events (direct particles and secondaries) which fall in the X-ray band between 0.1 and 15 keV. 

		SCI-BKG-R-02		ATHENA shall achieve a non-X-ray background for Narrow-Field observations of ≤ 3 10^-4 counts .s^-1 . Cm^-2. keV^-1.		≤ 3 10^-4 counts .s^-1 . cm^-2. keV^-1		Narrow-Field observations

		SCI-BKG-R-03		ATHENA shall achieve an AKE of the non X-ray charged particle background for both types of observations to ≤2%.		2%		All observations						Science Team		Science Team		need to define what 2% means (integrated over FoV, shape).				A (ASST): Stated few % but not quantified, so we propose 2% TBC.		(DL) That seens a fair working value. However this would be an impossible to verify requirement, and presumably needs to be captured as a not to be forgotten design goal ?

		Astrometry

		SCI-AST-R-01		ATHENA shall achieve a reconstructed Astrometric error of <3'' to 95% confidence level (TBC) for all observations.		3'' (TBC)		All observations, 95% CL		Centroid sources with sufficient accuracy to allow cross-wavelength and inter-facility identification. In diffuse extended objects need good localisation in difficult centroiding conditions.				Science Team		Science Team						Assumes that in diffuse extended object, the ability to use cross-ID to improve the pointing knowledge is not possible. Then some features need to be localised to better than angular resolution performance using the intrinsic observatory pointing performance.

		SCI-AST-G-01		ATHENA should achieve a reconstructed Astrometric error of <1'' to 95% confidence level for Wide-Field observations.		1''		95% after aligning in field sources with other catalogues, all observations.		 Identify high red shift and obscured AGN positions with multi-waveband counterparts once an initial astrometric field solution is found.				Science Team		Science Team		number needs to be checked (XMM reaches 1.2 arcsec)				Believed to be easy to reconstruct, based on XMM-Newton experience and Signal:Noise considerations

		ToO Reaction Time

		SCI-TOO-R-01		ATHENA shall be able to perform Narrow Field observations of a GRB-TOO ≤4 hours for ≥50 ks (TBC) for ≥67% of pursuable GRB-ToOs.		4 hours		Pursuable GRB-ToOs		Allows a sufficient pool of GRB alerts to be realised with sufficient fluence to utilise the full X-IFU resolution properties.

Refer to the MBD [DDF_1.0]				Science Team		Science Team		needs full understanding and  needs to be reformulated, current formulation assumes for example area and spectral resolution				Statistics to be confirmed. To allow for additional follow-up, of order 50 successful high fluence GRBs required during core mission duration. The assumption is an external trigger will provide only 1/8th with the required fluence at 4 hours. The 80% success rate assumes a ground segment efficiency and 50% FOR.

		SCI-TOO-G-01		ATHENA should be able to perform Narrow Field observations of a GRB-ToO ≤4 hours for ≥50 ks (TBC) for ≥80% of pursuable GRB-ToOs.		4 hours		40% of all-sky GRB-ToOs		Allows a sufficient pool of GRB alerts to be realised with sufficient fluence to utilise the full X-IFU resolution properties.

Refer to the MBD [DDF_1.0]				Science Team		Science Team		needs full understanding and  needs to be reformulated, current formulation assumes for example area and spectral resolution				Statistics to be confirmed. To allow for additional follow-up, of order 50 successful high fluence GRBs required during core mission duration. The assumption is an external trigger will provide only 1/8th with the required fluence at 4 hours. The 80% success rate assumes a ground segment efficiency and 50% FOR.

		SCI-TOO-R-02		ATHENA shall perform observations of all ToO types ≤12 hours of the receipt of an external ToO alert for ≥95% of ToOs in the FoR.		12 hours		Depends on source characteristics reported by observer.		Observatory Science.				Science Team		Science Team						Not all ToOS require to be as time critical as GRBs

		Observations

		SCI-OBS-R-01		ATHENA shall be able to perform any type of observation within an instantaneous Field of Regard of ≥50% of the sky.		50%				Allows for efficient targeting of TOOs and efficient observing plan.				Science Team		Science Team						FOR may end up being traded with other observatory performance metrics. Science requirement is to ensure good visibility of a large pool of targets in the observing plan to ensure it can be executed in a reasonable lifetime

		SCI-OBS-G-01		ATHENA should be able to perform any type of observation within an instantaneous Field of Regard of ≥60% of the sky.		60%				Allows for efficient targeting of TOOs and efficient observing plan.				Science Team		Science Team						Requirement for ToO targets will improve the statistics and loosen the reaction requirement.

		SCI-OBS-R-02		ATHENA shall support continuous observing for all observations of up to 100ks.		100ks				Allows to construct un-aliased temporal power spectrum density of binary objects. Efficient coverage of survey fields without interruptions.				Science Team		Science Team						Will size the CC up-time.

		SCI-OBS-R-03		ATHENA shall offer a minimum observing duration of 1ks.		1ks				Allow snapshot surveys and source sample monitoring.				Science Team		Science Team

		SCI-OBS-R-04		ATHENA shall  provide a continuous target observability of 2 weeks in any 6-months period.		2 weeks in any 6 months period				Ensures scheduling of a critical long observation can be achieved without complex constraint checking.				Science Team		Science Team						Science requirement is to ensure good visibility of a large pool of targets in the observing plan to ensure it can be executed in a reasonable lifetime

		SCI-OBS-R-05		ATHENA shall execute the Mock Observation Plan.										Science Team		Science Team						new, replaces the actual numbers to ensure consistency, an open issue is the time lost due the time lost due to a too high background (factor 1.4 for XMM!)

		Pointing & Observing Modes

		SCI-POI-R-01		ATHENA shall provide capability for Dithering to disentangle detector and target features.		TBD''				Ensure that instrumental artefacts such as efficiency variations can be flattened out and averaged.

ConOps [DJF_10].				Science Team		Science Team						Applies particularly to all extended objects - clusters of galaxies and Supernova remnant. Preferrably this should be a user selectable mode, as one could imagine time variability science drivers could be compromised by this.

		SCI-POI-R-02		ATHENA shall provide the capability for Raster scan to cover a up to 3 x 3 degree^2 area with a user specified step size and pattern.		Stepping fields to cover 3x3 degrees				Allows efficient construction of Wide Field surveys.

ConOps [DJF_10].				Science Team		Science Team						An implementation whereby automated progression from one "observation"to the next can occur without additioanl observatory set-up processes (implemented on XMM after some years in orbit). The 3 x 3 degree2 allows efficient surveys whereas the sun aspect angle contraints will not affect the survey strategy. A user specified step size should be implemented. 

		SCI-POI-R-03		ATHENA shall provide Target Acquisition (APE) consistent with the field of view of the fast counting mode (chip).		10''		for the fast countrate mode						Science Team		Science Team						FoV for X-IFU is 3' and an  APE of 10'' is not needed.
For the WFI  Fast Chip the FoV is 147 arcsec. Therefore a APE of 20 arcsec (about one thenth of the FoV) seems to be realistic but the number may need to be updated once the defocussing mechanism is decided. To maintain the source position on the boundary of two hemishperes requiring an APE of < 5 arcsec is not realistic and is also not justified. HOWEVER, currently a high countrate/hich spectral resolution sub-array for the X-IFU is under consideration. Hence we keep the 10 arcsec!

		Data Latency

		SCI-LAT-R-01		ATHENA shall make available level 1 data to the user for their  observation within 15 working days (TBC) of the end of the observation.		15 working days				ConOps part A [DJF_1.0]														(DL) Presumably this is Level 1 ( calibrated event lists, consolidated spacecraft and attitude auxiliary data)

		SCI-LAT-R-02		ATHENA shall make available Quick Look data (TBC) to the user for observations which were a ToO within 2 working days (TBC) of the end of the observation.		2 working days				ConOps part A [DJF_1.0]														(DL) Presumably this is Level 1 ( calibrated event lists, consolidated spacecraft and attitude auxiliary data)
(DL) I would say this ought to be Level 1   for the instruments, but just preliminary auxillary data? Otherwise we need to define what QLA really means?  I would imagine that the pipeline to decommutate spacecraft telemetry and write the FITS files will be faster than the time to await next scheduled ground contact, so 2 days seems rather lax if anything. Why would there be an assumed failure rate of delivery to TBD% instances?

		SCI-LAT-R-03		ATHENA shall make available relevant instrument data to the instrument teams for health checking within 1 working day (TBC).		1 working day																real health checking needs to be done onboard by the onboard sw





MRD

		Req ID		Object type		Description		Value		DDF/DJF Ref.		Phase A/B1 Assessment Reference		Phase A/B1 Assessment Description		Verif.		Validation Reference		Validation Status		Implementation Verification Reference		Implementation Verification Description		Comment

						Mission Architecture

						Mission Lifetime

		R-MIS-10		Req		The ATHENA Mission shall complete its mission objectives, after full commissioning (including instrument performance verification), in a NoP of 4 years duration (TBC).		4 years		MBD [DDF_1.0]				Review		R				Valid against the MOP version 1.2 supplied prior to KO. New MOP to be supplied by ASST.				Review		Need a consolidated MOP.

		G-MIS-10		Goal		The ATHENA Mission should complete its mission goals, after full commissioning (including instrument performance verification), in a NoP+EoP of TBD years duration (TBC).		TBD years		MBD [DDF_1.0]				Review		R				Valid against the MOP version 1.2 supplied prior to KO. New MOP to be supplied by ASST.				Review

						Reliability & Fault Management

		R-MIS-20		Req		The ATHENA Mission shall have a reliability (probability of continued successful delivery of both Narrow and Wide-Field observation data products to the end user) at the end of the NoP of 75%.		75%		MBD [DDF_1.0]		[Tier-1 reliability estimates]		Analysis (factored reliabilities from each tier-1 mission product).		A				Still need to locate a standard on mission-level reliability.				Analysis (factored reliabilities from each tier-1 mission product).		Requirements also split into channel-specific reliability values. ANDREA to comment on whether to remove!

		R-MIS-30		Req		The ATHENA Mission shall eliminate or prevent single-point failures with a severity of catastrophic or critical.				ConOps part A [DJF_1.0]				Review		R								Review

		R-MIS-40		Req		The ATHENA Mission shall not allow failure of any single component at unit level to lead to failure or or damage to another component or subsystem.				ConOps part A [DJF_1.0]				Review		R								Review

						Orbit

		R-MIS-50		Req		The ATHENA Mission shall include a Space Segment operating around the second Lagrangian point of the Sun-Earth system (L2).				ConOps part A [DJF_1.0]				Review		R								Review

						Spacecraft

		R-MIS-60		Req		The ATHENA Mission shall include a Space Segment composed of a single SC, the two Payloads and the NGRM/AMBRE_G.				ConOps part A [DJF_1.0]				Review		R								Review

		R-MIS-70		Req		The ATHENA Mission shall include a single telescope common to the Narrow-Field, Wide-Field and Fast channels.				ConOps part A [DJF_1.0]				Review		R								Review

						Payload

		R-MIS-80		Req		The ATHENA Mission shall include a Narrow-Field channel implemented by a single X-IFU instrument provided by the Payload Consortium.				ConOps part A [DJF_1.0]				Review		R								Review

		R-MIS-90		Req		The ATHENA Mission shall include a Wide-Field channel and Fast channel implemented by a single WFI instrument provided by the Payload Consortium.				ConOps part A [DJF_1.0]				Review		R								Review

						Operational Ground Segment

		R-MIS-100		Req		The ATHENA Mission shall include an Operational Ground Segment, located at ESOC, responsible for the following functions:
- design and execution of the in-orbit mission (after launch), including mission planning, spacecraft monitoring and control and orbit and attitude determination and control and execute operations following SOC-generated scientific telecommands and planning (inc. ToOs). 
- sole operator of the ATHENA spacecraft and shall ensure the in-orbit spacecraft safety and health. 
- provide the SOC with the raw mission science telemetry produced by the space segment and the necessary spacecraft telemetry and auxiliary products related to operations. 
Note: telemetry and telecommand such as pointing request and resulting TM data is required for science data processing. (TBC) 
- online archiving of house-keeping telemetry, telecommand and other auxiliary mission operations data in one MOC Mission Archive for up to 6 (TBC)  months after the end of mission operations. The MOC shall keep the content of MOC Mission Archive off-line for a period of 5 years after the end of mission operations.
- provide the ground segment communications and ground station capability for all operations and mission phases.
				ConOps part A [DJF_1.0]				Review		R								Review

						Science Ground Segment

		R-MIS-110		Req		The ATHENA Mission shall include the ESA contribution to the Science Ground Segment SGS(SOC), located at ESAC, responsible for the following functions:
- The planning of scientific, calibration and engineering observations and the construction of optimised schedules (that are delivered to and checked/enhanced by MOC before uplink).
- Issuing and supporting observing Announcements of Opportunity.
- The handling of ToO alerts and (after approval) their implementation into schedules.
- Quick look analysis development, implementation and operation, performed in partnership with the Instrument Science Centres (ISCs).                                                                                                             
- The provision of low-level, ancillary and housekeeping data to the ISCs.
- Collaborating with the ISCs in calibration activities and requests for special instrument operations (e.g. instrument monitoring, adjustments, check of anomalies).
- Optimising the scientific mission performance and inter-calibration activities. Partnership with ISCs (and leadership by the performance scientist, TBC) is crucial to accomplish this task.
- The delivery and maintenance of a scientific analysis software system to the community. This includes the necessary calibration information. This task is performed in partnership with the ISCs.
- The development, implementation and operation of the scientific data processing pipeline to produce validated data products. This task is performed in partnership with the ISCs.
- Support to the scientific user community (including HelpDesk, Documentation, Conferences & Workshops). This task is supported by ISCs (especially in areas of their expertise).
- The development, implementation and operation of the long-term ATHENA Science Archive.                                                                                                           
- Making the scientific results of the mission available to the community  through the ATHENA Science Archive. 				ConOps part A [DJF_1.0]				Review		R								Review

		R-MIS-120		Req		The ATHENA Mission shall include the Payload Consortium contribution to the Science Ground Segment SGS(CON), responsible for the following functions: TBD.				ConOps part A [DJF_1.0]				Review		R								Review

				Note		The Science Management Plan defines these responsibilities.

						Launch Segment

		R-MIS-130		Req		The ATHENA Mission shall include a baseline Launch Segment using the Ariane 64 launcher from Kourou.				ConOps part A [DJF_1.0]
MBD [DDF_1.0]				Review		R				Launcher performance still unknown.				Review

						Schedule & Phases

						Development Schedule

		R-MIS-140		Req		The ATHENA Mission shall be compliant with the baseline development schedule as defined in [ATHENA - Baseline Schedule].				ConOps part A [DJF_1.0]				Review		R								Review

						Launch Date & Mission Phases

		R-MIS-150		Req		The ATHENA Mission shall launch in 2028.		2028		ConOps part A [DJF_1.0]				Review		R								Review

		R-MIS-160		Req		The ATHENA Mission shall be compatible with an overall lifetime of TBD years.		6.25 years		ConOps part B
MBD [DDF_1.0]				Review		R								Review

		R-MIS-170		Req		The ATHENA Mission shall include a launch and early operations phase (LEOP) of no more than 2 days in duration.
		2 days		ConOps part A [DJF_1.0]				Review		R								Review

		R-MIS-180		Req		The ATHENA Mission shall include a Transfer Phase (TP) of no more than 90 days  in duration, including a Commissioning Phase (CP) of no more than 70 days  in duration, beginning 20 days into the TP.
		90 days		ConOps part A [DJF_1.0]				Review		R								Review

		R-MIS-190		Req		The ATHENA Mission shall include a Nominal Operations Phase (NoP) of 4 years in duration.
		5 years		ConOps part A [DJF_1.0]
MBD [DDF_1.0]				Review		R								Review

		R-MIS-200		Req		The ATHENA Mission shall include an Extended Operations Phase (EoP) of TBD years in duration.
		1 year		ConOps part A [DJF_1.0]
MBD [DDF_1.0]				Review		R								Review

		R-MIS-210		Req		The ATHENA Mission shall include a Disposal Phase (DP) of no more than 120 days in duration.
		120 days		ConOps part B [DJF_1.0]				Review		R								Review

		R-MIS-215		Req		The ATHENA Mission shall include a Post-Operations Phase (POPS) of about 3 years (TBC); In this phase final system calibration refinements are achieved in collaboration among SOC and ICSs. The data processing system comes to its final status.
		about 3 years (TBC)

		R-MIS-217		Req		The ATHENA Mission shall include an Active Archival Phase (AAP) of about 2 years (TBC); In this phase the final (legacy) reprocessing of all mission data is performed using the ultimate version of the data processing tools and calibration. Also the explanatory documentation is put into legacy form.
		about 2 years (TBC)

						Science Performance

						Applicability

		R-MIS-220		Req		The ATHENA Mission shall fully meet the science performance requirements, including all specified margins, throughout and until the end of the NoP.				SciRD				Review		R				No standard policy on EoP performance found.				Review

						Effective Area

						Effective Area - X-IFU Observations

				Note		Note: The following requirements correspond to the Overall Effective Area, corresponding to the requirements in the SciRD (i.e. Mirror, PL QE, vignetting all considered).

		R-MIS-230		Req		The ATHENA Mission shall perform X-IFU Observations with a narrow target at the telescope LoS with an overall Effective Area >1.01m^2 at 1 keV.		1.01m^2		SciRD		[e2e Performance Assessment]		Simulate the Mirror TF
Simulate/measure instrument Qes
Convolve together by analysis		A, T								Measure the Mirror TF
Measure instrument Qes
Convolve together by analysis

		R-MIS-240		Req		The ATHENA Mission shall perform X-IFU Observations with a narrow target at the telescope LoS with an overall Effective Area of >0.19m^2 at 6 keV.		0.19m^2		SciRD		[e2e Performance Assessment]		Simulate the Mirror TF
Simulate/measure instrument Qes
Convolve together by analysis		A, T								Measure the Mirror TF
Measure instrument Qes
Convolve together by analysis

						Effective Area -  WFI Observations

		R-MIS-250		Req		The ATHENA Mission shall perform WFI Observations with a narrow target at the telescope LoS with an overall Effective Area >TBDm^2 at 0.2 keV.		TBDm^2		SciRD		[e2e Performance Assessment]		Simulate the Mirror TF
Simulate/measure instrument Qes
Convolve together by analysis		A, T								Measure the Mirror TF
Measure instrument Qes
Convolve together by analysis

		R-MIS-260		Req		The ATHENA Mission shall perform WFI Observations with a narrow target at the telescope LoS with an overall Effective Area >1.17m^2 at 1 keV.		1.17m^2		SciRD		[e2e Performance Assessment]		Simulate the Mirror TF
Simulate/measure instrument Qes
Convolve together by analysis		A, T								Measure the Mirror TF
Measure instrument Qes
Convolve together by analysis

		R-MIS-270		Req		The ATHENA Mission shall perform WFI Observations with a narrow target at the telescope LoS with an overall Effective Area >0.22m^2 at 6 keV.		0.22m^2		SciRD		[e2e Performance Assessment]		Simulate the Mirror TF
Simulate/measure instrument Qes
Convolve together by analysis		A, T								Measure the Mirror TF
Measure instrument Qes
Convolve together by analysis

		R-MIS-280		Req		The ATHENA Mission shall perform Wide Field observations with a grasp of >0.333m2deg2 at 1 keV.		0.333 m2deg2 		SciRD		[e2e Performance Assessment]		Simulate the Mirror TF
Simulate/measure instrument Qes
Convolve together by analysis		A, T								Measure the Mirror TF
Measure instrument Qes
Convolve together by analysis

		R-MIS-290		Req		The ATHENA Mission shall perform Wide Field observations with a grasp of >0.032 m2deg2 at 6 keV.		0.032 m2deg2 		SciRD		[e2e Performance Assessment]		Simulate the Mirror TF
Simulate/measure instrument Qes
Convolve together by analysis		A, T								Measure the Mirror TF
Measure instrument Qes
Convolve together by analysis

						Effective Area - Fast Observations

				Note		Note: The following requirements correspond the case of a WFI fast observation (TBC)

		R-MIS-291		Req		The ATHENA Mission shall perform Fast observations with an overall Effective Area at the target of >TBDm^2 at 0.2 keV.		TBDm^2		SciRD		[e2e Performance Assessment]		Simulate the Mirror TF
Simulate/measure instrument Qes
Convolve together by analysis		A, T								Measure the Mirror TF
Measure instrument Qes
Convolve together by analysis

		R-MIS-292		Req		The ATHENA Mission shall perform Fast observations with an overall Effective Area at the target of >1.17m^2 at 1 keV.		1.17m^2		SciRD		[e2e Performance Assessment]		Simulate the Mirror TF
Simulate/measure instrument Qes
Convolve together by analysis		A, T								Measure the Mirror TF
Measure instrument Qes
Convolve together by analysis

		R-MIS-293		Req		The ATHENA Mission shall perform Fast observations with an overall Effective Area at the target of >0.22m^2 at 6 keV.		0.22m^2		SciRD		[e2e Performance Assessment]		Simulate the Mirror TF
Simulate/measure instrument Qes
Convolve together by analysis		A, T								Measure the Mirror TF
Measure instrument Qes
Convolve together by analysis

						Effective Area - Calibration

		R-MIS-300		Req		The ATHENA Mission shall have an AKE of the Overall Effective Area to >10% for the Wide Field, Fast and Narrow Field observations during the NoP.		10%		SciRD		[Calibration Plan]		Analysis of the effective area calibration.						Clarification on energy range still sought.

		R-MIS-305		Req		The ATHENA Mission shall have an AKE of the Relative Effective Area for the Wide Field observations to < +/- 3%  (TBC) between 0.5 and 10 keV.		3%		SciRD		[Calibration Plan]		Analysis of the effective area calibration.						How can the RKE be better than the AKE?

		R-MIS-310		Req		The ATHENA Mission shall have an AKE of the Relative Effective Area for the Narrow Field observations to  < +/- 5% (TBC) between 0.5 and 10 keV.		5%		SciRD		[Calibration Plan]		Analysis of the effective area calibration.						How can the RKE be better than the AKE?

						Angular Resolution

				Note		Note: HEW requirements are all applicable a posteriori, i.e. on-ground.

		R-MIS-320		Req		The ATHENA Mission shall perform Narrow Field observations with a Point Spread Function (PSF) having <TBD'' Half Energy Width (HEW) at the target, over an energy range of 0.1 - 6keV.		TBD HEW				[e2e Performance Assessment]		Analyse the predicted telescope PSF with the instrument contribution due to pixellation		A, T				Final PSF must take into account focal plane contribution - needs to be discussed with ASST.				Combine the telescope PSF with the instrument contribution

		R-MIS-321				The ATHENA Mission shall perform Wide Field observations with a Point Spread Function (PSF) having <TBD'' Half Energy Width (HEW) at the target, over an energy range of 0.1 - 6keV.

		R-MIS-322				The ATHENA Mission shall perform Fast observations with a Point Spread Function (PSF) having <TBD'' Half Energy Width (HEW) at the target, over an energy range of 0.1 - 6keV.

		G-MIS-330				The ATHENA Mission should perform all observations with a Point Spread Function (PSF) having <3'' HEW at the target, over an energy range of 0.1 - 6keV.

		R-MIS-340				The ATHENA Mission shall perform all observations with a Point Spread Function (PSF) having <20'' HEW at the target, over the energy range 6 - 15 keV.

		R-MIS-350
				The ATHENA Mission shall perform all observations, at 25' off-axis, with a Point Spread Function (PSF) having  <10'' HEW, over the energy range 0.1-6keV.

						Spectral Resolution

						X-IFU Observations

		R-MIS-360		Req		The ATHENA Mission shall perform Narrow Field observations with a spectral resolution of <2.5 eV at 6 keV.		2.5eV		SciRD		Assessed lower down at X-IFU level		Review		R								Review

		G-MIS-70		Goal		The ATHENA Mission should perform Narrow Field observations with a spectral resolution of <1.5 eV at 1 keV.		1.5eV		SciRD		Assessed lower down at X-IFU level		Review		R								Review

		R-MIS-390		Req		The ATHENA Mission shall perform Narrow Field observations with an energy calibration accuracy of <0.4eV over the range of 0.3 - 6 keV.		0.4eV		SciRD		Assessed lower down at X-IFU level		Review		R								Review

		R-MIS-400		Req		The ATHENA Mission shall perform Narrow Field observations with a energy resolution homogeneity (FWHM) <0.5 eV over the field of view and energy range 0.3 – 6 keV.		0.5 eV (TBC)		SciRD		Assessed lower down at X-IFU level		Review		R				Number should be justified				Review

		R-MIS-410		Req		The ATHENA Mission shall perform Narrow Field observations with the spectral resolution calibrated to <0.15 eV.		0.15 eV (TBC)		SciRD		Assessed lower down at X-IFU level		Review		R				Number should be justified				Review

						WFI Observations

		R-MIS-370		Req		The ATHENA Mission shall perform Wide Field observations with a spectral resolution of <150 eV at 6 keV.		150eV		SciRD		Assessed lower down at WFI level		Review		R								Review

		G-MIS-80		Goal		The ATHENA Mission should perform Wide Field observations with a spectral resolution of <130 eV at 6 keV.		130eV		SciRD		Assessed lower down at WFI level		Review		R								Review

		R-MIS-380		Req		The ATHENA Mission shall perform Wide Field observations with a spectral resolution of <70 eV at 1 keV.		70 eV		SciRD		Assessed lower down at WFI level		Review		R								Review

		R-MIS-420		Req		The ATHENA Mission shall perform Wide Field observations with a mean energy calibration accuracy of 10 eV, over the energy range 0.1-15 keV and the field of view.		10 eV (TBC)		SciRD		Assessed lower down at WFI level		Review		R				Number should be justified				Review

						Fast Observations

		R-MIS-370		Req		The ATHENA Mission shall perform Fast observations with a spectral resolution of <150 eV at 6 keV.		150eV		SciRD		Assessed lower down at WFI level		Review		R								Review

		G-MIS-90		Goal		The ATHENA Mission should perform Fast observations with a spectral resolution of <130 eV at 6 keV.		130eV		SciRD		Assessed lower down at WFI level		Review		R								Review

		R-MIS-380		Req		The ATHENA Mission shall perform Fast observations with a spectral resolution of <70 eV at 1 keV.		70 eV		SciRD		Assessed lower down at WFI level		Review		R								Review

		R-MIS-420		Req		The ATHENA Mission shall perform Fast observations with a mean energy calibration accuracy of 10 eV, over the energy range 0.1-15 keV and the field of view.		10 eV (TBC)		SciRD		Assessed lower down at WFI level		Review		R				Number should be justified				Review

						Field of View

						X-IFU Observations

		R-MIS-430		Req		The ATHENA Mission shall perform Narrow Field observations with a Field of View of 5' diameter.		5' Ø		SciRD		Lower level documents		Review of design (X-IFU Focal Plane Area and SC FL)		R								Review of design (X-IFU Focal Plane Area and SC FL)

						WFI Observations

		R-MIS-440		Req		The ATHENA Mission shall perform Wide Field observations with a Field of View of 40' by 40'.		40' by 40'		SciRD		Lower level documents		Review of design (WFI Focal Plane Area and SC FL)		R								Review of design (WFI Focal Plane Area and SC FL)

						Fast Observations

		R-MIS-441		Req		The ATHENA Mission shall perform Fast Chip observations with a Field of View of TBD diameter.		TBD		SciRD		Lower level documents		Review of design (WFI Focal Plane Area and SC FL)		R				No parent in SciRD yet				Review of design (WFI Focal Plane Area and SC FL)

						Photon Timing

		R-MIS-470		Req		The ATHENA Mission shall perform  all observations with an absolute photon timing accuracy of <50 µs.		50 µs		SciRD		MBD and tier-1 documents for timing		Review		R								Review

		R-MIS-480		Req		The ATHENA Mission shall detect individual photons with a time resolution of <10 µs (TBC) for Narrow-Field Observations.		10 µs (TBC)		SciRD				Review		R								Review

		R-MIS-490		Req		The ATHENA Mission shall detect individual photons with a time resolution of <5ms for Wide-Field Observations.		5 ms		SciRD				Review		R								Review

		R-MIS-500		Req		The ATHENA Mission shall detect individual photons with a time resolution of <80 µs for Fast Chip Observations.		80 µs						Review		R				Needs justification.				Review

		G-MIS-120		Goal		The ATHENA Mission should detect individual photons with a time resolution of <40 µs for Fast Chip observations.		40 µs				At WFI-level		Review		R				Needs justification.				Review

		R-MIS-510		Req		The ATHENA Mission shall achieve a knowledge of the instrumental dead time at the level of TBD % for Narrow-Field observations.		TBD				At X-IFU-level		Review		R				Number needed.				Review

		R-MIS-520		Req		The ATHENA Mission shall achieve a knowledge of the instrumental dead time at the level of TBD % for Wide-Field WFI observations.		TBD				At WFI-level		Review		R				Number needed.				Review

		R-MIS-530		Req		The ATHENA Mission shall achieve a knowledge of the instrumental dead time at the level of TBD % for Fast Chip observations.		TBD				At WFI-level		Review		R				Number needed.				Review

						Count-Rate Capability (Source intensity)

		R-MIS-540		Req		The ATHENA Mission shall perform Wide-Field observations of point sources to a count rate of 2x10^-8 erg.s^-1.cm^-2 with 80% throughput and  < 1% pile up.		2x10^-8 erg.s^-1.cm^-2				[e2e Performance Assessment]		Review		R								Review

		R-MIS-550		Req		The ATHENA Mission shall perform Narrow-Field observations of point sources to a count rate of 2x10^-11 erg.s^-1.cm^-2 with 80% throughput with 2.5 eV energy resolution.		2x10^-11 erg.s^-1.cm^-2				[e2e Performance Assessment]		Review		R								Review

		G-MIS-130		Goal		The ATHENA Mission should perform Narrow-Field observations of point sources to a count rate of 2x10^-10 erg.s^-1.cm^-2 with 80% throughput with 2.5 eV energy resolution.		2x10^-11 erg.s^-1.cm^-2				[e2e Performance Assessment]		Review		R								Review

		R-MIS-560		Req		The ATHENA Mission shall perform Narrow-Field observations of point sources to a count rate of 2x10^-8 erg.s^-1.cm^-2 with 30% throughput but degraded resolution (30 eV, TBC).		2x10^-8 erg.s^-1.cm^-2				[e2e Performance Assessment]		Review		R								Review

		R-MIS-570		Req		The ATHENA Mission shall perform Wide Field observations of extended sources to a count rate of TBD 10^-8 erg.s^-1.sr-1 with TBD % throughput.		TBD				At WFI-level		Review		R				Number needs to be specified.				Review

		R-MIS-580		Req		The ATHENA Mission shall perform Narrow-Field observations of extended sources to a count rate of TBD 10^-8 erg.s^-1.sr-1 with TBD % throughput.		TBD				At X-IFU level		Review		R				Number needs to be specified.				Review

						Non X-ray Background

		R-MIS-590		Req		The ATHENA Mission shall achieve a non-X-ray background for Wide-Field observations of < 5 10^-3 counts .s^-1 . Cm^-2. keV^-1 (TBC).		< 5 10^-3 counts .s^-1 . cm^-2. keV^-1 TBC		SciRD		[Background Estimate]		Analysis by MPWG using background model.		A, T								Analysis using background model supported by TBD tests.

		R-MIS-591		Req		The ATHENA Mission shall achieve a non-X-ray background for Fast Chip observations of < TBD counts .s^-1 . Cm^-2. keV^-1 (TBC).		TBD		SciRD		[Background Estimate]		Analysis by MPWG using background model.		A								Analysis using background model supported by TBD tests.		Need fast chip background requirement from ASST.

		R-MIS-600		Req		The ATHENA Mission shall achieve a non-X-ray background for Narrow-Field observations of < 3 10^-4 counts .s^-1 . Cm^-2. keV^-1.		< 3 10^-4 counts .s^-1 . cm^-2. keV^-1		SciRD		[Background Estimate]		Analysis by MPWG using background model.		A								Analysis using background model supported by TBD tests.

		G-MIS-140		Goal		The ATHENA Mission should achieve a non-X-ray background for Wide-Field observations of < 2 10^-3 counts .s^-1 . Cm^-2. keV^-1 (TBC).		< 2 10^-3 counts .s^-1 . cm^-2. keV^-1 TBC		SciRD		[Background Estimate]		Analysis by MPWG using background model.		A								Analysis using background model supported by TBD tests.

		R-MIS-610		Req		The ATHENA Mission shall achieve an AKE of the non X-ray charged particle background for all types of observations to <2%.		2%		SciRD		[Background Estimate]		Analysis by MPWG using background model.		A								Analysis using background model supported by TBD tests.

						Astrometry

		R-MIS-620		Req		The ATHENA Mission shall achieve a reconstructed Astrometric error of <2'' to 95% confidence level (TBC) for all observations.		2'' (TBC)		TN from ASST (now in MBD)		[e2e Performance Assessment]		Analysis of whole astrometry chain (including instruments).		A, T								Analysis of whole astrometry chain (including instruments) supported by TBD tests.

		G-MIS-150		Goal		The ATHENA Mission should achieve a reconstructed Astrometric error of <0.64'' to 95% confidence level for Wide-Field observations.		0.64'' 2 sigma		SciRD		[e2e Performance Assessment]		Analysis of whole astrometry chain (including instruments).		A, T								Analysis of whole astrometry chain (including instruments) supported by TBD tests.

						ToO Reaction Time

		R-MIS-630		Req		The ATHENA Mission shall be able to perform Narrow field observations of a GRB-ToO <4 hours for >50 ks (TBC) for >67% of pursuable GRB-ToOs.		4 hours		MBD [DDF_1.0]		[ToO Reaction time model and T/O]		Analysis (Monte-Carlo simulation)		A, T

		G-MIS-160		Goal		The ATHENA Mission should be able to perform Narrow field observations of a GRB-ToO <4 hours for >50 ks (TBC) for >80% of pursuable GRB-ToOs.		4 hours		MBD [DDF_1.0]		[ToO Reaction time model and T/O]		Analysis (Monte-Carlo simulation)		A, T

		R-MIS-640		Req		The ATHENA Mission shall perform observations of all ToO types <12 hours of the receipt of an external ToO alert for >95% of pursuable ToOs.		12 hours		MBD [DDF_1.0]		[ToO Reaction time model and T/O]		Analysis (Monte-Carlo simulation)		A, T

						Observations

		R-MIS-650		Req		The ATHENA Mission shall be able to perform any type of observation within a Field of Regard of >50% of the sky.		50%		SciRD and also MBD [DDF_1.0]		Lower down at Prime level		Review		R								Review

		G-MIS-170		Goal		The ATHENA Mission should be able to perform any type of observation within a Field of Regard of >60% of the sky.		60%		MBD [DDF_1.0]		Lower down at Prime level		Review		R								Review

		R-MIS-660		Req		The ATHENA Mission shall support continuous observing for all observations of up to 50ks.		50ks		SciRD		Lower down at Prime level		Review		R								Review

		R-MIS-690		Req		The ATHENA Mission shall execute the Mock Observation Plan as described in ATHENA - Mock Observing Plan [ESA].						Lower down at Prime level, also at instrument level.		Review		R								Review

						Pointing & Observing Modes

		R-MIS-700		Req		The ATHENA Mission shall provide capability for dithering to disentangle detector and target features.		TBD''		ConOps [DJF_10]		Lower down at Prime level		Review		R				A reference lissajous figure needs to be provided.				Review

		R-MIS-710		Req		The ATHENA Mission shall provide the capability for Raster scan with a user specified step size, duration and pattern.				ConOps [DJF_10]		Lower down at Prime level		Review		R				We specify the reference raster scan scenario to the SC.				Review

						General Design & Interface

						Conventions

		R-MIS-730		Req		The ATHENA Mission shall use the SI international system of units in accordance with ECSS-E-31C except where explicitly agreed with the agency.				ConOps part A [DJF_1.0]				Review		R								Review

		R-MIS-740		Req		The ATHENA Mission shall use only right-handed cartesian coordinate systems.				ConOps part A [DJF_1.0]				Review		R								Review

						Applicable Standards

		R-MIS-750		Req		The ATHENA Mission shall conform to the  margin policy described in [SRE-F margin philosophy for science assessment studies] during Phase 0/A/B1.				ConOps part A [DJF_1.0]				Review		R				Several requirements in this philosophy document are not defendable.				Review

		R-MIS-760		Req		The ATHENA Mission shall conform to the published list of ESA approved standards [ECSS], including approved ECSS standards.				ConOps part A [DJF_1.0]				Review		R								Review

						Technology Readiness

		R-MIS-770		Req		The ATHENA Mission shall achieve a TRL-level of 5/6 for all elements by the start of Phase B2.				ConOps part A [DJF_1.0]				Review		R								Review

						Product Assurance

		R-MIS-780		Req		The ATHENA Mission shall be designed, manufactured, assembled, integrated, tested, delivered and operated in accordance with the applicable ESA Product Assurance requirements for a space project.				ConOps part A [DJF_1.0]				Review		R								Review

						Dependability

		R-MIS-790		Req		The ATHENA Mission shall be compatible with a launch delay of two years.				ConOps part A [DJF_1.0]				Review		R								Review

						Data Products

						Mission Products

		R-MIS-800		Req		The ATHENA Mission shall produce Level-1 deliverable scientific data consisting of calibrated photon event lists.				TBW				Review		R								Review

		R-MIS-810		Req		The ATHENA Mission shall produce Level-2 deliverable scientific data consisting of data from multiple observation intervals that constitute an observation arcreate merged event files, images, and other observation-level data products.				TBW				Review		R								Review

		R-MIS-820		Req		The ATHENA Mission shall produce Level-3 deliverable scientific data consisting of combined Level 2 properties to produce catalogues and mosaics.				TBW				Review		R								Review

		R-MIS-830		Req		The ATHENA Mission shall release its products according to the release plan described in the Science Management Plan (SMP).				SMP				Review		R								Review

						Latency

		R-MIS-840		Req		The ATHENA Mission shall make available level 1 data to the user for their observation within 15 working days (TBC) of the end of the observation.		15 working days		ConOps part A [DJF_1.0]				Review		R								Review

		R-MIS-850		Req		The ATHENA Mission shall make available Quick Look data (TBC) to the user for observations which were a ToO within 2 working days (TBC) of the end of the observation.		2 working days		ConOps part A [DJF_1.0]				Review		R								Review

		R-MIS-860		Req		The ATHENA Mission shall make available relevant instrument data to the instrument teams for health checking within 1 working day (TBC).		1 working day		ConOps part A [DJF_1.0]				Review		R								Review		Flown-down?

						Availability

		R-MIS-870		Req		The ATHENA Mission shall provide an operational availability of the science data product of greater than 85% averaged over the NoP and EoP. 
The time spent during  slews, solar flares, disruptive high radiation events, anomalies leading to safe mode,  dithers, instrument switching, wheel off loading, station keeping manoeuvres. and other overheads does not count as operational time.				MBD [DDF_1.0]				Review		R								Review





SRD

		Req ID		Object type		Description		Value		DDF/DJF Ref.		Phase A/B1 Assessment Reference		Phase A/B1 Assessment Description		Validation Reference		Validation Status		Implementation Verification Reference		Implementation Verification Description		Comment

						Mission Performance

						Schedule & Phases

						Phases & Mission Duration

		R-SC-011		Req		The SC shall be compatible with an overall lifetime of 4.25 years.		4.25 years		ConOps part B
MBD [DDF_1.0]				EPS/CPS sizing
Margins on TCS (thermal finishes)
Other lifetime-limited analyses


		G-SC-011		Goal		The SC should be compatible with an overall lifetime of TBD years.		TBD years		ConOps part B
MBD [DDF_1.0]				EPS/CPS sizing
Margins on TCS (thermal finishes)
Other lifetime-limited analyses
										The sizing of the power subsystem shall be based on the goal requirement.

		R-SC-020		Req		The SC shall size consumables to be compatible with an overall lifetime of TBD years.		TBD years		ConOps part B
MBD [DDF_1.0]				CPS sizing.				To cover both cases in terms of propellant.						Battery capacity shall not be considered as consumable.

		R-SC-030		Req		The SC shall be compliant with the Mission Phase specification in the MRD.
				ConOps part B [DJF_1.0]				Review

						Mission Design

		R-SC-040		Req		The SC shall be compatible with the reference orbit design as described in the CReMA, characterised by the maximum parameters described in [ATHENA - CReMA].
 				ConOps Part B [DJF_1.0]
CReMA				Analysis

						Manoeuvrability & Delta V

				Note		The following  manoeuvre descriptions comes from the current version of the CReMA and  can change slightly  at later design phases. They include the margins in the dV budget, which is provided in the MBD.

		R-SC-050		Req		The SC shall be able to perform the TCM#1 manoeuvre, with a magnitude of up to 50.3ms-1, no later than 2 days after launch, with a burn duration of less than 2 hours.				MBD [DDF_1.0]
CReMA				Analysis

				Note		The direction of TCM#1 shall be (anti) parallel to the SC velocity vector; the velocity vector lies in two cones within 35 deg half cone angle around the Sun- Earth and Earth-Sun vectors (in the synodic rotating frame).

		R-SC-060		Req		The SC shall be able to perform the TCM#2 manoeuvre, with a magnitude of up to 2.47ms-1, 5 days after launch.				MBD [DDF_1.0]
CReMA				Analysis

		R-SC-070		Req		The SC shall be able to perform the TCM#3 manoeuvre, with a magnitude of up to 0.24ms-1, 20 days after launch.				MBD [DDF_1.0]
CReMA				Analysis

				Note		The directions of TCM#2, TCM#3 are omnidirectional.

		R-SC-080		Req		The SC shall be able to perform periodic station-keeping manoeuvres, assuming a SC noise ECV value of 1e-11 m.s-1 (1 sigma), of 3.62 m.s-1 per year of operations.

				MBD [DDF_1.0]
CReMA				Analysis										We select 10^-11 as a starting number here - then adapt the dV budget accordingly; according to the way we specify, this increases the dV budget slightly to ~83ms-1 .

		R-SC-081		Req		The SC shall be able to perform 2 Safe Mode events per year, assuming a SC noise ECV value of 1e-11 m.s-1 (1 sigma), of 0.72 m.s-1 per year of operations.

				MBD [DDF_1.0]
CReMA				Analysis										We select 10^-11 as a starting number here - then adapt the dV budget accordingly; according to the way we specify, this increases the dV budget slightly to ~83ms-1 .

				Note		The yearly delta-V allocation for station-keeping includes an assumed 2 Safe Mode events of 4 days duration per year.

				Note		The directions of the station-keeping manoeuvres shall be within a 15 deg half-angle cone around the unstable direction of linear theory, +28.5 deg [+ve] or +208.5 deg [-ve] from the Sun-line.

		R-SC-090		Req		The SC shall be able to perform a disposal manoeuvre DISP#1 of magnitude 10ms-1 at the end of the operational mission.				MBD [DDF_1.0]
CReMA				Analysis

		R-SC-091		Req		The SC shall retain an additional 10m.s-1 dV capability as an operational contingency margin.				MBD [DDF_1.0]
CReMA				Analysis

		R-SC-092		Req		The SC shall be able to perform all manoeuvres (with the exception of the disposal manoeuvre) without violating the illumination constraints of the telescope.				ConOps Part B [DJF_1.0]				Analysis

				Note		The direction of DISP#1 is TBD.

		R-SC-100		Req		The SC shall perform all manoeuvres with a delta-V vector with less than: 3% (or 6 mm/s for manoeuvres smaller than 20 cm/s) delta-V magnitude error; 0.75 deg directional error, to a confidence of 99.7%.				ConOps Part B [DJF_1.0]				Analysis										Requires accelerometer - still needs proper justification.

				Note		These accuracies are tighter than those assumed in the CReMA, but have been requested by ESOC based on lessons learnt from previous missions.
The resultant implementation of accelerometers  adds robustness to the mission in order to cope with changes in assumptions (e.g. unforeseen constraints in thrust direction, choice of launcher, etc.) in the mission implementation phase and provides additional on board robustness in mission critical and FDIR situations.


		R-SC-110		Req		The SC shall provide on-board and in telemetry the achieved velocity increment for every delta-V manoeuvre with accuracy equal or better than 1.5% of the delta-V magnitude to a confidence of 99.7%.				ConOps Part B [DJF_1.0]				Analysis		[Euclid: Delta-v performance requirement for SRD]								These manoeuvre knowledge requirements have been imposed by ESOC - the use of an accelerometer is beneficial on the operational side and thus relevant for our flight dynamics team. There was a long discussion between flight dynamics and Euclid project whether or not accelerometer should be installed on Euclid. Of course a S/C can fly without them (Herschel did).

						Autonomy

				Note		This section is a reproduction of the 'general autonomy' requirements section 5.7.2 of ECSS-E-ST_70-11C ('operability'), with the associated ≤constants≥ filled in. Detailed operability requirements on the SC shall be expressed in due course in the OIRD (TBW). Note that the whole standard is theoretically applicable, subject to tailoring.
Generally speaking, the SC is required to have:
i) Autonomy for execution of nominal mission operations: autonomy-level E2 (execution of re-planned, ground-defined, mission operations on-board), Table 5-1: ECSS-E-ST-70-11C.
ii) Autonomy for mission data management: autonomy-level D2 (all mission data can be stored on-board), Table 5-2: ECSS-E-ST-70-11C.
iii) On-board fault management: autonomy-level F1 (autonomy to safeguard the space segment or it's sub-functions), Table 5-3: ECSS-E-ST-70-11C

		R-SC-130		Req		The SC shall, during LEOP, be capable of autonomous nominal operations w/o ground contact for 12 hours.		12 hours		ConOps Part B [DJF_1.0]
ECSS 5.7.2 b
≤AUT_DUR_EXEC≥				Review

		R-SC-140		Req		The SC, during all mission phases after LEOP, shall be capable of performing all operations to continue mission operations for an autonomy duration of ≥3 days.		3 days		ConOps Part B [DJF_1.0]
ECSS 5.7.2 b ≤AUT_DUR_EXEC≥				Review

		R-SC-150		Req		The SC shall be capable of performing all operations to store mission products for an autonomy duration of ≥3 days.		3 days		ConOps Part B [DJF_1.0]
ECSS 5.7.2 c ≤AUT_DUR_DATA≥				Review

		R-SC-160		Req		The SC shall be capable of performing all operations to safeguard the space segment for an autonomy duration of ≥7 days in the presence of a single failure.		7 days		ConOps Part B [DJF_1.0]
ECSS 5.7.2 d ≤AUT_DUR_FAIL≥				Review

				Note		This includes the time used by the OGS to perform failure diagnosis and recovery.

		R-SC-170		Req		The SC fault management functions implemented on-board shall be designed such that the reaction time for the OGS is ≥7 days.		7 days		ConOps Part B [DJF_1.0]
ECSS 5.7.2 e ≤ANOM_RESP_TIME≥				Review

		R-SC-180		Req		The SC shall ensure that the OGS shall be capable of overriding any on-board autonomous function.				ConOps Part B [DJF_1.0]
ECSS 5.7.2 f				Review

		R-SC-200		Req		Except for explicitly agreed by ESA single point failures, the SC shall have the capability to recover all spacecraft on-board functions after a single failure within a specific function.								Review

						Science Performance

						Effective Area & Telescope Design

		R-SC-201		Req		The SC shall accommodate a telescope with a focal length of 12m.		12m		MBD [DDF_1.0]				Review

		R-SC-202		Req		The SC shall accommodate a telescope conforming to the Wolter-Schwarschild type, with the mid-planes of the MMs located on a spherical cap with radius equal to the focal length of the telescope.		12m		[Reference Telescope Design & Effective Area Estimates]				Review

				Note		The following requirements are applicable to the on-optical axis Mirror Effective Area, and are all applicable until the beginning of the NoP.

						Effective Area

				Note		The following requirements include to all MM-level and SC-level effects (exc. PL) at the beginning of NoP as outlined in the MBD:
[1] Losses until MM delivery for integration (MM level misallignments, coating imperfections, contamination until delivery of the MMs, etc...)
[2] Losses from MM delivery to beginning of NoP (MM integration, contamination during AIV and Launch)
[3] Losses once in orbit (vignetting effects from mirror TED, gravity release misalignmnets and LoS-MA APE)

				Note		The vignetting curve vs. off-axis angle shall be assessed by the Telescope Working Group.

		R-SC-210		Req		The SC shall provide an Effective Area at the telescope LoS ≥ 1.35m^2 at 1 keV, at 95% confidence level using a temporal statistical interpretation.		1.35m^2		MBD [DDF_1.0]		[Telescope Reference Design and Effective Area Estimates]
[Telescope Performance Assessment]		Analysis by Prime using telescope effective area tool.

(verified by analysis by EST/TWG using telescope models).

		R-SC-220		Req		The SC shall provide an Effective Area at the target ≥ 0.23 m^2 at 6 keV, at 95% confidence level using a temporal statistical interpretation.		0.23m^2		MBD [DDF_1.0]		[Telescope Reference Design and Effective Area Estimates]
[Telescope Performance Assessment]		Analysis by Prime using telescope effective area tool.

(verified by analysis by EST/TWG using telescope models).

		R-SC-230		Req		The SC shall provide an Effective Area at the target  ≥TBDm^2 at 0.2 keV, at 95% confidence level using a temporal statistical interpretation.		TBDm^2		MBD [DDF_1.0]		[Telescope Reference Design and Effective Area Estimates]
[Telescope Performance Assessment]		Analysis by EST and TWG using telescope models.

		R-SC-240		Req		The SC shall provide an Effective Area at the target   ≥ TBDm^2 at 15 keV, at 95% confidence level using a temporal statistical interpretation.		TBDm^2		MBD [DDF_1.0]		[Telescope Reference Design and Effective Area Estimates]
[Telescope Performance Assessment]		Analysis by EST and TWG using telescope models.

						Effective Area - Calibration

				Note		Mirror calibration requirements on the SC are TBD.

						Angular Resolution

				Note		The following requirements assume an ideal focal plane instrument with infinitely high spatial and temporal resolution (in practise this means that on-ground image reconstruction is able to eliminate line-of-sight motion to the extent this motion is visible to the on-board metrology.)

				Note		HEW (image quality) budgets shall take into account the expected x-ray optics performance as defined in [ATHENA - Acronyms and Definitions]. 

				Note		The image quality restitution error of the observatory shall include all non-recoverable errors affecting the telescope image quality (additional to the intrinsic optics image quality performance) during a given integration time, such as high frequency jitter (not sampled via onboard sensors), sensors errors and longitudinal displacement errors (defocus). 

		R-SC-310		Req		The SC shall provide, for all observations, a Point Spread Function (PSF) with HEW  ≤5'' at a target nominally on the optical axis, over an energy range of 0.1 - 6keV, at the focal plane of the instrument.		5'' HEW						Analysis using PSF prescription provided in [Acronyms and Definitions] document.

EST/TWG can also analyse based on received distortion maps.										PSF quality is highest on the optical axis, and will degrade off axis. The LoS and the optical axis will not be perfectly aligned, and furthermore the target won't be on the LoS. The previous wording was included to capture these two effects.

However, the combined effect on HEW is very small out to ~few' so could just say 5'' on the optical axis of the telescope and leave it at that (like it appeared to be done on IXO).

		R-SC-320		Req		The SC shall provide, for all observations, a Point Spread Function (PSF) with HEW ≤20'' at the target, over the energy range 6 - 15 keV, at the focal plane of the instrument.		20'' HEW						Analysis by EST and TWG using telescope models, based on distortion maps provided by Primes.

		R-SC-330		Req		The SC shall provide, for all observations, at 25' off the optical axis, a Point Spread Function (PSF) with HEW ≤10'', over the energy range 0.1-6keV, at the focal plane of the instrument.		10'' HEW						Analysis by EST and TWG using telescope models, based on distortion maps provided by Primes.

		R-SC-335		Req		The SC should provide, for Fast observations, the capability to de-focus the telescope by +35/-5mm (TBC).																		This is driven by the defocussing value required to observe bright sources with the X-IFU.

		G-SC-81		Goal		The SC should provide, for Fast observations, the capability to de-focus the telescope by +40/-5mm (TBC).		+40/-5 mm		ConOps Part B [DJF_1.0]				Design review for ISM.										This is the defocussing value required to observe bright sources with the WFI large sensor in a window mode. The baseline is to perform these observations with the fast cvhip sensor which is placed in a defocussed configuraiton already. If the ISM is able to provide this capability, there is redundacy to perform this obsevations in case the fast chip sensor fails.

						Photon Timing

		R-SC-340		Req		The SC shall not contribute more than 15 µs relative knowledge error  to the absolute timing accuracy of the photon data.		15 µs		MBD [DDF_1.0]				Analysis.

						Straylight & Background

		R-SC-350		Req		The SC shall restrict the particle background transmitted through the mirrors (primarily electrons and protons) and arriving at the focal plane to ≤ 5 10^-4 counts .s^-1 . Cm^-2. keV^-1 anywhere in the field of view, during Wide Field observations. Over the measurement band.		≤ 5 10^-4 counts .s^-1 . Cm^-2. keV^-1		MBD [DDF_1.0]		[Background Assessment]		Analysis by Prime to be based on the PDD prescription for magnetic diverters.				Check if this is OK!?						Prime has no control of Transfer Function of mirrors, so instead to respond to to use derived requirements on the magnetic diverter design. For the moment use the IRD prescription from the PDD (also used by CDF).

		R-SC-351		Req		The SC shall restrict the particle background transmitted through the mirrors (primarily electrons and protons) and arriving at the focal plane to ≤ TBD counts .s^-1 . Cm^-2. keV^-1 anywhere in the field of view, during Fast-Chip observations.		Placeholder for fast chip		TBW.		[Background Assessment]		Analysis by Prime to be based on the PDD prescription for magnetic diverters.				Check if this is OK!?						Prime has no control of Transfer Function of mirrors, so instead to respond to to use derived requirements on the magnetic diverter design. For the moment use the IRD prescription from the PDD (also used by CDF).

		R-SC-360		Req		The SC shall restrict the particle background transmitted through the mirrors (primarily electrons and protons) and arriving at the focal plane  to ≤ 3 10^-5 counts .s^-1 . cm^-2. keV^-1 anywhere in the field of view, during Narrow Field observations. Over the measurement band.		≤ 3 10^-5 counts .s^-1 . Cm^-2. keV^-1		MBD [DDF_1.0]		[Background Assessment]		Analysis by Prime to be based on the PDD prescription for magnetic diverters.				Check if this is OK!?						Prime has no control of Transfer Function of mirrors, so instead to respond to to use derived requirements on the magnetic diverter design. For the moment use the IRD prescription from the PDD (also used by CDF).

		R-SC-369		Req		The SC shall constrain stray x-ray count-rate from the diffuse x-ray sky ≤ 3x10^-5cts/s/cm^2/keV anywhere in the Field of View.		≤3x10^-5		MBD [DDF_1.0]		[Telescope Reference Design and Effective Area Estimates]
[Telescope Performance Assessment]		Analysis by EST and TWG using telescope models.				Check if this is OK!?						I understand this and R-SC-370 are somehow equivalent, as I discussed with David this morning - if you baffle at a specific location to avoid single-reflections from a certain source off-axis (45') then you also automatically minimise the diffuse x-ray sky. Therefore solving these requirements is basically done at the MM-level (pore-geometry and inclusion of sieve baffle), and so I consider that Prime does not bother with this requirement (they would have to develop an optical model), and it get's evaluated by TWG with the telescope model development.

		R-SC-370		Req		The SC shall suppress X-Ray Stray Light from any point X-ray source outside the field of view  at 45’ off-axis to a factor of 10-3  less than flux observed from the same source seen on-optical axis over an energy range of 0.1-15keV.		10^-3		MBD [DDF_1.0]		[Telescope Reference Design and Effective Area Estimates]
[Telescope Performance Assessment]		Analysis by EST and TWG using telescope models.				Check if this is OK!?						Prime does not have the model to verify this requirement at present; it will be evaluated in the frame of the TWG/Cosine activities. It is essentially a requirement leading to implementation of a sieve baffle at MM-level.

		R-SC-371		Req		The SC shall suppress X-Ray Stray Light hitting the focal plane from outside the field of view  to ≤ 1 10^-3 counts .s^-1 . Cm^-2. keV^-1 for Wide Field Observations, over the measurement band.		1 x 10^-3		-								Check if this is OK!?						Missing from MBD - but requirement from the PDD. Still need this to be consolidated with MPWG, as this is much larger than the non X-ray requirement. My suspicion is that they will request a much lower number.

		R-SC-372		Req		The SC shall suppress X-Ray Stray Light hitting the focal plane from outside the field of view  to ≤ 5 10^-3 counts .s^-1 . Cm^-2. keV^-1 for Narrow Field Observations, over the measurement band.		5 x 10^-3		-								Check if this is OK!?						Missing from MBD - but requirement from the PDD. Still need this to be consolidated with MPWG, as this is much larger than the non X-ray requirement. My suspicion is that they will request a much lower number.

		R-SC-373		Req		The SC shall suppress UV/optical Stray Light hitting the focal plane to 1.3 x 10^10 ph/s/cm^2 for all observations.		1.3 x 10^10		-								Check if this is OK!?						Not sure whether to include optical loading requirements as they are not strictly about spurious counts, but lead to degraded energy resolution. But seeing as we have put optical blocking performance in the PL URDs, perhaps we should. Anyway they are in the PDD.

Prime can evaluate this I suppose as long as perhaps they get reasonably quick access to the telescope model. Otherwise TWG/ESA to evaluate?

						ToO Reaction Time

				Note		To allow ToO operations to be handled to support observation of GRBs in a timely and safe way the following requirements are defined.

		R-SC-380		Req		The SC shall be able to receive a new MTL by TC from the OGS at any time when it is nominally available to perform science observations.				ConOps Part B
MBD [DDF_1.0]				Analysis.

		R-SC-390		Req		The SC shall, in the event of receiving a GRB-afterglow ToO-alert, slew to the ToO with the X-IFU instrument in the focal plane, with nominal science pointing, with a cumulative distribution of times (in minutes) as shown in the following equation:
 				ToO reaction time model TN [DJF_1.0]
MBD [DDF_1.0]				Analysis.										This CDF of function times is the CDF of the sum of SC1, SC2, SC3, and SC4 functions in the ToO-model, corresponding to the performances therein:

SC1: 1 minute
SC2: 1 minute
SC3: 40% chance of a 10 minute swap-out
SC4: uniform random slew duration from 0 to 45 minutes.

Note: EST can verify easily if Prime provides slew&settle, and ISM-switch durations.

		R-SC-400		Req		The SC shall, in the event of receiving a non-GRB-ToO alert, slew to the ToO with the X-IFU instrument in the focal plane, with nominal science pointing, with a cumulative distribution of times of TBD.				ToO reaction time model TN [DJF_1.0]
MBD [DDF_1.0]				Analysis.										This CDF of function times is the CDF of the sum of SC1, SC2, SC3, and SC4 functions in the ToO-model, corresponding to the performances therein:

SC1: 1 minute
SC2: 1 minute
SC3: 40% chance of a 10 minute swap-out
SC4: uniform random slew duration from 0 to 180 minutes.

Note that this requirement will be very significantly exceeded by the SC agility needed to comply with the Nominal observing sequence!

Note: EST can verify easily if Prime provides slew&settle, and ISM-switch durations.

		R-SC-401		Req		The SC shall support switchable data rates via Telecommand to allow lower data rates routed via the HGA .				ConOps Part B				Analysis.

		R-SC-402		Req		The SC shall support autonomous re-pointing from the current pointing to a requested pointing using quaternion based telecommand request from ground.				ConOps Part B				Analysis.

		R-SC-403		Req		The SC shall ensure that any quaternion based slew shall be intrinsically safe with:
- No momentum dump management required from ground.
- Reduce the impact of slew execution on the orbital parameters and orbit maintenance cycle, (this could be a standard AOCS / RCS based requirement) 
- Blinding constraints on sensors (star trackers), telescope shall be ensured during slew.
- Slew attitudes shall not exceed thermal or power constraints.				ConOps Part B				Analysis.

		R-SC-406		Req		The SC shall have the capability to compress stored and real-time HK data for downlink.				ToO Reaction Time T/O document [DJF_1.0]				Analysis.										This requirement currently does not indicate how much compression, so is not verifiable at present.

				Note		Prior to the sending of commands a sanity housekeeping check is performed. Also the correct execution of the slew manoeuvre is monitored (i.e. no commanding in the blind). To support these functions a minimum real-time HK rate required (10 to 20 kb/s), and this will necessitate compression (up to factor 5 is conceivable). Uplink at ~ 1 kbps - requires use of HGA on board with LGA rates.

						Observation Requirements

		R-SC-410		Req		The SC shall be able to perform any type of observation within a Field of Regard of 50% of the sky.		50%		ConOps [DJF_1.0]
MBD [DDF_1.0]				Analysis.

		G-SC-090		Goal		The SC should be able to perform any type of observation within a Field of Regard of 60% of the sky.		60%		ConOps [DJF_1.0]
MBD [DDF_1.0]				Analysis.

		R-SC-420		Req		The SC shall support continuous (i.e. fixed target quaternion, nominal pointing performance) observations ranging from 2ks to 50ks.		50ks		SciRD				Analysis.				Can we make a short (1/2 hour interruption to off-load RWs?)						Lower limit on period between RW-off-loadings. However the Primes are asking about this because it sizes their RWs. Are a certain number and duration of interruptions allowable. e.g. during a 100ks WFI observation, a 30 minute (1.8% of total duration) suspension of nominal pointing mid-way through the observation? This would provide big relief for RW selection.

suggested update from KS Memo.

				Note		Small duration interruptions such as HGA re-pointings are exempted from this requirement.

						Pointing Requirements

				Note		Detailed pointing requirements shall be derived for a given SC design, starting from higher-level telescope performance (effective area, HEW) and observation requirements.

				Note		The temporal statistical interpretation is to be used for evaluation of the pointing requirements.

				Note		These pointing requirements are driven by the identified cases in [ATHENA - Mission Budgets Document]. They do not preclude the derivation of pointing requirements by the Contractor in support of the HEW and Effective Area requirements.

		R-SC-470		Req		The SC shall provide the capability for a reference raster scan as an optional mode. 
The reference mode shall comprise a series of exposures of equal duration (2.5 ks) separated by small slews such that the telescope axis moves in a Raster pattern centered around a given sky direction. The Raster coverage shall comprise 3 lines each of 3 pointings, with 15'' angular distance between successive lines and successive steps within one line.				ConOps [DJF_1.0]				Analysis.

		R-SC-480		Req		The SC shall provide the capability for Lissajous pointing mode, with a typical region of 30x30'' around the target being covered. Lissajous mode shall be an optional mode to be used for any observation of duration up to 100 ks.				ConOps [DJF_1.0]				Analysis.										Still awaiting reference trajectory.

				Note		The following requirements are on the SC telescope LoS. 'LoS' indicates transverse to LoS error, 'aLoS' is around the LoS.

		R-SC-490		Req		The SC shall provide, during observations, LoS Absolute Knowledge Error (AKE) ≤2'' to 95% confidence level with temporal statistical interpretation.		2''		MBD [DDF_1.0] to include the TN from the ASST.				Analysis.										Needs to go down to 2'' to comply with the new TN from the ASST.

				Note		This knowledge requirement is applicable on-ground, i.e. after processing of SC telemetry, but before combination with instrument telemetry.

		R-SC-500		Req		The SC shall provide, during observations, LoS Absolute Performance Error (APE) ≤10'' to 95% confidence level with temporal statistical interpretation.		10''		MBD [DDF_1.0] - driven by the WFI Window Mode currently.				Analysis.				Note that APE is also driven by allowable vignetting reduction of A_eff at the nominal target. NEED to check what is now the driving APE case. Still assumed driven by WFI window mode - other candidates are:
[1] APS fast sensor on X-IFU (heard 7'')
[2] WFI fast chip - TBD''.

IN ANY CASE APE is currently ~4'', so should be OK.

		G-SC-100		Goal		The SC should provide, during observations, LoS Absolute Performance Error (APE) ≤3'' to 95% confidence level with temporal statistical interpretation.		3''		MBD [DDF_1.0]				Analysis.										Not justified - not going to let it drive the system study.

		R-SC-510		Req		The SC shall provide, during observations, around LoS Absolute Performance Error (APE) ≤1' to 95% confidence level with temporal statistical interpretation.		1'		MBD [DDF_1.0]				Analysis.

		R-SC-520		Req		The SC shall provide, during an observation of duration 2.5ks, LoS Performance Drift Error (PDE) ≤4'' to 95% confidence level with temporal statistical interpretation.		4''		MBD [DDF_1.0]
ConOps [DJF_1.0]				Analysis.										nyquist removed.

						Reference Observation Plan

		R-SC-530		Req		The SC shall be be compatible with [ATHENA - Mock Observing Plan].				ConOps Part B
Observation Plan				Analysis.										Nominal MOP for 60% FoR. We can supply the algorithm which generates the sequence if other FoR to be explored.

						Telemetry, Science Data Volume & Latency

		R-SC-531		Req		The SC shall use X-band to communicate with the ground segment.		X band		ConOps Part B				Review										Need to consult TT&C TEC on margin philosophy. Do not add 2dB margin mentioned in margin philosophy document.

		R-SC-540		Req		The SC shall be able to downlink to the OGS the entire generated science telemetry (~75 Gbit/day, or as defined by [ATHENA - Mock Observing Plan]) given an average down-link period of 3 hours per day, with a maximum latency of 4 days.		~75 Gbit/day or as defined by MOP		ConOps Part B				Analysis.										Need to consult TT&C TEC on margin philosophy. Do not add 2dB margin mentioned in margin philosophy document.

		R-SC-550		Req		The SC shall preferentially downlink ToO-QLA telemetry (~17 Gbit) within 24 hours of the end of the ToO observation.		~17 Gbit		MBD [DDF_1.0]				Analysis.

						General Design

						Conventions

		R-SC-560		Req		The SC shall use the SI international system of units in accordance with ECSS-E-31C except where explicitly agreed with the agency.				ConOps part A [DJF_1.0]				Review

		R-SC-570		Req		The SC shall use only right-handed cartesian coordinate systems.				ConOps part A [DJF_1.0]				Review

				Note		See [ATHENA - Coordinate System Document] for a definition of the top-level coordinate systems for ATHENA.

						Applicable Standards & Margins

		R-SC-580		Req		The SC shall conform to the margin policy described in [SRE-F margin policy] during Phase 0/A, with the following exceptions:
MAR-P-4 to be 20%
MAR-C-2 not applicable.				ConOps part A [DJF_1.0]				Review

		R-SC-590		Req		The SC shall conform to the published list of ESA approved standards [ECSS] for E, Q and M branch.				ConOps part A [DJF_1.0]				Review

		R-SC-600		Req		The SC shall us a Radiation Design Margin (RDM) factor of 2.		2		MBD [DDF_1.0]				Review

						Reliability & Fault Management

		R-SC-610		Req		The SC shall eliminate or prevent single-point failures with a severity of catastrophic or critical.				ConOps part A [DJF_1.0]				Review

		R-SC-620		Req		The SC shall not allow failure of any single component at unit level to lead to failure or or damage to another component or subsystem.				ConOps part A [DJF_1.0]				Review

		R-SC-630		Req		The SC shall have a Safe Mode which assures SC and PL survival.				ConOps part A [DJF_1.0]				Review

		R-SC-640		Req		The SC shall enter Safe-Mode in case of (severe) anomalies or failures, which can only be exited by telecommand from the OGS.				ConOps part A [DJF_1.0]				Review

		R-SC-650		Req		The SC shall be compatible with a launch delay of two years.				ConOps part A [DJF_1.0]				Review

		R-SC-660		Req		The SC shall have a reliability (probability of continued successful operation) at the end of the NoP of 90%.				MBD [DDF_1.0]				Analysis.

						Space Debris

		R-SC-670		Req		The SC shall comply with the rules and procedures put forth in [ECSS-U-AS-10C].				ConOps Part A [DJF_1.0]				Analysis										Unfortunately it looks like the assumption we made in the CDF (that we could get away with a detachable telescope cover) is probably not justified.

						Interface

						Space Environment

		R-SC-680		Req		The SC shall be compatible with the Space environment, as governed by [ATHENA - Environmental Specification].				IID [DDF_1.0]				Analysis

						Payloads

		R-SC-690		Req		The SC shall accommodate, and be compatible with, the X-IFU instrument, as governed by [ATHENA - EID-A].				IID [DDF_1.0]				Analysis

		R-SC-700		Req		The SC shall accommodate, and be compatible with, the WFI instrument, as governed by [ATHENA - EID-A].				IID [DDF_1.0]				Analysis

		R-SC-710		Req		The SC shall accommodate, and be  compatible with, the NGRM radiation detector, as governed by [NGRM IRD].				IID [DDF_1.0]				Analysis

						Silicon Pore Optics

		R-SC-720		Req		The SC shall accommodate, and be compatible with, Silicon Pore Optic MMs, as defined by [SC≤≥MM IRD] and [SC≤≥MM ICD].				IID [DDF_1.0]				Analysis:

Mechanical analysis (esp. shock suppression at MM I/F)
Thermal analysis
CAD modelling


						OGS & Operability

		R-SC-730		Req		The SC shall be compatible with the OGS, as governed by [ATHENA - OIRD and SG-ICD].				IID [DDF_1.0]				Analysis

		R-SC-740		Req		The SC shall support the use of CFDP protocols for Space≤-≥Ground uplink and downlink.				ConOps part B [DJF_1.0]				Review										ESOC to review - we leave for the moment as it is highlighted as desirable in the MAD.

		R-SC-750		Req		The SC shall support ranging capability simultaneous with the science data downlink.				ConOps part B [DJF_1.0]				Review

		R-SC-760		Req		The SC shall, after separation from the launcher, autonomously activate one Tx to enable contact with the OGS.
Both RX channels should be ON as soon as power is available.  RX channels should not be switchable. 				ConOps Part B [DJF_1.0]				Review

		R-SC-770		Req		The SC shall be able to transmit/receive nominally with the OGS at any time during science operations, while pointing in any direction within the FoR.				ToO-response decomposition in MBD [DDF_1.0]				Analysis

		R-SC-771		Req		The SC shall utilise file based operations for both storage of science data,  operational data and execution of operational activities. The operational related data or Operational Files includes (not restricted to) stored housekeeping Telemetry, stored science data, PUS file entities e.g. OBCPS, OBSM images, Telecommand Files.				ConOps part B [DJF_1.0]				Review										Suggested update from KS.

		R-SC-772		Req		The SC shall down-link the SC HK, Instrument HK and science data in different virtual channels.				ConOps part B [DJF_1.0]				Review

		R-SC-773		Req		The SC shall be able to resume the nominal Mission Timeline after a ToO without the need for re-planning of the existing onboard Mission Timeline.				ConOps part B [DJF_1.0]				Review										Additional suggestion from KS.

				Note		No autonomous return to the MTL is required post-ToO; the functionality to perform the return to the MTL shall be planned by the OGS and contained within the ToO alert packet.																		Additional suggestion from KS - check terminology.

						LS

		R-SC-780		Req		The SC shall be compatible with the Ariane 64 LS, as governed by [ATHENA -  SC≤≥LS IRD].				ConOps part B [DJF_1.0]				Analysis

FEM (sine, QSL…)

						Configuration

		R-SC-800		Req		The SC shall be configured in a modular way so that the tier-2 assemblies can be individually integrated and tested. The design shall allow for simple mounting and dismounting procedures so that the instrument units can be installed and/or replaced late in the integration sequence.								Review

		R-SC-820		Req		The SC shall be compatible with existing European test facilities.				ConOps part A [DJF_1.0]				Analysis.										Existing only.



















































X-IFURD

		ID		Requirement		Value		Conditions		DDF/DJF Ref.		Verif.		Implementation Verification Description		Implementation Verification Reference		Phase A/B1 Assessment Description		Phase A/B1 Assessment Reference		Trace Up		Owner/Verifier		Author		Validation Status		Validation Reference		Change Status		Comment

		Mission Performance Requirements

		Schedule & Phases

		Phases & Mission Duration

		R-XIFU-01		The X-IFU schedule shall be compatible with the overall schedule.						ConOps part A [DJF_1.0]								Review				Created		X-IFU		EST

		R-XIFU-10		The X-IFU shall be compatible with an overall lifetime of 6.25 years.						ConOps part B
MBD [DDF_1.0]								Review				Created		X-IFU		EST

		R-XIFU-20		The X-IFU shall be compliant with the Mission Phase specification in the MRD.
						ConOps part A [DJF_1.0]								Review				Created		X-IFU		EST

		Autonomy

		R-XIFU-30		The X-IFU shall provide on-board autonomy management functions taking into account specific mission constraints and characteristics such as:
1) acceptable mission outage
2) expected ground station coverage
3) maximum unexpected ground segment non-availability period.						ConOps & ECSS 5.7.2 a								Review				Created		X-IFU		EST								Removed - have left only the <AUT_DUR_EXEC> requirement duration of 3 days, consistent with the SRD.

		R-XIFU-40		The X-IFU, during all mission phases after LEOP, shall be capable of performing all operations to continue mission operations for an autonomy duration of 3 days.		3 days				ConOps & ECSS 5.7.2 b								Review				Created		X-IFU		EST

		R-XIFU-50		The X-IFU shall be capable of performing all operations to store mission products for an autonomy duration of 3 days.		3 days				ConOps & ECSS 5.7.2 c												Created				EST

		Commissioning & Calibration

		R-XIFU-60		The X-IFU shall be fully commissioned during the CP, of duration TBD days.						ConOps Part B								Review				Created		X-IFU		EST								Fully commissioned means able to operate nominally - we won't decompose this requirement any more (up to X-IFU team to do this in their specs.)

		R-XIFU-70		The X-IFU shall, during the NoP and EoP, perform all calibrations required to support nominal operations within the allocated time of ≤5% of the nominal and extended observing times as specified in [ATHENA - Mock Observing Plan].						MBD [DDF_1.0]								Review				Created		X-IFU		EST								Calibration observations now an explicit part of the MOP.

		Note:		The telescope is available to the X-IFU instrument during the allocated calibration time.

		Science Performance Requirements

		Energy Range & Quantum Efficiency

		Note:		The following requirements are applicable at instrument-level and include all effects (detector QE, filters etc.)

		R-XIFU-80		The X-IFU shall perform Narrow-Field observations with a quantum efficiency of ≥75% at 1 keV.		75%		at 1 keV		MBD [DDF_1.0]								Analysis, Test				ERROR:#REF!		X-IFU		EST

		R-XIFU-90		The X-IFU shall perform Narrow-Field observations with a quantum efficiency of ≥83% at 6 keV.		83%		at 6 keV		MBD [DDF_1.0]								Analysis, Test				ERROR:#REF!		X-IFU		EST

		R-XIFU-100		The X-IFU shall perform Narrow-Field observations with a quantum efficiency of ≥TBD% at 0.2 keV.		TBD		at 0.2 keV		MBD [DDF_1.0]								Analysis, Test				ERROR:#REF!		X-IFU		EST								MPWG to specify TBD.

		R-XIFU-110		The X-IFU shall perform Narrow-Field observations with a quantum efficiency of ≥TBD% at 12 keV.		TBD		at 12 keV		MBD [DDF_1.0]								Analysis, Test				ERROR:#REF!		X-IFU		EST								MPWG to specify TBD.

		R-XIFU-111		The X-IFU shall have an AKE of its overall QE ≤ 4% TBC to TBD confidence level and at TBD energies.		4% (TBC)		TBD		MBD [DDF_1.0]								Analysis, Test				ERROR:#REF!		X-IFU		EST								AKE is mainly used for pointing, but can be applied to any quantify (control performance ECSS).

Note this requirement to be provided by ASST/MPWG.

		Spectral Resolution

		R-XIFU-120		The X-IFU shall perform Narrow Field observations with a spectral resolution of ≤2.5 eV at 6 keV.		2.5eV		FWHM at 6 keV										Analysis, Test				ERROR:#REF!		X-IFU		EST

		G-XIFU-12o		The X-IFU should perform Narrow Field observations with a spectral resolution of ≤1.5 eV at 1 keV.		1.5eV		FWHM at 1 keV										Analysis, Test				ERROR:#REF!		X-IFU		EST

		R-XIFU-130		The X-IFU shall perform Narrow Field observations with an energy calibration accuracy of ≤0.4eV over the range of 0.3 - 6 keV.		0.4eV		0.3 - 6 keV										Analysis, Test				ERROR:#REF!		X-IFU		EST		Need to check numbers.

		R-XIFU-140		The X-IFU shall perform Narrow Field observations with a energy resolution homogeneity (FWHM) ≤0.5 eV over the field of view and energy range 0.3 – 6 keV.		0.5 eV (TBC)		0.3 - 6 keV										Analysis, Test				ERROR:#REF!		X-IFU		EST		Number should be justified.

		R-XIFU-150		The X-IFU shall perform Narrow Field observations with the spectral resolution calibrated to ≤ 0.15 eV.		0.15 eV (TBC)		0.3 - 6 keV										Analysis, Test				ERROR:#REF!		X-IFU		EST		Number should be justified.

		Focal Plane Dimensions

		R-XIFU-160		The X-IFU shall have a focal plane of 1.74cm Ø.

		1.74 cm		MBD [DDF_1.0]										Review				ERROR:#REF!		X-IFU		EST

		R-XIFU-161		The X-IFU shall have a pixel size of 250 x 250 µm.

		250µm		MBD [DDF_1.0]										Review				ERROR:#REF!		X-IFU		EST

		R-XIFU-162		The X-IFU shall focal plane shall have a filling factor of the detector  ≥90% (TBC).		90% (TBC)		NF observations										Review				ERROR:#REF!		EST		EST								Check if there is a proper science justification.

		G-XIFU-160		The X-IFU should have a focal plane of 7' diameter.

		7' Ø		MBD [DDF_1.0]										Review				ERROR:#REF!		X-IFU		EST

		Photon Timing

		R-XIFU-170		The X-IFU shall not contribute more than 5 µs to the absolute timing accuracy of the photons.		5 µs		Narrow-Field observations		MBD [DDF_1.0]								Analysis, Test				ERROR:#REF!		X-IFU		EST								The initial decomposition for this is in the MBD - it is just a simple linear sum of contributing items. The absolute timing accuracy overall requirement is 50µs.

		R-XIFU-180		The X-IFU shall detect individual photons with a time resolution of 10 µs for Narrow-Field Observations.		10µs		Narrow-Field observations		SciRD								Analysis, Test				ERROR:#REF!		X-IFU		EST

		R-XIFU-190		The X-IFU shall achieve a knowledge of the dead time at the level of TBD % for Narrow-Field observations.		TBD		Narrow-Field observations										Analysis, Test				ERROR:#REF!		X-IFU		EST		Number needed.						MPWG to provide. Verification not SC responsibility.

		Count-Rate Capability (Source intensity)

		R-XIFU-200		The X-IFU shall perform Narrow-Field observations of point sources to a count rate of 2x10^-11 erg.s^-1.cm^-2 with 80% throughput with 2.5 eV energy resolution.		2x10^-11 erg.s^-1.cm^-2		2-10keV, point source with 80% throughput in Narrow-Field nominal energy resolution		SciRD								Analysis, Test				ERROR:#REF!		X-IFU		EST

		G-XIFU-200		The X-IFU should perform Narrow-Field observations of point sources to a count rate of 2x10^-10 erg.s^-1.cm^-2 with 80% throughput with 2.5 eV energy resolution.		2x10^-11 erg.s^-1.cm^-2		2-10keV, point source with 80% throughput in Narrow-Field nominal energy resolution		SciRD								Analysis, Test				ERROR:#REF!		X-IFU		EST

		R-XIFU-210		The X-IFU shall perform Narrow-Field observations of point sources to a count rate of 2x10^-8 erg.s^-1.cm^-2 with 30% throughput but degraded resolution (30 eV, TBC).		2x10^-8 erg.s^-1.cm^-2		2-10keV, point source with 30% throughput in Narrow-Field ~30eV FWHM  energy resolution		SciRD								Analysis, Test				ERROR:#REF!		X-IFU		EST

		R-XIFU-220		The X-IFU Mission shall perform Narrow-Field observations of extended sources to a count rate of TBD 10^-8 erg.s^-1.sr-1 with TBD % throughput.		TBD		TBD										Analysis, Test				ERROR:#REF!		X-IFU		EST		Number needs to be specified.

		Background

		R-XIFU-230		The X-IFU shall determine the non X-ray charged particle background for Narrow-Field observations to within 10% TBC.														Analysis, Test				No parent.		X-IFU		EST

		R-XIFU-240		The X-IFU shall suppress optical light arriving at the focal plane (120nm wavelength) by a factor of 10^12 for Narrow-Field observations.		10^12 optical blocking factor		X-IFU at 120nm wavelength.		MBD [DDF_1.0]								Analysis, Test				ERROR:#REF!		X-IFU		EST								There is currently no constraint on optical load arriving at filter (i.e. SC responsibility). i.e. this is part of the breakdown of non X-ray background to be performed by MPWG - flown down from R-MIS-600, but incorrectly.

		Observations & Availability

		Note:		Generally, desirable characteristics of the X-IFU operating cycle, to support both nominal and ToO operations, are the following:
[1] Maximum cold-time >100ks and longer is better
[2] Short as possible regeneration time
[3] Operational flexibility to enter regeneration at any point in the cold-time. 

		R-XIFU-250		The X-IFU shall support continuous observations of an arbitrary duration up to 32h, and allow these durations to be freely-selectable.		32h				MBD [DDF_1.0]								Analysis, Test				R-MIS-630, 660		X-IFU		EST								We specified 32h to be ~in-line with the ToO model. The proposal stated 30h, so this was a moderate tightening of the value in the proposal.

At the moment the X-IFU CC-definition and what can be done regarding regeneration time is not well progressed.

		Note:		It will be necessary to compress the nominal X-IFU observing time to ~1/2 the available cool-time from the CC for the majority of observations (this is in support of ToO-performance), and also occasionally increase the observing time to~match the available cool-time for 100ks observations.

		R-XIFU-260		The X-IFU shall support a minimum observing duration of 1ks.		1ks				SciRD								Analysis, Test				ERROR:#REF!		X-IFU		EST

		R-XIFU-270		The X-IFU shall have an operational availability during its scheduled observations ≥98%  averaged over the NoP and EoP.		≥98%				MBD [DDF_1.0]								Analysis, Test				ERROR:#REF!		X-IFU		EST

		Note:		The time spent during instrument calibration counts as operational time. Scheduled observation time does not include instrument cool down and regeneration.																														The X-IFU operational availability should be calculated during 'active' periods, i.e. during it's scheduled operations.

		R-XIFU-280		The X-IFU cooling cycle shall have a regeneration time of no more than 8h (TBC).		8h				MBD [DDF_1.0]								Analysis, Test				ERROR:#REF!		X-IFU		EST								We specified 8h to be in-line with the ToO model. The proposal stated 10h, so this was a moderate tightening of the value in the proposal.

At the moment the X-IFU CC-definition and what can be done regarding regeneration time is not well progressed.

		G-XIFU-280		The X-IFU cooling cycle should have a regeneration time of no more than 2h (TBC).		2h				MBD [DDF_1.0]								Analysis, Test				ERROR:#REF!		X-IFU		EST								Goal corresponds to γ=0.95 which would give a dramatic improvement to the ToO-responsiveness.

		R-XIFU-281		The X-IFU shall be robust/sensitive enough in design to achieve desired science objectives when observing an unknown ToO target.						ConOps Part B								Analysis, Test				ERROR:#REF!		X-IFU		EST								Open-ended requirement - not really well expressed.

		Note:		These requirements and goal support the ToO-response.

		R-XIFU-282		The X-IFU shall implement a check to ensure that ground-commanded mode changes do not endanger the instrument in any way.						ConOps Part B								Analysis, Test				ERROR:#REF!		X-IFU		EST								Suggested from KS.

		Science Data Volume & Latency

		R-XIFU-290		The X-IFU shall pass core & guest nominal science telemetry data to the SC within 1 day.						ConOps Part B
MBD [DDF_1.0]								Analysis, Test				Created		X-IFU		EST								The requirement is within 1 day as part of the overall latency requirement - if the instrument can pass data more quickly then it will not need as much internal memory. Not defined yet.

		R-XIFU-300		The X-IFU shall preferentially pass ToO-QLA telemetry to the SC within 1 hour of the end of the observation.						ConOps Part B
MBD [DDF_1.0]								Analysis, Test				Created		X-IFU		EST

		General Design Requirements

		Conventions

		R-XIFU-310		The X-IFU shall use the SI international system of units in accordance with ECSS-E-31C except where explicitly agreed with the agency.						ConOps Part A								Review				ERROR:#REF!		X-IFU		EST

		R-XIFU-320		The X-IFU shall use only right-handed cartesian coordinate systems.						ConOps Part A								Review				ERROR:#REF!		X-IFU		EST

		Applicable Standards & Margins

		R-XIFU-330		The X-IFU shall conform to the margin policy described in [SRE-F margin philosophy for assessment studies] during Phase 0/A.						ConOps Part A								Review				ERROR:#REF!		X-IFU		EST

		R-XIFU-340		The X-IFU shall conform to the published list of ESA approved standards [ECSS], including approved ECSS standards in E, Q and M branches.						ConOps Part A								Review				ERROR:#REF!		X-IFU		EST

		R-XIFU-350		The X-IFU shall us a Radiation Design Margin (RDM) factor of 2.		2				MBD [DDF_1.0]								Review						X-IFU		EST

		Technology Readiness

		R-XIFU-360		The X-IFU shall achieve a TRL-level of 5/6 for all elements by the start of Phase B2.		5/6		by adoption.		ConOps Part A								Review				ERROR:#REF!		X-IFU		EST

		Dependability

		R-XIFU-370		The X-IFU shall be compatible with a launch delay of two years.						ConOps Part A								Review				ERROR:#REF!		X-IFU		EST

		Note:		In conjunction with the reference FM delivery to the Prime, this implies 4 years of ground storage of the FM without degradation.

		R-XIFU-380		The X-IFU shall have a reliability (probability of continued successful operation) at the end of the NoP of 90% (TBC).						MBD [DDF_1.0]								Analysis, Test				Created		X-IFU		EST

		Interface Requirements

		SpaceCraft

		R-XIFU-320		The X-IFU shall be compatible with the SC as governed by [EID-A].						IID [DDF_1.0]								Analysis				Created		X-IFU		EST
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		Mission Performance Requirements

		Schedule & Phases

		Launch Date, Phases & Mission Duration

		R-WFI-10		The WFI shall be compatible with the overall schedule.						ConOps part A [DJF_1.0]		R						Review of schedule				Created		WFI		EST

		R-WFI-20		The WFI shall be compatible with an overall lifetime of 6.25 years.						ConOps part B
MBD [DDF_1.0]		R						Review of design				Created		WFI		EST

		R-WFI-30		The WFI shall be compliant with the Mission Phase specification in the MRD.
						ConOps part A [DJF_1.0]		R						Review				Created		WFI		EST

		Autonomy

		R-WFI-40		The WFI shall provide on-board autonomy management functions taking into account specific mission constraints and characteristics such as:
1) acceptable mission outage
2) expected ground station coverage
3) maximum unexpected ground segment non-availability period.		-				ConOps & ECSS 5.7.2 a		R						Review				Created		WFI		EST

		R-WFI-50		The WFI, during all mission phases after LEOP, shall be capable of performing all operations to continue mission operations for an autonomy duration of 3 days.		3 days				ConOps & ECSS 5.7.2 b		R						Review				Created		WFI		EST

		R-WFI-60		The WFI shall be capable of performing all operations to store mission products for an autonomy duration of 3 days.		3 days				ConOps & ECSS 5.7.2 c												Created				EST

		Commissioning

		R-WFI-70		The WFI shall be fully commissioned during the CP, of duration TBD days.						ConOps part B		R						Review of the WFI Commissioning Plan.				Created		WFI		EST

		R-WFI-80		The WFI shall, during the NoP and EoP, perform all calibrations required to support nominal operations within the allocated time of ≤5% of the nominal and extended observing times as specified in [ATHENA - Mock Observing Plan].						MBD [DDF_1.0]		R						Review of calibration allocations in the MOP.				Created		WFI		EST								Calibration observations now an explicit part of the MOP.

		Note:		The telescope is available to the WFI instrument during the allocated calibration time.

		Science Performance Requirements

		Energy Range & Quantum Efficiency

		Note:		The following requirements are applicable at instrument-level and include all relevant effects (including filter).

		R-WFI-90		The WFI shall perform Wide-Field observations with a quantum efficiency of ≥24% at 227 eV.		24%		at 227eV		MBD [DDF_1.0]								Analysis, Test				R-MIS-240
R-MIS-210		WFI		EST

		R-WFI-100		The WFI shall perform Wide-Field observations with a quantum efficiency of ≥87% at 1 keV.		87%		at 1 keV		MBD [DDF_1.0]								Analysis, Test				R-MIS-240
R-MIS-210		WFI		EST

		R-WFI-110		The WFI shall perform Wide-Field observations with a quantum efficiency of ≥98% at 6 keV.		98%		at 6 keV		MBD [DDF_1.0]								Analysis, Test				R-MIS-240
R-MIS-210		WFI		EST

		R-WFI-120		The WFI shall perform Wide-Field observations with a quantum efficiency of ≥96% at 10 keV.		96%		at 10 keV		MBD [DDF_1.0]								Analysis, Test				R-MIS-200
R-MIS-220		WFI		EST

		R-WFI-130		The WFI shall perform Wide-Field observations with a quantum efficiency of ≥TBD% at 15 keV.		TBD		at 15 keV		MBD [DDF_1.0]								Analysis, Test				R-MIS-200
R-MIS-220		WFI		EST								Under discussion with ASST/MPWG.

		R-WFI-132		The WFI shall perform Fast observations with a quantum efficiency of ≥24% at 227 eV.		24%		at 227eV		MBD [DDF_1.0]								Analysis, Test				R-MIS-240
R-MIS-210		WFI		EST								Arne's specification implies same Qes assumed for both LDA and FD.

		R-WFI-133		The WFI shall perform Fast observations with a quantum efficiency of ≥87% at 1 keV.		87%		at 1 keV		MBD [DDF_1.0]								Analysis, Test				R-MIS-240
R-MIS-210		WFI		EST								Arne's specification implies same Qes assumed for both LDA and FD.

		R-WFI-134		The WFI shall perform Fast observations with a quantum efficiency of ≥98% at 6 keV.		98%		at 6 keV		MBD [DDF_1.0]								Analysis, Test				R-MIS-240
R-MIS-210		WFI		EST								Arne's specification implies same Qes assumed for both LDA and FD.

		R-WFI-135		The WFI shall perform Fast observations with a quantum efficiency of ≥96% at 10 keV.		96%		at 10 keV		MBD [DDF_1.0]								Analysis, Test				R-MIS-200
R-MIS-220		WFI		EST								Arne's specification implies same Qes assumed for both LDA and FD.

		R-WFI-136		The WFI shall perform Fast observations with a quantum efficiency of ≥TBD% at 15 keV.		TBD		at 15 keV		MBD [DDF_1.0]								Analysis, Test				R-MIS-200
R-MIS-220		WFI		EST								Under discussion with ASST/MPWG.

		R-WFI-131		The WFI shall have an AKE of its overall QE ≤ 4% TBC to TBD confidence level and at TBD energies.		4% (TBC)		TBD		MBD [DDF_1.0]								Analysis, Test				ERROR:#REF!		WFI		EST

		Spectral Resolution

		R-WFI-140		The WFI shall perform Wide Field observations with a spectral resolution of ≤150 eV at 6 keV.		150eV		FWHM at 6 keV		SciRD								Analysis, Test				ERROR:#REF!		WFI		EST

		G-WFI-140		The WFI should perform Wide Field observations with a spectral resolution of ≤130 eV at 6 keV.		130eV		FWHM at 6 keV		SciRD								Analysis, Test				ERROR:#REF!		WFI		EST

		R-WFI-150		The WFI shall perform Wide Field observations with a spectral resolution of ≤70 eV at 1 keV.		70 eV		FWHM at 1 keV		SciRD								Analysis, Test				ERROR:#REF!		WFI		EST

		R-WFI-160		The WFI shall perform Wide Field observations with a mean energy calibration accuracy of 10 eV, over the energy range 0.3-12 keV and the field of view.		10 eV (TBC)		0.3 - 12 keV		SciRD								Analysis, Test				ERROR:#REF!		WFI		EST		Number should be justified.

		Focal Plane Dimensions

		R-WFI-170		The WFI shall have a Wide-Field focal plane of TBD by TBD cms.

		14 x 14 cm				MBD [DDF_1.0]								Review				ERROR:#REF!		WFI		EST

		G-WFI-170		The WFI should have a Wide-Field focal plane of TBD by TBD cms.

		50' x 50'				MBD [DDF_1.0]								Review				ERROR:#REF!		WFI		EST

		R-WFI-171		The WFI shall have a Fast Chip focal plane of TBD by TBD cms.

		TBD				MBD [DDF_1.0]								Review				ERROR:#REF!		WFI		EST

		Photon Timing

		R-WFI-180		The WFI shall detect individual photons with a time resolution of ≤5 ms (TBC).		5 ms				MBD [DDF_1.0]								Analysis, Test				R-MIS-470		WFI		EST								Contribution to overall accuracy.

		R-WFI-190		The WFI fast chip shall detect individual photons with a time resolution of ≤80 µs .		80 µs		Fast Chip Observations		-								Analysis, Test				ERROR:#REF!		WFI		EST

		G-WFI-190		The WFI fast chip should detect individual photons with a time resolution of ≤40 µs .		40 µs		Fast Chip Observations										Analysis, Test				ERROR:#REF!		WFI		EST

		R-WFI-200		The WFI shall achieve a knowledge of the dead time at the level of TBD % for Wide-Field WFI observations.		TBD		Wide-Field Observations										Analysis, Test				ERROR:#REF!		WFI		EST		Number needed.						Under discussion with ASST/MPWG.

		R-WFI-210		The WFI shall achieve a knowledge of the instrumental dead time at the level of TBD % for observations with the WFI fast chip.		TBD		Fast Chip Observations										Analysis, Test				ERROR:#REF!		WFI		EST		Number needed.						Under discussion with ASST/MPWG.

		Count-Rate Capability (Source intensity)

		R-WFI-220		The WFI shall perform Wide-Field observations of point sources to a count rate of 2x10^-8 erg.s^-1.cm^-2 with 80% throughput and  < 1% pile up.		2x10^-8 erg.s^-1.cm^-2		2-10keV, point source with 80% throughput										Analysis, Test				ERROR:#REF!		WFI		EST

		R-WFI-230		The WFI shall perform Wield Field WFI observations of extended sources to a count rate of TBD 10^-8 erg.s^-1.sr-1 with TBD % throughput.		TBD		TBD										Analysis, Test				ERROR:#REF!		WFI		EST		Number needs to be specified.						Under discussion with ASST/MPWG.

		Background

		R-WFI-240		The WFI shall determine the non X-ray charged particle background for Wide-Field observations to within 10% TBC.														Analysis, Test				No parent.		WFI		EST

		R-WFI-250		The WFI shall suppress optical light (120nm wavelength) arriving at the focal plane by a factor of 10^7 (TBC) for Wide-Field observations.		10^7 optical blocking factor												Analysis, Test				ERROR:#REF!		WFI		EST		Number needs to be specified.

		Observations & Availability

		R-WFI-260		The WFI shall support continuous observations up to 100ks.		100ks												Analysis, Test				ERROR:#REF!		WFI		EST

		R-WFI-270		The WFI shall offer a minimum observing duration of 1ks.		1ks												Analysis, Test				ERROR:#REF!		WFI		EST								Removed.

		R-WFI-280		The WFI shall have an operational availability during its scheduled observations ≥98% (TBC) averaged over the NoP and EoP.		 ≥98%				MBD [DDF_1.0]								Analysis, Test				ERROR:#REF!		WFI		EST

		Note:		The time spent during instrument calibration counts as operational time.

		Science Data Volume & Latency

		R-WFI-290		The WFI shall pass core & guest nominal science telemetry data to the SC within 1 day.						ConOps Part B
MBD [DDF_1.0]								Analysis, Test				ERROR:#REF!		WFI		EST								The requirement is within 1 day as part of the overall latency requirement - if the WFI can pass data more quickly then it will not need as much internal memory. Not defined yet.

		R-WFI-300		The WFI shall preferentially pass ToO-QLA telemetry to the SC within 1 hour of the end of the observation.						ConOps Part B
MBD [DDF_1.0]								Analysis, Test				ERROR:#REF!		WFI		EST

		General Design Requirements

		Conventions

		R-WFI-310		The WFI shall use the SI international system of units in accordance with ECSS-E-31C except where explicitly agreed with the agency.						ConOps Part A								Review				ERROR:#REF!		WFI		EST

		R-WFI-320		The WFI shall use only right-handed cartesian coordinate systems.						ConOps Part A								Review				ERROR:#REF!		WFI		EST

		Applicable Standards & Margins

		R-WFI-330		The WFI shall conform to the margin policy described in [SRE-F margin philosophy for assessment studies] during Phase 0/A.						ConOps Part A								Review				Created.		WFI		EST

		R-WFI-340		The WFI shall conform to the published list of ESA approved standards [ECSS], including approved ECSS standards in E, Q and M branches.						ConOps Part A								Review				ERROR:#REF!		WFI		EST

		R-WFI-350		The WFI shall us a Radiation Design Margin (RDM) factor of 2.		2				-								Review				Created.		WFI		EST								No real justification - Peter Jensen suggestion.

		ECSS E-Branch

		R-WFI-360		The WFI shall conform to the margin policy described in [SRE-F margin philosophy for assessment studies] during Phase 0/A/B1.						ConOps Part A								Review				ERROR:#REF!		WFI		EST

		R-WFI-370		The WFI shall conform to the published list of ESA approved standards [ECSS], including approved ECSS standards in E, Q and M branches.						ConOps Part A								Review				ERROR:#REF!		WFI		EST

		Technology Readiness

		R-WFI-380		The WFI shall achieve a TRL-level of 5/6 for all elements by the start of Phase B2.		5/6		by adoption		ConOps Part A								Review				ERROR:#REF!		WFI		EST

		Dependability

		R-WFI-390		The WFI shall be compatible with a launch delay of two years.						ConOps Part A								Review				ERROR:#REF!		WFI		EST

		Note:		In conjunction with the reference FM delivery to the Prime, this implies 4 years of ground storage of the FM without degradation.																														Ground storage!

		R-WFI-400		The WFI shall have a reliability (probability of continued successful operation) at the end of the NoP of 95% (TBC).						MBD [DDF_1.0]								Analysis				Created		WFI		EST

		Interface Requirements

		SpaceCraft

		R-WFI-410		The WFI shall be compatible with The SC as governed by [EID-A].						IID [DDF_1.0]								Analysis, Review				Created		WFI		EST
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		Mission Performance Requirements

		Schedule & Phases

		Launch Date, Phases & Mission Duration

		R-OGS-10		The OGS shall be compatible with a launch in 2028.						ConOps part A [DJF_1.0]		R		Review		Each mission element schedule shall meet the requirement.		Review		Each mission element schedule shall meet the requirement.		Created		EST

		R-OGS-20		The OGS shall be compatible with an overall lifetime of 6.25 years.						ConOps part B
MBD [DDF_1.0]		R		Review				Review				Created		EST

		R-OGS-30		The OGS shall be compliant with the Mission Phase specification in the MRD.
						ConOps part A [DJF_1.0]		R		Review				Review				Created		EST

		Functional Responsibilities

		R-OGS-40		The ATHENA Mission shall include an Operational Ground Segment, located at ESOC, responsible for the following functions:
- design and execution of the in-orbit mission (after launch), including mission planning, spacecraft monitoring and control and orbit and attitude determination and control and execute operations following SOC-generated scientific telecommands and planning (inc. ToOs). 
- sole operator of the ATHENA spacecraft and shall ensure the in-orbit spacecraft safety and health. 
- provide the SOC with the raw mission science telemetry produced by the space segment and the necessary spacecraft telemetry and auxiliary products related to operations. 
Note: telemetry and telecommand such as pointing request and resulting TM data is required for science data processing. (TBC) 
- online archiving of house-keeping telemetry, telecommand and other auxiliary mission operations data in one MOC Mission Archive for up to 6 (TBC)  months after the end of mission operations. The MOC shall keep the content of MOC Mission Archive off-line for a period of 5 years after the end of mission operations.
- provide the ground segment communcations and ground station capability for all operations and mission phases.						ConOps part A [DJF_1.0]		R		Review				Review				Created		EST										Repeat MRD text for OGS responsibilities.

		Mission Design

		R-OGS-50		The OGS shall design the Mission such that the SC is put into an operational orbit at L2.						ConOps Part B [DJF_1.0]		R		Review		[CReMA]		Review		[CReMA]		Created		EST

		R-OGS-60		The OGS shall ensure that the Mission design is such that the SC is not eclipsed at all by the Earth or Moon during the TP, CP, NoP and EoP.						ConOps Part B [DJF_1.0]
CReMA		A		Analysis (CReMA)		[CReMA]		Analysis (CReMA)		[CReMA]		Created		EST

		R-OGS-70		The OGS shall ensure that the Mission orbit design does not exceed the following envelope:						CReMA		A		Analysis (CReMA)		[CReMA]		Analysis (CReMA)		[CReMA]		Created		EST

		R-OGS-80		The OGS shall plan and execute operations via an MTL.						ConOps Part B [DJF_1.0]		R		Review				Review				Created		EST

		Tracking

		R-OGS-90		The OGS shall track the SC throughout the mission, sufficiently to determine the SC State Vector and perform the required manoeuvres.						ConOps Part B [DJF_1.0]		R		Review				Review				Created		EST

		LEOP

		R-OGS-100		The OGS shall support the SC during LEOP with quasi-continuous ground coverage.						ConOps Part B [DJF_1.0]		R		Review				Review				Created		EST

		TP

		R-OGS-110		The OGS shall track the SC after launch and command the SC to perform the TCM#1 manoeuvre, with a magnitude of up to 50.3ms-1, no later than 2 days after launch, with a burn duration of less than 2 hours.						ConOps Part B [DJF_1.0]
CReMA		R		Review				Review				Created		EST

		R-OGS-120		The OGS shall ensure that the directions of TCM#1 shall be (anti) parallel to the SC velocity vector; the velocity vector lies in two cones within 35◦ half cone angle around the Sun- Earth and Earth-Sun vectors (in the synodic rotating frame).						ConOps Part B [DJF_1.0]
CReMA		R		Review				Review				Created		EST

		R-OGS-130		The OGS shall command the SC to perform the TCM#2 manoeuvre, with a magnitude of up to 2.47ms-1, 5 days (TBC) after launch.						ConOps Part B [DJF_1.0]
CReMA		R		Review				Review				Created		EST

		R-OGS-140		The OGS shall command the SC to perform the TCM#3 manoeuvre, with a magnitude of up to 0.24ms-1, 20 days (TBC) after launch.						ConOps Part B [DJF_1.0]
CReMA		R						Review				Created		EST

		R-OGS-150		The OGS shall support the SC during TP with TBD ground coverage.								R						Review				Created		EST

		R-OGS-160		The OGS shall support the SC during TP with TBD ground coverage.								R						Review				Created		EST

		CP

		R-OGS-170		The OGS shall execute SC commissioning during the CP in accordance with the SC commissioning plan [ATHENA - Commissioning Plan reference TBW].						ConOps Part B [DJF_1.0]		R						Review				Created		EST

		R-OGS-180		The OGS shall support PL commissioning during the CP in accordance with the X-IFU and WFI commissioning plans [TBW].						ConOps Part B [DJF_1.0]		R						Review				Created		EST

		R-OGS-190		The OGS shall support the SC during CP with daily passes of up to 10h per day.						ConOps Part B [DJF_1.0]		R						Review				Created		EST

		NoP and EoP

		R-OGS-200		The OGS shall command the SC to perform periodic station-keeping manoeuvres during NoP/EoP, with ~30d cadence, with a magnitude commensurate with the SC noise.						ConOps Part B [DJF_1.0]
CReMA		R						Review				Created		EST

		R-OGS-210		The OGS shall ensure that the directions of TCM#2, TCM#3 and the station-keeping manoeuvres shall be within a 15◦ half-angle cone around the unstable direction of linear theory, +28.5◦ [+ve] or +208.5◦ [-ve] from the Sun-line.						ConOps Part B [DJF_1.0]
CReMA		R						Review				Created		EST

		R-OGS-220		The OGS shall support the SC during NoP/EoP with daily passes of average 4h per day, and an average daily down-link period of 3h (TBC).						ConOps Part B [DJF_1.0]
CReMA		R						Review				Created		EST

		DP

		R-OGS-230		The OGS shall command the SC to perform a disposal manoeuvre DISP#1 of magnitude 10ms-1 at the end of the operational mission.						ConOps Part B [DJF_1.0]
CReMA		R						Review				Created		EST

		R-OGS-240		The directions of DISP#1 is TBD.						ConOps Part B [DJF_1.0]
CReMA		R						Review				Created		EST

		ToO-Response

		R-OGS-250		The OGS shall support ≥20 (TBC) GRB-ToOs per year.						ConOps Part B		R						Review				Created		EST

		R-OGS-260		The OGS should support ≥50 (TBC) GRB-ToOs per year.						ConOps Part B		R						Review				Created		EST

		R-OGS-270		The OGS shall, upon receipt of an <unvalidated operations request> from the SGS, for the instances where the operations request is validated, generate and transmit a <ToO MTL> to the SC within a TBD cumulative distribution of durations.						ConOps Part B
MBD [DDF_1.0]
ToO Reaction Time Model [DJF_1.0]		A						Analysis				ERROR:#REF!		EST										Please check terminology!

		R-OGS-271		The OGS shall construct the <ToO MTL> packet such that it contains sufficient information to allow the SC to perform the ToO-observation, and then return to the nominal timeline w/o the need for re-planning of the existing on-board MTL.						ConOps Part B
MBD [DDF_1.0]
ToO Reaction Time Model [DJF_1.0]		A						Analysis				ERROR:#REF!		EST										Need to define requirements which represent the current thinking.

		Note:		The anticipated set of checks and information contained in the <ToO MTL> packet are described in the ConOps.																														Need to update conOps to reflect KS Memo when matured.

		Reference Observation Plan

		R-OGS-280		The OGS shall be be compatible with [ATHENA - Mock Observing Plan].						ConOps Part B
Observation Plan		R						Review				Created		EST

		Science Data Volume & Latency

		R-OGS-290		The OGS shall be able to receive from the SC the entire generated science telemetry as defined by [ATHENA - Mock Observing Plan] given an average down-link period of 3 hours per day.						ConOps Part B		A						Analysis				Created		EST

		R-OGS-300		The OGS shall, upon receipt of science telemetry and associated HK data from the SC, process and pass it to the SGS within 5 (TBC) days.		5 days				ConOps Part B
MBD [DDF_1.0]		A						Analysis				ERROR:#REF!		EST

		R-OGS-310		The OGS shall, upon receipt of ToO -QLA telemetry from the SC, and associated HK data, process and pass it to the SGS within 2 (TBC) hours during normal working hours.		2 hours		working hours		ConOps Part B
MBD [DDF_1.0]		A						Analysis				ERROR:#REF!		EST

		Availability

		R-OGS-320		The OGS shall have an operational availability to support all types of science observation of better than 99.8% (TBC) averaged over the NoP and EoP.		99.80%				ConOps Part B
MBD [DDF_1.0]		A						Analysis				ERROR:#REF!		EST

		Absolute Time Accuracy

		R-OGS-330		The OGS shall not contribute more than 20 µs to the Absolute Time Accuracy of the science telemetry.		20 µs				MBD [DDF_1.0]		A						Analysis				ERROR:#REF!		EST

		Interface Requirements

		SpaceCraft

		R-OGS-340		The OGS shall be compatible with the SC as governed by [OIRD & SG-ICD].						IID [DDF_1.0]		A						Analysis				Created		EST

		R-OGS-350		The OGS shall support the use of CFDP.						IID [DDF_1.0]		R						Review				Created		EST

		OGS

		R-OGS-360		The OGS shall be compatible with the SGS as governed by [OGS<>SGS IRD reference TBW].						IID [DDF_1.0]		R						Review				Created		EST





SIRD

		ID		Requirement		Value		Conditions		DDF/DJF Ref.		Verif.		Implementation Verification Description		Implementation Verification Reference		Phase A/B1 Assessment Description		Phase A/B1 Assessment Reference		Trace Up		Owner/Verifier		Author		Validation Status		Validation Reference		Change Status		Comment reply

		Mission Performance Requirements

		Schedule & Phases

		Launch Date, Phases & Mission Duration

		R-SGS-10		The SGS shall be compatible with a launch in 2028.						ConOps part A [DJF_1.0]		R						Review				Created		EST

		R-SGS-20		The SGS shall be compatible with an overall lifetime of 6.25 years.						ConOps part B
MBD [DDF_1.0]		R						Review				Created		EST

		R-SGS-30		The SGS shall be compliant with the Mission Phase specification in the MRD.
						ConOps part A [DJF_1.0]		R						Review				Created		EST

		Performance

		R-SGS-40		The ATHENA Mission shall include the ESA contribution to the Science Ground Segment SGS(SOC), responsible for the following functions: (as described in R-MIS 110), including:

- Science Operations planning (including instrument control);
- Collection of science data;
- Data-calibration;
- Data-archiving.
- ToO alert triggering.						ConOps part A [DJF_1.0]		R						Review				Created		EST

		R-SGS-50		The ATHENA Mission shall include the Payload Consortium contribution to the Science Ground Segment SGS(CON), responsible for the following functions: TBD.						ConOps part A [DJF_1.0]		R						Review				Created		EST

		R-SGS-60		The SGS shall support PL commissioning during the CP in accordance with the X-IFU and WFI Commissioning Plans [TBW].						ConOps Part B [DJF_1.0]		R						Review				Created		EST

		ToO-Response

		R-SGS-70		The SGS shall support 20 (TBC) ToOs per year.						ConOps Part B [DJF_1.0]		R						Review				Created		EST

		G-SGS-70		The SGS should support 50 (TBC) ToOs per year.						ConOps Part B [DJF_1.0]		R						Review				Created		EST

		R-SGS-80		The SGS shall, upon receipt of an <unvalidated ToO alert>, for the instances where the request is validated, generate and transmit an <unvalidated operations request> to the OGS with a TBD cumulative distribution of durations.						MBD [DDF_1.0]		A				[ToO Reaction Time Model & T/O].		Analysis		[ToO Reaction Time Model & T/O].		ERROR:#REF!		EST										Cannot disentangle the response distributions for OGS/SGS. The overall CDF for both together is available from the ToO model as an indication.

		Science Data Volume & Latency

		R-SGS-90		The SGS shall, upon receipt of science telemetry and associated HK data, from the OGS, process and pass it to the end-user within 5 working days.						MBD [DDF_1.0]		R						Review				R-MIS-851, 860		EST

		R-SGS-100		The SGS shall, upon receipt of ToO-QLA telemetry from the OGS, and associated HK data, process and pass it to the end-user within 4 (TBC) working hours during normal working hours.						MBD [DDF_1.0]		R						Review				ERROR:#REF!		EST

		Availability

		R-SGS-110		The SGS shall have an operational availability to support all types of science observation of better than 99.7% (TBC) averaged over the NoP and EoP.						MBD [DDF_1.0]		A						Analysis				ERROR:#REF!		EST

		Astrometry

		R-SGS-120		The SGS shall improve the AKE provided by the SC by a factor of 3, for Wide-field observations.						MBD [DDF_1.0]		A						Analysis				ERROR:#REF!		EST

		Absolute Time Accuracy

		R-SGS-130		The SGS shall not contribute more than 20 µs to the Absolute Time Accuracy of the science telemetry.		20 µs				MBD [DDF_1.0]		A						Analysis				ERROR:#REF!		EST

		Interface Requirements

		OGS

		R-SGS-140		The SGS shall be compatible with the OGS as governed by [OGS<>SGS IRD TBW].						IID [DDF_1.0]		R						Review				Created		EST

		End User

		R-SGS-150		The SGS shall be compatible with the end user as governed by [end User IRD - TBW].						IID [DDF_1.0]		R						Review				Created		EST





LSRD

		ID		Requirement		Value		Conditions		DDF/DJF Ref.		Verif.		Implementation Verification Description		Implementation Verification Reference		Phase A/B1 Assessment Description		Phase A/B1 Assessment Reference		Trace Up		Owner/Verifier		Author		Validation Status		Validation Reference		Change Status		Comment

		Mission Performance Requirements

		Launch Date, Phases & Mission Duration

		R-LS-10		The LS shall be compatible with a launch in 2028.		2028				ConOps part A [DJF_1.0]		R						Review				Created		LSP		EST

		Performance

		R-LS-20		The LS shall place the ATHENA Space Segment into a transfer trajectory to L2 with the following state vector and dispersions at separation:
						CReMA [DJF_1.0]		R						Review				Created		LSP		EST								Need probably to constrain perigee velocity errors here.

		R-LS-21		The LS shall satisfy R-LS-20 with a reliability ≥98%.
		≥98%				MBD [DDF_1.0]		R						Review				Created		LSP		EST

		Note:		These state vector values are taken from the Herschel/Planck mission.

		R-LS-30		The LS shall separate the ATHENA Space Segment in 3-axis stabilised mode.						ConOps [DJF_1.0]		R						Review				Created		LSP		EST

		R-LS-40		The LS shall lift a combined SC and LVA mass of up to 6800 kg (TBC) to the specified separation state and dispersions.		6800kg				CReMA [DJF_1.0]		R						Review				Created		LSP		EST								LSIRD will define performance as well.

		Interface Requirements

		SpaceCraft

		R-LS-50		The LS shall be compatible with the SC as governed by [ATHENA - SC<>LS IRD].						IID [DDF_1.0]		R						Review				Created		LSP		EST

		OGS

		R-LS-60		The LS shall be compatible with the OGS as governed by [OGS<>LS IRD TBW].						IID [DDF_1.0]		R						Review				Created		LSP		EST





Responsibles

				EST		ESA Study Team

				EST/TWG		EST/Telescope Working Group

				ASST		Science Team

				TWG		Telescope Working Group

				MPWG		Performance Working Group

				Prime		Primes

				X-IFU		X-IFU Instrument Team

				WFI		WFI Instrument Team





Field descript.

		ID		Unique identifier

		Requirement		Requirement text

		Value		Declaration of the requirement value

		Conditions		Any conditions applicable to the value

		DDF/DJF Ref.		Relevant references to the DDF/DJF, describing the source of the requirement and if needed the decomposition

		Verification Method		Analysis, Inspection, Review, Test

		Verification Description		More detailed description of the envisaged verification of the requirement during Phase B2/CD implementation

		Verification Reference		Reference to documents [in square brackets] which support the verification - blank at the moment.

		Phase A/B1 Assessment Description		More detailed description of the envisaged assessment of the requirement during Phase A/B1

		Phase A/B1 Assessment Reference		Reference to documents [in square brackets] which support the Phase A/B1 assessment - anticipated documents are indicated when appropriate; otherwise this field will be populated with specific document titles as they become available

		Trace Up		Traceability to parent requirements

		Owner/Verifier		The organisation responsible for verification of the requirement during Phase A/B1 (note: in the SRD there are some requirements which cannot currently be evaluated by the Primes, and these are indicated in the Project Management Plan, which contains more information about responsibilities)

		Author		The organisation responsible for authoring the requirement (see the Project Management Plan which lists the organisations involved in the ATHENA Phase A/B1 study)

		Validation Status		Validation status of the requirement

		Validation Reference		Reference to any documentation which supports the validation status

		Change Status		Change status

		Comment		Additional comments
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