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ROSAT all-sky survey: → energy range, resolution, sensitivity, time, camera, ...
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Spectrum-Roentgen-Gamma (SRG): eROSITA + ART-XC

Figure 1: The Russian Spectrum-Roentgen-Gamma (SRG) satellite with the German soft X-ray telescope eROSITA (in purple, with front cover
opened toward the Sun) and the Russian hard X-ray instrument ART-XC (in grey), with deployed solar panels, mounted onto the Navigator
platform (adapted from Pavlinsky et al. 2011).

Launch @ Baikonur 2014/Q4

Zenit/Fregat + Navigator

Mission duration > 7 yr

X band, 512 (380) kb/s
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Mission scenario: L2

separation of the dots: 10 days

cannot be serviced (etc.) anymore at L2

→ needs careful work on-ground

development, EM, QM, FM, calibration, end-to-end test, check-out

outgassing, commissioning, calibration, performance verification, monitoring

Michael Freyberg
MPE Garching 8th IACHEC meeting, Hothorpe Hall, 25-28 March 2013 3



Key features related to in-flight calibration

• Mission scenario: 4 yr all-sky survey(s), 3 yr pointed follow-up

• Detectability of 100.000 Clusters of Galaxies, z < 1.5: PSF, background

• Readout vs. scan speed (CCD: 50ms frame time, 75 µm pixels; 360◦ per 4h, 6 scans)

• Prototype camera (TRoPIC) operational since 2007 (!) at PANTER: sub-pixel

• only 1 mode (FF), “standard candles” too bright !

• Fe-55 source: on filter wheel, strong enough for later mission phases

• Sky division (D/RUS) not relevant for calibration

• Schedule: use ∼ 100 d transfer phase for initial measurements,
then start survey phase ...

• Lauch, satellite checkout,
3 wk outgassing, 4 wk commissioning (1, 2, 2, 2 cameras),
calibration and performance verification, 4yr survey
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The issues of in-orbit calibration

Changes of the on-ground calibration (performed at PUMA + PANTER)

• expected due to finite source distance

• expected due to radiation damage

• possible due to launch

• possible due to contamination

• possible due to micrometeoroid impact

• possible due to yet unknown effects

Instrumentation parts:

• optical light blocking filters

• mirror shells, X-ray baffle

• mirror module orientation (with respect to star tracker and other modules)

• “PSF”, contamination, etc.
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Science subjects and their relevance for calibration subjects
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Calibration: from photons to bits: the fate of X-rays
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Internal calibration source: based on Fe-55

source: Fe-55 → Mn-55 (EC), T1/2 = 2.7 yr

target Al + Ti → 1.49, 4.51, 4.93, 5.89, 6.49 keV

mounted on filter wheel with 4 positions

eROSITA CCD 28.4×28.4 mm2 (image 64mm), 50 % at FOV edges
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Internal calibration source: spectrum mono-pixel events
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In-orbit calibration subjects:

During transfer phase to L2: outgassing, check-out (3wk), commissioning
(one camera after another, 4 wk), and in-flight calibration:





Calibration target selection (I):

• Dedicated for specific calibration subject (only celestial sources for mirrors etc.)

• non-variable sources preferred (monitoring)

• Visibility (ecliptic coordinates), e.g. LMC targets preferred, depends on launch date

• Bright (statistics) but not too bright (pile-up, telemetry)

• Optically not too bright (filter, PSF!)

• Attitude reconstruction and relative timing of cameras and star tracker:
several great-circles (“mini-survey”) over stellar clusters, pulsars, etc.

• Stray light (X-ray baffle relative to mirror):
“mini-survey” or mosaic close to Sco X-1 (out-of-FOV: 30’ – 190’ off-axis)

• Background: filter wheel in closed position (4 mm Al), CCD corners,
no radiation monitor onboard SRG

• Closed/CalClosed: only 1 at a time, at high |β|

• Idea: after each all-sky survey (6 months): 1 day Cal/monitoring campaign

• 7 (almost) identical cameras → natural simultaneous (!) cross-calibration

• cross-calibration with other operational X-ray missions (TBD)
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Calibration target selection (II)
• filter integrity: on-chip, external

bright diffuse optical source, e.g. Omega Cen

• contamination: on CCD or mirror:
soft sources, e.g. isolated neutron stars (“Magnificent Seven”)
RX J1856.5-3754 (INS), or GD 153 (WD)

• PSF: point-like sources, not too bright on-axis, may be brighter off-axis:
ground-cal, stacking of point sources of first survey

• effective area and vignetting:
non-variable source, maybe slightly extended or very extended (e.g., Coma cluster)

• gain (energy scale):
featureless source spectrum (e.g. power-law): use instrumental edges, e.g., 3C 273
moderately line-rich spectrum: e.g., SNR: 1E 0102-72, A1795, ...

• CTI: Fe-55 (“CalClosed” filter wheel position), Vela SNR (O VII, OVIII),
can also be used for event pattern

• spectral response function: width, shelf (partial events):
highly absorbed sources, low intrinsic continuum

• plate scale, boresight: field with many sources (known locations)
stellar clusters: e.g., NGC 2516, NGC6475 (M 7), NGC752, Hyades

• stray light (X-ray baffle relative to mirror): scans close to Sco X-1
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Targets with multi-wavelength information, visibility, ...
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Targets: as basis for discussion ...
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Cross-calibration within eROSITA/SRG and with others

• 7 (almost) identical cameras → natural simultaneous (!) cross-calibration

• commissioning one after another, initial checks pair-wise (telemetry)

• cross-calibration with ART-XC (TBD)

• cross-calibration with other operational X-ray missions (TBC):
XMM-Newton, Chandra, Astro-H, Suzaku, NuSTAR, Swift, ...

• Create test timeline for lauch 15-JAN-2015 (visibility, order, ...)

• Candidate targets and documentation: http://www.mpe.mpg.de/~mjf/CalPV/
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