
Calibration of the Chandra On-Axis PSFChandra User's Committee Presentation31 January 2002Terry GaetzCXC/SAO



Chandra User's Committee Presentation Calibration of the CXO On-Axis PSFOn-axis PSF� PSF ore (<�90% enirled energy)� low frequeny mirror �gure errors; misalignments� PSF wings� sattering from mirror miroroughness (high frequeny errors)� low level (espeially at low energies); requires bright soure to see wings abovebakground, leading to pile-up for ACIS detetors.Calibration Aims� Qualitative� PSF shape { \is my soure extended?"� Quantitative� PSF as \bakground"; need aurate subtration, e.g., extrating an X-ray dustsattering halo.� need: shape, absolute normalization, as funtion of E.
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Chandra User's Committee Presentation Calibration of the CXO On-Axis PSFGround Calibration (XRCF Wing Sans)Wing San Data� Surfae brightness sampled with pinholes� Dap = 1; 4; 10; 20; 35 mm diameter� up to 6 o�-axis o�sets (�1;�2;�3) Dap; (�>�1000 ).� isolated quadrants of individual mirror pairs using shutters� HRMA tilted to approximate on-orbit graze angles� sampled seleted mirror-pair quadrants at 0.277 , 1.49 , 4.51 , 5.41 , 6.4 , 8.08 keV� mirror-pair/energy ombinations (Mirror pair 1 is largest, 6 is smallest):� Mirror pair 1: 1.49 , 4.51 keV� Mirror pair 3: 1.49 , 4.51 , 5.41 , 6.4 keV� Mirror pair 4: 1.49 , 4.51 , 5.41 , 6.4 , 8.08 keV� Mirror pair 6: 0.277 , 1.49 , 4.51 , 5.41 , 6.4 , 8.08 keV
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Chandra User's Committee Presentation Calibration of the CXO On-Axis PSFGround Calibration (XRCF Wing Sans)Analysis strategy:� Evaluate and �t PSD's (surfae roughness funtions) for eah mirror pair:� evaluate normalized mirror pair surfae brightness pro�les (for eah energy)� ombine surfae brightness data from di�erent energies to estimate the PSD(surfae roughness funtion) vs. roughness spatial frequeny for eah mirror pair.� �t the PSD for eah mirror pair� Use individual mirror pair PSD �ts to evaluate HRMA surfae brightness pro�le; for agiven energy :� evaluate the normalized surfae brightness pro�le for the mirror pair� add the pro�les, weighted by the fration of total e�etive area.� This proedure allows interpolation to di�erent energies
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Chandra User's Committee Presentation Calibration of the CXO On-Axis PSFGround Calibration (XRCF Wing Sans)

Figure 1: PSD (2W1) data and �ts for individual mirror pairs31 January 2002 4/ 15



Chandra User's Committee Presentation Calibration of the CXO On-Axis PSFGround Calibration (XRCF Wing Sans)

Figure 2: Model HRMA surfae brightness pro�les based on mirror pair PSD's31 January 2002 5/ 15



Chandra User's Committee Presentation Calibration of the CXO On-Axis PSFGround Calibration (XRCF Wing Sans)

Figure 3: Modeled HRMA surfae brightness pro�le vs. data (E = 1.486 keV)31 January 2002 6/ 15



Chandra User's Committee Presentation Calibration of the CXO On-Axis PSFGround Calibration (XRCF Wing Sans)

Figure 4: Modeled HRMA surfae brightness pro�le vs. data (E = 6.4 keV)31 January 2002 7/ 15



Chandra User's Committee Presentation Calibration of the CXO On-Axis PSFOn-Orbit Data� obsid 01712: 3C273 on ACIS-S3� failed grating insertion� �30 ks total, GTI �15 ks� NHI = 1:69� 1020 m2 (Lokman & Savage 1995, ApJS , 97, 1)� obsid 01422: LMC X-1 on ACIS-I� �4 ks total, GTI �4 ks� NH ' 1022 m2; 2.9% dust X-ray halo reported (Predehl & Shmitt 1995, A&A, 293, 889)� omplex �eld, e.g. SNR 0540-6944 within a few armin (Williams et al. 2000, ApJL,536, L27)� obsid 01385: AR La on HRC-I� �19 ks total, GTI �19 ks� NHI = (5:9� 2:5)� 1018 m2 (Rodon�o et al. 1999, A&A, 346, 811)
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Chandra User's Committee Presentation Calibration of the CXO On-Axis PSFOn-Orbit: 3C273

Figure 5: Surfae brightness: 3C273 data (ACIS-S3) vs. HRMA model based on PSD's31 January 2002 9/ 15



Chandra User's Committee Presentation Calibration of the CXO On-Axis PSFOn-Orbit: LMC X-1

Figure 6: Surfae brightness: LMC X-1 data (ACIS-I) vs. HRMA model based on PSD's31 January 2002 10/ 15



Chandra User's Committee Presentation Calibration of the CXO On-Axis PSFHRMA PSF { Core and Inner Wings� AR La, Obsid 1385� Note: systemati residual position o�sets in HRC event position reonstrution� depends on where on the tile the X-ray landed;� adds several-pixel blur.� overview of some of the issues: M. Juda memo:http://hea-www.harvard.edu/ juda/memos/hr blur/hr blur.html� apply an ad-ho orretion for residual HRC position errors:� assume AR La is a point soure� aspet residuals are random in diretion and unorrelated.� For details of the orretion, see the D. Jerius presentation at the Ot. 2001Calibration Review:http://x.harvard.edu/al/alreview/on-axis-psf.ps� Good agreement between orreted data and raytrae simulation� Caveats:� HRC has very little energy resolution� AR La is a fairly soft soure; tests low energy PSF only31 January 2002 11/ 15



Chandra User's Committee Presentation Calibration of the CXO On-Axis PSFHRMA PSF { Core and Inner Wings

Figure 7: Core and inner wings based on massaged AR La HRC data31 January 2002 12/ 15



Chandra User's Committee Presentation Calibration of the CXO On-Axis PSFHRMA PSF { E � 1:5 keV

Figure 8: low energy surfae brightness: E � 1:5 keV31 January 2002 13/ 15



Chandra User's Committee Presentation Calibration of the CXO On-Axis PSFHRMA PSF Wings - IssuesIssues� normalization of wings� need better statistis� ore-wing transition (as a funtion of energy)� ore: <�few arse� wings: >�10 arse� ground alibration systematis� quad shutter orretion; tilt of HRMA; illumination patternPlans� planned alibration observation for wings, either:� 100 ks observation of 3C273 on ACIS-I, using very faint mode to further redue bakground;NHI � 1:7� 1020 m2.� shorter observation of Her X-1 on ACIS-I, using very faint mode [revised; was: graded mode℄;NH � 1020 m2� far ore/near wings� searh for on-axis intermediate strength soures on ACIS (for energy resolution); less pile-up gets usloser to the ore.31 January 2002 14/ 15



Chandra User's Committee Presentation Calibration of the CXO On-Axis PSFHRMA PSF - Some aveatsGround Calibration Data (XRCF)� Baking out ground alibration e�ets, e.g.� Illumination of the optis is di�erent than on-orbit; this emphasizes the smoother middleportion of the optis =) expet pro�les to somewhat underestimate the wings.� Normalization of the data points: assumed an approximate orretion for the e�ets of thequadrant shutters; assumed to be exatly a fator of 2, but ould vary depending on o�-axisdistane and diretion (sattering to smaller or larger angles from the opti surfae).� Longer term:� iterative re�nement of sattering model for raytrae to improve agreement with models; thiswill allow the ground e�ets & systematis to be baked out more reliably.Sky data (ACIS)� Provides an upper limits on wings� astrophysial e�ets (e.g., dust sattering halos) an broaden the PSF; need \lean" lines ofsight.� Systematis, e.g.:� Depression of inner regions by detetor pile-up e�ets.� Bakground subtration unertainties; vignetted vs. unvignetted bakground.� Evaluation of soure rate for absolute normalization.
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