
ACIS CC-mode CTI 1Charaterization and Corretion ofACIS CTI in the Continuous Cloking ModeRihard J. Edgar, SAO� A look at the CC-mode CTI performane{ Fats & �gures about the CC mode{ Some satterplots & spetra{ Grade morphing� Toy CTI orretor for CC-mode data{ Trend of trailing pixel vs entral pixel PHAS{ Easily removed{ Bakground suppressed by requiring uppix < enterpix� 2spl thr{ Nothing is done with other pixels in 3x3 island (yet)
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ACIS CC-mode CTI 2CC mode fats and �gures� CHIPY info sari�ed in favor of timing� CCDs loked ontinuously at 2.85 mse per row� f. TE mode loking rate of 41.12 �se per row� Sensitive to longer-lived traps; there's muh more harge reovery in trailing pixelsin CC mode� Lots of grade morphing into tgrades with harge in trailing pixels. (e.g. grade 0 7!grade 64)� New CC bias algorithm implemented in ight software 6/14/2005, resulting in 2.1ADU shift in bias. (We should alibrate this out eventually.)Data:� External Calibration Soure data, keeping all but tgrade 255� HETG/ACIS and LETG/ACIS data in CC mode� Some datasets are in graded CC mode.
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ACIS CC-mode CTI 3

Figure 1: Unorreted CC (blak) and TE (red) mode spetra of the External CalibrationSoure. Note TE lines are wider (more total harge loss) and at-topped (QE moreuniform vs CHIPY?)25 Otober 2007 Chandra Calibration Workshop Rihard J. Edgar
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Figure 2: Pie harts of ight grade ratios in CC (left) and TE (right) modes
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TE fltgrade
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edgar Thu Oct 18 11:48:37 2007Figure 3: Cumulative distributions of ight grade ratios in CC (left) and TE (right) modes
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CC all grades but 255

Binsize: 2.000 X 6.000

0 200 400 600 800
UPPIX (adu)

0

500

1000

1500

C
E

N
T

R
P

IX
 (

ad
u)

edgar Thu Oct 18 14:26:56 2007Figure 4: CC mode satterplot: enterpix vs uppix. Note sloping spetral lines, indiatingsome harge lost from enterpix is reaptured in uppix.25 Otober 2007 Chandra Calibration Workshop Rihard J. Edgar
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TE all grades but 255
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edgar Thu Oct 18 14:27:28 2007Figure 5: TE mode satterplot: enterpix vs uppix. Steeply sloped spetral lines indiateharge lost from enterpix is mostly not reaptured.25 Otober 2007 Chandra Calibration Workshop Rihard J. Edgar



ACIS CC-mode CTI 9Consider the CC-mode satterplot of enterpix PHA vs. uppix PHA.� Spetral resolution an be regained by rotating the �gure� Fitting trends in the strong lines shows a slope of about -2.2 for eah� i.e. For eah 2.2 ADU of harge lost from enterpix, 1.0 ADU of harge is reoveredin uppix� There's a limiting maximum harge loss that varies as sqrt(E).� There's a smattering of events with more harge in uppix; these may be native g64events.� There are many bakground events with uppix � enterpixThis suggests an algorithm:� for harge in uppix up to max, replae at a ratio of 2.2/1.0 into enterpix� Leave alone events with uppix > enterpix� 2spl thr
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Figure 6: CC-mode spetra with and without CTI orretion.25 Otober 2007 Chandra Calibration Workshop Rihard J. Edgar
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Figure 7: CC and TE-mode spetra with CTI orretion. Note omparable line pro�les.25 Otober 2007 Chandra Calibration Workshop Rihard J. Edgar
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CC mode toy corrector
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edgar Thu Oct 18 15:33:13 2007Figure 8: Grade ratios for toy orretor with CC mode data. Compare to TE mode inFigure 2.
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ACIS CC-mode CTI 13ACIS CALDB produts, and the CC mode:� Should be same as TE:{ ontam, evtspt, grade, disp reg, gtilim{ qe (but maybe not qeu){ dead area (same to �rst approx?)� May well be di�erent:{ ti (new kinds of alibrations for toy orretor){ p2 resp (looks pretty similar with toy orretor){ gain, t gain{ osip{ qeu { even the sign of the e�et is unknown� Dunno about:{ bkgrnd{ badpix (presumably only bad olumns or really bright single pixels){ pimms (only if qeu or osip hanges?)� N/A or obsolete: fef, rmf, 2dpsf25 Otober 2007 Chandra Calibration Workshop Rihard J. Edgar



ACIS CC-mode CTI 14Outstanding issues{QEU:� Some real x-rays end up in ight grade66, normally disarded onboard. TheQE should be adjusted for this.� Careful treatment of exposure timeand what happens to events during(toy) CTI orretion may shed light onthe QE� Sloping line tops in ECS spetra sug-gest some events are lost due to CTI.� HETGS +1/-1 order ratio suggestssome bad events are reovered to goodgrades by CTI.� these last two e�ets have oppositesign, and magnitudes are not well un-derstood at present.25 Otober 2007 Chandra Calibration Workshop Rihard J. Edgar



ACIS CC-mode CTI 15Outstanding Issues (see also Norbert Shulz, this meeting)� The existing osip �les are probably adequate, even without CTI orretion, in mostirumstanes.� Most CC-mode data are taken with gratings. CHIPY oordinates an be reon-struted, after order sorting.� The toy CTI orretor annot be used with the CC{graded mode. But see AlexeyVikhlinin (this meeting) re: TE Graded mode CTI orretion� QEU needs to be looked at, as does QE (due to grade morphing into/out of g66)� Grating data an be used to assess existing response & gain �les� Upoming E0102 CC-mode observation an extend this work to lower energies� Further work on CTI orretor, and alibration of other nodes & hips (so far justS21)� Possible overorretion of native g64 events produes a hump on the hard side of theAl K{� line pro�le.� Careful examination of residual low-PHA noise may suggest solutions to this problem
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ACIS CC-mode CTI 16Thanks and a tip of the hat to:� Pat Broos and olleagues at Penn State, for the Event Browser software� Colleagues at CXC/MIT and CXC/SAO� NASA ontrat number NAS8{39073 (the Chandra X-ray Center)
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