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A methodto estimatecorrectionfactorsfor obsened sourceratesis discussed
andthe associateerrordueto pointing errorsthat oneshouldassociatdo those

estimatedratesaregivenfor every epoch! wherestablesourcerasterscanswere

available.

With the “good unroll model” (GUM) pointing solutionrecentlyincorporatedn
dat2fitswe have anestimateof how far off-axisthesources. Sincethe collimator
responsas angle-dependeng sourceseenat ananglef # 0 will be attenuated
by afactor f () 2. We have groundmeasurementthat providesus f() andan
associateflinctionexists. We assumdnerea polardependengonly of theangular
collimatorresponse.

Anytime a lightcurve is made the measuredatein cts/shasto be correctedoy a
factorof 1/f(#). | will notdiscussherethe Yoke obscuratiorcorrection,but the
effectexistsandhasbeenquantifiedin afunctionin USALIB.

Now thequestioris: whatis theerrorthatwe haveto associat¢o thereconstructed
rate dueto pointing fluctuationswithin an epoch? The ideais to look at raster
scanof stablesourcesandusethe spreadf the angulardependentountingrate
whenoneaccumulatesnultiple rasterscans.The comparisorof this spreadwith
the statisticalPoissonfluctuationsyields an estimationof the error we make in
assigninghe1/f(#) correction. The shapeof this distribution shouldreflectthe
angularcollimatorresponsendthis is fitted. The obtainedfit valueis thenused
to setthe meanvalue of the countingrate at a given anglef. The squareroot
of that valueis then computedfor every bin to obtainthe Poissonnoise. This
noise,plusthe spreacf thebackgroundarethensubtractedrom thedistribution
spread.Theremainingspreads thennormalizedo the maxcountingratederived
from thefit, sothatit givesanerrorthatwill beafraction(expressedn %) of the
reconstructed¢ountingratefor any source of thatepoch.

lasdefinedin http://xwebnrl.nary.mil/usa/calilvation/PoirtingEpochs.hml
2Notethatalso f(# = 0) is notactuallyequalto 1.



1.1 Useddata

TheYaw rasterqYR) andDrift raster§DR) for the CrabandCasA werescanned
in thedatabaseObsenationswith Yaw angledessthan30° werenotusedn order
to avoid an additionalattenuatioreffect dueto the collimator that startat angles
lessthan-32°. The FITS files were generatedising dat2fitswith background
cuts (low electronand particle veto rates)using picktelemll. The dataarethen
extractedin a C programthat usesthe cfitsiopp class,andanalyzedusingROOT
v2.25.

It turnsoutthatCrabdatafor epochs, 7 and8 areavailablewith theseconstraints,
andafew CasA datafor epochs3 and4. | amwilling to analyzedatafor other
epochsf a stableenoughsourceexistsin the databaseThese5 epochgogether
represenB821daysof obsenrationor about60% of the availabledata.

1.2 Fitting method

Thebestmethodwould beto fit a 2-dimensionatollimatormodelon the databut
multiple epochsare scarceof rasterscans.| useda 1-dimensionaimethodthat
usesthe measuredousekeeping countingrate R asa function of the estimated
offset angleto the sourced. | thenusethe collimator model f(6) (includedin
USALIB) thatgivesthe attenuatiorasa functionof the offsetto the source.

Thefirst degreeof freedomp; is ascalingfactorto thatmodel,sincethecollimator
responses approximatelyl até = 0 in the model,and R in our case.It canbe
seenasa verticalscalingfactor

The seconddggreep, is a constanthackgrounderm that shouldbe equalto the
rate R atanglesd > 1.6 deg. Thefinal modelthuslookslike

pif(0) + pe

andthe chisquaras minimizedwith therasterdata.



1.3 Pointing error and absoluterate error

Theideais to usean estimatorof the spreadof the rate=f (angle)distribution
whenone cumulatesseveral obsenationsin one curve. We have to decowolve
for the backgroundluctuationsandthe statisticalphotonratefluctuationsbefore
we canassignthe spreado be dueto fluctuationsin the pointing.

Sincewe aregoingto usethe offsetd to build correctedightcurves(dividing the
measuredateby f(0)), wewantto know theerrorwewill haveto associatéo that
correction. Several rasterobsenationsare combinedtogetherand the obtained
curve of countingrateversusestimatedangleto the sourceis thenusedwith the
fit describeckarlier

Oncethe fitting is done,the backgroundfluctuationsA B for the ensembleof
obsenationswithin anepochis estimated.Thefit of the collimator modelgives
the bestestimationof the rate of the sourceas a function of the angle,and |

usethat rate to estimatethe statisticalfluctuationterm o on the dispersionof
the curve. The scatterof the curve subtractedor backgroundfluctuationsand
statisticalfluctuationsthengivesusthesizeof the errorwe aremaking.

Fig 1.1 shovstheaccumulatiorfor epoch8 Crabrasters Every dotis the house-
keepinglayer 1 countingrate for a secondof obsenations. The characteristic
triangularshapeof the collimatoris visible. Fig 1.2 is the binneddata(crosses)
thatis usedfor the collimatorfit (line), for botha Crabrasterepochanda CasA
rasterepoch.

In Fig 1.3 is shawvn the vertical spreadof every bin of 0.04 asa function of the
angle. The backgroundspreadA B is visible at angleslargerthan1.6°, andthe
signalspreadat angledessthanl.2°. Thehistogramof AB isin Fig 1.4, andits
meanvalueis subtractedinearly from the ¢.S part of the signal. The statistical

fluctuationis takenasbeing,/p; f (#) andis alsosubtractedinearly from oS.

Thentheo S arenormalizeddividing by p;, andthehistogramof thenew ¢ S gives
thusanindicationof the fraction of the obseredratethatsouldbe takenaserror
(Fig 1.5). In this particularcasethe meanvalueis 0.16,meaningthat for epoch
8 the error onthe flux is 16% (full width) of the reconstructedrate.



1.4 Resultsfor the epochs

The next table summarizeshe analysisdonefor epochs3,4 and6,7,8,the only
onesso far whereusefulrasterscanshave beenfound with CasA andthe Crab
Notethefew files usedfor CasA wherethe countingrateis solow thatthe back-
groundstability requirementvasatoughselectioncriterion.

epoch | S (%) | Source| # of obs

N

6 CasA
11 CasA 2

21 Crab 14
10 Crab 6
16 Crab 11
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Figurel.1l: Countingrateasafunctionof theoffsetto the Crabfor 11 rasterscans
in the Crab The gapin thedistribution closeto § = 1 deg is dueto a cutin the
data.



‘ Pointing Crab DR

‘ Pointing Cas A DR
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Figurel.2: Left panel:binneddatafrom the upperplot, with aline thatindicates
theresultof thefit of the collimatormodelplusabackgroundRight panel:same
fit for 2 CasA rasterscandrom epoch4.
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Figurel.3: Spreadof thedistributionin Fig 1.1.
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Figurel.4: Histogramof the backgroundspread.



Signal fluctuations
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Figurel.5: Histogramof the signalspreadsubtractedor the backgroundandthe
statisticalnoise,andnormalizecto the on-axisestimatedate.




