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A methodto estimatecorrectionfactorsfor observed sourceratesis discussed
andtheassociatederrordueto pointingerrorsthatoneshouldassociateto those
estimatedratesaregivenfor every epoch1 wherestablesourcerasterscanswere
available.

With the“good unroll model” (GUM) pointingsolutionrecentlyincorporatedin
dat2fitswehaveanestimateof how faroff-axis thesourceis. Sincethecollimator
responseis angle-dependent,a sourceseenat an angle

������ will beattenuated
by a factor ��� �
	 2. We have groundmeasurementsthatprovidesus ��� ��	 andan
associatedfunctionexists.Weassumehereapolardependency only of theangular
collimatorresponse.

Anytime a lightcurve is made,themeasuredratein cts/shasto becorrectedby a
factorof ��

��� �
	 . I will not discussheretheYoke obscurationcorrection,but the
effectexistsandhasbeenquantifiedin a functionin USALIB.

Now thequestionis: whatis theerrorthatwehaveto associateto thereconstructed
ratedueto pointing fluctuationswithin an epoch? The idea is to look at raster
scansof stablesourcesandusethespreadof theangular-dependentcountingrate
whenoneaccumulatesmultiple rasterscans.Thecomparisonof this spreadwith
the statisticalPoissonfluctuationsyields an estimationof the error we make in
assigningthe ��

��� �
	 correction.Theshapeof this distribution shouldreflectthe
angularcollimator responseandthis is fitted. Theobtainedfit valueis thenused
to set the meanvalueof the countingrateat a given angle

�
. The squareroot

of that value is then computedfor every bin to obtain the Poissonnoise. This
noise,plusthespreadof thebackground,arethensubtractedfrom thedistribution
spread.Theremainingspreadis thennormalizedto themaxcountingratederived
from thefit, sothatit givesanerrorthatwill bea fraction(expressedin %) of the
reconstructedcountingratefor any source of thatepoch.

1asdefinedin http://xweb.nrl.navy.mil/usa/calibration/PointingEpochs.html
2Notethatalso ����������� is not actuallyequalto 1.



1.1 Useddata

TheYaw rasters(YR) andDrift rasters(DR) for theCrabandCasA werescanned
in thedatabase.Observationswith Yaw angleslessthan30� werenotusedin order
to avoid anadditionalattenuationeffect dueto thecollimator thatstartat angles
lessthan -32� . The FITS files were generatedusing dat2fitswith background
cuts (low electronandparticleveto rates)usingpicktelemII. The dataare then
extractedin a C programthatusesthecfitsioppclass,andanalyzedusingROOT
v2.25.

It turnsoutthatCrabdatafor epochs6,7and8 areavailablewith theseconstraints,
anda few CasA datafor epochs3 and4. I amwilling to analyzedatafor other
epochsif a stableenoughsourceexists in thedatabase.These5 epochstogether
represent321daysof observationor about60%of theavailabledata.

1.2 Fitting method

Thebestmethodwouldbeto fit a2-dimensionalcollimatormodelon thedatabut
multiple epochsarescarceof rasterscans. I useda 1-dimensionalmethodthat
usesthe measuredhousekeeping countingrate � asa function of the estimated
offset angleto the source

�
. I thenusethe collimator model ��� �
	 (includedin

USALIB) thatgivestheattenuationasa functionof theoffsetto thesource.

Thefirst degreeof freedom��� is ascalingfactorto thatmodel,sincethecollimator
responseis approximately1 at

�
= 0 in themodel,and � in our case.It canbe

seenasaverticalscalingfactor.

The seconddegree� � is a constantbackgroundterm that shouldbe equalto the
rate � at angles

�"! ��#%$ deg. Thefinal modelthuslookslike

�&�'��� �
	)( � �
andthechisquareis minimizedwith therasterdata.



1.3 Pointing error and absoluterate error

The ideais to usean estimatorof the spreadof the rate= f (angle)distribution
whenonecumulatesseveral observationsin onecurve. We have to deconvolve
for thebackgroundfluctuationsandthestatisticalphotonratefluctuationsbefore
wecanassignthespreadto bedueto fluctuationsin thepointing.

Sincewe aregoingto usetheoffset
�

to build correctedlightcurves(dividing the
measuredrateby ��� ��	 ), wewantto know theerrorwewill haveto associateto that
correction. Several rasterobservationsarecombinedtogetherand the obtained
curve of countingrateversusestimatedangleto thesourceis thenusedwith the
fit describedearlier.

Oncethe fitting is done, the backgroundfluctuations *,+ for the ensembleof
observationswithin anepochis estimated.Thefit of thecollimatormodelgives
the bestestimationof the rate of the sourceas a function of the angle,and I
usethat rate to estimatethe statisticalfluctuationterm -/. on the dispersionof
the curve. The scatterof the curve subtractedfor backgroundfluctuationsand
statisticalfluctuationsthengivesusthesizeof theerrorwearemaking.

Fig 1.1shows theaccumulationfor epoch8 Crabrasters.Every dot is thehouse-
keepinglayer 1 countingrate for a secondof observations. The characteristic
triangularshapeof thecollimator is visible. Fig 1.2 is thebinneddata(crosses)
that is usedfor thecollimatorfit (line), for botha Crabrasterepochanda CasA
rasterepoch.

In Fig 1.3 is shown theverticalspreadof every bin of 0.04� asa functionof the
angle. The backgroundspread*0+ is visible at angleslarger than1.6� , andthe
signalspreadat angleslessthan1.2� . Thehistogramof *,+ is in Fig 1.4,andits
meanvalueis subtractedlinearly from the -21 part of the signal. The statistical
fluctuationis takenasbeing 3 �&�4��� �
	 andis alsosubtractedlinearly from -21 .

Thenthe -21 arenormalizeddividing by ��� , andthehistogramof thenew -21 gives
thusanindicationof thefractionof theobservedratethatsouldbetakenaserror
(Fig 1.5). In this particularcasethemeanvalueis 0.16,meaningthat for epoch
8 the error on the flux is 16% (full width) of the reconstructedrate.



1.4 Resultsfor the epochs

The next tablesummarizesthe analysisdonefor epochs3,4 and6,7,8,the only
onesso far whereusefulrasterscanshave beenfoundwith CasA andtheCrab.
Notethefew files usedfor CasA wherethecountingrateis solow thattheback-
groundstability requirementwasa toughselectioncriterion.

epoch -21 (%) Source # of obs
1
2
3 6 CasA 2
4 11 CasA 2
5
6 21 Crab 14
7 10 Crab 6
8 16 Crab 11
9
10
11
12
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Figure1.1: Countingrateasafunctionof theoffsetto theCrabfor 11rasterscans
in theCrab. Thegapin thedistribution closeto

� � � deg is dueto a cut in the
data.
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Figure1.2: Left panel:binneddatafrom theupperplot, with a line thatindicates
theresultof thefit of thecollimatormodelplusabackground.Right panel:same
fit for 2 CasA rasterscansfrom epoch4.
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Figure1.3: Spreadof thedistribution in Fig 1.1.
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Figure1.4: Histogramof thebackgroundspread.
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Figure1.5: Histogramof thesignalspread,subtractedfor thebackgroundandthe
statisticalnoise,andnormalizedto theon-axisestimatedrate.


