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The Problem
The TIMEs in 
ontinuous-
lo
king mode event �les are the readout times,not the times of arrival.�_ Analyses of the absolute TIMEs (or phases) su�er from an absolute o�setof about 4.4 s.�_ Sear
hes for periodi
 signals su�er from periodi
 motion of the teles
ope(0.09 s peak-to-peak dither) and motion of the SIM relative to the tele-s
ope.
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Fig. 1. The di�eren
es between the times of arrival and the read-out times. The di�eren
es in
lude the dither motion of the tele-s
ope (the periodi
 variations with an amplitude of 0.09 s), themotion of the SIM relative to the teles
ope (the 0.01 s gradual
hange in the dither envelope), and the 4.4 s of time it takes tomove the 
harge through about 1540 pixels.2



The SolutionThe times of arrival are 
omputed using the values of the quantities RA TARGand DEC TARG and the measured motion of the teles
ope and the SIM:t0 = t1 � TIMEDEL� (CHIPY TARG+ 1028) ; (1)wheret0 = time of arrival,t1 = readout time,TIMEDEL = row-to-row transfer time (e.g. 2.85 ms), andCHIPY TARG = CHIPY position of the sour
e on the dete
tor.
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 of the di�eren
e between the time of arrival(t0) and the readout time (t1). 3



Usage
The algorithm shown in equation 1 is implemented in the tool a
is pro
essevents. For example, the 
omputation of the times of arrival 
an be appliedby exe
uting the 
ommanda
is pro
ess eventsin�le=a
isf02799 001N001 evt1.�ts nout�le=a
isf02799 100N001 evt1.�ts na
ao��le=p
adf126659050N001 asol1.�ts neventdef=\fd:time,d:time ro,s:

d id,s:node id,i:expno,s:
hip,s:tdet,f:det,f:sky,s:phas,l:pha,f:energy,l:pi,s:
tgrade,s:grade,x:statusg" n
al
 

 times=yesThe output in
ludes the 
olumnsTIMETIME ROwhere TIME is the time of arrival and TIME RO is the readout time.The output also in
ludes the header keywordHDUCLAS3=CC CORRECTEDIt may be ne
essary to adjust the values of RA TARG and DEC TARG ineither the header of the events �le or in the observation parameter �le beforeexe
ution.The algorithm will be available as part of the CIAO 2.3 release, whi
h iss
heduled for this month. We intend to implement this 
omputation as partof the normal pipeline pro
essing when we are 
on�dent the 
ode is workingwell.
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A

ura
y & Pre
ision
Refer to Arnold Rots's presentation at this workshop for a dis
usssionabout tests of the a

ura
y of the times using observations of the RapidBurster and the Crab pulsar.The un
ertainty of the 
omputation of the times of arrival is limited bythe Component Un
ertaintyPSF � 1:1� TIMEDELAspe
t re
onstru
tion � 0:6� TIMEDEL (systemati
)� 0:2� TIMEDEL (statisti
al)Implementation of equation 1 <�0:04� TIMEDEL (systemati
)<�0:02� TIMEDEL (statisti
al)TIMEDEL <�0:02� TIMEDELTotal � 1:3� TIMEDELFor a sour
e on axis, the radius inside whi
h 68% of the events o

uris about 0:0055. This 
orresponds to an un
ertainty of about 1.1 pixels (i.e.1:1� TIMEDEL).Sixty-eight per
ent of the observations have absolute pointing errors of0:003 (i.e. 0:6 � TIMEDEL) or less. The dither 
an be removed to 0:001 (i.e.0:2� TIMEDEL) or better.As shown in the �gures 3{5, the implementation of equation 1 has anabsolute a

ura
y of about 0.04 pixels or better and the relative un
ertaintyis better than 0.02 pixels.Colle
tively, the 1 � un
ertainty in the 
omputation of the times of arrivalis about 3.6 ms (i.e. 1:3 � TIMEDEL) if the individual 
ontributions areindependent.
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Fig. 3. The di�eren
es between the times of arrival 
omputedusing a
is pro
ess events and the times 
omputed using some IDLpro
edures.
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Fig. 4. The �rst 3 ks of data shown in �gure 3. The red 
urveshows a plot of the (s
aled) dither motion in right as
ension.6
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Fig. 5. The di�eren
es between the times of arrival 
omputedusing a
is pro
ess events and the times 
omputed using some IDLpro
edures for six 
ontinuous-
lo
king mode observations.
7



Summary
�̂ The times of arrival 
an be 
omputed using a
is pro
ess events. (The
ode|CIAO 2.3|is expe
ted to be
ome publi
 this month.) In the fu-ture, all new observations will have the times of arrival 
omputed bydefault as part of the standard pipeline pro
essing. Older observationswill be repro
essed.�̂ The systemati
 and statisti
al un
ertainties in the implementation ofequation 1 are about 0.1 ms (i.e. 0:04 � TIMEDEL) and 0.05 ms (i.e.0:02 � TIMEDEL), respe
tively. These un
ertainties are mu
h smallerthan the un
ertainty due to the point-spread fun
tion. The total 1 �un
ertainty in the times of arrival is about 3.6 ms (i.e. 1:3�TIMEDEL).�� The 
oordinates RA TARG and DEC TARG may need to be modi�edbefore 
omputing the times of arrival to obtain the most a

urate absolutetimes of arrival.�� The name of the 
olumn TIME RO must be expli
itly spe
i�ed as partof the output if the readout times are to be written to the output �le (inaddition to the times of arrival).�� Time intervals with no (or bad) aspe
t information should be ex
ludedfrom timing analyses.�_ It is not possible to easily rerun a
is pro
ess events to modify the timesof arrival using a �le that already 
ontains the times of arrival. (Thisproblem will be �xed in a future release of the software.)
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