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timing analvysis using XMM-Newton

 EPIC-pn camera provides two
fast read out modes

« different time resolutions
depending on the mode used:
Small Window (6 ms), Timing - B
(0.03 ms) and Burst (7 pus) o

. 2 Crab observations per year
- various other pulsars "

Time Res: 0.03 ms Time Res: 7 us
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pulsars: general information

« neutron stars with high
spinning velocities and strong
magnetic fields

Rjotation axis

| (:P Radiation

g ~ Ieedn

. density ~ 4x10%4gem?

- temperature ~ 106 K~

- magnetic field ~ 10912G
] Radiation

« the periods of the pulsars
analysed are between 15 ms
and 200 ms
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pulsars analysed

+ PSR J0537-69: p ~ 16 ms

JU\JJ\ * Crab: p 33 ms
.:: M PSR Bo54o 69 p 51 ms

i ""‘-Vela p~89 ms |

«PSRB15@9--’? 451 ms

; i /

PSR B1055-52: p ~ 197 ms

Pulse Phase
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— - pulse profiles
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epoch folding

e fold the data over a range of test periods, P;:

P3 | First trial: radio period

- Intensity

2 Time A '\\'_-.___ \

e for each test period determme xz @f the flt of the folded
light curve vs. a unlform dlstrlbutlon

Bad period ‘ Low
@ @ i
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e the y2 distribution

e the weighted mean of the perlods W|th v2 gives the best
X-ray period

Crab: 33 ms (28 ks) PSEB1509: 151 ms (10 ks)
Vela: 89 ms (59 ks) PSRJI0537: 16 ms (36 ks) PSRE1055: 197 ms ( 10 ks)
1000 e
100
-l LY
=
@)
g
o
10
1 I “‘ JJW |M JU“IJIJI. -| |.| II"I-"'#_.
-1*10°® 0 1*10° 2¢10°
P> Period-PO [s]
FWHM = —
T & i

A. Martin-Carrillo et al. U C D
XMM-Newton-SOC [t

Page 8



error analvsis: approximation

AP=P,-P, — error of our observation

 assume that the radio period has no error

 the AP comes from the error of the X-ray period
o X'Z”“distribu_tjg_n can be approximated by a triangle

. 108
. BE——
~ _NPER +1 wherc NPER = E[;—B

- N

TOB
b " NPER-1)
P P2 T ___‘_FWHM sWP = b =.,-;M

F WHM
DOF

« compare the real and approximated errors of the periods

e approximation: AP=

& i i
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error analysis: comparison

- comparison between theoretical values (lines) and
observational values (symbols)

IAP/PI
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* removing wrong observations:

— observations inside circles have less reliable ephemeris and
will not be considered
& i
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- relative timing analysis: results

. left: results for all Crab obsérvations => g=5x10""°

e right: results for all the pulsars =>0 = 7x107°
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Monte-Carlo simulations (1)

 M-C simulation was done to some Crab observations using
the IDL routine epferror from the aitlib of the IAAT

« estimate the error of a previous received period using the
epoch folding approach

1 ) calculate a mean proflle with glven perlod

2.) compute the |ntenS|ty for aII tlmes applymg the period
multiplied profile. - |

3.) simulate an error. for all tlmes (standard usmg Poisson
statistics, or use the error for normal statlstlcs)

4.) perform epoch foldlng for that S|mulated Ilghtcurve

5.) go to step 2.) Ntrlal times, sum up the maximum of epoch
folding found.

6.) compute the standard deviation of the Ntrial maxima obtained

and take these as the error. & o
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= Monte-Carlo simulations (11)

- black: ratio between AP calculated using the approximation

formula divided by the M-C results
« red: ratio between the observed AP divided by the M-C

results

= (FWHM/dof)/Monte-Carlo

104 ® AP/Monte-Carlo

Mean: 1.34
_._
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conclusions

« the relative time accuracy of the EPIC-pn camera
considering 31 observations can be estimated as:

AP/P<1x108

. in_ most of the cases the relative time accuracy obtained
observationally is at least as good as the predlcted by
the approximation. - | |

- the Monte-Carlo S|mulat|on errors of the perlod are
smaller than the AP obtalned observatjnnatly

« the difference betw"e'é"h"the X-ray and the radio period
can be consider negligible.
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