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Abstract. We report the results of analysis of observations of Time averaged spectrum analysis is explained in seﬂion 2.
the Vela Pulsar by PCA on RXTE. Our data consists of twbhe detected pulse shapes are presented in s{|:tion 3.ilmsect
parts. The first part contains observations at 1, 4, and 9 d@we discuss the implications of our results.
after the glitch in 1996 and has 27000 sec. total exposum tim
The second part of observations were performed three mon hsl__ .
after this glitch and have a total exposure time of 93000 sét. ime Averaged Spectrum Analysis
We found pulsations in both sets. The observed spectrum i observation time-spans, and total integration timesyar
power-law with no apparent change in flux or count rate. TRen in Tabld]L together with calculated model parametecs, an
theoretical expectations of increase in flux due to inteheal- flux values. The analysis is carried out using FTOOLS 4.1.1
ing after a glitch are smaller than the uncertainty of theeobs and XSPEC v10. Only the data coming from the first xenon
vations. layer was chosen to increase the signal-to-noise ratiotiirtee
intervals in which one or more of the five Proportional Count-
Key words: radiation mechanisms: non-thermal — radiatioing Units (PCUs) are off, the elevation angle is less than 10
mechanisms: thermal — pulsars: individual: Vela degrees, or pointing offset is greater than 0.02 degrees wer
not included in the analysis, as recommended in the “Screen-
ing” section of “ABC of XTE” (RXTE GOF[1998). The back-
ground used is synthetic and is generated by the background
estimatobcabackest. The background models are based on
We present observations of the Vela pulsar with the Preate of very large events, spacecraft activation, and co3mi
portional Counter Array (PCA), on the Rossi X-Ray Timingay emission. More information on background models can be
Explorer (RXTE). Our observations cover two distinct timefound in (Jahodd 1996). We have used the 2uBQ version
spans. The first part is very close to the glitch on 1996 Octolsf response matrices. Although the matrices are not equally
13.394 UT (Flanagah 1996). It consists of three observatiagood for each PCU, to have good statistics, we combined data
at one, four and nine days after the glitch. We analyzed thessming from every PCU, contrary to the recommendation by
sets of data separately. The second series of observatees iRemillard (199f7).
obtained in January 1997. All data sets of January 1997 were A comparison of background with the data led us to ignore
analyzed together. The exact dates of observations are ijivethe channels above 68, which approximately correspontigto t
Table[]. energy 25.7 keV (see Fif]. 1.). The systematic errors were cho
We first performed spectral analysis of our data, calculatedn to make the reduced equal to unity in XSPEC. To have
time averaged flux for different observations and put upper | reasonable systematic errors we also had to ignore chabmnels
its for the flux change. Then, by using radio ephemerides, WeThe maximum energy for the seventh channel is 2.90 keV.
detected the pulsations in the data, and investigated tHege's The hydrogen column density model used by XSPEC is
in pulse shape and pulse fraction. Finally, we comparedeur valid for the energies 0.03-10 keV. Although this covers the
sults with the theoretical expectations of change in fluxalthi ROSAT energy band (0.5-2.4 keV), major portion of our spec-
might arise because of glitch induced energy dissipatighén trum (2.90-25.7 keV) falls outside this range. Therefore, w
neutron star. adopted the hydrogen column density 102°atomg'cn? ob-
Send offprint reguests to: A. Giirkan tained in a ROSAT observation of the Vela puls@ggélman

* Present address: Northwestern University, Department of Physic@t al. )' since at lower energies the spectral resmm_o
and Astronomy, 2145 Sheridan Road, Evanston, IL 60208, USA. ROSAT is much better than RXTE/PCA detectors’ resolution.

** Present address: Faculty of Sciences and Engineering, Sabanci Figured P ani]3 are plots of the energy spectrum along with
University, Karakdy]stanbul, Turkey. fitted models and residuals. The model parameters are given
Correspondence to: ato@nwu.edu in Tableﬂ. The quoted errors are for three sigma confidence
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* —— Flanagan’s ephemeris
—————— Princeton ephemerides
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Fig. 1. Number of counts versus channel for the data and tBghemeris provided by Flanagan. Dashed lines denote Prince
background. After around channel 68 the data and the bagn ephemerides. The horizontal axis is marked in Modified

ground coincide. Julian Day.

upper and a lower limit are given in Tatﬂle 1. The upper (lowe laire Flanagan (private gommunication). Thefirst two .ghe
limits for the flux are calculated by setting the index of th equency, frequgncy der|\{at|ve, and frequency seconaler
power-law to the lower (upper) limits given by XSPEC, Ieag/int've_’ Wh'le the th_wd one gives only frequency and frequency
the normalization of the power-law spectrum as the only frggnvatlve. The “m?'sp"%”s covere_d by these epheme_zndtfs an
parameter, and refitting the spectrum. the three observations in the earlier _set are shown in |]:|g. 5.
We have also searched for a blackbody component to t;)E e reference epoch of the ephemerides are roughly 5037_0.7,
spectrum in addition to power-law, but this resulted in temp 372.0,and 50379'0. for Flanagan and Prlnceton_ epherm_ende
atures~10 times larger than what has been foundiyelman one and two, respectively. None of the e_phemerldes by itself
et al. (T99B), forall observations. Although the addition of &3'Vc> & pulse for any of the three observations. Furtherthere
blackbody component improves the fit, the resulting temer%ohemendes give @fferent res‘,“ts for overlappmg powtio )
ture suggests that this is not physical but merely a restwfiof We therefore tried to combine the ephemerides. _We_ inter-
increase in the number of variables. This idea is supporyed BP!ated the values of frequency and frequency derivative by
the fact that adding a bremsstrahlung component to power-l@ak'ng a_second_ord_er polynomial fit to th_e values given in the
or changing the power-law to a broken power-law gives a fit gohemerides. This yielded to the expressions:
good as a power-law blackbody combination.

levels. The calculated flux for each observation along with E

f = .2975280743 x 10~ 842

o _ —.16020626525 x 107 1% 4 11.1962177095, (1)
3. Timing Analysis f = —.242915 x 102342
The data analyzed consists of two parts. The earlier dasa set | 9491921 x 10~17¢ — .1622 x 10~10 (2)

extend between one and ten days after the glitch, where the

post-glitch exponential relaxation of the pulse periodvpils. The epoch for these expressions is the same Flanagan’s
The second data set, about three months after the glitcls, dephemeris. By using these values and not taking the higher
not display this rapid variation of the pulse frequency. derivatives into account, we calculated the phase for the ar
Finding a pulsation in the latter was straightforward. Byival time of each photon. This method yielded reasonable
using the Princeton ephemerides distributed with FTOOIeS thulse shapes for the first and second observation (se¢|Fig. 4
pulse shape shown in Fiﬂ. 4(e) is obtained. This is a histogréa) and (b) ), but failed for the third one. The reference époc
of counts versus twice the phase, which is divided into 22 iof the second Princeton ephemeris is very near to the third ob
tervals. The histogram includes all photons detected iffitste servation, nevertheless the use of the ephemeris whiclke-repr
layer and in channels 8-68 inclusive. No filtering was done fgents an extended time-span of rapidly varying periodis fai
elevation, offset or number of PCUs. Since background is syio give a pulse shape by itself. We therefore tried another ap
thetic it is not subtracted either. proach. We combined the frequencies, frequency derivative
Finding a pulse for earlier observations, which are vegnd frequency second derivatives given in the two Princeton
close to the glitch, proved to be difficult. There are two setphemerides, made a fifth order polynomial fit, and threw away
of ephemerides in the Princeton database that are relevanthe fourth and fifth order terms. In this way we reduced the
these observations, and an additional one was provided dontribution of the second ephemeris. The final expression f
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Fig. 2. Spectra of observations 10276-01-01-00, 10276-01-02+0)10276-01-03-00. The horizontal axis is energy in ke, th
vertical axis shows counts/sec/keV (upper panel) and zdkdiresiduals (lower panel). The solid line denotes thedfitnodel
(photon absorbed power-law).
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Fig. 3. Spectra of observations 10275-01-01-00, 10275-01-0&t810275-01-01-06. The horizontal axis is energy in ke, th
vertical axis shows counts/sec/keV (upper panel) and tzbkdiresiduals (lower panel). The solid line denotes thedfinodel
(photon absorbed power-law). The results obtained froraratbservations in January 1997 are very similar to thessepted
results.
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Table 1.Parameters for the observations. The third column is tlatiote devoted to the observation in seconds. The power-law
index values have threeconfidence levels. The unit for flux i$~%ergs cnr2sec!. The last column is the percent systematic
error.

Observation ID Date time power-law Flux for 2-20 keV Sys.
(secs) index LowLim. Value UpLim. err.
10276-01-01-00 14/10/96 8434 2.0732%1 2.735 2.741 2747 1.8
10276-01-02-00 17/10/96 8762 2.02432:338 2.801 2.805 2.804 0.7
10276-01-03-00 22/10/96 9601 2.067%:392 2.758 2.763 2.768 1.6
10275-01-01-00 17/01/97  177072.0773:33%  2.697 2.707 2716 2.1
10275-01-01-01 22/01/97 148082.0663:3%5 2.712 2.719 2725 1.7
10275-01-01-02 17/01/97 5363 2.0712:3%9 2.713 2.718 2722 1.8
10275-01-01-03 18/01/97 6601 2.0603 555 2.722 2.724 2727 15
10275-01-01-04 23/01/97 8411 2.0593:%3 2.715 2719 2722 1.5
10275-01-01-05 13/01/97 7228 2.0453:35: 2.739 2.739 2.740 1.0
10275-01-01-06 12/01/97 4379 2.0442955 2.708 2711 2.713 1.0
10275-01-01-07 20/01/97 116952.0623:3%> 2.710 2.714 2719 1.5
10275-01-01-08 & 080  21/01/97 167652.0703935 2.716 2.723 2.730 1.7
frequency is: The epoch for this expression is the same as first Princeton

ephemeris. The pulse shapes obtained for the second add thir
observations by this method are given in Fﬂg. 4 (c) and (d).

f = —9.68274932 x 107253 + 0.8 x 1071842

~1.59821 x 10~ 11¢ 4+ 11.1962159427143. (3 & Conclusions and Discussion
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Fig. 4. Pulse shapes obtained for the observatigraxis is number of photon counts,axis is twice the phase. The photon counts
includeall photons detected in the first layer, channels 8-68 inclU@\&0-25.7 keV). No background subtraction was done. A
single, typical error bar is displayed for each sa}.gnd @) are the first two observations just after the glitch, thaswes are
obtained by interpolating values of frequency and frequelgsivative given by the ephemerides) &énd @) are the second and
third observations, these curves are obtained by polyrdittiavalues given in the Princeton ephemeridesrépresents all the
observations three months after the glitch, this curve taiabd by using the values given in the Princeton epheneride

4.1. Time Averaged Spectrum Xenon, is reduced by the version of response matrices in use,

o . but not completely removed.
The power-law spectrum observed is in agreement with expec-

tations deduced from previous observations of Vela at frighe Our main conclusion from the analysis is that the spec-
and lower energie§gelman et a 7993, Kanbach et994,rum does not change from early post-glitch to late observa-
Strickman et al 1996, Kuiper et §I. 1998 ). At this part 0f(spetions. Itis a power-law with an index around 2 for all of the ob
trum (2-20 keV), the contribution of the pulsar is very smafiérvations. The power-law index does not change significant
compared to the contribution of the compact nebula surreurfinong the observations. The highest value calculated or th

ing it. As a result the pulse shapes have a very high DC leviidex is 2.107 and the lowest value is 2.009. This correspond
as can be seen in Fiﬂ. 4. to a change of 5%, which is a fractional upper limit for the

The slightly higher residuals near 6 keV and lower residuaﬁgange of power-index during the observations.

near 4 keV are not characteristics of observed sourcesybdut a The upper and lower limits of the flux calculated by the
artifacts of PCA. This effect, which is a result of the L edde aomparison explained in sectiﬁh 2 and presented in ﬁble lar
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well within the range of systematic errors. We thereforepadoto the same set of data but have obvious differences botfein th
the systematic errors as the upper limits to any variatidluin  pulse shape and pulsed fraction.

There is seemingly a jump in the flux between 2-20 keV,
from the first to the second observation. This observation 4S3. possible Future Work
only four days away from the glitch. The pre-glitch tempera-
ture of the surface of the Vela pulsar is thought to be aroufetracting the contribution of the compact nebula from the
0.15 keVOgelman et af 1993). Theoretical models (Van Rip&Pectrum may help to delineate effects of temperature @sang
et al[199}L; Umeda et E?gg; Hirano efal. §997) predichan PN the neutron star surface. Although the pulsations are de-
crease at most by a factor of 8, which brings the temperatisted, they are not reliable enough to justify taking thie of
to 1.2 keV. Attempts to find a blackbody component in this ofeak photon counts as background to the peak photon counts
servation did not give significantly different results fratner t0 remove the effects coming from the DC signal. The field of
observations. This suggests that the observed flux chanaes Miew of the PCA detector is one degree (RXTE GDF 1996),
have little or nothing to do with changes in surface tempeeat consequently the compact nebula surrounding the Vela pulsa

Another possible interpretation is that there is an error [i#S @ Significant contribution to the observed spectrum. The
the analysis of this particular observation, possiblyiagigrom Images showing the emission from the pulsar and the sources

: . . : d it, in particular the compact nebula, can be found in
the calculation of synthetic background. Vela is a faintrseu aroun ‘ ) -
for PCA. An improved model in the estimation of backgrounMarkV\’_ardt 199B), Fral et al7), Harnden et @985)
for faint sources has been released by the PCA Team in 19@'%‘.j V\k/]lllmore Et ‘F?‘clj'z)a ; h q f ob
This model has been used throughout the calculations. ThereVNen we divided the data from the second part of obser-
may be further improvements on the background models tyafions into smaller time intervals we have observed that th
could change the calculated flux. The presented flux is cal@!S€ shape begins to disappear for data strings coverssg le

lated by using the spectrum model, rather than by directrebstg'aln 30000 seconds. The exposure time of the data sets we

vation. Apart from this observation there is no apparenngiea used |n_th|slwork are below 10000 seponds. This explains the
in flux or count rate. uncertainty in pulse shapes and fractions. Future targepof

Treating the calculated fluxes as very high upper bound portunity observation of the Vela pulsar by RXTE need to be

St . . .
i . X 7 affocated more observation time, and should contain observ
the Wien tail of possible blackbody radiation from the nentr ions made approximately 20 days after the glitch, since thi

star surface could in principle be used to rule out some of t Fabout the time that the surface temperature will reach its

models for the post-glitch thermal emission from the nautr aximum according to theoretical models. Also, more dedhil

stars. In practice this does not work since the surface tesmpe . L o . -
ture range of the Vela pulsar is far below the RXTE-PCA en ephemerides fitting the post-glitch behavior of the pulsaeic

) eé’ssary to make deductions on changes in pulse shape.
gies. Finally we note that the question of glitch associated en-
ergy dissipation in the Vela pulsar has been addressed #lso w
4.2. Timing Analysis and Pulse Shapes ROSAT observations. Comparison of observations at epochs
before and after the glitch has not yielded stringent cairsis
The epoch of the second ephemeris taken from the Princeganthe glitch related energy dissipation (Seward )_999
database, 50379.0 MJD, is pretty close to the third observat  \while this work was in preparation another analysis of
(see Fig[p), but using the ephemeris alone for the observatRX TE/PCA observations of the Vela pulsar was published by
does not give a pulse shape. This may be due to the existegggckman et al.[(1999). They have also detected a pulsestemi
of two distinct decay time scales of Vela, 3 days and 30 daysen and a power-law spectrum. Our analysis differs frorirshe
which were observed in all previous glitches and fall witthia  in two ways. Their phase-resolved spectra are obtainedksy ta
ranges of ephemeris (Alpar et . 1p93). Our data is not gopg “off-pulse” photons as background to “on-pulse” phatpn
enough to determine any exponential decay time scales.  whereas we calculated only time averaged spectra. Another
In view of the rapidly varying period at those epochs, thdifference is that these authors used data coming from only
pulse shapes of the first part of the observations were aataithe first xenon layer for energies below 8 keV, but included
by a careful interpolation amounting to the constructiomof data coming from the other two layers for higher energies. In
ephemeris that can represent the rapid changes in the ‘pulsamr analysis we used photons detected only in the first xenon
timing parameters in this postglitch epoch. The phase riffdayer. As a result of these differences, their power-laveinis
ence of the two observed peaks in these shapes is the sanmraaler than the value that we found.
the phase difference in the second set of observationsifin Ja _ o
uary 1997). This gives us some confidence in the resultasepuficknoniedgements. We  thank Claire Flanagan for providing the
shapes. ephemer.ls, Sally K. Goff for helping the preparation of the
. . . manuscript, and an anonymous referee for useful commentae S
The pulse shapes obtained are not reliable for drawing cQcylations in this paper were performed on the “tasmant-co
clusions on the changes of pulse shape or pulsed fractiorg Siputer at METU Computer Center which was made available iyrCa
both of these factors are sensitively dependent on ephemegbitekin. This analysis was made possible with the hetpdotumen-
This is best seen by comparing Fﬂ; 4 (b) and (c). They belotagion provided by RXTE-PCA team, for which we thank the mem-
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