International Journal of Management, Technology And Engineering ISSN NO : 2249-7455

Pulse Profile Variation in NS-LMXB 4U1608-52

Yogita Trivedi!, R.K.Paliwal* and Santvana Bapna®
'Research Scholar Mewar University Chittorgarh
’Dean Mewar University Chittorgarh
I Assistant Professor B.N. P.G. Girls’ College Rajsamand

Abstract-

We present result of Rossi X-ray timing explorer observations of the low mass X-ray binary
4U1608-52 from the study of timing properties. We plot energy dependent pulse profiles in
the energy range 2-60 Kev. We study 49 observations of the year 2003 from March 01 to
October 30 and we detect twin quasi periodic oscillation (QPO) of frequencies 0.203 Hz
and 0.26Hz. we study pulse profile variations and plot pulse profile of different energy
range for different observations, one in which QPO is detected and other in which QPO is
not detected. The pulse profile in which QPO is found is completely different from the pulse
profile in which we did not find QPO. The result of our analysis of pulse profile of RXTE
data of the pulsar are presented in the paper.

1.INTRODUCTION:

Neutron stars are most observable objects in our universe. The core density of these stars
exceeds the nuclear density. Due to this reason they are interesting and practically
unattainable in the terrestrial laboratories [6]. Low mass X-ray binary consists of a black
hole or neutron star with a companion star. Soft X-ray transients are low mass X-ray binary
[3], [7]. Most of the neutron star low mass X-ray binary are divided into two classes: Z and
atoll sources, based on their timing properties at low frequencies (below 200 Hz) and X-ray
spectral properties [4]. Both z sources and atoll sources show quasi periodic oscillations
with frequencies ranging from few hundred hertz to some kilo hertz.

NS-LMXB 4U1608-52 was first observed in 1971 [13]. It is a soft X-ray transient, shows
outburst varying from 100 days to several years. 4U 1608-52 is classified as an atoll
source[4]. It is like Norma bursts, from which first X-ray bursts were discovered
independent from 4U1820-30 [2]. 4U1608-52 is famous transient NS-LMXBs, where Type
I X-ray bursts have also been detected. Neutron star spin period reported in 4U 1608-52 is
1.61 ms. its distance is estimated to be 3.6 kpc from observations of flux-saturated type-I X-
ray bursts [12].

2. OBSERVATION OF DATA AND PLOTTING OF PULSE PROFILE FOR
DIFFERENT ENERGY RANGE:

Almost all the X-ray sources in the sky are variable. Their intensity changes with time. This
change maybe highly periodic, quasi periodic or totally aperiodic. Time scale of such
variation ranges from few mill seconds to tens of years [1]. RXTE was launched on 31
December 1995. The main objective of launching of RXTE is to study the timing properties
of celestial objects. It consists five Xenon filled detectors [5], [10]. Data are maintained by
NASA'’s High Energy Astrophysics Science Archive Research Centre (HEASARC). Data

Volume 8, Issue X1, NOVEMBER/2018 Page No0:2355



International Journal of Management, Technology And Engineering ISSN NO : 2249-7455

will be analysed by using appropriate operating system software HEAsoft and different
models [14], [8]. We have used the data from RXTE from their respective archives at
HEASARC using the site hftp:\\heasarc.gsfc.nasa.gov. The data received from satellite are
in instrument specific format. The mission operation centre converts the data into FITS
(Flexible Image Transport System) format[9], [15]. We carried out timing analysis for this
data from all the RXTE/PCA observations during 2003 outburst using 49 observations.

Pulse profile represent the normalised intensity as the function of the pulse phase (0-2). All
the energy resolved background subtracted light curve were folded with the above-
mentioned pulse period and the resultant pulse profiles in different energy ranges 2-5 Kev,
5-8 Kev, 8-12 Kev, 12-15 Kev, 15-25 Kev, 25-35 Kev, 35-45 Kev, 45-60 Kev are shown in
figures below. In plotting pulse profiles, we use standard 2f data instead of standerd-1 data
and bin size used is 16. In this analysis we show result obtained by two Ids. 80406-01-04-
08 on 29 March 2003 and 80406-01-09-03 23 October 2003.

Figure 1 shows pulse profiles for Id 80406-01-04-08 in which QPO is detected and figure 2
shows pulse profiles for Id 80406-01-09-03 in which QPO is not detected. Both are very
different. In first, pulse become sinusoidal at higher range (above 45 Kev) where as in
second, pulse is sinusoidal at lower range (below 25 Kev).
Pulse height variation for the mono-energetic incident radiation of the energy arises due to
the excitation of the gas molecules instead of ionization in the proportional counter due to
this the Pulse height is proportional to the square root of the energy whereas the energy
resolution is inversely proportional to the square root of energy [11]. The pulse fraction is
defined as (maximum — minimum)/ maximum or the ratio of pulse flux to the total flux. In
the timing analysis it is worthwhile to measure the % Pulse — fraction, by the following
equation as:

A = (Pulse height / total height) x 100
Pulse fraction is varying from 9 to 97% for this source.

3. RESULTS:

In this paper we analyze RXTE data of NS-LMXB 4U 1608-52 and drew pulse profile of
two different observations for different energy ranges. There is a significant deference
between pulse profile curves for observations in which QPO is detected and in which QPO
is not detected. The pulse curves are sinusoidal in higher energy range for later and for
former it is sinusoidal in lower energy range.
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Figure 1: Representative PDS showing pulse profile for energy range 2-5 Kev, 5-8 Kev, 8-
12 Kev, 12-15 Kev, 15-25 Kev, 35-45 Kev, 45-60 Kev for observation Id 80406-01-04-08 in
which QPO is detected.
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Figure 2: Representative PDS showing pulse profile for energy range 2-5 Kev, 5-8 Kev, 8-
12 Kev, 12-15 Kev, 15-25 Kev, 35-45 Kev, and 45-60 Kev for observation 1d80406-01-09-
03 in which QPO is not detected

4. ACKNOWLEDGEMENTS:

The authors would like to thank all the members of the RXTE for their contributions in the
instrument preparation, space- craft operation, software development, and in-orbit
instrumental calibration. This research has made use of data obtained through HEASARC
Online Service, provided by the NASA/GSFC, in support of NASA High Energy
Astrophysics Programs.

REFERENCES

1 Alpar, M. A., & Shaham, J. (1985). “Is GX5-1 a millisecond pulsar?” Nature, 316, 239.
2 Belian, R. D, Conner, J. P., & Evans, W. D. 1976, ApJ, 206, L135.

3 Bottcher, M. & Liang, E.P. 1999, ApJ, 511, L37.

4 Hasinger, G., & Van der Klis, m. (1989). “Two patternsof correlated X-ray timing and spectral
behavior in low-mass X-ray binaries”. A & A, 225,79-96.

5 Jahoda, K., Swank, J. H., Giles, A. B. (1996). “X-ray and gamma ray instrumentation for
Astronomy VII”. Proc. SPIE, EUV, 2808, 59.

6 Lattimer J. M., Prakash M., 2007, Phys. Rep., 442, 109.

7 Lee, H.C., & Miller, G.S. (1998). “Comptonization and QPO origins in accreting neutron star
systems”. MNRAS, 299, 479.

8 Naik, S., Maitra, c., Jaisawall, G.K., & Paul, B. (2013). “Timing and Spectral Properties of Be/X-
ray Pulsar EX02030+375During Type I Outburst.”, The Astrophysical Journal, 764,158.

9 Nakamura, N., 1989, PASJ, 41, 617.
10 Psaltis, D., Astro.ph. 10536, 2004.

Volume 8, Issue X1, NOVEMBER/2018 Page No0:2357



International Journal of Management, Technology And Engineering ISSN NO : 2249-7455

11 Ramsey, B.D., & Agrawal, P.C. (1988). “Gas mixtures for X-ray proportional counters”. SPIE, b
982, 258.

12Stella, L., & Vietri, M. (1998). “Lense-Thirring Precession and Quasi-Periodic Oscillations in
Low-Mass X-Ray Binaries”, Apl, 492, 159-62.

13 Tananbaum, H., Chaisson, L.J., Forman, W., Jones, C., & Matilsky, T.A. (1976), ApJ, 209, L 215.
14 Tiwari, S., Jaaffrey, S.N.A., Khan, R.S., Gandhi, S.K., Bapna, S. (2010), Cina phys lett, 27, 2.

15 Trivedi, Y., & Bapna, S. (2015), “Study of Twin Quasi-Periodic Oscillations in the NS-LMXB 4U
1608-52”, JBAER, 2, 7.

Volume 8, Issue X1, NOVEMBER/2018 Page N0:2358



