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Introduction to Neutron Star LM XB:
4U 1728-34 NS-LMXB i.e. the source of our interest.

Discovered by Uhuru Satellite

RA = 17 hours and 28 minutes

Dec = -34 degrees
Distance of source = 5.2 kpc (Galloway et al. 2008)
Ny = 2.6 X 10?2 cm™% (Worpel et al. 2013)

Image Source: X-ray BinariesResearch

University of Birmingham, <School of
Astronomy (U.K)

4U 1728-34 is an atoll source which has been continuously.showing

burst since it was first discovered.



Thermonuclear Bursts:

Thermonuclear burst

= |t is caused by unstable nuclear
burning of accreted hydrogen and
helium from the low-mass stellar
companion.

= Sharp rise and gradual decay.

During thermonuclear bursts the binary system radiates the energy of

about 103° erg just in few of seconds.

Importance of Thermonuclear Burs

Measurement of neutron star parameter
spectral and timing analyses of bursts.
The crust (nuclear) physics of these neut
crucially depends on bursts.

To probe the strong gravity regime and man



LAXPC onboard AstroSat:

» LAXPC consists of three identical proportional counters(LAXPC1
LAXPC30) with a total effective area of 6000 cm?.

» Each LAXPC has time resolution of 10 yus and each works in the ene
3-80 keV.

Image Source: Department of Astronomy & Astrophysics, TIFR- Mumbai



Previous Studies with AstroSat/LAXPC:

> Beri et al. 2019 showed the rare triplet of X-ray burst in NS-LMXB 4U 1636
They also detected QPO at around 5 Hz however kHz-QPO feature was

observed.

» Chauhan et al. 2017 revealed the presence of kHz-QPO in 4U 1728-34 w
evolved with time from 815 Hz to 850 Hz. They also detected the burst oscil
at around 360 Hz.

> Pinaki Roy et al. 2021 observed burst oscillation in 4U 1636-536 at



Results: (*work in Progress)
LAXPC observed 4U 1728-34 covering 20 orbits during 7-8 March 2016. Th

Type-I| X-ray bursts have been detected in orbits 2398, 2407, 2415 & 2417.
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Figure-1 3-80 keV light curve with time bin of 1 s. Light curve
shows 4 thermonuclear bursts in 20 satellite orbit data.



Results:

Thermonuclear Burst Profile-
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Figure-2 3-80 keV light curve with time bin of 1 s.
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Figure-3 3-80 keV burst profile with 0.1 s time bin.




Results:

Hardness Ratio-
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Figure-4 Hardness Ratio Plot. The time has been binned with
bin size of bin 1 s.



Results:

Energy-Resolved Light Curve of X-ray Bursts-
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Figure-5 Shows the light curves for energy
range 3-6 keV, 6-12 keV and 12-20 keV with 1

s time bin

A gradual decrease in the temperature due to cooling of burning ashes alo

the cause of observed energy dependence of burst dur.
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Figure-6 Shows the light curves for energy
range 20-30 keV, 30-50 keV and 50-80 keV
with 0.1 s time bin
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Results:

kHz-Quasi-Periodic Oscillation-

» We have searched
presence of high-frequen
in the data of orbit
excluding the X-ray burst

» Figure 7 shows the PDS
persistent emission 2500 seco
W before and excluding the X-r

Power

burst

» We have detected HF-QPO at -
800 Hz
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Frequency (Hz)

Figure-7 3-20 keV PDS of persistent emission for
orbit 2398 excluding the X-ray burst.



Results:

Dynamics Power Density Spectrum of QPO-
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» It indicates the drifting
frequency with time.

> QPO frequency started increa
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Figure-8 3-20 keV Dynamic PDS of persistent emission for orbit
2398 excluding the X-ray burst.



Burst Oscillation-

Results:
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Figure-9 3-20 keV light curve of mitial 4 s of X- Figure-10 3-20 keV PDS of initial 4 seconds of
ray burst with time bin 0.1s X-ray burst in orbit 2398.

Burst oscillation at 362 + 1.2 Hz



Results:

Energy Spectrum of X-ray Burst-
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Figure-11 3-30 keV energy spectrum of the X-ray Burst
fitted with model tbabs*(bbodyrad+powerlaw).

» The burst spectrum using the d
all the layers of LAXPC10 has b
with model tbabs*(bbodyrad+p

» Figure 11 shows the best-fitted
of X-ray burst with x2,, =1.12
degrees of freedom.



Results:

Spectral Fit Parameters-

Table 1. Shows the detail of model used for fitting the X-ray Kpp X 1.0344 X 10
burst spectrum along with best-fit spectral parameters. (E) =

exp (o
Model Parameter Value B
tbabs nH (1022 cm2) 2.6 (fixed)

A(E) = Kp E"VdE

bbodyrad ksTpp (keV) 2471804
Results
Kgg = R? /D? 13.881172 |
(lf.fit[essk)m 10 193 Temperature = 2.47f8;8§ ke
— +0.
Powerlaw PhotonIndex 2.591514 Photon Index =2.59~
(unitless)
Kp; (Photons cm- 3.551087

251 keV)



Conclusion:

» The strong thermonuclear burst with rise time of 3 s and decay time of abou

Count rate increases by the factor of 6.
» The Hardness Ratio shows there is increase in number of hard X-ray photons.
ray burst has been observed above 30 keV and with increase in energy the
decrease in burst duration.
» Power Density Spectrum shows kHz-QPOs at ~ 800 Hz which changes with ti
» The spin frequency of NS in 4U 1728-34 has been found to be 362 + 1.2 Hz.
» The energy spectrum of X-ray burst shows the presence of non-th

component. The temperature of burning is 2.47+3:57 keV.



Future Plan:

> We will study evolution of temperature and radius of burning using time-r

spectroscopy.

> We will also study kHz-QPO dynamical power spectra in all satellite

will try to understand the time evolution in HF-QPO.
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