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Source 4U 1728-34:

➢ NS-LMXB of atoll type

➢ Mass of the NS ~ 1.2-1.6 𝐌⊙ (Shaposhnikov et al. 2003)

➢ Distance ~ 4.4 - 5.2 kpc (Di Salvo et al. 2000; Galloway et al. 2003)

➢ 𝐍𝐇 = 𝟐. 𝟒 − 𝟒. 𝟓 × 𝟏𝟎𝟐𝟐 𝐜𝐦−𝟐 (Egron et al. 2011; Wang et al. 2019)

➢ kHz QPOs at ~ 700 and 1000 Hz from RXTE (Strohmayer et al. 1996)

➢ kHz QPO at ~ 800 Hz from AstroSat (Chauhan et al. 2017)

➢ Spin frequency 363 Hz (Strohmayer et al. 1996; Chauhan et al. 2017)

Introduction

Instruments Used:

➢ LAXPC; 3-80 keV; 10 μs; 6000 𝒄𝒎𝟐

➢ SXT; 0.3-8 keV; ~2.4 s; ; 90 𝒄𝒎𝟐 at 1.5 keV  



FFT

Figure: 3-30 keV LAXPC light curve of 4U 1728-34 Figure: PDS shows QPOs at ~ 40 Hz (Q = 1.96), ~ 800 Hz (Q = 
14), and ~ 1100 (Q = 7) along with a broad feature at ~ 150 
Hz.Ref: K. Anand, R. Misra et al., ApJ, 967(2),129, 2024

4U 1728-34: QPO Triplet Detection
AstroSat observed 4U 1728-34 from 7-8 March 2016 (Obs. ID: 9000000362 ). 



4U 1728-34: Drifting kHz QPO



Ref: Bardeen et al. 1972; Okazaki et al. 1987; Kato 1990

4U 1728-34: QPO Triplet Detection
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Ref: K. Anand, R. Misra et al., ApJ, 967(2),129, 2024

4U 1728-34: QPO Triplet Detection



➢ Using RPM, we get 𝐌⊙
∗ = 𝟏. 𝟗𝟐 ± 𝟎. 𝟎𝟏 

and Τ𝐈𝟒𝟓 𝐌⊙
∗ = 𝟏. 𝟎𝟕 ± 𝟎. 𝟎𝟏.

➢ The estimated neutron star parameters 

favors stiffer Equations of State.

Ref: K. Anand, R. Misra et al., ApJ, 967(2),129, 2024

4U 1728-34: QPO Triplet Detection



All AstroSat Observations of 4U 1728-34 from 2016-2019

The detail of all the AstroSat observations of 4U 1728-34 used in this work.

Ref: K. Anand, R. Misra et al., ApJ, 1001(2), 223, 2026



All AstroSat Observations of 4U 1728-34 from 2016-2019

Figure: The 3-30 keV PDS of all eight individual observations. Ref: K. Anand, R. Misra et al., ApJ, 1001(2), 223, 2026



Energy Spectra:

A typical energy spectrum of an XRB

Ref: Gilfanov M., 2010, LNP, 17



Energy Spectra

Model: constant*tbabs*(thcomp*diskbb + bbodyrad + gaussian); Energy Ranges: SXT (0.7-7.0 keV) and LAXPC20 

(5.0-20.0 keV).

Ref: K. Anand, R. Misra et al., ApJ, 1001(2), 223, 2026



QPO Correlations with Spectral Parameters

Ref: K. Anand, R. Misra et al., ApJ, 1001(2), 223, 2026

Γ −−→ spectral index
𝑘𝑇𝑒  −−→ electron temperature of the corona



QPO Correlations with Spectral Parameters

Ref: K. Anand, R. Misra et al., ApJ, 1001(2), 223, 2026

τ −−→ optical depth of the corona
𝑘𝑇𝑖𝑛  −−→ inner disk temperature
𝐿𝑑𝑖𝑠𝑘  −−→ disk luminosity
𝐿𝑡𝑜𝑡  −−→ total luminosity



QPO Correlations with Spectral Parameters

There exists a critical QPO frequency at ~ 500 Hz.

Ref: K. Anand, R. Misra et al., ApJ, 1001(2), 223, 2026

M-dot −−→ accretion rate



QPO Correlations with Spectral Parameters

𝛈 =
𝐋𝐭𝐨𝐭

ሶ𝐌𝐜𝟐

➢ We found that the radiative 

efficiency is constant at ~22 % 

and does not depend upon the 

source’s spectral state.

Ref: K. Anand, R. Misra et al., ApJ, 1001(2), 223, 2026



Summary

➢ For the very first time, AstroSat/LAXPC detects multiple sets of QPO triplets (time-varying) from a single 

observation.

➢ Using RPM, we get well-constrained mass and moment of inertia to be 𝐌⊙
∗ = 𝟏. 𝟗𝟐 ± 𝟎. 𝟎𝟏 and 

Τ𝐈𝟒𝟓 𝐌⊙
∗ = 𝟏. 𝟎𝟕 ± 𝟎. 𝟎𝟏, 𝐫𝐞𝐬𝐩𝐞𝐜𝐭𝐢𝐯𝐞𝐥𝐲, which favour stiffer EOS.

➢ We detect kHz QPO(s) in all AstroSat observations of 4U 1728-34 from 2016-2019.

➢ Using LAXPC and SXT, we find that the lower kHz QPO frequency shows correlations with the spectral 

parameters.

➢ We find that there exists a critical QPO frequency, below and above which the source has two distinct 

spectral states. 

➢ The accretion efficiency remains constant at ~ 22 % and shows no dependence on the spectral state.    
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