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Introduction

Source 4U 1728-34: Instruments Used:

> LAXPC; 3-80 keV; 10 us; 6000 cm?
NS-LMXB of atoll type e Hs cm

> SXT; 0.3-8 keV; ~2.4's; ; 90 cm? at 1.5 keV
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)

Ny = 2.4 —4.5 x 10?2 cm™? (Egron et al. 2011; Wang et al. 2019)

Large Area X-Ray Proportional Ultra Violet Imaging
Counter (LAXPC) Telescope (UVIT)

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

1115 Cadmium Zinc Telluride
ot Imager (CZT1)

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

vV V VYV VYV V VY V

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

=

Scanning Sky Monitor (SSM )



4U 1728-34: QPO Triplet Detection

AstroSat observed 4U 1728-34 from 7-8 March 2016 (Obs. ID: 9000000362 ).
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Figure: 3-30 keV LAXPC light curve of 4U 1728-34

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



4U 1728-34: Drifting kHz QPO
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4U 1728-34: QPO Triplet Detection

The orbital frequency (v4) of a particle moving around a KBH can be written as [SVM99)

—1
vy = £MY2p=3/2 [27r(1 + &Ml/Q'r_B/Q)] . (1)

] |
Now, if the particle is perturbed by an external agent giving it the slight momenta along 6 a = M — 2T[VS M
and r. [OKF87, Kat90]

vE = v (1—6Mr" £ 8aMYV2r %2 — 35272 (22) vg = 363 HzZ

V2 =12 (1 F 4aM2r3/2 4 3&27«—2) .

(2b)
Ref: Bardeen et al. 1972; Okazaki et al. 1987; Kato 1990
Vper = Vg~ Vr Vnod = V¢~ Vo
o 1 1 6GM 16715,(GM)'/2 (1 12022 (1\2 —
Vper = Vg - — o 2,372 v T 22 \um The RPM (Ref: Stella et al. (1999))

(5) y Orbital motion mmm) Upper kHz QPO ‘
Periastron precession ) Lower kHz QPO

8, (GM)V/2 (1 12722 (1)? N Nodal precession LF QPO /
Trod = ng[l N \/1 T o M T Tt \M - (6) " —




4U 1728-34: QPO Triplet Detection
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4U 1728-34: QPO Triplet Detection

> Using RPM, we get M = 1.92 + 0.01 1000

and I,5/M} = 1.07 + 0.01.

N I
» The estimated neutron star parameters = '
> ]
. . O 1
favors stiffer Equations of State. c .
3 LF QPO :
O Lower kHz QPO #—t— ;
e Upper kHz QPO t=—itt—t ,
100 : 2\)nod S 1
s \)per 1
Vo :
/
/ 1 ! 1
30 40 50

LF QPO Frequency (Hz)

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



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.

Obs-# Obs. ID Obs. Start Date | Exp. Time (ks)
(YYYY-MM-DD) | LAXPC | SXT
Obs-1 | 9000000362 2016-03-07 56.1 18.0
Obs-2 | 9000000578 2016-08-05 19.3 9.79
Obs-3 | 9000001904 2018-02-19 7.64 2.93
Obs-4 | 9000002234 2018-07-17 10.2 7.59
Obs-5 | 9000002254 2018-07-25 38.6 0
Obs-6 | 9000002268 2018-08-01 7.45 2.00
Obs-7 | 9000002890 2019-05-04 84.1 0
Obs-8 | 9000003134 2019-08-29 81.1 35.3

Hardness Ratio (9-30 keV/3-9 keV)
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All AstroSat Observations of 4U 1728-34 from 2016-2019
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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
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Energy Spectra

Model: constant*tbabs*(thcomp*diskbb + bbodyrad + gaussian); Energy Ranges: SXT (0.7-7.0 keV) and LAXPC20
(5.0-20.0 keV).
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Ref: K. Anand, R. Misra et al., ApJ, 1001(2), 223, 2026



QPO Correlations with Spectral Parameters
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QPO Correlations with Spectral Parameters

I }J;#'&Fﬂi‘—

400

T T T T T T T T 0? T T T
Obs-1 F—+— Obs-1 +—+—i
16 [ Obs-2 =ttt T Obs-2 t=bt—i
Obs-3 0.65 | Obs-3
14 | Obs-4 i Obs-4
0Obs-5 F—a— Obs-5 F—a—i
Obs-6 +-0--* 0.6 [Obs-6 +-o--+
12 _Obs—? ——f | Obs-7 —e—i
Obs-8 0.55 | Obs-8
Obs-8 + ’g S 22 obs8
1o} i . 1 &
F ) = os}
! £
sl r-+-§ -—l—. | I
" 0.45F
4
6 - -
0.4t .{,,
o :
re=o=3
4r 1 03sF
L L L L L L L L L L L
100 200 300 400 500 600 700 800 900 1000 100 200 300
v, (Hz)
18 T T T T T T T T
Obs-1 =+t
Obs-2 ==
16 | Obs-3 4
Obs-4
Obs-5 F—a—
14 | Obs-6 *~0-* i
i Obs-7 t—e——i | !
S Obs-8 -
-
] 12_0b&8 i
w
m
o
2 10} l -
-
B -
- .
8fp v B
&4
ol t -
L L L L L L L L
100 200 300 400 500 600 700 800 900 1000

v, (Hz)

500
v (Hz)

600

700 800 900

1000

Laisk (103° erg/s)

Obs-1 t—t—t
Obs-2 +—s—i
L Obs-3

Obs-4

Obs-5 +—e—i
- Obs-6 +-o--¢
Obs-7 +—e—t
Obs-8
" Obs-8

gt L

100 200

300 500

v, (Hz)

600 700 800

T ——— optical depth of the corona

KT,
Lgisk

——= inner disk temperature
——— disk luminosity
Lipt ——— total luminosity

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

900

1000



QPO Correlations with Spectral Parameters
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There exists a critical QPO frequency at ~ 500 Hz.
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QPO Correlations with Spectral Parameters

N = Lot
Mc?2

» We found that the radiative
efficiency is constant at ~22 %
and does not depend upon the

source’s spectral state.
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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 ME) =1.92 +0.01 and

I45/M5 = 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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Back-up Slide 1:

Moment of Inertia Plot (f = 300 Hz)
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Ref: K. Anand, R. Misra et al., ApJ, 967(2),129, 2024
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Back-up Slide 2:

J 3 R P
[ = . TR J E’J’Tj; r4(p(r) | (;))az(r)dr,

C
R3c?

—1
where o (r) = (1 ZG}Q’;'Z(”) .

Ref: Ravenhall & Pethick 1994
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