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Low frequency QPOs in black hole X-ray binaries
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The nature of the oscillations LT precession of a hot inner flow or

a small-scaled jet

® Geometrical — the shape or size of something
varies quasi-periodically

® Intrinsic — fundamental property such as
pressure or accretion rate oscillates 1n a stable v
geometry

4.50 -

4.25 1 H + +
T 4.00 - +
>
LC)3.75~ _+_

Q
3. 3.50 1
@ ——
w 3.254 +
< 2
& 3.00 -

2.75 1

2.50 1

02 04 06 08 1.0 12 1.4
Mdot (1028 g/s)
Liu et al. 2021

Ma et al. 2021



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Inclination dependence of type-C QPO properties

Hard lags in low inclination systems, soft lags in high inclination systems
QPO rms is higher in the high inclination systems
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The inclination dependence on the lag sign
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There must be different dominant processes thag modulate the observed flux at small radii and large radii
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Assumption:
The observed flux is modulated by both Doppler effect and solid angle effect
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Formalism
; 0 = (sini cos D, sini sin P, cos i), Observer
orb
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Simulated flux on different inclination angle
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Simulated flux on different observer’s azimuthal angle
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The azimuthal angle has weak effect on the lag in low inclination system
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Application to MAXI J1631-479

® NICER Obs.
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Conclusion

® The observed inclination dependence on QPO properties clearly suggest a geometric origin
® The observed flux is modulated by both Doppler effect and solid angle effect

® The lag is a little higher in high inclination system

® The rms is higher in high inclination system

® The solid angle effect become dominant in high inclination system
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