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Luminosity much higher than Eddington 
luminosity for neutron stars  



Magnetar vs Beaming

Magnetar Model:

At B~1014G, The free electron 
scattering opacity reduces 
sharply and increases the 

Eddington luminosity
(Paczynski 92) 
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Magnetar vs Beaming

Beaming Model:
 

The emitted radiation is 
beamed instead of being 

isotropic.

(King+01)
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Quasi-Periodic Oscillations (QPOs)

Figs from Imbrogno+24, ULX-7 M51 8
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PULX mHz QPOs: The Problem

Till date, we have only three PULX 
sources that show QPOs in mHz range

Fig from Čemeljić, Kluźniak, Kundu 25.
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Possible Models: General Relativistic Precession vs Magnetic Precession

Fig from Čemeljić, Kluźniak, Kundu 25.
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Case 1. The Lense-Thirring Precession

Fig from You+18
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Case 1. The Lense-Thirring Precession

Fig from You+18

QPO frequency, spin period from observation
provides radial distance (r) of LT precession

14



The Constraint : Position of Magnetosphere

Fig from 
https://meetings.iac.es/NS-EWASS-2015/talks/461dangelo_S11.pdf 15

Disk truncation
 via 

magnetic pressure
pmag



The Constraint : Position of Magnetosphere

pmag  →

16

rM

rLT

Fig from 
https://meetings.iac.es/NS-EWASS-2015/talks/461dangelo_S11.pdf

(Čemeljić, Kluźniak, Kundu 25)
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Non-beamed models: Magnetic 
field estimated from spin-up/down 
rates



The Constraint : Position of Magnetosphere
Table from Čemeljić, Kluźniak, Kundu 25.

19

Non-beamed models: Magnetic 
field estimated from spin-up/down 
rates
Beamed models: King, Lasota, 
Kluzniak 2017 - magnetospheric 
accretion + beaming



The Constraint : Position of Magnetosphere

LT model excluded in most cases

Table from Čemeljić, Kluźniak, Kundu 25.
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Non-beamed models: Magnetic 
field estimated from spin-up/down 
rates
Beamed models: King, Lasota, 
Kluzniak 2017 - magnetospheric 
accretion + beaming



Case 2. The Magnetic Precession Model
Formula from Lai 99,
verified numerically by Pfeiffer+04
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r
Fig from Veresvarska+24



Assumptions

1. No threading of the disk by stellar field at the inner edge.
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Assumptions

2.   The Geometric factor to be close to unity.

Fig from Kayanikhoo+25.

Geometrically Thick 
Inner Disk
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Assumptions

2.   The Geometric factor to be close to unity.

3.    Radial velocity proportional to azimuthal

       velocity  : in both thin/thick disk

Fig from Kayanikhoo+25

Geometrically Thick 
Inner Disk
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Assumptions

4.    Disk magnetically truncated below co-rotation radius.

rM

rC

rQPO

28Fig from 
https://meetings.iac.es/NS-EWASS-2015/talks/461dangelo_S11.pdf



Result

29Fig from Čemeljić, Kluźniak, Kundu 25.



Conclusions

1. General relativistic frame-dragging is excluded in most cases as a viable 
model for PULX QPOs.
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We await more observations that can help us constrain 
the geometric factors.


