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kHz QPOs by RXTE 1996-2008
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Correlations Between the twin QPOs

Psaltis et al 1998

Yin et al. 2005

Zhang, C.M., et al., 2006
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Correlations between 
the twin QPOs with spin 

frequencies
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Some models

• Beat model

• Non-linear resonance model

• Relativistic precession model

• Alfven wave oscillation model

• Other models



Beat model

Miller et al. 1998 

Lamb & Miller 2001 

Lamb & Miller 2003   
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Non-linear resonance model

• Kluzniak & Abramowicz 2001

• Abramowicz & Kluzniak 2001

• In given radius, orbit frequency and epicyclic
frequency form an integral ratio or 
commensurability.

2/3/ 12  Black hole QPOs: 3:2



Relativistic precession model

Stella & Vietri 1999 

Precession  Model for KHz QPO 
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Alfven wave oscillation model
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Correlations Between Spin 
Frequencies and kHz QPOs

Spin frequencies detected in 24 LMXBs from 
45Hz (Vireal & Strohmayer 2004) to 1122Hz 
(Kaaret 2007)

Distribution of the 
spin frequencies of 
the 22 neutron stars 
in LMXBs



s    ~   
Yin et al. 2007
1.                            Only in twin kHz QPO, not single
2.                                                                             in 6 atoll sources
3.  Shift a factor of 1.5, good fit to AMXP

s 3.1min2 

   Hzs 67.2140.38905.019.0  



Further studies

Cir X-1 and Sco X-1 are two extreme Z 
sources.

The (b) represents an obvious tendency of increasing firstly 
(Cir X-1) and then decreasing (Sco X-1) with the frequency. 

That is consistent with AWOM (A=0.65) and RPM (m=2).

(C) acts a good fit of detected data and can reject 3:2 
relationship



0.29 ratio

The ratio between the maximum peak 
separation and maximum upper frequency 

versus the maximum upper frequency diagram.
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The ratio of twin kHz QPOs asymptotically 
decreases with X; the separation function 

shows its maximum to occur at X=0.7.
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Distribution of s /

The ratio concentration around
0.5 and 1.0 is not clear

XTE J1807-294
4U 1702-43
4U 1728-34
4U1915-05

SAX J1808.4-3658
4U 1608-52
4U 1636-53
4U 1731-28
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Anti-correlation: Yes or No?

If the anti-correlation is between           and       real, we can use it to 
infer the averaged kHz QPO peak separations of sources or to 
roughly estimate the spin frequency (Z sources).

However, this anti-correlation is still a conjecture since it is based 
on data from only  six sources. 
But if this result were confirmed, it means that the spin frequency 
would play a role in the mechanism that produces the kHz QPOs

 s

Name Spin frequency (Hz) Estimate average 
separation (Hz)

EXO 0748-676 45 380

XB 1254-690 95 370

XTE J1739-285 1122 160
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The domain which can produce the twin kHz QPOs
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Conclusion

• Z, Atoll, AMXP, are systemically different or not? 

• 0.29 ratio which is to obtain an average value 
to measure the separation over spin frequency

• Estimate the separation or the spin frequency

• Some correlations of twin kHz QPOs




