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A BIT OF HISTORY: QPO

Rao et al. (2010) Nespoli et al. (2003)

Belloni & Altamirano (2013)



VARIABLE OR QUIET?



STATES

Jet line

see Kylafis & Belloni (2015)



FAST TIME VARIABILITY

• Dependence on source state —> related to physics 

• Energy dependence —> spectrum changes fast 

• Broad-band noise components —> lots of noise 

• Low-Frequency Quasi-Periodic Oscillations —> Common 

• High-Frequency Quasi-Periodic Oscillations —> Rare 

• Accretion and General Relativity —> Which is which? 

• Fast variability at other wavelengths



ENERGY DEPENDENCE

Wu et al. (2010)

Cyg X-1



ENERGY DEPENDENCE
Belloni, Motta (in prep.)

GX 339-4



BROAD-BAND NOISE: FLUCTUATIONS

Uttley et al. 
(2005)



TO VARY OR NOT TO VARY

Wilkinson & 
Uttley (2005)

Uttley et al. (2011)

Disk varies more and leads 
at low frequencies

?

Disk varies only  
when not seen



LOW-FREQUENCY QPO: LENSE-THIRRING

Truncated disk model 

Gilfanov (2010) 

Soft State 

Hard State 

~6Rg 

~60Rg 

Truncated disk model 
Done, Gierliński, Kubota 2007

Lense-Thirring precession & MRI 
Stella & Vietri 1998a,b, 1999

Ingram et al 2009, Ingram & Done 2010, Ingram & Done 2011



LOW-FREQUENCY QPO: LENSE-THIRRING
Ingram et al. 

(2016)

QPO

Motta et al. 
(2015)



HIGH-FREQUENCY QPO: GR

Belloni, Sanna & Méndez (2012)



Almost all 
at the same 
frequency

Belloni & Altamirano (2013a,b)

ISCO?

Caveat: @ISCO, Keplerian and precession  
are the same

HIGH-FREQUENCY QPO: GRS1915+105



GRO J1655-40: UNIQUE SOURCE

MOTTA ET AL. (2015)

Only source which shows simultaneous type-C and 2xHFQPO

type-C



MODEL CAN BE TESTED

STELLA & VIETRI 1998; STELLA, VIETRI & MORSINK 1999

The Relativistic Precession Model 
(RPM) predicts three frequencies 

Relativistic frequencies: keplerian, 
nodal, Lense-Thirring 

We have three frequencies

typeC = 17.3 +/- 0.1 Hz
lower  = 298 +/- 4 Hz
upper  = 441 +/- 2 Hz



THREE EQUATIONS

MOTTA (2015)

Solution for  

a = 0.29 +/- 0.01 

M = 5.31 +/- 0.07 M⊙ 

R = 5.68 +/- 0.04 Rg 

Dynamical mass: 

M = 5.4 +/- 0.3 M⊙



XTE J1550-564: THE NEXT BEST

MOTTA ET AL. (2015)

It shows simultaneous type-C and 1xHFQPO

type B

typeC     = 13.08 +- 0.08 Hz 
HFQPO  = 183 +/- 5 Hz

Solution for  

a = 0.34 +/- 0.01 

R = 5.47 +/- 0.12 Rg 

Dynamical mass: 

M = 9.1 +/- 0.6 M⊙



QPOs in HSS

FRANCHINI, MOTTA & LODATO (2017)



OPEN ISSUES

• Additional evidence (HFQPOs are few) 

• GR, BH spin, ISCO, BH signature 

• Modulation mechanism (QPOs not from disk) 

• Other types of QPOs 

• Connection to MW observations (radio, IR) 

• Unified model for NS LMXB



THE PRESENT

DEL SANTO ET AL. (2016)

• Swift J174510.8–262411  
• INTEGRAL/Swift campaign
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THE FUTURE


