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Abstract: High frequency quasi-periodic oscillations (HF QPOs) are characteristic for the 
X-ray power-density spectra of a few microquasars and low mass X-ray binaries. Sometimes 
there appear the twin peak QPOs and then the frequency ratio for the peaks is close or equal 
to 3/2. Mostly the QPOs models assume oscillations of toroidal structures near black holes or 
neutron stars. At present, there is no consensus on the origin of QPOs. Here we present the 
model of the twin-peak QPOs as a result of oscillations defined by torus and a ring inside it. 
We use the Scale-Symmetric Theory (SST), especially the revised theory of black holes and 
accretion discs. Within presented here model we calculated the masses of the twin peak QPO 
microquasars. Obtained theoretical results are consistent with observational data. But 
accuracy of the observational data is very low whereas of the theoretical results is very high 
so future more precise observational data can be used to verify presented here model. We 
showed some analogy between the phenomena inside the core of baryons and the phenomena 
leading to the twin peak QPOs i.e. we showed some analogy between particle physics and 
cosmology.

1. Introduction
High frequency (hHz – kHz) quasi-periodic oscillations (HF QPOs) are characteristic for the 

X-ray power-density spectra of a few microquasars and low mass X-ray binaries. Sometimes 
there appear the twin peak QPOs and then the frequency ratio for the peaks is close or equal 
to νupper [Hz] / νlower [Hz] ≈ = 3 : 2. Mostly the QPOs models assume oscillations of 
accretion toroidal structures near black holes or neutron stars. At present, there is no 
consensus on the origin of QPOs. Some recapitulation of the problem is in paper [1].

Here we present the model of the twin-peak QPOs as a result of oscillations defined by 
accretion torus and a ring inside it.

We use the Scale-Symmetric Theory (SST), [2], especially the revised theory of black holes 
and accretion discs [3]. Within such revised theory we calculated the external radii of 
accretion discs, [3] – obtained results are consistent with observational facts [4].

Within the presented model we calculated the masses of the twin peak QPOs. Obtained 
theoretical results are consistent with observational data [5]. But accuracy of the observational 
data is very low whereas of the theoretical results is very high so future more precise 
observational data can be use to verify presented here model.

This study presents the correct model of production of the power-density spectra of the QPO 
twin peaks. We showed some analogy between the phenomena inside the core of baryons, [2], 
and the phenomena leading to the twin peak QPOs i.e. we showed some analogy between 
particle physics and cosmology.

To calculate the masses of two-peak microquasars we will use frequencies presented in 
following papers [5], [6] (see Table 1).
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Table 1 Frequencies of two distinct QPO peaks [5], [6].
Microquasar νupper [Hz] νlower [Hz]

GRO 1655-40 450 300
XTE 1550-564 276 174
GRS 1915+105 168 113

The modified theory of black holes and accretion discs shows that the modified black holes 
(MBHs) consist of the modified neutron black holes (MNBHs), [3], and that each MNBH 
carries mass equal to MMNBH = 24.81 solar masses [3], [2B]. The external radii of the flat 
accretion discs of MBHs we can calculate using following formula [3]

RDisc = RMNBH MMBH / (2 Weak(proton) MMNBH) = 1.983·10–26 MMBH,

RDisc ≈ 2·10–26 MMBH.                   (1)

where MMNBH = 4.935·1031 kg i.e. about 24.81 solar masses, RMNBH = 3.664·104 m i.e. 
36.64 km, whereas Weak(electron-muon) = 9.511082·10–7 is the coupling constant for weak 
interactions of leptons [2A].

Observational data have higher accuracy for more massive modified black holes. From 
formula (1) follows that for MMBH = 2·1038 kg is RDisc = 0.4·1013 m whereas for MMBH = 
6·1039 kg is RDisc = 1.2·1014 m. These theoretical results are very close to observational 
facts [4].

Why accretion disc of the modified black holes cannot transform into a torus? It follows 
from the fact that the ordered virtual radial flows of the Einstein-spacetime components in the 
accretion discs decrease the dynamic pressure inside them so there appear forces that 
compress the discs, [3], but the situation is different for modified neutron stars i.e. stars with 
mass lower than M < MMNBH = 24.81 solar masses. Then the negative pressure is too low 
to protect the flat discs from transformation into torus.
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The SST shows that the torus inside the core of baryons is most stable for b = 2a [2A]. The 
same concerns all tori that appear due to the four succeeding phase transitions of the 
superluminal non-gravitating Higgs field [2A].

We know that following equation defines a torus:

(x2 + y2 + z2 – a2 – b2)2 = 4 b2 (a2 – z2). (2)

For b = 2a we obtain that the ratio of the radius of equator and the circular axis is 3 : 2.
SST shows that mass of two interacting loops which overlap with the circular axis of the 

core of baryons (their unitary spins are antiparallel) is equal to the mass of neutral pion (!) 
[2A]. It suggests that around the neutron stars can be produced torus with a ring inside it.

2. Calculations
We assume that the modified theory of black holes and accretion discs is valid for modified 

neutron stars (MNSs) and that to radii of the tori around the MNSs and to external radii of the 
flat accretion discs around MBHs we can apply the same formula (i.e. formula (1)). Assume 
that in tori around the neutron stars are produced standing waves in such a way that distance 
between next nodes is equal to diameter of the equator of a torus or is equal to diameter of the 
circular-axis/ring inside it. We can see that length of produced electromagnetic wave is λ = 
4R, where R is the radius of equator of torus or of ring. Then, applying formula (1), 
frequencies of the emitted waves we can calculate from following formulae

νlower [Hz] = c / (4 RTorus) ≈ 3.78·1033 / MMNS.       (3a)

νupper [Hz] = 3 c / (8 RTorus) ≈ 5.67·1033 / MMNS.              (3b)

We can see that knowing, for example, νlower [Hz], we can calculate mass of modified 
neutron star

MMNS ≈ 3.78·1033 / νlower.           (4)

From formula (4) follows that the lower limit for νlower is for MMNS = 24.81 solar 
masses and is νlower,lower-limit = 76.6 Hz.

In Table 2 are collected calculated masses of microquasars that we listed in Table 1. 
Obtained theoretical results are consistent with observational data [5].

Table 2 Masses of microquasars.
Microquasar νlower [Hz] Mass

[solar masses]
GRO 1655-40 300 6.33
XTE 1550-564 174 10.9
GRS 1915+105 113 16.8

Lower limit for frequency 
of modified neutron star

76.6 24.81

We used the ground state of the lower frequencies but there can appear the excited states as 
well so we should observe as well, for example, following ratios:
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3 : (2 + 2) = 3 : 4
or
(3 + 3 + 3 + 3 + 3) : (2 + 2 + 2 + 2 + 2 + 2) = 5 : 4.
It is consistent with observational facts [7], [8].
There can be created torus only or ring only. Then such QPOs are so-called respectively 

one-peak lower and upper HF QPOs.

3. Summary
Here we proved that the modified theory of black holes and accretion discs can be used 

successfully to the modified neutron stars. Using the formula for radius of accretion disc of 
modified black hole to equatorial radius of torus around modified neutron star and on the first 
assumption that inside the torus is produced ring with radius 3/2 times smaller and on the 
second assumption that there are produced the standing waves, we calculated masses of the 
microquasars which are consistent with observational data. But accuracy of the observational 
data is very low whereas of the theoretical results is very high so future more precise 
observational data can be use to verify presented here model. This study presents the correct 
model of production of the power-density spectra for the QPO twin peaks.

We showed some analogy between the phenomena inside the core of baryons and the 
phenomena leading to the twin peak QPOs i.e. we showed some analogy between particle 
physics and cosmology. It means that we described the origin of the 3 : 2 twin-peak QPOs 
frequency ratio in the microquasars.
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