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Fig. 4: BestÂ2 for 4U 1636-53 (freej )

Fig. 5: BestÂ2 for Circinus X-1 (free j )

Fig. 3: Considered datapointsFig. 1: Â2 for Atoll source 4U 1636-53
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Fig. 2: Â2 for Z-source Circinus X-1
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Model 2 (Tidal disruption)
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Table 1: Outputs of matching the data

Model atoll source 4U 1636-53 Z-source Circinus X-1
Â2 » Mass» RNS Â2 » Mass» RNS

1) rel. precession
º L = º k ¡ º r , 300

20 1:8M¯ [1 + 0:7(j + j 2)] < r ms
15
10 2:2M¯ [1 + 0:5(j + j 2)] < r ms

º U = º K

2) tidal disruption bad
º L = º K , 150

10 2:2M¯ [1 + 0:7(j + j 2)] < r ms
1
M X —

º U = º k + º r

3) -1r, -2v reson.
º L = º k ¡ º r , 300

10 1:8M¯ [1 + (j + j 2)] < r ms
15
10 2:2M¯ [1 + 0:7(j + j 2)] < r ms

º U = 2º K ¡ º µ

4) warp disc res.
º L = 2(º k ¡ º r ), 600

20 2:5M¯ [1 + 0:7(j + j 2)] < r ms
15
10 1:3M¯ [1 + 0:4(j + j 2)] » rms

º U = 2nuK ¡ º r

5) epic reson.
º L = º r , — 1M¯ [1 + 0:7(j + j 2)] > r ms — X —
º U = º µ

Aims and scope
Constraints on neutron star (NS) properties following from various orbital models of high-frequency (kHz) quasiperiodic oscillations(QPOs) are often, although not
very systematically, discussed. Comparing two very different NScandidates, 4U 1636-53 and Circinus X-1, we present the analysisof compact object properties
based on the models of the kHz QPOs. We take into account two kinematic and three disc-oscillation QPO models (see Table 1 for a list and refs.). Our analysis
involves consideration of the frame-dragging effects associatedwith rotating spacetimes and thus it provides constrainst on both NS massM and angular momentum
j . Finally we confront the results with the predictions of the realistic equations of state obtaining some constrainst also on the NS radii and its relation to the location
of the inner edge of the accretion disc.

The data we use for the analysis (see Figure 3) come from the studies of Barret et al. (2005ab) and Boutloukos et al. (2006) for 4U 1636-53 and Circinus X-
1, respectively.

Results
Except for the epicyclic resonance model (5) we compare the data and model predictions in terms ofÂ2. Individual models are depicted in Figures 1 and 2. For all
the considered models we are not getting a single preferred combination of M andj . Instead, for a given model and source there is a relation between the mass and
spin (in the plots denoted by the green curves) along which theÂ2 is relatively good and comparable. In Table 1 we list the related approximative termsM = M (j )
(dashed green lines in the plots). For model (5) we are able to determine only the relation, but notÂ2 (due to large number of free parameters this model can �t any
data passing or being close to the 3:2 frequency ratio).

Discussion and conclusions
It is impossible to estimate the mass without the independentknowledge of the spin, and vice versa. The relations betweenM andj which are summarized in Table
1 provide the only information which can be determined directly fromthe models. For the results presented here we assume the NS quadrupole momentumq to
satisfyq := j 2 which is a good approximation for compact NS withM » 2M ¯ . In cases where the massM (j = 0) is rather low the consideration ofq as a free
parameter is needed and remains the subject of a forthcoming paper. In other cases the presented results are already robust.

For the current study we chose two very representative sources (see Figure 3). It is clear that models (2) and (5) are ruled out when the samemodel is demanded
for all NS sources. For the other individual models some implications can be derived from the bestÂ2 dependency onj (see Figures 4 and 5). For instance in case
of model (1)Â2 improves withj in both sources suggesting that the model is missing some fundamental ingredience(s).
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