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Abstract

Some modern models of neutron star evolution predict thaaliy large magnetic fields rapidly decay down to some &#ttan value
fewx10'® G. Lower magnetic fields do not decay significantly [Aguiletaal., 2008]. It is difficult to check predictions of the mdd
for initially highly magnetized objects on the time scald@f million years. We propose to use Be/X-ray binaries fas trurpose. We
use several different methods to estimate magnetic fieldswatiron stars in these accreting systems using the dataedtay the RXTE

satellite [Galache et al.,

2008]. Only using the most moagmproach proposed by Shakura et al. [2011] we are able tincdotizeld

distribution compatible with predictions of the theoratimodel of field decay: even neutron stars with the longdstfsgriods then have

magnetic fields< few10'? G.

Method

In our work we used data [Galache et al., 2008] on 40 Be/X-iiagres in the
Small Magellanic Cloud observed by the RXTE satellite. Winested magnetic|
fields of these objects with several different methods. @Qsiyng the most mod
ern approach proposed by Shakura et al. [2011] we are abletéinaeasonablg
results.
In [Shakura et al., 2011] the authors develop model for gsplerical accretior]
and apply it to calculate the magnetic fields of several wethin X-ray sourceg
(GX 301-2, Vela X-1 and GX 1+4). We assume that systems thatamsider
rapidly evolve toward the equilibrium state when the sumhef torques acting
on the neutron star is zero. Magnetic moment in the units0é{G cm? can be
82epg12/33 P,/100s

written as follows:
1-2/Z > <Pm.b/10d

Here numerical coefficients in the brackets are of order afyu®s and P,,,, is spin and

11/12

11/12
130 = 0.12 < > 1\/[116/31)8_11/3 (1)

Comparison with magnetic field decay models

During a neutron star evolution its magnetic field decaysretee compare our
estimates with predictions of the model by Aguilera et aQ(2]. According to

this model the evolution of magnetic field is well approxiewby the following

equation:

eXP(*t/TOhm) (3)
1+ 7onm/THat (1 — exp(—t/Tonm))

Here B, is the initial magnetic field and, ,;,, = min[Bg/2 ,2 x 10**] G. Topm, —
ohmic time,r,,4;; — Hall time, which depends on the initial field &g,  1/By.

In Fig. 2 we show magnetic field distributions. The theowdtitistribution for
the initial magnetic fields are plotted by a black dashed (aweording to [Popov
et al., 2010]). The evolved field are calculated accordingdo (3) using the
values:tyq = 10*(Bo/10°G) ! yrs andronm = 10° yrs are plotted by a blue
dash-dotted line. Fields base on hybrid model are shownanigd solid line.

B(t) = Bmin + (BO - Bmin)

orbital periods correspondingly/i is accretion rate in0*°gs~! units andvs is the total

velocity in 10%cm s ™! units .
We apply this model only to objects with spin peridéls> 50 s. For short-period
objects P; < 50 s) we make calculations with the equilibrium period hypstag
in the framework of standard disc accretion [Lipunov, 1992]
1 /2

30 = 0.12P7/6 0} 2

Below we refer to this approach as hybrid model.

Corbet diagram

Additional consistency check for magnetic field estimat@s lse made using th
Corbet diagram [Corbet, 1984]. Using Monte-Carlo approaehsimulate the
distribution of Be/X-ray systems. The values of spin pesiedlculated due tq
hybrid model. Simulated results are shown in Fig. 1 by blacttedi. We plot
the observational data [Reig, 2011] as red circles in thiséigOne can see goo|
correlation between theoretical and observational data.
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Corbet diagram for the observed data (red circles) and ohstorid model (black dots).
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Magnetic field distributions.
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