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Current observational situation

Observatories and instruments in orbit: Chandra, XMM-

Newton, Swift, INTEGRAL, Fermi/GBM, NuSTAR, NICER,
MAXI

Timing capabilities: from ~10- to 108 sec
Spectral ranges: ~0.5 — 200 keV
Luminosities: from 1032 to 1040 erg/s

High sensitity and flexibility (regular, TOO, monitoring)

Swift/XRT monitoring campaign: more than dozen
sources, total exposure > 1 Msec, hundreds observations
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Accretion from the cold disk
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Highly magnetized neutron star
in very low states



Motivations and aims

Insights into the problem of the accretion on to magnetized
neutron star at very low mass accretion rates

Study cooling of NSs

VFXTs
LMXBs
Very weak MF

Wijnands et al. 2013
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Motivations and aims

Insights into the problem of the accretion on to magnetized
neutron star at very low mass accretion rates

Cooling of the NSs with magnetic fleld
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BeXRB systems (snapshot obs)

Source name Pulse period  Orbital period Distance Cyclotron line  Optical companion
(s) (d) (kpc) (keV)

4U 0115+63 3.6 24.31 7.02 11.53 B0.2Ve?

V 0332453 4.375 34.254 7.0° 286 08-9Ve?

MXB 0656—072 160.4 101.27 3.98 369 09.7Vel?

4U 0728—25 103 34 511 6.122 - O8-9Vel?

RX J0812.4—3114 31.9 81.313 9.214 - B0.5V-IIIel4

GS 0834—430 12.3 105.815 5.016 = B0-2 V-IIlel®

GRO J1008—57 03.8 249 517 5.818 8819 75 520 B0e?!

2S 1417—624 17.6 42132 (1.4-11.1)23 - B1 Ve??

2S 1553—542 9.3 30.624 202526 23.525 -

Swift J1626.6—5156 15.377 132:92%7 1028 1029 B0OVe2®

GS 1843400 20.5 - (10-15)30 2031 B0-B2IV—Ve?30

XTE J1946+4-27: 15.8 169.232 (8-10)33 3634 B0-B1 IV-Ve33

KS 19474300 18.8 40.435 103637 12.538 B0OVe36

SAX J2103.5+4545 351 12.7%9 6.540 - B0oVei?

Cep X-4 66.3 274 3.842 3043 B1V-B2Ve??

SAX J2239.3+6116 1247 26244 4.4%4 (B0-2 V-IIIe)*

Special program of observations with Chandra
Also: using available XMM and XRT data
Long term history based on Swift/BAT and ASM/RXTE data

Tsygankov et al., 2017¢
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Observational conclusions

The whole sample of sources can be roughly divided into
two distinct groups:

(1) relatively bright objects with a luminosity around

1034 erg s~1 and (hard) power-law spectra

(4UQ0728-25, GROJ1008-57, SwiftJ1626.6-5156, XTEJ1946+274,
KS1947+300, several possible candidates)

X-ray pulsations were detected from five objects in group (i)

with quite a large pulse fraction of 50—-70 per cent.

(i) fainter ones showing thermal spectra (4U0115+63,
V0332+53, MXB0656-072, RXJ0812.4-3114)

BUT! There is no correlation between the emission temperature and
time after the last outburst, i.e. we don’t’ see cooling directly.
WHY?



Emission in the very low state can be
originated and contaminated by different factors
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 Thermal emission from the cooling NS

« Coronal activity of the companion star



Origin of the very low emission of NSs

- Thermal emission from the cooling NS:

The matter accumulated during outbursts compresses the
original NS crust and enriches it with low-Z elements.

It leads to non-equilibrium reactions (electron captures, neutron
emissions, pycnonuclear reactions).

Most of this heat is conducted inwards to the core, but a small
part is radiated from the NS surface as thermal photons

“Deep crustal heating” model srown et ar, 1998
Ly~ 6x 107 ergs s '(M)/10°" M. yr 1), (5)

Rutledge et al., 2007



Source Period® Lprop(R)” (M)® B Lip° L
(s) (1023 ergs—1) (10719 Mg yr= 1) (10®3 ergs™!) (103 ergs™!) (10%2 ergs—1)
4U 0115+63 - 174 0.7 4.3 0597008 BV g
V 0332+53 - 991 1.0 5.5 0.2610:07 0.54+0:8
V 0332+53 (XMM) - 991 1.0 5.5 0.341004 0.5910:09
MXB 0656072 : 0.3 0.2 1.3 3.8010-2¢ 5.62+0-40
4U 0728—25 (XRT aver) > 0.2 1.3 Lt R 112492
RX J0812.4—3114 - 0.4 2.2 LB 2547138
GS 0834—430 - 0.3 1.9 0.27+0:29 0.37+0:27
GRO J1008—57 - 5.5 1.0 5.6 66.87 1€ 04,3122
25 1417624 - g 0.3 2.1 2.0110-48 2.66+058
2S 1553542 - 119 1.5 8.8 1.051065 2.24;{:§§
Swift J1626.6—5156 (10049)  15.3360(6) 5.9 0.7 4.3 2.8+ 175198
Swift J1626.6—5156 (14642) - 5.9 0.7 4.3 9.8y +0e 1.15+054
GS 1843400 - 5.1 1.2 7.3 1.551+12 2007133
XTE J1946+274 15.760(3) 67 0.3 1.9 8.06+0-78 11_61{_7(1),
KS 19474300 18.802(3) 3.7 1.8 10.5 agigtad 16,5133
SAX J21035+4545 350.7(1.1) g 0.5 3.9 1.497022 .40+0.36
Cep X-4 66.38(3) 1.7 0.05 0.3 gl B o
SAX J2239.3+6116 - g 0.06 0.4 101122 1.46+0:34
gl GM Mprop
prop ({1 i3

=L 1037]“7/23%213_7/31\41—:/31?2 erg s~

Ly = ((M)/107"Mgyr™") x 6 x 10** erg s~
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Conclusions

Strong progress in the study of highly magnetized
neutron stars in last years
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Direct detection of the propeller effect
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quiescent state to study cooling of NS [ |
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