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Ultraluminous X-ray Sources (ULXs)

- Off-center bright X-ray sources in nearby galaxies
- Discovered with Einstein X-ray observatory 30 years ago
- X-ray luminosity: L,=1039-1041 erg s-1

Poutanen+, 2013, MNRAS, 432
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Pulsations from ULX in M82

Bachetti+ 2014, Nature
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Neutron Stars
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Neutron Stars

Typical mass and radius:

M ~ 1.4 M,
R ~ 10 km

The fundamental problem
of the EOS of superdense
matter constitutes the
main mystery of neutron
stars.
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Mean mass density:
p~3M/(4TR?) ~ 7 x 10" gem™3 ~ (2 — 3) po
Normal nuclear density:

po = 2.8 x 10 g ecm™3



Mass-Radius relation for neutron stars
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What if neutron star has a companion?

Some neutron stars are isolated
and dim

If neutron star has a close
companion,
it absorbs material
and
can be extremely bright.




X-ray pulsar

Accretion Disc and its Interaction with B-field
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The inner disc radius:
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Co-rotational radius:
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Keplerian and stellar-rotation
frequencies are equal




“Propeller” state

rm > I-CO

B8 accretion is prohibited due
to centrifugal barrier

Accretion state

I.m < rCO
accretion is possible

lllarionov & Sunyaev, 1975
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X-ray pulsars: pulse profiles
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Power
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On the detection of pulsations in ULXs
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Magnetic field strengths




Magnetic field strengths

Earth Stars
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Magnetic field strengths

Strongest field
Earth Stars in lab
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Magnetic field strengths

Strongest field
Earth Stars in lab
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Magnetic field strengths

Strongest field Young neutron
Earth Stars in lab stars
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Compton scattering: non-magnetic case
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Compton scattering: non-magnetic case
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Strong magnetic fields

By = m2¢? Jeh = 4.412 x 1013 G

Elementary processes can have another behavior in comparison with a
case when B-field is weak or absent. Even particles should be

described in the another way:
*Electrons occupy Landau levels:

= |En_= mec? (V142N — 1) (N = 0,1,2,...)
b = hwe/(mec®) = B/Bqep = Bi12/44.14
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Compton scattering in a strong magnetic field
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X-ray pulsar

Typical spectra
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X-ray pulsar

Typical spectra

Source name

Cyclotron energy, keV
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4U 0115+63 (—)
V 0332+53 (-)
4U 03524309 (X Per)
RX J0440.9+4431
RX J0520.5-6932
A 05354262

MXB 0656-072
Vela X-1 (+)

GRO J1008-57
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27,54
887, 75.5
55
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50.8
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10
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X-ray pulsar

Typical spectra
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High mass
accretion rate

Critical luminosity

Low mass
accretion rate



Critical luminosity
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columns
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Above the critical luminosity: accretion column

Dipole magnetic field.
*

Accretion flow stops at radiation
dominated shock and slowly settles™

inside a sinking region
*

The gravitational force will be offset

by the radiation pressure gradient
*

The gas pressure is unimportant

Crude analytical estimation:

(L(H R) ~ 1039( .




Stable accretion columns
cannot be infinitely bright

Scattering cross-section:

Luminosity of accretion column The higher the mass
as a function of column height accretion rate
| => the higher the temperature
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Pulsations from ULX in M82: explanation
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M82 as seen by Chandra
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Propeller In actlon

Ly, x P73, erg s™' x §7/3
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Accretion column:
radiation beaming




y, km

Accretion column:
radiation beaming
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Pulsed Fraction

Rel. intensity

Accretion column:
radiation beaming
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Accretion column:
Advection and Neutrino pulsars
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Accretion column:
Advection and Neutrino pulsars
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Accretion column:
Advection and Neutrino pulsars

- ’ d 4 aodire )
Typical time of photon escape: @iff = ;— ~5x 107" m1054f€ s |

_

0 pGM N pv?
oh R+ h 2




Accretion column:
Advection and Neutrino pulsars

Typical time of photon escape: taig = 9 ~
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Accretion column:
Advection and Neutrino pulsars

Typical time of photon escape: @ig = 9. ~ 5 X
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Accretion column:

Advection and Neutrino pulsars
1042

L [erg s'l]
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The total accretion luminosity:
GM M
Lot = n = Lpn + Ly




Outflows from accretion discs
in ULX pulsars

€,=0.5




Accretion envelope

Some consequences:

we hardly see the central NS directly

spectrum affected by Comptonization by the
envelope

smooth pulse profiles

suppressed aperiodic variability at high Fourier
frequencies

super-orbital variability because of precession of
magnetic dipole

vF, (ergem~'s!)
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Short Summary

-,

(1) Accretion columns G
are the central '
engines in ULXSs; : ‘
their luminosity is strong ' e

affected by geometry; &
(2) The column becomes advective ﬁ,,/ s
at extreme mass accretion rates; @ L
advective columns can produce 0N B\ N
strong neutrino emission; Fa Y j \ S
\ g

(3) Bright ULXPs are surrounded by optically thick envelopes.
The envelopes determine the observational manifestation of ULX
pulsars;

(4) Strong outflow from the accretion disc in ULX pulsars is possible in
the case of relatively weak dipole component of magnetic field



But \2\

many and many details remain e
unclear and/or debated. @—\ |

(1) magnetic field strength

(2) evolutionary status of ULX
pulsars

(3) fraction of NS among ULXs

(4) fate of a companion star

(5) ...



