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1. Iron line observation

e 2. Specifying the source — LMXB with NS

* 3. lron emission line and the model

4. Results and conclusion



line

IoN -> Iron

Accret

Accretion disk




Observed iron lines
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LMXB with NS

Around 200 sources

Roche lobe

~ Neutron star

Accretion disc

D()nor sta r (with mass smaller than Sun)

figure taken from the site httpchandra.harvard.edu
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Observed spectrum of LMXB — Iron Ka line

(Cackett et al. 2008)
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Observed spectrum of LMXB — Iron Ka line

* About 80% of LMXB show iron line signature

e Often broad (3 — 9 keV) asymmetric spectral g i
profile . i
g 1.05 |
* Spectral profile fitting is important to estimate 3
inner edge radius of the disc g 1
3

* |ronlineis the most dominant emission line in
all x-ray sources
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Why iron line?

(Reynolds 1996)
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(34%)
* Iron abudance x fluorescence yield = highest among all elements

Fe I-XVI = 6.4 keV
Fe XXIV-XXV = 6.7 keV
Fe XXVI = 7 keV

* The treshold for photoeletric absorbtion by neutral iron is 7.1 keV — high
energy (X-ray) seed photons needed — hot corona



General idea:

— presence of hot corona emitting high energy photons
—corona illuminates cold disc -> iron line emission

— usually the presence of neutron star is ignored
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General idea:

— presence of hot corona emitting high energy photons | SANDWICH
—corona illuminates cold disc -> iron line emission o AL PN\
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— usually the presence of neutron star is ignored
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Spin axis

W

NS

My assumptions:

— weak magnetic field (B < 10% G)

About 30 sources left

— disc ends at marginally stable orbit

— matter accretes onto the the NS and spreads
the surface from the equator toward the poles

—iron line is emitted from NS surface

.. e e R s T e R e st T

- M
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How to model the line

distant observer

X V\/\/\/\/‘f']>

Raytracing:| -> code LSD:

time-reversed integration

null geodesic

invariant

](E) of Carter’s equations
E3 = 1o (EO) — g3le (Ee) - Schwarzschild
- Kerr
l E H_ o
_ Lo _ Spallo P
Ee gvﬁ 4-velocity and geometry:

TR, - Schwarzschild
uvlUe Ug — —1 - Hartle-Thorne




Example of frequency shift map image

e Ray-tracing done using relativistic numerical
code LSD - all obscuration effects included

observed energy 0.6

4= emitted energy




Ex, = 6.4keV <= rest energy

Iron Ka line profile - Gaussian
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Relativistic effects on line profile

Fabian, 2000

Newtonian

ﬂ n O lﬁ --->Captured by g-factor

Special Traverse Doppler shift Dauser, 2010
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Spectral profile of the iron Ka line
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Spectral profile of the iron Ka line

Observed
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Components of the system




Components of the system

accretion
disc

neutron
Star
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Disc emission — comparison

FABIAN, A.; REES, M.; STELLA, L. & WHITE, N. E.

Monthly Notices of the Royal Astronomical LS D
Society, 238(3), pp. 729-736, 1989.
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NS emission — comparison

(Pretty good

OzeL, F. & PsALTIS. D.
Astrophysical Journal, 582(1), p. L31, 2002. LS D
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NS surface - spheroid

\'{2NS Mass f NS Req Rpol Req Rpol

(Mp) (Hz) (km) (km) (km) (km)

BHF BBB2 GM1 NoHyp

Rpol 76 200 11.17 11.09 1431 14.10

0 1.4 400 11.30 11.00 14.69 13.81

U 600 11.53 10.83 1536 13.28
- 200 10.90 10.84 1422 14.04
1.6 400 11.00 10.78 14.53 13.80

600 11.19 10.67 15.09 13.36

200 10.43  10.39 14.07 13.92

Ons = 2nGM fys /¢ 1.8 400 1051 1036 1433 13.73

600 10.66 10.31 14.80 13.38

R(0) = Ry + asin°0
(6) = Rool + sin Small Big



Sphere vs Ellipsoid vs Spheroid

Requol
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Model - SL

specific angular momentum
angular velocity of the SL of the inner edge of the disc
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Model - SL

specific angular momentum
angular velocity of the SL of the inner edge of the disc
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Model - SL

specific angular momentum
angular velocity of the SL of the inner edge of the disc
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Emission form Spreading Layer
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Obscuration effects

» Frequency shift map

» Spectral profile
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Iron line profile of the system

» Frequency shift map » Spectral profile
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k + SL emission: 50% to 50%

M=1.4 : M=1.8
400~ 400
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SL simulations
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non-equatorial emission from SL
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Summary and conclusions

+ | am able to model relativistic spectral profiles from accreting compact object and study
the influence of individual components of the system on the resulting spectral profiles.

+ Complex model including the radiation of accretion disc and neutron star.

+ Consideration of different equation of state of NS with a given mass and spin frequency
may result to different spectral signatures.

== \\hat is the contribution of emission from the NS surface to the overall flux?
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Parameters of this result
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(E _ EKa)Z
e_ 202
EKa =6.4keV

E. = KAE +0.5AE

oc=15-50eV
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What do we see?
What information it gives us?

light curve spectrum profile
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