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Neutron Star
Surface Emission
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Atoms 1n
Strong Magnetic Fields

e Atomic structure altered
by magnetic field when

B > B,= e’m *c/i’
=235x10°G

* Binding energy ~ (In b)?
° LJ_ ~ b-1/2

e L ~(nb)!

where b = (B/B,)




Model Atmosphere Spectra
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NSMAX (in XSPEC): Magnetic Atmosphere Models
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Spectral Models for
RX J1856.5-3754

VLT/HFORS1
HST/STIS
CXO/LETG
XMM/RCES
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VLT/HFORS2
HSTWFPC2
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eDim i1solated NSs, aka,
“Magnificent Seven” :
*Thermal emission ||H

*No spectral features
*One BB underpredicts optical by 7
*Two blackbodies

kT, =63 ¢V,
kT, > =26¢V,

e Atmosphere overpredicts » 1

*X-rdy pulsations
spin period =7 s
epulse fraction ~ 1%




Magnetic Hydrogen Atmosphere
Model for RX J1856.5-3754

*One BB underpredicts optical by 7

*Two blackbodies :
kTy" =63 eV, 'il
| hstimis. T, " =26¢V, ff
+ CXOMLETG :
* Jivhes Single atmosphere spectrum
* VLTFORS2 *thin hydrogen atmosphere
HSTMWFPC2
o, B, ~ (6-7)x10" G
= S E kT” =43 eV,
: 07~ 0.22
£ I R~ 14 km

eX-ray pulsations
espin period =7 s
epulse fraction ~ 1%

Wawvelength (A}




Constructing Model of Neutron Star Surface Emission

Stitch together local patches of atmosphere with different 7, and??>
Integrate total surface emission, including effect of gravitational
light-bending [redshift = (1 - 2GM/c*R)?]
Resulting emission depends on two angles («, ©):

— o = angle between rotation axis and observer

— T = angle between rotation and magnetic axes

to
observer
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Neutron Star Geometry from

erealistic neutron star surface

Pulse Profiles and Phase-resolved Spectra *magnetic fields
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Surface Model for RX J1856.5-3754
and Phase-resolved Spectra
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eEmission model with
(T, E;)—surface
distribution and
relativistic effects ||
B, ~ (6-7)x10" G :
kT =43 eV

*R* ~ 17 km
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x or =~ 20-45°
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(Yakovlev & Pethick 2004)-
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Cassmpena A Sgpernova Remnant

-Atoms altered when B > 2.35 X 10°Z- G with £, , > 160 eV

*Observed neutron stars have B > 10 G and A7 1100 eV
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