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Extereme Compression

pearth e 5.5 g/cma
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Overview - Comparison of Compact Remnants

Distinguishing Traits of Compact Objects

Mass“ Radius® Mean Density Surface Potential
Object (M) (R) (gem™?) (GM/Rc?)
Sun M, Re 1 1076
White dwarf <M, ~1072R, <107 ~107*
Neutron star ~ ~1-3M,  ~107°R, <10" ~107"
Black hole Arbitrary 2GM/c? ~M/R? ~1

“Mg = 1.989 X 10%* g
bRg = 6.9599 X 10'° cm
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Compression Phenomena

Density

Fermi Energy

Phenomena

103-10¢ g/em?

Electron Fermi Enery

ue= 10 keV- MeV

lonization

106-10'"" g/em?

Electron Fermi Energy

te= 1-25 MeV

Neutron-rich Nuclei
etp—ntv,

10" -10'* g/em?

Neutron Fermi Energy

un=1-30 MeV

Neutron-drip

10'4-10'° g/em?

Neutron Fermi Energy

un=30-1000 MeV

Nuclear matter
Hyperons or Quarks ?
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Neutron Stars and White Dwarf Mass-Radius Relations
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Neutron Star Structure

Pulsars
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Neutron Star Equation(s) of State
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Neutron Stars

liquid core
neutron-rich
matter

+ superfluid neutrons + e

5 2
e
20
co
-EF:
=0
T =
co
g2
£E
3=
c®

spherical nuclei

center at 10 km

~

Stars and Stellar Evolution - Fall 2008 - Alexander Heger Lecture 38: Neutron Stars & Pulsars



Neutron Star Structure
Neutron Stars Pulsars

Neutron Stars

The compact object zoo:

Three Classes:
Superfluidity / Superconductivity

Nucleon Stars Hybrid Stars Strange Stars
R=I1-15km R =8-12 km R=7?-12km
M=1-2.5 Mo M= 1-2 Mg M=1225Meo
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Neutron Stars

end point of evolution of (some) massive stars
remain after supernova

masses are ~ 1.2...2Mg, radii around 10 km

maximum mass determined by uncertain neutron star and
nuclear equation of state

minimum mass determined by stellar evolution

@ rotating neutron stars with magnetic fields appear as pulsars
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Neutron Star Mass Determination in Binaries

@ assume system with two stars of
masses My and M,
velocities v1 and s,
distances from center of mass a; and a;

@ doppler shift due to orbital motion
if seen at inclination angle / is

27 o
vlzﬁalsm/

@ mass function

(I\/Igsin i)3 B PV1
(My + M2)2 - 2nG

f(My, My, i) =
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Neutron Stars Masses
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PSR 1919 - First Pulsar Found
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Neutron Stars

Pulsar Radiation - Energy Bands, Zoo
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moment of interia

Rotation axis T Magnetic axis
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Pulsar - Magnets

T LIGHT CYLINDER~__
I

IRON MAGNET NEUTRON STAR

R (cm) 10 100

P (sec) 0.015 |

B (Gauss) | 10" 10'2
AP (Volts) 5 3x10°
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Pulsar - Magnetosphere
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Pulsars in the Galaxy
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Pulsars in the Galaxy - Movement in Last Myr
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Pulsar Pulse and Polarization
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Pulsar Evolution - Binary Star System
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Pulsar Evolution - Spindown in Binary Systems
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Pulsar Evolution - Spindown in Binary Systems
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Pulsar Evolution - Spinup Due to Accretion
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Pulsar Evolution
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Observed Pulsar Populations
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Pulsar Period and Spin-down
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Pulsar Glitches
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Pulsar Glitches
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