
Gravitational waves andGravitational waves and  neutron star crustsneutron star crusts
……and other partsand other parts

Ben Owen

August 18, 2008PREx @ JLab



Ben Owen GW and NS crusts 2

!"#$%&#&%'(#)*+#$,-*."'/*(,0&"'(*-&#"-

1 2%(#"3*%(-4%"#)-
5 6 ' / 4)%7#&, 8*", )#&%$%-&%7*938"' *#&*/ , ": , "*; *< =*"#8%0-
5 >%8#))3*%( 807, 8*?0#8"04' ), -*@, .' ", *&9#&

1 A&9,"*@0"-&-
5 =04, "( ' $#*7' ", *7' ))#4-, *B$, "3*7' / 4)%7#&, 8C

5 D #: ( , &#"*! #", -*E*40)-#"*: )%&79, -*! *.0( 8#/ , ( &#)*/ ' 8, -

1 Periodic signals*B/'-&*-,(-%&%$,*&'*7"0-&*493-%7-C
5 Static quadrupoles*BF/ ' 0( &#%( -G*"' &#&%( : *+ %&9*-&#"C

5 R-modes*B"' &#&%' ( #)*( ' "/ #)*/ ' 8, -C



Ben Owen GW and NS crusts 3

Gravitational waves

• Here the shear strain is of order 1 in 10

• In real life it’s less than 1 in 10,000,000,000,000,000,000,000
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Observables

strain
quadrupole

frequency

distance

angles
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Periodic signals: static quadrupoles

• Hydrostatic equilibrium tells you (dropping integral sign)

• Structure factor ! (dimensionless)

– Known to ~2, changes little as you modify EOS & structure

– Proportional to crust thickness

• !"#$%&'()*+*,  !  (erg/cm3)

– Up to 1030 for crust, 1033 for exotic cores (density dependence)

– Charge screening is important, especially at high densities

• -%#$./01&,2%$/0 "max (dimensionless)

– Typically use 10-2 characteristic of best terrestrial alloys

– Do mountains ! ow away on long timescales?

(Ushomirsky et al 2000, Owen 2005)
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Periodic signals: r-modes

• Restoring force is Coriolis force: frequency ~4/3 spin frequency

(minus EOS correction), “horizontal” motion with little compression

• Pattern moves prograde in inertial frame (left) but slower than star, so

retrograde in co-rotating frame (right) ! CFS (2-stream) instability

(Stergioulas Living Review)
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Periodic signals: r-modes

• Gravitational radiation driving

wins above critical frequency

• Viscous damping wins below

critical frequency

• This version is bare minimum

(uid nuclear matter)

(Lindblom et al 1999)

• Bulk viscosity at high T

(URCA neutrinos)

• Shear viscosity at low T (n-n

scattering)

• Good for young & old stars



Ben Owen GW and NS crusts 9

R-modes and the solid crust

• This version from Lindblom

et al 2000

• Huge viscous damping in

~1cm ! " #$%&' ( )*&( +'

• Depends on how much crust

moves along with ! uid

• Reconciles with spin

frequencies of &, , ' +-.$/
$+#-' " $)0-&' 0

• (And heating delays crust

formation in young stars)
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R-mode thermal runaway

• Crucial fact: Shear viscosity makes heat

• Thermal runaway = low GW emission duty cycle if amplitude can

grow large (Levin 1999, Spruit  1999)
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Inspiral: tidally induced quadrupoles

• Stars raise tides on each other

– Love number: (induced quadrupole) = ! " (tidal ! eld)

• Small orbital phase (frequency) shift

• Builds up over 104 cycles

• Measures R5

• Clean & sensitive

(Flanagan & Hinderer 2008, Hinderer 2008)


