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Accreting Neutron Stars in LMXBs

*About 60 1n the Galaxy
* 10 bursters with pulsations
3 millisecond pulsars

eall spins between
240 and 700 Hz
*NSs non-magnetic or
weaklv magnetic
*Consistent with radio
pulsars




What we expect from gods for LIGO:

. . waveform 1s known. rate 10-10000 vr
S NS Kalogera ct. al. 04
Physics: a. m LIGO band NS are poimnt masses

b. test GR to 5.5 PN order

Astronomy: a. certain to exist

b. tell us about binary evolution
c. cross-correlate with short GRBs.
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What we expect from gods for LIGO:

. . Wavetorm needs work. rate highly
3H NS

uncertain (pure theory)

Phvsics: tidal disruption of NS may tell
us about equation of state

Astr onomy . a. Unknown whether exist

b. tell us about binary evolution
c. cross-correlate with short GRBs.
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What we expect from gods for LIGO:

. . Waveform needs work. rate highly

uncertain (pure theorv)

Physics: full GR! need simulations.

Astronomy: a. unknown whether exist
b. tell us about binary evolution
c. tell us about dynamics in .globular
e clusters



Supernovae: vibration. rapid rotation. bars.

> Burrows et. al..

. Centrella et. al.

N

Evervthing verv uncertain!

Vibrating Intermediate-mass BHs

Wryithe and Loeb
~ ./' Physics: pretty well modeled
N Astronomyv: high-z mergers:

rate highly uncertain.



Accreting Neutron Stars in LMXBs

*About 60 1n the Galaxy
* 10 bursters with pulsations
*3 millisecond pulsars

eall spins between
240 and 700 Hz
*NSs non-magnetic or
weaklyv magnetic
*Consistent with radio
pulsars




Simulations of type-I burst

Spitkovskyv. Levin. Ushomirsky 02

Rossby soliton (B&HdY
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Simulations of type-| burst
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Simulations of type-I burst

Spitkovsky. Levin, Ushomirsky 02

Rossby soliton (BS$d)



Simulations of type-l burst

Spitkovsky, Levin. Ushomirsky 02

Rossby soliton (BSYdY



Simulations of type-I burst

Spitkovsky. Levin, Ushomirsky 02

Rossby soliton (BSSd)



Accreting Neutron Stars in LMXDBs

*About 60 1n the Galaxy
* 10 bursters with pulsations
*3 millisecond pulsars

eall spins between
240 and 700 Hz
*NSs non-magnetic or
weakly magnetic
*Consistent with radio
pulsars




GI' avitational \\'ﬂ\'@S! Bildsten 98

Wav |: build a mountain (magnetic or elastic stresses)
Frequencv 2 spin or spin
L. 1GO) would see a few n the Galaxy

Hard to build a mountain on neutron star!

Wav 2: unstable mode

it W <V

mode ' rotation

then mode unstable!

Chandrasekhar 70, Friedman & Schutz 78™



Andersson 98

Way 2: R-mode instability. TEedEbi o 2iom

*Vorticity wave driven by
gravitational radiation - certain.

<‘ edamped by viscositv - uncertain!
*GW frequency (4 3) spin

Jature of GW signal is sensitive to V(1):  Levin 99
normal fluid” dv/dT<0 hvperons: dv/dT>0

rWs come 1n cyclic flashes, last : Owen 04
bout 5000vr, duty cvele 0.001 GWs are steady.

Jargimal detection in nearby LIGO will see a few 1n
ralaxies. Our Galaxy
















What we expect from the dewils:
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Thermal Noise

Limits event rate

Hard to measure with LIGO
Need to verify models

The TNI (Thermal Noise Interferometer) program
measures thermal noise for LIGO I and 11
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However: localized detects introduce correlations
between modes: [Levin 98
<xx>¢0

Example: 1-D test mass with two defetcs

er = QI: -

| T1 ™ |

But T1 contributes
more noise than T2

*Normal modes don’t (alwavs) work
*need to know where the defects are
—=coneed a general computational approach  sww=



Fluctation-dissipation Theorem

: 2 Callen and Welton 51, Levm 98
i)y

Readout vanable:

Y= I.x(r)g(Gaussian beam)d”r
Interaction

H., =—F,cos(2x ff)g\
. oscillating pressure

P(;') = F, cos(2r ff)x(Gaussian beam)

. Compute/measure dissipated power [~

5 (f) - 8:;1' Hdm-
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‘wo other tvpes of thermal noise have been i1dentified:

‘oating thermal noise!! (Levin 98: Caltech. Stanford.,
Svracuse. Glasgow. Tokvo. Moscow)

important for LIGO-1 and
dominant for LIGO-II (fused silica)

Scoaﬁng(f) : l/’»:

Thermoelastic noise (Braginsky et. al. 00)
Dominant for LIGO-II (saphire)

/ heat tflow
, "
\. Sﬂwnnoela.sﬁc (f ) = 72,






