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PERSISTEhIT GRAVITATIONAL RADIATION:

SOUR,CES AND LIGO DETECTION

Robert V. Wagoner

Dept. of Physics, Stanford lJniversity

Stanford LIGO Group

Persistent sources: slowly varying frequency

Initial major focus: accreting neutron stars

Parameterized model + detection templates

Other directions:

Recently formed neutron stars (same approach)

Search for scalar (spin zero) gravitational waves

Requested support: one month summer salary, one graduate

student,...
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FIG. 3. Characteristic amplitudes h" [** Eq. (3.5) in [1n
for several postulated periodic sources, compared wi,th se6i-
tivities htl, of the initial, enhanced and advanced &tectqs
in LIGO . (ht b, conesponds to the amplitude h. of th weak-
est source detectable with ggTo confidence in tvr : 107s ide-
gration time, if the frequency and phase of the sigpal, asr mea-
sured at the detector, are known in advance.) Longdashed
lines show the expected signal strength as a function of fre-
quency for pulsars at a distance of s.5 l<pc assuming a gravita-
tional ellipticity € : 10-5 of the so.rce (see Ref. [1]). upper
limits are plotted for the Crab and Vela pulsars, assuming
their entire measured spindown is due to gravitational wave
emission. The characteristic amplitude of waves from r-modes
is also shown. These signals are not precisely periodic; qather,

, ^L lhy qtp downward through a frequency baud 61 ,-,IOO Hz €
| 0- in 2 x.107 seconds. Finally, the strength of the gravifadonal

waves from LMXB's, nor:nalized to the observed x-ray flux
from S.o XTliilotted under the assumption that gravita-
tional waves are entirely responsible for their angr:lar rnornen-
tum loss.s 
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-5 CW Source Searches

CW Source Searches

Priority
FTE (Code+Tes0
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Table 3: Tasks and group assignments for CW (pulsar) source scarchs- FIE's in persor-r.nrhs. hlead
group, I=interested group.

Priority I tasks arc essential and must be complaed by Norrernber 2000.

Prioriry 2 tasks arc useful, and should be complcd by November 2001.

Prioriry 3 usks are research.



NEUTRON STARS IN X-RAY BINARIES
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o Weak magnetic field required

o T;'pes of perturbation:

A) r-mode (Coriolis-driveu velocities)

P \ ri*n eratur*induced inhomogeneousi electron-capture

. taig6tE: known LMXBs, position from X-ray (and opticai)

observations"

. Orbital radial velocity period, and phase estimated from

optical observations.

o Frequency f g* : f' (O) estimated from X-ray observations.

o Varying accretion rate M produces small, rapid changes in

f,l (one cycle in at least ,^, 3 days).

o (Jse stacking of power spectra within a hierarchical strategy

(Bradv & Creighton).

. Signal-recycled narrow-band detection mode produces en-

hancement of 5-^0.
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RXTE 0rtrr/,in of ilr,/ro,
gfar 9ryin in A/7X 8s

Table 1: Rapid Periodicities During T I X-RaY Bursts

Object Name uB vd

(H') (I!)
Fluxo

1-J-
h"
(to-zr,

4u fia2-429
4U i728-34
KS 1731-260

Aql X-l
4U 1636-53

MXB 1743-29

1.0

363 2.8

260 * 10 0.2-2

2?6 + t0 4.4

t.2
2.0

2.0

2.8

330

363

524

549

581

589

tll
12l

[]41
I5l

[6-7]

[8
Q.lt JAt lfflC'rr

,118
1997, [4] Wijnands &

1997, [8] StrohmaYer

o Average3:-I0 keY,-fluxes (in units 10-s urg "m-2'-1) 
are from van Paradijs (1995)'

b RE'EnENCES: tiiff*u'"r-ri. tggt, [zjstrou*uver et al' 1996, [3] Smith et aI'

van der KIis 1997, [5] Zhang et al. 1998a, [o] strohmayer et al' 1998' [7] wijnands et al'

et al. 1997a
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. EVOLUTION oF ACCRETINCINEUTRON sTARs
L ( o, nly bo, n)Two-component model of star (owen et al. lgg8):

J(Q,a) : /CI + i -/CI(l - Kior), (or < 1, Ki _ L) .

Consenration of angular momentum:

H=%M(t)- (#),_, (1)
\

where
( dJ\ rrl / dE\
\a ) n_:; (.E )n_: a2reF,(o).

Rate of change of energy of perturbation (in rotating frame):

dE / 1

E:,u(*-*) , Q)

where

E - K"a2Ie2 , rfi - Fu(CI) , ,;: _ Fo(o, 
") 

.

Thermal energ-y conservation:

c,(T\g - 
2E 

+ e(M)c2 - L1,int(r) - L,(T). (g)' dt Tuis

Accretion energy conservation:

L^,/(3GM/4R)M(t). (4)
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The evolution equations (1), (2), md (3) can be combined

into the set

#: fz(o,cr,?) , #: fs(o,f,), n .

c|n le

# : ft(a,O, T) ,

For a steady state (dJldt - 0), equations (1) and (4) give

the grv amplitude

hx4 x lC -,, ( F^t )t" (fu\-tl')-- \ / \6cxtn,/

Eru;l'/r|uw, un,s frl/e.
( C,l"q ? n er * Hondaw i /?? ?)



v[ln c]
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UNCEIUTAINTIES IN NEUTRON 
'** 

PTTYSICS

1) The neutrino luminosity L,(T)" (Corc orl c ru t f)

2) The heat capacity Co(?) and equation of state.

3) The superfluid transition temperature r""(6r/03'' X)

a) The spatial and time dependence of the temperature.

5) The viscous damping rate F,(Q,T). (-rr/ Cri/r;.l)

6) The fraction s of the accreted rest-mass energy that heats

the crust.

7) The relation between gravitational wave frequency and neu-

tron star angular velocity"

Approach: embed the range of uncertainties within a param-

eterized description.



NEWBORN NEUTRON STARS

r Supernova gives position (rate ,..'0.5lyear within 8 Mpc).

r Born hot arid rapidly rotating.

r R-mode amplitude and frequency evolution uncertain (non-

linear hydrodynamics).

r Gravitational wave emission phase lasts

a) 107 seconds, down to a frequen cy f g- = 160 Hz (Owen

et al. 1998),

b) 104 seconds, down to a frequency fg* = 550 Hz (Bild-

sten & Ushomirsky 1999).
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PHASE SHIFTS IN SPIN 0,2 GRAVIT{TIONAL WAVE
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Assume \n- - 2trlkn 2 L. Laser wavelength is ).
Relative spin 0 (e) coupling const ant a2 < 0.0005, h theories

obeying the equivalence principle'

A) Difference mode Phase shift:

AQr - AOz - (2rLl\){zasin2 Bcos(2a)p(t)

+ l2cos B sin(2o) sin(2"y) - (1 * cos2 B) cos(2a) cos(2r)Jh+ (t)

- l2cos B sin(2o) cos(27) - (1 * cos2 B) cos(2a) sin(2^ilh'(t))

B) Common mode phase shift (relative to laser):

AQr + Ao2 - (2rLl)){ -2a(2 - sin2 ile(t)
* sin2 Blcos(2ih+(t) - sin(27)h. (t)l)


