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Capture of a CO by a SMBH: 
Mechanism, & features to have in mind

• SMBHs abundant (table); Some evidence that 
rapidly rotating. 

• Capture process begins when CO kicked into  
“loss cone” through multibody scattering 

• Orbit still highly eccentric (e=0.4-0.6) when 
enters LISA band.                                           
(Hils & Bender 1995; Sigurdson & Rees 1997)

• 105-106 orbits during last year, inside LISA band. 
(Finn & Thorne 2000)

• Gradual circularization, but still substantial 
eccentricity at LSO (Cutler, Kennefick, & Poisson 1994)



CB inspiral: a foundation for LISA’s
science requirement

• LIST (Dec2001): Floor of LISA’s noise curve to be determined 
by requirement of detecting CB inspirals.

• Based on research done till winter 2003-2004 (toward 
finalizing LISA’s design) LIST will decide between noise 
requirement and noise goal (×4 lower).

• Need to know: Detection rate vs. LISA’s noise floor.

• LIST identified this task as “especially urgent”.



3 elements in determining detection rate:

Event rate S/N for a given source Ease of data analysis  
(How much S/N need for 
confident detection?)

“astrophysics” “source modeling”/GR data analysis

Detection rate

Finn & Thorne (2000):

?(For a 1-yr mission;  
based on study of circular 
equatorial orbits)

Hils & Bender (1995); 
Sigurdson & Rees (1997); 
Freitag (2003):

1-10 events/yr out to 1 Gpc with S/N t 20
0.5-5 MainSeq/yr at Sgr A* (!), with S/N t 10

MSeq: ~ 5/Myr/gxy 

WD: ~ 0.5/Myr/gxy

NS,BH: ~0.05/Myr/gxy

( ) ( )rGpcMmNS sun 110~/



“Progressive” plan for study of LISA 
inspiral data analysis problem

Analytic Kludge
Barack & Cutler 

Newtonian orbits, 
improved by including 
radiation reaction, 
periastron precession, 
Lense-Thirring effect 
–- all based on PN 
expressions 

Quadrupole emission

Numerical Kludge

Gair, Hughes, Kennefick
& T. Creighton      //
Babak & Satyaprakash

Precise geodesics, with 
RR a la Hughes

Quadrupole wave 
emission (improved 
using Press’ formula)

Teukolsky-Based
Hughes, Kennefick,

Glampedakis

Waveforms and RR 
based on Teukolsky
formalism

AK NK TB

Groups communicate through regular telecons         
(reports at http://manuel.tapir.caltech.edu/listwg1/)



• “Optimal” technique (minimizes false-alarm ¥ true signal dismissals) when 
precise waveforms are known – as with inspirals

• Need to build up a discrete set of templates, to cover parameter
space (PS) in an “efficient” manner

• Basic challenge: Large PS, long integration time fi need a huge 
number of templates:

• fi Can’t search coherently over an entire year of data!

• Solution: Apply “Stacked” search, as in NS search for LIGO 
(Brady & Creighton)

• Basic information for designing stacked search: Ntemp(∆t)

Searching by “matched filtering”

501037## 10~)103103(~)(~)cycleswave(#~ −⋅⋅⋅⋅∆ parpar
temp tN ν



Our “Analytic Kludge” model waveforms

MOTIVATION: Get quick, order-of-magnitude answers:

Ntemp(∆t) 

Required S/N for a yr-long mission

LISA resolution for physical parameters of inspiral sources 

Evaluate problem of self-confusion

Design hierarchical/stacked search strategy and gauge its 
efficiency

Model simple enough to allow incorporation of full (14d) par. space



AK waveforms
• Quadrupole radiation from Keplerian orbits 

(Peters & Mathews 1963)
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Inspiral:

Circularization:

Periastron precession:

Spin-orbit precession:

Doppler modulation due to LISA motion:

Features added “by hand”
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Features of kludged model - summary
• Our model features (qualitatively) most characteristics of 

Kerr orbits, like

ï Features missing:

(but these may be less important for our problem)

inspiral Periastron precession Spin-Orbit coupling

“Zoom-Whirl” effect Evolution of inclination angle



Sample orbits

1 hour 2 hour 6 hour

µ=1M ,  M= 106M ,  f=10-3 Hz,  e=0.4,  S=0



LISA’s response (Cutler 1998)

• LISA ¤ two independent two-arm/90°
interferometers with responses hI, hII,
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Sample kludge waveforms (S=0)
µ=1M ,  M= 106M ,  f=10-3 Hz, ∆t=1 hour

e=0.2

e=0.6

e=0.4



Sample kludge waveforms (S=M2)

µ=1M ,  M= 106M ,  f=10-3 Hz,  e=0.4

1 hour 1 day



Parameter Space for inspiral problem
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• Write detector’s output as s(t)=n(t)+Ah(t), where A is (t-indep.) amplitude 
and h(t) shape of GW, with            .1=hh

Can show         is a random variable with 1|,0| == nurmsnunu

Counting templates: geometric approach 
(Cutler & Flanagan 1994, Owen 1996)
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• Template spacing determined by prescribing Mmax:

Geometric approach (cont.)
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• Discretization mismatch [=Relative loss of S/N 
due to use of a discrete template family]:

• Local approx. for mismatch:

where the “metric” is

• Then, total # of templates is

dl

dl
Mmax



• Short integration time → work in time domain

• Employ LISA noise model (Hughes et al 2001):

• No need to search over D → ignore this parameter

• t0 easy to search → project t0 (=λ0) out (a la Owen 96) :

• Calculate 12D matrix γij

Implementation with AK waveforms
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Sample data set

(for one point in 
parameter space)



Applications: I. counting templates

Integration time (days)

Ntemp

(estimate 

based on a 

single point)

1012

1010

1011

109

108

107

106

105

104

Max with 30 Tflop/sec



How much S/N needed for 1yr of data?

For first, coherent, step of stacked search, probably need

If first coherent integration is 1 week long, then 
for a year-long integration need

fl

36year/week5/ ≈×≈NS

54/ −≈NS

(from experience gained in NS search for LIGO)



Buonanno-Chen-Vallisneri reduction of P.S. 
“Extrinsic” parameters easier to search over -> reduce PS to 7D

Integration time (days)

Ntemp
(estimate 

based on a 

single point)

1012

1010

1011

109

108

107

106

fi
With BCV 
method can 
integrate 
coherently for 
as long as a 
month!

fl
For 1yr of data 
May Need only

S/N~20



Applications: II. S/N estimates
Analysis like Finn & Thorne (2000), but with eccentric orbits
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Applications: III. LISA’s resolution

(Ryan 2.6* 10-4)

(Ryan 7* 10-4)
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Stacked Search Strategy: a sketch
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• Divide 1yr-long waveform 
into time (or frequency) bins

x

x

x
x x

x x

x

x

x

100~10 tttt ii LL +

ii-1 i+1

. . .. . .
λ1

λ2

Master Grid

L& +−+= i
i

ii ttt λλλ )(][ 00

(or, eventually, use precise EOM)



Where Next?

• Finish validation of codes

• Explore parameter space; Monte-Carlo integration 
(project now initiated at UTB)

• Compare with NK, TB

• Develop search strategy 

• Study problem of self-confusion



Census of Supermassive 
black holes as of March 2001

(Kormendy & Gebhardt 2001)



Mode distribution of power emitted

[Peters & Mathews (1963)]


