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T i  t l e : L i  sa sensi ti v i  t y  

we present a procedure f o r  computing LISA'S s i n s i t i v i t y  t o  
g r a v i t t a i o n a l  rad iat ion.  Our method i s  general i n  t h a t  
(1) the LISA arm length do not have t o  be equal, and 
(2) t ime-delays i n  propagation o f  GW s ignals  and lase r  
l i g h t  across the apparatus are e x p l i c i t .  
The mu1 ti p l  e Doppler readouts avai 1 ab1 e on L I S A  permit 
simultaneous formation o f  several i n te r fe romet r i c  observables. 
~ l l  thes observables are independent o f  l ase r  frequency 
f l u c t u a t i o n s  and have d i f f f e r e n t  couplings t o  g r a v i t a t i o n a l  waves 
and the various L I S A  instrumental noises. we have i d e n t i f i e d  
a t r i p l e t  o f  i n te r fe romet r i c  combinations t h a t  show op t ima l l y  
combi ned sensi ti v t y  . 
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Time-Delay Interferometry (T.D.I.) 

2 1 

M. Tinto: Phys. Rev. D, 53, 5354 (1 996); Phys. Rev. D, 58, 10200 1 (1 998) 
J.W. Armstrong, F.B. Estabrook, and M. Tinto: Ap. J., 527, 814 (1999). M T - 5  

9 It is best to think of LISA as a closed 
array of six one-way delay lines 
between the test masses. 

This approach allows us to 
reconstruct the unequal-arm 
Michelson interferometer, as well as 
new interferometric combinations, 
which offer advantages in hardware 
design, in robustnes; to failures of 
single links, and in redundancy of 
data. 



Time-delay Interferometry & The Drag-free 
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F.B. Estabrook, M. Tinto, and J.W. Arnistrong: Phys. Rev. D, 62, 042002 (2000) 
M. Tinto, F.B. Estabrook, and J.W. Arnistrong: Phys. Rev. D, 65, 082003, (2002) 
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Data Combinations (Cont.) 
There are 6 optical benches, 6 lasers, 3 Ultra Stable Oscillators 
(USO), and a total of 18 Doppler time series observed. 
The 6 beams exchanged between distant spacecraft contain the 
information about the GW signal; the other 12 signals are for 
comparison of the lasers, relative optical bench motions within 
the spacecraft, and calibration of the US0 phase noises 
affecting the interferometric observables. 
The four combinations ( a ,  

A 
P , y ,  5) can be regarded as the 

generators of the functional space of all possible interferometric 
combinations. 

5 - 5 , 1 2 3  

X , = a  
, I  ,32 -P,2- Y , 3 + 5  

P = 5 - a 1  7 

E = a,, 4 - 1  

S.V. Dhurandhar, K.R. Nayak, and J-Y. Vinet, Plzys. Rev. D, 65, 102002,2002 M T - 9  
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Optimal Interferometric Combinations 
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2my-(L + L  - t L  ) - 2mJz 2ni f (L + L  ) 
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One should regard the SNR as a functional of the functions ai (f), and extremize it with 
respect of them. 

T. Prince, M. Tinto, S. Larson, and J.W. Armstrong, Phys. Rev. D,  to appear (2002) 
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Optimal Interferometric.. .(Cont.) 

* * 

The stationary values of the SNR, correspond to the 
stationary points of the integrand. 
Since the quadratic form G is non-singular, we can identify the 
stationary points of the integrand by using the Rayleigh's 
Principle for Quadratic Forms: The stationary values of the 
integrand are attained at the eigenvalues of the matrix (CIA) 

M T -  14 



Optimal Interferometric.. .(Conto) 

Since A has rank 1, it follows that also C-lA has rank 1 

The only non-zero eigenvalue of the matrix C-lA is therefore 
equal to Tr ( P A ) .  This implies the following expression for 
the optimal signal-to-noise ratio: 

We can change basis, and work with a triad of interferometric 
observables that have diagonal covariance matrix. 
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Optimal Interferometric.. ..(Conto) 
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Optimal Interferometric.. ..(Conto) 

2 1 
1 

MT-  17 



k
 

0
 

s
 

8 
bl) 
F1 

I 
-
4

 
bl) 
F1 

k
 

F1 
0
 

0
 

S
H

 

c
,
 

0
 

A
 

c-, 
-
4

 

s 
0

0
 

rc
c

c
r 

kz 
0
 

O
E

 
.
d

 

e
 

e
 

e
 

0
 

e
 

e
 




