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Gravitational coronography

Tinto & Larson CQG 22/10 S531 (2005)
Nayak, Dhurandhar, Pai & Vinet PRD 68 122001 (2003)

Resolved
Source of GW

T~ Data combination giving a zero response
For direction (0,¢)
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Benefits
(conjecture)

* Occultation of a strong source for better
analysis of its angular neighborhood

» Improving angular resolution
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LISA

L,
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Recall

» 6 main data channels (1 per phasemeter)

* There exist families of combinations of the 6 flows
with properly chosen time delays that cancel
dominant instrumental noises> TDI (Time Delay
Interferometry)

(Tinto, Armstrong, Estabrook, 99)

»+ They form a module and have generating parts (sets
of generators).

(Dhurandhar,Nayak, Vinet, 02)
 One may combine these generators for special
purposes, keeping the noise cancelling property

GGI/FLORENCE 28-30 J-Y. Vinet
Sept 2006



Recall

* The generators have the form:

g =(Py, P2y P30, 0y, Cls)

+ Where (P;,0;) are formal polynomials
in the 3 delay operators D,

(D.f)(t)=f(t-L,) (@=123)
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Recall

6-uple of data:

U(t) =[V,(0),V,(t),V,;(1),U,(t),U,(t),U,(t)]
Generic noise-cancelling combination g:
(g1 U)(t) = g[piv ), + U, 0]
-0 when UV represent laser phase fluctuations
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Notation

Source oriented unit vector : VTI(@, qo)
oW  _ 1 ow

3 orthonormal vectors: W, 0 =— Q=

00 sin@ o
Unit vector along arm #a : ﬁa (a =1 2, 3)

Directional functions (spin 2 harmonics):
A 5\ (= =& \2
Gar =(0-1,)" = (-1,
Gax = 2(60 -1, ) (@1, )

Location of node #a: '_; notation gL = W - I
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Notation

h+, h>< : the 2 polarization components of the GW

Data flow at node # 1:

h+,>< (t I lLll) i h+,>< (t I lLlB B LZ)

U, [t)=-
(U 2(1+W-f,) i
V (t) — h+,>< (t_ﬂl)_h-l—,x (t_lLlZ i |~3h) 5
i 2(1- - fi,) i

Others are obtained by circular permutation of indices
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Notation

Fourier space : transfer functions:

U.=F, .h -|-|:Uxhx , Vo=FK,, h, +vahx

U,+ ™+
eia):ui _eiw(ﬂ2+|—3) eia):ui _eia)(ﬂ3+|—2)
FV1+X = I §3+,>< ’ Fum - N ~982+,><
’ 2(1-w-n,) ’ 2(1+w-n,)

+ circular permutations

6-uple transfer:

|:+,>< — (FV1+,><’ |:V2+,><’ I:V3+,><’ |:U1+,><’ |:U2+,><’ |:U3+,><)
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Notation
+ Example of generators  (Tinto et al.)

= (1, D3, D1D3,1, D1D2’ DZ)
B=(D,D,,1,D,,D,,1D,D,)
7/ — (DZ’ D2D3,1, D1D3, Dl’l)

and ¢ -

- Vector generator: Y = o
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Algebraic solution

Generic combination C :

—

C=Ca+C,f+C,y=C-Y
Transfer function:
he (f)=(CIF.)h (f)+(CIF.)h(f), =
C-(YIF, )h.(f)+C-(YIF)h.(f)
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Algebraic formal solution
For cancelling any signal, we must have simultaneously:
6.<\?|F+> -0, 6-<V|FX> =0

Thus:

C=(YIF, )x(YIF,)
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Explicit solution

1) The transfer functions

Fa+,>< = <0[ | I:+,><>

May be considered as scalar products with
The directional functions & :

é,x — (é:+,><1’ §2+,>< 1 §3+,x)

then 3&,,31}7 Fa’ﬁ’}/_hx:(&’ﬁ’}_;).g—l—,x

And
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Explicit solution

Recall:
eiwﬂl _eia)(ﬂz"‘Ls) eiwﬂl _eia)(ﬂ3+|—2)

R - : X - +,X
e 2(1-W- ) St 2(1+W-1i,) 20

AN _ Alouy _ Alol,
Notation: g, =¢€ , € =¢
v, =1-n_-w, u,=1+n-w
G__%_gﬁ3 F{_fh_%%
3 , 2
Vs U,
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Explicit Solution

then:
%Gﬁ_%_ 1|
.1 G
_Gs — 66,1 3 |
Invariance under simultaneous circular permutation of:
- Vectors
- Components
- Indices
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Explicit Solution

The direction WB of the source is constant
In the barycentric frame

There exists a linear mapping to the LISA frame :
w(t,) =R(t,) - Wy

Orbital time parameter, very slowly varying with respect to
The « signal time »
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Explicit Solution

All functions may be expressed in terms of W

e

(uv), =1Fw,, = Lwllﬁ

(U, =L (0, =3, 1, =L (W, +30,) 243

(OV)s =1 (0, +BW), 1y =—L(w, —VBw,) /243

T+W, —2W° +2w;

F=E xE =~ w, | 1+ W2 + W2 — w2 — 24/3w,w,

1+ W2 +W2 — W2 + 24/3w,w,
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Explici’r Solution

7 _ _
C, = 4u2v21u3v (L—7) | UpV5 (T, — €T, —€,05 +€,6,07) —UsV,8,€5 (97 —€,T, — €535 +€,8,7,) |
UF
+4uvuv {(1 eee)[vv(g1 —eg2+ee,7,)

—U;U,€, (93 —€0, - 83922 T ele3gl):|
+(6,—€,8,)| Us(95 —,0; — 6.7, +e6,0;)
—U,Vi6, (g_z —€,0; 60, + ele3922)]}

175
+m{(1 e,,6;)| WU, (T, — €0, — €05 +ee,7,)

_V1V2e3(g2 o elga —&, g:f T66 gl):|
+He,—6,8;) | WU, (95 ~€,T, ~ &7, +€6,7,)
—U,v,6,(0; —€,0, — €0, + &8, ge?)]} 33 different delays
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Explicit Solution

For retrieving the time domain, simply replace the
Phase factors

ol

e, =€, g, =e'%

a

By delay operators
(D, DO = ft-L), (.0 =Ft-su)

the delays La et LI, areslowly varying

La Due to the orbital deformation of the triangle (flexing)

AL,  Due to the apparent motion of the source viewed from LISA
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Implementation

Generators (a, B,7) explicited above are valid for
A static LISA (1st generation TDT)

O For actually cancel the intrumental noises one must use
The 2d generation TDI generators (more complex)

For studying the gravitational response, the 1st generation is
relevant

O For the gravitational response, the 2d generation amounts
to an extra delay

Actual Coronographic 2 2 2
Combination i C = Cl(to)ai ) + CZ (to)ﬂ( ) T CB (to)y( )

/N

Our coefficients 2d generation TDI generators
(found above)

GGI/ELORENCE 28-30 J-Y. Vinet
Sept 2006 22




Programme :
Testing the algorithm on mock data

Simulator : LLSACode (APC-Paris+ARTEMIS-Nice)
http://www.apc.univ-paris7.fr/SPIP/article.php3?id_article=164
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LISA and Asteroids

P y
T .
Vinet, Class. and Quantum Grav. 23 (2006) 4939-4944
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An asteroid encounter

Transient newtonian effect >
0\

2 LISA observables

" / v

V Uy =2, —, V= 2f;-

o<

GGI/ELORENCE 28-30 J-Y. Vinet
Sept 2006 25



LISA response

Combinaisons TDI ( X | ¢x, c):

X =V, +U, =2(n, +n,)-
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natural frame

sin@cosgp
, n,(6,p)=|singsin ¢
| / . coséd
Arbitrary arm
direction
v
| spacecraft 1
[ R -y
BOdy of /D
Mass m
/‘ I Impact parameter
X
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Motion of spacecraft

D* (1+v??/D?) vit/D

['(t) =

Vt/D
(1+V??/D?)
V(t) =— 0

1
(1+v2? /D)

1+

1/2
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Response filtered by TDI

X(t)z—ZG—m sinHCOS(p[lJr vt/D j—cos& L
DVc J1+V 22/ D? J1+V 22/ D?
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X(t) for various orientations (degrees) @ ((0 = O)

2 | | | | | | | | | | | | Q) = . !
120

Doppler [unites arbitraires]

] ] | ] ]
-0 9 8 7 6 5 4 3 -2 -1 0 1 2 3 4 5 6 7 8§ 9 10

& ] ] | ] ] | |

Viid
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Fourier space

) oG - K, (wD/V) |
(o) = VT‘” 0
Ko (@DIV). (K.: 2d kind

3 "iK,(wD/V) modified Bessel )

V 2Gm

—(w) =— 0

C cV

Ky(@D/V)
~ A4Gm .. :
X (o) = - vE [iK,(@D/V)sin@cosp+ K, (wD/V)cosb]
C
31

J-Y. Vinet
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Spectral density of noise and SNR
Sy () =|8sin?(4z fL/c)+32sin*(2z fL/c) |S,.(f)+
168in2(272' fL/C)qu(f) Acceleration noise

Optical path noise

Angular average:

<\>Z(f)\2> =%(13Tj2 (K227 1D IV)+ K2 (27 fDIV)]

~ 2
SNR power () 4<‘X(f)‘ >
Spectral density  po(1)=

Sx (1)
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Linear Spectral Density
Of residual noise Response to GW signal

Sx (f)

Noise Power RMS GW response
TDI X1s1 combination Averaged over the sky
LISA fixed , TDI X1s1 combination  _a
‘ Lisa fixed /

e
~
<]
2]
a0 g
N
& @
s 2
%
: 5
& 2]
=
04

LISACode Analytic calculation (J.Y.Vingt)

Analytic calculation (J.Y.Vinet) —=—LISACode
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p(H'" (Hz'?)

103
/ -

Cutoff frequency

10°

10°

10!

10°

107

Linear spectral density of SNR for V=20 km/s

Impact parameter - 100,000 km

%, Size of ast.

% (Density~1.2)
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Detection condition (SNR>1)

D=100,000km
5“ | | | | | Tl | | | | | | 11
E
o
g
E
-
l] | | | | | | 1 1 | | | | | | I 1 1
10° 107 10°
Impact parameter D [m]
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Programme:

Assesment of a rate of detection

Monte Carlo simulation using
Realistic distributions of
asteroids masses and velocities
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