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OUTLINE

= Different experiments : free and « rigid » detectors

The Michelson Morley interferometer

* The Ramsey-Bordé interferometer

The matter wave interferometer characteristics

Open Problems
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DIFFERENT EXPERIMENTS : FREE AND « RIGID » DETECTORS

Free Detectors

* Einstein coordinates (TT)
e ds? = Nudrtdz” + hpsdx"dx®

« Direction of propagation x3, r,s = 1,2

* Geodesics: d’z” _ _ jrda’
dt2 s dt
Virgo o= X" — ShX* +O0(¢4 h?) LISA
Ashby & Dreitlein 1975 '
( Y reitlein ) ¢ = X9 _ ihT-SXTXS + 0(647h2)

Z~z~0
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by . The proper (or Fermi) reference frame
o ds? = 1, dXHAXY + Th.s X" X°dT? + O(£3, h?)
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» Quasi newtonian interpretation : equation of .
elasticity with GWs interpreted as an extra force 5h 5@

AURIGA » Small experiments can be cooled to very low
temperatures

LNE Syrte - Paris
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THE MICHELSON MORLEY INTERFEROMETER

“ ““ = Periodic gravitational wave (long wavelenght approximation) :
hi1 (z —ct) = —hos (2 — ct) = h - sin ()
L his (z —ct) = hoy (2 — ct) = hy - sin (Q + @y )
Lo X =  Same method for light wave and matter wave (Linet &
N P Tourrenc 76)
vy R V=v for matter wave
¢2 , ¢] Ap = ¢3_ ¢, V=c for light wave
Free configuration « Rigid » configuration
A¢p = —4rh, - ;2/)\ sin % sin Ot A¢p =4rmh, - l)\; (1 — L sin %) sin (¢
L<<K-A/ L<<_A/ \ — A< L<A
C
— L —~ L
A¢’\“47T|h+|'x A¢p ~0 Aq§~47r|h+|-x

= Two regimesfor the rigid configuration for the matter wave interferometer (Roura et al. 2006)
= The second regimeisnot sensitive... ( v < QL)
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‘ THE RAMSEY-BORDE INTERFEROMETER (RIGID CONFIGURATION)

g lasers g g
L

Ap = Ad + Agy

I QL
Apy = —47rh+X sin v tan? 6 [cos (Q+ ) + s;nwzp cos (Qt)] b= 200
v :
Hs Apy = —4mhy g cos 1) tan [Sin (U 4+ px — ) — sn;bw tan ¢ cos (2 + o« )]
g ? lasers ?
. tanf ~ 1 K-A<<L<<A
L<—-A ¢
c
__ L A¢p ~ —4r-L.[hysinecos(Qt + 1)
Ao ~ drlhy |- = N
A +  hy costsin (U + @y — 1)

= The Ramsey-Bordé interferometer is sensitive in the first regime to the cross polarization
= Thesengitivity is of the same order than the free Michelson configuration
=  The second regime is sensitive to the two polarizations
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THE MATTER WAVE INTERFEROMETER CHARACTERISTICS (IF LIMITED BY SHOT NOISE)

Relativistic velocities needed to reach Kilometric interferometer to reach the
VIRGO sensitivities sensitivity of LISA with thermal atoms

Matter wave cavity ?

(Gustavson et al.)
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OPEN PROBLEMS : CAVITIES AND DEVIATIONS d
&4

(0D}

= Matter wave cavities ' %

— 1 m. cavities with 1000 bounces for a 1 meter interferometer fo reach LISA sensitivity
— Atomic cavity (Balykin & Letokhov 88, Balykin et al. 00)

— Gravitational cavity with light induced mirrors (Wallis et a. 91)

— Gravitational cavity with raman pulses (Impens et al. 06) mmﬁml

— BEC cavity at the Institut d’ Optique with atom guides TN wrow

= Highflux: collisions ? I

= The high deviation of atoms
— Many photon transfer (Peters et al 97, Cladé 05, Battesti et al 04) \

— Atom guides (Houde et al. 00) 3[ _____________
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OPEN PROBLEMS : NOISE SOURCES

= Thethermal noisein the experiment bench

M ~ 500 kg
b o 1 (ke \V? | wo~ 100 s
TN ™ T \ MQu2Q Q ~ 107
T~1072K
Q~10"2s1

— A small interferometer could be cooled to very low temperatures (L = 1 m)

=

hrn ~ 10_20(/@)

n ermal noise and the seismic noise in the suspension
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APPENDICE : SENSIBILITY OF AN ATOMIC INTERFEROMETER TO METRIC EFFECTS

marique:  ds® = (1, + K,,,)detda” | K, < 1

:Jrli);;];grr?gr(;er:;rpeh:asedans Agb ~ % f Klwp,upl/g (Formule de Linet-Tourrenc)
Accélération a Rotation Q Onde Gravitationnelle ™™
L AU TT
Koo ~ a_2 Ko; ~ QL Kij ~h
¢ ¢ v
ma A mS? mh*t A
A N —m——— ¢ —— A NS ———— o A A N —)m—— e —
¢ h v ¢ h ¢ h T
k 2
hkvT
A A=""
m
v v \ 4
Ap ~ kaT? Ap ~ kQuT? Ap ~ kh™ T
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