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Gravitational-wave detection:
a hew window to the universe

® for and

coherent sources, low frequencies
and almost undisturbed propagation

» Tests of GR in strong gravitational fields, event horizons

» Early universe: pre-BBN phase transitions, direct probe
of inflation

® requirements:
h~6L/L~10"%2 — §L~10""m for L ~1km




L aser interferometers

e LIGO (VIRGO, GEO,TAMA)

h ~ 10722
w~ 10° — 10° Hz
L ~ 4km

Hanford, Washington Livingston, Louisiana

o LISA

h~ 10729
wn~ 1072 — 1071 Hz
L ~ 10° km




Atom interferometers (Als)

® Extremely devices based on physics
(e.g. atomic clocks)

® Atomic interferometers currently used to measure
and properties:

» Sagnac effect (gyroscopes)

» gravitational redshift on Earth (gravimeters/gradiometers)

® mc’/hy > 1 (although v/c < 1)
BUT lower & difficult



Response of Als to GWs

studies — response qualitatively
to interferometers

Linet, Tourrenc; Stodolsky; Cai, Papini; Borde

(5yrs. ago) — qualitative differences
leading to

Chiao, Speliotopoulos; Foffa, Gasparini, Papucci, Sturani
Detailed analysis to source of discrepancy.

Consider arms Vvs. mirrors.



Linear GW geometry

o in TT gauge: hiz =0 h{=0
ds* = —dt* + (6;5 + hyj(t — 2))dX"dX?

® Geodesic equation for non-relativistic particle:

d? X" » dX 5o 9
(comoving)

® Non-relativistic

L(X?, X?) = % (XX +hi (XX — 2)
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Metric: ds® = —at® — hij(t — 2)x'dtda? + 6 da’ da’
+ hij(t — 2)x'dzda? + O(hfj)

Geodesic equation for non-relativistic particle:

d? L. .
T = ot + O(h3;, v*hy;) 2=0

Non-relativistic

L(z!, i) = % (:cx g (H)addt — 2)
(classically and quantum

mechanically).



Phase shift due to GWVs

° approx. — solve (perturbatively):
S S
0= at+ (ay7y h]()) U:Unzaﬁyg

dSy 051 051 h : A = 27h/muv
— = ' == = —HW  Zn,,yt (8
i ot Yoy (An’y’h”())

® Alternatively, evaluate the along
(perturbed) classical solutions:

Se(y',t) — Sy, t—T) = /t_Tdt’L[azo( N4z (t); hij(t)]

_ /;Tdt’(L(O) [20(t) + 21 (t')] + LW [2o(t )D



Sources of discrepancy

(SSQ[CIJ()(t,) -+ xl(t/)] — (pBAacB — H(mB,pB)AtB) — (pAACIJA — H(IA,pA>AtA>

® Chiao & Speliotopoulos
At p =0 rather than Az, 5 = 0.

® foffa et al. took At p #0,
but missed the
at the E(At; — Aty).

on they missed
P (AZy — AZ)) when At; = 0.

® term o ninjﬁz-jl)zw/()\v) .
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Discussion of the results

® Michelson-type interferometer: hij(£) = hij sin(wt + @)
A¢(t) = dmnind hy; K ~ > sin (%)] sin (m +o— %)
™ rigid arms
o (rigid arms): <« v/c<1
A¢ o< drn'nt hi; (L/N) wL/v>1

Limited by shot noise (need for large flux).

o (freely suspended mirrors):
A¢ o< —4mn'n? hi;(L/N) wL/v < 1

Other sources of noise (e.g. seismic, suspension thermal,
gravity gradient).



Future prospects

IntereSting Dl‘oposalj Dimopoulos, Graham, Hogan, Kasevich, Rajendran

atom fountain sharing common lasers
(analogous to a ) separated by a large vertical
distance (several kilometers).

of GW on
Similar to LIGO with replacing
suspended
sensitive to (suspension) noise.

Could be with laser interferometers!?



