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FIG. 1. 4

Gray: ASD of Ag. S

(f), measured for 6.5 days starting 127 days after launch. The ASD is the result of averaging 26

periodograms of 40 000 s each, which results in a relative error (1o) of 10% in S}_\f. The effective spectral resolution, set by the spectral
window, is Af = +50 uHz. The absolute calibration of the measurement is better than 5%. Red: ASD of the same time series after
correction for the centrifugal force (visible at the lowest frequencies). Light blue: ASD after correction for the pickup of spacecraft
motion by the interferometer (IFO), visible in the 20-200 mHz range. Dashed smooth black line: Sy,(f) = So + Sipo(27 £)* with
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Sy/? = (5.57 £0.04) fms=2/\/Hz and SY3 =

(34.8 £0.3) fm/+/Hz. Note that the level of S, has decreased further in subsequent

measurements, as quoted in the abstract and shown in Fig. 3. Shaded areas: LISA and LISA Pathfinder requirements for Ag. The LISA 4
single test-mass acceleration requirement [2] has been multiplied by /2 to be presented here as a differential acceleration.
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A. Shoda PhD thesis (University of Tokyo, 2015)
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0.54e-15*g /rtHz @ 0.7-20 mHz
(c.f RFF 45t 3e-9*g @ 1sec)

G. Rosi+, Nature 510, 518 (2014)

BDL ﬁajd)iziul_t
10 fN/rtHz @ 0.7-20 mHz

(TM: 1.928 kg)
(Cf MTO: 6 fN/rtHz @ 307 Hz (on resonance))

Y.-J. Chen+, PRL 116, 221102 (2016)
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Vitale, however, points out that it is important for
researchers to stay focused on the mission’s immediate
goal. “Our main objective is to demonstrate freefall,” he
says, “and we don’t want to be distracted from that.”

http://www.nature.com/news/freefall-space-cubes-are-test-for-gravitational-wave-spotter-1.18806
9
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Figure 4.8: OptoCAD simulation of the reference interferometer
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Figure 4.9: OptoCAD simulation of the frequency interferometer.
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component at the heterodyne frequency frer. The time dependence of the heterodyne signal is
given by
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Figure 4.11: OptoCAD simulation of the X1-X2 interferometer.
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N [Figure 5.1: Photograph of the fibre injector qualification model pair bonded

S8 onto the post on the prototype LTP optical bench.
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W. Kokuyama+, arXiv:1602.03701
Simple digital phase-measuring algorithm for low-noise heterodyne interferometry
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implemented with a low-pass filter. (b) Results for the test with laser Doppler vibrometer.
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Prospects for Multiband Gravitational-Wave Astronomy after GW150914

Alberto Sesana
School of Physics and Astronomy, University of Birmingham, Edgbaston, Birmingham B15 2TT, United Kingdom
(Received 21 February 2016; revised manuscript received 8 April 2016; published 8 June 2016)

The black hole binary (BHB) coalescence rates inferred from the Advanced LIGO detection of
GW150914 imply an unexpectedly loud gravitational-wave (GW) sky at millihertz frequencies accessible
to the Evolved Laser Interferometer Space Antenna (eLISA), with several outstanding consequences. First,
up to thousands of BHBs will be individually resolvable by eLLISA; second, millions of nonresolvable
BHBs will build a confusion noise detectable with a signal-to-noise ratio of a few to hundreds; third—and
perhaps most importantly—up to hundreds of BHBs individually resolvable by eLISA will coalesce in the
Advanced LIGO band within 10 y. eLISA observations will tell Advanced LIGO and all electromagnetic
probes weeks in advance when and where these BHB coalescences will occur, with uncertainties of <10 s
and <1 deg?. This will allow the prepointing of telescopes to realize coincident GW and multiwavelength
electromagnetic observations of BHB mergers. Time coincidence is critical, because a prompt emission
associated to a BHB merger will likely have a duration comparable to the dynamical time scale of the 22
systems and is possible only with low-frequency GW alerts.
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independent of their mass and composition

§ PRECISION LAB IN SPACE susens Siile
D LISA Pathfinder aims to test whether an intricate experiment consisting

of two metal cubes in freefall, isolated from all forces except gravity,
can operate in space.

1687
ISAAC NEWTON

Universal law of gravity: the gravitational force between two bodies is
diectly propartional to their mass and inversely proportonal to the square

a—
D\ j L__ (./ (./ When Pathfinder launches, i e

clamps pin the cubes — which

are buried at the heart of the e

craft — tightly to their housing Once craft is stable, clamps s o

so that they don't jostle and release the cubes extremely et o

damage either themselves or gently; retractable devices ® ®

other instruments. position each one exactly at the L—
centre of its housing at a speed
of fewer than 5 micrometres
per second. (See below). ALBERT EINSTEIN

General theary of rolativity: gravity as the interaction between massive
bodies and the structure of spacetime

L Around 55 days into the
Two hours after launch, mission, craft arrives in 1919
Pathfinder separates from the orbit around L-1. finsee RTHUR EDDINGTON
launcher and begins to make e v ety ey
increasingly elongated ellipses.

)
51 days after launch,
Pathfinder separates
S from thrusters.

1959 |
R. POUND & G. A. REBKA

Fist maasurement of gravitational rdshit the frequancy shit of ight
a5 it travels through the gravitationa feld of Earth, as predicted by
general elativty.

Nine days after launch, Pathfinder V
makes final a burn, propelling it towards
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