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Gravitational waves

Testing Einstein:
* with gravitational waves

Gravitational waves

Recap: prediction of general relativity, masses
in non-uniform motion close to the s
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Gravitational waves
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Figure 2. Orbital decay caused by the loss of energy by gravitational radiation.
The parabola depicts the expected shift of periastron time relative to an
unchanging orbit, according to general relativity. Data points represent our
measurements, with error bars mostly too small to see.
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Gravitational waves

Key properties:

* strength — expressed as fractional distorti
ace caused by wave: e.g. i

e.g. two neutron stars
with an orbital separation
of 100 km
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How close is the nearest neutron star binary
that will merge this year?

Closest separation Galactic binaries will merge
via gravitational radiation in about 100 Myr

er galaxy as ~
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But measureable — we think! Use lasers to measure
shifts in the length of two arms at right angles with
time:

fest mass

light storage arm

test mass
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Strain Sensitivity for the LIGO 4km Interferometers
S5 Performance - June 2006  LIGO-G060293-00-Z

—— LHO 4km - (2006.03.13) S5: Binary Inspiral Range (1.4/1.4 Msun) = 14.5 Mpc
LLO 4km - (2006.06.04) S5: Binary Inspiral Range (1.4/1.4 Msun) = 15.1 Mpc
LIGO I SRD Goal, 4ki
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Sensitivity achieved in initial operations reached
design goal, but only good enough to see NS-NS
mergers out to ~15 Mpc... not enough

No signals seen
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Expect first direct detection of gravitational waves

Sources:
* neutron star binaries
* neutron star — black hole binaries
* supernova explosions (?)
metric rotating neutron stars (?

Mergers of

supermassive

black holes

would also

emit gravitational
aves
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LISA — proposed mission to detect gravitational
waves in space using laser interferometry between
three free-flying spacecraft

=

Spacecraft would orbit in a rotating triangular
configuration about the Sun
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LISA Sensitivity
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F expected spectrum of relic
gravitational waves

gravitational wave amplitude h(f,Af=3x10"
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Status:
* “LISA Pathfinder” mission to demonstrate
technology due to launch in 2015

o decision to proceed on full LISA

4/23/13



4/23/13

Inspiral " Merger '  Ringdown
l |

L } f jxl S‘—; l

G

= -

-

10



