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What are graV|tat|Ona| waves? \ ':"J-’ Gravitational waves in the news iy, ' The Apollo lunar missions left seismometers on the surface of the moon to study

moonquakes. The data from these seismometers was studied for evidence of
passing gravitational waves. No evidence was found which places upper limits on the
strength of the gravitational wave background in the frequency range 0.1 — 1 Hz [6].
Gravitational waves at this frequency are outside of LIGO’s sensitivity range.

Einstein’s theory of General Relativity predicts that mass curves the fabric of In March the BICEP2 Collaboration announced that they had measured a certain type of twisting
spacetime. John Wheeler summarized this prediction in the statement, “Mass in the polarization of light from the Cosmic Microwave Background (CMB) [3]. This light was
tells spacetime how to curve and spacetime tells matter how to move.” Moving produced near the beginning of the universe. Gravitational waves from inflation, the rapid
masses produce ripples in the fabric of spacetime that propagate outward at the swelling of the early universe could have interacted with the CMB and caused the pattern e I =1 Nt
speed of light. These ripples stretch and squeeze the space they pass through measured. Inflation is important for explaining why the universe is so homogeneous but had R Rt EEEERE 20
but are so weak by the time they reach earth that the largest ones would - not yet been supported by direct experimental evidence. 10
squeeze the planet by less than the diameter of a proton.
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Above is an artist’s depiction of two pulsars orbiting around each other and : ' ' ! NV LN : Frequency [H1Z?
producing gravitational waves. Pulsars are the remnants of dead stars whose N e
powerful magnetic fields produce beams of radio waves that sweep around as f : s 1.0 10g,0(74)
the pulsar rotates. Such systems have been observed and seem to be loosing The BICEP2 results (top) have been called into question by recent measurements of the
energy to gravitational waves [1]. Image from [2]. , CMB by the Plank satellite [5]. Galactic dust (bottom) can also cause polarization twists
and it is uncertain how much, if not all of BICEP2’s measurement can be attributed to dust.
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LIGO the Laser Interferometer Gravitational-wave Observatory = Initial LIGO results

Gravitational waves stretch and squeeze the space they pass through, changing the distances between . . {_’" S, S Data from the LIGO detectors has been collected and analyzed, along with the , ] i =
objects. Therefore, we need a way to measure distance changes very accurately. The LIGO (Laser R i =z Vo e data from other gravitational wave detectors such as the Virgo detector in Italy, S84
Interferometer Gravitational-wave Observatory) detectors were built to do just that [7]. Laser light is e - ' e N GEO600 in Germany, and TAMA in Japan. None of the analyses completed thus far VERa/A
sent down perpendicular 4 km long arms, reflected from end mirrors and then allowed to recombine i e T ST has found a gravitational wave signal. However, even not detecting gravitational
and interfere. Changes in the amount of interference indicates changes in the length of the arms. ' T NG, L B e N waves has allowed LIGO scientists to make some important astrophysical

| discoveries.
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End Mirror z , “
[ ) ‘ TR NS, L Iz N One example of astrophysics coming from LIGO observations involves measuring the

strength of pulsars’ outer crust. The stronger the crust, the more aspherical a pulsar
can be and the stronger the gravitational waves it can emit. The picture at right
shows the sensitivity of the LIGO and Virgo detectors during different data runs. Each
triangle is an upper limit on the amount of gravitational radiation produced by an
individual pulsar based on its slowing spin. The star at the same frequency is an
upper limit on the gravitational waves based on LIGO/Virgo data. For a couple of
\ pulsars, the star is lower than the triangle, meaning that LIGO and Virgo have set

: ' the best limit on the gravitational waves and therefore give the most information
about the structure of the pulsars [9]
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LIGO Hanford Observatory in Hanford, WA (above) and
LIGO Livingston Observatory in Livingston, LA (below)
Images from [8]
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Frequency [Hz] The above diagram shows the volume of space for which Initial LIGO advanced.htm|
) was able to measure gravitational waves produced by the inspiral of 4

Sensitivity comparison between Initial LIGO (eLIGO) and the Advanced LIGO Livingston detector in July two neutron stars. Once the detectors are upgraded, Advanced LIGO

: ’ (aLIGO). The new detector is already more sensitive even though not all systems have been installed and will be able to see far enough to make frequent detections. Image
Alignment of new mirrors at LIGO Livingston Observatory. tuned. Image from [10]. from [11].
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