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LEVERAGING THE GEO600 DETECTOR TO SEARCH FOR
GRAVITATIONAL WAVES FROM GAMMA-RAY BURSTS

One of the great open questions in astrophysics is the origin of gamma-ray bursts (GRBs). GRBs are intense flashes of
high-energy photons, which are observed approximately once per day, and last only a few seconds. They are the
brightest electromagnetic events that we observe in the universe. Typically GRBs are classified into two categories,
short or long, based on their duration and spectral hardness. Short GRBs typically last less than 2 seconds and have a
“harder” (more energetic) gamma-ray spectrum. Long GRBs last more than 2 seconds and have a “softer” (less
energetic) gamma-ray spectrum. The source of short GRBs is not yet understood, but the current best hypothesis is
that they are caused by the collision of a neutron star with either another neutron star or a black hole. The source of
long GRBs is generally thought to be the collapse of very massive, rapidly spinning stars resulting in a supernova; these
make up the majority of the GRB population.

Gravitational waves (GWs) are “ripples” in spacetime that are produced by the acceleration of mass, predicted by
Albert Einstein's General Theory of Relativity. These GWs offer a new way to explore astrophysical sources such as
GRBs. Several previous papers have been published by the LIGO and Virgo collaborations, reporting the results of
searches for GWs associated with GRBs.

In this paper, we use data from
the GEO600 detector in
Hannover, Germany, along with

data from LIGO and Virgo. FIGURES FROM THE PUBLICATION
Including GEO600 in this For more information on how these figures were generated and their meaning,
analysis, with its Iarge duty see the preprint at arxiv.org/abs/1405.1053

cycle, enabled us to examine a
set of 129 GRBs that had not
previously been examined for
associated GW signals. We
assume no prior knowledge of
the signal shape, and use data
from two GW detectors
(GEO600 along with one of the
LIGO or Virgo detectors) to test
for signal consistency and reject
background events. While most
GRBs occur at distances too
great for GW observatories to
“hear” a signal, only 10% of the
GRBs in our sample have well-
measured distances. 10
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Figure 1: Exclusion distances for 500 Hz and 1 kHz generic GW burst waveforms
for 129 GRBs. An optimistic total emitted energy in GWs of 1% of the rest mass
enegery of a star with the same mass as our Sun is assumed.
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Our population of 129 GRBs
occurred between 2005 and 2011.
Our knowledge of the GRB events
comes from satellite experiments -
mostly, from the Gamma-ray Burst
Monitor (GBM) on board the Fermi
satellite, or the Burst Alert
Telescope (BAT) on board the Swift
satellite. The Fermi GBM detects
GRBs with sky position uncertainty
regions of order hundreds of square
degrees. In searches for GWs, such
large sky position uncertainty
regions can mean large
computation time, as the search is
typically repeated over many
individual sky locations covering the
sky position uncertainty region. A
novel aspect of this search is the use
of a linear search grid, which greatly
reduces the computation time to
analyse GRB events localised by the
Fermi GBM. Additionally, we show
that if a high-frequency GW signal
were detected, the GW analysis
could substantially narrow the area
of the Fermi GBM sky position
uncertainty region. This improved
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Figure 2: Sky position reconstruction using the linear search grid. The X-Pipeline analysis will
localise a detected GW signal to the point on the linear grid closest to the true injected signal,
within errors due to noise fluctuations. The containment distance is a function of the frequency
and duration of the GW signal, and can be empirically measured for each GRB as part of the GW
analysis pipeline; no additional processing time is required. In this example, the 2o containment
distance is about 2.5°. The coordinates of the shaded region can be disseminated to EM
astronomers for follow-up by wide-field telescopes.

sky localisation could help optical astronomers who are searching for the visible-light afterglows of GRBs.

GEOG600 is the first GW detector to operate consistently while using a squeezed quantum vacuum to improve the “shot
noise” limited detector sensitivity above a few hundred Hz, a technique referred to as squeezing. Currently at GEO600
the use of this method can consistently improve the shot noise limited sensitivity at the output of the GW detector by

up to 30%.

In our search, we find no evidence for GWs from any individual GRB or from our population as a whole. This implies
that none of the GRBs in our sample with unmeasured distances were close enough for us to “hear” an associated GW

signal.

The Advanced LIGO and Advanced Virgo detectors are currently being installed and commissioned, and expect to
begin initial science runs within the next year. There detectors will have increased sensitive range by a factor of 10 or
more. Future searches will see further than we have ever before, and hopefully lead to a direct detection of GWs

associated with GRBs.

GLOSSARY

Gamma rays: Electromagnetic radiation at the highest energy on the electromagnetic spectrum

Neutron star: Extremely dense object which remains after the collapse of a massive star

Black hole: A region of space-time caused by an extremely compact mass where the gravity is so intense it prevents anything, including light, from leaving.

X-Pipeline: Triggered coherent analysis algorithm for gravitational wave bursts

READ MORE

Freely readable preprint of the paper describing the analysis and results: http://arxiv.org/abs/1405.1053

An introduction to gravitational waves: http://www.ligo.org/science/GW-GW2.php

An introduction to gravitational wave bursts: http://www.ligo.org/science/GW-Burst.php

Wikipedia page on gamma-ray bursts: http://en.wikipedia.org/wiki/Gamma-ray_burst

Wikipedia page on General Relativity: http://en.wikipedia.org/wiki/General_relativity

The FERMI Gamma-ray Space Telescope: http://fermi.gsfc.nasa.gov/

Science summary page on squeezing: http://www.ligo.org/news/GEO_squeezing.php

Advanced LIGO homepage: https://www.advancedligo.mit.edu/

Advanced Virgo homepage: https://wwwecascina.virgo.infn.it/advirgo/
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