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INTRODUCTION and PHYSICS GOALS

The Oregon group proposes to continue and strengthen our work within the LIGO Scientific
Collaboration (LSC) to search for burst sources of gravity waves (GWBs). In particular, we will search
for GWBs using external events (triggers) in coincidence with LIGO, as well as through untriggered
searches. The initial efforts to carry out such a GWB search are already well underway within the LSC
and the Oregon group. In this section, we briefly discuss the underlying physics and measurement issues
for GWBs and GWBs with external triggers. In the following sections, we describe many of the activities
of the Oregon group which are focused on environmental background reduction and general data analysis
tools. We argue that all facets of these extensive LIGO activities of the Oregon group have been
intimately connected to our physics goals, and we propose to continue this pursuit. The next three years
will take us to the end of the initial LIGO era, which will continue to be our primary focus during this
period. However, the activities of the Oregon group during initial LIGO will provide key information for
the planning and implementation of Advanced LIGO, and we plan to continue our LIGO involvement into
the Advanced LIGO era.

Gamma-ray bursts (GRBs) are prototypical of the external events we intend to use for the GWB search.
While much debate continues regarding the physical origin of GRBs, it is established as an extra-galactic,
highly energetic, phenomenon. The prevailing model is that the gamma rays are produced in shocks in a
relativistic fireball which results from gas inflow onto a newly formed black hole [1]. There continues to
be much debate about how the black hole itself is formed, and there may be multiple mechanisms. As
experimentalists, we do not wish to enter this debate here. However, we wish to point out that (1) many of
the models of GRB origin coincide with phenomena which would also give rise to gravity wave emission
[2], and (2) positive observations of GWBs, or limits on their appearance, in coincidence with GRBs will
provide key information for distinguishing GRB models. For example, binary mergers (NS/NS or
BH/NS) are often considered as progenitors for at least some fraction of the GRB black holes — a
characteristic gravity wave (GW) inspiral signal clearly observed with LIGO in coincidence with a GRB
event would provide striking evidence to support mergers.

Based on the GRB data, current estimates [2,3] give an event rate of one per year at a distance of
~200(6/0.1)** Mpc for both long and short GRB event classes, where 0 is the half-angle at which the
gamma-ray signal is beamed. The formation mechanism will determine how many of these are visible in
gravity waves. For example, if all GRBs were due to compact mergers, LIGO would expect to detect an
appreciable rate for GRB-GWB events for Advanced LIGO (tens of events per year), but not for initial
LIGO. Nevertheless, since the mechanism is unknown, we are prepared for surprises. Of course these
estimates and their underlying assumptions, including that of beaming, have a big impact on the
interpretation of final results, but do not affect our experimental procedures. We emphasize the point of
model independence at the end of this section by indicating the burst observables which are directly
provided by our measurements.

Broadly speaking, there are two approaches for the search for externally triggered GWBs, which we
discuss below. In either case, one employs a time coincidence window 7. For signal to noise ratio (SNR)
considerations, 7 should be as small as possible. GRB models also predict the required 7 to be small, with
the GWB signal preceding the GRB signal by = 0.5 s or less in the lab frame. Of course, one would allow
T to vary outside of the theoretically preferred range as part of the full analysis procedure. An additional



piece of external information which is quite useful, when available, is the position of the astrophysical
event in the sky. This constrains the time difference of the GW signal arrival between the Hanford (LHO)
and Livingston (LLO) LIGO observatories, separated by 3030 km. When available, this information
would further strengthen the SNR for GWBs.

In one approach for triggered bursts, a search is made which is similar to other GW searches — using
matched filters, for example, in the case of modeled sources, or one of the burst search algorithms
discussed below for unmodeled sources. However, in this case one limits the search to the coincidence
window. This allows a GW detection in noisier data than would otherwise be possible. For example, one
estimate [4] indicates that the coincidence condition effectively increases the SNR for a 99% CL inspiral
detection by a factor 1.5.

The other approach, due to Finn, Mohanty, and Romano (FMR) [5], is appropriate for unmodeled burst
sources and poor interferometer SNR. It employs a statistical test, comparing the GW signal, averaged
over a large number N of external triggers within the coincidence window, to the average signal outside
the window. This method requires the interferometer noise to be stationary, but makes no assumption or
requirement on the character of the GW signal. This approach may indeed be most appropriate for the
lower SNR situation presented by early LIGO running. Converted to a 95% CL upper limit on the RMS
gravitational strain 4, averaged over N sources, then A* o« VT/N, and with typical parameters expected for
initial LIGO, FMR find the achievable limit on / to be 2 x 10 for N=1000 and 7=0.5 s. The FMR
method has been implemented by the Oregon group within the framework of the LSC Bursts Group.
Analysis of initial LIGO science run data is underway.

In addition to GRBs, other phenomena could provide triggers for GWB searches. One important example
is type-II supernovae, which are expected to produce gravity waves in various ways. If the system is
rapidly rotating, models suggest [6] the newly formed neutron star will enter a long-lived, highly
asymmetric episode which might be detected with Advanced LIGO [2] to a distance of ~15 Mpc or more,
with a highly uncertain rate estimated to be on order one per year. White dwarf collapse due to accretion
is thought to provide an additional pathway for such newly-formed, rotating neutron stars. For more
modestly rotating systems, convection of the newly formed neutron stars would be a GW source. In all of
these cases of rapid collapse to a compact object, there might also be a detectable external neutrino
trigger, in addition to the optical one. Even very high-energy cosmic ray events should not be excluded as
potential astrophysical triggers of GW emission. LIGO is poised to use all such information. In fact, the
supernova-like class of triggers is expected to require a much longer coincidence window than GRBs,
perhaps a few hours. This will require long periods of stable lock and a thorough understanding of non-
gaussian noise sources, an important focus of the Oregon group’s efforts.

The Oregon group also proposes to continue its strong involvement in the search for untriggered burst
events, sometimes referred to as a “blind” search. The underlying work of minimizing noise and
developing pre-analysis software tools are almost identical to the triggered search. The blind burst
analysis involves searching for gravitational-wave bursts simultaneously from the entire LIGO field-of-
view and for the entire time of coincident lock between at least two LIGO interferometers. The technique
for doing this analysis consists of looking for glitches in the time domain and the time-frequency domain
of the gravity-wave (GW) channel using search algorithms referred to as DSOs or ETGs within LIGO.
The search is initially done independently for each interferometer. There are currently three DSOs,
developed by individuals from other institutions, which are used to search for these glitches:

o tfcluster DSO — searches for excess power in clusters of pixels in the time-frequency domain
o slope DSO — searches for changes in slope of the signal in the time domain
e power DSO — searches for excess power above noise in a time-frequency band



The Oregon group will have a substantial contribution to the veto analysis part of the blind search. Since
it is made without the benefit of astrophysical triggers, the blind technique will have to rely on glitches
found in auxiliary channels to veto “signals” found in the GW channel which are due to instrumental or
environmental sources. This veto analysis will also be done independently for each interferometer. There
are two glitch monitors which have been developed by the University of Oregon group, and have become
standard tools in the LSC:

e glitchMon monitor — searches for glitches in the time domain of auxiliary channels using varying
thresholds which depend on the synchronous calculated value of the standard deviation

o absGlitch monitor — searches for glitches in the time domain of auxiliary channels using a fixed,
user-defined threshold

A tool which will monitor coincident glitches between the sites is also being developed. Besides the
maintenance and application of these glitch monitors, the Oregon group is also doing studies of data from
the environmental channels, specifically studies of the magnitude of the couplings between the
environmental channels and the GW channel. Studies like this will aid in determining the appropriate
thresholds to use for the glitch monitors used in the veto analysis.

Astrophysical Observables

Positive detections. If the sensitivity of LIGO is such that several gravity-wave bursts are detected within
its lifetime, then the following measurable quantities will aid the astrophysical community in
understanding the origin of these bursts:

rate of observed GWBs within the volume of sensitivity of LIGO
durations of observed GWBs
angular positions of observed GWB sources; angular distribution of sources
character of observed GWB signals
e time domain: temporal structure and variability
e frequency domain: spectrum and spectral evolution
5. time delay T between observed external events (e.g. GRBs or supernovae) and observed GWBs
(for triggered search)
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No detection. A non-detection of gravitational-wave bursts by an instrument of known sensitivity will
also prove to be useful to the astrophysical community through the
implications which a non-detection will have on:

1. upper limit on total rate of GWBs within the volume of sensitivity of LIGO
2. limits on models of the external astrophysical events (for triggered search)

Burst Searches and the Oregon Group

We argue that the work carried out by the Oregon group during the past three years, and the proposed
work for the next three years, coincides identically with a large and important subset of what is required
to carry out a scientifically successful search for gravity-wave bursts. Because of the intrinsically
unmodeled character of burst sources, identification, understanding, and reduction of “glitchy”
instrumental noise is critical. The multitude of environmental noise sources is especially important for
this work. Software processes to identify glitches for GWB analyses (vetos) is equally critical, as is the
ability to identify which are the essential channels to retain for further analysis (reduced data sets).
Equally important is the ability to make correlations between interferometers of both noise sources and
signals, which will be used for the final search engines, such as the triggered search.




PROPOSED RESEARCH

We plan to build on our past contributions (see Summary of Past Results below) and, as LIGO moves
from commissioning into data accumulation, expand into those areas of data analysis most benefited by
our past experience and in keeping with our astrophysical goals. First, we plan to continue identifying and
reducing environmental influences that decrease interferometer sensitivity and increase false detection
rates for individual interferometers. This will involve identifying sources, reducing coupling and helping
produce environmentally based vetoes. In addition to environmental coupling we will also study coupling
between auxiliary interferometer channels and the gravity-wave channel for veto production purposes.
Second, we plan to study and, where possible, reduce the false coincidence rates between the three LIGO
interferometers. This will involve a continuation of our inter-site environmental correlations project and
an investigation of any phenomena which reduce the statistical independence of noise from the two
Hanford interferometers. Third, we plan to continue to develop and apply data distribution, monitoring
and astrophysical analysis tools. We also plan to contribute to Advanced LIGO in a number of ways.

Much of our contribution so far has been centered at Hanford because of the presence of Oregon
personnel only at the Hanford site. ~We propose to extend our contribution to the Livingston
interferometer by adding a postdoc stationed primarily at Livingston. The postdoc will begin by working
at the Hanford site and gradually will spend more time at Livingston, approaching full time at the
Livingston site within one year.

I. IMPROVE SENSITIVITY AND DECREASE FALSE DETECTION RATES AT INDIVIDUAL
INTERFEROMETERS BY REDUCING ENVIRONMENTAL INFLUENCES

Identify specific sources

In the past three years we have identified many specific environmental sources of in-band noise on the
GW channel, as well as out-of-band noise that can be up-converted into the GW band, cause loss of lock,
or otherwise affect performance. Many of the environmental sources of GW channel noise can be
ameliorated. For example, we identified the Hanford office air handler as the source of one of the largest
in-band seismic peaks, and certain compressors as producing in-band GW channel transients (see Past
Work). We worked with the local engineering staff to design improved seismic isolation for these
sources, which they have successfully implemented. Many other “self-inflicted” noise sources that we
have identified, such as hood fans and certain power supply fans, have simply been removed or turned
off. Other environmentally induced GW channel noise is not so easily reduced at the source. Examples of
such sources that we have identified include nuclear power plant fans, tank and mortar fire from the
Yakima Firing Center, truck traffic, and vitrification plant construction. In some of these cases the GW
channel noise can be reduced by modifying the interferometer for the specific source. This can be as
simple as a resonant gain stage in the servo loop or may involve changing the seismic isolation stack
resonant frequencies to mismatch the external frequency. In the case of the nuclear power plant fan peak
at 2.295 Hz, this could be done by adding weight to the appropriate optics table (proposed by Fred Raab
in a discussion). Even when the interferometer noise can not be immediately reduced, identification and
understanding of sources helps in planning for Advanced LIGO and in devising monitoring methods to
produce vetoes for transient sources.

As the sensitivity of the interferometer is improved over the next years, more environmental noise sources
will rise above the noise floor. Investigating these lower amplitude sources will be increasingly difficult.
We propose to apply our experience to the increasing challenge of identifying these environmental



sources, at both the Hanford and Livingston observatories.
Reduce environmental coupling

In addition to attacking specific sources, the astrophysical sensitivity of the interferometer can be
improved by reducing coupling of unspecified environmental signals. We have identified several acoustic
and seismic coupling sites which produce frequency noise peaks. Examples include the pre-mode cleaner,
resonances of the large periscope on the PSL (Pre-Stabilized Laser) table, and optic-table leg resonances.
We identified coupling mechanisms for these noise sources. The level of coupling at the pre-mode cleaner
was consistent with sound-induced index of refraction modulation, and was greatly reduced by covering
the port. The coupling level for seismic and acoustically induced motions of the periscope and the table
legs was consistent with doppler shift of the main laser light caused by the motion of the table and
periscope relative to the suspended mode cleaner. We have helped design and test new periscope and
table leg systems. We have also helped design acoustic insulation to reduce the noise from these and other
coupling sites. We have also developed systems for producing localized large magnetic, acoustic, RF and
seismic signals to help determine coupling sites.

We plan to continue efforts to reduce magnetic, acoustic, seismic and RF coupling. This work is
extremely important; for example, we have found that, at the present level of magnetic coupling, ambient
magnetic fields at Hanford will prevent us from reaching design sensitivity. We will identify the coupling
sites and reduce this coupling and help in reducing the ambient magnetic field levels.

We plan to identify the specific mechanism by which wind gust-induced seismic signals cause the
interferometer to lose lock, and to help to design a solution. We will also search for other lock loss
mechanisms at both Hanford and Livingston. Long segments of locked running are crucial for achieving
some of our physics goals, especially where long coincidence windows are required, for example in
setting limits on GW emission from supernovae.

Expand environmental monitoring

Cosmic ray detector. We designed and built a cosmic ray detector system, including detectors,
electronics, and readout software. The detectors are positioned in the corner stations at both Hanford and
Livingston, and are designed to detect both large-area showers and local collimated showers.
Operationally, the detectors will indicate the time and estimated energy of a large cosmic ray event.
Cosmic ray showers can affect a test mass either by transfer of momentum to the test mass, by heating the
mass, or by electrically charging up the mass. Our expectations are that cosmic ray interactions will not
be an important background for initial LIGO operation, but may become important for Advanced LIGO.
We will determine this with real data during the next few years, of course. And depending upon these
results, it may be necessary to provide a system with more extensive detector coverage for Advanced
LIGO.

Gust meter. We identified wind gusts as a problem several years ago and have purchased a gust meter
(about 60 Hz sampling rate) to test as a potential additional sensor for each building. This has become a
project for one of the site operators. We will continue to advise him and to collaborate on experiments to
study the effects of gusts on the buildings and on studies of the potential value of permanent gust meters
on each building.

RF monitoring. We have set up a temporary narrow-band receiver and will help set up permanent
monitoring systems once we have investigated coupling and between-site correlations.



Burst Injections for veto production

Environmental burst injections. We have been developing a program of injecting environmental bursts
before and/or after each interferometer run in order to set veto thresholds based on the coupling of
environmental channels to the GW channel. Most recently we have produced dozens of transient sounds,
magnetic field pulses, seismic bursts and RF pulses in various buildings. The amplitude of these bursts
were increased until they were evident in visual inspections of the GW channel. We propose to continue
to expand this program and to produce veto thresholds based on these injections.

Injections such as these may not be especially useful for upper limit investigations but will be extremely
useful in establishing positive GW identification. Such high-amplitude injections are not needed when the
coupling between an environmental channel and the GW channel is so strong that a statistical analysis of
coincidences between bursts on the GW channel and bursts on the environmental channel reveals the
coupling. The high-amplitude injections are useful when the natural rate of environmental signals that
appear on the GW channel is too low to detect in coincidence analyses of GW and environmental
channels for short "playground" runs. For upper limit investigations, the low event rates are unimportant
because coincidence rates between sites are so low that vetoing these occasional large events will not
lower the upper limits. For positive identification, however, we must reduce the false coincidence rates to
levels of about once per century. Injection of large amplitude bursts will reveal coupling when the natural
rate of sufficiently large environmental events is low and will allow us to set veto thresholds on
environmental signals that could otherwise produce rare but false GW detections.

Veto thresholds will be established by running both environmental channel monitoring software and GW
burst detection software for the injection period. The environmental signal thresholds will be set at a level
somewhat below the level at which coincidences between GW channel triggers and environmental
channel triggers are statistically significant.

Simulated astrophysical burst injections. We proposed simulated astrophysical burst injections before
each run as a means of measuring the cross-coupling between GW and other interferometer channels used
to produce vetoes. We plan to continue our involvement with these injections and their analyses. The
initial burst group strategy for preparing vetoes for engineering data run E7 used the fact that bursts
produced by interferometer problems appeared on certain auxiliary channels. When the amplitude of a
burst on these auxiliary channels, such as the Michelson servo control signal, exceeded a certain
threshold, the GW channel would be vetoed for a certain period because the signal was assumed to come
from within the interferometer. We used injections of simulated GWs to show that GWs would produce
unexpectedly large signals on some of the auxiliary channels. Thus, if the gravitational waves were large
enough, the unmodified veto strategy would cause them to be vetoed. Large GW bursts may be highly
unlikely, but a strategy that would veto them is clearly inappropriate in setting upper limits for GWs. We
proposed that simulated astrophysical injections be made at the beginning of each run in order to
determine the coupling between the various potential veto channels and the GW channel. This injection
program has been expanded for other purposes and we have played a role in these injections. We propose
to continue to play a role in determining the coupling level between GW and other interferometer
channels.

II. STUDY AND REDUCE THE FALSE COINCIDENCE RATES BETWEEN THE THREE
INTERFEROMETERS

Monitor inter-site environmental correlations

Inter-site bursts. Environmental signals that appear at both the Washington and Livingston sites within a
window of about 30 ms have the potential for increasing the false detection rate and must be monitored



and understood.  Robert Schofield has led or co-led the inter-site environmental correlations
investigations for all engineering and science runs. We have concentrated on coincident bursts because of
our interest in the search for gravitational wave bursts. Mechanisms that could produce coincident bursts
include lightning, RF bursts and power mains glitches that propagate through the AC - DC - AC ties
between the east and west coast power grids. Stand alone software was developed to compare event rates
in 30 ms windows for temporally aligned and misaligned data from both sites. We have so far detected
excess coincidences only in coil magnetometer channels. Investigations of lightning strike rates and the
magnetic pulse amplitude that is produced by these strikes have supported the interpretation that the coil
magnetometers at both sites are detecting many of the same lightning strikes. Our effort on inter-site
correlations is only just beginning. For example we have only recently installed RF monitors.

There are also mechanisms whereby signals that do not propagate near the speed of light, but which are
correlated between sites, could increase the false coincidence rate. For example, if false detections are
more common during periods of high seismic activity at each site, then the workday increases in seismic
level at each site would increase the false coincidence rate above what would be expected for completely
independent interferometers. In addition, self-inflicted correlations, such as might be produced by GPS-
coupled digital servo systems, should be studied. We plan to continue to expand our monitoring of burst
coincidences, and to study correlated variations in false detection rates.

Inter-site coherence. Coherence of intersite environmental signals is especially important to the GW
stochastic background group. The 60 Hz frequency of the east and west coast power grids are both set by
GPS clocks. We have investigated the schemes used to regulate frequency that could produce long term
coherence between sites. We propose to continue these investigations and study long term coherence that
might be produced by correlated bursts.

Characterize the false coincidence rate between the two Hanford interferometers

We propose to investigate the independence of the two Hanford interferometers. The confidence of an
astrophysical detection depends on the false coincidence rate, which depends on the number of
independent interferometers. Considering the three LIGO interferometers, the false coincidence rate is
likely to fall somewhere between the square and the cube of the false detection rate for an individual
interferometer. Clearly the two Hanford interferometers are not completely dependent, but they are also
not completely independent. For example, the most important acoustic coupling sites for both
interferometers are found within a few tens of meters of each other in the corner station. We propose to
measure the excess over chance in GW channel event coincidence rates between the two interferometers.
This will be an ongoing project, as the degree of independence is expected to change as the interferometer
sensitivity and performance improve. Furthermore, we will attempt to identify the sources of the excess
coincidences. Because many of the sources of excess coincidences are expected to be environmental, our
experience with environmental signals should be useful. We have also written much of the software that
will be used in this study. The identification of sources of excess coincidence may enable us to reduce this
coupling and thereby improve the astrophysical sensitivity of the instrument.

III. DEVELOP DATA DISTRIBUTION, ANALYSIS AND MONITORING TOOLS

Reduced Data Sets (RDS)

LSC Reduced Data. The group at the University of Oregon has been working with the group responsible
for the LIGO Data Analysis System (LDAS) to develop a utility which can be used to easily generate

reduced data sets (RDS) from the full data set through channel selection and resampling of selected
channels. LIGO data is stored in frame format and currently consists of time series data from about 5700



data channels for the three interferometers, with the channel sampling rates ranging from 16384 samples
per second to 16 samples per second. At these rates, data from the first LIGO science run (S1), which
lasted for 17 days, totaled close to 13 TBytes. It is not hard to extrapolate what this implies for data
storage and data access needs of the LIGO Scientific Collaboration for future runs which will last for
months at a time. Many of the LIGO data channels, such as the environmental monitoring channels
(PEM), will be primarily used to provide real time monitoring and vetoing. Hence, many such data
channels are not necessary to conduct offline astrophysical analysis of the data, or to conduct data
characterization. Therefore, an excellent and obvious way to reduce the size of the data is to perform
channel selection and retain only those channels which are necessary for the said offline analyses.
Additionally, auxiliary channels which are used for veto analysis can be downsampled to further reduce
the data size.

We have successfully used the LDAS system to generate an interim reduced data set for the S1 science
run. This reduced data set was smaller than the full data set by a factor of 5, so that the entire RDS can be
stored in 2.6 TBytes of spinning media instead of the 13 TBytes needed for the full data set. The group
plans to continue to monitor and evaluate the needs of the LIGO Scientific Collaboration for accessible
data which will better match realistic computing resources which are, or will be, available at the various
LSC institutions, and to contribute to finding ways to meet those needs.

Triggered Reduced Data Sets. The Oregon group plans to develop a triggered reduced data set. These data
sets will contain data from times of interest from external triggers. In the case of gamma ray bursts, these
data sets will contain many minutes of data for each GRB trigger. For supernovae, each trigger will be
much longer (many hours). This data set will also contain data triggered by signals from the PEM system,
as well as data from random times, allowing possible spurious signals to be studied.

External trigger data analysis code

We have produced an initial version of code, based on the FMR method [5], that will compare the
gravity-wave channel during gamma ray bursts (GRBs) to other random times. This analysis algorithm,
called the exttrig DSO, searches for broad-band coherence between the gravity-wave channels in two
interferometers. It does this by computing the cross-correlation statistic for a time associated with a GRB
(on-source) and for many times which are not associated with GRBs (off-source). The distributions of
these on- and off-source cross-correlation statistics for several GRBs are examined in a statistical fashion,
and the t-statistic is used to determine whether the means of these two distributions are significantly
different. The on-source statistic uses the source direction of the GRBs to determine the lag between
arrival times at the two interferometers. We plan to further develop and apply this code.

Burst detectors and other monitors

We have produced two general purpose burst detectors, glitcthMon and absGlitch. These have been the
main monitors used by the LSC upper limits groups in activities such as producing vetoes. The basic
glitchMon code searches time series for signals that cross thresholds, absolute or adaptive. The code has
been expanded to begin searching for signals with particular characteristics. The code can be set to
identify signals that exceed thresholds in only 1 bin (generally these are data acquisition system glitches)
and signals that persist above a second threshold for some period. We propose to continue to expand
glitchMon towards template searches for particular classes of bursts.

We have produced an earthquake monitor and plan to continue to produce other specialized monitors as
needs arise. For example, our investigation into the failure of an optic suspension that caused the S1 run
to be postponed indicated that stable oscillations in a servo loop scanned the laser beam repeatedly across
a suspension wire. The laser heated the wire, weakening it to the point of breaking. This stable oscillation



in a damping servo loop was initiated by an earthquake. During the S1 run the Oregon group found that
another earthquake had started a similar stable oscillation in a different damping servo, reducing the
instrument sensitivity for several days during the run. We are beginning to modify a monitor to search for
and alarm at these suspension oscillations.

Event processing and coincidence analysis tools

Event analysis tool. We have played a major role in coding “EventTool,” the tool which will be used to
search for GW channel coincidences. We will continue to maintain this tool and improve the user
interface.

Inter-site coincidence monitor. As mentioned above, we developed prototype software for our analysis of
inter-site coincidences of environmental signals. This monitor searches for coincidences between sites
before producing a trigger, rather than searching for coincidences among triggers produced for each site.
This allows us to search for coincident low-amplitude signals without producing hundreds of triggers per
second per channel. We plan to produce a DMT version of our current stand-alone code.

IV. SPECIFIC ACTIVITIES AT LIVINGSTON

As mentioned above, we propose to extend our activities at Hanford to Livingston with the addition of a
new Oregon postdoc. The postdoc would work closely with Robert Schofield at Hanford and would begin
by measuring magnetic, acoustic, seismic and RF coupling, as needed, at all three Livingston stations.
Where these coupling levels are found to be too high, we will help search for coupling sites and attempt to
lessen the coupling as we have been doing at Hanford. In addition, the Livingston postdoc would aid in
measuring the frequencies of all large equipment at Livingston and begin to track the sources of specific
troubling peaks (such as the 29 Hz peak) at Livingston that are likely to be associated with environmental
sources. The postdoc would also work with the local staff to expand environmental monitoring, as we are
planning to do at Hanford. The postdoc would be responsible for pre-run environmental burst injections,
coordinated with those at Hanford, and be involved in veto preparation. The postdoc would aid in setting
up and trouble shooting equipment needed for studying inter-site environmental correlations at Livingston
and would be involved in the study and reduction of false coincidence rates between the three
interferometers. The postdoc would extend our Newtonian noise estimates (based only on Hanford data)
to Livingston for Advanced LIGO. Finally, the post-doc would serve as a local representative with
familiarity with glitchMon, EventTool, exttrig, and other software developed by Oregon.

V. OTHER COMMISSIONING ACTIVITIES

We plan to continue to aid with other commissioning activities at Hanford, and, with our new presence at
Livingston, to aid with general commissioning activities there.



CONTRIBUTION TO ADVANCED LIGO

Many of our proposed activities will contribute to Advanced LIGO. Identification of specific
environmental sources will contribute to planning for Advanced LIGO. For example, construction of the
vitrification plant is scheduled to end before Advanced LIGO, but it will probably have to deal with the
2.295 Hz nuclear power plant signal. Identification of “self-inflicted” noise of even such small things as
"bug zappers" is clearly a valuable learning experience for Advanced LIGO. General environmental
characterization and experience with environmental variability will certainly be useful in reaching the
extreme sensitivity requirements of Advanced LIGO. The importance of experience with and an
understanding of environmental variability is demonstrated by the difficulties that LIGO has had with
transients. Trucks, for example, produce seismic transients that exceed the long term seismic averages
used in planning LIGO by more than a factor of ten — and trucks pass dozens of times per day. The
experience gained from studying and reducing environmental coupling will obviously be important, as
well as that gained from studying inter-site environmental correlations.

The monitoring and analysis software infrastructure that we are building will also carry over to Advanced
LIGO, as will our injection programs and veto strategies. These efforts, proposed primarily for initial
LIGO, are as important for Advanced LIGO as investigations of optical materials and design of
suspension systems.

Our proposed characterization of the false coincidence rate between the two Hanford interferometers will
contribute to the recently revitalized discussion over lengthening the 2k interferometer to 4k for
Advanced LIGO. On the generally favored side of the argument is the advantage of doubling the
sensitivity of the second interferometer by doubling its length. Perhaps the most important argument on
the other side of the discussion is the increased independence of interferometers of different lengths. By
studying the sources of excess coincidences between the two Hanford interferometers, we should gain an
understanding of how much or how little independence will be lost by moving the end test masses of the
shorter interferometer to the same station as the end test masses of the 4k interferometer.

We also propose to contribute directly to Advanced LIGO in other studies as the need arises. Recently,
for example, we have been asked to help test parts of the seismic retrofit and the Advanced LIGO active
isolation system for magnetic coupling to the magnetically actuated first stage of the Advanced LIGO
suspension pendulum. Similarly, if we anticipate, based on initial LIGO experience, that cosmic rays will
have a significant effect on Advanced test masses, due to mechanical, thermal, or electrostatic effects,
then we would expect to design and implement an enlarged cosmic ray detection system to provide
vetoing for Advanced LIGO science runs.

Our calculations of Newtonian noise at the Hanford site showed that it was necessary to raise the lower
frequency of Advanced LIGO. We found that the low frequency sensitivity of Advanced LIGO would be
limited not by the suspension system, but by Newtonian noise. We plan to expand these calculations to
the Livingston site and to model some of the other potential sources of Newtonian noise that must be
reduced for Advanced LIGO. For example, preliminary calculations suggest that the oscillations of liquid
nitrogen dewars and external ladders during windy periods may be evident on the gravity-wave channel
through Newtonian coupling.

In summary, we plan to play a significant role in building an interferometer that, we suspect, will produce
results as intriguing as those that a much simpler ancestor produced a century ago.
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PERSONNEL

The University of Oregon plans to carry out its proposed LIGO research program with the following
personnel:

Faculty:
James E. Brau, Professor

Raymond E. Frey, Professor
David M. Strom, Professor

Postdocs and other Professionals:
Robert Schofield (0.6 FTE) Noise investigations and reductions, characterization of transients,
noise correlations studies - at Hanford

Isabel Leonor Astrophysical source search, veto analysis, characterization of
transients, noise correlation studies; software tools development -
at Eugene

Proposed Environmental noise investigations - at Livingston

Graduate Students:
Masabhiro Ito Astrophysical source search, veto analysis, noise sources; software tools
development (glitchMon, EventTool) - at Hanford
Rauha Rahkola  Astrophysical source search, veto analysis, external triggers; software tools
development (absGlitch, exttrig) - 50% Hanford, 50% Eugene
Brian Stubbs ond year student; noise correlation studies, software tools

Undergraduate Students:
to be determined

SUMMARY of PAST WORK

Where possible in this section, we cite an applicable LIGO internal document where more information on
an item can be found. These may be documents which are referred to by their LIGO DCC number, or by
an electronic log (elog) entry. Both of these types of documents can be retrieved via the LIGO web page,
http://www.ligo.caltech.edu/. The DCC documents are cross-referenced in the Bibliography.

L. Assisted in setting up the Physical Environment Monitoring system (PEM).
A. Helped install and calibrate PEM sensors at LHO.
B. Wrote driving software where required (weather stations and dust monitors).
C. Designed interface "fixes" where required (magnetometer filters and weather sensor
boosters).
D. Closely involved in trouble shooting the PEM system.
E. Studied response of anemometer, proposed gust meter.
F. Designed and are implementing cosmic ray detection system.

II. Identified, studied and helped reduce sources of environmental coupling to the interferometers.
A. Magnetic fields

11


http://www.ligo.caltech.edu/

a. Designed and manufactured a system for generating large, relatively uniform magnetic
fields or field gradients for studying magnetic coupling (T990092-00-H).

b. Measured the transfer function of generated magnetic fields from outside to inside in-
situ vacuum chambers (G990079-29-M).

¢. Measured the gradients produced by eddy currents in optic support structures.

d. Measured ambient magnetic fields outside and inside of vacuum chambers (G990079-
29-M).

e. Using generated fields, found that the magnetic coupling to the gravitational wave
channel is orders of magnitude higher than expected and should limit interferometer
sensitivity; working on reducing this.

B. Seismic signals

a. Measured frequencies of major pieces of on-site equipment (G010395-00-Z).

b. Attributed the largest seismic peak in the corner station to the office air handler and helped
redesign its seismic isolation to greatly reduce the signal.

c. Attributed largest nearly continuous signal (0-50 Hz) at Hanford to truck traffic and showed that
the frequency could be predicted from axel spacing and velocity (G000262-00-D).

d. Discovered source of many other seismic signals appearing on gravitational wave channels or
causing interferometer to lose lock, including tank and mortar fire (G010159-00-Z), earthquakes
(G000088-00-D), wind gusts (G000088-00-D, lhoelog 01/12/02, G020253-00-Z), bumps and
stomps (G010159-00-Z), compressors and pumps (G010159-00-Z etc.), hood fans (G020396-
00-Z), nuclear power plant fans (G020396-00-Z), and vitrification plant construction
(G020252-00-2).

e. Completed a statistical study of earthquake induced motion (G010017-00-1).

f. Produced earthquake alarm for control room (http://www.ligo.caltech.edu/~jzweizig/Monitors).

g. Studied "Otto's jumps" to aid in placing new building far enough away.

h. Helped design isolation system of new building air handlers to avoid interferometer resonances.

i. Measured signals from various facilities on the Hanford Nuclear Reservation.

j. Measured level and propagation of signal from Stateline wind farm to predict signal level from
the Maiden wind farm proposed near LIGO (T020104-00-Z).

Jj. Measured dispersion relation and Q for ground around LHO (G000262-00-D, T010074-03-D).

k. Updated estimates of newtonian or gravitational gradient noise (T010074-03-D).

1. Showed that GW band (>30 Hz) seismic siganals such as compressors can appear on the GW
channel at a level consistent with doppler shift due to PSL table motion relative to the inertial
interferometer (G010395-00-2).

C. Acoustic
a. Investigated acoustic coupling to interferometer signals and identified sources of coupling such
as certain mirror mounts, periscopes, and the pre-mode cleaner (LHO elog 6/8/2000).
b. Calculated that sound induced index of refraction variation in the pre- mode cleaner could
produce measured levels of frequency noise (LHO elog 6/8/2000).
c. Helped with PSL redesign to reduce acoustic coupling and design of acoustic insulation for the
PSL. Obtained a bid for an acoustic isolation room around the PSL, which, in our opinion, will
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eventually be needed.
d. Developed a scheme to determine general location of coupling based on acoustic propagation
delays (G010395-00-Z, LHO elog 8/23/02).

D. Radio Frequency
a. Have recently set up wide and narrow band receivers (LHO elog 8/23/2002) and have measured
RF coupling to the LHO GW channels.

E. Weather
a. Identified barometric pressure as source of pre-mode cleaner lock losses and helped investigated
range needed to accommodate pressure fluctuations (G000088-00-D).
b. Studied relation of beam jitter to high frequency pressure fluctuations.
c. Began a study of the mechanism by which wind gusts cause lock losses (G000088-00-D, Thoelog
01/12/02, G020253-00-Z), have purchased a gust meter for this purpose.
d. Showed that steady winds correlated with low frequency (below 0.03 Hz) building tilts that will
affect microseismic feed-forward systems (LHO elog 4/14/01).
F. Led environmental disturbances investigations groups for E2 through S1.

III. Investigated between-site environmental correlations.

A. Co-led investigations groups.

B. Developed code to search for between-site coincidences (30 ms window) of low amplitude bursts
(G010286-00-H, G020253-00-Z).

C. Found coincidences in coil magnetometer signals at each site that can be explained by lightning.
Greater than chance levels of coincidences have not been seen on other environmental channels
(G020253-00-2).

D. Studied east-west power grid connections and possible mechanisms of coherence between sites
(G010286-00-H, G020253-00-Z, T010101-01-E, T010101-00-E).

IV. Developed data analysis, monitoring and distribution software.

A. Contributed to development of reduced data sets (RDS)

a. Performed tests of the RDS software and provided feedback to the LDAS group
b. Developed lists of channels for the RDS
c. Produced Level 2 reduced data sets for the E7, E8, and S1 LIGO data runs

B. Developed glitchMon to monitor bursts and glitches on large numbers of interferometer and
auxiliary channels (http://www.ligo.caltech.edu/~jzweizig/Monitors).

C. Developed absGlitch, the tool used by the Burst and Inspiral groups to produce vetoes of
gravitational channel data (G020047-00-7).

D. Developed eqMon earthquake monitor (http://www.ligo.caltech.edu/~jzweizig/Monitors).

E. Quickly developed the histogramming tool at the request of the Detector Characterization group
leader (http://www .ligo.caltech.edu/~jzweizig/ Sand/DataContainers.html) for the LIGO Data
Monitoring Tool (DMT).

a. Wrote the DMT histogram library for 1-D and 2-D histograms.
b. Wrote code to implement histograms in the DMT viewer.
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c. Wrote code so that the histograms could be stored in LIGO format.

F. Developed a transient reference catalog (G020046-00-Z).

G. Developed software to allow DMT tools to save data in LIGO format.

H. Helped code the Event Analysis Tool, the primary tool for identifying astrophysical events from
coincidences between sites (G020237-00-D).

L. Developed a programmer's interface for handling common DMT tasks (G020349-00-Z).

J. Co-wrote the DMT digital filter library.

K. Developed data analysis code (DSO) to look for GWs associated with gamma ray bursts (G020045-
00-Z).

V. Veto production

A. Have "injected" environmental signals before each run to determine coupling to the gravitational
wave channel. Most recently these have included seismic, acoustic, magnetic and RF injections.

B. Have set veto thresholds for environmental channels based on this measured coupling (G020254-
00-Z).

C. Demonstrated that proposed IFO veto channels had stronger than expected coupling to the GW
channel, which could result in vetoes of GWs. Proposed and are helping implement a system for
measuring this coupling using injected simulated astrophysical signals.

D. Participated in astrophysical injections for S1 run at Hanford

VII. Additional contributions to Advanced LIGO

A. Showed that Newtonian noise may limit the sensitivity of Advanced LIGO below 10 Hz (T010074-
03-D).

B. Measured statistics of earthquake motion for planning of Advanced LIGO control system
(G010017-00-1).

C. Contributed extensively to the environmental assessment for Advanced LIGO (T010074-03-D).

D. Measured ambient magnetic fields, transfer functions to vacuum chambers, and coupling to the
interferometer (G990079-29-M).

VIII. Other commissioning activities

A. Helped install seismic isolation systems and optics in several vacuum chambers at LHO during
1999.

B. Discovered that PSL table leg resonances produced large frequency noise peaks (LHO elog
10/06/00, 10/14/00) and were active in testing both piezo and pneumatic active isolation table
leg systems.

C. Identified the main source of frequency noise above about 30 Hz as being the PSL periscope (LHO
elog 2/17/01) and showed that it could be dramatically reduced (LHO elog 6/09/01).

D. Developed a system for reducing the effect of polarization drift (LHO elog 2/15/ 02).

E. Identified power supply ripple produced by test mass controller-fans as being the source of a forest
of peaks on GW channel spectra.

F. Studied the failure of the MMT?2 suspension. Suggested slider limits and watchdogs (even though
slow) for a number of optics (G020396-00-2).

G. Many other collaborative activities.
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