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1. Introduction

Wth the comm ssioning of the LIG Interferoneters (IFGs), a new era of
sensitivity to gravitational radiation will begin. Recent progress in the
under st andi ng and quantification of sources of gravitational radiation has shown
that the era of LI GO has reasonabl e expectations for the discovery of
gravitational radiation. Follow ng the discovery of gravitational radiation and
the initial tests of General Relativity, one can expect a new astronony to
greatly expand our understandi ng of the universe.

The Oregon experinmental relativity group has joined the LI GO Scientific

Col | aboration to search for gravitational radiation at LIGO W expect to help
l aunch a new field of astrophysics and astronony, based on the detection of
gravitational wave sources. The enphasis of the Oregon research activities is
sust ai ned achi evenent of the ultimate performance of the LIGO interferoneters
needed for gravity wave physics, and a search for gravity waves associated with
ganma ray bursts (GRBs). To this end, the Oregon group is focusing its effort on
the environnental nonitoring and data analysis at the Hanford site, and physics
anal ysis aimed at detection of the GRB associ ated signals.

The path to successful observation of the gravity waves will be a difficult one,
relying on detail ed data anal ysis of an evolving nature. Initially there is the
identification of spurious noise and faulty performance of the instrunent.
Success will depend on analysis tools that are able to quickly isolate sources
for correction. This also requires a good characterization of the surroundi ng
envi ronnent al noi se sources. As the performance inproves, the irreducible
limts of performance will be explored. And finally, the application and

i nprovenent of techniques to extract the signal will be undertaken. Data
conpression will be an inportant ingredient in this effort.

The expectation of a new astronony energing fromLIGO follows the history of
advances in astronony and astrophysics opened wi th new wi ndows of observation
such as the radio wi ndow, the X-ray wi ndow, and the gamma-ray wi ndow. Wth the
devel opnent of techniques to explore each of these regines, dramatic new

di scoveri es have been nade. Yet, the domi nant matter of the universe remains
uni dentified, and many questions regarding the early universe stand unanswered.



Wth new paths to di scovery, one can expect these currently recogni zed areas to
be explored and new nysteries to be reveal ed.

In fact, with the construction of LIGO we may be on the threshold of another
leap in our ability to explore the universe through the use of gravitationa
radi ati on as a probe on ot herw se undetectabl e phenonena. The existence of
gravitational radiation was indirectly confirmed wi th observation of the energy
|l oss of the binary pulsar.[1] Still there is no substitute for direct
observation of the radiation, which is the notivation for LI GO  Furthernore,
with the ability to detect the radiation, a new sensitivity to sources will be
possi bl e, openi ng new opportunities in astrophysics and astronony.
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Figure 1. Expected LI GO broad-band noise h,; and sensitivity to bursts
hsg [2] conmpared with the strengths of the waves frominspiral of
conpact binaries at the indicated distances (fromRef 3). The signa
strength h. is approximately given by hOn, where h is the anplitude of
oscillation and n is the nunber of cycles at a given frequency over
which the signal is observed. While h,; refers to the LIGO sensitivity
for broad-band wave of optimal direction and pol arization, hgg is for

br oad- band waves of random direction and polarization. The arrows at
the bottomindicate the time and separation until coal escence of a

NS/ NS bi nary, where each NS has mass 1.4 My and radius »10 km

Theory of Sources

Many years of theoretical research have led us to our current |evel of
understanding, with qualitative expectations for the signals that m ght be
observed. The principal sources which have been investigated include binary
conpact star coal escence, supernovae, binary massive bl ack-hol es, pul sars,

bi nary stars, and stochastic cosnol ogi cal background sources. The nost

prom sing of these is the binary neutron-star coal escence; estimtes of the



expected strengths of waves from bi nary neutron star coal escence are presented
in Figure 1. The strength is presented as the strain ( h(t)=DL/L) observed

over the length (L) of the interferometer. h(f)is the square root of the
spectral density of the detector's output h(t) in the absence of a gravity wave.

The rms noise in a bandwidth Df at frequency, f, is h(rrrs):ﬁ(f)wlDf :
Superi nposed on the source curves is the LIGO sensitivity.

Figure 1 shows that a detector with a strain sensitivity in the range of 102!
over the frequency range of 50 Hz - 1 kHz would be sensitive to events out to
tens of Megaparsecs. Estimates of the nunmber of such events expected in such a
vol ume of space suggest that with sonme optim smwe can hope for a few of the

bi nary neutron star coal escences per year within the reach of the initial LIGO
(here labelled first interferoneters).[3]

Esti mates of possible association with GRBs is | ess precise (see section 4.3).
Some of the GRBs may result frombinary inspirals, in which case they would be
expected to produce gravity waves within the LI GO frequency range. However,
they are likely to be at too great a distance for conventional detection
algorithms. Section 4.3 discusses ideas ained at optim zing sensitivity to

t hese events.

2. Summary of Proposed Research

The enphasis of the Oregon research activities is sustai ned achi evemrent of the
ultimate performance of the LIG interferoneters needed for gravity wave
physics, and a search for gravity waves associated with gamma ray bursts. To
this end, the Oregon group is focussing its effort on the environnmenta

nmoni toring and data analysis at the Hanford site, and physics analysis ained at
detection of the GRB associ ated si gnal s.

The confidence with which one can claima detection of gravitational radiation
or set an upper limt to the possible radiation, from ANY source, depends not
only on how the signal interacts with LIGD but how LIG interacts with its
environnent. For a large nunber of sources, the former is known. The latter
wor k has just begun and depends on identifying and nonitoring those externa

i nfl uences which can mmc gravitational waves.

Qur research will proceed in the following way. The first step is to identify
whi ch environnental effects are nost likely to produce signals in the detector
This affects not only the science product, but identification of the inportant
"housekeepi ng" channels, and is one of the neans of reducing fromLevel O data
to Level 3 data

Once identified, the appropriate channels need to be added to the data set such
that they are easily accessible to the data anal ysts, where they will serve a
nunber of purposes: to distinguish between those signals which are rea
gravitational wave candi dates and those which are not; to identify periods of
unusabl e data, or to conpensate for known effects so that data need not be
vetoed; and to provide a diagnostic tool which can effectively be used to
identify fixable sources of noise or problenms with the detector's running.

The Oregon group is coordinating its activities within the context of the LI GO
Col I aboration. W have established a presence at the site of the experinent,



wi th Robert Schofield spending half of his tine on site. Qhers travel to the
site when needed.

Qur work will consist of the following itens. Detailed discussions of
each of these follow

Envi ronnental Monitoring
Weat her nonitoring
Magnetic field studies
Sei sm c characterization
Cosmic ray studies
Gravity-gradi ent noi se

Det ector Characterization/ Data Analysis
Dat a reduction
Transi ent anal ysi s
Ganma Ray Burst studies

3. Environmental Monitoring
3.1 WEATHER MONI TORI NG

Weat her nonitoring prom ses to be an inportant tool for characterizing LI GO
interferometers. Pressure changes, for exanple, may correlate with tilts and

| aser alignment and will also change the optical path length in the air cavity
of the pre-node cleaners. Wnd gusts and rain may be detectabl e sources of

vi bration; tenperature and relative hum dity changes may be sources of signa
drift. Multiple weather nonitors are inportant because weather conditions
sonmetines vary over LIGO s large area. This variability is illustrated by Figure
2 which shows the passage along the Y-armof an 8 kmwi de | ow pressure system
that may have been a norning sun-induced updraft. The pressure at the corner and
end stations differed by tenths of a percent during the event; tenperature, w nd
speed and direction changed in the expected manner during the event and were
thus at tinmes quite different at different stations.

A summary of our contribution in weather nmonitoring foll ows. We:

1) hel ped set up the 5 weat her stations,

2) designed, manufactured and installed a circuit to boost the relative humdity
signals, conpensating for the | ong cable |engths,

3) wote the device driver code for the weather stations,

4) wote code to transfer the data to the EPICS data col |l ection system and

devel oped MEDM screens to display the data in the control room (a sinple
tabul ati on of current data is available within the LI GO Laboratory at
http://blue.ligo-wa. caltech. edu/ perl/epics.pl ),

5) have undertaken a calibration of the stations to inprove on the factory

cal i bration.

Wnd Gust Mnitoring

Wnd gusts may be nore inportant to nonitor than average w nd speed. W found

that the Davis weather stations installed at the Hanford site count anenoneter
revol utions for a fixed 2.25 seconds in order to obtain a 1 nph resolution. In
addition, there is a variable 0.8 to 3 second read out delay. W have been

i nvestigating the possibility of running anenoneter clicks (1 per revol ution)

directly into the data collection systemin order to better nmonitor gusts. A
figure of wind speed estinmates obtained froman anenoneter at Hanford that we



connected to both a slow and a fast channel is available at:
http://zebu. uoregon. edu/ ~rayfrey/ LIGO LIG UO htm (entitled “anenoneter”). The
figure shows the inportance of finer time resolution for characterizing gusts.

Pressure Transient
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Figure 2.

In addition to conpleting weather station installation on the X-arm software
mai nt enance, conpleting the sensor calibrations, and continui ng our

i nvestigation of gust nonitoring, we plan to search for correlations between
weat her data and other channels. W found the pressure transient noted above in
such a search; no correlations were found between the pressure event and the
smal I nunber of channels that were on line. Recently, however, we have found a
very strong anti-correl ation between the piezo voltage of the pre-node cl eaner
and at nospheric pressure. The length of the air cavity is controlled by the

pi ezo vol tage. The range of the piezo is not enough to conpensate for changes in
optical path length due to atnospheric pressure fluctuations and it is now
apparent that the pre-node cleaner has fallen out of lock many tinmes due to

at nospheric pressure variations. W expect to find nore correlations in the
future as nore channels cone on |ine.

3.2 MAGNETI C FI ELD STUDI ES

Si x pernmanent magnets cenented to the test nmasses and other interferoneter
optics are used to control the position of the optics. The pole strengths and
orientations of the magnets are balanced to mnimze the coupling of optic
nmotion to tinme-varying anbi ent nagnetic fields. Even so, the optics will shake
if the pole strengths of the magnets are not identical or if different magnets
are subject to different anmbient fields. To estimte the di spl acenent noi se
using anbient field data and to better understand this problemfor current and
future versions of LIGO we have undertaken four projects. First, neasurenents
of anbient fields inside and outside of BSC vacuum chanbers. Second, devel opnent



of a diagnostic systemto generate forces on the optics using externally
generated magnetic fields. Third, investigation of the transfer function from
outside to inside of the chanbers. And fourth, experinmental measurenents of the
gradi ents produced by optic support structures subjected to known fields. R
Schofield presented a talk at the Stanford LSC neeting detailing progress on
these projects; progress is summarized bel ow but additional details are
avai l abl e fromthe transparenci es at
http://ww.|igo.caltech. edu/ Ll GO web/9907] sc/ 9907t rans. ht m

1) Measurenents of anbient fields inside and outside of core-optic vacuum
chanbers

W have neasured anbient magnetic fields inside of two BSC chanbers, BSC-8 and
BSC-7. The seism c isolation stacks and optical tables were in place but the
optics and optic support structures were not. Measurenents inside of BSC-8 were
prelimnary nmeasurements made while R Schofield was hel ping install the down-
tube assenbly. The door was open and the Bartington MAG3 nagnet oneter

posi tioned by hand. The door was closed for neasurenents inside of BSC7; two
magnet oneters were affixed one foot apart on a plunger and slid al ong inside of
a 4 inch fiberglass tube connecting ports on opposite sides of the chanber.

Fi el d measurenments were recorded for all three axes of each of the two

magnet oneters at each location. Approximate field gradients were obtained in a
second set of neasurenments by subtracting the magnetoneter signals in a Stanford
SR560 preanmp. To check these gradi ent neasurenents, gradients were al so
cal cul ated by subtracting 60 Hz field neasurenents for successive positions

al ong the tube. The two sets of 60 Hz gradient values were in agreenent. The
positioning repeatability and the relative calibrations of the two nmagnetoneters
were determ ned using generated fields and were both 7% or less for all axes.
The absol ute calibration of the nagnetoneters was checked by conparing neasured
field values and val ues cal culated fromcoil geonetry and current.

The average and standard deviation of the 60 Hz field at seven | ocations inside
of BSC-7 was 3.73 (= 0.22) nT rns. For the three locations in BSC-8 the average
was 1.64 (x 0.21) nT rns. The averages of the fields around these chanbers were
about 3 times higher. A nore detailed table of nmeasurenents inside and outside
of the chanmbers as well as a conparison with outside nmeasurenments by Savage and
Weiss [4] and Coles et al. [5] are avail able at

http://ww. |igo.caltech. edu/ Ll GO web/ 99071 sc/ 9907trans. html . Field noi se inside
BSC-7 averaged about 9.6 (+ 1.4) pT/OHz rns at 50 Hz. Magnetic field gradients
at 60 Hz were 2.3(% 0.92) nT/mrns and gradi ent noise at 50 Hz was greater than
7 and less than 20 pT/m OHz rns.

A sinmplified nodel of the coupling between fields and mrror notion simlar to
one used by Dennis Coyne[ 6] but including the neasured variation of magnetic
fields over the distance between magnets was used to cal cul ate di spl acenent

noi se fromthe neasured fields and gradients. The di spl acenment noi se due to the

measured gradients was estimated to be below 2°10%° m OHz at 50 Hz. This is nore
than a factor of three below the allowable [evel for displacenent noise ternms in
LI GO 1. The displ acenent noise estimated from neasured fields (coupling through
torques on the magnets and a 1nm assuned of fset of the beamfromthe mrror
center) was nore than an order of magnitude bel ow the estimated di spl acenent

noi se due to neasured field gradients. These fractions of the LI GO standard were
relatively consistent over the 5-800 Hz frequency range. Magnetic positioning
may play a role in future versions of LIGO such as in the first stage of a two
stage optic suspension pendulum so continuing investigations of the anbient



fields will be inportant for future as well as current versions of LIGO

2) Diagnostic systemfor investigating the coupling between optics and anbi ent
magnetic fields

For diagnostic driving of in-place optics, we constructed two 1mdi aneter coils
of 12 gauge varni shed copper wire wound on pl ywod spools. Either 10, 30, 60 or
100 turns can be selected. The coils are nounted on alum numtripods with a 5 to
8 foot adjustable height. Two coils were built so that the coils could be placed
on opposite sides of the chanber in a Helnmholtz-like configuration in order to
produce either fairly uniformfields or, with the current direction in one coi
reversed, fairly uniformfield gradients in the central region of the vacuum
chanber .

We mapped out the field that the coils produced inside of a chanber for a
positioning of the coils that would work for any of the variable BSC
configurations. The field produced by the coils in the selected position was
nmeasured al ong the transept of the anbient field neasurenents nentioned above.
The fiberglass tube was then repositi oned between a second set of ports to
provide an "X shaped distribution of nmeasurenments in the plane containing the
mai n | aser beam and the center of the coils. Photographs showi ng the tube and
the experinmental set up are available at:
http://zebu. uoregon. edu/ ~rayfrey/LIGI LIG UO htm . To map out the fields for
frequenci es between 1 and 1000 Hz, the coils were driven in series by a 3V,
swept sinusoidal signal fromthe HP 35670A anal yzer. The signal analyzer
recorded the ratio of the voltage fromthe magnetoneter inside the chanber to
the voltage drop across a resistor in series with the generating coils; this
ratio is proportional to the ratio of the nmeasured internal field strength to
the generated field strength. At 1000 Hz, the ratio of internal to generated
field strength was about 1/20 of its value at 1 Hz because of attenuation due to
eddy currents in the chanber walls. Field maps for the constant gradi ent coi
configurati on showed that the neasured gradients were relatively constant in the
central region of the chanber, as designed.

We plan to obtain an audio frequency anplifier to boost the generated fields and
to use this diagnostic systemto study the sensitivity of several of the core
optics to magnetic fields as soon as interferoneter signals becone avail abl e.

3) An approximate transfer function

The swept sine measurenents mentioned above can be used to obtain an approxi mate
transfer function for magnetic fields fromoutside of the chanber to inside.
This transfer function is of interest because the planned position of

magnet oneters that feed into the data streamis outside of the chanbers.

An exanpl e of the swept sine neasurenents for a |ocation near the center of the
chanmber is given in Figure 3. The data have been fit using the functional form
that woul d be expected if the chanber wall were a planar circuit in a normal
magnetic field. The fit gives the following ratio of fields with and w t hout

t he chanber present:
Bchamber / Bno— chamber @-/ \' 1+ ( f / 20)2

Away fromthe center and above 100 Hz this fit departs increasingly fromthe
data. This departure is thought to be due to the increasing inportance of the
variation fromthe assumed geonetry for locations that were off-axis and for

hi gher frequencies. W are pursuing nore sophisticated nodels to better describe



t he dat a.

Nevert hel ess, this transfer function, obtained from neasurenents of generated
fields, works quite well for 60 Hz anbient fields. This transfer function
predicts an attenuation factor of about 0.32 at 60 Hz. The ratio of the average
val ue of 7 anbient field nmeasurenents inside of BSC-7 (nentioned above) to the
average of 12 neasurenents at outside |ocations around the chanber was 0. 35.
This ratio for four nmeasurenents inside and 7 neasurenent |ocations outside of
BSC-8 was 0. 37.
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Fi gure 3.

4) Experinental neasurenent of gradients produced by optic support structures

Magnetic field gradients produced by eddy currents in optic support structures
may significantly increase the di splacenent noi se of an optic. The support
structures were not in place for our neasurenments because it would be difficult
and potentially damaging to neasure fields near an in-place optic. W plan to
measur e gradi ents produced by an isolated optic support structure. The support
structure will be subjected to anbient fields and fields produced by our coils.

In addition to continuing with the four projects nmentioned above, we plan to

i nvestigate sources of ambient fields. W have, for exanple, suggested that the
wal I nounted enmergency |ight be noved away from BSC-8 because its transformer is
a large source. W have also noticed that the seismic isolation piers are
magneti zed, in some cases turning a conpass needle through 180 degrees at 1m A
back of the envel ope-type cal cul ati on suggests that the field noi se produced by
vibrating piers will be small conpared to neasured field noise but we would Iike
to investigate this further. Field noise produced by |lightning strikes may al so
be a useful area to investigate.



3.3 SEI SM C CHARACTERI ZATI ON

Characterization of |ocal and off-site sources of seismic vibrations is

i nportant for present and especially future versions of LIGO W have begun to
characterize | ocal sources by setting up a seisnmoneter in the corner station and
attenpting to identify the main peaks in the 1 - 100 Hz range. To do this we
pl aced an accel eroneter on nost mmjor pieces of equipment in order to identify
their characteristic frequencies. A nunber of the seismc peaks seened to be
comng fromthe snmall office area air handler. Therefore, we shut it off and
found that, of the equipnent that will not be shut off during data runs, it
produces the | argest vibration peaks that we nmeasured in the LVEA (Laser and
Vacuum Encl osure Area). The much larger air handler for the LVEA is vibration
i sol ated and conparably quiet. For future versions of LIGD we may want to
isolate the office area air handler. Qur |abeled seismc spectrum our

tabul ati on of equi pnent, specified frequency and neasured frequency are

avail able within the LI GO Laboratory at
http://blue.ligo.wa.caltech. edu/ PEM | veaNoi seSour ces. ht i and
http://blue.ligo.wa. caltech. edu/ PEM | veaNoi sSrcsSpect. ps .

W have al so begun a program of identifying anbient or off-site noise sources,
expandi ng on A. Rohay's work by using two seisnoneters to identify source
direction and setting up our electronics in a van so that we could nove in the

i ndicated direction. ( http://zebu. uoregon. edu/ ~rayfrey/LI GO westofroad.jpg ) W
shut off all large equipnent at the Y-end station and found that the main
remai ni ng signal above 1 Hz was a 5-12 Hz signal coming fromthe direction of

hi ghway 240. Because the signal was so constant (even when cars were nore than a
km apart) we did not at first believe that it was conming fromtraffic. But tine
del ays pointed towards the road fromeither side of the road and in the
direction of the nearest traffic when we set up at the road. At X-end we found
that the | argest peak also cane fromthe direction of the nearest road - the

i nternal Hanford road which has traffic until well after swing shift. During the
rare breaks in traffic, the peak was not evident. The traffic produced a

di spl acenent noi se of roughly a nmOHz at the end stations. W did not repeat

our neasurenents at the corner or mid-stations because we could not shut down
al | equi pnent there.

W al so nade neasurenents around the Wannawi sh dam about 5 kmfrom the Y-end
station and found that it produced vibrations conparable in magnitude to passing
traffic at an equal distance. However, since it is considerably further from
LIGO than the roads, it is an unlikely source of detectable vibrations in the 1
- 50 Hz range. W plan to continue tracking seism c sources.

3.4 COSM C RAY STUDI ES

A very energetic cosmic ray shower incident on a test mass could, in principle,
create a background to gravity wave searches. The two nechani sns usual |y
consi dered are

(1) the transfer of the particle nonmenta (inmpulse) to the test mass;

(2) the loss of particle energy resulting in internal -node

excitations within the test nass.

Dependi ng upon details, the two effects can be of the sane order of nmagnitude.
However, all estimates, both external and internal [7] to LI GO have placed the
effect of cosmic rays to be a few orders of magnitude bel ow the LI GO
sensitivity. Nevertheless, it is desirable to have an i ndependent cosmic ray
nmoni t or because (1) it is inportant to elimnate all possible spurious sources
froma potential gravity-wave observation -- the estinmates are cl ose enough that
per haps an unforeseen twi st on the estimates could be inportant; and (2) even if



the effects prove too small to be observed with the LIG | interferonmeter, it
will be useful to have a reliable estimte, based upon real neasurenents, of the
effects for LIGOII.

Indeed, a cosmic ray particle detection systemis part of the LI GO PEM design
[8]. After the systemis installed, we will study the data to nake sure it neets
its physics objectives, possibly tuning the system accordingly.

The detector consists of a pair of scintillator panels, each about 30 inches on
a side and read out by two PMIs, one of which will be at high gain to clearly
see single nuons, and the other with | ower gain to avoid saturation for the rare
events of interest. After formng a coincidence trigger, the digitized signals
are to be shipped, via a VME-based EPICS crate in rack CDS 2X5, directly to one
of the nounted di sks of the CDS system The trigger signal, input to the VME
timng nmodule, will provide a GPS tinme stanp for the cosnmic event record. These
event records are to be inserted in the LDAS (LI GO Data Acquisition System

Met aDat aBase. The event rate will be adjusted to about 100 per day by an energy
threshold. It is expected that this data pathway could serve as a tenplate for
ot her event-type detector readouts, sone of which the Oregon group i s pursuing
as part of the LIGO Scientific Collaboration, such as wi nd gusts, thunderstorns,
magnetic or power |ine events, etc.

3.5 GRAVI TY- GRADI ENT NO SE

Mass notions such as density fluctuati ons can cause varying gravitational fields
whi ch can shake test nasses; this Newtonian noise is referred to as gravity-
gradi ent noise. (Gavity-gradient noi se produced by seismc waves from
uncontrol | abl e sources may |limt advanced versions of LI GO Hughes and Thor ne[ 9]
have shown that this may indeed be a linmt in the 3 - 30 Hz range using a nodel
of anbient seismc notions based on the theory of multinode Rayl eigh and Love
waves propagating in a nmultilayer nedium The magnitude of the seismic gravity-
gradi ent noi se depends on the proportions of the nodes present; Love nodes

i nvol ve only horizontal displacements and no density fluctuations and so, in the
i deal i zed case, do not produce varying gravitational fields. The ratio of
vertical to horizontal displacenent nmeasured previously by A Rohay at both LIGO
sites was used by Hughes and Thorne to constrain the possible m xtures of nodes.
We are working with the group set up by K Thorne to help further constrain the
possi bl e m xtures of nobdes by using surface seismc arrays. The first step in
this project is to obtain a dispersion relation for anbient seisnic vibrations.

In consultation with A Rohay and G Gonzal ez, we have set up a trial 3

sei snmoneter array (L-shaped with 8 and 32 foot legs) in the desert near the Y-
end and collected tine series data. The traffic peak was evident in the data
even though we made neasurenents from8 to 11 pm W are planning on anal yzi ng
t he data using MatLab and SAC (seisnic anal ysis code) and then designing a nore
i deal array.

In addition to characterizing the seismc background that may be inportant for
advanced versions of LIGO, we plan to help investigate potential non-seismc
sources of gravity-gradient noise that we have identified at the out-Iying
stations such as vibrating roll-up doors and roof-access |adders as well as
small flocks of cliff swallows and western king birds that we have seen passing
near and alighting on the buil dings.

10



3.6 OTHER DETECTOR EXPERI ENCE

R Schofield is | ocated at LHO and plans to continue gai ni ng general experience
with the detector in order to contribute to the understanding that will yield
the ultimte LI GO perfornmance. So far, in addition to experience in the
environnental nonitoring areas mentioned above he has:

1) helped install seismc isolation systens in HAM 10, BSC-8, BSC-5 and BSC- 4,
2) measured the changing tilt of the concrete slab as HAM - 7 was punped down,
(The difference in tilt was about 5 mcroradians; this tilt will affect |aser
al i gnment )

3) hel ped test chanmber shakers and accel eroneters,

4) helped install tilt nmeters and sei snoneters,

5) helped install and adjust the recycling mirror in HAM 9,

6) designed and tested an extension to nmonitor dust in vacuum chanbers during
install ati ons,

7) witten the device driver code, EPICS interface and control room screens for
t he dust nonitoring system

4. Data Anal ysis

In this section we present our plans for data analysis. In order to produce the
manageabl e-si zed data sets needed for the characterization of the LIG IFGCs, it
wi || be necessary to produce reduced data sets, which we describe in section
4.1. An inportant goal of the data set reduction work is to evaluate the

i nfl uence of each of the Physics Environment Mnitoring (PEM channels on the
interferometers and to determ ne which of the PEM channels should be part of the
LI GO archive. In section 4.2 we describe our plans for transient analysis of
the PEM data. Finally we discuss the potential detection of gravity waves from
ganma ray bursts and the connection of this analysis to understanding the PEM
dat a.

4.1 DATA SET REDUCTI ON

The search for gravitational waves with the LIG IFCs will be based on the
digitized optical interference signals which will be sanpled at approximtely
16kHz. The raw signals fromthe three interferometers will produce

approxi mately 8 GB/day or approximately 3 TB/year. Including all of the PEM
channels fromboth sites, the data rate is approximately 15 MB/s, which
corresponds to 1.3 TB/day or about 500 TB/year. The size of the conplete data
set (Level 0) exceeds the capacity of the LI GO central archive |ocated at
Caltech by an order of magnitude. The data reduction will proceed through
several steps. These data sets produced are | abeled as Level 1, Level 2 and
Level 3, with Level 3 having the nost conpressed data.

The first step in reduction will be to reduce the Level 0 data by a factor of 10
to allowit to be stored in the archive (Level 1). This can be acconpli shed

t hrough standard conpression techni ques (see bel ow) and by di scarding
unnecessary channels. An inportant part of our work will involve determ ning
whi ch channel s should be saved at Level O.

Many of the anal yses needed for characterizing the IFGs, as well as many of the
physi cs anal yses will be extrenmely CPU intensive and it is likely the LI GO
effort can be significantly strengthened by maki ng use of conputer resources at
the honme institutes of the LSC nenbers. The initial work will focus on detector
characterization and will make use of the | FO data and a few i nportant PEM
channel s. W expect that the data sets used for detector characterization wll
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eventual ly evolve into the Level 2 data set.

One goal of our data reduction work will be to produce software nodules to be
used in creating Level 2 data sets. Public domain non-destructive conpression
(e.g. gzip) is presently used in the LIGO frame software and we find gai ns of
better than 50% for both Hanford seismc data and for data fromthe Caltech 40m
prototype interferoneter.

Once the detector is well understood, it is possible that Level 3 data, |IFO
strain data with all known instrunental effects renoved, will be the basis of
much of the physics analysis. For a two year run this data streamis estinated
to be approximately 200 GB, which can be stored on a few high density tapes such
as the Sony AIT II

To the extent that all instrunental artifacts can be renoved fromthe Level 3

| FO data, we do expect a |large conpression over what is presently obtained with
standard public domain software. However, much of the PEM data will be

dom nated by signals at relatively stable frequencies. For exanple we expect
some feed-through of the 60 Hz ACline currents to be present in the |IFO output.
This feed-through can potentially come fromground notion, stray magnetic
fields, or other instrunmental effects [10]. It is possible that the effects of
the 60 Hz (and hi gher harnoni cs) can be tracked by nmonitoring the phase of the
60 Hz AC line current. Rather than having to store the digitized |line voltage
in Level 2 data, it may be sufficient to store only the phase of the line
vol t age.

Many ot her environnental effects (e.g. ground notion due to fans) nmay be treated
in simlar, but perhaps |less efficient manner. To facilitate these anal yses we
will develop (or test) a nunmber of different "lossy" data conpression techni ques
(filtering, heterodyne, decimation, etc). These techniques can then be depl oyed
as needed. In each instance it will be necessary to study the PEM channels to
be sure that any potential effects to the I1FO signals can be characterized fully
with the conpressed data

In still other cases it may only be necessary to store coarsely binned FFTs for
each channel s which could then be used to veto periods with "contam nated" |FO
data from consi derati on.

Since the character of feed-through fromthe environmental effects is likely to
change over tine, the studies will require relatively |arge data sanples so that
t he appropriateness of a given techni que can be properly accessed.

4.2 TRANSI ENT ANALYSI S

Envi ronnental transients such as wind gusts, lightning strikes, cosmc ray
showers and earthquakes could potentially produce corresponding transients in
the 1FO output. 1In sone instances these transients may be | arge enough to cause

the resonant cavities in the arns of the interferoneter to cone out of "l ock"

Exampl es of sonme of these transients have already been shown in section 3. To

study these transients in nore detail we plan to devel op software nodul es for

the LI GO Data Monitoring Tool (DMI) which will identify transients in the PEM
channel s and add the tinme of the transient to the LDAS Met aDat aBase. This

dat abase will allow us to select only those portions of the data which contain
transients and to study the effect of these transients on the |IFO output.

It will also be inportant to correlate these transients with the perfornmance of
the LI GO feedback system which is designed to keep the arns of the
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interferometer in lock. By neasuring the rate of large transients, we should be
able to predict the performance of feedback system and possibly inprove its
per f or mance.

The devel opnent of the transients tools will necessarily involve processing
| arge anobunts of data and will benefit fromthe work on data reduction di scussed
above.

4.3 PHYSI CS ANALYSI S

In parallel with the detector characterization studies nentioned above, we plan
to begin building some algorithms useful for physics analysis. One area of

anal ysis which our group will pursue is the search for gravitational waves
associ ated with gamma ray bursts.

Ganmma ray bursts (GRBs), first serendipitously discovered in the 1960s [ 11]

remai n | argely unexpl ai ned. (Qbservations by the BATSE detector, aboard the
Conpt on Gamma Ray (Observatory, established that the distribution of GRBs was
isotropic, inplying that progenitors of GRBs occur at cosnol ogical distances
[12]. GRBs detected by BATSE occur at a rate of approxi mately one day.

Recent observation of optical transients associated with sone GRBs have given
redshifts to the GRB of between z = 0.8 and z = 4.0 [13]. It should be noted
that not all bursts can be associated with optical transients. This opens the
possibility that there is nore than one class of GRB. The optical transients
whi ch have been observed are consistent with the "fire ball" nodel of gama ray
producti on by an el ectron photon plasm, but the observations are not yet able
to constrain the progenitors. Possibilities include the death of massive stars
and the nmerger of two nassive objects such as neutron stars [14]. The
observation of the optical transients al so show that the progenators of the GRB
whi |l e associated with gal axi es, do not necessarily occur at the galactic center
and therefore have a distribution characteristic of objects of stellar masses.
If GRBs are due to the nmergers of neutron stars (NS/NS) or black hol es and
neutron stars (BH' NS), gravitational radiation in the frequency band of LIGO
shoul d be produced. The challenge for the experinentalist is that the distance
to the known GRB progenitors is typically a factor of 100 to 500 nore than the
15 Mpc initial sensitivity of LIG to NS/NS binaries w thout additiona

coi nci dence information.

Fortunately the added constraints given by the tine and angul ar position of the
GRB can considerably inprove the sensitivity of LIG to gravitation radiation
For a BATSE detection, the direction of the GRBis determined with an error of
better than 2 degrees [15]. For those GRBs originating in directions expected
to give the largest LIGO signals, the difference in arrival times of the gravity
waves at the two LIGO sites can be determined with an accuracy of better than
0.5 ns. The use of this information to help identify gravitational radiation
coi ncident with GRBs has al ready been discussed in Ref. [16]. For these
optimal |y positioned sources the gravitational signal will be |arger
correspondi ng roughly to the difference between hgg and h,y Iines shown in
Figure 1. The gravitation strain will also be larger by a factor of 2 to 5 if
the GRBs are due to (BH/ NS) nmergers, rather than for (NS/NS) nergers [17].

Anot her constraint cones fromthe observed tinme of the GRB. The precise del ay
between the arrival of gravitational radiation at one of the LIGO sites and the
arrival of gamma rays at BATSE is not known and will depend on the details of

t he devel opnent of the el ectron/photon plasma which produces the gamma rays.
The search for gravitational wave signals in LI GO can be concentrated in a tine
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wi ndow a few m nutes before the detection of each burst conpared with a search
wi ndow of one or two years for a search without an external trigger. One also
needs to take into account the fact that there are approximately 300 detected
GRBs each year, but also be m ndful of the possibility that there may be several

different types of GRB, with different (or no) gravitation signal. For exanple,
some CGRBs have been associated with Soft Ganmma Ray Repeaters (SGR) of galatic
origin. It has been proposed that gravitational radiation may al so be

associ ated with these bursts [18].

Qur work on GRBs will initially concentrate on understandi ng systematic effects
whi ch m ght give correlations between the two sites. These correlations wll
weaken the sensitivity of the tests proposed in [16]. For exanple, there may be
correlations in the phase of the AC power between the two sites which could give
rise to false signals. Oher correlations may be introduced through seisnic

noi se or magnetic fields.

W will also concentrate on methods which can efficiently use all the
constraints to either discover gravitational wave signal or to put limts on the
gravitational energy emtted fromganmma ray bursts in the bandwi dth of the LI GO
detector. These nethods should include conpletely general analyses of the GRB
whi ch make no assunptions about the sources and as well as nore targeted
searches which use all of the avail able constraints.

As an intial investigation into this topic, M Ito has scanned the Caltech 40
neter data for effects associated with observed GRBs. Ito and Rahkola will
continue such studies with LIGO simulations to prepare for analysis of 4 km
dat a.

5. Technical Notes and Tal ks

1. Docunentations for Functions and D agrans Describing 3 Coordi nate Systens,
Horak and Amasha, CORDOC 98-6, Jul 27, 1998

2. Docunentation of Al Tests Perfornmed on GASI M Function, Horak and Anasha,
ORDCC 98-7, Aug 3, 1998

3. Anbient and Diagnostic Magnetic Fields Measured in and Around Hanford BSC s,
Schofield , Rahkola, Frey, LIGO (®90104-00-W (in prep.)

4. Frequenci es of Large Equi pnent Sources of Seismic Noise at LHO Corner
Station, Schofield, Ito, LIGO T990091-00-W (in prep.)

5. CGeneration of Diagnostic Magnetic Fields for Test Mass Chanbers,
Frey and Rahkol a, LI GO T990092-00-H

6. A Proposal for @Qust-neasuring Systemat LI GO Rahkola, Schofield (in prog.)

7. LHO Weat her Station Calibrations, Schofield, Rahkola, Frey (in prog.)

8. Progress in Seismc Characterization of the LIGO Site, Schofield, Ito
(pl anned)

9. Commissioning the LHO Particle Detector System Frey, Rahkola, Schofield
(pl anned)

10. Search for Gamma Ray - GWN Correlations with 40m Data, Ito, Brau (planned)

Tal ks

1. Ambient and Di agnostic Magnetic Fields Measured Inside of a BSC Vacuum
Chanmber at Hanford, Schofield, Stanford LSC Meeting, Jul 21, 1999.

2. Data set reduction subgroup update, Strom Stanford LSC Meeti ng,
Jul 20, 1999.

3. Data set reduction subgroup plans, Brau, Florida LSC Meeting, Mar 5, 1999.
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6. Undergraduate and Advanced H gh School Research

W are invol ving undergraduates and advanced hi gh school students in the
research project, during the school year, and for the summers. |In the future we
expect to have 1 or 2 students working within the group at the university during
t he school year, and during the sumer we expect to locate 1 or 2 students at
the Hanford site.

For the past three years we have been involving these young people in our LIGO
work. During the summer of 1997, Sami Amasha worked with the group, doing data
anal ysis with the GRASP package. During the sumer of 1998 Sanmi returned, and
Laura Horak al so worked with the group under the Oregon Apprenticeships in

Sci ence and Engi neering program Sam and Laura worked together to study the
signals frombinary neutron star inspirals with the GRASP package. During the
summer of 1999 Eli Bogart joined our group, again under the Oregon
Apprenticeships in Science and Engi neering program Eli studied the seisnic
data fromthe Hanford site, and devel oped primtive transient detection

al gorithmns.

7. The Oregon group
The group nenbers doi ng research on LI GO are:

Facul ty:
JimBrau
Ray Frey
David Strom

Research associ at es:
Evan Maucel i
Robert Schofield
Ni kol ai Si nev

Graduat e students:
Masahiro Ito
Rauha Rahkol a

8. Results fromPrior NSF Support

a. NSF award nunber PHY98-00961, $235, 000, Sept 1, 1998 - Aug 31, 2000
b. A Search for Gravitational Radiation at LIGO

c. Significant progress in devel oping many tools (both software and
hardware) for LIGO research has been achieved. This progress in
docunented within the body of our proposal. Postdoctoral researchers,
graduat e students, undergrads, and hi gh school students have been

i nvol ved, as the proposal describes

technical notes in progress (see proposal, above)

e. see preceding proposal for description of results and access to them
t he proposed work is the planned advancenent of the conpl eted work
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