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Optimal detection strategies for measuring the stochastic gravitational radiation background
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Issues pertaining to the optimal strategy for detecting the stochastic gravitational wave back§@GWig)
with laser interferometric antennas are discussed. Analyzed are the dependence of detection sensitivity on the
relative orientation of interferometers, the interferometer design, and the inherent noise of the detectors.
Previously Michelson, Flanagan, and Christensen thoroughly studied such topics. This paper addresses a few
remaining issues for the optimal detection of the SGWB with laser interferometers. The optimal orientation of
a pair of interferometers depends on both the noise characteristics of the detectors and their physical location
on the surface of the Earth. Given a pair of detectors the maximum sensitivity for detecting the SGWB also
depends on the transfer function of the interferometers; the relatively narrow band dual recycling interferom-
eters are the best choice. Correlated noise in two antennas located at a single site complicates the detection
strategy, but an optimistic attitude is called for given the considerable relative size of the correlated signal. The
Laser Interferometric Gravitational Wave Observatory offers exciting prospects for placing limits on the
strength of the SGWH.S0556-282197)01102-§

PACS numbe(s): 04.80.Nn, 04.30.Db, 98.80.Es

I. INTRODUCTION that of other gravitational radiation sources in that it is more
sensible to talk in the language of the spectrum of the energy
In a few years a number of collaborations around thedensity of the radiation, and not in terms of the amplitude of
world will be operating laser interferometric gravitation ra- the waves. The spectrum of the SGWB may range from fre-
diation antennas. In the United States the Laser Interferomeguencies as cosmologically low asT{{pe to as high as a
fic Gravitational Wave ObservatorfIGO) is under con- thermal(1 K black body 10* Hz [8]. It is useful to express
struction, with 4-km arm length interferometers in Hanford, the SGWB in terms of the ratio of the gravity wave energy
Washington, and Livingston, Louisiafiz]. Similar detectors ~density per logarithmic frequency interval to the closure den-
may be built in Europ€2] and Australig3]. One of the most ity of the Universep,: namely,
intriguing sources of gravitational radiation could be from
the events in the early Universe. This radiation will pervade 1 dpgw
our space time as a noise on the background metric. Detec- Qew(f)=— qinf’
tion of the stochastic gravitational wave background Pe
(SGWB) would provide physicists with extremely useful
cosmological information. Referencleb-6] discuss possible where pg,y is the energy density of the SGWB. It is not
sources and their strengths. unreasonable to expect advanced interferometers, such as
The magnitude of the SGWB is expected to be extremelythose planned for LIGO, to limit the SGWB around 100 Hz
small. It is essential that the optimum strategy for detectiorto 2x 10719 p. [6]; this would be a limit on the SGWB
is understood. Even limits on the strength of the SGWB willaveraged over the bandwidth of the interferometer. LIGO
have important cosmological implications. A worldwide net-[1], and similar systems under consideration around the
work of laser interferometric antennas can provide useful angvorld [2,3], offer exciting prospects for making significant
important limits on the SGWHS6]. As a consequence, a cosmological discoverieigt,6].
complete understanding of all the detection issues is vital. In the simplest scenario the output data stream from two
Michelson[7] provided the first comprehensive study on thedetectors will be optimally filtered, then multiplied together,
extraction of the SGWB signal from the correlated output ofand averaged over a long time period. Assuming that the
two quadrupole detectors. ChristengérB] discusses many noise in each interferometer is uncorrelated with the noise in
topics related to an efficient strategy for the laser interferothe other, and assuming that both the signal and noise are
metric detection of the SGWB. Flanag@B| recently pub- stochastic and stationaf@], then the signal-to-noise ratio
lished a thorough analysis on the topic. While the result{SNR) for a measurement of the SGWB[5-7]
presented by Flanagdh] are elegant and impressive, some
of the details of some of the conclusions are worthy of dis-
cussion; this paper attempts to address these conclusions. (§)2:<4Gp°)2 fo M (1.2
. . . . 2 6 2 ' '
The discussion of the detection of the SGWB differs from N Smc 0 f2Sq(f)

1.9
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where 7 is the integration timeS,(f) is the spectral density ometer noise sources, correlated or not, will prove to be a
of the noise for each detector, a(f) is the overlap reduc- necessary exercise during the operation of the antennas.
tion function (normalized to unity for optimal alignment Studies and active monitoring of noise will provide ex-
The y(f) term accounts for the reduction in sensitivity due totremely useful information needed for the confirmation of
detector separation and alignmeifi—7]. The problem of the detection of all gravity wave sources.

maximizing detection sensitivity is equivalent to maximizing _ 1ne organization of this paper is as follows. Section Il
the integral in Eq(1.2). In order to do this one must make an Nighlights how assumptions on the broadband noise signa-
assumption about the character @,(f). A reasonable ture pf the mterferometers mﬂgences thg optimal allgr)ment.
assumption would be th&gy(f) is roughly constant in the Section Il provides an analysis of the improvement in the

frequency band of the detectors; the analysis in this pape$'_\IR bﬁ/ ug_e of d_ual refcycling techni_qL_Jes. Section I\./ conr;
will utilize this assumption, as did the analysis of R&]. ?g\?\/é e |scu55||0n_ 0 f|ssues p_ertal?mg to measuring tI €
The remaining parameters to adjust in EL2) are y(f) and via a correlation from two interferometers at a single

S,(f). Given the locations for a detector pair one could, inS'te, Ianpi within a single vacuum system. Section V is the
principle, adjust the orientations of the interferometers angonclusion.

also modify the noise spectral density via a modification in
the interferometer transfer function in the shot noise domi- !l OPTIMUM ALIGNMENT AND DETECTOR NOISE

nated regime. One will always attempt to decrease the low- Tpq elegant closed-form solution for the overlap reduc-

frequenpy noise _of the detector, but therma_l and seis_migon function, y(f), derived by Flanagafs] has consider-

noise will be a nuisance below 50 Hz. The optimal detection,,, simplified the SGWB detection analysis. In the discus-

strategy depends on the antennas’ orientation and transfe[on pejow the angi@ is defined as that angle subtended by

function; the tradeoffs between these effects will be dis+,, getectors at the center of the Earth. The optimum align-

cussed. A relatively narrow band measurement utilizing dual,ant of interferometers on the surface of the Earth for de-

recycling interferometerl0] always provides the maximum g ting the SGWB is always one of the following: one arm of

SNR; this is contrary to the assumption made in R8f. each interferometer lies along the great circle connecting the
The previous work of Flanagaib] and Christensei6] 1,5 antennagconfiguration J, or each interferometer arm

addresses the strategy for choosing the optimal orientation of ;e an angle of 45° to this line joining the detectom-

two interferometers. The optimal orientation is always one Offiguration Il). For configuration | the solution is

the following: in configuration | one arm of each interferom-

eter lies along the great circle that joins the detectors, while 1

for configuration Il each detector arm is at an angle of 45° to y(f)= 4

(1+cogB)pi(a)+cosB coszépz(a)
; i~ : 2
the great circle. It was initially statefb] that the optimal

alignment for detecting the SGWB was always configuration B

. The exact closed-form solution for(f) derived by Flana- +C0§§P3(a) , (2.1
gan showed that configuration Il could often provide a better

solution, and it was stated that this is true when the interferwhile, for configuration I1,

ometer pair subtends an angle at the center of the Earth of

<70° [5]. Emphasized in this present paper is the fact that 1 B

the optimum configuration is highly dependent on the noise v(h)=7|2 CO$3P1(CY)+CO§§P2(C¥) . (2.2

characteristics of the interferometer, but that ultimately the

difference in sensitivity provided by either configuration | or The p;(«) terms are functions of the spherical Bessel func-
Il is insignificant. The alignment issues are important whentions[5,11]:

one considers the potential construction of a worldwide net-

work of interferometers. p1(a)=5jo(a)—10j1(a)/a+5j,(a)la? (2.3
Also highlighted in this paper is the importance of at- _ ) ) 5
tempting a correlation measurement with two interferometers pa(@)=—10jg(@)+40j1(a)/@=50j(a)/ a®, (2.4

at the same site. The LIGO system will ultimately have mul-
tiple interferometers within the same vacuum systerh
Correlated noise will certainly frustrate the extraction of the o oG : 2
SGWB signal; it was correctly noted that correlated noise’3( @) = Slo(@)2= 25 () a+ 1755(@)/(2a7), @9

that appears out of phase in each antenna will dramaticalliyhere the argument is a function of the detector separation
effect the correlation experimef&]. In Ref.[5] the same site gistance a=4=f sin(B/2)R. /c.

correlation measurement was discounted. An important point | order to make a direct comparison with RES] the

to be highlighted here is that this same site correlation exazssymed noise power spectral density for the interferometers
periment should be encouraged. While the believability ofyi pe approximated as

such an experiment will certainly be problematic to achieve,

the relatively large correlated signahanifesting itself with S,(f)=max Sy(f/fm) 4 Sn(f/fn)?]. (2.6)
y(f)=1 for all frequenciekshould force one to drop pessi-

mistic attitudes. The potential correlated noise sources havé value ofS,,=10"4® Hz ! andf,,=70 Hz(with a cutoff at
been highlighted elsewhell®,8]. The confirmation of the 10 Hz approximates the long term goal for the advanced,
detection of any gravity wave sour¢geriodic, burst, or sto- broadband, LIGO interferometef4]. These are the values
chastig will be difficult to achieve. The study of all interfer- used in the analysis by Flanagas]. The low-frequency

and
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noise of interferometers is, and will certainly continue to be,
the nemesis of gravity-wave physicists. It would be ex-
tremely useful for gravity-wave detectighurst, periodic, or
stochastic signa)sf the interferometers could operate in Hz
or sub-Hz frequency bands, but thermal and seismic noise
will certainly contaminate any low-frequency measurement.
If the interferometers can actually operate such that they are
shot noise limited down to 70 Hz with 60 W of laser power
it will be an experimental achievement of the most remark-
able and laudable kind. As noted by Flanagah configu-
ration Il is more sensitive to thg,(a) term in y(f); the
assumption of the constant value 9f;\,(f) and the low-
frequency(70 Hz sensitivity of the interferometers makes
configuration 1l the better solution fg8<80°. This is dis-
played in Fig. 1. Figure (B shows the normalized SNRs 0.1 o
defined by Eq(1.2)] as a function ofg for configurations | B e e e e
and Il. Figure 1b) displays the relative difference between 0 30 60 90 120 150 180
the two solutions: namely, (a)

(SIN);—(SIN),

(SN (SN @7
as a function ofg.

In the near future it is likely that operational gravity-wave
interferometers will only be shot noise limited down to about
200 Hz. For comparison, Figs. 2 and 3 display the normal-
ized SNR when the assumed noise spectral density was
changed by modifying, in Eq. (2.6) to 150 and 200 Hz,
respectively. These noise corners are more realistic; even
accomplishing shot noise limitation at 200 Hz i W of
laser power will be a significant accomplishment. Note now ' LI B L I I I L e e
that when the noise elbow is at 150 Hz, configuration Il is 0 30 60 90 120 150 180
the optimum alignment for 1528<50°, and configuration | B
is optimal otherwise. When the noise elbow is at 200 Hz,
configuration Il is the optimum alignment for 158B<40°,
and configuration | is optimal otherwise. When the low- FIG. 1. (a) The normalized signal-to-noise ratio for a correlation
frequency response of the interferometer’s sensitivity beginexperiment between two detectors as a function of the apgle
at the relatively larger frequenciésay above 150 Hzit is  subtended between them at the center of the Earth. The noise spec-
the domination of the;(a) term in configuration I'sy(f), tral density for the broadband interferometers is assumed to be shot
and to a lesser extent the absence o) in configuration noise limited down to 70 Hz. For configuration | an arm of each of
II's y(f), that typically makes configuration | the optimum the interferometers lies along the great circle connecting the detec-
solution. For all practical purposes the relative differencelos. while for configuration Il each interferometer arm is at 45° to
between the two configurations is only a few percent; realisthis arc.(b) The relative difference between the signal-to-noise ra-
tically the two alignments offer the same sensitivity to thelios for configurations | and Il, as a function @f Specifically, a

SGWB. This conclusion can also be drawn from Flanagan'@!0t f [(S/N),=(S/N)yJ/[(S'N);+(S/N),] for the values dis-

played in(a). Note that configuration Il offers the best alignment for
results[5]. 5=80°

It should be noted that configuration II's sensitivity is ©~ -
quite remarkable. Consider the extreme situation where
B=90°. As the frequency of the gravity waves approacheserm in the denominator of Eq1.2) weights the integral in
zero we havey—0. For this alignment/(f) depends only on favor of low-frequency signals. From this Flanad&h con-
po(a). For low frequencies these two interferometers arecluded that the optimal strategy for detecting the SGWB
effectively orthogonal to each other, as displayed by Fig. 8vould be to use broadband detectors, as opposed to narrow-
of Forward’s classic papgf2]. Yet, as the frequency of the band devices, such as the dual recycling interferomgi€xs
waves approaches about 100 Hz, the effect opti{er) term  Presented in this section are results displaying the fact that
produces a nontrivial cross correlation. dual recycling will in fact increase the SNR.

For the analysis it was assumed that FabryePmmterfer-
ometers were used, with an arm length of 4 km. The reflec-
tivities of the cavity mirrors on the central test masisgsare
R;=0.9221, while the reflectivities of the mirrors on the test

When one assumes that the gravity-wave energy densitynasses at the far end of the cavities &g=0.9995; this
per logarithmic frequency interval is constant then ffe yields a storage time for the cavities af=6.67x 10 * s, or

Relative Difference of SNR

5

Ill. BROADBAND VERSUS NARROW-BAND
MEASUREMENTS
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FIG. 2. (a) The normalized signal-to-noise ratio for a correlation ~ FIG. 3. (a) The normalized signal-to-noise ratio for a correlation
experiment between two detectors as a function of the apgle experiment between two detectors as a function of the aggle
subtended between them at the center of the Earth. The noise spestsbtended between them at the center of the Earth. The noise spec-
tral density for the broadband interferometers is assumed to be shtral density for the broadband interferometers is assumed to be shot
noise limited down to 150 HzZb) The relative difference between noise limited down to 200 Hzb) The relative difference between
the signal-to-noise ratios for configurations I and I, as a function ofthe signal-to-noise ratios for configurations | and Il, as a function of
B. Configuration Il offers the best alignment for ¥58<50°. B. Configuration Il offers the best alignment for ¥58<40°.

50 effective bounces. A recycling mirror is used to feedbackems. The reflectivity of the dual recycling mirroR{) was

the laser light that would normally exit the interferometer chosen so as to maximize the SNR, with the resonant fre-
towards the laselrl]; for these cavities one derives an opti- quency for this narrow-band detector chosen to lie at the
mum value ofRy=0.9705. The dual recycling mirroRs, location of the local maximum of(f)? nearest to 100 Hz.
will feedback the signal light that exits the interferometer For example, Fig. 5 shows the optimum transfer function for
towards the photodetectft,10]. All optical elements were a dual recycling system for configuration B€45°, R,
assumed to have a loss of 70 The noise spectral density of =0.79) along withy(f)?; the vertical was modified so that

the interferometers were assumed to be the §anguadra-
ture) of shot noisg60 W laser power ak=514.5 nm and a
seismic-thermal noise term that varied aS; (f)

«(f/f.,) "4, where, for broadband recycliige., R;=0) the
two noise terms were equal in magnitudd gt The transfer

the two curves touch at the resonant frequency of 104.3 Hz.
For the dual recycling results displayed in Fig. 4 the opti-
mum reflectivity fell within the range 0.20R;=<0.80. For
B~0 dual recycling produced an increase in the SNR of 1.9
over the broadband recycling result. With dual recycling sys-

functions for the standard recycling and dual recyclingtems having a noise corner 6f,=70 Hz and the resonant

Fabry-Peot interferometers can be found elsewhg8gl 0].

frequency chosen to lie at the location of the local maximum

Figure 4 shows the normalized SNR for configuration Il of y(f)? nearest to 100 Hz, configuration Il offered the best
for a broadband recycled interferometer, and a dual recyclinglignment for detecting the SGWB for the angles of 2@

system. Assumed for the noise wias=70 Hz; the seismic-

<65°. It should still be noted that for all angles the two

thermal noise spectral density was the same for both syslignment results never differed by more than a few percent.
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FIG. 4. The normalized SNRas a function ofg) for configu- FIG. 6. The normalized SNRas a function ofg) for configu-

ration Il for a pair of broadband recycled interferometéabeled  ration | for a pair of broadband recycled interferometéebeled
B-B on graph, and a pair of dual recycling systenttabeled  B-B on graph, and a pair of dual recycling systenitabeled
D-R). The shot noise spectral density for broadband recyclingd-R). The shot noise spectral density for broadband recycling
equaled the seismic-thermal noisef gt= 70 Hz. The reflectivity of  equaled the seismic-thermal noisefgt=200 Hz. The reflectivity
the dual recycling mirror R;) was chosen so as to maximize the of the dual recycling mirrorRs) was chosen so as to maximize the
SNR, with the resonant frequency for this narrow-band detectoSNR, with the resonant frequency for this narrow-band detector
chosen to lie at the location of the local maximumf)® nearest  chosen to lie at the location of the local maximurmgf)?2 nearest

to 100 Hz. to 200 Hz.

For a noisier system, with,,=200 Hz, Fig. 6 displays the For the dual recycling results displayed in Fig. 6 the opti-
broadband versus dual recycling results. Configuration | isnum reflectivity always had a value &;~0.67.
used. For the dual recycling interferometers the reflectivity Some characteristics of dual recycling interferometers
of the dual recycling mirror R3) was chosen so as to maxi- help to display why this narrow-band technique can be mar-
mize the SNR, with the resonant frequency for this narrow-ginally better than the broadband alternative. The dual recy-
band detector chosen to lie at the location of the local maxieling interferometer’s noise power spectral density can be
mum of y(f)? nearest to 200 Hz. Fg8~0 dual recycling characterized by three features: the bandwitifh the cen-
produced an increase in the SNR of nearly 1.5 over theral frequencyf., and the value of the noise power spectral
broadband recycling result. For dual recycling systems havelensity atf., S,(f.). The value ofAf/S,(f.) is roughly
ing a noise corner of,,=200 Hz and the resonant frequency constant as the reflectivity of the dual recycling mirror is
chosen to lie at the location of the local maximum of changed10]. Hence in a search for burst waves the signal-
¥(f)? nearest to 200 Hz, configuration Il offered the bestto-noise ratio is also independent of bandwidth, as the ratio
alignment for detecting the SGWB for the angles of 4%°
<35°. It should again be noted that for all angles the two S\? Af
alignment results never differed by more than a few percent. Ocsn(f)

(3.2

burst

remains approximately constaf#]. Examination of Eq.
(1.2) shows that for the stochastic background

S

N
The signal-to-noise ratio increases as the dual recycling in-
terferometer’s transfer function is made narrower.

2 Af

L. (3.2
stochastic S”( f ) ’

60 80 100 120 140 IV. SINGLE-SITE CORRELATION EXPERIMENT

Frequency . . . .
The LIGO system will ultimately contain at least two in-

FIG. 5. The optimum transfer function for a dual recycling sys- terferomet_ers within the vacuum Syste_m at each site, one
tem for configuration I(3=45°, R;=0.79, labeledT1 on graph detector with 4 km arms anc_i the other with 2 th For two
along with y(f)? (labeledy on graph. A modified vertical scale antennas at the same location and mutually aligned the over-

ensures that the two curves touch at the resonant frequency of 1041@p reduction function;(f), will equal one for all frequen-

Hz. Also displayed for comparison is the transfer function for theCies. This greatly enhances the SNR, as seen via ER).
broadband recycled interferometéabeledT2 on graph, all factors ~ Flanagan[5] makes the very credible point that correlated
equivalent to those used farl except nowR,=0. Here dual recy- hoise in two interferometers at a single site, which for some
cling provides a SNR gain of 1.12 over broadband recycling. reason appears out of phase in one detector as compared to
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the other, could potentially cast such uncertainty into theof the detectors is unlikely. Use of multiple narrow-band
SGWB detection experiment as to make it impossible. Whilemeasurements can identify and account for noise; a measure-
acknowledging that results from such an experiment will bement of a correlated signal within some frequency band that
difficult to confirm, it should be stressed that it will not be does not appear at other frequencies can certainly be attrib-
impossible. The single site correlation experiment shouldyted to correlated noise. As an example, we can consider Eq.
not, at this premature time, be discounted. (2.6) defining noise spectral density of the interferometers
The investigation, measurement, and characterization Qfjith f, =70 Hz. Consider a dual recycling system designed
noise in the interferometers will be an unavoidable task fors, a5 1o maximize the gravitational wave strain sensitivity at
scientists interested in identifying periodic, burst, and Sto-100 Hz (Rs=0.975 and other parameters the same as used
chastic sources of gravitational radi_ation. The search for thg ove: the full width at half maximum(EWHM) of this
SGWB depends on a correlated signal, hence a correlat(? terferometer’s transfer function is 12.5 H,10]. The SNR

noise source masks the signal. The existence of an out Ohin of this dual recveling svstem over a broadband recy-
phase, but correlated, noise in the two antennas could prg— ycling sy y

vent even the possibility of setting a limit on the strength ofC“r_]g gystem, as d_efmed Via E_(:{L.Z_), is 1.355(where the

the SGWB[5]. Potential correlated noise sources were anaSeismic-thermal noise contribution is assumed to be the same

lyzed and discussed extensively in Rd5,8]. for the two casés This dual recycling system offers very
narrow-band resolution, and multiple measurements in the

Consider the data streams from full and half length inter—100 Hz t0 1 kH ide inf X iol
ferometers at a singles site. Thiln component of the data Z to 1 kHz range can provide information on possible
correlated signals plus correlated noise.

time series takes the form ) X
The two sites for the LIGO interferometef$], plus an

X1 =S +Ny;, eventual worldwide network of Qetectofz,_3], bolster the
4.1) prospects for single-site correlation experiments. This is es-
1 pecially true for setting believable limits on the strength of
x2i:§si+n2i , the SGWB. While a negative correlation coefficiénithin

some frequency bandor the noise could hinder the confi-
wheres is the signal andh the noise. Assume thatandn delrtmef In a me_gsu;gmlent at a sm?Iet sne,trc]omlpan?_on of re-
are independent stationary Gaussian processes with 26l Lo\t information. The character of correlated noise
mean. The correlation experiment attempts to measure theh Id f | o | ion- local seismi
variance ofs, o2, assumed much smaller than the noiseS ould vary from oc_atlon to location; local seismic waves
AN . propagate through different types of ground and local elec-
vacanciesgy,; andap,. The correlation between channels 1 y.,maqnetic fields should differ. Identical same-site correla-
and 2 is[6] tion measurements made at two separate locations will offer
valuable additional information; this is a topic requiring fur-
(4.2) ther study.
On10n2 At this point it is extremely difficult to predict whether
intrasite correlations will be useful. Correlated noise sources
Flanagan[5] notes that the noise correlation coefficiept, are hard to predict. A noise correlation coefficientas low
could be nonzero and negative, thereby preventing the pogs 10°3 could mask a signdl6]. Individual experiments to
sibility of placing a limit onos. determine the sign and phasegddt specific frequencies may
The likely factors to contribute tg are seismic noise, turn out to be an inappropriate exercise; the integration times
fluctuations in the residual-gas column density inside thgequired will be long and it may be prudent to just try a
common vacuum system, and electromagnetic field fluctuasingle broadband measurement. However, these questions
tions[6]. Unknown sources are likely. Each noise source hagyil likely become more understandable once the actual in-
its own signature and spectral density. One can easily aserferometers are operating. At this point in time one should

sume that the contribution that each of these effects makes il explore various strategies for extracting the SGWB from
p will have its magnitude, and probably sign too, dependenn intrasite correlation experiment.

on frequency. The frequency dependence of the noise spec-

tral density can help to differentiate between a correlated

signal originating from the SGWB and that created by local V. CONCLUSION

noise. One can expect the magnitude of the spectral density

from most noise sources to vary significantly within the 50 Addressed in this paper were issues related to developing

Hz to 1 kHz bandwidth, whereas a SGWB spectral densitythe optimal strategy for detecting or placing a limit on the

that changes dramatically in this band requires exotic physicstrength of the SGWB. MichelsdiY], Christenseri6], and

to explain. Albeit cumbersome, the prudent avenue for &lanagar5] previously explored this topic in detail; some of

single-site correlation experiments is to make a number ofhe details of some of the conclusions given in RBf.were

narrow-band measurements within the 100 Hz to 1 kHZurther analyzed here. Presented in this paper were results

band. These types of measurements are likely to occur anghowing the optimum alignment of two laser interferometric

way during the search for periodic and burst sources. antennas depends on both their location and noise spectral
A number of narrow-band measurements can place a limitlensities. In the end, configurations | and Il differ very little

on the strength of the SGWB. While one can imagine correin their results, each is essentially equivalent as the optimum

lated noise that appears out of phase between two detectoejgnment for detecting the SGWB. It is also shown here that

the prospect of this occurring across the operating bandwidtharrow-band detectors, such as dual recycling interferom-

(1/2) 0'§+ PO1Tn2

o=
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eters[10], offer the best hope for detecting the SGWB. The The LIGO antennas, plus others to come around the
optimum mirror reflectivity for the dual recycling mirror world, offer exciting prospects for making cosmologically
(R3) will differ from the optimum reflectivity for gravity- significant measurements of gravitational radiation. It still
wave strain sensitivity. Significant gains in the SNR, up to aseems realistic to assume that LIGO could place a limit on
factor of 1.9, were displayed in this paper. Finally, encour-the strength of the SGWB to b g(f)<2x10 1% at 100
agement is given to attempts to measure the SGWB with twéiz after 10 s of integration timg6]. A worldwide network
interferometers at the same site. While this experiment is navf antennas offers exciting prospects for experimental cos-
easy, it would seem uncharacteristic of gravity-wave physimology.
cists to discount its potential. A series of narrow-band, dual
recycling, measurements in the 100 Hz to 1 kHz band should

help to distinguish the effects of correlated noise from signal.
Identical measurements at another location will add confi- Grants from the University of Auckland Research Com-
dence, and should be further considered. mittee partially supported this work.
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