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Abstract. We formulatethe dataanalysisproblemfor the detectionof the Newtoniancoalescing-
binary signalby a network of laserinterferometricgravitational wave detectorghat have arbitrary
orientationsput arelocatedat the samesite. We usethe maximumlik elihoodmethodfor optimizing
the detectionproblem. We shaw thatfor networks comprisingof up to threedetectorsthe optimal
statisticis just the matchednetwork-filter. Alternatively, it is simply a linear combinationof the
signal-to-noiseatiosof the individual detectors.This statistic,therefore,canbeinterpretedasthe
signal-to-noiseratio of the network. The overall sensitvity of the network is shawn to increase
roughly asthe square-roobf the numberof detectordn the network. We further shav thatthese
resultscontinueto hold even for the restrictedpost-Nevtonian filters. Finally, our formalismis
generaknoughto beextendedjn astraightforvardway, to addresshe problemof detectionof such
wavesfrom othersourcedy someothertypesof detectorseg., barsor spherespr evenby networks
of spatiallywell-separatedetectors.
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1. Introduction

The existenceof gravitational waves (GW), which is predictedin the theory of general
relativity, haslong beenverified ‘indirectly’ throughthe obsenationsof HulseandTaylor
[1]. Theinspiral of the membersof the binary pulsarsystemnamedafterthemhasbeen
successfullyaccountedor in termsof the backreactiondueto the radiatedgravitational
waves|[1,2]. However, detectionof suchwaveswith man-madeantennas’hasnot been
confirmedso far. Neverthelessthis problemhasreceved a lot of attentionthis decade,
especially dueto arrival of laserinterferometricdetectorswhich are toutedto have the
sensitvity requiredfor detectingsuchwaves.

In the past,a sizableamountof researcthasbeendoneon the problemof detecting
gravitationalwavesusingasinglebaror interferometricdetector However, very little work
hasbeendevotedon developingtechniquego optimally analyzethe datafrom a network
of suchdetectordo seekthe presencef coalescingoinary signal. As hasbeenarguedin
thepast(see gg., ref. [3]), for agivenfalse-alarnprobability, thethresholdfor detections
loweredasthenumberof detectorss increasedThis increaseshe probability of detection
by anetwork ratherthanasingledetectoyprovidedtheobseneracceptonly coincidences.
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Oneof the early paperswhich camecloseto discussinghe problemof detectionof these
wavesusinga network wasthatof Finn andChernof [4]. This paperobsenedthatsince
the orientationsof the two LIGO detectorswere very similar, their joint sensitvity was

largerthanary oneof them. Anotherwork which dealtwith the issueof detectionusing

a network was that of Bhawal and Dhurandhaf5]. The main aim of this paperwasto

find the optimalrecycling modeof operatiorof the plannedaserinterferometricdetectors
for which a meaningfulcoincidencedetectionof broadbandsignalscould be performed.
However, noneof theseearlierpapersaddressedhe issueof how a network of detectors
with arbitraryorientationscanbe optimally usedasa ‘single’ detectorf sensitvity higher
thanthat of ary of its subsetof individual detectors.Oneof our main aimsis to show

preciselyhow this canbe achieved. In the processwe will arrive at a network statistic
basedon the individual detectoroutputsthat can be usedto ascertairthe presenceof a

signalin themwith a givenlevel of confidence.

We notethat the useof a network hasneverthelesseceved considerablattentionin
the context of the parameteestimationproblem. Someof the notableworksthataddress
this issuearerefs. [6-10]. The prime motivation in the useof networks in this regard
is that the larger the numberof detectors,smallerthe errorsin estimatedvaluesof the
binary parametersHowever, the startingpoint in theseapproachess the assumptiorthat
the problemof detectionhasalreadybeenaddressedndthe detectorspecificchirp filters
thatresultin ‘superthreshold’cross-correlationwith theindividual detectoroutputs have
beenpicked.

Here,we formulatethe dataanalysigproblemin the caseof the coalescinginarysignal
for anetwork of, say N numberof laserinterferometricgravitational wave detectorghat
have arbitraryorientations but arelocatedat the samesite. The noisein eachdetectoris
assumedo be additive and Gaussian.Also, the noisesin differentdetectorsaretakento
beindependendf oneanother We usethemaximumlik elihoodmethodfor optimizingthe
detectiornproblem.

The paperis organizedasfollows. In §2, we definethe variouscoordinateframes,such
asthe detectorframe and the wave framethat we usein our calculations. We describe
someknown representationsf the Newtoniansignalcorrespondingo gravitationalwaves
from acoalescingoinary. In §3, we presentanew representatiofor this signalin termsof
the complex expansioncoeficientsof the wave andthe detectortensorin a basisof STF
tensorsf rank 2. Sectiond shovs how the detectionproblemcanbe optimally addressed
usingthemaximumlik elihoodmethod.In §5, we presentheanalysidor theimprovement
of thesensitvity of anetwork asafunctionof N. Finally, in §6, we discusshow ourresults
continueto hold for the restrictedpost-Navtonianwaveforms. We alsomentionhow our
formalismcanbeextendedo addresshe detectionproblemfor a network of spatiallywell
separatedetectors.

We usethe following corventionfor symbolsin this paper Variablescharacterizing
the network are displayedin the SansSerif font. A parenthetidndex in the superscript
or subscriptof a variableidentifiesa particulardetector Network- or individual detector
basedvariablesthatarecomplex aredenotedby uppercasdetters,whereaghelower case
lettersareresenedfor realvariables.Notethatquantitiessuchasthegravitationalconstant,
G, thoughwrittenin uppercase arenot complex sincethey do notrepresenary inherent
characteristiof the network or anindividual detector Also, we definethe complex inner
productas(AA gy, Bf) = A*B(A(r, f). By our corvention,all the quantitiesfeaturing
in the above expression exceptf, arecomplex. Moreover, Ay denotesa variablethat
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characterizethe I-th detectoiin the network, wherel is anaturalnumber Also, f denotes
anetwork-basedariable.

2. Preliminaries

We describethevariouscoordinateframesin termsof which we will analyzethe different
polarizationsof anincomingwave. Let (X, Y, Z) betheorthogonalCartesiarcoordinates
connectedvith a weakplanegravitational wave traveling alongthe positive Z-direction;
X andY denotethe axesof the polarizationellipseof thewave. Let (z, y, z) form aright-
handedcoordinatesystemthat describes fiducial detector(henceforthreferredto asthe
‘fide’ or the ‘network frame’). Let usdefinethe Euleranglesd and¢ to give theincoming
directionof the wave, and+) to denotethe anglebetweenone semi-axisof the ellipse of
polarizationandthe nodedirection. The orthogonalmatrix transformatiorfrom the wave
frame to the fide is thus definedby the Euler angles{¢,6,v}. The orthogonalmatrix
transformatiorfrom thefide to theframeof the I-th detectoris definedby the Eulerangles
{awy; By, v}

A gravitationalwave is representetdy metrictensorfluctuation,h;;, aboutthe vacuum.
In the trans\ersetrace-freegauge,its non-vanishingcomponentsn the wave-frameare
hze = —hyy=hy, hyy = hys=hy. Here,h andhy arethetwo polarizationsof the
waveform. In the Newtonianapproximationthey are:

_ 2NaM4(t) 1+ cos’ e
N T 2
_ 2Na M4t

r

he (8) coslx(t) + 3] , (12)

hx (t) cosesin[x(t) + 4] . (1b)

Above, N = [2G5/3 M5/3(x f,)?/3 /], r is theluminosity distancefrom the earthto the
binary, M is the ‘chirp’ massdefinedby M = (1 + 2)u?/5m?/%, wherem = my + mo
is thetotal massof the binary, u is thereducedmass,z is the cosmologicatedshiftof the
binary, andc is the speedf light in vacuum.The anglee is the angleof inclination of the
binary i.e., the anglebetweenthe line of sightandthe vectornormalto the orbit of the
binary, andé is aninitial phaseof the orbital motion. The frequeng of the gravitational
wave is twice theorbital frequeng andis givenby

it M) = (%5/8% (256 ek [tf(ta,M) —t]>3/8 : @

wheret, is the time of arrival of the signal (suchthat f(t,) = f. = 10Hz) and
t. is the time at which coalescenceccurs. Inverting the abose equationafter setting
f(ta;ta, M) = f,, we getthetime of coalescence:

5 C3 5/3
te(ta, M) =t, + 256 M3 (n [) (5> : 3)

Finally, x(t) = 2 [ f(t)dt' and a(t) = 1 — (t — t,)/€, where ¢ =
3.00 (/\/t/M@)_F’/3 (fo/100 Hz)_s/3 sec, is the chirp parameter Note that a total of
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eightindependenparametersyiz., {r, 4,6, ¢,, €, t,, &} arerequiredto specifythis sig-
nal. Therangeof thefour anglesareasfollows: 6§ € (0,7), ¢ € (0,2r), v € (0,2r), and
e € (0,m).

It canbe shavn thatthe signalatthefiducial detectoris [11]

s(t) = 2ka(t)~/* cos (ya§ <1 — a(t)5/8) +0 - n) , 4)
where
Va:3207r<10'();aHZ> Hz , k=N(¢/r , (5a)
1 + 2 \2 1/2 2
C(e) = [( CZS ) cos? e] , tann = 1 +C((;)§:2 <> (5b)

with n € (—m/4, w/4). The signalat the I-th detectorcanbe expressedn termsof the
guantitiesdefinedabove as

s () = oy h(n)+(t) + oy x hryx () - (6)

whereh ;. andhy), arethetwo polarizationsof the wave arriving at the I-th detector
Also, o(r)4+ and oy are the beampatternfunctions, which dependon {¢,6,+'} and
the orientationangles{«r), B(r), v(r)}. The problemwith the above representatiorfior
the signalis thatit mixesup the factorsdependenbn the detectorspecificEuler angles
{a(ry, By, vy} andthosedependenbn the angles{#,6,+¢}. We now give a different
representatiomf the signal wherethis problemdoesnot occur It will prove usefulto
addresshedetectionproblemfor a network.

Considerthe complex null vectorM = 1/\/§(ex + iey), whereex andey arereal
unit vectorsin the X andY directions,respectiely, of the wave-frame. Thenthe wave
tensorw;; is definedas

w;j = hyRe(M; M;) + hyIm(M;M;) | (7)
which is areal symmetrictrace-freeg(STF) tensor The component®f M in the detector
axisare[6]: M = 1/4/2(cos ¢ — i cosf sin ¢, sin ¢ + i cosf cos ¢, isin ) exp(—ith). A

detectorcanalsoberepresentedsan STFtensor For aninterferometemwith armsalong
thedirectionsn; andn, (bothbeingunit vectors) thedetectottensord is givenby

dij = nyinyj — naing; - (8)

Theresponsamplitudeof thedetectoror, equivalently, thesignalis justthe scalamproduct
of thewave anddetectorSTFtensors,

s=w'd;; , (9)

whereit is implicit that the Einsteinsummationcorvention holds over the repeatedup-
per and lower indicesi and j. In the following analysis,we will specifically consider
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a network of interferometricdetectors. However, the generalizatiorto bar detectorsis
straightforvard.

Sincewe extensiely dealwith STFtensorsof rank2, enunciatingsomefrequentlyused
propertiesof suchobjectsis in order[1la]. Sincesuchtensorshave five independentle-
ments they canbeexpandedn termsof (location-independentpTF-’ tensorsyl’zl, with
rank! = 2. They arerelatedto the sphericaharmonicsasfollows:

Yo (0,0) = y;{nnm]- , where m==2 £1,0 , (10)

wheren = (cos ¢sind, sin ¢sind, cosfd). Therearefive independens x 3 comple
matrices V5] , obeying thenormalization

ij m’ 15 m'
VomYVif" ™ = g20m - (11)

In this paperwe will alsobeinterestedn the behaior of theseSTFtensoraunderaction
of anelementy(«, 3,) of therotationgroupSO(3),where(a, 3,~) arethe Eulerangles.
Consequentlywe mentionthat undersuchan action, the sphericalharmonicsobey the
following transformationaw:

2
Yo (0,0') = D T ™™ (a0, 8,7)Yam(6:9) , (12)

m=—2

whereT_,,,~™ arethe Gel'fandfunctionsof rank2 [12,6].

As shavnin Ref.[6], in thedetectoframethewave tensorw;; canbeexpandedn terms
of the STF-2tensorsas:

g 2 g
w(t) = 1—7; [ (T2 + T2") — ihx () (T2" = T2")] Yy, (13)

wheretheexpansiorcoeficientsarecombination®f theGel'fandfunctions,whichdepend
on the parameterg¢, 8,v). For interferometricdetectorswith armsmakingan angleof
2(2, theonly non-vanishingdetectostensorcomponentsn its own frameared;, = dy; =
sin 2Q2. Thefollowing analysiswherewe will dealwith the case2 = /4, canbe easily
generalizedo othervaluesof .

Considerthe I-th detectorof a network. Usingthe wave- anddetectostensorcompo-
nentsin eq.(9), it wasshawn in Ref.[6] thatthe signaltakesthe form:

s(n(t) = 11, Tm* (8,0,)T(1)s"" (cry, By v(n) (14)

NotethatT{r),," is to be distinguishedrom T,,,™ in thatT,,," = T,," (6,6, ¢), whereas
Tirym™ = T (1, Biry, vry)- Above,

m i . _

Ihn =5 —ihun) =+Jpy  for  m=2, n==+2, (15a)
m Z . *

I(I)n = i§(h+(1) + th(I)) = ?J(I) for m=-2, n==%2. (15b)

Thesignalgivenin (14) hasthe advantageof keepingfactorsdependentn thetwo setsof
Euleranglesseparate.
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3. A new representation for the signal

To addresghe detectionproblem,we will be directly dealingwith a constructknown as
the likelihoodratio (LR) (to be definedin §4.). The LR is a non-linearfunctional of the
signal. To keepthis functionalform simplewe developa new representatiofor the signal
basedon (14).

In termsof J ), thesignalgivenin eq. (14) takestheform

S = 2Re(iJ(*I)F(I)) , (16)
wherel' () =i (T("}*)s - T(})Z:) T_»*. Next, we define:

hery = a&§/4(t)COS X)) = gaysayo s
hs(I) = a(}l)/‘l(t)sin X(1) (t) = 9()S(Nx/2 - 17)

whereg ) is the maximumsignal-to-noiseatio for the I-th detectorobtainableby using
anoptimalfilter:

iLc,s 2
e a2

sg) (f) beingthe noisepower-spectral-densityp.s.d.) of the I-th detector Above, s(1)g
ands(r)./2 canberepresentedstherealandimaginarypartsof acomplex quantity:

Sy () = 50 +i5(1yx/2 (19)

which hasanormequalto 2.
Let usnow expressl’ ;) = y(ryo + ©Y(1)x/2, Wherey ryo andyr) -2 are,respectiely,
therealandimaginarypartsof I' ;). Define

Wiy = 9y (V)0 €080 — iy(1yn /2 SinN) = wpe” @ (20)

wherethe lastexpressionis the polar form of (). Notethatthe only signalparameters
on which W(;y dependsare {¢,6,,n}. Armedwith thesedefinitions,the signalin eq.
(16) canbere-expresseds

sy(t) = 26Re (Wip Ren)) (21)
wherewe have defined

R(py(t) = r(ryo + ir(nye/2 = Sne” (22)

whichis just therotatedS ). Herer (), andry). /2 are,respectiely, therealandimag-
inary partsof (). Equation(21) is a new representatioffior the signalthatwe will find
usefulin obtainingthe maximumlik elihoodratio below.

We endthis sectionby arriving atarelationbetweerthe complex variableW ) andthe
detectortensor First, by usingeqs(13) and(22) we obtaintheinnerproductsbetweerthe
wave tensorw® andthe realandimaginarycomponentsf Rpy:
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2kg(nya” = (W (t),r) and 2697 = (W (t),7(1)r/2) (23)

wherewe have definedtwo newv STF tensorsa;; and 3;;. Theseare real functions of

{¢,6,4,n}.

By comparingthe differentrepresentationf®) and(21) of the signalwe obtain
W([) = AZ] (g(I)d(I)’Lj) y where AzJ = (Ckij + Zﬂ”) y (24)

A% is acomplex STFtensordependenon {¢, 8,1, n}, whenexpressedn thefide frame.
Notethat

Wnl? =1 (9adwyi) P+ 167 (9ydwyis) IP- (25)

Above, up to anr-dependentactor [W |2 canbe interpretedasthe total power trans-
ferredto the I-th detector More appropriatelyit is the gainfactorassociateavith the I-th

detector We have resohedit asa sumof thefractionsof powertransferredo the detector
by thetwo polarizationsyespectiely. It canbe shavn that,up to afactorof gy, Wy is

justadirectioncosinethatis dependenbn the setof angles{¢, 8, v, n}. Thisis whatone
would expectfrom the above interpretatiorof W) asagainfactor

4. Addressing the detection problem for a networ k

Thesignalfrom a coalescingdinarywill typically not standabove the broadbandoiseof
theinterferometricdetectorsthe conceptof anabsolutelycertaindetectiondoesnot exist
in sucha case.Only probabilitiescanbe assignedo the presencef an expectedsignal.
In the absenceof prior probabilities,sucha situationdemandsa decisionstratey that
maximizesthe detectionprobability for a givenfalsealarmprobability. Thisis termedas
theNeyman—Pearsocriterion(see gg., ref. [14]). Suchacriterionimpliesthatthedecision
mustbebasednthevalueof astatisticcalledthelik elihoodratio (LR). It is definedasthe
ratio of the probabilitythata signalis presenin anobsenationto the probability thatit is
not.

For anetwork of detectorave obtainthis statisticasfollows. We assumehatthe noise
at eachdetectoris additive, Gaussianand both statisticallyas well as algebraicallyin-
dependenbf the noisein ary otherdetectorin the network. Undertheseconditions,the
network LR, denotedby A, is justa productof theindividual detectorLR’s. Similarly, the
logarithmiclikelihoodratio (LLR), In A\, canbe verified to have the sameform asfor an
individual detectoynamely [14,9].

1
InX = (s,x)nw — §<5>5>NW . (26)

wherethe normalizedsetof signalsaredenotedy a singlenetwork vector

S(t) = (8(1) (t)7 5(2) (t)a Ty S(N) (t)) ) (27)

N beingthenumberof detectordn thenetwork. Thesubscriptv W denoteghattheinner
productis definedon the network space Similarly, theindividual detectoroutputsz ) (t)
arecombinedo form the network vector
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x(t) = () @), z2) (), -,z (B)) - (28)

Thus,in termsof theindividual detectorsignalstheLLR is

N 1 N
In\= Z(S(I);IE(I)>(I) 35 (51, () (1)
I=1 I=1
N
bz 20, %)) ~ —b (29)

=1

where

(30)

is thenormof s andz(;y = s(;y/b. Theaimnow is to maximizethe LLR over all eight
parametergo obtainthe maximum(logarithmic)likelihoodratio (MLR). It is the MLR
thatmustbecomparedvith athresholdvalueto ascertaithepresencer absencef signal
in the detectoroutput,with a givenlevel of confidence.

We now analyticallymaximizetheabove expressiorwith respecto asmary of theeight
parameteraspossible Notethattheluminositydistance: appear®nly throughb in LLR.
Maximizing it with respecto b yields

2

1 (& ! il
ln)\|6 = 5 (Z(Z(I),.T(I))(I)) = 5 Re (e_“s ZQ(I)CFI)) s (31)
I=1 I=1
wherewe have defined
W,
Q(I) = ) and CE}) = <S(I),5U(I))(I) . (32)

N
\ 2=t w%[)

Next we maximizethe LLR in eq. (31) with respecto § for, apartfrom the phasefactor,
noneof theothertermstheredependnit. Thisgives

2

In )\le,s = 5 (33)

1 N
52 QunCh
I=1

which is a function of six parametersnamely {¢, 8,,n,t,,£}. Notethatwhenall the
detectorsare‘closely’ locatedit is only the @ 1)’s thatdependon four angles{¢, 8, 1, 1}
the C(y’s thendependonly on {t,, £}, with all thetimesof arrival beingequal. We will

referto this situationasthe ‘same-site’approximation. Whenthe detectorsare spatially
well separatedhe C;)'swill dependon {¢, 8} aswell.

To obtainthe MLR, we needto maximizeovertheseremainingparametersAt thisstage
it is usefulto definethe surrogatestatistic(SS),\' = In /\|b ;- Foranetwork comprising
of atotal of N detectordocatedwithin a fraction of a wavelength,the SSis maximum
whenQ oc C. whereC is a network vectorwith the C;)’s asits componentsTherefore,
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onceC is known, the maximizationproceduredetermines throughthe above condition
andthefactthatQ hasa unit norm. However, the Q sodeterminedill, in generalyield
an overdeterministicset of equationsfor the four parameterq¢, 6, ¢, n}. On the other
hand.,if this setof equationsanbe solvedto yield a physicallyrealizablesolutionfor the
parameterghenthe maximizedLLR will have a simplerform:

N
Nssa —12(;2 _A (34)
091~ 9 H =9
I=1

wherecy) is the magnitudeof C'y). Above, A is a function of two parameterspamely
{ta,&}. Although A is areal quantity we follow theestablishedonventionin literatureto
denotethe LLR by anuppercaséetter!

It canbeshown thattheconditionQ « C is alwaysrealisedor two detectorsNumerical
calculationssuggesthat this resultholds for threedetectorsaswell [17]. However, for
networkswith a larger numberof detectorsve numericallyfind that this conditionis not
alwaysrealisableandoneis forcedto maximize\'[;;, asgivenin eq. (33), over the four
angles.Thus,for networks comprisedof up to threedetectorsthe applicationof eq. (34)
appearso bevalid. We will limit ourdiscussiorno only suchcasedelow. Hence only the
maximizationof A overthetwo parameters{t,, £}, remaingo bedone.Thisis performed
numericallyalongthelinesof SathyaprakashndDhurandhag(seeref. [11]).

5. Network sensitivity

To infer the presencef a signalfrom the outputsof the memberof a network, onecom-
paresthe valueof the statisticA in eq. (34) with a predeterminedetectionthresholdAy.
As we shaw belaw, the value of Ay canbe obtained(via the Neyman—Pearsodecision
criterion[14]) from thefalsealarmprobability, (), associatedavith the eventof detection
of sucha signal. For A < Ay, presenceof a signalin the datais ruled out, whereasf
A > Ay, thenthedetectionof a signalin the datais announced.

We now analyzethe improvementin the sensitvity of a network over that of a single
detector Apart from the assumptionsboutdetectornoise mentionedin §4, we further
assumehatit is stationarywhich impliesthatfor the 7-th detectomwe have

(e (Al () = sunyd(f = f) (35)

wheresy, ) is the noisep.s.d. of that detectorandthe angularbracletsimply ensemble
average In generaldifferentdetectorsnayhave non-identicahoisep.s.d.We will assume
thatthenoisein ary detectoris white, i.e., s,y doesnotvary with frequeng. Notethatit
haszeromean,i.e, (fiy(f)) = 0, andits standardleviationis s (r).

Equation(34) shavs that A is a sumof squareof independentandomvariableswith
Gaussiarprobability distribution functions(PDF). Thus, A itself musthave the so-called
x? probability distribution. Hence,the PDF of A underthe hypothesighat the signalis
presentHy, is:

(N-1)/2
nw=3(5)  eol-@+/A -6V (@)
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whereA > 0 andIy_;(z) is themodifiedBessefunctionof order(N — 1). Notethatb?

is proportionalto the total enegy receved from the source. Whenby/A >> 1, theabove
expressiorapproximates$o

IM(VCK)==:%;;GXPP—(VG{“b)2/2]- (37)

Ontheotherhand,underthe hypothesighatthe signalis absent Hy, the PDFof A is

(A/Q)N_le_A/2

which onecanobtainfrom eq. (36) by takingthelimit b — 0.
We arenow in a positionto calculatethefalse-alarnprobability:
Qo= [ () =1 I(o/2VN, N -1) (39)
Ao
wherewe have madeuseof theincompletegamma-function
uy/p+1
I(u, p) = / zPe dz/p! . (40)
0

For agivenfalse-alarnprobability @, eg. (39) allows usto obtainthe detectiornthreshold

Ay of our statistic. Plotsof Q¢ versusA, for differentvaluesof NV aregivenin figure 1.

Fromtheseplotsit canbeinferredthat Aq increaseslowly with N.
Thedetectionprobability () ; canbe obtainedby computingthe areaunderthefunction

p1(VA) for VA > /Ag. ForbvA >> 1,itis
Q= [ n(/DIVA), (41)

VAo

wherep; is givenby eq. (37). We now shav thatfor a given Q; and )y, the distance
r up to which a network canprobeincreasesvith N. Thisis tantamounto sayingthat
the sensitvity of a network increasessa functionof N. For simplicity, assumehatthe
detectorsare orientedin sucha way thatb? is proportionalto N. Thisis the casewhen,
e.g..thew,)’s areall identical. Let Q; = 0.5, i.e., v/Ag = b. As N increasesA,

increasedor agivenQ, (seefigure 1). However, giventhefactthatb oc v/N /r, we have

r o< VN /Ag. Thus,givena specifichinary, the ratio of sensitvity of anetwork to thatof
asingledetectotbehaesas

r(N) Ao(N =D\
MNﬂf“N(£w>> ! (42)

which canbe computedby usingAq (V) from figure 1. Theseratios,which arepresented
in tablel. for N = 2, 3, clearlyshaw thatthesensitvity of suchanetworkincreasesulittle
slower thenv/N. Thisimpliesanincreasen the survey volumeaccessibléo a network,
which,in turn,impliesanincreasedventrate.
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N = No.of detectors
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Figure 1. The plot of Qo asa function of the detectionthresholdA, for different
number N, of closelylocateddetectorsn a network.

Table 1. Theratio of thesensitvity of anetwork with N = 2, 3, respectiely, relativeto
asingledetectorfor @4 = 0.5, andcorrespondingo differentfalse-alarnprobabilities.

False-alarnprobability Qo

No. of detectorsN  0.33x107!° 0.67x107!2 0.17x10"'2 0.33x10~!*

2 1.33 1.33 1.33 1.34
3 1.55 1.56 1.57 1.58

6. Conclusion

The problem of detecting inspiral waveforms from coalescingbinaries via pattern-
matchingcanbe mademoreaccurateby including post-Nevtoniancorrectionsn the cor
respondingfilters. In this regard, it hasbeenshown [15] that it is both necessaryand
sufficient to work with the restricted post-Nevtonianchirp. The descriptionof the re-
sulting waveform involvesan extra parameterapartfrom the setof eight parametersle-
scribedabove. However, aswas shavn by Sathyaprakashil6], for the astrophysically
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relevantrangeof parametersthe effective dimensionalityof the parametespaceremains
unchangedHence evenaftertheinclusionof therestrictedoost-Nevtoniancorrectionsn
thefilters, thedetectionproblemcanbe addresseh the samemannerasdescribedn §4.

Whenthe detectorsare spatially well separatedthe cross-correlations(;)’s, will be
dependenbn the timesof arrival, ¢,(r)’s, which aredifferentfrom oneanother Sincea
specifict, () depend®n thelocationangles{, 8}, sowill C(;). Hencethe maximization
of the SSover the four angles{¢, 8, v, n} thatwasperformedfor the same-siteapproxi-
mationabove, canno longerbeimplementedn the presentase.lt canbe shovn thatthe
SScanberecasin suchaway thatits dependencen thecomplementanangles{«, n} is
isolated.This aidsin theanalyticmaximizationof the SSoverthesewo angles.Themaxi-
mizationovertheremainingfour parameterg ¢, 6, t,, £} canthenbeeffectednumerically
onafour-dimensionaparametesspaceagrid. Detailsof thesecalculationswill be presented
elsavhere[17].
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