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The efficiency of an Event Trigger Generator (ETG) to a particular waveform with peak 
amplitude A can be determined by simulation within LDAS. The waveform is added to 
the raw (noisy AS_Q) data such that it corresponds to optimal response with respect to 
source direction and polarization.  The result is that the efficiency is 0 for very small A, 1 
for very large A, and smoothly rising from 0 to 1 in between. (This is the efficiency for 
detection during unvetoed live-time). This turn-on in efficiency is well modeled by a 
sigmoid in log(A); call it eff(A). It is specific to a given waveform, ETG algorithm, and 
data epoch.  Some examples are shown in Figure 1, as dashed lines for four different 
detectors (one specific waveform and data epoch). For this example, we’re making up the 
actual sigmoid parameters for the four detectors; but they are similar to curves generated 
from simulations by Laura; see, eg, the plots at the bottom of  
http://emvogil-3.mit.edu/~cadonati/S1/simul/SG2/SineGaussianFixedQ.html ). 
 

 
Figure 1: Detector efficiency versus amplitude, averaging over sources. 

 



However, our true detection efficiency depends on the source direction and polarization. 
We can assume that the sources are distributed isotropically, with only one polarization 
component (we’ll return to this assumption later), which is oriented randomly. In that 
case, we can easily calculate the resultant detection efficiency averaged over source 
directions (θ,φ) and polarization ψ through the well-known detector antenna function 
R(θ,φ,ψ), as follows: 
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The average efficiency versus A obtained in this way is shown in solid curves for four 
detectors in Figure 1. The average value for R(θ,φ,ψ) is ~0.37. 
 
It is straightforward to generalize this to multiple detector coincidences, by evaluating 
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where a, b, … label different detectors in coincidence. The … means that we can add 
efficiencies for 2, 3, 4, or more detectors in coincidence. We can use Earth-centered co-
rotating coordinates for the locations and orientations of the different detectors, and for 
the source direction and polarization. For example, efficiency curves for triple and 
quadruple coincidences of 4 detectors running during S1 are shown in Figure 2. 

 
Figure 2: Detector coincidence efficiency versus amplitude, averaging over sources. 



 
Detector locations and orientations are taken from the LAL Software Documentation, 
http://www.lsc-group.phys.uwm.edu/lal/lsd.pdf , Table 9.1. 
 
It must be remembered that these curves must be re-drawn for different waveform 
morphologies, different ETG algorithms and thresholds, and different data epochs / 
calibrations. 
 
Note that detailed simulations in LDAS are only required for single detectors, with 
optimal source orientation and polarization; the remainder of the averaging over source 
directions and polarizations, and coincidence efficiencies, are handled through simple 
numerical integrations. 
 
However, we have made some crucial assumptions: 

• There is no loss of coincidence efficiency due to the time delay between bursts in 
different detectors; the coincident time window must be kept large compared with 
the source-direction-dependent delay times. 

• There is no loss of coincidence efficiency due to any post-coincidence cuts, such 
as requiring coherence between the burst waveforms, or their amplitudes or 
frequency bands, in the different detectors. Keep any cuts loose! 

• We assume that the burst waveforms come in only one polarization (or, more 
generally, both polarizations have the same waveform, with fixed amplitude 
ratio). If, contrary-wise, bursts have two polarizations with different waveforms, 
then the resultant excitation of the IFO differential mode will be some source-
direction-dependent combination of the two waveforms. This can only be dealt 
with by going back to the LDAS simulations; and the parameter space that must 
be explored via those simulations becomes much larger. 

 


