
    
      Fig. 3. 
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        PDF of the start time ts (blue) of post-merger gravitational radiation to GW170817 following rejuvenation in gravitational collapse to a rotating black hole, setting the initial data to GRB170817A (top-left panel). The PDF shown (bin size 0.05 s) is superposed to estimates of the lifetime of the progenitor hypermassive neutron star formed in the immediate aftermath of the merger (reviewed in Murguia-Berthier et al. 2021). Highlighted is the 1.7 s gap (magenta) between merger time tm = 1842.43 s and the onset of GRB170817A. Post-merger emission to GW170817 appears as a descending chirp in the (H1,L1)-spectrogram merged by frequency coincidences |fH1 − fL1| < 10 Hz (lower panels). For the merged spectrogram, parameter estimation (Fig. 4) derives from time-slides less than the duration τ of the templates (11) against a background generated by larger time-slides. Post-merger gravitational radiation is identified with the formation of the central engine of GRB170817A, whose duration is constrained by the lifetime of black hole spin (bottom panel).

      

    

  
    
      Fig. 5. 
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        Sample of ([image: equation]) identified in χ-image analysis of individual H1- and L1-spectrograms (top-left panels), representing two elements from a total of nm = 320 H1- and L1-spectrograms (lower panels). Peak values indicated (white rectangles) have [image: equation] (H1) and [image: equation] (L1). Over the snippet of T = 2048 s of H1L1-data, time differences [image: equation] and [image: equation] identified by local maxima of [image: equation] over the 64 segments of 32 s and 320 trials of H1- and L1-spectrograms are, as expected, uncorrelated, evidenced by a correlation coefficient ρ[ts], [τs] = 1.29 × 10−4. (Right-top-panels) PDF1(ts) and PDF2(ts) of H1 and, respectively, L1 are centered around ts − tm = (0.92±0.09) s and τs = (3.00±0.09) s. Binning over δtres = 0.025 s, cross-correlation of the two PDFs (over each segment covering H1L1-data over T = 2048 s) shows a global maximum in segment 58 containing GW170817 consistent with zero time difference within δtres = 0.025 s.

      

    

  
    
      Fig. A.1. 
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        MC simulation on discrete event timing over n = 37 cells associated with a gap condition at cell 30, shown in magenta (top and middle panels). The event time, te, of a single run is the location of the maximum of an indicator function, χ(t), over all cells. A signal from a source in the gap (H1) increases the probability, p(te|H1), of detection at this location, above the PFA p(te|H0) = 1/n of stationary background noise (H0). The probability p(te|H1) increases monotonically with S/N, here derived from 1024 runs (lower panel).

      

    

  
    
      Fig. C.2. 
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        Master template serving as a seed to the construction of a template bank, given by an exponential decay in frequency f0 ≥ f(t) > f1 over 0 ≤ t ≤ T (top panel). Time-slicing produces chirps of intermediate duration P ≪ τ ≪ T, where P denotes the characteristic period of the (candidate) signal of interest. Time-symmetric templates obtain by linear superposition with their time-reverse (right), realizing equal sensitivity for ascending and descending chirp-like signals. (Reprinted from van Putten et al. (2014a).) Illustration of the suppression of constant frequency input (lower panel) in the form of the application of butterfly filtering to unwhitened LIGO data (left). Lines such as shown in Fig. B.1 fail to correlate with butterfly templates, leaving a smooth and approximately white background noise (right). Note: reprinted from van Putten (2016).

      

    

  
    
      Fig. D.1. 
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        Performance overview of GPU-accelerated butterfly matched filtering on a quad-GPU node. Performance of clFFT in CSP/Out-of-Place as a function of array size N for two batch sizes measured by allocation M in global memory (left panel). Array sizes exceeding 212 cause a drop in performance as matrix transpose exceeds 32 kB of local memory, limited now by 1TB/s bandwidth to Global Memory in HBM2. We note that clButterfly uses a default size N = 217 (32 s of data at 4096Hz sampling rate) with batch size over n = 128 per frame of 4096 s. A quad-GPU node hereby features a maximum of about 5 teraFLOPs, circumventing limitations of PCIe bandwidth optimized by pre- and post-callback functions (van Putten 2017). The throughput of this quad-GPU node is shown up to six times real-time over a template bank normalized to size 220 (right panel). GPU-CPU communication passes through a post-callback function, limiting data-transfer to tails exceeding a threshold κ = 2 in normalized butterfly matched filtering output, effectively 0.1% of all matched filtering results. Throughput peaks in multi-frame analysis at a cross-correlation rate of about 200kHz.
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