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With the detection of gravitational wave emissions from from merging compact objects, it is now
more important than ever to effectively mine the data-set of gamma-satellites for non-triggered,
short-duration transients. Hence we developed a new method called the Automatized Detector
Weight Optimization (ADWO), applicable for space-borne detectors such as Fermi’s GBM and
RHESSI’s Ge detectors. Provided that the trigger time of an astrophysical event is well known
(as in the case of a gravitational wave detection) but the detector response matrix is uncertain,
ADWO combines the data of all detectors and energy channels to provide the best signal-to-
noise ratio. We used ADWO to successfully identify any potential electromagnetic counterpart of
gravitational wave events, as well as to detect previously un-triggered short-duration GRBs in the
data-sets.
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1. Introduction

The first transient gravitational-wave (GW) signal of GW150914 was observed on 14/09/2015
at 09:50:45.391 UTC by the aLIGO[1]. The Fermi’s Gamma-ray Burst Monitor (GBM) custom
pipeline looked for prompt gamma-ray counterparts , and found a weak transient source 0.4 s after
the GW event [2]. The INTEGRAL observation of same event was unsuccessful [3], and re-analisys
of the GBM data with other methods [4] was unsuccessful too. Currently there are five more
aLIGO–aVirgo observations worth to explore: LVT151012, GW121226, GW170104 GW170814
and the GRB170817A detected by the Fermi[5], which had the GW170817 gravitational wave
counterpart 1.7 s earlier, observed by the aLIGO–aVirgo detectors [6]. While the masses of the
mergers derived from earlier GW observations were above 20 M�, this last event provided the first
direct evidence of a neutron star merger in both the GW and electromagnetic (EM) regimes.

This observation confirms that the standard theoretical model of Short-duration GRBs (SGRBs),
namely merging two neutron stars, is viable and results in electromagnetic radiation. But some the-
ories also suggest that a double black hole merger may produce EM signal. E.g. [7] proposed a
model where a SGRB is produced by two merging black holes. Here two low-metalicity massive
stars are orbiting around each other [8, 9, 10] with synchronized rotations due to their tight orbit.
Their rotational periods are very short (a few days), and these stars evolve homogeneously as the
fast rotation prevents them to expand [11]. Assuming that one of the supernova explosions leaves
a disk behind, a relativistic jet will be launched during the black holes’ merger [12].

Motivated by the detection of a SGRB together with a GW coming from merging neutron stars,
as well as by the theoretical possibility that merging black holes may, under the right conditions,
also produce SGRBs, we investigated the EM counterparts of all GW triggers—even of those with
the higher mass (black hole) progenitors.

2. The Automatized Detector Weight Optimization (ADWO) method

The Fermi GBM includes 12 Sodium Iodide (NaI(Tl)) detectors, measuring the EM spectrum
from 8 keV to ∼ 1 MeV[13], with two Bismuth Germanate (BGO) scintillation detectors covering
the energy range from ∼ 200 keV to ∼ 40 MeV.

We also used the available RHESSI data in the case of GW150914. The signal from the 9 Ge
detectors is electronically separated into front (F) and rear (R) segments with the energy range of
∼ 30 keV to ∼ 17 MeV. Segments F2, F9, R2, R4, R8 and R9 were omitted as they seemed to be
malfunctioning.

For a given direction and satellite position the actual detector response matrix (DRM) describes
the effective detection area as the function of the incoming photon energy, angular dependence,
detector non-linearity and scattering. To calculate the significance of an event, the event’s spectral
model should be multiplied by the corresponding DRM to obtain photon events, added to the
detector’s energy-dependent estimated background.

This method cannot be used for signals having large directional errors, as the DRM exhibits a
strong angular dependence. Luckily, although the direction is unknown, the time interval where
the possible EM counterpart could happen is well determined. To analyze the multi-detector
multi-channel continuous data the simplest method would be to sum all the detectors and chan-
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nels. Clearly this is sub-optimal since non-illuminated detectors and energy channels in the noise
should be ommited.

We developed the Automatized Detector Weight Optimization (ADWO) method [14], which
solves this problem by assigning ei positive normalized weights to the ith energy channels and the d j

positive normalized weights to the jth detectors. The resulting signal is S(t) =∑i, j eid jCi j(t), where
Ci j(t) denotes the background subtracted lightcurve in the jth detector’s ith energy channel. Tuning
ei and d j weights ADWO maximizes the Signal’s Peak (maximum of S(t) within the search interval)
over the Background’s Peak (maximum of S(t) outside the search interval). This Signal’s Peak over
the Background’s Peak (SPBPR) is the most important statistical parameters in our analysis. The
best weights contain the directional information in the d j part, while the ei values compare the peak
luminosity against the background. ADWO provides not only maximum value of SPBPR, but also
the exact time of the event. We applied Matlab/Octave’s fminsearch routine to find the maximum,
the differences of the weights on the final simplex were below 10−4. ADWO’s Matlab/Octave
source code is freely available1.

The Fermi GBM’s continuous time-tagged event (CTTE) data were binned in energy, with
limits of 4.4, 12, 27, 50, 100, 290, 540, 980 and 2000 keV (e1 . . .e8, resp.). We used only the upper
6 energy channels, leaving out the noisy hard X-ray region. The RHESSI 100µs photon data were
binned with the same energy ranges, with two extra 0.98− 2 and 2− 17 MeV channels. All the
counts were re-binned with an 1 ms resolution and smoothed by a 64 ms moving average window.

For the precise background determination one should take the detailed positional information
of the satellite and the celestial objects (Earth, Sun, Moon) into account (e.g. [15]). However,
here we are only looking for short transients, hence a 6th order polynomial background fit was
used as an exact model for the background. ADWO assume no structure in the background region,
therefore background regions with peaks (charged particle signals in one detector, etc.) should be
excluded. Singular ei/d j values will hint such events. Here the backgrounds around the GW events
contains no such peaks.

3. Transient search results

We applied the ADWO method with a 6 s long signal window in the (−195,495)s full interval
relative to the GW150914 event. Applied on the Fermi CTTE data ADWO obtained SPBPR=1.91,
474 ms after the trigger[14]. Using the observed data 104 MC simulations were made producing
86 cases with higher SPBPR. Hence the the false alarm rate of was determined to be ≈ 1.4 mHz,
and the false alarm probability of ≈ 7.5 · 10−3, which is higher than the 2.2 · 10−3 value given by
[16]. On the RHESSI data ADWO obtained a maximum of SPBPR=1.322, 2.879 ms after the GW
trigger, well in the fluctuation range.

We also analyzed of LVT151012[14], covering the (−195,495)s window around the trigger.
ADWO produced a SPBPR=1.805, 652 ms after the GW event (Fig. 2), with a MC false alarm
probability of ≈ 3.7 ·10−2.

ADWO was applied for the GW151226 event, in the (−195,495) s window around the trigger.
The method got a relatively low peak with SPBPR=1.321, 1950 ms before the GW trigger. The
SPBPR value is so low that it cannot be considered as a real signal.

1https://github.com/zbagoly/ADWO
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Figure 1: ADWO lightcurves of Fermi (left) and RHESSI (right) data around the GW150914 trigger. The
green part shows the background, i.e. ADWO searches inside the [−3;3] s region for best signal.

Figure 2: ADWO analysis of LVT151012 and GW170104, in the 27-2000 keV range.

ADWO was also applied for the GW170104 event too, with the (−200,140)s interval around
the trigger. A maximum of SPBPR=1.51 at T ≈ −50 ms was obtained, which is probably noise
(Fig. 2). No correlation is visible with the Agile MCAL’s E2 and E3 peaks [17], not even when a
smaller 1 s wide search window was centered directly on the events.

The GW170814 event’s Fermi GBM data were analyzed with ADWO in the (−50,250)s inter-
val (there was a particle event around −50 s). The SPBPR=1.28 maximum is probably a fluctuation.
For the GRB170817A/GW170817 merger event GBM data was analyzed in the (−100,100) s in-
terval (limited by the spacecraft’s SAA entry). ADWO provided a strong signal with a maximum
of SPBPR=2.6902, at the same position as GRB170817A was observed [5].

4. Discussion

We repeated ADWO on the whole day 61.4 ks GBM data on 15/09/2015. The SPBPR values
of these 10235× 6 s window slices with the corresponding sum of the 27− 290 keV weights are
plotted on Fig. 3. Furthermore, we analyzed all the GRBs triggered by Fermi with T90 < 10s. The
sum of the 50 − 290 keV weights (softness ratio, calculated around the signal peak) and the SPBPR
values are also plotted events having SPBPR below 6. Most of the (triggered) GRBs have higher
than 0.5 peak softness. Compared with them, GRB170817A/GW170817 shows almost a “tipical”
peak softness and SPBPR.

One can see that several GBM daily background slices have a spectrally hard peak with high
SPBPR, well in the GRB area. Although most of them produced by fluctuation, we have to em-
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phasis that untriggered EM events (e.g. untriggered GRBs) should expected to be in the same
area. Three background slices have even higher SPBPR value than GRB150522B, with much
harder peak spectrum. The detailed analysis of the untriggered GRBs (e.g. GRB150921153 and
GRB160301788 based on [18, 19], on Fig. 3.) is subject of our future work. ADWO sensitivity de-
pends on the peak flux intensity and not on the overall shape of the signal: ≈ 20% of the T90 ≤ 10 s
Fermi SGRBs show smaller SPBPR values than GW150914 (Fig. 3.).

As our ADWO method is independently developed, and only relies on the raw data of the
satellite, it can provide a strong, independent test to any future EM signal. We therefore expect that
ADWO will successfully identify any potential electromagnetic counterpart of a given trigger (e.g.
GW events), as well as to detect previously un-triggered short-duration GRBs in the data-sets.

Figure 3: Signal Peak to Background Peak Ratio and peak softness (the sum of the 50−290 keV weights)
for the 61.4ks GBM data background (red open squares) and for the T90 ≤ 10 s Fermi SGRBs (small crosses).
The transients mentioned in the article are also shown.
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