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Abstract

Density perturbations accompanying seismic waves are expected to generate prompt gravity perturbations pre-
ceding the arrival of P-waves. Vallée et al. (Science 358:1164-1168, 2017, https://doi.org/10.1126/science.aac0746)
reported the detection of such pre-P-wave signals in broadband seismograms during the 2011 Tohoku-oki earth-
quake. Kimura et al. (Earth Planets Space 71:27, 2019, https://doi.org/10.1186/540623-019-1006-x) considered that
their detection involved some uncertain points, including a concern regarding their signal processing procedure.
Specifically, to remove the instrumental response, Vallée et al. (2017) applied acausal deconvolution to the seismo-
grams truncated at the P-wave arrivals. Generally, acausal deconvolution produces artifacts at the edge of the time
window. However, they did not present quantitative assessment whether the detected signals were artifacts due to
the signal processing. To avoid this concern, Kimura et al. (2019) employed another procedure that eliminated acausal
processes, resulting in the detection of a pre-P-wave signal with a statistical significance of 7o in stacked broadband
seismograms. Subsequently, Vallée et al. (Earth Planets Space 71:51, 2019, https://doi.org/10.1186/540623-019-1030-x)
commented that the procedure employed by Kimura et al. (2019) for the signal detection was inappropriate because
it dismissed the low-frequency components of data. Although we admit the loss of low-frequency components in the
data in Kimura et al. (2019), Vallée et al. (2019) have not yet provided a full account of the validity of their own pro-
cedure. Here, we assessed the validity of the procedure employed by Vallée et al. (2017) by quantitatively evaluating
the magnitude of the acausal artifacts. First, we investigated how the input acceleration waveform, having an ideal
signal-like shape, was distorted by their procedure. Their acausal deconvolution indeed generated a large-amplitude
terminal artifact; however, it was removed by the causal band-pass filtering performed after the deconvolution and
consequently became negligible. Next, we constrained the maximum amplitude of the artifact due to the noise in a
seismogram and showed that it was sufficiently small compared to the reported signal amplitudes. These results sug-
gest that the signal waveforms seen after their procedure were not artifacts but were representing the input accelera-
tion with sufficient accuracy. Namely, their procedure well functions as a detection method for pre-P-wave signals. In
the context of this validation, we replied to the comments of Vallée et al. (2019).
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Introduction

We express gratitude to Vallée et al. (2019) (hereafter
referred to as V19) for their valuable comments on our
recent paper (Kimura et al. 2019, hereafter referred to as
K19). Their comments provided us an opportunity to dis-
cuss interesting points, especially about signal processing
methods. We summarize the controversial points dis-
cussed in K19 and V19.

Compressional seismic waves radiating from an earth-
quake carry density perturbations, which generate tran-
sient perturbations in the gravity field. Since variations
in gravity propagate at the speed of light, observers are
able to detect them prior to the arrival of the direct
P-waves. Vallée et al. (2017) (hereafter referred to as V17)
reported the detection of such pre-P-wave signals, which
they called prompt elastogravity signals, in the records
of broadband seismometers during the 2011 Mw 9.1
Tohoku-oki earthquake (Fig. 1 in V17). The signals were
well simulated by a combination of the pre-P-wave grav-
ity variation and ground motion induced by the gravity
variation in a half-space model (Figs. 2, 3 in V17). How-
ever, K19 considered that there was a possibility that the
reported signals were not real signals from the earth-
quake but artifacts of their signal processing, local noise,
or simple background noise because of the following
problems:

Al. Acausal signal processing

The signal processing procedure in V17 (hereafter
referred to as Proc. V) was as follows: (i) the seis-
mograms were truncated at the P-wave arrival
time, tp; (ii) the mean value was subtracted; (iii)
the sensor response was deconvolved using the
“transfer” command of the Seismic Analysis Code
(SAC, Goldstein and Snoke 2005); and (iv) a 0.002—
0.03-Hz band-pass filter was applied. Step (iii) was
acausal because it was calculated in the frequency
domain, which generally introduces a ringing arti-
fact at the end of the time series, i.e., prior to p
(e.g. Havskov and Alguacil 2016; Press et al. 1992;
Stein and Wysession 2003). Preceding the usage
of Proc. V, it should have been confirmed that the
acausal effect was negligible and that Proc. V could
restore the input acceleration waveform with suffi-
cient accuracy; however, such a confirmation was
not fully accomplished in V17. Therefore, it is still
unclear whether the reported signals were real or
only artifacts. Additionally, the comparison with
the theoretical waveforms was also unconvincing
because the restoration of the input acceleration
waveforms was not guaranteed. Note that step (iv)
was causal; V17 used 0.002-Hz two-pole high-pass
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and 0.03-Hz six-pole low-pass causal Butterworth
filters.

A2. Limited data use

V17 showed the data recorded at only 11 observation
stations and did not mention nearly 200 other sta-
tions in East Asia. Although V17 claimed that the
11 stations were selected from low-noise-level sta-
tions avoiding redundancy, they did not explain
how many stations satisfied their noise-level crite-
rion and whether the data from the other stations
contained similar trends prior to ¢p. Therefore, the
influence of the local noise could not be denied.
Generally, utilizing several stations at similar loca-
tions is preferable because it can be used for dis-
criminating the common signal from the local
noise.

A3. Unclear significance of the signals

The statistical significance of the reported signals was
not discussed and, therefore, the rarity of the sig-
nals was not clear. Although V17 newly developed
a model that seemed to well explain the 11 signal
waveforms, the model had not been established
and did not have evidence that it could accurately
predict the prompt elastogravity signals. Thus, sta-
tistical evidence was necessary for the claim of the
signal detection.

K19 resolved these problems and showed a statisti-

cally significant signal preceding the P-waves originat-
ing from the 2011 Tohoku-oki event as follows:

Bl. While Proc. V suffered from the acausal problem
in the deconvolution process, K19 avoided this and
replaced the process with the division of the output
of the seismometer by the sensor sensitivity coef-
ficient. This coefficient was defined as the velocity-
to-count factor within the frequency band where
the instrument response was flat. This process was
causal. Moreover, K19 used the same causal band-
pass filter as in Proc. V. Consequently, the entire
process of the signal processing procedure of K19
(hereafter referred to as Proc. K) was causal, which
enabled K19 to discuss the presence of the pre-P-
wave signals without any influence of the post-P-
wave information after time tp. See Appendix 2 of
K19 for reference.

B2. K19 referred to all the data that they used: two
superconducting gravimeters, 71 broadband seis-
mometers, and 706 tiltmeters in Japan. Although
most of the single-channel records did not show
any signals (Fig. 6, S2 in K19), a clear signal was
discovered in the stacked broadband seismometer
data (Fig. 7 in K19).



Kimura et al. Earth, Planets and Space (2019) 71:120

B3. It was found that the statistical significance of the
signal in the stacked trace was 70 with respect to
the background noise level.

Following the above analyses, K19 discussed the sig-
nal detection and model of V17 as follows: (i) the signals
reported by V17 might have been noise or artifacts due to
their acausal signal processing because most nearby sta-
tions that were not used in V17 did not show any signal
following Proc. K, and (ii) for the 2011 event, the model
of V17 seemed to overestimate the signal amplitude; the
amplitude of the stacked trace of K19 was 0.25 nm/s?,
whereas the typical amplitude of the model prediction of
V17 was 1 nm/s?.

Then, V19 commented on K19 as follows:

C1. Proc. K was flawed. Proc. K involved an incom-
plete correction of the instrument response that
dismissed the low-frequency components of the
broadband seismometer data, particularly of the
STS-2 sensor data (Fig. 1 in V19). Consequently,
K19 failed to confirm the signal detection by V17.

C2. K19 did not consider the station quality. K19 erro-
neously discarded the signals at high-quality sta-
tions on the basis of their negative results at the
neighboring noisy stations.

C3. The claims of originality by K19 were invalid
because they were based on inappropriate data
processing. The detection significance of the
stacked waveform of K19 was lower than even that
of only one of the individual signals shown in V17.

C4. Stacking the same data as K19 following Proc. V
resulted in a signal with the same amplitude as that
predicted by the model of V17 and with a much
higher significance than K19.

These comments were based on the assumption that
Proc. V was appropriate for the detection of prompt
elastogravity signals. However, we think that this suppo-
sition has not yet been confirmed even by V19, despite
the problem presentation by K19. Although V19 recog-
nized the existence of the acausal effect, they claimed
without any quantitative evidence that the effect became
problematic only if the deconvolution was applied to a
time series containing an undesirable subsequent signal
(which is thought to mean a direct P-wave). Moreover,
they claimed that an arbitrary choice of the time win-
dow did not affect the acceleration waveform obtained
by Proc. V, i.e, Proc. V provided the same acceleration
signals in the frequency range of 0.002-0.03 Hz regard-
less of the choice of the time window, as long as it was
sufficiently long and the P-wave was not included. If
it is shown that any obtained waveform was always
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independent of the end limit of the time window, then it
indicates that Proc. V is causal and has no issues. How-
ever, they tested the variation in the end limit only for
three cases: tp, tp — 55, and tp — 10's, which seem to be
far from the arbitrary choice considering that the signal
durations were of the order of 100 s (Fig. 2 in V19). More-
over, no quantitative evaluation was performed about the
influence of the time window on the obtained waveforms.
More general verification or explanation is thought to be
necessary. In addition, they used the data of only two sta-
tions for the test. Therefore, we continue to be concerned
about applying Proc. V to any other seismogram.

Here, before replying to the comments by V19, we
solve the still existing question about the signal process-
ing: “does the waveform obtained by applying Proc. V
represent the input acceleration?” (“Verification of the
signal processing procedure employed by Vallée et al.
(2017)” section). Initially, we show that Proc. V can well
restore the ideal input acceleration waveform for the case
of a transient acceleration input simulating a prompt
elastogravity signal. The acausal deconvolution process
generated a large-amplitude terminal artifact; however, it
was effectively removed by the phase delay introduced by
applying the causal band-pass filter. Therefore, the wave-
form obtained by applying Proc. V was nearly equal to
the band-pass-filtered input waveform with a small rela-
tive error. Furthermore, we evaluate the upper limit of
the terminal artifact in the presence of background noise
and show that it is smaller than or comparable to the
reported signal amplitudes. These results indicate that
the acausal effect is practically negligible and Proc. V can
reasonably well restore the input acceleration waveforms.
Thus, we can regard Proc. V as an acceptable method to
explore prompt elastogravity signals. Finally, we reply to
the comments of V19 (“Reply to comments” section).

Verification of the signal processing procedure
employed by Vallée et al. (2017)

First, we consider the case where the input accelera-
tion is an ideal signal waveform and see the results
of each process of Proc. V. Fig. 1a is an example of the
simulated waveform of a prompt elastogravity signal. It
increases proportionally to ¢> within certain time limits
(here between ¢ = 0 and 150 s) assuming that the initial
increase of the moment rate is proportional to t2, and
no noise is contained. For this acceleration input, the
expected output of a broadband seismometer is displayed
in Fig. 1b. Then, we manually truncated the output at a
certain time (here £ = 100 s when the input acceleration
reaches its amplitude of 1 nm/s*) and deconvolved the
sensor response as in step (i) and (ii) of Proc. V (Fig. 1c).
The deconvolved output had a ringing artifact imme-
diately before the end limit, and the amplitude of the
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Fig. 1 Step-by-step results of the signal processing procedure employed by Vallée et al. (2017).“Acc!’and "Amp!"are the abbreviations of
“Acceleration” and “Amplitude’, respectively. a Input acceleration waveform, which increases in proportion to t>fort = 0—150s and is zero before
and after the time range. The sampling rate, number of points, and time window are 20 Hz, 72,000, and t = —1800—1800's, respectively. b Expected
output waveform from the broadband seismometer installed at FUK (Fukue). Here, the instrument response of the seismometer was convolved
in the frequency domain using the “transfer”command of SAC. ¢ Truncated att = 100 s and deconvolved output waveform (black) as well as
truncated input acceleration waveform (red). Here, the deconvolution was performed using the “transfer” command, as before. The offset of the
black curve is thought to be due to the zero response at zero frequency. d Truncated, deconvolved, and 0.002-0.03-Hz band-pass-filtered output
waveform (black) as well as truncated and band-pass-filtered input acceleration waveform (red). e Difference between them, i.e,, black curve minus
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artifact was 30 times larger than that of the original input
amplitude. Next, we applied the same causal band-pass
filter as in step (iii) of Proc. V to both the deconvolved
output and original input (Fig. 1d). The ringing artifact
observed in the deconvolved output disappeared fol-
lowing the filtering, and the deconvolved and filtered
output well agreed with the filtered input. Their differ-
ence was less than 0.1% compared to their amplitudes
(Fig. 1e). This result exhibits that in this ideal case, the
waveform obtained by applying Proc. V, i.e., deconvolved
and filtered output, well represents the input accelera-
tion in the frequency band. We conducted similar tests

using simulation waveforms that increase in proportion
to t1,¢2,£3,and t*. As before, the deconvolved and fil-
tered output agreed with the filtered input with an error
less than 0.2% (Additional file 1: Figs. S1-S4). Additional
file 1: Figs. S5 and S6 show the results for the case of dif-
ferent signal durations. The input acceleration was also
restored.

The disappearance of the ringing artifact following
the band-pass filtering is attributed to the phase delay
of the employed filters. The causal low-pass and high-
pass Butterworth filters used in Proc. V are accompanied
by frequency-dependent phase delays. The combined
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phase-delay time of the two filters is more than 20 s in their
pass band of 0.002—0.03 Hz (Fig. 2). However, the artifacts
were limited within 3 s prior to the end of the time win-
dow (Fig. 1c). We can interpret that this time delay pushed
out the artifact from the time window, and thus the artifact
seemed to disappear.

Next, we consider the case where the seismograms con-
tain noise and evaluate the upper limit of the terminal
artifacts due to the noise. For this purpose, we first focus
on the origin of the ringing artifact, as shown in Fig. 1c.
Because each process of Proc. V is linear, the deconvolu-
tion result can be written as a superposition of the results
for the impulse time series as follows:

c=f(b)

N .
j=1
N

=2 (¥)

Here, N is the data length, b = (b;);,—;n denotes the
extracted output of the seismometer, ¢ = (¢;);—1~n is the
deconvolved output, f is step (ii) and (iii) of Proc. V, ie.,
subtracting the mean value and deconvolving the sensor

response, § = (8;)1':1#\[

is a delta-like time series, i.e.,
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Fig. 2 Time delay of the six-pole 0.03-Hz low-pass Butterworth filter
(dashed blue line), time delay of the two-pole 0.002-Hz high-pass
Butterworth filter (dotted blue line), sum of the above two time
delays (solid blue line), and amplitude response of the two filters
(solid red line). These Butterworth filters were used in V17 and K19.
Vertical dashed lines and horizontal arrows indicate the pass band of
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6{ =1 only when i=; and otherwise 0, and
W= (h’) N is the impulse response of f for &. While
. =1~

l

W was rich in a short-period oscillation component as
shown in Fig. 3a, the deconvolved output became smooth
except the terminal portion (Fig. 1c). This is because the
short-period component of #/ was cancelled by multiplying
I by a smooth waveform like Fig. 1b and taking the sum-
mation over j. Conversely, we can infer that the ringing
artifact emerges at the location where the short-period
component is not cancelled. Here, we note that the “trans-
fer” command of SAC pads the data with zeroes to the next
power of two (2k ,k € Z) to use the fast Fourier transform
(Goldstein and Snoke 2005). Namely, extracting an N-long
time series (i = 1 ~ N) corresponds to extracting a 2%-long
time series (i =1~ 2") and replacing the time series of
i = N + 1 ~ 2k with zeroes. Therefore, the terminal ring-
ing artifact as seen in Fig. 1c is considered to be generated
by the abseknce of the contribution of the following data
points: Z?:N 41 bil, which will cancel the artifact if the
output is extracted with a length of 2% and not replaced
with zeroes. The artifact owing to the truncation and
deconvolution can be evaluated as — ij:N +1 bl In addi-
tion, the duration of the terminal artifact is expected to be
equal to the duration of the impulse response #/ prior to
the input impulse (Figs. 1c, 3a).

This formulation can be directly applicable to estimate
the terminal artifact generated by applying entire Proc. V
to a seismogram containing noise. In many cases, the dom-
inant noise in the broadband seismograms is microseism
noise, and interrupting such a noise waveform at the end
limit of the time window can also become a source of an
artifact. A possible artifact, s = (s;);—1~n> kgenerated by the
entire Proc. V is evaluated as s = — Z?:N 11 bjg, where
g = (g{ )l . is the impulse response of f’ for & and f’

is step (ii), (iii), and (iv) of Proc. V, i.e., subtracting the mean
value, deconvolving the sensor response, and applying the
causal low-pass and high-pass filters. Figure 3b shows an
example of g/. In the presence of noise with a maximum
amplitude A, the maximum value of the amplitude of the
artifact at the end of the obtained time series, |sy/|, is evalu-
ated as follows:

2k
Isnl=|— Y bigy

j=N+1

2k ‘
= Z ’bing‘

J=N+1

<A > ‘ng‘

j=N+1
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(red). Here, the instrument response of the FUK broadband seismometer was deconvo\ved using the “transfer”command of SAC. b Impulsive time
series 8 = (8/) N(black) and deconvolved and 0.002-0.03-Hz band-pass-filtered impulse ¢ = (g’) (red)

i=1~N

For example, the noise level of the Fukue (FUK) STS-1
broadband seismometer data was approximately 2 x 102
counts at the time of the 2011 event occurrence, and
Z]{NH ‘gJN’ =6x10"* nm/s® for a sufficiently long
data length N (here we set N = 108000, i.e., 90-min
data). Thus, |sy| was constrained as |sy| < 0.1 nm/s2.
Because the signal amplitude that V17 reported at the
station was 1 nm/s?, which is larger than the calculated
maximum [sy], so the reported signal is not considered as
an artifact. The noise level of the Matsushiro (MAJO)
STS-2 seismometer data was of the order of 10* counts,
and Z}ziNH ’ng‘ = 8 x 10~° nm/s?, so that |sy| was con-
strained as |sy| < 0.8 nm/s% The reported signal ampli-
tude was approximately 0.7 nm/s?, which is comparable
to the upper limit, but is also sufficiently large not to be
considered as an artifact. This is because the upper limit
is obtained when the extracted seismogram
b; :Asign(ng) for all j(> N) and is highly overesti-
mated for actual noise data.

The above results show that Proc. V is a practically
valid procedure for detecting prompt elastogravity

signals. As we saw, the large-amplitude ringing artifacts
due to the acausal deconvolution (Fig. 1c) disappeared
following the application of the causal band-pass filter
(Fig. 1d). The comparison of the waveform obtained
by applying Proc. V and the filtered acceleration input
(Fig. 1e) showed that Proc. V can acceptably restore
the input acceleration from the output of the seismom-
eter for monotonically increasing signal inputs without
noise, mimicking the prompt elastogravity signals of
the 2011 event. Because the obtained waveform closely
reproduced the input acceleration, we can compare it to
the theoretically predicted waveforms and discuss how
a model can simulate prompt elastogravity signals. The
causal band-pass filter played a crucial role in Proc. V:
it removed the terminal artifacts to the outside of the
time window through its phase delay and made Proc.
V virtually causal as a whole. We constrained the upper
limit of artifacts due to noise, and its amplitude was suf-
ficiently small compared to the reported signal ampli-
tudes. Therefore, the signals reported by V17 are not
considered to be acausal artifacts from the truncation
and deconvolution. To claim that the reported signals
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were real signals from the 2011 event, we need to reject
a possibility of local noise as noted in Introduction.

Reply to comments

Strength and weakness of Proc. K

Proc. K was designed to ensure the perfect causality of
the signal processing. Although we showed above that
the influence of the acausal deconvolution in Proc. V
is practically negligible following the application of
the band-pass filter, this had not been confirmed at
the time of writing K19. We think Proc. K was at that
time the best method for clear signal detection, and it
is inappropriate to consider Proc. K as a flawed method
before verifying Proc. V. However, as V19 pointed out,
Proc. K loses the signal amplitude in the lower frequen-
cies because of its incomplete correction of the instru-
ment response using a frequency-independent constant
sensitivity. This may be the reason why K19 could not
detect clear signals in most single-channel records.
Now that the practical validity of Proc. V has been con-
firmed, we accept that Proc. V is more advantageous
than Proc. K in terms of the signal observations at low
frequencies. In addition, we acknowledge that the argu-
ment of K19 about the observations of V17 was inade-
quate. K19 argued that the reported signals of V17 were
only noise or artifacts because most of the neighboring
stations did not show any signal following Proc. K. This
argument came from the limited data use in V17, who
did not show the data of any neighboring station. How-
ever, now we realize that the argument was mislead-
ing because K19 compared the results of two different
methods: Proc. V and K.

Quality control of the observation stations

V17 selected a very limited number of observation sta-
tions based on their background-noise criterion and did
not utilize others, which does not seem to be the best
way to search for a signal. Because of this very limited
sampling, V17 could not deny the possibility that the sig-
nals at the 11 stations were mere local noise due to, e.g., a
local variation of the atmospheric pressure. To make the
signal detection more reliable, not only champion data
but also others should be shown. Generally, any observed
data can contribute to noise reduction unless it has an
extremely small signal-to-noise ratio. Station stacking
is an effective method to reduce the local noise. Indeed,
by station stacking in K19, the signal significance has
increased to 70, and V19 followed the stacking method of
K19 and achieved a signal significance of 14c.
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Originality of K19

The originality of K19 is that they used a completely
causal signal processing procedure and discovered a
signal with a statistical significance of 70 in a stacked
trace. Their approach is independent of that of V17,
who employed a procedure which had not been fully
validated at that time, used data at limited number
of stations, and did not show a statistical significance
of their signals. V19 examined the results of V17 and
claimed that the waveform at the Mudanjiang (MD]J)
station had a higher significance of 9o than that of K19.
However, such a retrospective claim does not degrade
the originality of K19. Moreover, as we mentioned in
the “Quality control of the observation stations” sec-
tion, the influence of the local noise cannot be denied.

Validity of the model of V17

We agree with the comment of V19 on the argument of
K19 about the validity of the model of V17. K19 com-
pared the results of Proc. K to those of the prediction
of the model of V17. However, this direct comparison
is incorrect because Proc. K reduced the low-frequency
amplitude as pointed by V19. The argument of V19 that
the difference in the signal amplitudes of V17 and K19
can be explained by the recovery of the low-frequency
amplitude is reasonable.

Discussion
Waveform distortion due to filtering
The band-pass filtering reduced the signal amplitude
to approximately one quarter (Fig. 1c, d). This reduc-
tion rate depends on the signal duration: it was 0.075
when the duration was 50 s and 0.34 for 200 s (Addi-
tional file 1: Figs. S5¢, S5d, S6c, S6d). In the case of
elastogravity signals, the signal duration is propor-
tional to the hypocentral distance. Therefore, the fil-
tered amplitudes vary with the hypocentral distance
even for the same input signal amplitudes. Conversely,
the consistent amplitude of approximately 1 nm/s* of
the signals reported in V17 over a wide region of East
Asia does not imply that the input signal amplitudes
were the same. It instead suggests that larger ampli-
tudes were input for the near stations than for the far-
ther ones. This signal duration effect is attributed to the
20-s phase delay of the causal band-pass filter (Fig. 2).
For the near stations, the 20-s time shift accounts for a
large portion of the signal duration and, therefore, the
signal amplitude is considerably reduced, whereas for
the far stations, the time shift has a limited role.

The phase delay of the filter helps to select appropri-
ate filters for less distorted signal waveforms. The phase
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delay has to be sufficiently short to ensure that the
signals are not pushed out of the time window. Simul-
taneously, it must be sufficiently long to remove the ter-
minal artifact.

Possible artifacts due to extremely large-amplitude seismic
waves

The validation of Proc. V showed that the band-pass fil-
tering effectively removed the acausal artifacts and made
Proc. V practically causal. Given this fact, it may be
inferred that the seismograms do not need to be trun-
cated at tp before the deconvolution and can include the
following large-amplitude seismic waves. Figure 4 shows
the results of Proc. V applied to the seismograms trun-
cated at ¢p or containing the seismic waves from the 2011
event. In the latter cases (Fig. 4b, c, e, f), large-amplitude
trends emerged and contaminated the trend clearly seen
in Fig. 4a, d before tp. Though we evaluated above that
the artifact due to noise is negligible, it becomes appar-
ent for a large-amplitude waveform (e.g., in the case
of Fig. 4, the amplitude of the seismic waves was more
than a thousand times larger than the noise level before

deconvolution and band-pass filtering) as was already
noted in V19. Therefore, we need to terminate the wave-
forms prior to the P-wave arrivals when using Proc. V.

Conclusions

V19 lead us to a deeper understanding of the signal
processing methods in V17 and K19 than that we had
previously. By confirming the restoration of the signal
waveforms and evaluating the artifacts due to the trun-
cated noise, we verified Proc. V as an appropriate method
to search for prompt elastogravity signals. We found that
Proc. V was practically valid owing to the characteris-
tic phase-delay time of the band-pass filter, which could
eliminate the ringing artifacts due to the acausal decon-
volution. However, such an important point was not
mentioned in V17 and V19. Research on prompt elasto-
gravity signals thus far has been conducted by only a lim-
ited number of research groups, and many unclear points
still exist. In this reply, we answered an unsolved funda-
mental problem about signal processing, which is critical
for signal detection. We expect further progress in the
field of prompt elastogravity signals.
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