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Abstract
The dust-scattered stray light in an inner-occulted coronagraph mainly arises
from dust particles on the surfaces of the objective lens. Due to the random
accumulation of dust on the lens surfaces, it is challenging to monitor this type
of stray light and no application can be used for its real-time monitor in the
past. In this study, we provide a system and method to overcome this issue,
and these have been applied to the Spectral Imaging CoronaGraph (SICG) of
the Chinese Meridian Project. The method is based on the relation between the
sizes of dust particles and its stray light level at the imaging plane established
in the laboratory and the relation between the real size of dust particles and the
occupancies on the imaging plane. To monitor the stray light levels accounted
for by dusts, one needs only an image of the objective lens that can be provided
by the auxiliary imaging system that specially comes with SICG. Our tests show
that the errors of the method are less or about 2%, giving a strong confidence in
its accuracy. It provides a handy tool to monitor the dust level of the objective
lens of SICG and has significantly improved the efficiency of the pipeline of stray
light control.
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Abstract
Recent observations have demonstrated the capability of mapping the solar coro-
nal magnetic field using coronal seismology based on ubiquitous propagating
Alfvénic/kink waves through imaging spectroscopy. We established a magne-
tohydrodynamic model of a gravitationally stratified open magnetic flux tube,
exciting kink waves that propagate upward along the tube. Forward modeling
was performed to synthesize the Fe XIII 1074.7 and 1079.8 nm spectral line
profiles, which were then used to determine the wave phase speed, plasma den-
sity, and magnetic field using seismological methods. A comparison between
the seismologically inferred results and the corresponding input values verifies
the reliability of the seismology method. In addition, we identified several fac-
tors that could lead to errors during magnetic field measurements. Our results
may serve as a valuable reference for current and future coronal magnetic field
measurements based on observations of propagating kink waves.

Key words: Sun: corona – Sun: magnetic fields – magnetohydrodynamics
(MHD)

1. Introduction
The magnetic field plays a crucial role in various physical processes in the solar
and stellar coronae. The dissipation of magnetic energy is believed to drive solar
eruptive events (e.g., flares and coronal mass ejections) and cause heating of the
corona. While the magnetic field in the lower solar atmosphere can be reliably
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measured through spectro-polarimetric observations, direct measurements of the
coronal magnetic field have remained challenging for decades. Several methods
have been proposed and attempted, including spectro-polarimetry of coronal
infrared lines [35, 34, 50], coronal radio observations [8, 12, 52], and magnetic-
field-induced transitions of extreme ultraviolet emission lines [32, 33, 29, 7, 6].
However, these approaches all face limitations and none of them can be used
for routine measurements of the global coronal magnetic field.

Another technique for measuring the coronal magnetic field is coronal seismol-
ogy, which combines magnetohydrodynamic (MHD) wave theory with observed
wave parameters (e.g., period, amplitude, propagation speed, damping time) to
diagnose various physical properties, particularly the magnetic field. Different
wave phenomena in the corona have been used for coronal seismology, including
standing kink waves in coronal loops [45, 1, 61, 55, 15, 14, 69, 31, 70], propa-
gating slow magneto-acoustic waves [25], sausage waves [4, 22, 30], propagating
kink waves in streamers [5, 21], and torsional oscillations in solar surges [26].
However, these studies provided only one-dimensional magnetic field distribu-
tions or single values in specific coronal structures, such as oscillating loops or
streamers.

To create global two-dimensional (2D) magnetic field maps, we need to utilize
ubiquitous and continuous wave phenomena. The pervasive propagating dis-
turbances in Dopplergrams [58, 57, 37, 43, 44] observed by the Coronal Multi-
channel Polarimeter (CoMP; [59]) are ideal for this purpose. These propagating
disturbances are interpreted as kink or Alfvénic waves [62], and their propa-
gation speeds are naturally linked to the local magnetic field. Based on these
CoMP observations, [67, 66] successfully measured the global distribution of the
coronal magnetic field for the first time. Following these successful attempts,
routine (continuous) measurement of the global coronal magnetic field based
on similar observations from the Upgraded CoMP (UCoMP; [28]) has been re-
cently achieved, enabling the construction of coronal synoptic magnetograms
(Carrington maps) [65].

The CoMP and UCoMP instruments can conduct spectroscopic observations of
the Fe XIII lines at 1074.7 and 1079.8 nm in the coronal region above the solar
limb. From the Dopplergrams of Fe XIII 1074.7 nm, propagating kink waves
can be identified throughout the corona. The propagation or phase speed 𝑐𝑘
of these waves (also named the kink speed) can be obtained by constructing a
time-distance (TD) map of Doppler velocity, while the coronal density can be
inferred from the observed Fe XIII 1079.8 nm/1074.7 nm intensity ratio.

For kink waves, we have

𝑐𝑘 = √ 2𝐵2
𝑖

𝜇0(𝜌𝑖 + 𝜌𝑒)

where 𝜇0 is the magnetic permeability, and 𝐵 and 𝜌 are the magnetic field and
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mass density, respectively. The subscripts 𝑖 and 𝑒 refer to parameters inside and
outside the magnetic flux tubes (the waveguides), respectively. Since CoMP and
UCoMP likely cannot resolve individual flux tubes, we can only work with an
average density ⟨𝜌⟩. Furthermore, in the low-𝛽 coronal environment, the internal
and external magnetic fields are often assumed to be approximately equal (see
e.g., [57, 43, 70]). This leads to the simplified expression for the kink speed

𝑐𝑘 = 𝐵
√𝜇0⟨𝜌⟩

which is widely used in estimations of coronal magnetic fields [38, 66, 67, 65].

Given the potential of these measurements to provide routine coronal magne-
tograms on a daily basis, which could play a crucial role in future solar physics
research, it is essential to thoroughly assess the reliability and robustness of
the methodology used in [66, 67] and [65]. [39] performed three-dimensional
(3D) MHD simulations of propagating kink waves under various conditions and
conducted forward modeling to evaluate the reliability of this method in de-
riving the magnetic field strength. Their findings indicated that the magnetic
field strengths inferred through seismology closely match the input values, typ-
ically with an error less than $�$20%. However, there is a limitation in their
simulation: they utilized a non-stratified setup that excluded the effects of grav-
ity, resulting in uniform initial density and propagation speed in the vertical
direction.

The gravitational stratification can play a significant role as it causes the Alfvén
speed and kink speed 𝑐𝑘 to vary with height. This variation can affect the wave
tracking method, which typically relies on a linear fit of velocity signals (e.g.,
see Figure 6 [Figure 6: see original paper] in [57]). Therefore, it is important to
assess how the gravitational stratification affects the seismological results and
estimate the possible error range.

We conducted 3D MHD simulations of propagating kink waves in stratified coro-
nal open flux tubes. Following [39], we employed forward modeling to compare
the seismologically derived results with the actual values of physical parameters
from our simulation. This paper is organized as follows: Section 2 describes
our simulation setup and methodology, Section 3 presents the simulation and
forward-modeling results along with detailed comparisons between seismology
results and input values, and Section 4 provides a discussion and summary of
our findings.

2. Method
The model used in this study is a gravitationally stratified, open magnetic flux
tube with a radius of 1 Mm, similar to that in [16] (hereafter referred to as
Paper I). The main difference is that the initial magnetic field in this study is
set at around 4 G, instead of 10 G, to better match the seismologically inferred
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results in [67]. As in Paper I, the magnetic field is oriented in the 𝑧 direction and
remains nearly uniform across the simulation domain, with only small spatial
gradients to maintain total pressure balance. As a result, the Alfvén and kink
speeds increase with height as the density decreases due to stratification. A re-
laxation process of 2400 s was conducted to achieve a quasi-magnetohydrostatic
state, as illustrated in Figure 1 [Figure 1: see original paper]. The figure demon-
strates that the post-relaxation magnetic field has some spatial variation but
mostly within 0.7 G.

The kink wave driver is also similar to that in Paper I, with a velocity amplitude
of 8 km s−1 and a period of 300 s. The primary velocity perturbation is along
the 𝑥 direction.

We ran the 3D MHD simulation in Cartesian coordinates with the PLUTO code
[41]. The simulation domain spanned [−4, 4] Mm × [−4, 4] Mm × [0, 150] Mm,
with a uniform grid of 128 × 128 × 1024 cells, providing spatial resolutions of
62.5 km in the horizontal (𝑥 and 𝑦) directions and 146.5 km in the vertical
(𝑧) direction. We chose a second-order parabolic spatial scheme and a Roe
Riemann solver. The boundary conditions were set to be outflow, except for
the lower boundary, where the kink wave driver was introduced by adjusting
𝑣𝑥 and 𝑣𝑦, while other parameters were fixed. As in Paper I, the upper 50
Mm (𝑧 > 100 Mm) was set as a velocity absorption region (VAR) to minimize
numerical reflections from the upper boundary (see also [20, 13, 47]). For the
subsequent analysis, we only considered the region below 𝑧 = 100 Mm, which
can provide physical results.

Once the kink wave driver was applied, the propagating waves were rapidly
excited, with their properties thoroughly analyzed in Paper I. Here, we focus on
assessing the reliability of the seismology method described in Section 1 using the
simulation outputs. To do so, we performed forward calculations to synthesize
spectroscopic observables of CoMP and UCoMP, namely, the Fe XIII 1074.7 and
1079.8 nm spectral line profiles. Specifically, we used synthesized observation
of the 1074.7 nm line to perform wave tracking and determine the propagation
speed, while synthesized observation of the 1079.8 nm line was only employed
for density diagnostics using the intensity ratio method [66, 67].

We applied the FoMo code [60] to synthesize the spectral profiles at all pixels in
the 𝑦𝑧 plane. The photo-excitation (see [68, 66]) was not considered for simplifi-
cation, as its effects on the spectral lines are not significant in the lower corona.
The line of sight (LOS) was chosen as the 𝑥 axis. In this way, we can reconstruct
2D maps (in the 𝑦𝑧 plane) of intensity and Doppler velocity by fitting a single
Gaussian to each spectral profile. The resulting maps consist of 128 pixels in the
𝑦 direction from −4 Mm to 4 Mm, and 500 pixels in the 𝑧 direction from 0 Mm
to 100 Mm. Since the primary velocity perturbation is along the 𝑥 direction
(or in the LOS plane), the Doppler velocity maps capture the wave propagation
signals, while the intensity maps do not show any transverse displacement.
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3. Results
3.1. Before Degrading

We first generated TD maps of the Doppler velocity along the 𝑧 direction, which
can be produced at each 𝑦 position. In Figure 2 Figure 2: see original paper, the
TD map along the flux tube’s axis (i.e., 𝑦 = 0) is presented, clearly illustrating
the propagation of Doppler velocity disturbances. The increasing slope reflects
the growing propagation speed with height. However, after 400 s, unusual pat-
terns appear due to wave reflections. Despite efforts to suppress numerical
reflections from the upper boundary at 𝑧 = 150 Mm using a VAR (see Section
2), it is still difficult to eliminate all reflections. Some reflections may come
from the layer at 𝑧 = 100 Mm, which is the lower boundary of the VAR, while
others could be attributed to the vertical inhomogeneities of density and phase
speed. As noted in previous studies, even smooth phase speed gradients can
cause partial wave reflection [63, 23, 46, 3]. In fact, real CoMP observations of
coronal kink waves often reveal both upward and downward propagating compo-
nents [57, 43]. However, when calculating the propagation speed, these reflected
waves can introduce significant errors. To reduce this, we applied the Fourier
filtering method to separate the upward and downward propagating wave com-
ponents (see e.g., [57, 54, 36, 56, 67]). Figure 2(B) depicts the TD map for the
upward-propagating component, which is used to determine the phase speed.

By applying the wave-tracking method to all pixels (for more details, see e.g.,
[67]), we obtained a 2D phase speed distribution, as shown in Figure 3(A). For
most pixels, the phase speed falls in the range of 200–800 km s−1 (see also Figure
4(B)), with a general trend of increasing with altitude, though some fluctuations
are present (see relevant discussions in Section 4).

Next, we derived the density by calculating the intensity ratio of the synthesized
1074.7 and 1079.8 nm intensity maps. The theoretical relationship between
intensity ratio and density can be obtained from the CHIANTI database [10].
The obtained density values are compared with the input values, as shown in
Figure 4(A). The input density corresponds to the emissivity-weighted density
along the LOS [65]:

𝜌los = ∫ 𝜌𝜖 𝑑𝑥
∫ 𝜖 𝑑𝑥

where 𝜖 is the Fe XIII 1074.7 nm line emissivity at the corresponding pixel,
calculated using the IDL routine emiss_calc.pro from the CHIANTI software
package.

The comparison indicates that the density derived from the intensity ratio is
reliable for most pixels, though about 20% of pixels show an overestimation
($�$15%). However, this overestimation would not lead to large errors in the
seismologically inferred magnetic field, as only the square root of density is
needed during the calculation.
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With the derived phase speed and density, we calculated the magnetic field 𝐵seis.
Here we chose to treat the phase speed as the local Alfvén speed (i.e., 𝑐𝑘 =
𝐵seis/

√𝜇0𝜌FeXIII), rather than employ Equation (1). Because in our magnetic
field configuration, Equation (1) can only provide the phase speed as a function
of 𝑧; however, here with a high spatial resolution, we are also interested in the
horizontal distribution of phase speed and magnetic field. We note that such
a choice may lead to some errors, especially within the flux tube region, which
will be further discussed in Section 4. In Figure 4(B), we compared the Alfvén
speed in the model and the wave propagation speed obtained from wave tracking.
Despite some noticeable discrepancies, the overall correspondence between the
two is reasonably good.

The calculated magnetic field is shown in Figure 3(B), and its relative error
(compared to the input value, 𝐵los, which was calculated in the same manner as
𝜌los) is presented in Figure 3(C). The contours that correspond to the values of
$±$30% indicate that the relative error is less than 30% for most pixels. Figure
4(C) and (D) display histograms of 𝐵seis and its relative error, respectively.
Statistically, there is a slight overestimation of the magnetic field by $�$5% (with
a standard deviation of 17%). Given that the 5% bias is quite small, the results
support the reliability of the coronal seismology technique. Further discussion
on the error distributions in Figure 3(C) and the cause of the overestimation
can be found in Section 4.

3.2. After Degrading

We then degraded the spatial and temporal resolutions to match those of CoMP
observations, with a pixel size of approximately 3.3 Mm and a cadence of 36
s. We focused on the central pixels (from 𝑦 = −1.65 Mm to 𝑦 = 1.65 Mm),
which fully encompass the flux tube (diameter $�$2 Mm). At this resolution,
finer structures at the tube boundary are unresolved, similar to the case in
observational studies [66, 67].

We can now track the physical parameters along the tube axis. Figure 5 shows
the phase speed, density, and magnetic field as a function of height 𝑧. In panel
(A), the phase speed derived using the wave tracking method (𝑐seis) is compared
to the characteristic speeds in the model (input values). The 𝑐seis closely matches
the input kink speed (𝑐𝑘,input), which lies between the internal and external
Alfvén speeds.

Panel (B) shows the density derived from the Fe XIII intensity ratio (𝜌FeXIII),
which also falls between the internal density (𝜌𝑖) and external density (𝜌𝑒) in
the model. The 𝜌FeXIII is slightly higher than the emissivity-weighted density
along the LOS (𝜌los), similar to the pre-degradation results shown in Figure
4(A). When calculating the magnetic field with Equation (2), the density value
should ideally be the average ⟨𝜌⟩ = (𝜌𝑖 + 𝜌𝑒)/2, because Equation (2) is derived
from Equation (1) when assuming 𝐵𝑖 = 𝐵𝑒. However, in practice, 𝜌FeXIII is used,
which is slightly lower than ⟨𝜌⟩. This means that using 𝜌FeXIII as a representative
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of ⟨𝜌⟩ can lead to a slight underestimation. The density underestimation is
about 12%–20% based on Figure 5(B), and the resulting error in 𝐵seis would be
minimal (less than 5%) since the density is taken under the square root.

In fact, the deviation of 𝜌FeXIII from ⟨𝜌⟩ can vary with the filling factor, which
represents the fraction of the pixel occupied by the flux tube. Given the current
pixel size (3.3 Mm), LOS integration length (8 Mm), and flux tube radius (1
Mm), the filling factor is approximately 12%. If the filling factor is lower,
the 𝜌FeXIII will be closer to 𝜌𝑒, increasing the density underestimation. The
maximum underestimation depends on the density contrast 𝜁 = 𝜌𝑖/𝜌𝑒, with
the deviation factor given by 𝜌FeXIII/⟨𝜌⟩ = (1 + 𝜁)/(2𝜁). In our simulation,
𝜁 was initially set to be 3, but after relaxation, it decreased to around 2 (see
Figure 1(D)). Such a value is comparable with previous observational estimates
[55, 64, 42].

We tested the case with a reduced filling factor (5%), where a density contrast
of 2 led to an underestimation of $�$30%. Therefore, parameters like the filling
factor and density contrast can be crucial when assessing the accuracy of coronal
magnetic field measurements.

Figure 5(C) presents the magnetic field inferred from coronal seismology (𝐵seis),
compared to the internal (𝐵𝑖), external (𝐵𝑒), and emissivity-weighted (𝐵los)
magnetic fields. The 𝐵seis ranges from 3.9 to 5.1 G, with errors below 15%,
indicating that the technique of coronal seismology can be used for reliable
measurements of coronal magnetic field strengths.

4. Discussion and Conclusion
In this study, we tested the accuracy of previously developed seismological tech-
niques based on observations of propagating kink waves for deriving coronal
magnetic fields. The results indicate that seismology-based measurements of
the magnetic field are accurate and reliable to a large extent.

In the high-resolution case, we obtained a 2D distribution of the magnetic field
(𝐵seis) and its relative error. For most regions, the relative error is less than 30%,
as shown in Figure 3(C). Statistically, the average magnetic field derived from
coronal seismology is about 5% larger than the input value. Although this case
has a much higher resolution than the CoMP and UCoMP observations, the pixel
size (62.5 km in the 𝑧 direction and 200 km in the 𝑦 direction) and cadence (12 s)
can be comparable to those of the Cryogenic Near-Infrared Spectro-Polarimeter
(Cryo-NIRSP; [11]) and the Diffraction-Limited Near-Infrared Spectropolarime-
ter (DL-NIRSP; [24]) of the Daniel K. Inouye Solar Telescope (DKIST; [48]).
These instruments offer high-resolution coronal spectroscopic observations with
the Fe XIII lines [49], and recently [50] successfully obtained a coronal LOS mag-
netogram with Cryo-NIRSP observation based on the Zeeman effect. With rapid
repeated raster scans, it is possible that DKIST could also detect propagating
transverse waves via Doppler velocity measurements, enabling seismological di-
agnostics of the plane-of-sky (POS) coronal magnetic field. In this way, DKIST
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observations can also provide maps of the POS magnetic field, but with much
higher spatial resolution compared to CoMP and UCoMP. Our results, partic-
ularly Figure 3, can serve as a reference for such diagnostics. Combined with
Stokes-V measurements, DKIST may then be able to achieve measurements of
the full magnetic field vector.

Nevertheless, we note that some errors appear in the seismologically inferred
magnetic field. First, large errors appear near the upper and lower boundaries
(around 𝑧 = 0 and 𝑧 = 100 Mm). This is due to the Fourier filtering method used
to subtract downward propagating wave components. As shown in Figure 2(B),
the upward propagating components of the Doppler velocity show some artifi-
cial velocity amplification near the upper and lower boundaries, especially after
250 s. This could affect the phase speed determination through wave tracking,
leading to errors in 𝐵seis near the 𝑧 boundaries. Thus, in observations, it may
be useful to exclude boundary signals before calculating phase speeds. Another
contributing factor comes from the wave-tracking process itself. When calcu-
lating the phase speed, a certain number of data points along the propagating
direction is required. Near the lower and upper boundaries, fewer data points
will be available to perform cross-correlation, leading to larger uncertainties in
the calculated phase speed and consequently in the inferred magnetic field.

Second, overestimations were observed inside or along the lateral boundaries of
the flux tube. This is likely because we treat the phase velocity as the Alfvén
speed, which applies well to regions away from the flux tube or cases with spatial
averaging (see [67] and Section 3.2). However, in this case, we modeled kink
waves, and the flux tube can be well resolved. Thus, at the flux tube region,
particularly the tube boundary, it would be more appropriate to apply Equation
(1) since the waves have dominant kink wave characteristics [18]. Calculating
the magnetic field with 𝑐𝑘 = 𝐵seis/

√𝜇0𝜌FeXIII leads to overestimation at high-
density regions, explaining the positive errors within the flux tube in Figure
3(C). In future DKIST observations, we would suggest first applying Equation
(2) to diagnose the magnetic field outside the flux tube (𝐵𝑒), then calculating
the magnetic field inside the flux tube (𝐵𝑖) with Equation (1).

In addition, there are some other confusing patterns in Figure 3(B) and (C).
For instance, 𝐵seis and the relative error manifest fluctuations along the 𝑧 direc-
tion. These might be related to longitudinal oscillations excited by kink waves
due to some nonlinear effects [17, 9, 53]. Further investigations are needed to
understand these patterns.

When we degraded the spatial and temporal resolutions to approximately match
those of CoMP, we found that distributions of phase speed, density, and 𝐵seis
along 𝑧 all show remarkable similarities to the input values (Figure 5). Again,
we can notice a deviation near the upper and lower boundaries, particularly the
lower one. However, within the height range of 20–80 Mm, the magnetic field
error is generally less than 10%.

Additionally, the CoMP instrument has recently been upgraded to UCoMP,
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which has a slightly higher spatial resolution and a larger field of view. Our
main conclusions should also apply to the case with UCoMP observations [65].
We also tested the case when degrading to UCoMP’s pixel size ($�$2.2 Mm),
and the results are largely similar to those shown in Figure 5, with a slightly
smaller error.

Another factor that may impact the phase speed and magnetic field mea-
surements is the magnitude of the input magnetic field and phase speed.
A stronger magnetic field and higher phase speed result in steeper slopes
in the TD maps of Doppler velocity, which can reduce the accuracy
of the wave-tracking method, particularly when the spatial and tem-
poral resolutions are degraded. We ran a separate simulation with a
background magnetic field of $�10𝐺, 𝑤ℎ𝑖𝑐ℎ𝑔𝑖𝑣𝑒𝑠𝑝ℎ𝑎𝑠𝑒𝑠𝑝𝑒𝑒𝑑𝑠𝑜𝑓1–2𝑀𝑚𝑠^{-
1}.𝑊𝑒𝑓𝑜𝑢𝑛𝑑𝑎𝑠𝑦𝑠𝑡𝑒𝑚𝑎𝑡𝑖𝑐𝑢𝑛𝑑𝑒𝑟𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑖𝑜𝑛𝑜𝑓𝑡ℎ𝑒𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐𝑓𝑖𝑒𝑙𝑑𝑏𝑦𝑎𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒𝑙𝑦30R_�$
is 1–4 G [34, 19, 27, 67, 70], which is more comparable with the case discussed
in Section 3.

In conclusion, the seismology technique based on propagating kink waves can
provide reliable coronal magnetic field measurements according to our forward
modeling. We note that this study only focuses on open coronal structures, in-
cluding plumes in coronal holes and fan loops at the boundaries of active regions
[43, 2]. Specifically, in our simulation, the magnetic flux tube is perpendicular
to the solar surface, with both gravity and magnetic field aligned along the tube
axis. However, propagating kink waves can be detected not only in these struc-
tures but also in closed-field regions [58, 66, 67]. Our magnetic configuration can
roughly describe one leg of a large-scale closed coronal loop, where the curva-
ture can be neglected. For smaller loops where curvature cannot be ignored, our
model is no longer applicable due to differences in gravitational stratification.
Nevertheless, for such loops, phase speed along the axis often shows minimal
variation [40, 54, 70], and this is thus similar to the case in [39], where a model
without any vertical gradient in phase speed was used. Therefore, this study
complements previous research by highlighting the importance of phase speed
variation along the flux tube in coronal seismology.

Finally, we would like to mention that our model has some limitations. The
vertical gradient of the magnetic field and the magnetic expansion are not in-
cluded. Additionally, we did not consider the effect of internal flows along the
flux tube, which are frequently reported and can affect the apparent wave prop-
agation speed [51, 43]. Moreover, in real observations, there are often multiple
flux tubes overlapping along the LOS, introducing further complexities that may
affect wave-tracking accuracy and magnetic field measurements. In Figure 6 of
[65], comparisons between seismological results and global coronal MHD mod-
els revealed some discrepancies, particularly at higher latitudes where open field
lines may dominate. Future work that incorporates more realistic models could
offer a more sophisticated evaluation of magnetic field measurements through
coronal seismology and help clarify the discrepancies in [65].
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