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Abstract

Solar inertial modes are quasi-toroidal modes of
the Sun that are of practical interest as they
allow probing the deep convection zone. Since
2010, solar images of the photospheric magnetic
field are made available by HMI onboard the
Solar Dynamics Observatory. In this work, we
track the motion of the small magnetic features
using a cross correlation technique. Under the
assumption that these features are passive trac-
ers, we obtain time series of the horizontal flow
field on the solar surface. A Singular Value De-
composition is then applied to these data to ex-
tract the latitudinal profile as well as the time
modulation of the modes of oscillation.
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1 Introduction

Inertial modes have been recently discovered at
the surface of the Sun whose properties are sen-
sitive to the physical conditions deep in the con-
vection zone [1]. Previously, local correlation
tracking (LCT) of granulation and time-distance
helioseismology has been used for detecting Rossby
modes in the Sun [2, 3], and ring-diagram anal-
ysis has been used to identify different classes
of inertial modes [1]. Here, we extend the LCT
technique to other tracers (magnetic features)
to obtain the eigenfunction of inertial modes.

2 Local Correlation Tracking

We employ a method known as local correla-
tion tracking to measure flows on the surface of
the sun. Features such as inter-granular mag-
netic networks (see Fig. 1) act as tracers for
the underlying flow [4]. Let us denote B(r, t)
the line-of-sight component of the magnetic field
at spatial position r and time t. We then con-
sider Bθ,ϕ(r, t) obtained by multiplying B by an
apodization function centered around colatitude
θ and longitude ϕ (green circle in Fig. 1).

For a given target location (θ, ϕ), we com-
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Figure 1: Line-of-sight magnetic field around
the equator from HMI magnetogram on
2018.03.25 08:00:00 TAI. The green circle out-
lines the outer edge of the apodization function.

pute the spatial cross-covariance between two
frames separated by δt. Equivalently,

Cθ,ϕ(δr, t) =

∫
B∗

θ,ϕ(k, t)Bθ,ϕ(k, t+δt)eik·δrd2k,

where δr is the spatial shift between the two
images. Assuming that δt is small compared to
the evolution time of the features, the velocity
u is obtained by finding the δr that maximizes
the cross-covariance function. Prior to this, the
cross-covariance is averaged over N consecutive
realizations separated by ∆t to reduce noise:

u(θ, ϕ, t) =
1

δt
argmaxδr

N−1∑
j=0

Cθ,ϕ(δr, t+ j∆t).

We fit a parabolic surface around the maximum
of the mean cross-covariance function to find δr.

3 Data description and analysis

The SDO/HMI instrument has been providing
high cadence images of the Sun since May 2010
[5]. We use the magnetograms at a cadence of
δt = 1 h between May 2010 and Sep 2020 for
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our analysis. The images are tracked at the Car-
rington rotation rate to remove the main com-
ponent of solar rotation with a Postel projection
for each apodized region.

We choose N = 6 and ∆t = 1 h. We re-
peat the procedure in § 2 at intervals of 2.5 he-
liographic degrees in latitude and longitude to
create the flow maps. The resulting u(θ, ϕ, t) is
at a cadence of 6 hours.

4 Eigenfunctions of inertial modes

We obtain u(θ, ω,m) by Fourier transforming
u(θ, ϕ, t) in time and longitude in the Carring-
ton frame. At fixed m, we compute the power
spectrum |u(θ, ω,m)|2. Figure 2 shows the power
spectrum averaged at high-latitudes (|θ−90◦| ≥
60◦) for m = 1, which displays an excess of
power around −86 nHz corresponding to a high-
latitude mode. LCT provides an improvement
over ring-diagram analysis by having a larger
disk coverage and a higher signal-to-noise ratio
at higher latitudes.
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Figure 2: Latitudinally averaged (|θ − 90◦| ≥
60◦) power spectra of the east-west flow compo-
nent at m = 1, from two different methods. The
excess power around −86 nHz shows the m = 1
high-latitude mode.

To obtain the eigenfunction, we filter around
the mode frequency and inverse Fourier trans-
form to obtain ûmode(θ, t). We get the final lat-
itudinal eigenfunction by performing a Singu-
lar Value Decomposition on ûmode(θ, t) in lati-
tude and time to separate the latitudinal and
time dependence of the mode and keep only
the first singular value to reduce the noise level
ûmode(θ, t) ≈ S0U0(t)V0(θ). Figure 3 shows the
reconstructed 2d eigenfunction S0UrmsV0(θ)e

imϕ

for the uϕ component of m = 1 high-latitude
mode, with Urms = ⟨|U0(t)|2⟩1/2t . The shape
and amplitude is comparable to the one from [1]

using ring-diagram analysis but the spatial cov-
erage extends to higher latitudes.
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Figure 3: Eigenfunction of uϕ component of the
m = 1 high-latitude mode obtained from LCT
of magnetic network elements

This procedure allows us to perform eigen-
function extractions for all classes of inertial modes.
A detailed comparison of systematic effects and
signal-to-noise ratio between the different meth-
ods will be the purpose of further studies.
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