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ABSTRACT
Stellar oscillations and granulation in red giants are both powered by convection. Studying
the wavelength dependence of their amplitudes can provide useful insights on the driving
mechanism. It is also important for plans to carry out asteroseismology with the Nancy Grace
Roman Space Telescope, which will operate in the near infrared, to check the dependence of
oscillations and granulation on the observational wavelength. In this work, we aim to under-
stand how the oscillation and granulation power in red giants depend on the wavelength and
study how existing predictions compare with observations. We measure the mean oscillation
and granulation power of 279 Kepler red giants, from the power density spectra derived us-
ing Kepler PDCSAP and TESS-SPOC light curves. We find that selection of light curves is
important for the study of amplitudes, since different light curve products from TESS show
different values of amplitudes. We show that the oscillation and granulation power ratios be-
tween TESS and Kepler match the theoretical prediction, confirming that both decrease as we
move to redder wavelengths. We also see that the mean ratios of oscillations and granulation
agree, suggesting that oscillation and granulation have the same wavelength dependence. We
also find that the mean height-to-background ratio for Kepler agrees with previous results and
shows good agreement with TESS. These results suggest that the granulation signals would
not severely affect the detection of oscillations. We checked the dependence of these ratio
between Kepler and TESS on stellar parameters, and see no trends.
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1 INTRODUCTION

Oscillations and granulation are two extensively studied phenomena
in red giants. Oscillations are thought to be stochastically excited
and damped by the convection in the outer layers (Goldreich &
Keeley 1977a,b; Hekker & Christensen-Dalsgaard 2017; Houdek
& Dupret 2015; Basu & Hekker 2020; Zhou et al. 2020). Analysis
of the oscillation mode frequencies, amplitudes and linewidths al-
lows us to probe stellar interiors and retrieve global properties of
stars (Chaplin & Miglio 2013; Jackiewicz 2021). Stellar granula-
tion, an intensity fluctuation predominant at low frequencies, is also
a result of convection. The hot plasma from the outer convective
zone rises to photosphere resulting in irregularly shaped bright cells
(granules), which cool to produce darker regions. This granulation
produces brightness fluctuations whose power and time scale de-
pends on the surface properties of the star (Trampedach et al. 1998;
Ludwig et al. 2009; Mathur et al. 2011; Kjeldsen & Bedding 2011;
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Kallinger et al. 2014; Corsaro et al. 2017; Rodríguez Díaz et al.
2022).

Large volume of observational data from CoRoT (Auvergne
et al. 2009; Baglin et al. 2006) and Kepler (Koch et al. 2010; Borucki
et al. 2010) were used to check the validity of energy transport the-
ories and scaling relations of solar like oscillators proposed by var-
ious authors (Goldreich & Keeley 1977a,b; Christensen-Dalsgaard
& Frandsen 1983; Murray 1993; Kjeldsen & Bedding 1995). While
calculating the theoretical oscillation amplitudes, most of these stud-
ies assumed an adiabatic nature for stellar oscillations and found
discrepancies between the observed and predicted amplitudes cal-
culated using scaling relations (Huber et al. 2011; Stello et al. 2011;
Vrard et al. 2018). Although Samadi et al. (2012) accounted for
the non-adiabatic effects, their study could not fully reproduce the
observed amplitudes, only reduce the disagreement to 40 %. On
the other hand, various studies have investigated the dependence of
observed granulation power on stellar parameters and are in mutual
agreement (Mathur et al. 2011; Kallinger et al. 2014; Corsaro et al.
2017; Rodríguez Díaz et al. 2022). All of these studies focused
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Figure 1. Spectral response function of Kepler (Van Cleve & Caldwell
2016), TESS (Ricker et al. 2014) and the wide-field instrument onboard
the Nancy Grace Roman Space Telescope (Penny et al. 2019).

on the relationship between stellar parameters and amplitudes of
solar-like oscillators.

By comparing Kepler data with those from TESS (Transiting
Exoplanet Survey Satellite; Ricker et al. 2014), which have different
but overlapping pass bands, it is possible to test predictions of how
oscillation amplitudes and granulation power vary with wavelength.
With upcoming launch of the Nancy Grace Roman Space Telescope,
which observes in the near-infrared, we will be probing oscillations
in red giants in a completely new wavelength regime (Gould et al.
2015; Huber 2020). Figure 1 shows the response curves of Kepler,
TESS and Roman.

Kjeldsen & Bedding (1995) noted that the amplitude of oscilla-
tions decreases towards longer wavelengths. A theoretical study by
Lund (2019) showed that the amplitude of oscillation across the two
pass bands varies with the ratio of their bolometric correction factor.
Lund (2019) calculated bolometric correction factors through two
separate methods: one by assuming a Planck spectrum and the other
using synthetic stellar spectra. The ratio of oscillation amplitudes
between Kepler and TESS was predicted to be around 0.83 (0.69 in
power). Further, it has been observed that the region of oscillations
in the frequency domain contain some level of granulation signal,
hence is often considered as noise (Huber et al. 2009; Mosser et al.
2012; Mathur et al. 2011). Therefore, a proper analysis regarding
the behaviour of oscillation and granulation among different stel-
lar types is relevant to understand the wavelength sensitivity and
thus formulate strategies to account for the effect of granulation
component.

In the Sun, various studies (Michel et al. 2009; Ballot et al.
2011; Salabert et al. 2011; García et al. 2013; Lund et al. 2014;
Sulis et al. 2020) have shown that the oscillation and granulation
levels decrease as a function of wavelength, using VIRGO time
series (Fröhlich et al. 1995). In this paper, we compare the observed
oscillation and granulation amplitude ratios with predictions for 279
Kepler red giants that were observed by both Kepler and TESS.

2 DATA, TARGET SELECTION AND METHODOLOGY

2.1 Light curves

From the Kepler mission, we used the Long Cadence (29.4 min)
light curves spanning the full mission. The light curves were pro-
cessed through the Pre-search Data Conditioning Simple Aperture
Photometry (PDCAP) algorithm at the Kepler Science Operations
Center (SPOC; Stumpe et al. 2012; Smith et al. 2012). From TESS,
we used light curves derived from Full-Frame Images (FFIs) using
the SPOC algorithm (TESS-SPOC; Jenkins et al. 2016; Caldwell
et al. 2020). We did not apply any additional high-pass filtering to
the light curves, as we found that it causes a change in amplitudes
by 0.2±2.0 % which could be significant in our analysis.

SPOC is one of several pipelines that have been used to create
light curves from TESS FFIs. These pipelines select the aperture
used for extracting the light curve in different ways. Also, correction
for systematic effects, such as background light, is carried out differ-
ently, which could affect the measurement of the amplitudes. There-
fore, in order to check the amplitudes measured by TESS-SPOC,
we examined a sample of contact binaries, as detailed below.

2.2 TESS pipeline comparisons using contact binaries

Checking amplitude measurements would ideally be done with an
astrophysical object that varies by the same amount in the Kepler
and TESS pass bands. However, all astrophysical phenomena have
some wavelength dependence. We chose to use contact binaries,
which show near sinusoidal variations in their light curve due to
tidal distortion. Their amplitudes only differ by small amounts as a
function of wavelength, depending on the effective temperature of
the components (Hedges et al. 2021). We discuss this effect below,
at the end of the section.

We selected 51 Kepler contact binaries from Prša et al. (2011)
that have TESS-SPOC light curves. The periods of these systems
are in the range 0.1 to 2.6 d. To check whether the extraction of light
from FFIs and de-trending method influences the amplitudes, we
also examined the TESS light curves processed using QLP pipeline
(Quick Look Pipeline; Huang et al. 2020a,b) and the TGLC pipeline
(TESS–Gaia Light Curve), which uses the Gaia catalogue as a prior
to derive the light curve (Han & Brandt 2023). The TGLC pipeline
produces two different light curves, one by modelling the point-
spread function (PSF) of FFIs and one using aperture photometry
(APER). Since the TGLC data products for Kepler stars are only
available for sectors 14 and 15, we only used these two sectors
of data from all the above light curve products. In addition, we
ensured that all time series have the same time span of observations
as TESS-SPOC. For each star, we calculated the amplitude spectrum
of the light curve from each of four the pipelines. We measured the
amplitude of the highest peak from Kepler and then, at the same
frequency in each of the TESS light curves. It should be noted that
the highest peak was at half of the reported period of binary orbit
because the two components have very similar tidal distortions.

Figure 2 shows the ratio of amplitudes of TESS to Kepler at
the measured frequency, as a function of Kepler magnitude. The in-
dividual points are colour-coded with the temperature ratio between
the components, taken from Prša et al. (2011). We do not see any
systematic trend in the ratios as a function of temperature ratios or
the mean effective temperatures of the binary.

In order to understand the magnitude of variation caused by the
different temperatures of the components, we used PHOEBE (Prša
& Zwitter 2005) to generate synthetic Kepler and TESS light curves
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Figure 2. Ratio of amplitudes of 51 contact binaries in TESS relative to
Kepler for various sources of light curves, as a function of Kepler magnitude.
Panel a with TESS-SPOC light curves, panel b for QLP, panel c for TGLC
PSF and panel d for TGLC APER light curves. The points are colour-coded
with the temperature ratio between the secondary and primary components.
Error bars show the standard error on the mean (SEM) in each bin and each
legend gives the overall mean, SEM and standard deviation.

of contact binaries for a grid of temperature ratios and mass ratios
covering a range similar to the observed systems. We measured the
amplitudes from these synthetic light curves in the same was as for
the observations. We find that the ratio between the amplitude of bi-
naries in TESS and Kepler varies by 0.4 to 1.2 %, depending on the
temperature ratios and mass ratios. This spread is smaller than the
scatter on amplitudes from quarter-to-quarter variations of Kepler
data alone, which we measured to have a median value of 1.4 %. In
addition to this, the amplitudes measured from different TESS light
curves have a pipeline-to-pipeline scatter ranging from 5 % to 21 %
for the stars in our sample. This shows that the measured scatter in
amplitude ratios shown in Fig. 2 is not due to the temperature differ-
ence between components, but is instead dominated by systematics
from different pipelines and instrumental effects.

It can be seen from Fig. 2 that the TESS pipelines show rea-
sonable agreement with amplitudes from Kepler. The amplitude
ratios from the SPOC-generated light curves have similar scatter to
those from QLP light curves and the scatter from TGLC is greater.
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Figure 3. Distribution of various parameters for the 279 stars in our sample.
(a) The cadence distribution of TESS-SPOC data. (b) The distribution of
Kepler magnitudes. (c) The distribution of 𝜈max from Sreenivas et al. (2024).
(d) The distribution of evolutionary states from Yu et al. (2018).

This test confirms that TESS-SPOC light curves are suitable for this
project. Moreover, the measured scatter of 0.11 on the ratios can
be viewed as the minimum scatter to be expected when comparing
the oscillation and granulation ratios between Kepler and TESS-
SPOC, in addition to the variability due to the stochastic nature of
oscillations and granulation.

2.3 Sample selection of red giants

The asteroseismic characteristics of Kepler red giants have been
thoroughly examined in several catalogues (Huber et al. 2011;
Mosser et al. 2012; Kallinger et al. 2014; Vrard et al. 2018; Yu
et al. 2018). These catalogues contain estimates of the frequency
of maximum power (𝜈max; Brown et al. 1991; Kjeldsen & Bedding
1995) and the large frequency separation (Δ𝜈; Tassoul 1980), de-
termined by analysing frequency spectra using dedicated pipelines
(Hekker, S. et al. 2012; Mathur et al. 2011).

Stello et al. (2022) carried out a magnitude-limited analysis
(Kepler magnitude less than 13) of Kepler red giants from Yu et al.
(2018), using two sectors of TESS light curves. This resulted in a
subset of stars which showed a clear power excess with TESS at the
previously reported Kepler 𝜈max. They measured 𝜈max values for
2724 stars and Δ𝜈 values for 570 stars from the TESS data, using
the SYD pipeline (Huber et al. 2009). For this study, we used the
226 Kepler red giants from Stello et al. (2022) that have at least one
sector of TESS-SPOC data (we omitted two stars that have Kepler
magnitudes fainter than 12). We also included 53 Kepler red giants
from Yu et al. (2018) that were not studied by Stello et al. (2022)
but which show clear oscillations in TESS-SPOC.

Figure 3 shows the distribution of parameters for the 279 stars
in our sample. From panel a, most of the stars (about 90 %) are
from the second extended mission of TESS, with FFI light curves
having a cadence of 200 s. Note that, 260 stars in this sample have
only one sector of TESS data. Panel b shows the distribution of the
Kepler magnitude of the stars. From Fig. 3 c, it can be seen that most
stars in our sample have 𝜈max values ∼ 30 to 70 𝜇Hz and none are
above 124 𝜇Hz. This is because of two reasons: the non-availability
of TESS-SPOC light curves for a larger sample and the inability
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Figure 4. Power density spectrum of the Kepler light curve for a typical
red giant star, KIC 10341704. The grey curve is the power spectrum af-
ter smoothing by 0.05Δ𝜈 (0.22 𝜇Hz). The three regions are discussed in
Sec. 2.4.1.

of TESS, with its much smaller aperture, to detect oscillations at
higher 𝜈max with short datasets (Hon et al. 2021; Stello et al. 2022).
Fig 3 d shows the evolutionary state of the red giants in our sample.
About 70 % of the stars burn helium in their core (HeB).

2.4 Methodology

Since our aim is to compare oscillations and granulation of the
same star observed with Kepler and TESS, which have different
time spans and cadences, it is important that we do our analysis
in power density. Analysis in power density units ensure that the
measured quantities are independent of the time span of observa-
tions (Kjeldsen & Bedding 1995; Kjeldsen et al. 2005). For Kepler,
we calculated the power density spectra of the full light curves up
to the Nyquist frequency (283 𝜇Hz). For TESS data, because the
observational cadence was sometimes different between sectors, we
first constructed the power spectra (in ppm2) of each sector (Lomb
1976; Scargle 1982; Press & Rybicki 1989), up to the lowest Nyquist
frequency (𝜈Nyq) among all sectors. These were converted to power
density (in ppm2/𝜇Hz) by multiplying each by the effective obser-
vation time, which is the number of points multiplied by the cadence
of that sector.

The averaging of signal during each integration causes the
attenuation of amplitudes (Huber et al. 2009; Chaplin et al. 2011;
Kallinger et al. 2014). Correction for this is important since we are
comparing amplitudes from Kepler and TESS, where the exposure
times are usually different. To correct for this, we first calculated the
mean high-frequency noise from 0.8𝜈Nyq to 0.97𝜈Nyq (see region 3
in Fig. 4). We subtracted this high frequency noise from the power
density spectra and divided by sinc2

(
𝜋
2

𝜈
𝜈Nyq

)
. We then averaged

the power density spectra from individual sectors, resulting in the
final power density spectra of the star.

Next, we describe two different methods to calculate the gran-
ulation and oscillation power, as detailed below.

2.4.1 Method 1: Using Mean powers

In order to measure the oscillation and granulation power, we first
employed a simple and uniform approach. We used the 𝜈max values
from Sreenivas et al. (2024) to define the regions where the oscilla-
tion and granulation are prominent. We defined 3 regions of interest
in the power density spectrum of each star: region 1 for granulation,
region 2 for oscillations and region 3 for measuring white noise.
Figure 4 shows an illustration of these regions for a typical Kepler
star.

As mentioned above, the white noise was measured in region 3,
from 0.8 𝜈Nyq to 0.97 𝜈Nyq. Previous studies have shown that the
power becomes purely granulation in nature between 800 𝜇Hz to
1000 𝜇Hz for the Sun (Karoff et al. 2013 and references therein),
which spans from 0.26 to 0.32 times 𝜈max⊙ . To get accurate mea-
surements from the shorter time span of TESS data, we defined a
wider granulation region than this, from 0.3 𝜈max to 0.5 𝜈max, and
the mean power ⟨𝑃gran⟩ in this region 1 was used for granulation.
This choice ensures that the measured power is free of long term
stellar signals at lower frequencies and is purely due to stellar gran-
ulation.

We measured the mean oscillation power, ⟨𝑃osc⟩, in region 2,
with boundaries from 𝜈max − 𝛿𝜈env to 𝜈max + 𝛿𝜈env. We set 𝛿𝜈env to
equal the full-width at half-maximum (FWHM) of the power excess
envelope, which can be estimated from its power law relation with
𝜈max (Mosser et al. 2012; Stello et al. 2022). To find the coefficients
in this power law, we fitted the FWHM values measured by Yu
et al. (2018), using their uncertainties as weights in the fit and only
including stars for which the FWHM was measured to better than
10%. The resulting fit gave the FWHM as 0.78(𝜈max/𝜇Hz)0.80.
It should be noted that region 2 also includes a contribution from
granulation, but still gives a useful measure of oscillation power.

2.4.2 Method 2: Modelling the power excess

Although the method described in Sec. 2.4.1 is straightforward, it
does not account for granulation power in the region of oscilla-
tions. Since we are focused on the region of power excess, we also
determined the granulation power at 𝜈max (𝐵𝜈max ) and oscillation
power (𝐻osc) using a fitting procedure in the region of oscillations
(Mosser et al. 2012; Gehan et al. 2023). In order to fit the power
density spectra using Gaussian statistics (Huber et al. 2009), we
first smoothed the power density spectrum using a Gaussian kernel
with a width of 2Δ𝜈exp, where Δ𝜈exp is an estimate of the expected
large frequency separation using the relationΔ𝜈exp = 0.26 𝜈max0.778

(Stello et al. 2009). In order to isolate the power excess, we fitted
to region 2 (Sec. 2.4.1). We fitted the following equation to this
smoothed spectrum:

𝑃(𝜈) = 𝐵𝜈max

(
𝜈

𝜈max

)𝛼
+ 𝐻osc exp

(
−(𝜈 − 𝜈max)2

2𝜎2

)
+𝑊 . (1)

Here, 𝛼 is the exponent that controls the shape of the background
and we choose to fix 𝛼 = −2 (following Mathur et al. 2011; Mosser
et al. 2012; Kallinger et al. 2014; Sreenivas et al. 2024); 𝜎 is the
standard deviation of the oscillation envelope, which is 𝛿𝜈env/2.35;
𝐻osc is the power density at 𝜈max; and𝑊 is the high frequency noise
in the power density spectra, which we measured as per section 2.4.1
and kept constant at this value throughout the fitting process. Figure
5 shows the fit to the power density spectrum of a red giant, using
Kepler data (panel a) and TESS data (panel b).
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Figure 5. Fit to the power density spectrum of KIC 10341704 to determine
the oscillation and granulation amplitudes, as described in Sec. 2.4.2. The
red line shows the smoothed power density spectrum on which eq. 1 is
fitted (purple line). The blue and orange dashed lines shows the oscillation
component and background component, respectively. Dashed grey lines
represent the white noise. a) for Kepler b) for TESS.

Mission parameter 𝛼 𝛽

Kepler

⟨𝑃osc ⟩ 0.58±0.06 −2.37±0.04
⟨𝑃gran ⟩ 0.81±0.05 −2.37±0.03
𝐻osc 0.70±0.07 −2.42±0.04
𝐵𝜈max 0.80±0.05 −2.19±0.03

TESS

⟨𝑃osc ⟩ 0.32±0.06 −2.32±0.06
⟨𝑃gran ⟩ 0.51±0.06 −2.28±0.04
𝐻osc 0.42±0.09 −2.37±0.05
𝐵𝜈max 0.53±0.08 −2.14±0.05

Table 1. Table of fitted parameters, when a model of the form 𝛼𝜈max𝛽 was
fitted to oscillation and granulation powers.
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Figure 6. Oscillation and granulation power determined using the two
methods, for Kepler (purple) and TESS (yellow). a) Mean oscillation
power, ⟨𝑃osc ⟩. b) Mean granulation power, ⟨𝑃gran ⟩. c) Oscillation power
at 𝜈max, 𝐻osc. d) Granulation power at 𝜈max, 𝐵𝜈max . Error bars are shown
in grey.

3 RESULTS AND ANALYSIS

3.1 Dependence of oscillation and granulation powers on
𝜈max

Figure 6 shows the oscillation power (⟨𝑃osc⟩ and 𝐻osc) and granula-
tion powers (⟨𝑃gran⟩ and 𝐵𝜈max ) as a function of 𝜈max, from Kepler
(in purple) and TESS (yellow).We fitted a polynomial of the form
𝑎𝜈max𝑏 to these powers, and the results are shown in Table 1. The

MNRAS 000, 1–11 (2024)



6 Sreenivas et al.

6 7 8 9 10 11 12

Kp

0.0

0.5

1.0

1.5

〈P
os

c〉(
T

)/
〈P

os
c〉(

K
)

a) Oscillations (method 1)

TESS-SPOC

Mean = 0.685+/-0.009

6 7 8 9 10 11 12

Kp

e) Oscillations (method 1)

QLP

Mean = 0.866+/-0.056

6 7 8 9 10 11 12

Kp

0.0

0.5

1.0

1.5

〈P
gr

an
〉(

T
)/
〈P

gr
an
〉(

K
)

b) Granulation (method 1)

Mean = 0.726 +/- 0.018

6 7 8 9 10 11 12

Kp

f) Granulation (method 1)

Mean = 1.019 +/- 0.063

6 7 8 9 10 11 12

Kp

0.0

0.5

1.0

1.5

H
os

c(
T

)/
H

os
c(

K
)

c) Oscillations (method 2)

Mean = 0.675 +/- 0.014

6 7 8 9 10 11 12

Kp

g) Oscillations (method 2)

Mean = 0.798 +/- 0.046

6 7 8 9 10 11 12
0.0

0.5

1.0

1.5

B
ν m

ax
(T

)/
B

ν m
ax

(K
)

d) Granulation (method 2)

Mean = 0.710 +/-0.018

6 7 8 9 10 11 12

h) Granulation (method 2)

Mean = 0.710 +/-0.133

Kepler Magnitude
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12, 26, 7 and 18 stars fall off the top of the plot in panels (e), (f), (g) and (h), respectively.

⟨𝑃osc⟩ value (method 1) does not represent an exact measurement
of oscillation power, since it also includes a contribution from the
background granulation power. In comparison, the 𝐻osc from fitting
Eq. 1 to region 2 is a more accurate measure of oscillation power.
The value of 𝑏 for the 𝐻osc fits (−2.42 for Kepler and −2.37 for
TESS) are close to the exponents listed in Mosser et al. (2012),
which were based only on the first 590 days of Kepler data. Fig. 6b
shows the correlation of ⟨𝑃gran⟩ with 𝜈max. We find that ⟨𝑃gran⟩ ∝
𝜈max−2.37 for Kepler and ⟨𝑃gran⟩ ∝ 𝜈max−2.28 for TESS, confirm-
ing the relation between 𝜈max and granulation power from previous
studies (Mathur et al. 2011; Mosser et al. 2012). The 𝐵𝜈max values
also show this correlation with 𝜈max, 𝐵𝜈max ∝ 𝜈max−2.19. The oscil-
lation powers from the two methods (⟨𝑃osc⟩ and 𝐻osc) show strong
correlation, for both Kepler and TESS, and the same is true for the
granulation power from the two methods (⟨𝑃gran⟩ and 𝐵𝜈max ). This

indicates that both methods provide reasonably good measurements
of oscillation and granulation.

The error bars (in grey) were derived using the Monte Carlo
method described by Huber et al. (2011) (see also Mathur et al.
2011; Régulo et al. 2016; Sreenivas et al. 2024). Here, we added
noise from a 𝜒2 distribution with two degrees of freedom to the
power density spectra and repeated methods 1 and 2 for 100 times.
The standard deviation of each parameter from this is reported as the
error bar. The measurements from Kepler generally have a typical
median relative uncertainty of 2 to 4 %, and 9 to 20 % for TESS
measurements.
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Figure 8. Variation in ratios of oscillation and granulation between TESS
and Kepler, as a function of stellar parameters. Blue circles represent the
ratio of oscillation power in TESS to Kepler, orange represent the same for
granulation and error bars are shown in grey. Larger circles show the mean
in each bin, and error bars show the SEM. The solid and dashed grey lines
represent the predictions from Lund (2019) based on Planck spectrum and
stellar synthetic spectra, respectively. The grey region around these lines
show the error bars for the predicted ratios. a) ratios of mean power (method
1) as a function of effective temperature. b) ratios of fitted parameters
(method 2) as a function of effective temperature. c) ratios of mean power
(method 1) as a function of metallicity. d) ratios of fitted parameters (method
2) as a function of metallicity.

3.2 Ratios between TESS and Kepler

3.2.1 Dependence on observational parameters

Figure 7 shows the ratio of TESS to Kepler for oscillation and
granulation power, as a function of Kepler magnitude. The error bars
on individual data points were obtained through propagation of error
bars from the previous section. When reporting the final mean, the
means from each of the bin were averaged with equal weights. There
are no significant trends in these ratios as a function of brightness,
giving confidence that the white noise has been correctly subtracted.
The scatter in the ratios is similar at all brightness levels, suggesting

that this scatter does not arise from photon noise and instead arises
from the stochastic nature of the processes that excite and damp
the oscillations and granulation. This scatter comes predominantly
from TESS measurements (see also Fig 6), although not from the
photon noise due to its smaller aperture, but rather because TESS
time series are much shorter than those from Kepler. Table 2 shows
the values of ratios and parameters for 279 stars.

Fig. 7a shows the ratio of mean oscillation power ⟨𝑃osc⟩ be-
tween Kepler and TESS, measured using method 1 (see Sec 2.4.1).
We tested for any effect on the results from changing the bound-
aries of the regions used to measure mean power. We changed these
boundaries by 20 %, observing that the ratios in each case still
agreed with each other within the Standard Error on the Mean. Fig.
7c shows the ratios of 𝐻osc values, which were obtained from fitting
a model to the power density spectrum (method 2). The mean ratios
from the two methods agree, which is consistent with the fact that
the exponents of the power law fit to ⟨𝑃osc⟩ and 𝐻osc are very sim-
ilar for these two, both in Kepler and TESS. The ⟨𝑃osc⟩ ratios have
a typical median relative uncertainty of 9.3 %, whereas for 𝐻osc it
increases to 18 %. These large uncertainties are mainly due to the
TESS data. The predicted value of oscillation power ratio between
TESS and Kepler is ∼ 0.69 (Lund 2019). We see a mean value of
0.68 ± 0.01 for the ⟨𝑃osc⟩ ratio and 0.68 ± 0.01 for the 𝐻osc ratio,
is excellent agreement with theoretical expectations.

Similarly, Figs. 7b and d show the ratio of granulation power
between TESS and Kepler, measured using both methods. The mean
ratio of ⟨𝑃gran⟩ for TESS to Kepler is found to be 0.73±0.02 (panel
b) and the mean ratio of 𝐵𝜈max is 0.71 ± 0.02. Most importantly,
the results confirm that oscillation and granulation have similar
wavelength dependence. On comparing 𝐻osc (panel c) and 𝐵𝜈max
(panel d), it is evident that the granulation power at 𝜈max behaves
similar to granulation power at low frequencies, at both wavelengths.

For the 7 % of stars in our sample that have multiple TESS
sectors with gaps, it is interesting to check whether the window
function influences these ratios. For this, we also computed the
ratios using only the first available sector of each star, and found
that they are in good agreement (within 1 SEM) with the values
of ratios obtained from the full light curve. We also checked how
these ratios depend on observational length of the Kepler data. For
this, we cut out a segment from the Kepler time series enforcing
it to have the same time span as effective observation time of the
used TESS data. We then followed the same methods as before, to
calculate the oscillation and granulation powers. The ratios between
Kepler and TESS have much larger scatter, with means of the ratios
unchanged within uncertainties.

Figs. 7 e to h show the same ratios measured using QLP light
curves from the same sectors as TESS-SPOC. We see that the mean
values of the ratios from QLP light curves agree with TESS-SPOC
for the brightest stars but start to deviate as the stars get fainter and
they have an overall large scatter compared to TESS-SPOC light
curves. We have found that QLP light curves of some fainter stars
contain a set of peaks centered around multiples of one cycle per
day (11.57 𝜇Hz), due to improper correction of the "Earthshine"
effect (Hey & Aerts 2024). These peaks have amplitudes similar to
oscillations and granulation in our red giants and have influenced the
amplitude measurements. Note that, we did not see the effect in QLP
measurements of contact binaries (sec. 2.2) because the amplitudes
of binaries are very large compared to Earthshine artifacts.
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Table 2. Table of measurements and parameters used for this work. Only 20 randomly chosen entries are shown here; the full table is available online.

KIC TIC K𝑝 𝜈max Number of ⟨𝑃osc ⟩ ⟨𝑃gran ⟩ 𝐻osc 𝐵𝜈max ratio ratio
(𝜇Hz) TESS-SPOC sectors ratio ratio ratio ratio planck spectrum stellar spectra

11042388 28087079 11.51 9.492 1 0.769± 0.010 0.64± 0.23 0.79± 0.16 0.85± 0.18 0.697± 0.044 0.655± 0.069
12110800 26473705 11.51 38.93 1 0.90± 0.10 0.78± 0.11 0.87± 0.18 1.16± 0.24 0.691± 0.043 0.680± 0.068
11621486 351191961 11.5 37.54 1 0.478± 0.042 0.93± 0.15 0.461± 0.076 0.280± 0.092 0.691± 0.046 0.686± 0.074
11147596 27773596 11.49 22.89 1 0.588± 0.0597 0.730± 0.147 0.448± 0.079 0.70± 0.14 0.696± 0.042 0.632± 0.081
11090395 27239115 11.47 39.33 1 0.686± 0.064 0.559± 0.086 0.88± 0.12 0.372± 0.096 0.688± 0.046 0.686± 0.078
11152312 28362724 11.47 35.49 1 0.791± 0.066 0.65± 0.11 0.73± 0.12 0.78± 0.15 0.690± 0.045 0.680± 0.071
11358755 27642828 11.46 37.48 1 0.591± 0.052 0.560± 0.092 0.421± 0.073 0.77± 0.16 0.692± 0.044 0.667± 0.070
12302104 298962109 11.46 34.68 1 0.614± 0.063 0.98± 0.15 0.47± 0.11 0.84± 0.13 0.688± 0.046 0.686± 0.075
10416550 272279790 11.45 49.03 1 0.834 ± 0.068 0.928± 0.135 0.95± 0.11 0.55± 0.11 0.69± 0.044 0.684± 0.071
10816214 28450479 11.45 47.65 1 0.737± 0.071 0.93± 0.14 0.68± 0.15 0.65± 0.20 0.689± 0.046 0.689± 0.070
11567572 27648781 11.45 59.25 1 0.850± 0.084 0.486± 0.070 1.19± 0.23 0.57± 0.22 0.690± 0.046 0.675± 0.070
10492041 268384311 11.43 46.15 1 0.808± 0.072 1.02± 0.16 0.55± 0.13 1.37± 0.19 0.692± 0.045 0.688± 0.073
11357931 27457606 11.43 37.36 1 0.467± 0.039 0.466± 0.064 0.353± 0.074 0.56± 0.10 0.689± 0.046 0.690± 0.074
10292064 273682689 11.41 7.521 1 0.69± 0.10 1.25± 0.44 0.80± 0.17 0.48± 0.13 0.700± 0.042 0.586± 0.089
9852480 268614931 11.39 37.38 1 0.734± 0.069 1.137± 0.199 0.769± 0.119 0.50± 0.15 0.688 ± 0.043 0.686± 0.072
11414700 28085491 11.37 39.63 1 0.599± 0.069 0.84 ± 0.13 0.67± 0.13 0.62± 0.12 0.690± 0.045 0.683± 0.072
10224535 273377694 11.36 38.81 1 0.592± 0.055 0.706± 0.099 0.56± 0.11 0.52± 0.12 0.690± 0.046 0.679± 0.071
10552614 273681418 11.35 46.43 1 0.515± 0.051 0.60± 0.10 0.50± 0.084 0.418± 0.096 0.688± 0.045 0.688± 0.071
11508970 26656546 11.35 36.21 1 0.658± 0.076 0.74± 0.11 0.85± 0.14 0.34± 0.10 0.69± 0.044 0.695± 0.071
12264089 27231412 11.34 41.97 1 0.466± 0.046 0.579± 0.077 0.358± 0.070 0.51± 0.10 0.693± 0.044 0.687± 0.072

3.2.2 Dependence on stellar parameters

Our measurements allow us to check whether the ratios of oscillation
and granulation power between the two pass-bands depend on stellar
parameters. The theoretical study by Lund (2019) suggested that the
oscillation ratio depends on effective temperature and metallicity,
with log 𝑔 having very little effect. For this analysis, we used the
effective temperatures and metallicities from Yu et al. (2023), which
contains stellar parameters for the 235 stars in our sample. Figure
8 shows the different ratios as a function of effective temperature
(panels a and b) and metallicity (panels c and d). We do not see any
dependence of the ratios on these parameters.

We next checked how the measured oscillation ratios agree
with the predicted ratios. Using the stellar parameters and corre-
sponding errorbars from Yu et al. (2023), we derived the theoretical
ratios using the formalism by Lund (2019), which predicts that the
ratios have a slight dependence on effective temperature (𝑇eff) and
stellar metallicity. Over a range of 𝑇eff from 4000 K to 5400 K, the
ratio in power monotonically decreases from 0.698 to 0.686 as per
the black body assumption (solid grey line fig. 8). On the other
hand, the predicted values using synthetic stellar spectra increase
from 0.58 to 0.68 until 5000 K and starts to decrease for hot tem-
peratures beyond this point (dashed grey line fig. 8). We note that
both predictions agree in the temperature range from 4200 K to
5800 K. Note that there is a sudden jump in ratios from 0.65 to
0.61 at a temperature of about 4296 K due a higher metallicity star.
At a given temperature, such lowering of ratio for higher metallic-
ity stars has been predicted by Lund (2019). Since the scatter on
the observed ratios is larger than this predicted variation, we do
not expect this be visible here. It can be seen from Fig. 8 that the
measured oscillation ratios follows the theoretical predictions from
Lund (2019), for both predictions from using Planck spectrum and
using to the stellar model atmospheres, according to Lund (2019).
The measured granulation power ratios also agree with these same
predictions. Finally, we also checked how these ratios depend upon
the evolutionary state and we saw no significant difference.

3.3 Ratio between oscillation and granulation at 𝜈max

Our measurements allow us to check how the ratio between os-
cillation and granulation power in the region of 𝜈max behaves as
a function of wavelength. The ratio is essentially a measure of
the signal-to-noise of the oscillation signal, and is referred to as
the height-to-background ratio (HBR). Using Kepler data spanning
590 days of 1295 giants, Mosser et al. (2012) found shown that the
HBR, 𝐻osc

𝐵𝜈max
, is constant at all values of 𝜈max, since both 𝐻osc and

𝐵𝜈max have the same dependence on 𝜈max. However, Kallinger et al.
(2014) showed that the ratio of granulation amplitude to oscillation
amplitudes varies.

For the 235 stars in our sample with stellar parameters, we used
𝐻osc and 𝐵𝜈max to compute the HBR. Figure 9 shows the variation
of HBR over different parameters, for Kepler (purple) and TESS
(yellow). The HBR has much less scatter for Kepler, again reflecting
that the shorter-duration TESS measurements are more affected by
the stochastic variations of oscillation and granulation. This can
also be seen from the much lower relative uncertainties for Kepler
data (median 4.6 %) compared to 27.4 % for TESS data. Panel a
shows that the HBR has no trend with Kepler magnitude, both for
Kepler and TESS. The same is the case for HBR vs 𝜈max, except at
lower 𝜈max (panel b). Panel c shows a clear variation of HBR as a
function of oscillation power, 𝐻osc. On an average, we see that the
HBR has a steady increase towards higher values of 𝐻osc for both
Kepler and TESS, showing the same trend as observed by Kallinger
et al. (2014). We see a slight decrease in HBR as we move to higher
temperatures for both Kepler and TESS (panel d). However, we do
not see such an effect when plotted against metallicity, in panel e. In
any case, the mean HBR values of TESS does not go below Kepler
values and suggest asteroseismic signal-to-noise does not depend
on wavelength.

4 CONCLUSIONS

We have presented the first study of the wavelength dependence of
oscillation and granulation powers in a sample of red giants, using
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TESS (yellow) as a function of various parameters. a) as a function of Kepler
magnitude. b) as a function of 𝜈max. c) as a function of oscillation power
at 𝜈max, 𝐻osc. d) as a function of effective temperature. e) as a function of
stellar metallicity.

0 1 2 3 4 5 6 7
BJD - 2458370 (days)

0.998

0.999

1.000

1.001

1.002

1.003

N
or

m
al

iz
ed

Fl
ux

a) K2
TESS

0 20 40 60 80 100
Frequency (µHz)

0

50000

100000

150000

200000

Po
w

er
D

en
si

ty
(p

pm
2 /µ

H
z)

b)

K2
TESS

Figure 10. Simultaneous observations of the red giant EPIC 245926259
(TIC 404244638) from K2 (purple) and TESS (yellow). a) The light curves
b) The power density spectra. The vertical dashed line shows the 𝜈max =
21.89 𝜇Hz from Zinn et al. (2022), based on full K2 light curve.

light curves from Kepler and TESS. Using the publicly available
light curves of 51 contact binaries and 279 red giants, we arrive at
the following conclusions:

• Using the amplitudes of contact binary stars, we find that the
method used for light curve extraction and de-trending impacts the
amplitudes of binary signal. Therefore, careful selection of light
curves is important for amplitude studies.

• The observed value of mean ratio of oscillation power in TESS
to Kepler agrees with theoretical predictions from Lund (2019). The
mean oscillation power ⟨𝑃osc⟩ and power density at 𝜈max (𝐻osc)
ratios both agree with prediction, with mean values 0.68 ± 0.01.
A global measure of granulation power (⟨𝑃gran⟩) also shows good
agreement with predicted ratios. We see no significant departure
to this ratio at any Kepler magnitude or time span of TESS-SPOC
data.

• Oscillation and granulation have the same wavelength depen-
dence, as predicted by Kjeldsen & Bedding (2011). That is, the
granulation signal will reduce in the same way as the oscillation
signal does as we observe through redder wavelengths.

• The mean oscillation and granulation ratios from observations
do not show any significant dependence on effective temperature or
metallicity. This shows that observations and corresponding mea-
surements at redder wavelengths do not show any bias towards red
giants.

• The height-to-background ratio (HBR) of oscillation and gran-
ulation at 𝜈max do not depend on wavelength, at least over the limited
baseline. This is reassuring for the Roman mission, which will ob-
serve at even redder wavelengths, giving no reason to worry that the
oscillations might be swamped by granulation.

Additional data will be required to put more stringent observa-
tional constraints on the wavelength dependence of granulation and
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oscillations. An excellent way to do this would be using simulta-
neous observations in two wavelength regions, since the stochastic
variations of oscillations and granulation will be the same in both
light curves. The BRITE-Constellation satellite mission (BRIght
Target Explorer; Weiss et al. 2014) could in principle do this, since
it has detected oscillations in some bright red giants (Kallinger
et al. 2019) and it has red and blue filters. Meanwhile, a nice ex-
ample comes from noting that Barclay & Barentsen (2018) found
171 stars that were observed simultaneously for 8 days by K2 (cam-
paign 19) and TESS (sector 2). Most are faint main-sequence stars
but their list does contain four red giants with oscillations reported
by Zinn et al. (2022) using the full K2 dataset. Figure 10 shows the
best example, with the K2 light curve from K2SFF (Vanderburg &
Johnson 2014) and the TESS light curve from QLP (Huang et al.
2020a,b) and the corresponding power density spectra. Even though
the data spans only 8 days, the same stellar variability can be clearly
seen in both light curves (panel a) and the PDS are also very similar
(panel b). A longer data set would have allowed the power ratio to be
measured accurately and this example is promising for the PLATO
mission (Rauer et al. 2024), which will observe stars simultaneously
using its red and blue fast cameras. Finally, we note that the infrared
light curves being obtained for the study of exoplanet atmospheres
from JWST (e.g. JWST Transiting Exoplanet Community Early Re-
lease Science Team et al. 2023) may also allow a direct measurement
of granulation amplitudes at infrared wavelengths, even before the
planned launch of the Roman mission.
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