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1.  Space Missions: A huge amount of data about variability of stars

CoRoT 

(ESA 2006)

Kepler (NASA 2009)

GAIA (ESA 2013)

Billions of targets 
to be analyzed!!

TESS Mission: 80% of the nearby entire sky (~200 ly)

~ 470 M of TIC objects

TESS (NASA 2018)

PLATO (ESA 2026)

efficient pipelines required
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2.  MultiModes (MM): An efficient pipeline for a massive analysis of pulsating stars

LMFIT

With a little help from my friends:

INPUT

OUTPUT

WORK FLOW
FAST LOMB SCARGLE (Press and Rybicki, 1989)

HIGUEST AMPLITUD PEAK

REAL SIGNAL OR NOISE? (FAP or S/N)

NON LINEAR OPTIMIZATION 

REDEFINE MULTISINE FUNCTION

SIMULTANEOUS FIT OF 20 PEAKS

EXTRACTION AND RESIDUAL

FILTER SPURIOUS 
AND COMBINED 
FREQUENCIES

NOISE

SIGNAL

-   LIGHT CURVES 
- INITIAL PARAMETERS

- PERIODOGRAMS 
- RESIDUALS 
- EXTRACTED 

PEAKS
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MultiModes vs SigSpec (Reegen 2007)

MM vs SS

TIC MM time (s) SS time (s) % MM_SS Coincidence

410732825 179,15 196,57 100

354792288 105,90 141,10 100

252851046 423,98 650,87 93,7

354638295 177,29 248,61 98,9

116011834 388,39 703,75 97,7

104319359 325,62 768,53 97,9

401079326 73,11 97,09 100

285935852 82,18 112,06 97,5

347570557 376,65 544,17 94,7

252829836 164,73 246,55 97,4

428320122 110,17 179,06 100

TOTAL 2407,17 3888,36 -
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3.  Let’s prove it: On the age of the open cluster alpha Per

- 117 stars in the Gaia DR2 Catalogue 

- 32 stars with TESS SC light curves  in sector 18 (available in MAST)

- Result of the MM analysis: 11 Delta Scuti stars candidates

Periodicities tell us a lot about the interior of stars but …

NOT EASY TO FIND THEM

 : d < 200 pc and t < 200 Myr (Lodieu et al. 2019) αPer

Which of them 
show 

regularities in 
the frequency 

spectrum?



TIC 285935852

Δν = 7d−1

Δν = 7d−1

Δν = 7d−1

Δν = 7d−1

Δν = 7d−1

Δν = 7d−1

Δν = 7d−1

Δν = νn+1,l − νn,l

EVIDENCE OF REGULARITIES: THE LARGE SEPARATION
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L142 A. Garcı́a Hernández et al.

Figure 1. !ν versus ρ̄ relation with the uncertainties calculated using a
Bayesian method. Filled diamonds correspond to the stars added to the
GH15 sample.

The methodology employed to find patterns compares the Fourier
transforms of the frequencies (assuming all amplitudes equal 1), the
histograms of the frequencies differences and the échelle diagrams
to find the best !ν candidate, as it is described in GH15.

Following GH15, we calculated the mean densities of the new
objects of the sample, i.e. considering the Roche model approxima-
tion (e.g. Maeder & André 2009), assuming that the measured radii
correspond to the equatorial ones. This allowed us to replace the gen-
erally adopted spherical radius by a mean radius, R̄, defined as the
radius of a sphere with the same volume as the real spheroidal star.
Such an approximation was validated through comparisons with
more realistic self-consistent field models (MacGregor et al. 2007).
For computing this mean radius, we need the true rotation velocity
of the star, calculated from the projected rotation velocity, the equa-
torial radius and the assumption that the inclination of the orbital
plane is the same as the rotation axis (Claret & Gimenez 1993).

We then refined the relation between the mean stellar density and
large frequency separation by implementing a hierarchical Bayesian
linear regression. The calculation is implemented using the JAGS

package (Just Another Gibbs Sampler, Plummer 2003). A similar
application to fit the mass–radius relation of exoplanets can be found
in Wolfgang, Rogers & Ford (2015). The updated relation is

ρ̄/ρ̄! = 1.50+0.09
−0.10(!ν/!ν!)2.04+0.04

−0.04 , (1)

where !ν! = 134.8 µHz (Kjeldsen, Bedding & Christensen-
Dalsgaard 2008). It follows those relations found in previous theo-
retical works (Reese et al. 2008; Suárez et al. 2014). Although this
updated relation (see Fig. 1) behaves in a similar way to the one
published in GH15, the uncertainties of the fit are one order of mag-
nitude lower for the factor and 50 per cent lower for the exponent.
Again, no dependence on rotation is found in the relation.

4 A STEROSEISMIC DETERMINATION OF THE
S U R FAC E G R AV I T Y

We computed luminosities and masses through the mass–luminosity
relation (MLR) using Gaia’s DR1 data. We found accurate paral-
laxes for seven of our objects. HD 159561 and HD 15082 are not
present in Gaia’s DR1, so we used values from the Hipparcos data
base (van Leeuwen & Floor 2010) for them. HD 172189 belongs to
the open cluster IC 4756, whose distance was calculated by Strass-
meier et al. (2015), using Hipparcos parallaxes of several stars of the

Figure 2. Surface gravities obtained from the analysis carried out in this
work versus log g from the binary analysis. Green and black dots represent
the calculated values with and without the BC, respectively. The identity
line, y = x, is also plotted for reference.

cluster. No parallax measurements were found for CID 100866999,
so we drop it out from the sample in order to avoid misleading
results.

The distance modulus relation provided us with the bolometric
magnitudes (Mbol) that translate into luminosities (with parallaxes
measured in mas):

Mbol − mbol = 5 + 5 log π̂ . (2)

We used visual apparent magnitudes provided by the same biblio-
graphic references as for the parallaxes. To get bolometric magni-
tudes from visual ones, we needed to apply a bolometric correction
(BC) that depends on the effective temperature of the star. However,
the BC for A-type stars is usually small (see e.g Hayes 1978) so it
can be neglected. Indeed, we checked out that this was the case for
our sample and duplicated all our calculations with and without tak-
ing into account the BC. To compute the corrections, we followed
the empirical formulations given by Torres (2010), obtaining values
for BC of the order of 0.01 mag. From Mbol, we could obtain the
luminosities through the relation Mbol, ! − Mbol = 2.5log L, where
Mbol, ! = 4.74 and where the luminosity is expressed in solar units.
We also took into account the relative luminosities of each star to
properly calculate the corresponding flux coming from the pulsat-
ing component. The relative luminosities are those obtained from
the binary analysis. The only exceptions are HD 159561 and HD
15082, for which we used the total fluxes.

The final step is to use an MLR. Using a sample of well-studied
and detached Algol-type stars, Ibanoglu et al. (2006) refined the
MLR for A–F type stars:

L ∝ M3.92±0.05
π̂ . (3)

With the mean density from the !ν–ρ̄ relation and the mass
from the MLR, we could obtain a radius from the volume of the star
assuming spherical symmetry. This radius and the mass allowed us
to calculate the surface gravity (log gπ̂ in Table 1). The log gπ̂ values
are remarkably close to those obtained from the binary analysis,
which are always within the uncertainties (Table 1 and Fig. 2).
Uncertainties on log gπ̂ come from a standard error propagation
analysis.

MNRASL 471, L140–L144 (2017)
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ber 2021

ρ ∝ Δν2

Suárez et al. 2014

García Hernández et al. 2015, 2017

Also in the low radial order regime for Delta Scuti stars

TIC 285935852

In the asymptotic regime (n >> l) for solar type stars
Aert et al. 2010

García and Ballot 2019

García Hernández et al. 2017
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Auto Correlation

Differences of Frequencies Histogram

Fourier Transform

Echelle Diagram

Done with Echelle 1.5.1 - Daniel Hey and Warrick Ball 2020 -

Regularities in TIC 354792288



Other seismic indices

Delta Scuti  star

Fuente: NASA’s Goddard Space Flight Center
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Rotation velocity (  ) Ω
Frequency of maximum amplitude (  )νmax

Ω Ω

ωnlm = ωnl + mΩ

Ω

Rotation in TIC 410732825

Teff ∝ νmax

A&A 638, A59 (2020)

Table 1. Parameters of the T̄e↵ � ⌫max relation for each method.

Slope Y-intercept � r Pu Nin
(b) Nout

(b)

Method(a) (K/µHz) (K) (%) (%) (%) (%)

LFIT(1) 2.94± 0.24 6980± 50 5.82 0.424 7 ⇥ 10�30 99.3 0.7
LFIT(2) 2.50± 0.10 7050± 30 5.62 0.551 6 ⇥ 10�116 99.4 0.6
MFIT 3.34± 0.17 6890± 40 0.81 0.972 13 ⇥ 10�19 99.4 0.6
KFIT 2.50± 0.55 7090± 120 1.59 0.882 4 ⇥ 10�3 99.4 0.6

Notes. (a)See Sect. 3.1. (b)Number of stars in and out of the expected departure of temperature limits taking into account ⌦ ⇠ ⌦C (see text).
(1)Values taken from Barceló Forteza et al. (2018). (2)Using the current sample.

Fig. 3. Relation between ⌫max and T̄e↵ for � Scuti stars (solid line) using
LFIT (see text). The colour of each star indicates its measured ge↵ (Unk
is for unknown value). Dashed lines mark the limits of the predicted
dispersion due to the gravity-darkening e↵ect. All dotted lines represent
the estimated error of the linear fit. We show only the error bars for stars
in the limit for clarity.

gravity (ḡe↵), intrinsic to the star, we use von Zeipel’s law
(von Zeipel 1924)

log ḡe↵ ⇡ log ge↵(i) � 4
�

log
 

Te↵(i)
T̄e↵

!
, (9)

where � ⇠ 1 for stars with a fully radiative envelope (Claret
1998); and we obtain T̄e↵ with the LFIT scaling relation. Since
we can recover ḡe↵ for 1390 of our � Scuti stars sample (see
Fig. 5), it is possible to observe whether the evolutionary stage
a↵ects the T̄e↵ � ⌫max relation. In order to study the dependence
of the parameters of the scaling relation with ḡe↵ , we divided our
sample into several groups of � log ḡe↵ ⇠ 0.25 bins.

First of all, we observed that there is a top limit for ⌫max
related to the mean surface gravity (⌫d). To exclude spurious
candidates, we defined this parameter as the top frequency that
contains the 99% of � Scuti stars of its group (see left panels in
Fig. 6). We find its dependence with the mean surface gravity
with a linear fit,

⌫d ⇠ (224 ± 26)10�4ḡe↵ + (240 ± 30) (10)

where the frequency is in µHz and the mean surface gravity in
centimetre-gram-second.

Secondly, we made a T̄e↵ � ⌫max linear fit for each mean sur-
face gravity group (see Fig. 6). We have not taken into account

those groups with a low population or those stars with ⌫max >
⌫d. Thus we only take into account those frequency bins with
enough stars to cancel the contribution of the gravity-darkening
e↵ect (see Sect. 1). Once we had the scaling relation for each ḡe↵
group (see Table 2), we observed that they change with the mean
surface gravity. Then, we calculated the dependence of the slope
and the y-intercept with this parameter,

T̄e↵(ḡe↵) ⇡ (a1ḡe↵ + a2) ⌫max + (a3ḡe↵ + a4) . (11)

Once we obtained all parameters (ai), we used the improved
T̄e↵(ḡe↵)�⌫max relation in Eq. (9) to recalculate the mean surface
gravity, improving the selection of the respective group for each
star. We repeated this process, iterating until the variation of the
parameters was negligible (�ai/ai < 10�4%). After a few itera-
tions, we obtained the parameters of the improved T̄e↵(ḡe↵)�⌫max
scaling relation (see Table 3) with a probability of being uncor-
related of 8 ⇥ 10�212%.

Finally, we find a scaling relation between the frequency at
maximum power and two intrinsic parameters of � Scuti star
structure. To calculate both T̄e↵ and ḡe↵ for an individual star, we
iterate Eqs. (11) and (9) until these parameters converge to stable
values. To test this method, we simulated ⇠109 stars with known
T̄e↵ , ḡe↵ , ⌦/⌦C , and i. We added gaussian noise to their derived
Te↵ , ge↵ and ⌫max of the same order of magnitude as expected
from the CoRoT, Kepler, and TESS catalogues. As we noted in
Fig. 7, our method allows us to recover the exact value of the
mean e↵ective temperature with a precision error up to 4%. We
also find a similar accuracy for the mean e↵ective gravity with a
deviation up to 2% and an error up to 8%.

4. Discussion

We noted that for equal T̄e↵ , the lowest ḡe↵ � Scuti stars excite
the lowest frequencies (see bottom right panel of Fig. 6). Then,
older stars should have lower frequency ranges as was predicted
by Christensen-Dalsgaard et al. (2000). The highest frequency
limit, ⇠800 µHz, was already pointed out by Bowman & Kurtz
(2018) although they only take into account the maximum ampli-
tude peak, ⌫0, instead of ⌫max. To choose a proper parame-
ter to calculate the mean e↵ective temperature is of impor-
tance to constrain the rotation and inclination for each star
(see Sect. 4.1). However, BF18 proved that there are no sig-
nificant di↵erences between the use of both parameters to cal-
culate the scaling relation but ⌫0 produces a slightly higher
dispersion and lower correlation due to the asymmetry of the
envelope (see Sect. 4.2 for further discussion). We repeated the
same test with our improved scaling relation (Eq. (11)) and
found similar parameters within 1� error (see Table 3). There-
fore, combination frequencies should not significantly a↵ect

A59, page 4 of 11

Barcelò Forteza et al. 2020
Bowman and Kurtz 2018
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Four stars to determine the age of a cluster?

TIC

410732825 [62:64] [9:11] [517:519]?

354792288 [82:84] - [622:624]

285935852 [81:83] - [578:580]

252829836 [70:72] - [329:331]?

Δν(μHz) ω(μHz) νmax(μHz)
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The mesh of 1-D rotating models with MESA (Paxton 
et al. 2019) and FILOU (Suárez and Goupil 2008)

TIC
R (Rsun) 

(Stassun+ 
2019

log L 
(Lsun) 
(Gaia 
DR2)

Log g
M (Msun) 

(Stassun+ 
2019)

Tef (K) 
(Stassun+ 

2019)
v sin î (km/s) 

(Kounkel+2019) v∂r (km/s) Dnu 
(µHz) Tnu_max (K)

410732825 [1.592:1.686] 1.17 [4.30:4.45] [1.983:2.651] [8851:9453] [71:107] [75:100] [62:64] [7640:8042]

354792288 [1.518:1.624] 0.99 [4.27:4.44] [1.666:2.370] [7849:8605] [107:119] - [82:84] [7808:8282]

285935852 [1.545:1.645] 0.88 [4.20:4.36] [1.465:2.063] [7363:7815] [68:73] - [81:83] [7733:8175]

252829836 [1.617:1.747] 0.83 [4.10:4.27] [1.313:1.863] [6994:7272] [37:39] - [70:72] [7340:7614]

TIC Z0 R (Rsun) Log L 
(Lsun) Log g M (Msun) Tef (K) Vrot (km/s) Dnu 

(µHz) Age (Myr)

410732825 [0.016:0.020] [1.95:2.09] [1.49:1.70] [4.20:4.24] [2.3:2.6] [9731:10759] [96:99] [62:64] [104:200]

354792288 [0.016:0.020] [1.49:1.50] [0.95:0.96] [4.31:4.32] [1.65:1.75] [8192:8231] [70:114] [82:84] [21:130]

285935852 [0.016:0.020] [1.45:1.48] [0.84:0.86] [4.30:4.32] [1.55:1.65] [7736:7806] [68:112] [81:83] [20:200]

252829836 [0.016:0.020] [1.68:1.94] [1.13:1.71] [4.24:4.30] [1.9:2.6] [8541:11248] [69:126] [70:72] [103:131]

Observed parameters:

Constrained MESA-FILOU parameters:

Constrained 
Models

Just with  and Z: 
103 < t < 131 Myr

Δν, ω, νmax

Common Ages
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CONCLUSIONS:

1. MultiModes is an efficient tool, in terms of computing time, for massive analysis of pulsating stars.

2. MultiModes has been tested with a sample of 32 stars from the field of alpha Per, with a result of 11 Delta 

Scuti stars.

3. We have obtained the seismic index large separation in four of them: TIC 410732825; TIC 354792288; TIC 

285935852 and TIC 252829836.

4. One of these four stars,  TIC 410732825, show a rotation of about 75-100 km/s. If we take into account its 

value for the projected velocity of around 71-107 km/s, measured by Kounkel et al. 2019,  it is showing us 
an equatorial vision.


5. Considering that they are ZAMS stars, we used the corresponding relation  of Barceló Forteza 

et al. 2020, and also the one of Bowman and Kurtz 2018, to try to constrain, even more, the age of alpha 
Per between 103 and 131 Myr.

Teff − νmax
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Thank You

Contribución de la UGR a la misión espacial PLATO 2.0. Fases C/D-1

Ayuda: PID2019-107061GB-C64.   Financiado por:


