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ABSTRACT

We present our analysis of Kepler short cadence public data to search for stellar pulsations in
M dwarfs. Theoretical calculations predict that these stars may suffer from a fundamental radial
mode driven by the nuclear £ mechanism First results published thus far show no significant signal
around the expected frequency of 36 c/d down to 1 ppt (parts per thousand). In this paper we include
new results obtained from a sample of 86 stars, although a real number of M dwarfs after spectral
classification turned out fo be small. Unluckily, we have not detected any significant signal typically
down to 1-10 ppm (parts per million) in M dwarfs and since the sample of these stars consists of 6
objects only, we cannot make any strong conclusion if the £ mechanism drives perturbation in radius
to propagate to a detectable amplitude at the surface. As a by-product of our work we provide a
spectral classification of 86 Kepler objects, along with their variability and thus far unknown artifacts
residing in Kepler photometry.
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Theoretical predictions of radial pulstions in M Dwarfs:

The observational detection of oscillations for the 0.4 and 0.5M
models excited by a flux-blocking mechanism is more likely, as the
amplitude of the modes have enough time to develop due to the
shorter time-scale for the growth of the instability. Periods in the range 23
— 40 min are most likely to be detected (Rodriguez, MacDonald & Moya
2012)
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ABSTRACT

We present the results of the first theoretical non-radial, non-adiabatic pulsational study of M
dwarf stellar models with masses in the range 0.1-0.5M,. We find the fundamental radial
mode to be unstable due o an « mechanism, caused by deateriom ([} burning for the young
(.1 and 0.2 M5, models, by non-equilibrium He® burning for the 0.2 and 0.25 Mo models
of 10¢ Myr and by a fAux-blocking mechanism for the partially convective 0.4 and 0.5 Mg
mdels once they reach the ape of 500 Myr. The periods of the overstable modes excited by
the D burning are in the range 4.2-5.2 h for the 0.1 Mo models and is of the order of 8.4 h
for the 0.2 Mz, models. The periods of the modes excited by He® burning and flux blocking
are in the range 23—40min. The more massive and oldest models are more promising for the
observational detection of pulsations as their ratio of instability e-folding time to age is more
favourable.

Key words: stars: low-mass — stars: oscillations.




Sample selection from
Kepler Input Catalog (KIC)

m MAST Archive

m Short cadence data: Nyquist freq= 734 c¢/d

m Long cadence data are not useful as
Nyquist freq. = 48 c¢/d close to 36 c/d
espected period.

m Teff <5000 K

ER<1R®

mlogg>42
BEl<(R-J)<4

m 36 objects, QO0, Q1, Q2, Q3




KIC

Tasr

Fadins

01026895
01160867
01162220
02159700
02450412
02846051
03101120
03128488
03222519
034308068

05627506
06871713
07023973
07034097
07049465
07176070
07499271
07505113
07694241
07748051

0955
0.752
0958
0.729
0.705
0792
0.783
0.657
0645
0.607

03630240
03735260
03735699
03836105
03936736
04040028
04056079
04060593
04243486
04276716

07799575
07936309
08042251
08211551
08352528
08386623
08429280
08547390
03561221
08677033

0.798
0.909
0.782
0.751
0.687
0,740
09383
0.721
0.737
0678

04346053
04373485
04376841
04385594
04671547
04736074
0473874
04030560
04935950
05351659

08737920
038831759
09344010
09455756
093527740
09532030
09896545
10001154
10026749
10063343

0.705
0.479
0.769
0.516
0.612
0.693
0.662
0.672
0.705
0777

05300438
05436582
05620080
05701820
05707338
05716526
05784204
06368045
06470598
06531550

10163983
10230145
10259462
10490561
10785374
10801273
11099165
11393580
11446143
11514682

0.451
0.959
0.696
0975
0648
0882
0.664
0.726
0.805
0845

11560447
11717716
12010862
12024065
12102573
12155015
12644769

0922
0.757
0571
0.623
0.752
0.648
0.739




Spectroscopy at OAN-SPM,
BC, Mexico

m Low resolution spectra
at San Pedro Martir S
observatory

=
m 2.12m Telescope + Y

Boller & Chivens
= 4400 A to 7500 A
® Resolution=8 A
(R ~ 750 at central
wavelength)

m Dispersion: 1.8 A/pixel




Spectroscopy at NOT, La
Palma, Canary Island, Spain

m Low resolution spectra
at Nordic Optical
Telescope

m 2.5m Telescope +
ALFOSC spectrograph

= 4800 A to 9000 A
m Resolution=7.5 A
(R ~ 850 at central

wavelength)

m Dispersion: 3.0 A/pixel




SPM - 2.12m+B&Ch, MEXICO NOT - ALFOSC, LA PALMA
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M Dwarfs in the sample

KIC4040828 — MOV
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KIC

Tasr

SpT

site

Fadins

S5pT

01026895
01160867
01162220
02159700
02450412
02846051
03101120
03128488
03222519
034308068

K4
K41
K3
MO
K5I
K41
LAY
E5V
Mila
KoV

SPM
S5PM
SPM
SPM
SPM
SPM
SPM
SPM
SPM
SPM

05627506
06871713
07023973
07034097
07049465
07176070
07499271
07505113
07694241
07748051

0955
0.752
0958
0.729
0.705
0792
0.783
0.657
0645
0.607

K2III
KOIII
MIIIT
MO.5IIT
KTV
K 5IIT
K4V
M4IIIa
E4V
M2ITIT

03630240
03735260
03735699
03836105
03936736
04040028
04056079
04060593
04243486
04276716

K0
K15
K2
K41
MO.5IIT
MOV
KO
MO.5II
K3
K3V

SPM

07799575
07936309
08042251
08211551
08352528
08386623
08429280
08547390
03561221
08677033

0.798
0.909
0.782
0.751
0.687
0,740
09383
0.721
0.737
0678

MOITT
K3V
KTV

K051k
MO_5ITT
KTV
KTV
K3V
KEOIII
KOIII

04346053
04373485
04376841
04385594
04671547
04736074
0473874
04030560
04935950
05351659

K21
MOTIT
MO
MOIII
MOV
K3V
K21
MOV

08737920
038831759
09344010
09455756
093527740
09532030
09896545
10001154
10026749
10063343

0.705
0.479
0.769
0.516
0.612
0.693
0.662
0.672
0.705
0777

KOk
M2TIT
KOk
K1V
M2TTT
K211
MAITT
K211
K5III
KTV

05300438
05436582
05620080
05701820
05707338
05716526
05784204
06368045
06470598
06531550

10163983
10230145
10259462
10490561
10785374
10801273
11099165
11393580
11446143
11514682

0.451
0.959
0.696
0975
0648
0882
0.664
0.726
0.805
0845

M2TTT
K3V
E4V

Kov
KTV
KTV

MO.SITT
MO.5ITT
E4V
KTV

11560447
11717716
12010862
12024065
12102573
12155015
12644769

0922
0.757
0571
0.623
0.752
0.648
0.739

KIIV
KTV
M2III
M2III
K4V
Mi1la
M1III




KIC var type peniod threshold [ppm] Q ™ 5pT site
1026895 spofs 5 days 53 0 "E4im SPM
1160867 spofs 6 days 34 1 EK4II SPM
1162220 q-per - 56 3 EK3m SPM
2159700 spots 3.5 days 36 1 MOSII SPM
2450412 spots - 5.7 3 EKSII SPM
2846051 spots 5 days 40 3 K4 SPM
3101129 const - 10.0 1 Kiv SPM
3128488 periodic+flares 6 days 150 1 E5V SPM
3222519 spofs - 25 1 Mila SPM
3430868 g-per - 35 2 KV SPM
3630240 g-per - 11.0 2 K0 SPM
3735269 g-per - 78 2 K15 SPM
3735609 spots - 5.1 3 EKMI SPM
3836105 spots 2 davs 5.1 3 E4I SPM
3036736 spots 2 davs 17.0 0 MOSII SPM
4040028 spots 10 days 8.0 3 MOV SPM
4056079 g-per - 51 2 K0 SPM
4060593 spofs 5 days 3.7 1 M0s5I SPM
4243486 spots - 78 2 KsII SPM
4276716 const(7) 3.5 days 114 2 EKE3V SPM
4346053 q-per - 04 1 KO SPM
4373485 spofs - 95 2 M0 SPM
4376841 spots - 84 3 MOSIOI SPM
4385504 spots - 21 3 MO SPM
4671547 peniodic+flares  8.3+).3 days 124 2 MOV SPM
4736074 spots 20 days 35 1 K3V SPM
4738764 q-per - 0.6 2 KO SPM
4030560 periodic 10.5 days 72 2 MOV SPM
4035050 periodic 13 days 50 2 MOV SPM
5351659 spots - 84 1 MO SPM
5300438 solar-like 1 los 1.5 3 KiO SPM
5436582 spots 16 days 1.7 2 MOV S5PM
5629080 solar-like 40 min 3.6 3 K SPM
5701829 solar-like 2lus 38 2 Ko SPM
5707338 q-per - 50 3
5716526 g-per - 30 1 K4 SPM
5784204 spots = 20 2 Moo SPM
6368045 const(7) - 8.2 3 MOV SPM
6470598 spots 11 days 11.0 2 K5V SPM
6531550 q-per e 6.8 2 Kl NOT

KIC var type period  threshold [ppm] Q 5pT site
6627606 q-per = 31 1 Kl  NOT
6871713 spots = 10.2 2 KOMI ~ NOT
7023973 spots = 10.0 3 MIII ~ NOT
7034007 spots - 7.5 3 MOSIT  NOT
7049463 spots - 7.4 3 K7V NOT
7176070 spots 1.5 days 49 3 K5I NOT
7499271 const(7) = 11.8 2 K4V NOT
7505113 spots - 51 2 M4llla NOT
7694241 const(?) = 85 2 K4v  NOT
7748051 spots " 9.4 3 Ml NOT
T799575 spots - 19 2 MOII  NOT
7936300 spots - 84 2 K3V NOT
8042251 spots = 7.6 3 K7V NOT
8211551 o-per = 2.7 2 K050k NOT
8332528 spots = 24 2 MOSII  NOT
8386623 const(7) = 23 1 K7V  NOT
8429280 periodic 1.6 days 73 2 K7V  NOT
8547390 g-per e 290 2 K3V  NOT
83561221 solar-like 40 min 47 2 KOOI NOT
8677933 q-per - 25 2 KOOI~ NOT
8737920 spots - 68 2 K0Ilb NOT
8831739 spots 14 days 21 2 M2II  NOT
9344010 const - 9.9 2 K0Olb NOT
9435736 const(?) - 26.0 3 KIV  NOT
9527740 spots - 92 1 M2II  NOT
9532030 q-per - 2.3 2 KJII NOT
9206545 spots - 45 2 M4III  NOT
10001154 spots 1.6 days 26 2 K2III NOT
10026749 q-per = 76 2 K5OI NOT
10063343  periodic+flares g hrs 5 3 K7W  NOT
10163983 spots - 7.5 1 M2III NOT
10230145 spots - 6.7 1 K3V  NOT
10250462 spots 12 days 97 2 K4V  NOT
10490361 const({?) - 10.5 2 K0V ~ NOT
10785374 spots - 85 2 K7V  NOT
10801273 spots = 56 3 K7V  NOT
11099165 spots - 29 2 MOSII  NOT
11393580 spots 7.5 days 3.2 01234 MOSIT  NOT
11446143 const(7) = 3o 0,1,2.3.4 K4V  NOT
11514682 const{?) - 99 8 2 KTV NOT
11560447 eclipsing 12 hrs — 1.2 EIIV  NOT
11717716 spots — 119 2 KTV NOT
12010862 spots — 80 3 M2II NOT
12024065 spots = 30 2 M2II NOT
12102573 periodic+flares 2.8 days 142 2 K4V NOT
12155015 spots - 23 2 Milla NOT
12644769 eclipsing = 43 2 MIIII NOT




Comparison with LAMOST

InfFormation
Name Value
obsid 52908159
designation  J193957.64+.
obsdate 2012-06-17
Irjd 56096

planid kepler08B561

spid 8

fiberid 159
294.9902080
39.346389500

class STAR

subclass K3

Y -10.7205783C

logg 4.636

teff 4793.08

feh -0.329
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Comparison with LAMOST

Name Value

Information

obsid 52501133

designation J192521.88+373402.4

obsdate 2012-06-15

Imjd 56094

planid keplero5B56094_2

spid 1

fiberid 133
251.3412080000
37.5673610000

class STAR

subclass K7

2" -10.09101414

logg 1.477

teff 3872.75

feh -0.130
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Wavelength [Angstroms]
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Name

obsid

designation  J194523.56+.
ob 2012-06-17
Imjd 56096

planid kepler08B56(

6000 ) 6500
Wavelength [Angstréms]

irafterm

SN n NOAD/IRAF VZ.16.1 lfoxBirazu Mon 20:17:09 31-Jul-2017
[f1fbt0300560.m5.Ffits. 0001 . fits]: KIC4385594 600. ap:l beam:1
| |

|
6000

kavelength (angstroms]




Comparison with LAMOST

Information
Name
obsid
designation
ob:
Imijd
planid kepler08B56096_1
spid
fiberid
3157080000
39.7
STAR
Mo

-15.00000000

5000 5500 6000 _ 6500 7000 7500 8000 8500
Wavelenath [Anastroms]
irafterm
NOAD/IRAF %Z2.16.1 lfoxBirazu Mon Z0:20:28 31-Jul-Z017
[f1fbt03005%0.ms.fits. 0001 . fits]: KIC4 547 600. ap:l beam:1
I I
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6000
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Comparison with LAMOST

1160867
2159700
4276716
4373485
4385594
4671547
4738764
4930560
5351659
5716526
6368045
7023973
7748051
8429280
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www.astrosen.unam.mx

San Pedro Martir Observatory
www.astrossp.unam.mx
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