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Fully convective M dwarfs:

What governs the evolution of their spin?
What drives their magnetic dynamo!?



The M dwarf challenge:
convective interiors
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NIR spectroscopy
with IRTFISpeX

Stellar characterization
25 nights, Pl: E. Newton

MEarth photometry

Stellar rotation
5 years, Pl: D. Charbonneau

Optical spectroscopy
with FAST at FLWO

Magnetic activity
|5 nights, Pl: E. Newton



NIR spectroscopy
with IRTF/SpeX

Stellar characterization
25 nights, Pl: E. Newton

MEarth photometry

Stellar rotation
5 years, Pl: D. Charbonneau

Optical spectroscopy
with FAST at FIWO

Magnetic activity
|5 nights, Pl: E. Newton



Periods for nearby northern M dwarfs
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The MEarth Project (PI: D. Charbonneau)

Targeted survey looking for transiting planets
Sample from LSPM-North w/ R<0.33R0o, d<33pc




i/

Binaries: |. Winters (#3 1 9)

MEarth stellar astrophysics at Cool Stars
Overview: |. Irwin (#201)
Photometry: J.A. Dittmann (#141)
Flares: N. Mondrik (#168)




Photometric rotation periods:
searched all 1886 M dwarfs with any
observations from MEarth-North




Simultaneously fit systematics+sinusoid
Examined each light curve by eye

Plotting GUI

Redraw

Zoom
¥ limnits

Mag - dc - CM (bin)

-0.020 ‘ 0 800 1000 1200
Number

<
=
=
®)
e
°
'
o
@
=

1200 1400 1800 2000 2200 2400 2000 2100 2200 2300 2400
MJD - 54700 MJD - 54700

Save Figure

Directory

o o
# . JRa ¢ ;_E..
'\—_g_\-k. _‘;_‘_ — g o .ﬁ%ﬁf_!‘ o
o | . %" W
3 “in_}i:p‘;f:f r

€
o

J/home/enewton/rotationy

Mag - dc - CM (bin)

1.0 00 0.2 0.4 0.6 0.8 1.0

lspm2563.eps Phase

Overplot Re-fit and plot periodogram mé\]f;'igg‘;;;fo plot: Reset model

Brown = FWHM Sine model chi value 30756.7220913 v Plot binned?
Crimson = Common mode Null model chi value 35597.8017078 P(min):  P(max}: v Bin by phase?
Indigo = DC segment

Fit FWHM? Phase fold and plOt model . 1000 Seasons to model: 1st v2nd v 3rd v 4th v 5th v 6th

LSPM Number: {256 Directory /home/enewton/rotationy  Previous Light Curve Next Light Curve

Period Rating  yes Evolving? not clearly Comment Save




High cadence:
sensitivity to short periods

I
=
o
[
(o)

Vp)
Vp)
)
C
)
L
(@)
-
O
0
>
)
S
),
ad

1 2 3 4
Time (hours) Phase (hours)




May 2009

([ ]
line:
ApréOO9

Mar 2009

ime base

Date (month)

Jan 2009

Dec 2008

Long t

(Vg
O
O

.

)

ol

o Vo)

-
O

o,
)

SN
=
2
=

(Vg

-

)

(Vg

Nov 2008

Oct 2008

1 1 1 | ||
m ™N — N
S o o o© o o
o o o o o o
_

0.03}

mm_mcu_,;m_‘_n_ oAIlB|9Y




Periods for nearby northern M dwarfs
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387 new rotation period measurements
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387 new rotation period measurements
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The rotation-velocity dispersion relation
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The rotation-age relation
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The rotation-age relation
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RV surveys for habitable planets



RV surveys for habitable planets

(-
o
-

-
o

v
>
©
=z
e
O
=
U
a
c
°
4+
©
42
O
—
—
L.
U
4
0

Stellar rotation at 5 Gyr

1.00 0.60 0.35 0.20
Stellar mass (M)

Newton et al. (2016a)




RV surveys for habitable planets
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RV surveys for habitable planets
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The typical rotation periods for early M
dwarfs coincide with the planetary habitable
zone. T hus, stellar rotation and activity can
be expected to frustrate the detection of
habitable planets through RVs.

We suggest targeting mid-to-late M dwarfs
in the search for habitable planets.
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Optical spectroscopy
Magnetic activity
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Inactive versus active stars
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Inactive versus active stars
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Inactive versus active stars
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HX and rotation

p—
-
w

o
o
IS

p—
-
v

[
=
-
O
({0
£
O
et
[
B
T
Rro=<!
S 1

2>
w0
O
=
=
=
O
O
=
©
0
s

' Rapid rotators ~ Slow rotators

P |

10°
0.001 0.01 0.1 1
Ro (Prot/Tconv)
Rossby number Newton et al. (submitted)




HX and rotation

p—
-
w

o
o
IS

p—
-
v

[
=
-
O
({0
£
O
hd
[
B
T
Rro=<!
S 1

2>
w0
O
=
=
=
O
O
=
©
0
s

Slow rotafs

e | e .

' Rapid rotators

107 —

0.001 0.01 0.1
Ro (Prot/Tconv)

Rossby number Newton et al. (submitted)




The Properties of M dwarfs

Radial velocities, metallicities, spectral types, distances
Newton, Charbonneau, Irwin et al. (2014) A] 147 20

Temperatures, radii, luminosities, Kepler’s exoplanets
Newton, Charbonneau, Irwin, & Mann (2015) Ap] 800 85

github.com/ernewton/nirew & /tellrv

Rotation and Chromospheric Activity

New rotation periods and the spin-down timescale
Newton, Irwin, Charbonneau et al. (2016a) Ap| 821 93

The impact of stellar rotation on exoplanet discovery
Newton, Irwin, Charbonneau et al. (2016b) ApJL 821 |

The connection between rotation and activity
Newton, Irwin, Charbonneau et al. (submitted)



The evolution of rotation and
magnetism in mid M dwarfs

They maintain rapid rotation rates for
about 2 billion years.

They undergo rapid angular momentum
evolution, at the end of which they cease to
display Ha in emission.

At 5 Gyr, they have rotation periods of
about 100 days. They are inactive but some
still display photometric variability.



