Low-mass M Dwarfs Lack Jupiter Analogs
and why you should care even if you are obsessed with small rocky worlds

David Charbonneau (Harvard




M Dwarf Properties
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By coincidence, the maximum stellar
radius that permits spectroscopic
studies of terrestrial atmospheres in
transmission = the mass at which
stars become fully convective.

This has big implications for their
magnetic activity, high-energy
emission, and angular momentum
evolution.
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Dr. Jennifer Winters
The 15 Parsec Survey

Stars with masses 0.1 - 0.3 Msun
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®Hi—Res= 135
oLow—Res=164
®No—-Res=114

TRES Spectrograph
FLWO 1.5m Arizona

CHIRON Spectrograph
SI\AARTS 1.5m Chile

o ¥ \ \ / \ . Il(, w y
b | / 7N :
‘ \ o 2 V ? ‘ V) / \ . ." ‘// / ,'0};’.‘ // {
N a" - . 8 ) y e L
s L, 4 2\ \ ?

‘‘‘‘




.

\ ” .
. A .‘ .
. Al
) ’ . .
) “ 2
.
. S, .
\
. = .
.
. 2 . . ®
. . .
¥ .
v . :
) y Y
\ < 5
. 3 0
) » .
. A 8 . L : g

ect




Dr. Elisabeth New

ton

Rotation period [d]

107 - ?:} :Mf " AT “;"3 iy "":*:.: e ™
' ) "* Slow rotators

10*- :
rapid rotators

10° : ' , :. ' T

10_1 | * . | | |
0.10 0.15 0.20 0.25

Mass [M g ]

0.30

Newton, Irwin, Charbonneau et al. 2016, 2018
masses updated from GAIA (Emily Pass)



Differential Magnitude

Differential Magnitude

We must remove the active stars
(H-alpha equivalent width <-1 A)
because we know they will
iIntroduce spurious RV signals
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After we remove active stars
and those in multiple systems
with a separation of

60 - less than 4 arcseconds,
50 - we are left with a sample of
B Pass+2023
s 40 7 Bonfils+2013
© [=1 Sabotta+2021 200 stars
2 30-
20 - We analyzed
) 4 observations
10- 7/ :
nf!‘;'v""_!l‘, spanning 6 years
L with a

01 02 03 04 05 0.6 _ "
M[Mog] typical precision of 20 m/s



Do Low-mass Stars Have Jupiters?

'\\. How many Jupiters did Dr. Emily Pass
& discover around these low-mass stars?
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Do Low-mass Stars Have Jupiters?

= How many Jupiters did Dr. Emily Pass
| discover around these low-mass stars?
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MpSini [Mj]

Low-mass Stars Lack Jupiter Analogs

(Shown are 95% confidence upper limits.)
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There are two gas giants known to orbit stars in our 15-parsec sample,
but both stars are active so not in our RV subset
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(Morales et al. 2019) (Feng et al. 2020; Quirrenbach et al. 2022).
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Conclusions

We monitored a volume-complete, inactive sample of 200 stars with masses
0.1-0.3 Mo and located within 15 pc, collecting four high-resolution spectra of

each M dwartf over six years.

We place a 95% confidence upper limit of 1.5% on the occurrence

of Mp sin i > 1 Myup glant

polanets out to the water snow line.

Beyond the snow line (100 K < Teq < 150 K),

we place 95% corﬂdence upper limits of

1.5% for 3 Myup < Mp sin |
1.7% for 0.8 Muyup < Mp S
4.4% for 0.3 Myup < Mp si

< 10 Myup,
N1 < 3 Myup, and,

N1 < 0.8 Myup glant planets

Without such Jovians, the compositions, dynamical histories,
and water inventories of terrestrial planets of low-mass M
dwarfs may be quite different than those of the Solar system.




