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State-of-the-art age — activity relation:
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Mass dependent “saturation” at young ages; X-rays drop by 3 dex from 10Myr to Gyrs

But: X-ray luminosities from ROSAT:
* incomplete at the faint end, i.e. for old age and SpT M

* only available for field stars without known age
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Why worry about magnetic activity of M dwarfs ?

(A)  a proxy for magnetic fields (i.e. the stellar dynamo)

(B) influence on the chemistry in exoplanet atmospheres

(C) evaporation of exoplanet atmospheres

Activity is a key parameter
in the assessment of habitability of close-in planets
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Why X-rays as a proxy for magnetic activity ?

Study of UV and X-ray emission of M dwarfs within 10pc (“10pc sample’)

NUV (GALEX): ~ 180 - 280 nm
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Many stars with no Ha emission are detected in X-rays
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X-rays (ROSAT): ~ 0.1-2.4 keV
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—->X-ray and UV are more sensitive tracers of activity than Ha

X-rays easier to measure than UV
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Recent studies of the age evolution of X-ray activity:

Mstars ] Y GALEX UV + ROSAT X-ray
53 : 23| study for:
107 T e X ] * “10pc sample” (field star ages)
: # A---FUV. 1| * Mdwarfs in TWA (10Myr)
0¥ pa |
S >
2 107 )
B - * high-enerqy emission
107 L drops by 3 dex
from 10Myr to Gyrs
10 * age decay faster at
0.01 shorter A
Stelzer et al. (2013)
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Recent studies of the age evolution of X-ray activity:

M stars
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See also Shkolnik & Barman (2014)

GALEX UV + ROSAT X-ray
study for:

* “10pc sample” (field star ages)
* M dwarfs in TWA (10Myr)

9

* high-energy emission
drops by 3 dex
from 10Myr to Gyrs

*age decay faster at
Shorter A
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Recent studies of the age evolution of X-ray activity:

M stars
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See also Shkolnik & Barman (2014)
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M dwarf (companions to WDs): Sample properties
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Validated Gaia distances Early- to mid-M SpT
for all but 2 M dwarfs
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Deep X-ray observations of (coeval) White Dwarf / M dwarf pairs

N

N
XMM source E<_T Chandra source T
E

image size = 2.8’ image size = 25"

DA White Dwarfs (Gyrs-old, T 4~ 10000K) = no X-ray emission
bound (co-moving) M dwarf companion > X-ray activity

9 | Beate Stelzer Planet star connections in the era of TESS and Gaia, Sta.Barbara, CA, 24/05/2019



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

MATHEMATISCH- ml. -
NATURWISSENSCHAFTLICHE . 9

.. OK];A D%b“’ou\m o
FAKULTAT FB Physik, Institut flir Astronomie & Astrophysik

EVOIUtion Of X-ray aCtiVity ' ' M.dwa'rf c;Jm.pa'ni('Jns of WDs 1
in field M dwarf with known age 29 .
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See also Shkolnik & Barman (2014) First evidence of L, evolution

with age for Gyr-old M dwarfs.
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But: large spread of X-ray emission : S
level at given age 29F
L] ——
L /L, of M dwarfs much higher L —
than for solar-type stars of the same age @ 28F —
- M dwarfs drop slower out of “saturation” s f |
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Stelzer et al., in prep. Age [Gyr]
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- o Mciwarf 'c:on;pa:nin':nr;s'o'f :NDS
1021 "'-,,“_slope =-15 -
L T o :
PRELIMINARY FIT: | e S
. 10| il - E
logL, =A+B *log Age R ? S
T el .
Result depends on “interpretation” E £ g :§+
of the available data ! Ug g3
1028 E_f 8 T8 P S ]
* high-activity outliers : o N
0.1 1.0 10.0
* mean L, + range of L, for clusters Age (Gl
upper limits What causes the spread at given age?

- Rotation ?
- Magnetic field structure ?

Stelzer et al., in prep.
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The activity-age relation in context:

spin evolution (magnetic braking)
Rotation | < > | Age
Gyro-chronology

Effects
on planets

>
<
ste\\ar o Activity

mn
ayne
Convection / Magnetic field

Problem: No sample exists for which all parameters can be measured.
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Magnetic fields of the M dwarfs in WD binaries:
UNKNOWN !

Direct magnetic field detections through Zeeman Doppler Imaging
exist for very few M dwarfs, and not in for Gyr ages.

2.5_III|IIII|I|IIIIIII|IIIIIIIII|II|IIII|I|IIIII_
C <IBI> act %00 ® solar like |
- @ young suns T B i .
20 . *Hihess |4 A Skumanich-like correlation
B ) m early-dM B )
e . %% .8 esn |4 between surface-averaged field and age,
~ 2L °® il
g [ J 1 but lots of scatter
A ]
§ 1.0 — ® —
" F 1 Current limitations of ZDI:
o E * large observational effort
:llllIlIlIlllIlIIIIllIIIIIIIllllllllI’IlIIIIIII— *SenSItlveonIyto Iarge-scaleflelds
6 7 foatb) 10 (related to winds but not activity)
Vidotto et al. (2014) * limited to bright mostly solar-type stars
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Rotation periods of the M dwarfs in WD binaries

Not included in the MEarth sample
(Newton+17)

But: TESS (All-Sky Survey)

* all but two WD / M binaries

are in the TCL N
* . . image size = 25" E (J

potential source confusion

TESS pixel size = 21"

- some images comprise both the WD and the M star
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Rotation periods of the M dwarfs in WD binaries

normalized Flux

PSin = 22.002 +/- 0.106 ——

101 t TESS lightcurve

1.005

0.995 -

0.99 -
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BJD-2457000 [d]

1465

TESS lightcurves will be available,
but not all might provide periods.

(limited precision, source confusion)
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Next. M dwarf with known age in activity-rotation relations
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Rotation amplitude - rotation relation for M dwarfs

Stelzer+16 |
15 [T T T T T T ] . .
[ . . . ] Sample: near, bright M dwarfs
10F . . o ] Lepine & Gaidos (2011)
_ : R Data: K2 mission
§ 0.5 __ Y Y .
— B ° ¢ s
ookt e T 3 McQuillan+14
o S °
= ' . Data: Kepler mission
05} 4 B il
o %3 i tar companion to WD
i . o ® %°° with TESS period
“10F (Age ~ 4 Gyr)
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log Prot [d]

A bimodal behavior of fast and slow rotators; boundary is P,,, ~ 10 d.
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X-ray activity - rotation relation for M dwarfs

30

log Lx [erg/s]
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N a "' o S P... from MEarth + X-ray activity
a 4 :‘ m A, from archives and Chandra
VA -l ‘:'2 N *t: N (Wright+11,+18; see Nick’s talk)
i S NP, Yo7 A-x“ M star companion to WD
| A A A oA .; A with TESS period
R e
A g .‘ Ay £y ;
. aga .,1: o P fromK2
Wright et al. 2011 . ' N o 1| + X-ray activity from:
Wright et al. 2016 A 3'"! ROSAT, XMM archives
s o Y YP ) E—r—"
Stelzer et al. 2016 Chandra + XMM-Newton follow-up
Magaudda et al. in prep wtv
[ e 1| Sample: near, bright M dwarfs
1 . 10 100 Lepine & Gaidos (2011)

rot

Some very low X-ray upper limits for P, > 10 d.
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X-ray activity - rotation relation for M dwarfs

i A A k7.mz ]
L N ® M3IMs ]
L A A .- .ﬁ . . " M5.MS
A 4"‘ "hl‘: ‘.tr} -
Yag \" M star companion to WD
. ' with TESS period
—y - A Age 4 Gyr
2 |}
:! °
_]x A .i..t
l
S s [ Wrightetal. 2011
[ | Wrightet al. 2016
o[ Wrghtetal. 2018 A I ®
- Stelzeretal. 2016
Magaudda et al. in prep
_? [ i L 4 3 g sl el il

P..: from MEarth + X-ray activity
from archives and Chandra
(Wright+11,+18; see Nick’s talk)

1

rot

10

100

P from K2 .
+ X-ray activity from:

ROSAT, XMM archives

Chandra + XMM-Newton follow-up

Sample: near, bright M dwarfs
Lepine & Gaidos (2011)

*LJ/L,. instead of L,: scatter in saturated level decreases.

* Different P

rot

regime (P> 10d)

distribution for partially and fully convective stars in non-saturated
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X-ray activity - rotation relation for M dwarfs

102 T ' :
: A A kw2 | P from MEarth + X-ray activity
. v e 1 from archives and Chandra
109 4 (Wright+11,+18; see Nick’s talk)
3 104 E
= f
iy | | P, from K? .‘
8 jo5L  Wright etal. 2011 | |+ X-ray activity from:
Wright et al. 2016 Sl ROSAT, XMM archives
L A i .‘ 1
106k Wright et al. 2018 A .
: Stelzer et al. 2016 Chandra + XMM-Newton follow-up
Magaudda et al. in prep _
10-? : Loyl : Lol . Ll . . .
103 0.01 0.1 1 Sample: near, bright M dwarfs
R, Lepine & Gaidos (2011)
*Ry = Pgryt/ Teopn, Instead of Pg,:

distribution in non-saturated regime gets narrower
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X-ray act|V|ty rotatlon relatlon for M dwarfs

10 -2 F T L— T T T T ]

: A A Kr.m2 § P
% ad ®  MIME
B M5.M&

ot from MEarth + X-ray activity
from archives and Chandra
(Wright+11,+18; see Nick’s talk)

102

— -

g 10

= i |

= P, from K2

& g5k  Wrightetal. 2011 + X-ray activity from:

Wright et al. 2016

ROSAT, XMM archives

Chandra + XMM-Newton follow-up

106 L Wright et al. 2018
i Stelzer et al. 2016

Magaudda et al. in prep

Yoo ot o 1 Sample: near, bright M dwarfs

R, Lepine & Gaidos (2011)

* Power-law fits in the non-saturated regime
give similar slope

21 | Beate Stelzer Planet star connections in the era of TESS and Gaia, Sta.Barbara, CA, 24/05/2019



EBERHARD KARLS MATHEMATISCH- b
UNIVERSITAT NATURWISSENSCHAFTLICHE CSADA '
TUB[NGEN FAKULTAT O

FB Physik, Institut flir Astronomie & Astrophysik
Time-evolution of M dwarf X-ray flux in the Habitable Zone

Preibisch & Feigelson (2005): M dwarf companions to WDs

Pleiades, Hyades I
N N ( \
Ple, SpT M ' Py recent V'enus
1000.00 47" I o carly Mars
Ple, SpT M @ 0.11AU @
X- ra y ﬂUX _ . hr::‘f_i.? 0.31AU ¢ b
in the habitable zone & 100.00 E | 55U ) |
of M dwarfs (0.1...0.3AU) § - |0, O A % + ¢
is higher than S 1000F sl 3 . ,,t s
in the HZ of G dwarfs (1AU) N 3 U (24 o, X' + ]
by 0.5 ... 1 dex at least L - o t )
® 1.00¢ el 3
But: = g ) © :
Origin of high-activity outliers 0.10E
must be understood 2
for reliable calibration. 0.01 i
0.1 1.0 10.0

Stelzer et al., in prep. Age [Gyr]
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A quick doubling of sample size......
10T - o T T

M dwarf companions of WDs

s 2

@

10°®

L] L] lIlllll
PN
1 1 IIlIlll

L, [erg/s]

.... a dirty X-ray analysis

2
#‘1
L

10%°F ®

1021, . L

Age [Gyr]
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X-ray spectra — temperature
for M dwarfs with known age:

(obs—mod)/err  norm .counts/s’keV
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" Om M dwarf companions to WDs
- o FGK stars
L @ Sun
e M stars *
10 n ’# - 1 @ QE
= J! - o80
— i . 8%
®6 & o 9
I g
o
1 - @H' -
10%° 10%’ 10% 10% 10%

* Joint decrease of both parameters.

—>input to models
of planet atmosphere evolution

log L, [erg/s]

Stelzer et al., in prep.
* First T, — F, relation for M stars

with individual ages.
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Other proxies of magnetic activity ? - UV emission

* SED of an M4 dwarf
(from SUPERBLINK sample; Lepine & Gaidos 2011)

[r—

10710
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Flux Density [erg cm™=2 s7! A~1
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—
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Magaudda et al., in prep.

UV excess

,Ohotos,oh eric

chromospheric

Moge /

(GALEX, XMM OM)
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The Optical Monitor onboard
XMM-Newton

provides UV fluxes in 3 filters.
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flux ("flattened")

relative flux
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Other proxies of magnetic activity ? - photometric variability

Diagnostics of magnetic activity in photometric timeseries:
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Stelzer et al. (2016)
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K2 lightcurves of Superblink M dwarfs (from Lepine & Gaidos 2011):
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X-ray Activity

Major problem:

Samples accessible to multi-wavelength observations

But:

More data is coming! - eROSITA, TESS, Gaia, ...
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Upcoming improvements (1):
More X-ray measurements of M dwarfs

log (Li/Lyg)
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All-Sky X-ray survey, eRASS:
factor 20 deeper than ROSAT RASS
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Russian-German
X-ray satellite
Launch:
Summer 2019
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