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ABSTRACT

The relation between magnetic activity and rotation in late-type stars provides fundamental information on stellar dynamos and spin evolution. Previous studies suffer
from bias (spectroscopic rotation periods) and inhomogeneity (different instruments/techniques). We characterize the activity/rotation relation of the X-ray emitting
main-sequence late-type stars observed by XMM-Newton and Kepler. We measure photometric rotation periods from the high-precision Kepler light curves. As
activity indicators, we adopt the X-ray luminosity from XMM-Newton, the number/frequency of white-light and X-ray flares (from the light curves produced in the EXTraS
Project [1]).

This Is the first analysis of the activity/relation link across the whole late-type spectral range performed using homogeneous photometric rotation periods from high
precision Kepler light curves and homogeneous X -ray data. Our results reinforce the current picture of the rotation/activity relation and give important insights into the
relation between X-ray activity and rotation and between X-ray and white-light flaring activity.

KEPLER SCIENTIFIC RATIONALE XMM-NEWTON

High photometric precision optical light curves ANALYSIS OF THE ACTIVITY/ROTATION RELATION IN
High sampling rate (29.4 min) LATE-TYPE MAIN-SEQUENCE STARS gl\g'(\)ﬂualz5cg?;ﬁlogge(~[§]9 (I)a(l;%%?t X
arge Slampt'ec 0{ lars (717|(|)’OSO) oo PHOTOMETRIC ROTATION PERIODS FROM KEPLER e XMMNewton heermmtions i the
epler Input Catalogue: collection of photomelry | | (AN ACTIVITY INDICATORS: Kepler field of viow
£ Example of Kepler light curve " ] - X-RAYS FROM 3XMM-DR5 CATALOGUE; - - - X . SRS
A PN ;' - WHITE-LIGHT AND X-RAY FLARING XtI:/IM-DRS c(orréprisels )16 N .
~3 L e g : 1 observations (red circles) in +45°00
a5 o ; . A o -> HOMOGENEITY IN ROTATION PERIOD & ACTIVITY MEASURE Ve reper el o e RS
é f 'H_ HJr' ANETY " : . - | (black line squares) 7 )
: Schematlcs of brightness modulation DATA ANALYSIS X L \ \0 ) n L \ \\\. |
5, - due to spots : . ue o s
o . . Sample: 107 late-type main-sequence stars detected in 3XMM-DR5 and g r 222,
S ime @ o with light curve in Kepler database "\J | Kol o
ﬁ}téu?(-gg:r:Iﬁéiﬁtncfﬁrcgig&?gg;Sg\w/t;-Scargle periodogram for Kepler light curves: brightness _modulation due to spots on_the rotat?ng . " .ang;o 5 “A@%‘/ e o~
KIC7018131 stellar surface. Automated algorithm based on Autocorrelation function| >\, ‘?\ TN
oo ,\ /\A“’E’“ : (ACF) & Lomb-Scargle Periodogram: f@ 'L‘// o PN N
% D.DE " " " _h o - 5819 E : \-S.N(ﬂm 0 \. .2.
o5 \/ \A/ \ /\ Rotation p_erlod, Rossby n},lmb_er, white-light flares -G X
1508 | e X-ray activity: X-ray luminosity from 3XMM-DR5 count rate 0.2-2.0 keV, " oonus e N
1000 : thermal model kT=0.82 keV (from spectral fit of brightest sources).Search o) o 0 ’ .
~ soof i {\ : for flares in EXTraS[1] light curves Modified from . X
ot . J NP - . - ww.kepler.nasa.gov B .o\. 2\
> ' PEI‘E}% [d] > o 2(/)h\40m 20h\20m ﬁ;Om A19h40m%;©/ 1.;3h é(;r;

RESULTS

First characterization of the activity/rotation link on the whole late-type main-sequence spectral range with e I M R
rotation periods measured from high-precision Kepler light curves and homogeneous measure of activity from sl ¥ s Bite (M stars
XMM-Newton data and Kepler light curves. - v . - M
N : SE
. . . R . L . . > 28F ) 5
Rotation periods: 76 stars (/2%) present rotational variability -> rotation period in the range ~0.3-70 d. Very high fraction ©. o
of rotators, due to selection bias towards very active stars. Twenty-nine new rotators. = o7k
= - - 5 . . @) -
X-ray activity/rotation: X-rays flux-limited sample + large average distance of Kepler stars (~270 pc) -> bias towards B
: g . : : . - Stelzer et al. 2016 (M stars, K2 sample):
very active stars (see comparison with the distribution by [3], 90% completeness). 26F  green; red: P_ quality flag; annulus: binary
X-ray activity decreases with period; hints of two regimes: correlation for slow rotators, saturation for fast rotators. 25;
Good agreement with previous results [4] (K2 sample of M stars within 10 pc), [5], [6]. T 10 100
Flaring activity: white-light flaring rate increases 0 107 P o [d]
towards later spectral types; possible decrease 107 | Black dots: [] 02 | _; <erter -
. ' : . : M Solid line: ; ; . 5 12400, . . :
towards long rotation periods. Six X-ray flares: all with ol empirical relations - ¥ - : 13300 Example of simultaneous
. . . 10° | . from [g] 10 | 141000 % X-raylwhite-light flare
chromospheric long-duration counterpart. Consistent 2 i | ; e g M
. . . . 2 ;' !_'. - " . ._‘.:,".'a .o . ] gl _ i3§00:
X-ray/white-light flaring rate. Good agreement with [4] AN g 104 | g 13568 : SAENEWTON - PN 5055 .
50 . . . . . . . 10°° , -" - . | 10° L E 5:33] } XMM-Newton unlform bin
No filling: distribution from [3]; F : z S;EE: light curve (from EXTraS)
401 dashed filling: our sample M w0 L 108 Lt e N 3 ool i Py :
Letters represent spectral type 10° 103 107 107 10° 101 E_999r il -
30+ o E 0:35 | ){MM NEWTON PN - BB
20| 107 ¢ 3 030 XMM-Newton b
' | i | ; ] S 830 } blocks Ileghtocnurvaey?f?(l)arg
10+ -_ 107 107 | _ 9131 EXTraS)
50 | | —_— _mmlnmlum[ﬂTﬂTﬂThT”mm_ - - ? 1030 i !:‘_-..: . 'I_. . . R ] gg%_ﬁ b u': :'D 1|2+ 1|4 i—*TG Jo
40 L ."a lg_:::.“ “‘. ' r' -, A § 10 _ - ) - 11M-E{|:I] - -;2-455329195-
=~ 10”® hq 107 _
30+ 3 3 M. 0.30 7 . . .
20} e 10° | ' M 10 . Red: M stars
10} | b E? 2T .
50- : : - " o Ill‘é'ﬂ 10'10_3 10! 0.20 © Green: F stars
° Cyan: A stars
. 40 |- 10” g oas| Annulus: star with |
- [ ] 3 X-ray flare
= 30 _ 107 | 102 | . .
) _ _ ; ]
~ ' ' 10 107 | y . 0.05| - . o
50 : : - 10
40 t F - 10%% _ 10% _ —9%% s 0.0 DI-SIOEPM - 1.0 1.5 2.0
30} ! ]
107 | 10 s el -
20 1 10 10 10 10 0.3 - Stelzer et al. 2016 (M stars, e
[ ' I - I w? e T F . K2 sample): :
10 F - 3 ; F ' ' ' ] : : : :
_ ! H T -H- N _ : ] 5 ] . green; red: P quality flag;
0 | | - .H““""“'H b 10°! | F . [ ] - @ * annulus: binary = .
9| | : é 107 | I = 02F . oo 3
| ' ! i N ) °. M or
) ALL - i S ] T . Bilie (M stars)
I l e 10™ = - - - e
50 - g | - —e® . - E
0 | | 107 ¢ 20-15-@' - _ - e . .
i - | 10285_ . : F ® ﬂ:.‘:;.o .°
lg_ - l_!_ _____ ll'ﬂllﬂlﬂ'ufl'ul'l'lwﬂHm F ![DJJML - ] : 0.0F R ® 7
24 25 26 27 28 29 30 31 10007 .. — . 105 e C
loe[. / ] p : o o 0.0 0.5 10 13 2.0
0 - |erqg/s .
g X [ ! g P rot (d) log P, [d]

References:[1]De Luca, A., Salvaterra, R., Tiengo, A., et al. 2016, The Universe of Digital Sky Surveys, Astrophysics and Space Science Proceedings, Volume 42,[2]Rosen S. R., et al., 2016, A&A Volume 590, id.Al, 22 pp. [3]J. H. M. M. Schmitt and C. Liefke.
A&A,417.:651-665, April 2004. [4]Stelzer B., Damasso M., Scholz S. P. Et al., 2016, August 2016, [5] N. J. Wright, J. J. Drake, E. E. Mamajek, and G. W. Henry, ApJ, 743:48, December 2011., [6]N. Pizzolato, A. Maggio, G. Micela, S. Sciortino, and P. Ventura. A&A,
397:147-157, January 2003.


mailto:*pizzocar@lambrate.inaf.it

