Activity-sensitive spectral lines of M dwarfs in the CARMENES
visible and near-infrared spectral range: impact on radial
velocity determinations and stellar parameters determination
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ABSTRACT. In this contribution we summarize our project devoted to identify activity-sensitive spectral lines in the CARMENES visible and near-
Infrared spectral range of M dwarfs. The aim Is to contribute to solve the problem of stellar activity in RV measurements to search for exoplanets around
these stars and in the determination of precise stellar parameters. To identify lines with a significant chromospheric contribution, apart from well known
activity indicators (Na | D1, D2 He | D3, Ha, and Ca Il IRT lines, He |1 10830 A, Pay and Pap lines), we have used the spectral subtraction technique
using our Python code ISTARMOD (Labarga & Montes 2020) choosing as reference the spectrum of the star with lower activity. We confirm the new
activity-sensitive lines by analysing the correlation with the other well known activity indicators in the same spectra and their temporal evolution in two
particular active stars EV Lac (EV Lacertae, M3.5) and YZ CMi (YZ Canis Minoris, M4.5). They are specially active stars with strong flares and strong
magnetic fields. In addition, we analyse line by line the template spectrum (co-added of all the individual spectra available) of these two
stars applying also the spectral subtraction using In this case as reference star an inactive M dwarf star of similar spectral type to search for
magnetically-sensitive lines, that is lines with detectable Zeeman broadening. After this analysis on YZ CMi and EV Lac, we have found 84 and 97
chromospheric activity-sensitive lines and 160 and 170 magnetically-sensitive spectral lines respectively. We are now studying the impact of the
elimination of the activity-sensitive spectral lines identified in this way on the RV determination using cross-correlation functions with weighted binary
masks as in Lafarga et al. (2020) and on the stellar parameters determination by spectral synthesis as in Marfil et al. (2021).

—— Subtraction

—— Subtraction —— Subtraction

—— Subtraction

0.4 - QUIESCENT i | FLARE 01 Ti 1 8024.84 A - Fe | 8047.62 A
41 ‘ ‘J . | |
\bl l' A 0.0 1 - | T 0.0 A by NS N
0.2 4 0.2 | ﬂ r | k -. 1
"‘ \\ N L/ | k i ,.l N - \
-l il ‘[‘\“ Q ‘ }K s ‘ l! | /\\ ”’ r w v am‘l “}' | { ” “ { / i ’ ’ 05 B I'.l Il.'l
0.0 " | 0.0 1 |V bk TREE Ui N1 T 0-2 _ - .
\J\ ‘ \ ) m' # : KM'HI |’| ‘ “ h PA\' k W‘ Ll " \ v‘ —— Mot active —— Active — Not active —— Active
-0.2 | | | | | -0.2 U_Ef 1.0 —\J/ j\//\ ‘H;’\_&J/‘"\V U_Ej 1.0 -_f\/\!(“/\,x f\ﬂ“l Ilﬂf
—  Not active — Active —— Not active —— Active E 0.9 - I 'I E o I'-,_a:I III|I || III III.-’-"
.r__n ,__;? |III lII ||'I
1.4 - 1.4 - g 0.8 - | |I = Il"liﬁ"l."l
x 1.2 7 ‘ x 12 - | = 0 | < 0.6 - |}||
5 1.0 - f E 1.0 ¥ " BDIEE BDIEE BDIE_.:"' EDIEE EDIE'E!I BDI4E EDI*{I-E EDIEEI EDIEE
3 | \\ | t "' 31 ,|'q, 1 i I A [A] A [A]
o 0.8 4}/ | - ) h’/' . . . .
£ 'v W \f £ 07 il \ % ALY A Fig. 3: Two example of detecting lines affected by Zeeman broadening.
- o | i . . . .. . . .
=210 | =08 | The line is noted in our list of sensitive line to magnetic field when the
041 0.4 - Zeeman broadening can be detected in these plots.
5498 5500 5502 5504 5506 5508 5498 5500 5502 5504 5506 5508 Normal mask Filtered mask
A [A] A [A] 400_ 'et ot std 114.52 7 std 111.62
B N O o ol e e
A Fig. 1: EV Lac spectrum arround 5498 — 5509 A at quiescent £ *'i ;} ; S an e d ‘
. 01 ' ' * Y Y “aoe ‘o X
(left panel) and flare state (right panel). We measure the flux o] | | . | ety
change of the lines in the same range, when there Is a flare and T 013
when there is not I A B 2 a0 o
§ 9500 - 5 9500 | *
-0.20 - Fe 1 5429.706 A . T e e e RN
—0.15 1 ) EEZ * + std 0.15 1122 . std 0.14
—0.10 - % 10.75 bt ' t b4 % % 10.75 1 ' +¢ 4 : #
= %10.50- ; ﬁ'+ft+ *t¢+t+ *#++ ¢ + + 4 ++++ f?i f %10_50_ v 4 Hﬁﬂ ¥*++t+ :++ b * ;‘ df
—0.05 - ~ 10.251 ' © 10.251 ' y
T ¢
||. f'\ 10.00 10.00
0.00 ‘f I * — f‘ \ 400 } std 105.06 _
.- Frld | — .f \ i it . ’ 400 std 92.04
— //\-" F,l | I‘J e\ r' %i/\/ = 2001 ++++ g it, " $+++ TR *;? ? z 2% +
0.05 - | | | : -‘\f[ | | ’ ‘_ | £ o H +++ E ° ++++’*++$ i*m $+++ AR 's %
57400 57500 57600 57700 57800 57900 58000 58100  ~2001 @ ~200 ++
Julian Date ~400- ¢ —400 .
—20 - . 2457600 2457700 2457?]053 2457900 2458000 2457600 2457700 2457'3}35) 2457900 2458000
a . y
o A Fig. 4: Each of these plots are the output of RACCOON's code (Lafarga et
—16 A . . . . .
L al. 2020). The code Is based on the cross-correlation functions with weighted
. -1z binary masks and the output shows the radial velocity (RV), full width at half
10 |[ maximum (FWHM), contrast and bisector (BIS). The normal mask and the
-8 il f filtered one on EV Lac In the NIR. Normal mask Is used in Lafarga et al.
ol o e |
j: . ] jf*\/"/h__f—-—- *.»\.-'\:«.NL'& VA (2020) and filtered Iis a mask where there are only lines that are not sensitive
, , - . , to stellar activity. It shows how the dispersion of the RV and BIS is lower,
57400 57500 57600 5??0J0u”an Dgt?eaﬁo S?QDD 58000 58100

showing that eliminating our active lines the plots have less dispersion.
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A Fig. 2. A comparaison of the equivalent width (EW) over time of
a typicall activtly indicator (Ha) and one of our detected lines (Fe
), proving that our lines are sensitive to stellar activity. Top panel
shows the temporal evolution of Fe | 5429.706 A line. Bottom
panel represents EW evolution of Ha line.
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