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chances of false-positive biosignatuiesg., Domagal-Goldman  observations only give us a narrow photometric window into
et al. 2014 Tian et al.2014 Harman et al2015. Richey- the overall evolution of K star UV ux, as some of the
Yowell et al. (2019 measured this ratio to be up to 10 times strongest and thus most important emission features of these
smaller for K stars than for M stars, which have been measuredtars are outside of the GALEX bandpas&g., Cil, Silll,
photometrically to be betweer0.1-0.3 (Schneider & Shkolnik NV, Cil, and Mgt).
2018 and spectroscopically to be betweeb.5-3 (France et al. In this paper, we present an examination of the evolution of
2013, giving K stars an added advantage for the detection ofupper atmosphere UV emission lines of 39 K stars, building
real biosignatures. The EUV values are crucial since the EUVupon the photometric K star evolution work of Richey-Yowell
will heat and ionize the atmosphere, powering thermal atmo-et al. (2019, as well as expanding the M star UV spectral
spheric escapéLammer et al.2003 2007 Koskinen et al. analysis of Loyd et a[202]) into the K star regime. Using the
2010. However, the EUV ux from stars other than the Sun is Cosmic Origins SpectrograpCOS on the Hubble Space
predominantly absorbed by the interstellar medi(iBM). TelescopdHST), we obtained spectra of K stars at ages 40 Myr
Limited data exist in the EUV and must therefore be estimated(Kraus et al2014), 650 Myr (Martin et al.2018, and 5 Gyr
from empirical relationships, differential emission measure (the average age of theeld stary in both the NUV
models, or stellar atmospheric models constrained by data a2000-3100A) and FUV (1106-1800A) in order to measure
FUV, NUV, or X-ray wavelengthg¢e.g., Pagan@009 Linsky the UV temporal and rotation evolution of K stars. In Sec®on
& Gudel 2015 Fontenla et ak016 Peacock et ak019 202Q we discuss the target selection strategy followed by a
Tilipman et al.2021). description of the methods for analysis in SecBorfrinally,

The photodissociation of the molecules in planetary atmo-we present the results in Sectigh and discussion the
spheres can also lead to increased production of hazes immplications for these conclusions in Sectton
reducing atmospheres of sub-Neptunes and Archean Earth

(Earth 4.62.5Myr agg analogs, thus drastically altering the 2. Observations
spectrum and the detectability of biosignatui@srkle et al. ]
2012 Arney et al.2017). For future observations such as with 2.1. Target Selection

the James Webb Space Telescope that will focus on planetary Tg explore the UV evolution of K stars, we selected stars at
in the atmospher¢e.g., Fauchez et a2019. While no HZ gt sample of 10 K stars was taken from the Tucana-
planets around K dwarfs are expected to be seen by TESS dugprologium young moving grougd0+ 5 Myr; Kraus et al.

to orbital period constrain®arclay et al2018, 30 HZK 2014 and conrmed to be bonade members through their 3D
dwarf terrestrial planets are expected to be discovered in th%pace velocity motions and lithium depletion by Kraus et al.

next decade with ESA PLATO mission(PLATO De nition Similarly, our intermediate stellar sample of 15 K stars was
Study Report, 2037 selected from members of the Hyades moving group
(650+ 70 Myr; Martin et al.2018, con rmed through 3D
1.2. The K Dwarf Advantage space velocity kinematics by Goldman et(@013. Finally,

) . we identi ed 14 eld stars within 30 pc using the SIMBAD

Several studies have recently focused on K stars as optima}atabase and assumed an age of 5 Gyr for elsrage sample,
hosts for habitable planets. Both Cuntz & Guir{a616 and as this is the average age of the steliald.
Heller & Armstrong(2014) found that early-type K stars may K stars with the same spectral type will have different
offer the most suitable conditions for life and may even be masses at different ages. Therefore, we must consider the
“super-habitable,.e., even more habitable than an Earth-sized eyolution of stars of similar mass in time. We estimated the
planet around a G2V star. From a photochemistry perspectivemasses of the stars using Table 1 of Richey-Yowell et al.
studies have demonstrated that K6V sfar8.7M.) may be (2019, which were calculated from the spectral type to
the most suitable laboratories for producing detectablga@l  effective temperature transformations of Pecaut & Mamajek

O (Arney et al.2017 Arney 2019, while the increased {of (2013 and the model isochrones of Baraffe et(a015. We
planets around these stars would permit complex life to developselect stars only from 0-6.8 M. to be included in our

much faste(Lingam & Loeb2018. samples. A summary of the targets is presented in Tlable
The HST data presented in this paper were obtained from the
1.3. K Star Activity Evolution Mikulski Archive for Space Telescopes at the Space Telescope

. . Science Institute. The speci observations analyzed can be
Using the Galaxy Evolution Explor§GALEX) broadband  gccessed via0.17909t9-f477-3m79

UV photometry of K stars ranging in age from 10 Myr to
5 Gyr, Richey-Yowell et al2019 compared the photometric .

UV evolution of K stars to that of early- and late-type M stars 2.2. HST Observations

(Shkolnik & Barmar2014 Schneider & ShkolniR018. They The 39 targets were observed in the NUV/ard=UV with

reported that the intrinsic NUV radiation of K stars only the HST COS instrument. Of these, 16 are new observations

decreased slightighalf an order of magnitudiéetween 10 Myr from GO-15955PI: Richey-Yowell and 14 are new observa-

and 5 Gyr (the average age for theld stary and the FUV tions from SNAP-15091(PIl: Aglero$, the remaining are

radiation decreased similarly from-8%0 Myr before falling publicly archived observations from GO-144€T: Sing, GO-

off more steeplyan order of magnituddy 5 Gyr. This trend is 14784 (PI: ShkolniR, GO-13650(PI: Francg SNAP-14633

different for late M stars, which are active longer because of(Pl: Francg and SNAP-1168PI: Ayreg. The HST program

their slower spin-down rate, and early M stars, which remainnumber is identied with each target in Tabz

constant through 150 Myr before declining shar@ly orders For the new targets from GO-15955 presented in this paper,

of magnitudg in both the NUV and FUV. However, GALEX each was visited once by HST and was exposed in the COS
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Table 1
Target Information Broken Down by Age

Name 2MASS Name R.A. Decl. SpT Mass Distdnce Derived Agé Rotation Period Reference Rossby

(Me) (Po) (Myr) (dayg Number
Tucana-Horologium Membe(40 Myr)
HIP 1910 J00240899-6211042 00 24 08.98 $62 11 04.29 K7.2 0.69 44.28 1.07 40t 5 1.751+ 0.003 1 0.044
CT Tuc J00251465-6130483 00 25 14.66 $61 30 48.25 K5.7 0.72 44.16 0.06 40+ 5 4.190+ 0.419 1 0.121
CD-46 644 J02105538-4603588 02 10 55.39 $46 03 58.65 K4.2 0.80 81.78 0.61 40+ 5 1.116+ 0.001 1 0.060
CD-35 1167 J03190864-3507002 03 19 08.66 $35 07 00.29 K5.7 0.77 45.56 0.07 40t 5 8.5+ 0.1 1 0.275
CD-44 1173 J03315564-4359135 03 31 55.64 $435913.54 MO 0.60 45.28 0.07 40+ 5 2.94+ 0.01 1 0.092
TYC 8083-45-5 J04480066-5041255 04 48 00.66 $50 41 25.66 K5.7 0.72 59.60 0.27 40t 5 8.44+ 0.05 1 0.224
TYC 8098-41 J05341467-5145545 05 33 25.58 $51 17 13.10 K4.9 0.77 53.95 2.67 40t 5 5.22+ 0.52 2 0.154
HIP 107345 J21443012-6058389 2144 30.12 $60 58 38.87 K7.2 0.69 46.36 0.05 40+ 5 454+ 0.02 1 0.120
2MASS J23261069-7323498 J23261069-7323498 23261070 57323 49.89 K7.7 0.66 46.28 0.06 40t 5 0.57+ 0.02 2 0.014
UCAC3 13-31217 J23585674-8339423 2358 56.74 $83 39 42.3 K5.8 0.72 55.68 0.06 40+ 5 L L
Hyades Member50 Myr)
2MASS J035103002354134 J035103692354134 03 51 03.11 +235413.14 K6 0.79 40.68 0.08 650+ 70 1257+ 1.26 3 0.603
2MASS J03524104. 2548159 J035241612548159 03 52 41.00 +25 48 15.97 K7 0.62 45.28 0.12 650+ 70 14.66+ 1.47 3 0.498
2MASS J035501421229081 J035501421229081 03 55 01.44 +12 29 08.11 Ko 0.63 45.92 0.09 650+ 70 11.66+ 1.17 3 0.628
2MASS J040701221520062 J040701221520062 04 07 01.22 +15 20 06.10 K4 0.75 45.08 0.24 650+ 70 14.03+ 1.40 3 0.639
2MASS J040811101652229 J040811101652229 04 08 11.09 +16 52 23.11 K7 0.62 40.18 0.07 650+ 70 13.63+ 1.36 3 0.398
2MASS J040826671211304 J040826671211304 04 08 26.66 +12 11 30.64 K5 0.60 46.38 0.15 650+ 70 12.96+ 1.30 3 0.467
2MASS J041725121901478 J041725%21901478 0417 25.15 +19 01 47.67 K5 0.71 47.86 0.18 650+ 70 12.84+ 1.28 3 0.557
2MASS J042407402207079 J0424074R207079 04 24 07.42 +22 07 07.92 K5 0.71 45.78 0.12 650+ 70 13.01+ 1.30 3 0.477
2MASS J042938972252579 J042938972252579 04 29 38.99 +22 52 57.79 K5.5 0.68 59.35 0.19 650+ 70 14.95+ 1.50 3 0.671
V925 Tau J043038192254289 04 30 38.19 +22 54 28.83 M3 0.66 50.98 0.26 650+ 70 2.50+ 0.25 3 0.040
2MASSJ043337162109030 J043337162109030 043337.18 +21 09 03.06 K7 0.62 43.88 0.09 650+ 70 13.59+ 1.36 3 0.543
2MASS J043341921900504 J043341921900504 04 33 41.92 +19 00 50.52 K7 0.62 47.88 0.16 650+ 70 12.64+ 1.26 3 0.542
STKM 1-498' J0435025% 0839304 04 35 02.55 +08 39 30.55 M1 0.79 59.34 2.64 650+ 70 11.76+ 1.18 4 0.284
UCAC4 518-008874 J0445196% 1334274 04 45 19.60 +133427.34 K6 0.66 51.7¢ 0.71 650+ 70 2.22+ 0.2203 3 0.035
2MASS J044708922052564 J04470892052564 04 47 08.93 +20 52 56.32 K4 0.75 42.30 0.09 650+ 70 10.54+ 1.05 3 0.595
2MASS J044726182303032 J044726182303032 04 47 26.18 +23 03 03.32 K4 0.75 55.08 0.17 650+ 70 11.79+ 1.18 3 0.579
2MASS J045149171716255 J045149%71716255 04 51 49.18 +17 16 25.43 K5 0.71 54.4% 0.15 650+ 70 13.01+ 1.30 3 0.515
Field Stary 5 Gyn
CD-23 1056 J02464286-2305119 02 46 42.88 $23 05 11.80 K5 0.70 23.39 0.02 1436 3%t 19+ 2 5 0.582
BD+ 16 502 J034352531640198 03 43 52.56 +16 40 19.30 K6 0.65 17.2¢ 0.01 1428 1033 21.81+ 2.18 6 0.610
HD 266611 J065704683045235 06 57 04.68 +30 45 23.37 K5 0.70 18.88 0.04 5889 4347 L L L
HD 85512 J09510700-4330097 09 51 07.05 $43 30 10.02 K6 0.65 11.28 0.01 4766 3139 L L L
BD+57 1274 J103143215706571 10 31 43.22 +57 06 57.10 K5 0.70 17.56 0.01 6219 ;8% L L L
HD 99492 J112646270300229 11 26 46.27 +03 00 22.75 K3 0.79 18.2¢ 0.06 8774 3982 L L L
BD+49 2126 J121508854843574 12 15 08.84 +48 43 57.25 K6 0.65 22.46 0.04 6469 4817 L L L
BD+05 2767 J133421500440026 13 34 21.50 +04 40 02.63 K5 0.70 20.44 0.03 6123 4738 L L L
HD 128311 J143600550944474 14 36 00.56 +09 44 47.45 K3 0.80 16.34 0.02 2672 3353 1154+ 1.15 7 0.702
BD+47 2936 J195050214804508 19 50 50.24 +48 04 51.09 K4 0.74 37.8% 0.03 1639 3891 19.08+ 0.06 8 0.778
WASP-80 J20124017-0208391 20 12 40.16 $02 08 39.19 K7 0.61 49.86 0.12 6067 4328 L L
WASP-69 J21000618-0505398 21 00 06.19 $05 05 40.03 K5 0.70 50.08 0.13 5442 4313 L L L
HD 201091 J210653413844529 21 06 53.93 +38 44 57.89 K5 0.70 3.58 0.00 4803 133% 35.37+ 3.54 9 1.889
WASP-29 J23513108-3954241 2351 31.08 $39 54 24.25 K4 0.74 87.82 0.31 4003 3048 L L L
Notes.

Referenceq1) Messina et al(2010); (2) Jayasinghe et a2019; (3) Douglas et al(2019; (4) Kiraga & St (2013 (5) Astudillo-Defru et al(2017); (6) Lu et al.(2019; (7) Strassmeier et a2000; (8) McQuillan

et al. (2014; (9) Mamajek & Hillenbrand2008.

@ Distance measurements from Gaia EO(RBwn et al.2021).
b Ages either from the literature for moving group memli§8ection2.1) or derived from thestardate

program by Angus et a(2019 for eld stars. See Secti@3 for a discussion.
© Errors reported where speei by the original authors, otherwise assumed to be 10% of the rotation period.
9 denti ed in this work as a spectroscopic binary and was therefore not included in the analysis. Se®.3édatiandiscussion.
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Table 2
Summary of Observations
Star Grating Texp First Last Program
Observation Observation HS#T
(€] (MM/DD/ YY) (MM/DD/ YY)
Tucana-Horologium Membefd0 Myr)
HIP 1910 G130M 1636 180/ 17 L 14784
G160M 1502 830/ 17 L 14784
G230L 284 830/ 17 L 14784
CT Tuc G130M 5369 B/ 20 L 15955
G160M 1786 86/ 20 L 15955
G230L 562 36/ 20 L 15955
CD-46 G130M 5173 h27/ 20 L 15955
G160M 1837 427/ 20 L 15955
G230L 364 427/ 20 L 15955
CD-35 G130M 4483 227/ 20 L 15955
G160M 3592 227/ 20 L 15955
G230L 578 227/ 20 L 15955
CD-44 1173 G130M 10117 20/ 17 L 14784
G160M 10810 720/ 17 L 14784
G230L 4561 71917 L 14784
TYC 8083 G130M 4280 1418/ 20 L 15955
G160M 2068 418/ 20 L 15955
G230L 644 41820 L 15955
TYC 8098 G130M 5932 618/ 20 L 15955
G160M 3512 618/ 20 L 15955
G230L 662 618/ 20 L 15955
HIP 107345 G130M 5201 /3320 L 15955
G160M 1845 31320 L 15955
G230L 662 31320 L 15955
J23261 G130M 1352 188/ 17 L 14784
G160M 1402 818/ 17 L 14784
G230L 606 81817 L 14784
UCAC3 13 G130M 6334 216/ 21 L 15955
G160M 1531 216/21 L 15955
G230L 1506 216/21 L 15955
Hyades Member&50 Myr)
J03510 G230L 88 /29 19 L 15091
J03524 G230L 868 187/ 19 L 15091
J03550 G230L 208 /9819 L 15091
J04070 G230L 395 29 19 L 15091
J04081 G230L 777 122/ 19 L 15091
J04082 G230L 271 24/ 19 L 15091
J04172 G230L 678 /%/ 19 L 15091
J04240 G230L 934 11/19 L 15091
J04293 G230L 1167 /9319 L 15091
V925 Tau G130M 5580 26/ 20 L 15955
G160M 2472 226/ 20 L 15955
G230L 1160 226/ 20 L 15955
J04333 G230L 632 124/ 19 L 15091
J04334 G230L 501 /4319 L 15091
STKM 1-495 G130M 5556 23/ 20 L 15955
G160M 2806 22320 L 15955
G230L 440 22320 L 15955
UCAC4 518 G130M 5564 97/ 20 L 15955
G160M 2979 97/ 20 L 15955
G230L 832 97/20 L 15955
J04470 G230L 356 12/19 L 15091
J04472 G230L 571 /29 19 L 15091
J0o4514 G230L 1179 /95 19 L 15091
Field Stary 5 Gyr)
CD-23 G130M 5580 126/ 20 L 15955
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Table 2
(Continued
Star Grating Texp First Last Program
Observation Observation HSA
(s (MM/ DD/ YY) (MM/ DD/ YY)
G160M 5370 1226/ 20 L 15955
G230L 1522 1226/ 20 L 15955
BD+ 16 G130M 5578 83/20 L 15955
G160M 3428 33/ 20 L 15955
G230L 654 33/20 L 15955
HD 266611 G130M 5626 /25 20 L 15955
G160M 3617 225/20 L 15955
G230L 674 225 20 L 15955
HD 85512 G130M 4631 1314/ 15 L 13650
G160M 400 314/ 15 L 13650
G230L 458 31415 L 13650
BD+57 G130M 6044 62/ 20 L 15955
G160M 3910 52/ 20 L 15955
G230L 846 %2/ 20 L 15955
HD 99492 G130M 1920 B 17 L 14633
BD+49 G130M 5836 610/ 20 L 15955
G160M 5626 610/ 20 L 15955
G230L 1614 610/ 20 L 15955
BD+ 05 G130M 11103 612/ 20 L 15955
G160M 2668 612/ 20 L 15955
G230L 1738 612/ 20 L 15955
HD 128311 G130M 1920 817 L 14633
BD+ 47 G130M 38375 1216/ 16 521/17 14767
WASP-80 G130M 43273 /22118 g 28 19 14767
WASP-69 G130M 38226 1a2/ 17 1031/ 17 14767
HD 201091 G130M 1300 12810 L 11687
WASP-29 G130M 39020 /2918 11 4/18 14767
G230L (NUV), G160M (FUV), and G130M(FUV) gratings, To identify ares, we created light curves by extracting the

with central wavelengths 2950, 1577, and 1A9kspectively. spectrum(in terms of counts ¥ A®Y) from the time-tagged
Total exposure times ranged from250 to 12,000s (corrtag ) les and subtracting the background regisee
depending on the brightness of the object. Times betweerFigure 3 of Loyd & France2014. After removing regions
exposures were typically100s or 45 min if the Earth was  contaminated by Earth geocoronal emissigsuch as Ly and
occulting the target during H33 orbit. The individual  Qj), we then applied theux calibration from the originaild
exposures were dithered on the detector to reduce noise th@pectrum to the time-tagged spectrum, to create a conversion
may be introduced into the spectra from observations at a singlgrom counts §*AS? to erg $1 cmS2AS. After this, we
location. For the new targets from SNAP-15091, each wasinieqrated over the bandpass to createug-calibrated light
visited once by HST and exposed in the COS G230L grating ;e for each target binned in 5 s intervals. A dozes above

with central wavelength 2950. Exposure times ranged from 3 were identied and will be anal ;
- . yzed separately in a future
90to 1200 s. The additional archived targets were observedpaper. No additionalare candidates were idereil by eye.

mltzt Ieast ?hne of thte ?OS G%30Lt,hGlGOM,dorfG13OM gratlng‘ts, For spectra that were observed during multiple visits, the
afthougn the central wavelengihs varied rom program 10 .., \yere coadded. We used teaddx1d (Danforth et al.
program. A summary of the observations can be found in - ; .
Table?2. 2010' 2016 code originally in IDL and t(anglated into python
by Nicholas Nefl to coadd the data, weighting by error.

The nal spectra were shifted to the rest frame of the star and
reviewed individually. Examples representative of the spectra
at each age are shown in Figure
3.1. Data Reduction Two of the observed targets from GO-15955, STKM 1-495

Initial data reduction was carried out through @&LCOs  and UCAC4 518-008871, showed clear binarity in our
pipeline version 3.3.10. Since we are interested in the evolutiorSPectroscopic observations. ~Additionally, archival Keck
of the quiescent UV ux of these stars, we removed argres ~ NIRC2 imagegProposal I.D# H246N2, PI: Gaidgscon rm
in the data. If a are was found, we removed it by discarding that STKM 1-495 is in fact a binary system. These two targets
the time region where it occurred using thghon program were thus not considered in our study due to both blending and
costools . The remaining data were then re-run through the potential increased activity due to tidal Aod magnetic
CALCOSipeline to produce ux-calibrated 1D spectra. While interactions between their companions.
these spectra ideally represent a quiescent stellar state,
unresolved ares may still be present. ® hitps!/ github.cont cosmonautpython-coaddx1d

3. Analysis



https://github.com/cosmonaut/python-coaddx1d

The Astrophysical Journal, 929:169(13pp), 2022 April 20 Richey-Yowell et al.

1029 i
e 1028 4
=2 |
287
@ g oL 1027 4
O m—
c |
£2 .
E.t’ o YN
3E 5 102 4
S5 9
@
o g
1025 4 650 Myr
= 5000 Myr
1500 2000 2500 3000
106 N
£ —
o7 |
397 10° 5 .
[y |
88§
€27 1075 e
S c wn 1 L o4
03 o
o9 I d
o= 103 3 IR & ! = 40 Myr
650 Myr
102 4 == 5000 Myr
1500 2000 2500 3000

Wavelength [A]

Figure 1. Hubble Space TelescopeCosmic Origins Spectrogra@iST/ COS spectra of HIP 1073460 Myr), V925 Tau(650 Myr), and BD+49 2126( 5 Gyn, as
representative spectra of the entire sample. The upper panel shows the luminosity per unit wavelength of the spectra, while the lower panefad®ws {her sinit
wavelength. The data have been binned infoititervals, except for the dotted fion of the spectra that representlitnits of low signal-to-noise rati¢§/ N) data(S§ N < 5
when binned to 1@ interval3. The 40 Myr and 650 Myr spectra appear quite similar to each other, whikeldrgtar spectrum is almost an order of magnitude lower in the FUV.
Note that the Ly (1216A) and O1 (1302A) lines between the spectra are not comparable due to differesidegebcoronal contamination anterstellar medium absorption.

3.2. Measuring Line and Continua Fluxes Table 3

. .. Properties of the UV Emission Lines Studied in This Work
We analyze the strongest chromospheric and transition

region emission features in the COS bandpassés; $ilil, lon Integration RegioiA) rest (B) 10g o(Tpead [K1)
Nv, Ci, Silv, Clv, Hell, and Mgll. These lines were also ¢y 1174.51177.0 1174.93 4.7
analyzed in Loyd et al(2021) and thus we can make direct 1175.26 4.7
comparisons with the UV evolution of early M stars. We list 1175.59 4.7
the rest wavelength and formation temperature in Tabées ﬂ;i;g 2-;
well as the wavelength range over which we integrate to 1176.37 47
calculate the surfaceuxes. sin® 1205.81207.2 1206.51 47

For more accurate lineuxes, we used theastropy Nv2 1238.6-1244.1 1238.82 5.2
modulespecutils  to tthe continuum immediately outside 1242.80 5.2
the spectral regions idenéid in Table 3 with a cubic cu® 1333.31336.8 1334.52 4.5
Chebyshev polynomial and subtract the The accuracy of . 1365.6.1365.0 Pl e
these ts was conrmed by eye for each line of each target. 1401.91403.5 140277 49

We additionally analyze the NUV continuum as well as the ¢\ 1547.6-1552.0 1548.20 48
FUV continuum of each spectrum. The continua in these 1550.77 48
regions are dominated by multiple weak absorption andHel 1639.6-1642.0 1640.4 4.9
emission lines and therefore are more accurately consideretf9"" 2792.6:2807.0 2796.35 3-61.0

’ : . 2808.53 3.64.0

to be“psuedo-continu&.To calculate the pseudo-continua, we
consider the same regions as Loyd et @021, which Integration RegiongA]
cumulatively cover 254. The wavelengths of the regions over FUV pseudo-continuum 1160172, 12561290, 13261330,
which we integrated are additionally found in TaBleThese 1340-1390, 1125(3):11571;% 15961635,
regions exclude areas of strong emission lines not considered iRyy pseudo-continuum 2818200

this study and non-stellar background contamination such as
geo-coronal emission features. For the archivetld-age Note.
targets which only had data in one of the two FUV gratings, ® Outside of the GALEX NUV or FUV bandpasses.
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Figure 2. All HST spectra, separated by age. Flares have been removed for the direct comparison of quiescent emission and the data have beeh bitergdlinto 1
except for the dotted portion of the spectra that represeliths of low-S N data(S§' N < 5 when binned to 1@ intervald. Only one Hyade¢50 Myr) member has

data in the FUV. There is clear residual variability between the spectra, particularly at the younger ages, partly due to a larger spread ssspetadhatd y

(1216A) and 01 (1302A) lines between the spectra are not comparable due to different levels of geocoronal contamination and interstellar medium absorption.

we take the ratio of the target pseudo-continuum available toproviding theG, BP, andRP magnitudes and parallaxes from
the same region in HD 26661¢he target with the FUV ~ Gaia EDR3(Brown et al.2021), the J, H, andK magnitudes
pseudo-continuum ux closest to the average of the FUV from 2MASS(Skrutskie et al2006, and the rotation period if
pseudo-continuumux for the entire sampleand multiply the  available. A summary of these data is seen in Figure

FUV pseudo-continuumux of HD 266611 by that ratio. This The rotation periods were gathered from the literature where

assumes that the shape of the continuum does not vangyailable. For stars with no reported error in their rotation

signi cantly between targets, as is the case in Figure period, we assume 10%. For those without measured rotation
In order to calculate the surfacax from the observedux, periods, we carried out a Lom®cargle (Lomb 1976

we estimated the radius of the stast usmg the spectral type Scargle1982 search of TESS lightcurves using the program
to effective temperature relationship in Pecaut & Mamajek ightkurve (Lightkurve Collaboration et al2018. The
ggﬁz ?e:}gtitct]r?sr]hiusslri]r? éf;(?a?;:egl\gotlearnperature to mass an(Jightkurve periodograms test frequencies up to the Nyquist
P ’ frequency, using grid steps of (bbservation time UCAC3
13-31217, HD 266611, HD 85512, BI®7 1274, B 49
3.3. Determining Ages, Rotation Periods, and Rossby Numbe@lZG and BB 05 2767 had TESS observations; however, no
While the ages of the moving group members are well clear variability was idented, which is not uncommon for
constrained, the ages oéld stars are typically estimated from older stars.
isochrones and gyrochrones. We utilized thtardate The Rossby number is deed as the ratio of a starotation
package by Angus et al2019 to determine these ages, period to its convective turnover tinfiee., the time it takes for

7
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Table 4
Results of the MCMC Fits to the Data Seen in Figutes, and6
Line l0g,o(Xsar) log(Fsad) log(f)
o (erg s* cm™?)

Age

Mg Ii 8.920 9222 6.016 3931 0.613 9345 0.859 514
ci 8.779 §138 5.012 98¢ 1.090 332 0.649 5353
Siin 8.760 5148 4.637 5572 1.142 §230 0.534 3%,
ci 8.708 515 4.818 3:36¢ 1.298 $:223 0.592 §358
Siv 8.797 31% 4.626 3342 1.250 5275 0.496 3332
Hell 8.753 33% 5.131 3%, 1.331 9326 0.885 3327
cw 8.847 015 5.299 §3% 1533833 0.635 5350
NV 8.778 §133 4.580 3962 1.239 9329 0.580 332
FUV continuum 8.534 9312 6.246 3982 0.736 3153 0.354 3382
NUV continuum 9.368 3332 7.341 3989 1.688 380% 0.010 9382

Rotation Period

Mg i 1.073 505 6.070 5942 2217 5883 0.945 51%
(o] 0.694 J1L2 5.117 334 1.577 352 0.938 5239
Siln 0.842 5542 4,717 58& 2.526 $:3%2 0.848 283
cu 0.823 354 4.901 3388 2.773 338 0.979 3338
Siv 0.786 3358 4,714 3373 2.088 525 0.767 9338
Hell 0.814 5538 5.200 5838 2.642 5345 1.524 338
Civ 0.844 5948 5.369 982 2.730 5337 0.875 3339
Nv 0.807 §36 4.682 588 2.466 §30¢ 0.995 0372
FUV continuum 0.841 338 6.322 3388 2.428 33% 0.598 5283
NUV continuum 1.046 3939 7.459 §:832 2.596 5237 0.160 3388

Rossby Number

Mg 1 0.506 §3%% 6.040 354 0.152 §332 0.763 §18
(o] 1.025 3252 5.123 5:3%8 0.976 3288 0.782 3313
Sim 0.833 5527 4.705 3333 1.087 5842 0.618 53%
ci 0.775 3382 4.888 .08 1.552 3% 0.727 33%,
Siv 0.847 J3%8 4.710 358 1.267 §53% 0.620 328
Hell 0.700 3322 5.199 3:5%¢ 2.687 3338 1.563 338
Civ 0.710 3338 5.381 332 2.746 3382 1.030 33%
Nv 0.860 5164 4.689 507 1.449 8438 0.867 5324
FUV continuum 0.720 312 6.336 3388 1.692 552 0.663 5282
NUV continuum 0.474 3138 7.385 394 0.138 3241 0.015 3389
—T40 circulation within a convective cgllR,= P,/ . This number
0 was rst shown by Noyes et a]1989 to be correlated to the
135 magnetic activity of stars, and therefore should relate directly to
the chromospheric, transition region, and coronal surfaxes
o 2 30 — of stars which are driven by this magnetic activity. To calculate
k= E the convective turnover time, we use the empirical relationship
§D 4 25— betweerV S Kg color and the turnover timescale of convection
= 2 by Wright et al.(2018. For two stars in our data without
0 . 120 € VS Ks colors, we instead use the massnvective turnover
2 g time relationship, again estabhsheq by Wright et(2018. .
%‘ 152 These were found to produce consistent Rossby numbers with
Z 3 25 the rest of the data set.
< 10 % The complete list of estimated stellar ages, measured rotation
" periods, and derived Rossby numbers can be found in Table
5
12 - —0 -
0.5 1.0 1.5 2.0 2.5 3.4. Model Fitting
Gpp — Grp

_ _ _ _ _ To t the surface ux, F, as a function of age, rotation
F'gudfe 3. Co'if-mag”'%de d'agarggl S;fTSala IdObJeCIS, ta#e” frdom the period, or Rossby number, we adopt a piecewise model that
stardate  package by Angus et . The eld stars in this study are - - .

overlaid as black points. These stars were aged gsimdate  with the G, includes a perlqd of Satu'iajterbnStam activity, foIIowed. by a .
BP, and RP magnitudes and parallaxes from Gaia EDR3; héi, and K power-law decline, as utilized in other chromospheric studies

magnitudes from 2MASS; and the rotation period where available. (e.g., Wright et al2011, Jackson et aR012 Loyd et al.2021
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