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A B S T R A C T 

We present results from long-term spectroscopic monitoring of 21 T-Tauri stars located in the Taurus–Auriga star-forming region 

(SFR). We combine medium and high-dispersion Echelle spectroscopy obtained at the Star ́a Lesn ́a, Skalnat ́e Pleso (both in 

Slo vakia), and Tautenburg (German y) observ atories with lo w-resolution flux-calibrated spectra from Asiago (Italy) observatory 

all taken between 2015 and 2018. We extend the coverage by additional medium-resolution spectra from Star ́a Lesn ́a obtained in 

2022. In the previous paper, we measured photometric periods of these targets in a range of 0.7–3.1 d, which could be due to the 
rotation of a spotted surface or binarity. Here, we use the broadening-function technique to determine the radial and projected 

rotational velocities to reveal any close binary companion. Our analysis concludes that no such companion is present with an 

orbital period equal to the photometric period. We focus our analysis primarily on determining atmospheric parameters such as 
surface gravity log g , ef fecti ve temperature T eff , and metallicity [Fe/H]. Additionally, we measure the equi v alent width of H α, 
Li I , and interstellar Na I lines. We also investigate the effect of possible reddening on individual targets and construct the HR 

diagram of our sample. Using pre-main-sequence evolutionary models, we determine the age of our targets. This analysis hints 
at ages younger than 50 Myr with mean age 5 ± 3 Myr, masses between 0.75 and 2.10 M �, and minimum radii in the range 
0.60–3.17 R �. Altogether, the results are consistent with expected young stars with larger radii than those of main-sequence stars. 

K ey words: stars: v ariables: T Tauri, Herbig Ae/Be. 
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 I N T RO D U C T I O N  

nderstanding the properties of T Tauri stars (TTSs) is an utmost
riority to comprehend the evolution of Solar-type stellar objects,
nd also the formation and evolution of extrasolar planets. Ef fecti ve
emperature ( T eff ), surface gravity (log g ), and metallicity ([Fe/H]) are
undamental atmospheric parameters. The ef fecti ve temperature and
he surface gravity are important since the two parameters determine
he position of the object on the HR diagram, and are related to age
nd mass. 

According to the equi v alent width (EW) of the H α line, the TTSs
an be classified into classical T Tauri-type stars (abbreviated as
TTS) and T Tauri-type stars with weak emission lines (i.e. weak-

ine T Tauri-type stars, abbreviated as WTTS) (see e.g. Martin 1997 ;
hite & Basri 2003 ; Xing 2010 ). 
TTSs possess conspicuous absorption lines of lithium and exhibit

ery intense chromospheric activities (Herbig 1962 ). Because of
ccreting mass from their discs via magnetospheric accretion, they
eature large ultraviolet excesses (Ingleby et al. 2011 ), some are
ssociated with P Cygni profiles (Symington, Harries & K urosa wa
005 ; K urosa wa, Romano va & Harries 2011 ), veiling (Basri &
 E-mail: lhambalek@ta3.sk 
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Pub
atalha 1990 ; Hartigan, Edwards & Ghandour 1995 ), and infrared
 xcess (Hartmann, Hercze g & Calv et 2016 ; Manzo-Mart ́ınez et al.
020 ). All this implies that for the TTSs with weak emission
ines, the accretion discs around the stars have partially or even
ompletely vanished. We have to note that many candidates for pre-
ain sequence (PMS) stars have been singled out in X-ray surv e ys,

n the basis of their strong X-ray emission, and then confirmed to
e weak-line TTSs on the basis of their high lithium content, as well
s lack of UV and IR excess (e.g. Neuh ̈auser 1997 ; Feigelson &
ontmerle 1999 ; Walter et al. 2000 ). 
For late-type stars, the abundance of lithium on the stellar surface

s generally considered an indicator of age, as lithium is strongly
epleted already at the zero-age main sequence (ZAMS). It is,
herefore, possible to distinguish between the PMS and ZAMS stars
y comparing the lithium abundance with that of a young ZAMS
luster, e.g. the Pleiades (e.g. Neuhaeuser et al. 1997 ; Sterzik et al.
005 ; Xing et al. 2021 ; Campbell-White et al. 2023 ). Ho we ver, it was
ound that lithium abundances can be model-dependent. Therefore,
t seems that a better approach is to compare the EW of the Li I 6708
ine instead of the lithium abundances. 

Obviously, EW(Li 6708) is very sensitive to the ef fecti ve tem-
erature of the star, therefore this comparison has to be done in the
 eff −EW diagram (see Section 3.1 ). On the other hand, the H α

ine is not useful as a PMS indicator because some late-type main
© 2023 The Author(s) 
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Table 1. The basic characteristic of the selected targets. Distances are calculated from parallaxes from the Gaia DR3 (Gaia Collaboration et al. 2022 ) 
catalogue. Distance of HD 286178 is from TGAS (Michalik, Lindegren & Hobbs 2015 ). Rotational period P rot was determined by light-curve variability 
due to spots (see Hamb ́alek et al. 2019 ). Numbers in parentheses are errors given by the least significant digit. 

TTS Object name α2000 δ2000 B V Sp. type P rot Distance References 
[h m s] [ ◦ ′ ′′ ] [mag] [mag] (in lit.) [d] [pc] 

01 HD 285 281 04 00 31.07 19 35 20.8 11.34(7) 10.17(4) K1/F9 1.1711(37) 136.22 + 0 . 43 
−0 . 43 1, 2, 6, 12 

02 V1298 Tau 04 05 19.61 20 09 25.2 11.11(9) 10.12(5) K1.5 2.8489(8) 108.02 + 0 . 23 
−0 . 23 2, 3, 6, 12 

03 HD 284135 04 05 40.58 22 48 12.0 9.99(4) 9.39(3) G3V 0.8179(58) – 1, 6 

04 HD 284149 04 06 38.80 20 18 11.2 10.21(4) 9.63(3) G0-1 1.0712(7) 117.48 + 0 . 25 
−0 . 25 1, 2, 4, 6 

05 HD 281691 04 09 09.74 29 01 30.3 11.48(9) 10.68(7) G8III-K2 2.6267(237) 108.64 + 0 . 20 
−0 . 20 1, 6 

06 HD 284266 04 15 22.92 20 44 16.9 11.20(11) 10.51(9) K0V 1.8433(10) 122.40 + 0 . 36 
−0 . 36 1, 2, 6 

07 HIP 20782 04 27 05.98 18 12 37.2 9.09(2) 8.73(2) G5 – 127.21 + 1 . 60 
−1 . 56 11 

08 HD 284503 04 30 49.19 21 14 10.7 11.07(8) 10.24(1) G8 0.7370(3) 109.67 + 0 . 27 
−0 . 26 1, 6 

09 HD 284496 04 31 16.86 21 50 25.3 11.59(9) 10.80(6) K0 2.7738(8) 124.64 + 0 . 26 
−0 . 26 1, 5 

10 HD 285840 04 32 42.43 18 55 10.2 9.53(10) 9.38(8) K1V 1.5463(2) 89.98 + 0 . 14 
−0 . 14 2, 5, 6 

11 HD 285957 04 38 39.07 15 46 13.6 11.75(17) 10.86(8) G6-K1 3.0863(10) 139.82 + 0 . 35 
−0 . 35 2, 5, 6 

12 HD 283798 04 41 55.16 26 58 49.4 10.21(3) 9.55(2) G7 0.9831(2) 109.93 + 0 . 21 
−0 . 21 1, 2, 6 

13 HD 283782 04 44 54.40 27 17 45.5 10.69(6) 9.80(4) K1 2.0181(4) 205.08 + 8 . 69 
−8 . 01 1, 2, 6 

14 HD 30171 04 45 51.30 15 55 49.7 10.12(4) 9.36(3) G3-5 1.1058(33) 168.19 + 3 . 46 
−3 . 32 2, 5, 6 

15 HD 31281 04 55 09.62 18 26 31.1 9.83(3) 9.14(2) G1 0.6771(1) 121.28 + 0 . 43 
−0 . 43 1, 2, 6 

16 HD 286179 04 57 00.65 15 17 53.1 10.99(6) 10.39(5) G3 3.1249(20) 121.11 + 0 . 45 
−0 . 45 5, 6 

17 HD 286178 04 57 17.66 15 25 09.5 11.15(4) 10.23(3) K1 1.7027(6) 138.11 + 5 . 55 
−5 . 13 2, 5, 6 

18 HD 283447 04 14 12.92 28 12 12.3 12.07(10) 10.68(10) K3V 3.0836(210) 120.10 + 1 . 92 
−1 . 86 8, 13 

19 HD 283572 04 21 58.85 28 18 06.5 9.80(3) 9.03(2) G4-5 1.5462(38) 127.01 + 0 . 31 
−0 . 31 1, 2 

20 HD 285778 04 27 10.57 17 50 42.6 11.07(7) 10.22(5) G6/K1 2.8554(17) 118.89 + 0 . 30 
−0 . 29 7 

21 HD 283518 04 18 31.12 28 27 16.1 12.13(23) 10.75(7) K3V 1.8706(14) 129.36 + 0 . 36 
−0 . 35 1, 9, 10 

Notes. References: (1) Grankin ( 2013 ), (2) Daemgen et al. ( 2015 ), (3) Grankin, Artemenko & Melnikov ( 2007 ), (4) Bonavita et al. ( 2014 ), (5) Bouvier 
et al. ( 1997 ), (6) Wichmann et al. ( 2000 ), (7) Grankin et al. ( 2008 ), (8) Welty ( 1995 ), (9) Stelzer et al. ( 2003 ), (10) Fern ́andez et al. ( 2004 ), (11) Høg 
et al. ( 2000 ), (12) Kraus et al. ( 2017 ), and (13) Kenworthy et al. ( 2022 ). 
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Table 2. Overview of the spectroscopic material obtained. ASI spectra were 
not suitable for atmospheric modelling with iSpec . SLO data from 2022 
were used only for RV measurements. 

Site R Spectral range ( Å) Targets Total spectra Season 

TLS 31 500 4590–7585 20 70 2017 
SPO 38 000 4250–7320 4 4 2016–2018 
SLO 11 000 4220–7078 21 80 2015–2017 

15 40 2022 
ASI 1200 3300–7940 18 18 2018 
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equence stars have significant H α emission, while in some PMS 

tars, H α emission may not even fill up the photospheric absorption. 
his could happen in early K or G stars because photospheric 
 α absorption depends on the spectral type. Stars without Li 

bsorption display strong chromospheric activity, as indicated by H α

n emission abo v e the photospheric continuum, are regarded as likely
ounterparts of the X-ray source but not as WTTS (Wichmann et al.
996 ). 
The presented paper is a continuation of our work with the sample

see Table 1 ), which has been described in Hamb ́alek et al. ( 2019 ).
e have found many bona fide TTSs, originally designated as 
embers of the nearest known star-forming region (SFR) Taurus–
uriga (Kenyon, G ́omez & Whitney 2008 ; Kraus & Hillenbrand 
009 ; Torres et al. 2009 ; Kraus et al. 2017 ), in the literature without
uch information and/or contradicting physical parameters. We have 

ocused only on objects classified as weak-line TTSs. In order to have
ufficient SNR of obtained spectra, we have hand-picked stars with 
 < 11 mag, this is our observational limit (such star with V =
1 mag has SNR = 15 in 15 min exposure). Here, we have aimed
o refine their physical parameters. The same sample was used for
pectroscopic follo w-up observ ations at Star ́a Lesn ́a, Skalnat ́e Pleso,
nd Tautenburg observatories. 

The structure of the paper is the following: in Section 2 we describe
he properties of detectors and the process of data acquisition and 
eduction. In Section 3.1 , we present the technique used for radial
elocities (RVs) determination and EW measurements. We deal 
ith the proper atmospheric modelling in Section 3.3 , where we

lso list our results. These are then used to refine the evolutionary
tatus of observed objects in Section 4 . The discussion and physical
haracteristics of all targets are included in Sections 5 and 6 . 

 OBSERVATI ONS  A N D  DATA  R E D U C T I O N  

pectroscopic observations of all selected targets were carried out 
ith four different instruments (Table 2 ). We began at the Star ́a Lesn ́a
bservatory (SLO) in No v ember 2015 with a 60-cm, f/12.5 Zeiss
assegrain telescope equipped with a fibre-fed Echelle spectrograph 
MNRAS 524, 3582–3595 (2023) 
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Shel (Pribulla et al. 2015 ). The spectra consisting of 24 orders co v er
he wavelength range from 4150 to 7600 Å. The resolving power of
he spectrograph is about R = 11 000. The Atik 460EX CCD camera,
hich has a 2749 × 2199 array chip, 4.54- μm square pixels, read-out
oise of 5.1 e − and gain 0.26 e −/ADU, was used as a detector. 
Since January 2016, we observed also at the Skalnat ́e Pleso Obser-

atory (SPO), using the 1.3-m, f/8.36 Nasmyth-Cassegrain telescope
quipped with a fibre-fed Echelle spectrograph of MUSICOS design
Baudrand & Bohm 1992 ). The spectra were recorded using an Andor
Kon-L DZ936N-BV CCD camera with a 2048 × 2048 array, 13.5-
m square pixels, 2.9 e − read-out noise and gain close to unity. The

pectral range of the instrument is 4250–7375 Å (56 Echelle orders)
ith the maximum resolution of R = 38 000 around λ 6000 Å. 
The raw data from both SLO and SPO were reduced using
RAF package tasks, Linux shell scripts, and FORTRAN programs

Pribulla et al. 2015 ; Garai et al. 2017 ). In the first step, master
ark and flat-field frames were produced. In the second step, the
hotometric calibration of the frames was done using dark and flat-
eld frames. Bad pixels were cleaned using a bad pixel mask, cosmic
its were remo v ed using the program of Pych ( 2004 ). Typically
hree consecutive photometrically calibrated frames were combined
o increase the signal-to-noise ratio (SNR) and clean the remaining
osmics. The Echelle order positions were defined by fitting the
ixth order Chebyshev polynomials to a tungsten lamp and blue
ED spectra tracings. In the next step, scattered light was modelled
nd subtracted. Aperture spectra were then extracted for both the
bject and the ThAr lamp frames and then the resulting 2D spectra
ere dispersion solved. The 2D spectra were finally combined into
D spectra and rectified to the continuum. 
In 2017, we obtained also spectra at Th ̈uringen Landessternwarte

TLS) Tautenburg with the Alfred Jensch 2-m telescope and f/46
oud ́e Echelle spectrograph. These spectra co v er 4510–7610 Å in 51
rders. A 2.2-arcsec slit was used for all observations giving R =
1 500. For the wavelength calibration, we used a ThAr-lamp. The
at-fields were obtained using a screen in the dome and continuum

amps. Special care was taken that these lamps do not have the Li I
708 emission line. Bias frames are obtained before the observations.
tandard IRAF tools we used in order to subtract the bias, to flat-field

he images, to remo v e the scattered light, to extract and wavelength-
alibrate the spectra (see Hatzes et al. 2005 ; Guenther et al. 2009 ;
artmann, Guenther & Hatzes 2010 ). The wav elength re gion used

ontains telluric lines that allow the removal of an instrument shift
n wavelength. 

On 2008 December 12, a collection of low-resolution spectra
f 18 targets was obtained with the 1.22-m telescope operated
n Asiago (ASI) by the Department of Physics and Astronomy
f the University of P ado va. The CCD camera is an ANDOR
Dus DU440A with a back-illuminated E2V 42–10 sensor and
048 × 512 array of 13.5- μm pixels. The whole optical train is
ighly efficient in the blue down to the atmospheric cut-off around
200 Å. A 300-ln mm 

−1 grating blazed at 5000 Å provides a 2.31
pix −1 spectral dispersion, with spectra co v ering the ∼3300–

050 Å range. The slit width has been kept fixed at 2 arcsec
corresponding to a spectral resolution of 2.0 pix), and the slit
10-arcmin long) was always aligned with the parallactic angle for
ptimal absolute flux calibration. The observations of the targets were
nterspersed with those of nearby spectrophotometric calibrators
elected from the internal Asiago data base. The spectra were reduced
ithin IRAF , carefully involving all steps connected with correc-

ion for bias, dark and flat, sky subtraction, wavelength, and flux
alibration. 
NRAS 524, 3582–3595 (2023) 
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.1 RV determination 

o derive the RVs from the spectroscopic data we have used the
roadening function (BF) technique (Rucinski 1992 ). BFs were ex-
racted using a template depending on the spectral type of individual
argets (Table 1 ). 

F or the BF e xtraction, we used only the green–yellow part of the
pectrum from 4900 to 5500 Å, including the Mg I triplet (5165.8–
211.2 Å). This wavelength range is devoid of hydrogen Balmer
ines, which are too broad to extract BFs, and there are no telluric
ines affecting the results. On the other hand, for stars later than A
he range contains numerous narrow metallic lines. 

BFs were extracted with a step in RV of 10 km s –1 (SLO) or 3.5 km
 

–1 (SPO, TLS). Then the extracted BF profile was smoothed with
 Gaussian function with σ = 1.5 of RV step. Projected rotational
elocities, vsin i , and RVs were determined by fitting a theoretical
otational profile to the smoothed BF. Linear limb-darkening law
as assumed to keep the fitting function analytical (see Pribulla

t al. 2014 ). The RVs derived from BFs were shifted to the IAU
ystem (Evans 1967 ) using RVs of slowly rotating template stars
Seabroke et al. 2021 ), namely HD 03765 (K2V, RV = −63.33 ± 0.12
m s –1 , vsin i = 5.29 ± 1.34 km s –1 ), HD 23 169 (G2V, RV =
 14.57 ± 0.14 km s –1 , vsin i = 5.45 ± 2.50 km s –1 ), and HD 65 583

K0V, RV = + 14.79 ± 0.12 km s –1 , vsin i = 5.07 ± 1.25 km s –1 ).
he vbroad parameter from Gaia DR3 is fitted as due to axial

otation only (see Fr ́emat et al. 2022 ), so we can adopt it as projected
otation velocity. The rotational broadening of the standard stars is
ell below the resolving power of the spectrograph used in this work

Table 2 ). The journal of spectroscopic observations including RV
nd vsin i measurements can be found in the appendix (Table B1).
he measurement errors were derived from the covariance matrix of

he least-squares optimization. For slowly rotating objects with vsin i
20 km s −1 the random errors are comparable to the spectrograph

tability, which is at the level of 100–200 m s −1 . 
The spectra of all target stars appear single-lined in our spectral

esolutions. Ho we ver, we list some peculiarities in Section 5 . Our
easured vsin i values are typically a few tens km s –1 . Considering

hat, there is a known sharp cut-off around 6400 K (e.g. Mallik,
arthasarathy & Pati 2003 ) for young dwarf and subgiants of spectral

ype F and G, our targets express higher rotation rates than expected
Fig. 1 ). Gallet & Bouvier ( 2015 ) developed angular momentum
volution models for low-mass stars, which account also for stellar-
ind interactions that reproduce rotation behaviour between 1 Myr

nd 8–10 Gyr old stars. In our previous paper (Hamb ́alek et al. 2019 )
e found periods of photometric variability, which we attributed to

he rotation of a spotted surface. These periods fit nicely inside those
odelled by Gallet & Bouvier ( 2015 , fig. 5 therein) for young stars.
From measured RVs combined with parallaxes and mean proper
otion from Gaia DR3, we used the astropy package to calculate

pace velocities U , V , and W and convert them to heliocentric using
 U � = 11.1, W � = 7.25] km s –1 (Sch ̈onrich, Binney & Dehnen
010 ) and local Sun’s galactic orbital velocity � 0 + V � = 244 km
 

–1 . The same procedure was repeated with RV values including
he uncertainty for each target to derive the error. The results are
resented in Table 3 and discussed in more detail in Section 5 . 
In addition, we have measured the EWs of H α, Li I 6104, and Li I

708 lines (see a typical TLS spectrum in Fig. 2 ). The measurement
as done using the standard task splot in the IRAF environment by
arking continuum points on line ends and integrating over the line
ith interpolated continuum. We have also extracted the composite
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Figure 1. Dependence of the projected rotational velocity, vsin i , on the 
ef fecti ve temperature, T eff . Black points are data of MS stars from Mallik et al. 
( 2003 ). Red error bars represent individual targets of this work. Results from 

iSpec modelling were used for the temperature. Rotation was measured 
using the BF method. 
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rofiles of Na I D1 5896 and D2 5890 lines to measure the EWs of
eaks of interstellar origin. See Section 3.4 for more details. Rough 
ncertainties were estimated according to the formula (Cayrel 1988 ): 

EW � 

√ 

F W H M × p 

SNR 

, 

here FWHM and p are the FWHM of the Gaussian line profile
nd the width of the pixels in Å, respectively. All results from this
ection are presented in Table 3 . We could not measure reliably the
W of H α line for HD 285281, HIP 20782, and HD 285 840 because
f the strength of emission that was close to the total line itself and
as barely distinguishable from the continuum. A similar problem 

as with sharp ISM lines of Na doublet that were not recognized in
he available spectra due to SNR or spectral defects. 

In the case of the Li I 6707.8 Å line, there is a blend with Fe
 6707.41 line. Montes et al. ( 2001 ) did a study on several single
tars of spectral types G-K, members of young (20 Myr and older)
o ving groups. The y found the contribution of the Fe I line to be
15 per cent of the total measured EW as a single profile. To 

uantify the strength of the iron line contamination, we can use an
mpirical relation EW (Fe 6707.44) = 20 × ( B −V ) − 3 m Å derived
y Soderblom et al. ( 1993 ). The resulting EWs are listed in Table 3
n a column dubbed ‘Fe 6707’. We note that in Table 3 , the column
Li 6708’ is corrected for this value. 

The other Li I 6104 is itself a triplet along with several lines of Fe,
a blended o v er (see e.g. F ord, Jeffries & Smalle y 2002 ). We did not
ave a sufficient spectral resolution to resolve individual parts and 
odel them separately. For further results, we opted to use only the

esonant line Li I 6708. We compare our measurements to the loci
f Pleiades and other known TTS (in Covino et al. 2005 ) as well as
otential post-TTS as defined by Martin ( 1997 ) in Fig. 3 using only
he measurements of EW(Li 6708). 

.2 Spectral type determination 

o derive the spectral type and luminosity class, the 3300–8000 
spectra collected with the Asiago 1.22-m telescope on 18 of the 

rogram stars have been compared with the Asiago Spectral Library 
ASL, Munari, in preparation), which co v ers the whole HR diagram
including chemically peculiar types like Carbon or S-type stars) with 
n instrument set-up identical to the one used in our observations. The
pectral templates observed for inclusion in ASL were selected from 

he recommended lists of MK standard stars of Morgan & Keenan
 1973 , and references therein), Yamashita & Nariai ( 1977 ), Philip &
gret ( 1985 , and references therein), Jaschek & Jaschek ( 1987 ),
nd Hoffleit & Warren ( 1995 ). The flux calibration is stable up to
.05–0.08 mag as derived by inter-comparison of spectrophotometric 
tandards observed along the program objects. 

To compensate for uncertainties in flux calibration or differences 
n reddening, and so on, the spectra of program stars and of ASL
emplates were re-scaled by the localized geometric mean after being 
V-shifted to null velocity. Prior to running a χ2 fitting, the regions
f the spectra affected by telluric absorption bands were masked. 
his mask weighs in the match results from individual lines and sub-
arts of the spectrum. The χ2 fitting was run in multiple modes, o v er
he whole spectrum or just sub-sections, with or without masking 
he lines at risk of being affected by emissions or veiling (like Ca II
&K, Fe II , or the Balmer series), and so on. 
This procedure robustly converged on the spectral type and lumi- 

osity class, and the results were all eye-checked for confirmation. 
 typical example of the resulting fit is presented in Fig. 4 , where

he target star HD 283782 is o v erplotted to the best matching ASL
emplate (in this case the G2V star HD 126868). The two lower
anels of Fig. 4 zoom on narrow spectral intervals around Ca II H&K
nd H β, to show how they are partially filled in by emission for
rogram star HD 283782. 

.3 Atmospheric modelling of high-resolution spectra 

tellar atmospheric parameters were estimated using the iSpec 
oftware (Blanco-Cuaresma et al. 2014 ; Blanco-Cuaresma 2019 ). 
Vs were taken from Section 3.1 . 
We corrected spectra for barycentric RV. The system was checked 

gain with respect to the telluric lines. The flux outside of the main
bsorption lines was normalized prior to the modelling. The region 
or fitting was selected as 4800–6800 Å, which contains Balmer lines
ensitive to the temperature, Mg I triplet, Na I D lines sensitive to log g
nd various metallic lines. All targets exhibit rotationally broadened 
a I lines (see vsin i in Table B1). Before the actual modelling of

tmospheric parameters, we measured EWs of selected Balmer lines. 
hree targets (HD 283782, HD 283447, and HD 283518) show H α

missions. Ho we ver, based on a comparison of target spectra to the
siago spectral atlas, we find that all other targets have H α lines

ffected by emission to some extent. Thus, the region was excluded
rom further modelling. 

The fitting consists of iSpec varying parameters and synthesizing 
pectra from the model library. We have used the default VALD
ine list (Kupka, Dubernet & VAMDC Collaboration 2011 ), which 
o v ers the optical and NIR region. The synthetic spectrum itself was
enerated with the SPECTRUM code by Gray & Corbally ( 1994 )
hat uses Kurucz model atmospheres (Kurucz 2005 ). In Table 4 , we
ist the parameter space used in this work. The synthetic spectra
ere convolved with a Gaussian function to correspond to the given

pectral resolution. The projected rotational vsin i found from BF 

odelling was used to adjust the line width of model spectra. 
The value of microturbulence ( ξ ) w as k ept free and the macrotur-

ulence was automatically calculated by iSpec . We used a fixed
alue of the linear limb darkening coefficient ( u ). 

The initial values of T eff and log g were set from our previous
hotometry modelling (Hamb ́alek et al. 2019 ). In several cases where
o Str ̈omgren photometry was available, we have applied random 

nitial values for temperature and gravity inside the parameter space. 
MNRAS 524, 3582–3595 (2023) 
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T Tauri stars in the SuperWASP and NSVS surveys II 3587 

Figure 2. The region of Li I 6104 line (left-hand part) and Li I 6708 line 
(right-hand part) as measured for HD 286179 on 2017 February 15, at TLS 
(black). The range of EW measurement is shown as a green dashed line, while 
the Gaussian profile of the fit used for error estimates is o v erplotted as an 
orange solid line. 

Figure 3. Measured EW of Li I 6708 line as a function of target star 
temperature as modelled by iSpec : Red error bars show individual targets. 
Underlying figure adopted from Covino et al. ( 2005 ), the boundary of post- 
TTS (PTTS, dashed line) taken from Martin ( 1997 ). The solid line shows the 
upper limit for the Pleiades cluster, while the dotted line indicates the cosmic 
abundance of lithium. 
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Figure 4. The object spectrum (HD 283782, TTS13, magenta) is o v erplotted 
to the best-fitting spectral template (blue) taken from the Asiago Spectral 
Atlas. The upper panel shows the whole spectrum while the lower two panels 
zoom on Ca II H & K lines (left-hand panel) and on H β regions (right-hand 
panel). 

Figure 5. Sodium region of HD 283447 (TTS18) observed in TLS (black) 
with identified sharp ISM dips along with emissions from terrestrial lighting 
present on laboratory wavelengths (vertical lines). Total fit is superimposed 
as an orange thick line. Individual component profiles are displayed with 
coloured dashed lines. 

Table 4. Range of parameters for atmospheric modelling. Single numbers 
represent the initial value. More information on fixed parameters is in the 
text. 

Parameter Range 

T eff [K] 3500... 6000 
log g 2.5... 5.0 
[Fe/H] −1.0... + 0.5 
[ α/Fe] 0.0 Fixed 
vsin i [ km s −1 ] Adopted from BF Fixed 
ξ [ km s −1 ] 1.05 
u 0.6 Fixed 
R 11 500, 31 500, 38 000 Fixed 
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ecause T eff , log g , and [Fe/H] correlate, we have first modelled
ach spectrum with fixed [Fe/H] = 0. Afterward, the convergence 
as investigated in the T eff −log g plane. Initial values of temperature

nd gravity in various convergence runs were spread out evenly on 
 3 by 3 grid in the parameter box. We have kept all results T eff ,
og g , [Fe/H] along with their uncertainties. But we did not include
n analysis of the exact abundances of individual species to further
efine the metallicity. 

Each converged model was saved with T eff , log g and their
orresponding errors σ T , σ g calculated from standard deviation 
y iSpec . These values were used to construct a normalized bi-
irectional Gaussian distribution of results in the T eff −log g plane. 
ee Appendix A1 for details. We derived two sets of error estimates:
i) finding the max value of probability in our model grid and applying 
he grid resolution, or (ii) treating the individual errors of T eff and
og g and constructing an arithmetic mean from all model results. In
D plots in Appendix D, we have adopted the latter approach (as
MNRAS 524, 3582–3595 (2023) 
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isplayed in the lower left corner). These errors are also presented in
able 5 under the iSpec modelling part. 
Each numerical solution was visually checked for the fit of H β

ings, Mg I triplet, and Na I lines. The next run was computed with
e w v alues of T eff , log g , and [Fe/H] within respective ranges. The
onverged results are presented in Table 5 and the probability plots
or individual stars in Figs D1–D4. 

F or comparison, we hav e included the astrophysical parameters
rom Gaia DR3 if available, also with reported errors. Ho we ver, we
ust note a key difference. The RVS spectra used to infer T eff , log g ,

nd [Fe/H] in Gaia are based around the near-IR Ca II triplet (from
470 to 8710 Å). This region contains also several weak lines of Si
 , Ti I , Fe I (see Recio-Blanco et al. 2016 ). In our analysis, we have
sed a much broader spectral region, with mean resolving power
omparable ( ∼11200 for RVS) or better (see Table 2 ). The present
eak lines of neutral metals are not pressure sensitive and formed

ssentially in the same photometric layers as the continuum. The
atios of EWs of iron and vanadium lines (e.g. V I 6251.83 Å to Fe I
252.57 Å) are good temperature indicators for T eff ≥ 4000 K (Gray
994 ). Ratios of other lines such as Mg I triplet (5167.32–5183.60 Å),
r Fe I 6042.2, 6056.0, 6200.3, 6219.3, 6703.6, 6705.1 Å combining
ith V I 6039.7, 6058.1, 6119.5, 6199.2 Å sensitive to temperature

an be used (see e.g. Taguchi, Itoh & Mukai 2009 ). On the other
and, Ca I 6122.21, 6162.17, and 6439.08 Å hav e wings sensitiv e to
ravity. We are confident that the spectrum fitted as a whole gives
easonable results. Unless stated explicitly, for further reference in
his work, we are using only parameters and errors out of our iSpec
nalysis. 

.4 Temperature and reddening 

e can also use the flux-calibrated spectra obtained in Asiago to
oughly determine the temperature of the source. By comparing it
o a library of synthetic spectra calibrated by fluxes computed out
f photometry in various passbands. For this purpose, we used the
T-Settl model grid of theoretical spectra (Allard 2014 ) with Solar
bundance (see e.g. Asplund et al. 2009 ). Models were confined to
he same interval of temperatures and gravity as investigated with
he iSpec code, namely T eff ∈ [3500, 6000] K, log g ∈ [2.5, 5.0]
ith steps in 100 K and 0.5 de x, respectiv ely. We hav e co v ered the

pectral range of 3500–7900 Å. 
The distance of Taurus–Auriga SFR is only around 140 pc

Kenyon, Dobrzycka & Hartmann 1994 ). All our targets are assumed
o be disc-less WTTS. Ho we v er, the y are embedded in remnant dust
nd gas clouds. We can use the 3D dust map model Bayestar19 by
reen et al. ( 2019 ) to estimate an upper limit of the reddening for a

lightly larger distance in each line of sight. The model gives values
f E ( g −r ), which are recalculated 1 as E ( B −V ) = 0.981 × E ( g −r ). 
We have used the distance D to individual targets from Gaia

R3 parallaxes (Gaia Collaboration et al. 2022 ). Star HD 284 135
TTS03) has no measured parallax in Gaia DR3, so we assumed
 mean distance of 140 pc. The Bayestar19 model gives also the
tatistical value of reliable distance modulus μr = 5log 10 ( D r ) −5.
o we ver, in line of sight to our targets, there is a sparse population
f stars with μr < 6 (corresponding to ∼158.5 pc). For this reason,
e can only estimate the upper value of the reddening derived from

he Bayestar19 model. 
We denote by D 0 the first bin in distance modulus with a non-zero

alue of E ( g −r ) in the line of sight. This distance was compared
NRAS 524, 3582–3595 (2023) 

 see ht tp://argonaut .skymaps.info/usage 

m  

w  

S  
o the distance of the target D as well as to the reliable distance
or the model D r . Usually D < D 0 < D r , which means no ef fecti ve
eddening. The maximum value of E ( g −r ) in the bin D 0 was then
sed to calculate the upper limit of E ( B −V ). If a star had a distance
 > D 0 , we used the bin closest to the actual distance. One must be

autious since the typical reliable distance was D r � 400 ± 200 pc.
o we ver, the mean distance with some reddening was found to be
 0 = 158 ± 40 pc. The estimates are presented in Table 6 in column
ayestar19. Some evident discrepancies for individual targets are
iscussed further below. 
Next, we probed our high-resolution spectra from TLS to find the

ntrinsic value of the reddening present. We have used the empirical
elation by Poznanski, Prochaska & Bloom ( 2012 ) between the EW
f Na I D absorption lines and E ( B −V ). The errors were calculated
y using the relation 9 from Poznanski et al. ( 2012 ) again with EWs
djusted by errors found earlier and reported in T able 3 . W e have
dentified the combined profile (see Fig. 5 ) of rotationally broadened
tellar sodium lines D1 5896 and D2 5890 with potential sharp lines
rom the interstellar medium (ISM). In some cases there were blends,
r no distinguishable ISM profile was found. EWs were measured
nly for the ISM part of the total profile. The results are listed in
able 6 in column four. The standard error of these E ( B −V ) values

s around 20 per cent. 
Finally, we attempted to estimate the reddening from our Asiago

ux-calibrated spectra. This was done by computing de-reddened
pectra of objects using a range of typical values of E ( B −V ) from
.0 to 1.0 mag with a step of 0.05 mag. These were then compared
ith BT-Settl (Allard 2014 ) theoretical spectra. Model spectra were

onvolved with a Gaussian function to closely match the Asiago
esolution. A running spline was constructed through continuum
oints for both the model and de-reddened spectra. We roughly
stimate the value of E ( B −V ) needed to fit the red continuum slope.
he error is the step in our E ( B −V ) range. The Asiago column in
able 6 contains these estimates. These values are larger which may
esult in higher temperatures. 

 ABSOLUTE  PA R A M E T E R S  

o calculate luminosity, we used Gaia DR3 distances ( d ) (Gaia
ollaboration et al. 2022 ) and found distance modulus μ= 5log d −5.
hen we can compute the absolute magnitude M V = V −μ−A V , where
 V = R V × E ( B −V ) and V is the magnitude from Table 1 . E ( B −V )
alues are listed in Table 6 and R V = 3.1. Utilizing bolometric
orrections by Sung et al. ( 2013 ) or Eker et al. ( 2020 ) we can
nally write log L = −0 . 4( M V + B.C. − M bol , �), where M bol, � =
 4.74 mag, which corresponds to the nominal value for the Sun’s

uminosity (Pr ̌sa et al. 2016 ). 
The mean value of metallicity [Fe/H] for stars in our sample (see

able 5 ) is −0.38 dex and −0.381 dex from iSpec modelling and
aia DR3 data base, respectively. The grid of models in masses and

ges was spaced as follows: 

M = 

{
0 . 05 , M < 1 . 0 M �
0 . 10 , M ≥ 1 . 0 M �

, 

� age = 

{
1 , age ≤ 20 Myr 
5 , age > 20 Myr 

. 

To estimate the masses and ages of our targets, we have used
volutionary tracks and isochrones of models with corresponding
etallicity: [Fe/H] ∼ log ( Z / X ) −log ( Z �/ X �). The Solar composition
as set to Z � = 0.01377, Y � = 0.2533 as in Asplund, Grevesse &
auval ( 2005 ). We used models pre-generated for deuterium frac-

http://argonaut.skymaps.info/usage
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M

Table 6. Comparison of different E ( B −V ) in magnitudes estimated from 

dust map of Green et al. ( 2019 ) in column billed as Bayestar19, EW of Na I 
doublet (Sodium), and the red continuum slope from flux-calibrated spectra 
(Asiago). Details in text. 

TTS Object name Bayestar19 Sodium Asiago 

01 HD 285281 < 0.053 0.021(4) 0.25(5) 
02 V1298 Tau < 0.168 – 0.15(5) 
03 HD 284135 < 0.027 0.021(4) 0.10(5) 
04 HD 284149 < 0.062 0.016(3) 0.10(5) 
05 HD 281691 < 0.194 – 0.15(5) 
06 HD 284266 < 0.009 0.023(4) 0.10(5) 
07 HIP 20782 < 0.009 0.015(3) –
08 HD 284503 < 0.009 0.016(3) 0.15(5) 
09 HD 284496 < 0.018 0.019(3) 0.15(5) 
10 HD 285840 < 0.009 – –
11 HD 285957 < 0.053 0.018(3) –
12 HD 283798 < 0.044 – 0.15(5) 
13 HD 283782 < 0.327 0.027(5) 0.40(5) 
14 HD 30171 < 0.062 0.021(4) 0.15(5) 
15 HD 31281 < 0.009 0.021(4) 0.10(5) 
16 HD 286179 < 0.009 – 0.15(5) 
17 HD 286178 < 0.009 0.018(3) 0.35(5) 
18 HD 283447 < 0.009 0.028(5) 0.60(5) 
19 HD 283572 < 0.009 0.021(4) 0.25(5) 
20 HD 285778 < 0.009 – 0.15(5) 
21 HD 283518 < 0.044 0.015(3) 0.30(5) 
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ional abundance X D = 4 × 10 −5 and mixing length parameter α =
.68. 
The HR diagram was constructed using our iSpec temperatures

nd luminosities as calculated abo v e. We find the probable mass by
omparing the positions of our target stars to evolutionary tracks
orresponding to the model with nearest [Fe/H] as determined by
Spec . The errors, mainly due to the ef fecti ve temperature, but also

n taking into account the uncertainty of iSpec result and model
rid in [Fe/H], allow estimating the masses usually within ±0.25 M �
see Table 7 ). 

We have found that all stars in our sample should be younger than
0 Myr. This is close, or inclusive, to the 10 −100 Myr interval for
he post-T-Tauri stars defined by Jensen ( 2001 ). 

The age was estimated in a similar manner—comparing the loci of
tars in the HR diagram with model isochrones. We have constructed
he HR diagram for the appropriate Z, Y models for each target.
o we ver, for illustration purposes we plot them in Fig. 6 using the
ean metallicity of the sample, i.e. we used the PMS evolutionary

racks and isochrones from Pisa Stellar Models (Tognelli, Prada
oroni & Degl’Innocenti 2011 ) for [ Z = 0.006, Y = 0.26] which

oughly corresponds to metallicity [Fe/H] ∼ −0.36 dex. 
We calculate the photometric radius from ( R/ R �) 2 = L/ L � ×

5777 K/T eff ) 4 by using values for T eff for different estimates out of
able 5 . 
To calculate the radius we use: 

log R( L, T ) = 

1 

2 

(
log 

L 

L �
− 4 log 

T eff 

T eff, �

)
. (1) 

This is further denoted by a subscript to indicate the source of
 eff v alue as follo ws: R ( L , T i )—iSpec , R ( L , T A )—Asiago, and R ( L ,
 G )—Gaia . 
Alternatively, we can use log g (Table 5 ) and masses M (see Table 7 ,

olumn 5) found from comparison with Pisa Stellar Models by
ognelli et al. ( 2011 ). Then using M , R in Solar units and comparing

o the surface gravity of the Sun log g � ∼ 4.438 (Pr ̌sa et al. 2016 ),
NRAS 524, 3582–3595 (2023) 
e can calculate the radius: 

log R( M, log g) = 

1 

2 

(
log 

M 

M �
− log g + log g �

)
. (2) 

n Table 7 , we denote with a subscript i ( iSpec ) or G ( Gaia ) the
ource of log g value, while the mass is adopted from the target’s
osition in HRD (according to the same-source temperature and
bsolute luminosity of a target). 

An independent estimate of radii can be done from rotation rates
 P rot ) found in Hamb ́alek et al. ( 2019 ) and the mean value of vsin i
easured for every individual target in this work (see Table B1). The

rojected radius is then 

 sin i = 

P rot v sin i 

2 πR �
, (3) 

hile keeping P rot in seconds and the Sun’s radius in kilometres.
ny value R ( L , T ) < R sin i leads to contradiction sin i > 1. Thus the
rojected R sin i is also the lower limit of stellar radius. 
F or e xample, in the case of HD 285281 (TTS01), we find that our
Spec estimates (subscript’i’) of ef fecti ve temperature T eff differ

rom that reported in Gaia DR3 data (subscript ‘G’, see Table 5 ). 
Finally, the projected (minimal) R sin i = 1.85 R �. Thus, radii R ( L ,

 A ) and R ( L , T G ) are not realistic. Our estimation of T eff using iSpec
ives a plausible value of R , with the inclination of rotational axis
 ∼ 75 deg. In Table 7 , we print estimates of radii that are < R sin i
ncluding the uncertainty with italics . 

 SUMMARY  A N D  DI SCUSSI ON  

.1 Possible multiple systems 

e have performed spectroscopic monitoring of targets previ-
usly selected and thought to be members of Taurus–Auriga SFR
Hamb ́alek et al. 2019 ). We have measured the intrinsic radial
nd rotational velocities. Since we have gathered spectra in short
ursts with gaps of hundreds of days, these are not usable for the
nvestigation of radial–velocity curves. 

For the majority of our targets, the RVs seem constant through the
ears 2016–2022, with the notable exception of HD 283447 (see Fig.
3). In our data, we have probably detected part of the RV curve of
 binary. To investigate, we have used the broadened profile of Mg I
riplet lines to find possible companions. A signal was detected (Fig.
 ) in HD 283447 which is, within our detection limit, consistent with
 four-component scenario presented by Duch ̂ ene et al. ( 2003 ). The
wo detected profiles are centred around RVs −8 and + 58 km s −1 

ith rotational velocities 50 and 38 km s −1 , respectively. With our
pectral resolution and sparse data, we cannot attribute these profiles
o any component of the system. 

Kenworthy et al. ( 2022 ) sketch the HD 283447 (V773 Tau) system
ith known binary Aa/Ab and possible hierarchical binary Ba/Bb
ith orbital periods of 51.1 and 63 d, respectively. Their outer orbit

akes 26.5 yr for a full revolution. This means that the rotational
rofiles of A and B systems o v erlap in our total measured BF profile
ince both systems have their (absolute) respective barycentric RV
< 100 km s −1 . 
Also, the BF profile of HD 285281 was found to be strongly

symmetric. This could be caused by an unresolved companion, if
e interpret the long wave in RV (Fig. C1) as an intrinsic signal, or
ore likely due to a large fraction of the spotted surface. 
HD 30171 (TTS14) is another interesting object in terms of

ariable RV that seems to have an amplitude of the order of 10–
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M

Figure 6. HR diagram for stars from Table 7 . Blue solid lines show 

evolutionary tracks for stars of different solar masses (indicated by the number 
crossing a particular line), and red solid lines are isochrones for given age in 
Myr (indicated by a number crossing a particular isochrone). Evolutionary 
data from Pisa Stellar models (Tognelli et al. 2011 ) for [ Z = 0.006, Y = 0.26] 
corresponding to the mean [Fe/H] ∼ −0.36 of our sample for illustration. 

Figure 7. BF plot (grey) of HD 283447 from spectrum acquired on 2017 
January 26 at SLO. Overplotted are two constituent rotational profiles (red 
and blue solid lines). Both of them are themselves unresolved close binaries. 
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0 km s −1 with a possible orbital period of roughly around 1.5–3 yr.
oth of these objects warrant further observation. 
In our subsequent analysis, we continued to work with HD 283447

s a single object, though age and mass are strongly affected by
he third light of all components. Ho we ver, we still could find a
lausible solution for a single TTS with mass, radius, and temperature
tting the supposed class of object. This should serve as a cautionary
ase for future reference. This target is special in the sense that
oth constituent binaries are on similar orbits which produce non-
etectable blends in spectral lines in lower-resolution spectrographs.
 similar object is HD 283572 in terms of age, mass, and temperature

within errors), but bears no indication of RV changes (on a scale of
ays). 
Based on RV measurements, HD 30171 appears to be another

romising target. We observed gradual change of RV by ∼25 km s −1 

n about 25 d from HJD 2457728.3152 (Fig. C3). This target is also
 fast rotator with measured vsin i ∼ 115 km s −1 . We can compare
his to the well-studied object HD 283518 (V410 Tau) that has a
omparable vsin i ∼ 71 km s −1 and there is also a companion B, but
NRAS 524, 3582–3595 (2023) 
n a 36-au orbit with 166-yr period (Yu et al. 2019 ). Thus the rapid
otation is not caused by close proximity of a companion star. 

According to Bouvier et al. ( 1997 ), it is between 10 and 30 Myr that
he moment of inertia of a solar-mass star decreases as the radiative
ore develops. We found that our targets HD 285281, HD 284135,
D 283782, HD 30171, HD 31281, HD 283447, HD 283572, and
D 283518 have ages < 5 ± 3 Myr and also vsin i > 70 km s −1 . 

.2 Membership to Taurus–Auriga 

he mean RV of targets was found between 10–20 km s −1 , which
s consistent with other members of Taurus–Auriga SFR. Our
ndividual targets were also a subset of the previous work of Kraus
t al. ( 2017 ) and their measured RVs agree with our newer data. 

We used Gaia DR3 proper motions and parallaxes and calculated
he U , V , and W space–velocity components with our measured RV.
or all targets, except the quadruple HD 283447, the results are in
greement with U = −16.45 ± 4.56, V = −13.08 ± 2.52, and W =
10.97 ± 4.04 km s −1 as determined by Bertout & Genova ( 2006 )

r newer by e.g. Rivera et al. ( 2015 ). 
Notably, the measured values of projected rotational velocity vsin i

re higher than expected based on the rotation speed cut-off for
emperatures lower 6400 K (Mallik et al. 2003 ) for young dwarfs and
ubgiants of spectral type F and G. In combination with measured
W of lithium and inferred ages from the HR diagram using model

sochrones, this sits well with that our sample stars are in fact young
nd still rapidly rotating TTSs. Targets HD 284149, HD 284496, HD
85840, HD 283798, and HD 286179 exhibit a combination of age >
0 Myr and log T eff > 3.72. These could be candidates for post-TTSs
s described by Jensen ( 2001 ). 

We have compared our EW Li I 6708 measurements to those of
hite, Gabor & Hillenbrand ( 2007 ) and got values in agreement
ithin reported errors, except for HD 31281 and HD 286179, which

re in our case ∼5-times larger (see Fig. 2 ). 
Soderblom et al. ( 1993 ) among other things investigated possible

auses of variability of the EW of lithium resonance line. They report
pectrum-to-spectrum rms in EW Li I 6708 only around 12 m Å on
 sample of K dwarfs from the Pleiades. They found no significant
hange no matter the time interval between observations. In early
ork (Soderblom 1989 ) also found no significant changes in o v erall

olour with chromospheric activity, which implies that activity is
nlikely to lead to variations in EW Li I 6708. 
Ho we ver, Soderblom et al. ( 1993 ) also modelled the effect of

hotospheric spots and temperature on the abundance of lithium.
he cooler regions contribute less to the o v erall flux of a star, but the
et value of EW Li will be larger. According to their result, almost
ny EW could be produced with sufficiently high spot co v erage (up
o 80 per cent). If the spots are distributed uniformly enough, no
ariability in EW Li will be observed. 

.3 Atmospheric parameters 

n addition, we have also utilized Asiago spectral atlas to find the
est-fitting templates to 18 targets (without HIP 20782, HD 285840,
nd HD 285957). These estimates agree with iSpec modelling in
erms of ef fecti v e temperature (spectral type). We hav e also checked
aia DR3 solution, which shows higher values of T eff for stars HD
85281 and HD 283518. We found these objects among stars with
ow age (of 5 ± 3 Myr). Atmospheric data from Gaia DR3 are also
alculated using Ca II IR triplet. The Asiago spectra contained the
a II H & K lines but they are not present in our high-resolution
chelle spectra. All targets show signs of emission in calcium (e.g.
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n Fig. 4 ). This could affect T eff determined by ESP-CS in Gaia DR3.
ccording to Creev e y et al. ( 2022 ), the ESP-CS pipeline uses Ca II

R triplet to compute stellar activity and compare it to the GSP Phot
outine when computing atmospheric parameters. The higher values 
f T eff could be caused by Ca emission. 
HD 283518 (V410 Tau) is a well-investigated star (see e.g. Stelzer 

t al. 2003 ; Grankin & Artemenko 2009 ). We find that the previous
Hamb ́alek et al. 2019 ) estimate of ef fecti ve temperature from
tr ̈omgren colour indices only was unrealistically low with only 
 eff = 3770 K. In spectra, H α was not very prominent with small
missions. H β and the rest of the Balmer lines were also affected
nd hard to locate. This could explain the higher measured value of
 b −y ) that lead to underestimated T eff . 

.4 Impact of low metallicity 

he majority of our targets display sub-solar metallicity [Fe/H] 
anging from −0.79 to + 0.01 dex with mean value −0.38 ± 0.32 dex.
lternatively, Gaia DR3 gives metallicity of our targets from 

he interval −0.8 to −0.01 dex (mean −0.38 ± 0.02). D’Orazi, 
iazzo & Randich ( 2011 ) report [Fe/H] of Taurus–Auriga SFR as
0.01 ± 0.05 dex based on line modelling and veiling corrections. 
o we v er, the y hav e used only 7 K-type targets and only of spectral

lasses II and III, none of V, nor IV. If the modelled metallicity is
ndeed closer to solar, the inferred temperatures would be higher and 
onsequently, masses corresponding to the given pair of log L /L �,
og T eff would be higher by 12 per cent on average, depending on Z,
 of the model used. The solar-metallicity models also show ages of

argets up to ∼50 per cent older. 

.5 Reddening 

ur estimates of reddening based on sodium absorption give a mean 
alue of E ( B −V ) ∼ 0.02 mag with an error of 20 per cent. This is in
ood agreement with reddening based on 3D IR dust map (e.g. Green
t al. 2019 , Bayestar19) and leads to reliable luminosities. According 
o the dust-map model, HD 283782 has the highest E ( B −V ) estimate
f our targets. Rodriguez et al. ( 2017 ) hav e inv estigated this star
ecause of two photometric dimmings of ∼0.12 mag found in data 
rom years 2003 and 2009. They have concluded that it was caused
ossibly by a disc part or dust trap orbiting with P > 13 yr. This
ould be a reason for locally larger extinction. 

The estimates of E ( B −V ) using the slope of the red part of the
ontinuum are an order of magnitude higher than other methods 
e used. Ho we ver, this is not necessarily in contradiction, since

he reddened slope may be caused solely due circumstellar matter 
r disc remnants. While the Bayestar19 values give values that are 
riented in the direction of targets, the resolution of the dust map is
etween 3.4 ′ and 13.7 ′ (Green et al. 2019 ). Even in a short distance of
 140 pc, it represents the stellar neighborhood. This value could be

aken as a possible contaminant. Unfortunately, for the short distance, 
he actual sample of stars is too small, so only upper limits are
omewhat reliable. Similarly, the estimation of E ( B −V ) using the
odium doublet takes only the sharp ISM parts of the total profile
nto the account. On the other hand, the total reddening estimate 
rom Asiago spectra takes into account the total spectral energy 
istribution (SED). The higher values could be attributed to matter 
n close stellar vicinity, e.g. remnants of protostellar disc filled with 
as and dust. 

If a target had a higher assumed temperature, i.e. earlier spectral 
ype (as found from the Asiago catalogue), one would need generally 
igher E ( B −V ) to fit the observed continuum slope. 
In the case of HD 283447 (TTS18), the object with the largest
 ( B −V ), this is most likely the effect of a stellar component of late
pectral type. 

 C O N C L U S I O N S  

n continuation of our previous photometric study (Hamb ́alek et al.
019 ), we have performed the first high-dispersion spectroscopy and 
horough spectral investigation on 21 selected weak-line TTSs. These 
argets had previously unknown or unreliable intrinsic parameters. 
tilizing our own ground-based spectroscopic observations, we have 
athered 212 spectra in total. Out of these, 154 were used to model
tmospheric parameters (mainly T eff , log g ). 

We have also investigated Na I lines, modelled their profile, and
easured the EW of sharp absorption components of supposedly 

nterstellar origin. We have used this as an independent proxy 
or estimating the extinction E ( B −V ). This was used to correctly
alculate luminosities based on available V magnitudes and Gaia 
R3 distances. 
We have measured the EW of Li I lines 6104 and 6708 to

nvestigate their dependence on stellar temperatures inferred from 

pectral atmospheric modelling. Looking at Fig. 3 , and considering 
rrors, most of the targets fall in the area for much older Pleiades-like
tars with only about seven falling in the T Tauri region, while there is
one in the post-T Tauri locus. The fact that most of these objects are
 ∼100 Myr old) Pleiades-like from the lithium criterion is somewhat
t odds with the estimated age < 50 Myr from the derived stellar
arameters (see Table 7 ) and by comparison with models on the HR
iagram. Since the strength of the Li line may be affected by several
rocesses (stellar magnetic activity, rotation, and so on), the lithium 

riterion should be considered only as a qualitative, not quantitative, 
ndicator of youth (see e.g. Guti ́errez Albarr ́an et al. 2020 ). 

We calculated absolute radii by using ef fecti ve temperature ac-
uired from atmospheric modelling and luminosity for updated 
istances from Gaia DR3 catalogue. We have compared these 
bsolute radii to the projected (minimal) radius calculated from 

otational rate P rot found in our previous paper (Hamb ́alek et al.
019 ) with vsin i from this work. 
We used PMS Pisa Models by Tognelli et al. ( 2011 ) to derive

bsolute mass and age estimates of targets. We found that all objects
n our sample are younger than 50 Myr with mean age ∼5 ± 3 Myr
nd masses from the interval [0.75–2.10] M �. 

The evolutionary status of our targets was checked using accurate 
arallaxes from Gaia DR3 and mean stellar parameters. Based on 
ithium abundance, modelled age by location on the HR diagram, 
nd large projected rotational velocities vsin i , we can conclude that
ll our targets are young TTSs, some of them may be in the post-TTS
tage. Still, the uncertainty of the ef fecti ve temperature gives larger
rrors in estimating the age and mass. 

We have used sparse RV measurements to explore potential com- 
anions to targets. Apart from already known quadruple HD 283447, 
e find an interesting object HD 30171, which would warrant follow-
p observation. All other objects appear to be single. We have also
alculated the spatial velocities U , V , and W of our targets, which are
n agreement with mean values for Taurus–Auriga SFR. 
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PPENDI X:  A D D I T I O NA L  MATERI AL  

1 Conv er gence probability plots 

e can investigate the convergence of iSpec fit procedure in the
 eff −log g plane. Each resulting point (black dot in probability plots

n Figs D1–D4) is obtained with errors in T eff and log g values. We
an treat these as σ -values for a bi-directional Gaussian function 
ith components E T and E log g : 

 T = exp 

(
− ( T − T 0 ) 2 

2 σ 2 
T (1 − C 

2 ) 

)
. (A1) 

 log g = exp 

( 

− ([ log g] − [ log g 0 ]) 2 

2 σ 2 
g (1 − C 

2 ) 

) 

. (A2) 

Because the two variables are not independent, we must also 
nclude the cross-correlation term with a correlation coefficient C : 

 C = exp 

(
C 

( T − T 0 )([ log g] − [ log g 0 ]) 

σT σg (1 − C 

2 ) 

)
. (A3) 

The final function is given as the product A × E T × E log g × E C ,
here A is the normalization factor: 

 = 

1 

2 πσT σg 

√ 

1 − C 

2 
. (A4) 

We compute this component function for each pair of [ T 0 , log g 0 ]
esulting from all iSpec model runs and then we sum all of them
cross the whole matrix of gridpoints [ T , log g ], T ∈ [3500, 6000] K,
og g ∈ [2.5, 5.5] dex to obtain the probability map. 

We can then find two possible maxima: (i) from the peak position
n the grid (upper left corner in probability plots, also noted with
ashed-lined cross-hairs) with errors essentially determined by the 
oarseness of the grid, (ii) from the geometric mean of all model
oints and their σ errors (lower left corner in probability plots). 
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