UVIT/AstroSat study of T-Tauri Stars
(Can UVIT be used to study variability in T-Tauri Stars?)
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Introduction AstroSat and
i . Hubble Space Telescope
® T-Tauri stars (TTS): low-mass pre-main-sequence (PMS) stars. = — JWST
® Classical TTS (CTTS): characterized by strong H-a line emission and significant continuum / i m
excess emission in the UV (T ~10" K) region over photospheric values due to strong accretion. gL

Blackbody

® Weak-line TTS (WTTS): non-accreting disk-less TTS, emit weak line emission and comparatively  chromosphere

I/ accreting

: : : : : . \ = ‘-“"‘ / gas + dust disk
low UV excess (mainly in FUV) in WTTS Is due to chromospheric activity. I
® NUV emission: originates from dense pre-shock region of the accretion column; s ! - | ,\
FUV emission: originates near the hot spot created due to accretion shock. shock jah_,_/ /4 \ W
——— e < 4

e . . . . . UV, optical
® TTS also show variability in line luminosities as well as in UV and optical continuum. The main continuum + innerga{:ﬁr = o 2016
_ o _ _ _ line emission; B il :
source of variability is thought to be the change in accretion rate. X-rays S disk (UV H,)

® Though there have been many studies on TTS in optical and IR regions, their UV properties are Schematic view of a young star accreting from a disk through magnetosphere.
relatively less studied.

B \We present preliminary results from simultaneous multiband UV (in both FUV and NUV) photometric and FUV spectroscopic observations of young TTS.

From the AstroSat archive, we found photometric (in both FUV and NUV) observations of seven TTS and FUV spectroscopy of one TTS (TW Hya) in Gratingl.

Photometric Observations Spectroscopic Observation
Spectral energy distribution (SED) of TTS

UVIT spectrum of TW Hya and Compare with IUE

® To construct SED, we combined UVIT data with Gaia-EDR3, Pan-STARRS,
2MASS, and WISE.

® UV and optical regions of SED is fitted with two-component theoretical spectra of
a dwarf star (BT-Settl-CIFIST) and a blackbody to estimate excess UV emission.

»FUV slitless Gratingl
Image of TW Hya.
Different orders are
marked.

1e-13

Fixed parameters: distance, metallicity; Free parameters: T ., log(g), extinction. . \ wasnonss | oydar m = -2 is used
FM Tau HD283782 - b to generate calibrated
10-11 1011 - | e spectrum. (Dewangan
10713 1013 1§1-5- “ et al 2021)
@107 . @0 ~ AR S"" 3541409 o »UVIT spectrum
- - - ¥ :
S S 'S KL . matches well with low
50 . . RS g T80, Togg=4.0 ' . KJU\WJ LWMW&” Q U\'\MW’“"' resolution IUE
= (‘Tefr=3900', 'logg=5.0") ~ . (‘TefrF=4600', 099—4-0)\
5 10-19 Talackbogv=10300 210~ TBlackboady=6800 | |
e not fitte};:I: Obs_Flux ! e not fitted: Obs_Flux 1300 1400 w“e:j:sth A) 1600 1700 SpeCtrum
1072 Fitted: Obs_Flux 10~ Fitted: Obs_Flux
e Mod_Flux / * Mod Flux FUV emission lines (O-l, C-IV and He-ll), used as accretion indicators
107743 )4 )5 10703 10 10° ' '
10 10 10 are very prominent in the UVIT spectrum.
Wavelength (4) Wavelength (4)
- B5_Tau V836_Tau Can UVIT detect variability in line emission?
10—11
1le-12 6 Te-13
10713, 10-13 3.0 05-04-2021 HST: 03-04-2021

"t X . )H'.‘"'“"’w:,q | 03-04-2021

it s e, . 08-04-2021

\ ° -
10—17

(‘Ter,=3500", 'logg=5.0") \

'*-..\\
("Ter,=3600", 'logg=5.0") \\,.\
TBlackboay=10200

Tgiackb dy—9800
° ::: f(ljtttz)db OII:::ls Flux \ e not fitted: Obs Flux \
Itte S_Flux 1021 Fitted: Obs Flux

' - ackbody = _ ."I-’ \
| ackbo _ ] /] EI". -
e + Mod_Flux MWL.MM v AN
10~ —-23 . . - _ ¥ —
. T D e

HST: 05-04-2021
HST: 08-04-2021
UVIT: 07-04-2017

L

=
o
|
=
un
~
Ln

B

CGIv

g
o

He-Il

=
o
|

=

|

=
(¥ |
L

=
o
|

=

w

Flux (erg/cm?/s/A)
Flux (erg/cm?/s/A)

=
o
|

=

w0

—
o
r~J

Flux [ergs/s/cm?/A]
Flux [ergs/s/cm? JA]

Iy -
M He-ll
W
%
%

=

o
o
=

o
LA
—

Q
o

103 104 105 10‘2i03 TG TE | | | | . _
1400 1500 1600 1700 1800 1500 1525 1550 1575 1600 1625 1650 1675 1700

Wavelength (4)

Wavelength (4) Wavelength [4] Wavel
avelength [A4]
>|:_|V| Tau anq HD283782 are well known CTTS and WTTS, r_espectlvely. A clear (Left): Multi-epoch HST spectra of TW Hya. (Right): Multi-epoch HST spectra
differences Iin T, ..., @nd UV excess over photospheric emission are observed. degraded to UVIT resolution. Observed UVIT spectrum is also overlaid.

»BS Tau and V836 Tau, previously classified as WTTS, show significant excess in UV § » UVIT spectrum matches very well with the degraded HST spectra.
region, with blackbody temperature ~ 10* K, suggesting them as CTTS.

»Multi-epoch degraded spectra are clearly distinguished from each other.

» Spectroscopic observations of BS Tau and V836 Tau with strong H-a emission,

obtained from HFOSC/HCT also support the above results from SEDs. UVIT can detect the variability in line emission.
Summary-1 Summary-2
®\\/e present first UVIT study of young TTS. > ®\\/e present first UVIT spectroscopic study of young TTS.
® Based on Strong H-a emission and large excess - ‘—If_m S ®\\e detect strong emission lines in FUV: O-I, C-1V, He-II.
In FUV and NUV, we reclassified BS Tau and § | P T ® UVIT spectra matches well with IUE and degraded HST spectra.
V836 Tauas CTTS. — ~80 . BS Ty 1o _ N S o
. . _ & V836 T € FUV Grism1 has the capability to detect variability in line emission.
® Mass accretion rate estimated using H-o ; w6 . | | |
equivalent width and UV luminosity matches well, < - We have proposed for FU\_/—Gratnjgl. Qbs_ervatlons of three TTS In the
with BS Tau as outlier could be due to accretion I AO-12 cycle to study accretion variability in them.
variability. C log W /Moyt

YESI!!!

Simultaneous multiband photometry in FUV and NUV using UVIT is an excellent UVIT can be used to study accretion variability in TTS
tool to characterise T-Tauri Stars and understand the accretion processes in them.
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