Follow-uUp observations of Gaia alerted eruptive young star candidates
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[. Variability of forming stars [I. Eruptive young stars

—Eruptive young stars — examples of episodic

—Accretion In pre-main Ssequence stars IS
accretion — have two main classes:

inhomogeneous in space and time.

—The accretion rate can vary by orders of
magnitude due to thermal or gravitational
instabilities.

—Brightness variations in young stars can
also occur due to other processes, e.g.
variable circumstellar extinction

—FU Orionis-type stars (FUors, e.g. Audard

et al. 2014, Protostars and Planets VI, 387):
—Decades-centuries long outbursts
—Optical burst strength: 4-6 mag
—Absorption-line spectrum

—EX Lupi-type stars (EXors, e.g. Herbig
2008, AJ, 135, 637):
—Months-year outburst time-scale
—Optical burst strength: 3-5 mag
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- A —Only about 50 eruptive young stellar objects (YSOs) are known — [l 3 - i OV 1057 cyg
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System (Hodgkin et al. 2021, A&A, 652, 76)
—The alerted sources show a brightening / fading — their eruptive YSO nature
is to be confirmed using follow-up photometry and spectroscopy
—What we are searching for:
—Brightening of (candidate) YSOs — discovery of new eruptive YSOs

V555 Ori (G aial7 afn) —Fading of (candidate) YSOs — understand the fading of FUors Gaia? Ong

—Amplitude and time-scale similar to EXors IV. Selection of Candidates, fOHOW-Up observations —Time-scale and amplitude (2.5 mag) similar

—Quasi-periodic variations: a period of ~5 to EXors
days — consistent with AA Tau-type stars —Accretion luminosities and rates similar to
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Figure adopted from Kospal et al. (2011,
A&A 527,A133)

—Most stars are likely to go through episodic
accretion during their formation.

—Selection criteria for eruptive YSO candidates:

S — —Brightening event similar to EXors/FUors, or fading of known YSO T Tauri stars, not EXors
B s s $ o —Spectral energy distribution shows infrared excess e
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st —Follow-up photometry: 1-m class telescopes e.g. Piszkésteto (Hungary),
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Wi Mount Suhora (Poland), Adiyaman Observatory (Turkey), South African SRS 2
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Astronomical Observatory (South Africa), Rapid Eye Mount (Chile) S sl 5
—Follow-up spectroscopy: Nordic Optical Telescope (La Palma, 2.6 m),  coozor _
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F Gaia20eae

s e o8 variations - Telescopio Nazionale Galileo (La Palma, 3.6 m), Gran Telescopio Canarias (La [l . -1t vzrae e LT
3 ¢ ° N lboth  due  to @@ FPalma, 10.4 m), Liverpool Telescope (Tenerife, 2.0 m), New Technology | ; -f « == L gt M
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: 10\\- e« *  Jchange ., [l Telescope (La Silla, 3.6 m), Large Binocular Telescope (Arizona, 8.4 m), Very

Large Telescope (Cerro Paranal, 8.2 m)
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—A known young star (ESO H «—148) showing a long-term outburst based on
archival data (Contreras Pefia et al. 2019, MNRAS, 486, 4590)

—Gaia alerted due to 1.2 mag fading over 18 months

—Spectroscopic confirmation of Gaia2lelv belng a FUor Gemlm and VLT spectra

& GaiaG @ RC80r & PS1r—-0.8 # PS1z+1.5 ® WL+7.0
m ZTFr # PS1g-2.8 # PS1i+0.5 & PSly+2.0 ® W2+7.0 2.5
»

—_
S

—— Gaia 20eae / NOTCAM
Gaia 20eae / EMIR
—— EX Lupi / SINFONI

—_
o1
1

—_
(®)]
1

5x10"" g
—~ =
E | N |t A A, A .‘.‘}I‘;:‘IJ“‘ h’ ’ E "é’ 17 P
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 > PA0TE o ,,Mg'f;.l' uh i [’ Wl il | 3 g
10 2 £ L Lol w"‘-.\"u.-”“*‘.f",\";,-:f"“', "," AT " W ‘N i M ‘l i Ll HH"'I""-[II."‘ A E =
L .R from Contreras Pena et al (2019) mr from Contreras Pena et al (2019) IWl+l lW2+1 1 \J 510 ‘. _n‘. J ““’, ﬂ M \ LR L . “W \Ar., M"‘u\‘ﬁr gl "u i w Jl“‘ h 44 Mm r '-lu"-f“;-t 18 -
L ; W«h \M“M W’ﬂu X «ﬁ’ ')HIHW| "J“" Mw‘w f|l‘ Fhu\‘“r" l‘"!. L ) ) o | ’hl\ M’E % 8 ” 8% ® % s * ‘ s 12]
12-_ ° _ -_4 - :;, 2x107'% Uw M“W mr% FORITRVIPR et AN A A \‘“%4“"""-'n"“‘”-“-«*"ﬂ"._a...mu~'._,~.‘,_,,u,M_,_,,.N.‘ful,km\_w_h“‘w_é 19 - % e LR ‘Q hd : . o< * 0 E:“'
3 I ..‘l\ £ 1x107EL E % H oo
2 I | 5 0O £1.0
E 14+ 6 < 1.4 1.5 1.6 1.7 20 Z
éﬁ ! ° 5 Wavelength [yum] 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 09 05 210 15 250 s 250 255
- * b““f. Z‘) Year Wavelength [um]
16- o .. ““\N‘. g = T 4x10 ‘ ‘ o ) | —E . o ’ o
L ® . ® ‘:C\ ' Ly i A "‘;“i- ‘-‘.:-_In,‘-p“'.V‘If'r,';.-\ull“l“-.-"‘.‘l-’.--,‘,’\.-\‘;Hh.\;‘.;‘q-[.‘..'.‘-'J‘|'.‘."i{,n,:'.u')"]‘\\j"""L.>\-:\‘l'\‘l'l‘"‘\JI(-|' Al “‘ # ‘ ‘I‘ | E An EXOF. Galazoeae (Cr UZ _S aenz de M ler a et al ° 2 02 2 9 Ap J 9 9 2 7 9 1 2 5 )
" | | | | | l | | | | l | | | | l | | | 0 é 3x10 AN AN AAA S o ‘ Ii '| ’ | ”HI “ l‘ Il"fI"WJ"‘"JJI..'llflI.':',wr’ll'f\“&J‘,;"L"I'J'I':-‘r"',I'l'l.i'llp.'lf"'r-;II-.'III".J'.E
0 5.0010° 1.010° 1.510* 20 ‘10" N ‘M‘“ﬂm 1| Wl w.,ﬂJ"m"JalL,w._,"ad"mﬁr"n‘j‘ﬁ 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
TD—-2442000 g orbog b bt fWWW*M\WMMM - “ T Py
3 1x10™ e WMM hﬁwm il ﬁ"’l“ww \h(ﬁ* .
2 | | | 'S 10 |- wz - | - = 2e-15 |- " .
2.1 2.2 wovelength [un] 2.3 2.4 % 12 _8222 : o . . . | w% 1 5e-15 .
—————g : : — 2010 2012 2014 2016 2018 2020 2022 2024 S SRR SEY L e e, o
1.0000 | ] po——— = T A R o S 1 ¢ W‘*
° o - . 125k S RURRPEEP PP EEL L b b L EE TR o ,-"f \ L *
—Accretion disk . 1o | T ean
. | 9 13.0 ‘ . b)I | | | ‘Ga|a—3mag | /__7__7__1“_“\‘./1/'(‘ \\ K ckES| ——  NTT SOFI | NTT EFO|SC+SOFI VIFiJHKS o
IIlOdEllIng d 0.1000 - ‘g 13.5} [ | "0 Tou52000 | 2453000 2454000 2455000 2456000 2457000 2458000 2450000 2460000 G0 o0 10000 72000 140}?‘[’/\] 16000 18000 20000 22000 24000
3 & JD
. - = 14.0}
steady, optically _ ¢ APASS W . . . : . .
-any R - 145} A FUor-like star with a peculiar light-curve: Gaia21bty (Siwak et al., submitted)
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—Follow-up spectroscopy for 20+ sources
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—The accretion rate decreased since the bright state

. : : . = —Discovery of two new FUors: Gaial8dvy (Szegedi-Elek et al. 2020, ApJ, 899, 130),
—The rapid fading that triggered the Gaia alert was s, Gaia2lelv (Nagy et al., submitted)
mostly due to increasing extinction 7, 12 , ’ , , ,
_This is the third FUor discovery based on Gaia alerts : " + —Discovery of a new EXor: Gaia20eae (Cruz-Saenz de Miera et al. 2022, ApJ, 927,
§ 09 é 125), and follow-up observations on another EXor: Gaial9fct (Park et al. 2022, ApJ,

Nagy et al., submitted = '+ =0 igi momisnT o0 Mg 165)
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