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YSOs: traditional variable stars

 Many variable stars with traditional variable star designations
(T Tauri, FU Orionis, V1057 Cyg, ...) are YSOs

e Optical (UBVR) photometric monitoring of
T Tauri and Herbig stars: virtually all young *
stars are irregular variables with amplitudes

from barely detectable to >4 mag (Herbst (Simbad)

et al. 1994, Herbst & Shevchenko 199910) o (ASAS-SN)
* There are differentreasons behind = g.’ié tip b

the variability, which cause oy

different variability patterns . i "
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Circumstellar environment

(NASA/JPL-Caltech)
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Circumstellar environment
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Discerning different effects in DQ Tau

Kepler/K2 light curve with 1 min
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Examples for extreme variables

* FU Orionis-type variables
(FUors)

* EX Lupi-type variables
(EXors)

e UX Orionis-type variables
(UXors) / dippers (Kennedy et al. 2017




How can we understand variability?

* Multi-filter photometry; multi-wavelength photometry (X-
ray, UV, optical, infrared, millimeter, radio)

* Precision photometry (e.g., at the pmag-mmag level):
MOST, CoRoT, Kepler/K2, Gaia, TESS, PTF, ZTF, VVV(X), LSST

talk by Carlos Contreras Pefa
» Spectroscopic monitoring (UV, optical, infrared, millimeter)
talk by Connor Robinson
 Spatially resolved imaging or interferometric monitoring

(e.g., VLT, Gemini, Subaru, VLT Interferometer)

* Dynamical models to predict time-dependent observables



Variability types of disk-bearing stars

Simultaneous CoRoT (optical) and Spitzer (3.6 and 4.5 pum)
photometric monitoring of disk-bearing stars in NGC 2264
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Variability types of disk-bearing stars
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Variability types of disk-bearing stars

Correlated optical-IR behavior
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K2 + Spltzer monltorlng |n Taurus
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* Correlated optical-IR behavior
* Variability amplitude: similaror
smallerin the IR

* Differentproportion of optically
thick/thin emission?



TESS light curves of YSOs

spnjruSeuws SSHL

\.n 1
o
o
= <
3
=
>
,::f:,::;:::_,;_:,::;:::,:
r « i o ©
< s < <
S S S 3
spnjruSew S,
=3
| (=3
0
0
| 3 4]
=
* ®)
2 LN
©
g
«©
4 a2
‘% S ) Y S
& 1 o 0 <) 10
D 0 © © > I
o « @ @ « «
= = = = =
= = = = =
apnjiuSew GQH,
el
L s
<
2]
(=]
r 15
M @0
.
0 .»ﬂu
i) Ao,
0 o
V S
:j:;::j:;:,;::j:;
] 2 Q 2 0 2 2
it 0 0 © © r~ ~
S =t =t = s S b

8485

8480
- 2,450,000

8475

8470



Average magnitude

Gaia alerts

* Gaia alert webpage: http://gsaweb.ast.cam.ac.uk/alerts/

* Young outbursting stars among the Gaia alerts:
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LI e e (e
2015 2016 2017 2018 2019

Observation date (TCB)

* Final Gaia data release will contain billions of light curves +
colors + spectra!



Young eruptive stars
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Structural changes in V346 Nor
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Continuum subtracted flux density [Jy]

Episodic crystalllzatlon and transport
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Chemical modeling for EX Lup

Expectation: many species may still
have non-equilibriumabundances

flare (2008) M
today (2018)
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(Késpal, Semenov, et al. in prep.)
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Magnetic topologyin EX Lup
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Magnetic topologyin EX Lup

Radial magnetic field Azimuthal magnetic field Meridional magnetic field

Excess Co emission CFHT/ESPaDONS

spectropolarimetric
observations revealed
strong (3 kG) dipole
magnetic field

(Késpal, Donati, et al. in prep.)



Models of magnetospheric accretion
3D MHD models from Romanova, Kulkarni & Lovelace (2008)

Stable accretion Unstable accretion
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X-ray variability of young eruptive stars
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Morphological changes

PV Cep: inner disk rearrangements  LRLL 54361: pulsed accretion in a

revealed by dramatic brightness variable protostarin IC 348, light
and morphological changes echo seen in the scattered light

(Kun et al. 2011) (Muzerolle et al. 2013)
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Complicated morphologies

Arm

Extended
stream

V1057 Cyg

Subaru/HiCIAO H-band
observations of the scattered
light around FUors

Possible causes:
e gravitational instability?
* past stellar fly-bys?

talk by Nicolas Cuello

(Liu et al. 2016,
Takami et al. 2018)



Changing dust distribution
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Changing dust distribution

VLTI/PIONIER observations of the disk of the 2011-2013

Herbig star HD 169142 (H band, 1.65 um) ;“
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The curious case of DG Tau

VLTI/MIDI observationsin the N band, 8 — 13 um

Absorptioninthe inner disk Variable crystalline silicate
(within few au) emission outside of a few au
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Excess Fraction (%)

Excess Fraction (%)

Extreme debris disks (EDDs)

Debris dust: dust grains around main sequence stars have short lifetime,
need to be continuouslyreplenished by collisions between planetesimals
Replenishment may not be continuous, we may be able to discern
individual collisions through infraredvariability
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Excess Flux & 4.5 pm (mJy)
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Interpretatlon of EDD varlablllty
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. Flux decrease:
sudden production of fragments and vapor

condensates due to a hyper-velocity impact
between planetesimal-size bodies

* rapidevolutionofvapor
condensates (collisional

, , o destruction of grains)
gradual build-up of debris due to collisional

evolution * rapidlossofgrainsdueto

radiation pressure (blowout)



More discoveries to be published
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Take-away messages

* Variability is a powerful tool, a 4t" dimension to
study disks around young stars

* It reveals otherwise unattainable information about
the circumstellar matter

* |If you ignore it, you are probably making a mistake



