V346 Normae: the post-outburst life
of a FUor
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FU Orionis-type stars (FUors)

» Young (Class |, Flat spectrum, Class Il) stars with large
outburst (4-5M) in optical light (Herbig 1966, 1977).

» Outburst lightcurves are heterogeneous
» Reflection nebula, infrared excess

» Spectral type: F-G supergiant (optical), K-M giant or
supergiant (near-infrared)

» Special spectroscopic features: blueshifted absorption in
Balmer lines, CO bandhead in absorption,...

» Bona fide FUors ~15 (Connelley et al. 2018)
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Barrier for terrestrial planet formation?




Barrier for terrestrial planet formation?

» Density rearrangement (winds, evaporation)
» Snowline moves outward |
» Chemical changes (ice mantle evaporation, photo- ‘:'"
dissociation of molecules, endothermic reactions)
j> Mineralogical changes (crystallization) - »

 » Surface ionization
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FU Orionis-type star: V346 Normae

» Located in Sandqvist 187, in the JKH

Norma 1 association (d = 700 pc) composit® s
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» Associated with the Herbig-Haro
object HH 57

» Deeply embedded protostar

» Massive envelope (0.1-0.2 M),
extended CO outflow

» Outburst between 1976-80, . 5 el
outburst luminosity: 135 L (Kospal et al. 2017a)
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FU Orionis-type star: V346 Normae

» Located in Sandqgvist 187, in the
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(Abraham-+ in prep.)



FU Orionis-type star: V346 Normae

>

» Associated with the Herbig-Haro

Located in Sandqvist 187, in the
Norma 1 association (d = 700 pc)

object HH 57

Deeply embedded protostar

Massive envelope (0.1-0.2 M),

extended CO outflow

Outburst between 1976-80,
outburst luminosity: 135 L
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FU Orionis-type star: V346 Normae

» Located in Sandqgvist 187, in the
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Characterization of the post-outburst state

IF THE OUTBURST IS INDEED
OVER, V346 NOR IS A UNIQUE
CASE WHEN WE CAN TRY TO
ANSWER:

» what is the progenitor star? Has
any special feature?

»how to classify the initial disk?
Boring little or great celebrity?

» clues on outburst physics?

» what was the impact of the
outburst?
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2010-2011: brief return to quiescence(?)
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Reddened steady accretion disk model: the 2010-11 fading was an accretion drop
Progenitor: late-type (2900 K) embedded (Ay~21.5 mag) young stellar object



Circumstellar environment with ALMA

Cycle 2 Wavelength: 1.32 mm, Beam: 1.11” x 0.90”

V346 Nor

1.32 mm continuum

Relative J2000 Declination (arcsec)
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Deconvolved Gaussian size of the compact
source:0.46”x0.60” (~210 au radius @700 pc)
Extended emission: 12”x5”

Flux: 27 / 42 mdJy

Central source (T=50K) => 0.07 M,

VVV 'V

Cycle 5 Wavelength: 1.32 mm, Beam: 0.10” x 0.10”

10 0.5 0.0 0.5 -1.C
Aa [n]

» Deconvolved Gaussian size of the compact

source: 0.139” (~40 au radius @700 pc)
» Extended emission: 12”x5”
» Flux: 11.7 mdy
» Central source (T=50K) => 0.017 M,



Accretion - infall mismatch
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ALMA CO line observations
Pseudo disk: rotation + infall

Keplerian disk: rotation

. 3 (Menv)(ZGM*)l/ 2
Miptan = —
2 RCHV RCHV

Dynamical mass ~0.1 Mg

Infall rate:

Minfall = 6 X 10_6 M@/yr

Quiescent accretion rate:
Moo < 4 x 107" Mg/yr

(Kospal et al. 2017a)
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Flux density (Jy)

Changes in the circumstellar structure

Spitzer, 2004 Feb 27
Spitzer, 2006 Apr 16
——— VISIR, 2016 Feb 29
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(Abraham et al. in prep.)

» Two Spitzer/IRS spectra during

outburst

» One VLT/VISIR spectrum post-

outburst (S. Kraus)

| » Changes in the optical depth of

the 9.7 um silicate feature

| » Changes in the line-of-sight

extinction

» Density rearrangements between

outburst and post-outburst



UV-visual-NIR spectroscopy
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Black: NTT/IRSPEC 1993

Red: VLT/XSHOOTER 2015
(Pl: S. Kraus)

UV-visual: very low S/N for the
continuum, but emission lines
are well visible

NIR: both the continuum and the
lines are well detected

CO bandhead disappeared!

Strong wind in outburst,
stopped after 2010



UV-visual-NIR spectroscopy

H2 1-0 S(7) line

emission knots o

connecting the

object and V346 Nor pbras el

sky lines [Fell] 1.644 um
emission from
HH 57

(Kospal et al. in prep.)

Analysis of the 2D
spectra are ongoing,
some preliminary results:

Strong [Fell] emission
from HH 57

H, knots connecting
V346 Nor and HH 57

Complicated velocity
pattern



Post-outburst disk chemistry
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Magnitude

Our latest photometry
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Re-started Fuor outburst?

* What constraints do such switch-on/switch-off events give on
outburst theories?
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Summary

FUors may have an impact on terrestrial planet formation, and
V346 Nor may be THE ideal object to study it.

In quiescence, V346 Nor is a low-mass embedded object
surrounded by a compact, (uncomfortably) low-mass disk

Effects of the outburst:

» Outburst wind stopped, jet is being launched
» Fresh matter fills the inner zone from the outside
» Molecules keep high gas abundance for decades (model)

The outburst mechanism can be temporarily shut down
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The outburst mechanism can be temporarily shut down

Not a barrier, more an influencer!




