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UX Ori (B – V)

V

Gahm +  (1988, 1993): RY Lup, type TTS

FLIPS on < 1 hours

Covered by large dust grains in the foreground disk?

S Cr A (Gahm, Petrov, Tambovtseva, Grinin Stempels, Walter  2018)   possible flips < 1 day

Q1:  Any colour flips in UXORs?



Vincovic´ & Juric´ (2007) 

situation is completely different for low-L objects. A 102 L!
Herbig star has L? /M? " 30 (Palla & Stahler 1993); hence, the
upper grain size limit of dust with !k 1 is in the micron range.
Curiously enough, this is consistent with smaller grains not sur-
viving in the surface of the inner disk (see x 4.3).

Variability.—The range of photometric variabilities of high-L
YSOs is much smaller (!V P 1:5 mag) than that of low-LYSOs
(!V P 6 mag; Rodgers 2001; Herbst & Shevchenko 1999; Bibo
& The 1991; Finkenzeller & Mundt 1984). This dependence of
variability on luminosity is not understood. It may be that high
luminosities are masking underlying accretion variabilities (unlike
FU Ori stars where the stellar luminosity is much smaller than the
accretion luminosity) or that dust sublimates so far away from the
star that the probability for a transient dust obscuration is highly
reduced (Grinin & Kozlova 2000). NIR visibilities, however, in-
dicate that differences in the geometry of circumstellar matter
distribution may be the reason. Another interesting property of
the variability data is the correlation between the NIR flux excess
and the range of variability amplitudes. Herbst & Shevchenko
(1999) show this for Herbig Ae/Be stars by plotting the variabil-
ity range in V band against the ratio of NIR excess luminosity to
the stellar luminosity. Skrutskie et al. (1996) show this for T Tau
stars by plotting variations of intrinsic (K # L) color excess against
the amplitude of the K-band variability. If the puffed-up inner
dusty disk rimmodel is responsible for V-band variability (which
we challenge; see x 4.1), then this correlation indicates temporal
variations in the rim’s height. The halo model, on the other hand,
explains this correlation by connecting the amount of dust in the
halo with the dynamics of dusty outflow. A larger NIR flux re-
quires a larger optical depth of the halo, which in turn is a result
of enhanced dust dynamics supplying the halo with dust. Side
effects of this enhanced dynamics are dust obscuration events
andNIR emission variabilities. Since the existence of such a halo
is consistent only with low-L YSOs (see x 3.2), the variability
amplitude is smaller in high-LYSOs because they lack the halo
and its dust dynamics. Unfortunately, the current data are not
sufficient for establishing which theory is correct.

5. SUMMARY

We have reviewed all published NIR (H andK band) visibility
data of YSOs and devised a method for their model-independent

comparison. The method is based on scaling the distance of ob-
jects and their luminosity out of the measured baseline (eq. [1]).
This removes the apparent dependence of the object’s size on
(1) its distance and (2) radiative transfer scaling due to luminosity.
Hence, the visibility dependence on scaled baseline detects in-
herent differences in the geometry of circumstellarmatter distribu-
tion without applying any additional theoretical model-dependent
assumption.

The comparison shows a clear distinction between low-LYSOs
(L?P 103 L!) and high-LYSOs (L?k 103 L!), as already sug-
gested by previous studies (Monnier et al. 2005; Eisner et al.
2004). Low-L visibilities cluster at spatial scales"7 times larger
than scales derived from the visibility clustering of high-LYSOs.
Next, we analyze the observed visibility clusters with three types
of image models. Modeling the whole data cluster instead of in-
dividual objects reveals or reaffirms some collective properties
of these objects.

The first model is the uniform brightness ring, where we use
dust sublimation as the boundary condition for the ring’s inner
radius. High-LYSOs are inconsistent with dust sublimation and
appear much too small. The model was also not successful in ex-
plaining the size of the T Tau cluster. These stars appear slightly
larger than model predictions. The model was more successful
in low-L Herbig Ae/Be stars where the visibility cluster can be
modeled with optically thick rings of 0$–60$ inclination and a
dust sublimation temperature of "1500 K. The second model is
the optically thin dusty halo. It explains the T Tau cluster with
halos of "0.2–1.0 visual optical depth. Low-L Herbig Ae/Be
stars require optical depths of"0.15–0.8. Halos made of micron-
size grains provide the best fit to these data clusters. Finally, the
third model is a classical accretion disk. We use this model on
high-L Herbig Be stars and show that it can accommodate ob-
served visibilities. The model does not constrain the accretion
rate because equally successful fits can be built with Ṁacc ¼ 0 to
10#4 M! yr#1. We argue, however, that the NIR emission from
accretion disks must be due to gas and not dust; hence, accretion
rates must be high in order to produce required thermal emission
from the gas.

We also discuss variability properties of YSOs and made an
attempt to incorporate them into the existingmodels of inner proto-
planetary disks. We argue that dust obscuration events detected

Fig. 12.—Emerging picture of the inner protoplanetary disk structure based on observed properties of high- and low-L YSOs. Left : Low-L objects have two
competing models explaining their NIR visibilities and anomalously high NIR excess: (A) puffed-up inner disk rim and (B) dusty outflow creating a halo around the
inner disk. Detected variability due to dust obscuration events suggests that either (C) the height of the puffed-up rim is variable and temporarily blocks the view toward
the star or (D) clumps of dust appear in the dusty outflow and occasionally intercept the line of sight. The disk inside the zone of dust sublimation (E) is optically thin,
while the rest is optically thick (G) due to dust. Gaseous stellar and disk winds (F) are also present. Right : High-LYSOs have a simpler structure. The star is surrounded by
an optically thick gaseous accretion disk (A), which extends much closer to the star than the dust sublimation distance. But dust still may survive within the optically thick
disk interior (B). Intense gaseous stellar and disk winds (C), combined with the stellar radiation pressure, are efficiently dispersing the surrounding environment.
‘‘S’’ marks the star.

ENVIRONMENT OF YOUNG STELLAR OBJECTS 477No. 1, 2007
> 40o ?     

Shulman & Grinin (2019)

Tambovtseva & Grinin (2008) 

Q2: Dusty fragments far above the disk?

Dullemond + (2003) 

Kreplin+ (2016), Davies + (2018)



Collaborators: Anlaug Djupvik, Vladimir Grinin, Jacek Krelowski + LTU
NOT: Spectra R = 25 000, 4000 – 8580 Å
Photometry: Section: variable stars, Swedish Amateur Astr. Org.

	

	
	

	

Next run: WHEN? 

2019: Gahm, Djupvik (NOT) + Luleå Technical University
also: Grinin and Krelowski

Grinin + (2001) To be continued
Rodgers + (2002)

NOT: spectra R = 25 000, 3600 – 9400Å.
Photometry: Swedish Amateur Astronomy Org.  



UX Ori 2019

During accretion event: no related occultation

fainter

fainter

+60 km/s  (to +140) Natta+ (2000), Potravnov+ (2019)

Na I D He I D 

Q3: Any ecidence of spectrocopic binaries?



[O I] [O I]

RV = 0.0 km/s.  RV star: +11 km/s ?
∆V = 58.1 km/s (FWHM)

Contrast effect: the line FLUX is very constant

RR Tau 2019
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MAX



[Fe II]: higher critical density than [S II]

Q4: Is the RR Tau disk tilted?       Confirmation? ALMA

[S II] lines
Appenzeller+ (1984)

[Fe II] [Fe II]

Fe II

RR Tau 2019



RR Tau2019
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Hb

Intrinsic variations: difficult to map inner region Rodgers et al. 

- 400 km/s to + 400 km/s

Rel.
Flux



• Chemistry  
Use a simplified network that focuses on H2O and 4 major 
carbon/oxygen carriers: CO, CO2, CH3OH, and CH4  
(developed by Arthur Bosman)

• Transport of small grains + 5 molecules  
Turbulent diffusion with an α-disk model  
(based on Ciesla et al. 2009; Krijt et al. 2018)

• Dust coagulation 
Sub-grid model for how/when/where (sub)micron-size 
dust particles are converted to ~mm/cm-size pebbles 
(based on Krijt et al. 2018)

• Transport of pebbles  
Turbulent diffusion + settling and radial drift using 
representative tracer particles 
(based on Ciesla 2010+2011, Krijt et al. 2016+2018)

(        = ice dominates)(        = ice dominates)(        = ice dominates)

⇣CR = 10�17 s�1
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(But see talk by Padovani)

Limit ALMA     Krijt/Bosman (2019)

Q5: Any UXORs with ALMA ? 

H2CO is bright!  
so ‘easy’ to detect 
in disks

Pegues+ to be submm

H2CO



Overtune CO 2.3 µ to be Ilee+ (2014)
Fluorescent H2 2.1 µ to be

ANY MOLECULAR LINES IN THE LINEOFSIGHT ?

First test if DIBs are enhanced in UX-objects when occulted: 
Andersen, Gahm, Krelowski (1982) for HR 5999

Result: DIBs are not enhanced. 

SIGNATURES FROM COLD GAS WHEN RR TAURI IS OCCULTED ?

Species Enhanced when occulted?    

Ca I, Mg I, K I ground state no
DIBs no (not enhanced in shells(H II)
C2 (2 – 0), C3 no (enhanced in shells/H II)
CH, CH+ no (enhanced in shells/H II)
CN no
NH2 no



Open questions

Q1: Rapid colour flips in UXORs?

Q2: How to bring large bodies with large dust grains 
far above the disk?

Q3: Evidence of spectroscopic binaries?

Q4: Is the RR Tau disk tilted? Size of inner holes?

Q5: Any mapping of UX Ori stars with ALMA?

Q6: Detecting which molecules in the sightline?


