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A typical circumstellar disk

Magnetospheric
accretion

(D= Pure gas disk

0.03AU

UV continuum,
H-recombination lines

ALMA

Direct imaging (HST or 8-meter ground-based)

Near-IR interferometry

001 ..

Mid-IR interferometry -

1AU

Near-IR dust
continuum

Near-IR continuum
(origin unclear so far)
+ atomic lines (Br-y)

+ occasional molecular
lines (H,0, CO, OH)

100pc 200km
al el
1 AU lcm

200m

10 um

Dust inner rim

Planet-forming
region

10 AU

Mid-IR:
dust continuum
+ molecular lines
(HLO, CO.; )

~0.01"

Outer disk

(Sub)millimeter:
dust continuum
+ molecular rot-lines

100 AU

Dul | enrond & Monni er,

(mass reservoir)

ARAA 48, 2010



~10mas

_>

Calibrated Visibility

8L 11] '_
N T
0.2f N

o.oe;.... 910111213

A typical circumstellar disk

Wovelength [um]

1.0[

0.8F
0.6
0.4

0.2F

]
04—11-2004, §1.8m 7

0.0l

Wovelength [um]

1. --------- TrrTTTIreeY TTTTTTIreIrY TTrrrrIreY | Rl
of 02-11-2004, 85.0 m ’

0.8F

:'1
0.6 "I,

o II

[ Tl
04 il
0'2- S ———
0.0 Lo, e e e e

Wovelength [um]

* the resolution of the interferometer decreases with wavelength
* the emitting region becomes larger due to the temperature gradient

= decreasing visibilities
= direct size estimates

Rat zka et al .,

: ~20mas

A&A, 502, 2009



Radiative transfer model T Tau N

80 AU

star
M,=2.1Mg
T+=5250K
L.=7.3L,
R,=3.3Rg

disk
My=0.04Mg,
rq=0.1... 80AU
i < 30°
hi90=18AU
B=1.25

envelope
C]_ = 110 =
Cr= -5.0

accretion
dM/dt=3-10"8 Mgyr™

extinction (foreground)
Ay=1.5mag

Rat zka et al., A&A 502,

2009



normalised visibility

v [orcsec"]

Radiative transfer model T Tau N

1'0_' T TTT T T T T T T T LN T

oo

D,B—IfII . 1 r n

BRI :
.6 n 1 L a N
II&II Bl o

: TrrfrIIIIB]] a
04 ] 1L ITIIT ]
0.2 ] 10 B

43 m &2 m 85 m
ool I - I I reenerenen A N P ST P L R R L O e B,
8 9 10 11 12 13 9 10 11 12 plIS 9 10 11 12 13
A (] A [um] A [um]
10‘”5 T T T T
100 . 7 F
\ 10712f E
50 ¢ ] L E E
5 130 i
510 ; E
° - R
1 < 107"E 3
1 P £ E
-50r 5 : Literature
/ 10"5;— 3
_100 I TR S [y I T T i ||||||||||||||||- i S S I T S N1 E E
-100 50 4] a0 100 —50 4] 100 50 4] a0 100 L
u [arcsec™) u [arcsec™] u [arcsec™) 107'® L L L
0.1 1.0 10.0 100.0 1000.0
A [pm]

Rat zka et al .,

A&A, 502, 2009



A growing “zoo” of sources ...

DR Tau K7 (T4 ~4000K, Ly~1.7Lp) M, ~0.8Mg 3 Myr
mMg~0.1 Mg rg~0.10...90 AU, B~0.75, h1gg~15 AU, i~20°, 2.0-10® Mg/yr
GW Oiri GO (T4 ~06000K, Lx~40Lp) M,~3.7Mg 1 Myr
Mg~1.0 Mg rq~0.35...360 AU, B~1.10, h1go~22 AU, i~10°, 2.5-107 Mg/yr
HD 72106B AO (T, ~9500K, Ly~28Lg) M,~1.8Mg 10 Myr
mg~0.005 Mg ryq~0.50...40 AU, B~1.30, h190~8 AU, i~60°, no accretion
RU Lup K8 (T4« ~4000K, Ly~1.3Lg) M, ~0.8 Mg 1 Myr
mMg~0.1 Mg rg~0.10...100 AU, B~0.90, h19o~20 AU, i~28°, 1-10® My/yr
HBC 639 KO (T4« ~4800K, Ly~8.5L¢p) M,~2.0Mg 2 Myr
mg~0.1 Mg rg~0.10...120 AU, B~1.00, h190~10 AU, i~65°, no accretion
SCrAN K3 (T4 ~4400K, Ly~2.3Lp) My,~1.5Mg 3 Myr

Mq~0.03 Mg rg~0.05...120 AU, B~1.10, h19o~9 AU, i~10°, 4-10® Mg/yr

Schegerer et al., A&A 502, 2009
Schegerer et al., A&A in prep.

= multiwavelength approach (AMBER)
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RY Tau - A case study

tnner dISk Outer disk
‘n’w T ol T b T
o 19
- wr_'_
Sl 19|
*® [ I [ I
g HD 163296 | | HD163296 Z
e o o : g
=] w
o ki
Ty — |d
&~ wr_'_ g
Sl = o
x b
3 - 1%
3 HD144432 - HD144432 o
N o o +
] w
o 2k 4n
- | ¥
= <[ i
ol 19| ]
L I 4 For 4
HD 142527 — HD 142527 -
°8 10 12 8 10 12 e
A(um) A (um) Gemi ni “North

van Boekel et al., Nature 432, 2005 Schegerer et al., A&A 478, 2008



RY Tau - A case study

0.2/0.8/0.0
1 450K

5 single-dish

0.1/0.8/0.1
1557K

primordial dust (< 1.5 um),
larger grains (> 1.5um),

crystalline dust

0.0/0.8/0.2
1722K

Gemni ni “.North

Schegerer et al., A&A 478, 2008



Dust processing around T Tau?

95 """"" IRERRRRRLE T T [T TTTTTTT IRARRRRELE [T 3 95 """"" [T T T IRARRRRERE IRARARRELE T T
5 A = 43m

8 e 4 sfF -
7E 4 7F =

F, [Jy]

|
N
IIIIIIIIIII

403K 1

af 355K
- 0.0/0.6/0.4

0.2/0.6/0.1

gE """"" ISR IS [ ISR ISR IEEEEE 3 9E """"" IEEEEEE IEEEEa IEEEEna IEEEE IEEEE ISR 3
E b2m 453K 3 E 85m 490K 3
8F 0.0/0.8/0.2 ' 0.0/0.6/0.4 3

]
[o1]
LLRRN |

F, [dy]
primordial dust (<1.5um), larger grains (>1.5pum), crystalline dust

Rat zka et al., A&A, 502, 2009



Grain Growth (almost) everywhere

6 8

RU Lup

1.4
1.3F DR Tau 61m
14
14
5
I.I-.
14

| HBC 639 ¢

iy Y Iilh.i } ”
o : N.‘IJ 1‘ |

8 12

10
A [pm]

Schegerer et al.,

. HBC 639 75

6 8

e

- SCrAS 71m

A&A, 502, 2009



(Fobs 1 (Fcont+ Famori))

Processed Dust around TW Hya

0.30

0.25

0.20

0.15

0.10

0.05

0.00 LHLL A SRRl |
7 8 9 10 11 12

e

2
)

pol
,

Wavelength [um]

~ 8% of the mass is in sub-
micron sized crystalline dust
particles; ~83% of the mass
is in sub-micron sized amor-
phous dust grains

Comparison of the spectrally
dispersed correlated flux
with the dust model shows
that most of the crystalline
material is concentrated
within 1 AU from the central
star

The disk of TW Hya is not
well mixed

Rat zka et al .,

A&A, 328, 2007



The transitional disk of TW Hya

10-8F UL R UL L LA L) L™ LA UL ] . . . g
: ] opt. thin emission optically thick
inner disk outer disk
= 10‘9:—
Ng -
>
3 R ,=0.06 AU
h 10"0:— X
oo void
0.1 1.0 10.0 100.0 1000.0
midplane
1.0
0.8 atmosphere
\%ﬁ; 0.25 r ]
% y = 0.20F . "g
s z, :
2 04y = 0.15F n
s = :
1] [
T o10F C
0.2 %
I @ 0.05F -
0.0l L R e L e, ] 0000 oo e
8 ° 10 1 12 13 0.0 0.5 1.0 1.5 2.0 0.5 ,
Wavelength [um] R [AU] R [AU]

Rat zka et al., A&A 328, 2007



The transitional

Log F, (er‘gs/s/c:m2 ,um_l)

Correlated flux (Jy)

0.1

LNNLENEL B B NN S S S B N B S B B B B B

0.3 0.4

0.2

Wavelength (um)

IR Loid PET 14wl EEEETT B
1 10 100 1000 10%

T T

38
*

T
MIDI/ VLTI

03]

10 12

Wavelength (microns)

Squared visibility
0.5
|

Kl & CHARA -

o " 1 L L L I | " 1 N N
0 5x10" 108 1.5x108
uv distance
P
=
x
o2
P
.y o
}\ —
=
¥ o
=
T
=
c?l
E | | | |
%() 5x10° 10% 1.5x10%2x10%2.5x10°

uv distance

Cumulative flux (Jy)

0.1

Cumulative flux (Jy)
2x107%4x107%6x107°8x107°

0.4

0.3

0.2

0

0.5

disk of TW Hya

L 10 um

AR<0.13AU

P | M|

Rin=0.42...0.52 AU |

0.1 1 10

100

Radius (AU)
L 7 mm i
. Rin=3.8...4.5AU |
P — 2 ] A Iy
0.1 1 10 100
Radius (AU)
Akeson et al., ApJ, 728, 2011
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10°

Parent cloud

Formation of the central protostellar object

103

Fragment
o ._"""‘I LR SRR ) 1R T TR
a E
(] P
£ I
S 2 b Cold black body
8 2F
T 3
wn &
v F
= 1 10 102
A (pm)
t=0
=
-0
=
o
o
-
v
w
(]
= 10 102
i A (um)
5 t<0.03 Myr
% Class |
2
e L
(-9 —
Tl
=
< Lo
S
- Black body
PEERTT] B SRR ATt | IR
1 10 102
A (pm)
t= 0.2 Myr
Class Il
LRARLL ] LERLELERRRLL] T T FEEr T
=
o= b
=
3 B
g S
s L
% Ll Ll TN
g 1 10 102
g A (um)
§' t=1 Myr
= Class il
-E SR LIRS E2L) LBNE JF.5 22 | 5
% L 4
o = |
a = Disk?
g — -
= L Sstellar black body -
sl nl L L
1 10 102
t=10 Myr A (pm)

7 INS

Birthline for

pre—main sequence stars

>

Protoplanetary disk?

S
Debris + planets?

Dauphas & Chaussi don, AREPS, 39, 2011
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Rei purt & Zinnecker, A&A 278, 1993
Leinert et al., A&A 278, 1993
Reipurth et al., ApJ 725, 2010




A non-prototypical prototype

TTau S
(in minimum)

g 7

MIDI /N ,,,

T. A Rector (University of Al aska Anchorage) &
H.  Schwei ker (W YN and NOAQ AURA/ NSF) 0.5"

Rat zka et al., A&A 502, 2009



Calibrated Visibility

Fitting the binary signal

0.8 T F T T, T T T T

i +++++ +++ 11 i

o ++++ ++ 4 -

| ++++ ++ _ | :['I' |
0.6 & A r %{?lll =

R 4._{." $¥Po, e 1T ++++}; ]

B {.'-"f & o?_ 4L 3 i

B +: o" }" 1T §;+ T

| _,'_'-"- ,,,,, ¥ & L] 1 = e |
0.4 i E— "‘ o lh!'ﬁ, o :‘ 11 TT+++ )
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i i “l” @ 1T 7
G 7 <

0.2~ Hje o 2F[E )
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0,0 I L 1 L L L L 1 L L L L 1 N L N L 1 L L N L 11 L L L L | L L L L | L L L L | ]

30 35 40 45 50 55 25 30 35 40
Spatial Frequency u [arcsec™] Spatial Frequency u [arcsec™]
VI + f2(u) + 2f(u) cos [2mus ()]
Vi(u) = Vo(u) - »
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Rat zka et al., A&A 502, 2009



Sketching the T Tau system

NACO /2.12 um (FP)

=
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—
(o}

e
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O
0
Y
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|
—
o

0.5 0.0 -0.5
Offset from N in R.A. [arcsec]

Th. Ratzka., A&A 502, 623, 2009 &
Herbst et al., AJ, 134, 359, 2007 R Kéhler, A&A 482, 929, 2008




GV Tau - another IRC

binary separated by 1.2“
distance of ~ 140-160 pc

variable on short timescales due to

inhomogeneities in the cir-
cumstellar material around
the southern component?

variable accretion of the
northern component?

presence of a circumbinary enve-
lope suggested

F606 (HST) + H / Ks (NACO)

Roccatagliata et al.,

A&A, 534, 2011



Flux [Jy]

Visibility

Visibility

Flux [Jy]

Flux [Jy]

e 0.4
62m, 108° Ei 59m, 102°
8 9 10 1 12 13 10 1 12 13
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v “Lw 7 FAVIHENT RONCRETE
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i é Q%f . .;i = o> m":f&%\
m\\j l‘ _: ;’ - I ( e ’
o, ) 3 I /

§
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i pild

iR |5
A\
N,
NN

GV Tau N GV Tau S

r; [AU] 1.0+0.5 1.5+0.5

T, [K] 900 =300 900 +100
r, [AU] 7+3 102
T, [K] 100+50 150+ 50
i [deq] 10+5 80+10
PA [deg] 5020 50+20
Ay [mag] 19+4 13+4

Roccatagliata et al., A&A 534, 2011



Offset from S in Dec. [arcsec]

GV Tau - another IRC

20

1.0
0.5

0.0

|
©
i
T

—1.0l

GV Tau S

GV Tau N

1.0

0.5 0.0 -0.5
Offset from S in R.A. [arcsec]

-1.0

F606 (HST) + H / Ks (NACO)

Roccatagliata et al.,

A&A, 534, 2011



' Jay McNeil-

The outburst of V1647 Orli

Mbsoni

et al.,

A&A,
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dM/dt | Rin,disk | Rinenv

[Meyr ] [AU] [AU]

quiesc. (2003)| 0.3-10° 0.4 0.4

03/2004| 7.0-10° 0.7 0.7

10/2004| 5.5-10° 0.7 0.7

03/2005| 3.0-10° 0.7 0.7

L 09/2005| 2.5.10° 0.7 3.0
R, % quiesc. (2006)  0.3-10° 0.4 0.4
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