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Observing

CO vibrational band ...

in Protoplanetary Disk hlgh ansum

resolution

n angular resolution + IR

warm targets that is
barely resolved so far

F Binfrared
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infrared



What is CO vibrational band?

Solar
H Element photospheric
abundance
H 12.00
Why CO is so special?
He [10.93]
Li .05
Why sub-mm astronomers Be .38
like it so much? B 2.70
C 8.43
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Let us start with rotational transition

reduced mass

makes this into this
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Rotational Energy levels
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® Hydride

total mass reduced mass A J=I from lowest

® non-Hydride

total mass reduced mass A | =I form lowest




ELT/METIS wrap up

e aperture 39 m

3 Um 5 um 8 Um |4 Um
HD, NH CO SO @
AND |6 mas 26 mas 42 mas 74 mas

at 150 pc 24 AU 40AU 6.3 AU |1 AU
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Population diagram
v=2 N]
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Boltzmann distribution
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Population diagram
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Mindmap of CO protoplanetary disks

+ Keck / NIRSPEC 1999

+ Subaru / IRCS 2000

+ Gemini S / Phoenix 2001
+ VLT /CRIRES 2006

Observation

3-m class — 8-m class

R=680 ——— R=20000
—>| Najita 03 .

Najita 96

WL 16 - Precision -COv=1-0
- Shoulder iletelilale
- COv=2-0
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Herbig Ae/Be !
HR8799

- Blake & Boogert 04
- Brittain 03, 07
*<2Mo Vega -van der Plas 09, 15
Younger analog beta Pic -Goto06, 11

+ UV Chemistry
+ photoevaporation Tmaging

+ disk atmosphere

. ﬁ Banzatti 15
T Tauri stars Something
wrong....

V¥ < 2Mo Brown 13
Solar analog

- No double peaks
- Slow disk wind

- Pontoppidan 08 | . Envelope » disk
-astrometry e ‘
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Techniques

spectroscopy A )
X
—

iImaging

monitoring




B imaging Xx Target spatial scales

1 photoevaporation 7x10%cm’ gl 52
GM+  [2x 10%g]  ~1.3x 10 cm

Cs?
10° cm/s ~ 9 AU

‘2 spiral arms / planet formation

gravitational radius Fg ~
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B3 imaging x HD 141569 A Herbig Ae/Be
Adaptive Optics, Subaru, R=20000
high resolution spectroscopy

L =virtual coronagraphy
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HD 100546 Herbig Ae/Be
Adaptive Optics
VLT / CRIRES, R=100,000

stellar continuum
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HD 100546 Herbig Ae/Be
Adaptive Optics
VLT / CRIRES, R=100,000

stellar continuum subtracted
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HD 14156%9A HD 100546

HD 14156§A v=1-0
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ALMA vs CRIRES Pl A

HD100546
ALMA GO 3-2

Offset [AU]

-
5 ALMA / 375m / 870pum
3 —p
S
CRIRES / 8m / 4.6 um
)
so far CRIRES wins

like factor of 3-10

Distance (arcsec) we still have to see



B imaging x + [EB spectroscopy A

P.A.=145° Goto et al.
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P.A.=325° 20 I 2

Excitation Temperature T,, [K]

-, Neo=1€20 cm™2

Tt > 500 K

UV fluorescence

imaging confirmation of hot disk atmosphere

0 25
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E) monitoring t + EB spectroscopy A
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EX Lup, 2008 outburst ST
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El Monitoring

T Tauri star (IM,)
7/ yr 1/4 turn

10 AU




with ELT / METIS

B} spectroscopy A
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B} spectroscopy A
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B iImaging X
4
k) monitoring t
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El Monitoring

Im Lup, Oeberg |5

ALMA delivered an image

ELT will make it move
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