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SEDs of Transition Objects
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Gas In Transitional Disks
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Studying gas in disks

Excitation of gas
Kinematic structure of gas
ines

. Spatial stfructure of gas lines



The Excitation of CO

Does the non-detection of CO emission
iIndicate that the gas is missing or that it is
not sufficiently excited 1o be seen<

1) Temperatfure structure of disk
2) Excitation mechanism of gas




The Excﬁchon of CO
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Normalized Flux

HD 141569
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HD 100546

ocorm2rN
OWONDO®®O

S R'(6) |
R(14) |
R(23)
R(?4) | R(?S)
R(T7) R(TG)

R(JS) |
R(Jf) R(21)

OO0 = = = = N

Normalized Flux

ODDONDODON ODDON DD O

OO0 = = = = N

2144 2142

Commmh
OWONDO®®O

Brittain et al. 2009 (see
also van der Plas et al. (2009)

E P(slo) P(25) P(3|1) p(ze) 3
E P(19 =
3 “hon ! Paa) 7 3
= P(6) P(8 E
- R(0) | p(1) | e
E R(7) R(5) 3
3 MUM‘,J L‘\J WUM n W
E |P<15> P<‘5>| E
- P(20) . . P(21) E
2016 2014 2012 2010 2008 200
d P(25) ) " P(26)" ) P(27) 3

! AR ! o1y 1 I

P(7) DT eg > e)

P(l[7)|

P(10 P(1|6) P(11)

038 2036 2034 2032 2030 2028
E_ P(1|3) p(7|) P(1|4) P(IB) _E
F_R(7 R(6) 3
E | R(15) IRl(M) E
= | 24 =
f_ R(35§| ) R(34|) T(ZS) }] R(32) _f
F [ Tty | ;
= P e )
E 4 3
E (5) (4) by (3)9(2) 3

2092 2090 2088 2086
"o "Dy " 3
R( F?(1|2) | R(20) R(11) I3
| R(31) IR(30) 3
R(44 ! R(43) [ (42) _E
MMJ’\,J W A M My ,.,ﬁ
R 1'1 Rm | R(lO) R(2 | R g 3
,( : R(4) ) R(3) © E
2112 2110 2108 2106
ER(|1) ' R(8) ' R(lo) R('7) ' R(6) ' 3
E_ |;|?(15) R(1z|1)| _E
3 ) 24 R R ) E
A 5
1 \ | R(l3) | B
| R(22) | R(21) 3
) ) R(15) ) R(14) -
2150 2148 2146 2144 2142

Wavenumbers (cm™)



=
—
F
s
=
o
<
o
>
=
~N
>
l-l,_-;;
£

T ~1000K
Ty, ~6000K

‘M \\\

0.5
'/k (10* K)




HD 100546 vs HD 141569

T.~10,000 K T.+~10,000 K
~10Myr ~5Myr
T(CO) =1000 K T(CO) =200 K

£ TR : A. Weinberger, E. Becklin (UCLA), G.
Grady et al. 2005 Schneider (Univ. of Arizona), and NASA.



Kinemartic Structure
of Emission Lines
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Flux (10™ erg/s/cm’/em™)

HD 141569
« R (COJ=9 AU
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* R,(CO)=13 AU
* R,,i(CO)~100 AU
 T(r)=1400 (r/13AU)=> K
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HD 100546 vs HD 141569

T.~10,000 K T.~10,000 K
~10Myr ~5Myr

T(CO) =1000 K T(CO)=200K
R,=13 AU R,.,=9 AU

» g TR , A. Weinberger, E. Becklin (UCLA), G.
Grady et al. 2005 Schneider (Univ. of Arizona), and NASA.
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HD 100546 vs HD 141569
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HD 100546 vs HD 141569

T.~10,000 K T.~10,000 K
R,=13 AU R,.,=9 AU
~10Myr ~5Myr

T(CO) =1000 K T(CO) =200 K
Loar/L=6.4E-32 Lpar/L=5.3E-42

a) Acke et al. 2004

4o 2 - . A. Weinberger, E. Becklin (UCLA), G.
Grady et al. 2005 Schneider (Univ. of Arizona), and NASA.



Spatial Structure of
Emission Lines

(B39-Troutman et al. , B41-van der Plas et al.)



Cumulative Flux
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HD 100546
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Gas In Transitional Disks

— 3
LETTTTA 3
______

Fx/ |:v




Conclusions

CO emission is a sensitive probbe of warm gas in the
iInner disk

Evidence that temperature of CO set by
photoelectric heating.

Spatially resolved PSF of HD100546 and HD 141569
confirm the excitation modeling.

Evidence suggests the presence of a massive
planet in the inner disk around HD 100546

Does the inner disk reflect an OH-rich/CO poor
regione



