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:—' PEa ! 'f._:fr-» SR orgqelfe d|s up‘pbeiu r‘-‘w: “ Y ’ A My reseurch is devoied fo study the conditions and evolution of the terrestrial planet formation
OB s e s R 1] < region in young circumstellar disks (1-10 AU disk radii), by means of spectroscopic observations "y
g B B e ( Vi LT , 1 <A, IR of gas emission. My main focus is the infrared spectrum of water vapor (Hz0), which provides .
= z”fg,; B A ?f"? .. R _ ‘& thousands of emission lines fracing the warm and dense regions inward of the snowline in disks ,,f"
50 | ) ,:'iWSIIe.r‘emlsswn |nC( SQS ;l" OVGT fhe Speﬂrum«" Ky v,%‘j,f %R i and helps characterize the chemical environments of planet formation. My research considers ;%
:"';a ::,‘;Z!,:f--;‘{r P LN AN, -»}t"’?,- 3 ‘ ;,. ".,: 8 Qmescence l % - dlso the emission from OH (hydroxyl) that is tightly connected to the formation and destruction
_;z’q;;«: ’; P’,»@ o _d' ?4. : SR A & % " of the water molecule, as well as the emission from some organic molecules that trace the carbon ;‘5
4 jl}"ff’;«‘; | kM -,._-"}, x‘ ‘i;ﬁ & ’* 3 e ,- $ chemistry (CoHy, HCN, and (02). Particular consideration is given to the non-steady aceretion ' 5
<o S ‘-} PR },é‘i’i{} ] ; o e i i y Modelsid =0 % phenomena that happen during the T Tauri phase of young stellar objects, which are used as a * -
:,1* ‘{é-' 7 g . { AL, j j, iool Io beﬂer undersiund Ihe orlgln und evoluhon of molecules in inner dlsks EEy
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Moleculur gas emission at planet-forming radii chunges remurkubly durlng 0 s’rrong accrefion ouiburs’r in EX Lupl From A 4 b ! f h ; 1 ; f th el b d»g
9% comparison of Spitzer spedira: in outhurst the gas emits from a larger extent of the disk, water increases and is % &< ¥ ; iovsetzeilzenitfgzgrl; l:/:::]ulfle?yhrnisr?usrtcur IEX LE:J;U(Bym?zuﬂfeTzr ctzl(;t]rzg);usMe(ﬂ:fsrlz:eg Sssri\; Zr "ng
% photodissociated into OH, organics disappear... Accretion outbursts during the T Tauri phase may shape the conditions of the 0 Ao i abtainedhoroous s dnd-darids b Tactht o vedhaton-aiburs ware Comparsd ‘and 4 WA
moleculur gas “:' plune’r formlng rudu ' young o d'SkS“ I & s found that the gas changes remarkably between the two phases. The emission in quiescence is gﬁﬁ
g S B AT Vg ‘& " composed of the typical molecular lines that dominate mid-infrared spectra of T Tauri systems g
755 <@ B'\) (e.g. Pontoppidan et al. 2010): a dense forest of water, OH, C;H, HCN, and €02 lines. These lines ‘f"‘.t'i
Eggg*h" é?; = \¢ 2 #7E0 ‘ .glf; (. are observed in emission and attributed to warm gas Iuyers in the disk at o few AU from the - :
o - : | '.: : central star. During ouiburst, water emission increases in strength, new and stronger OH lines are ;
B 7 % & . detected, and emission from organics disappears. These changes are interpreted as due to a
¥ £ Nk e g % B4 larger emitfing area of the warm gas in outburst, when the disk is increasingly heated up by the %
' g ¥ >i QMS} s %rw "+ <@ Plincrease in mass accrefion rate onfo the star. In addition, enhanced UV radiation is found fo play
T 5 e P s »;;;u&bmses RS BN key role in producing OH from photodissociation of water. The behavior of organics remains - = 4
&%emt ‘!’“Tm,s.m :"1. & B undear... All molecular emissions are difficult to analyze and interpref, because of strong <=3
W S RN Y 'ALWCC (E) ; . blending between lines. This is particularly true for water, which has thousands of lines scattered %
H bond 12.4um r ¥ .'; ' all over the infrared. Yet, it is vital to study in detail the infrared emission from warm molecules f‘\i
ST S PICEET S fo 2R e E O i <% + R to be able fo understand the planet-forming inner disk region. The remarkable findings of this 1%
A simultaneous Xshooter + VISIR monltormg of DR Tuu A deeper |n5|ght on the accretion — water chemistry connection is 3% work S wuted foIIowu g s d i 4>
plnves igations in two directions. ‘
if’: prowded by comparison of DR Tau and EX Lupi. Long and strong outbursts change the thermal structure of the inner disk and '3 ,. _
increase water emission, while UV photochemlstry muy dominate Ihe short-ferm accretion vurlublllty typical of the T Tauri phuse ' DR TAU EXPLOR|NG THE ACCRE'"ON WATER |_|NK (ﬁg 2)
S S Aot g — - - S —— . & % One dlrechon was tuken fo beﬂer undersiund ihe roIe of uccre’non vurlublllty in shuplng ’rhe Ry
;»?3 ;*’ 2 & “conditions of water vapor in inner disks during the T Tauri phase. A new-concept monitoring
,F”;-g L : 3 program was performed observing the T Tauri system DR Tau with two high spectral resolution = t;:
g B % % - spectrographs af the ESO Very Large Telescope (VLT). VLT/VISIR (resolving power R=20000) was ©-- 2
f’g AL ¥ - used to resolve individual mid-infrared (12.4 pim) water lines from the disk, while VLT/X-shooter i\':
ﬁ%* Vs F % (R=9000-17000) was used to simultaneously monitor the UV-NIR (0.3-2.5 pm) and measure "
26 Dy & . changes in accretion luminosity. Three epochs of simultaneous observations were successtully iﬁ
RS S £, taken, during which the accretion luminosity changed by a factor of 2, while water emission did %
b . A not change significantly. The behavior observed in EX Lupi and in DR Tau is consistent with a. .
XL Wavelength (sm) ’ Wavelength (um) 4 & .+ scenario where non-steady accrefion phenomena have two effects: one is to heat the inner disk, .’ .
“ A new de blendmg orocedure to extract individual water transitions from Spitzer spectra of disks, which to date still provide ¥ but consideruele variations are perhaps produced only when accrefion increases enough and over -
#: the largest survey of water vapor in planet formation regions. A large coverage of rotational lines is needed for better insights - ¥ % long enough limestales for.the i.hermul structure of the disk to change (=months, as in EX Lupi).
ﬁ: "5‘ nto ’rhe origin of wuter (see rlght below) and fo complement data from hlgher-resoluhon mstruments (e.g. from Herschel) .f, o ?uns(i)ﬂ:;rde:)fricleullil;osz::t:sdlisljzceu\zl:\t’?;srol}yw:;e:rnsu:cfl (J)\ilhe(:dﬂl(::ulz hs's d':::gr I:I:(ecishsoﬁ t\eer:: H
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5 SR § 1 ONTHE WATER ABUNDANCE IN YOUNG DISKS (f.34) S
"f A second dlrechon was faken fo tuckle unoiher fundumentul problem Ihe origin of water vapor ' “3
RIS % % < in inner disks and its connection to disk evolution and planet formation. The water molecule in -~
LR E ¥ <% - the gas phase is thought fo be linked to fundamental processes happening in disks. Competing
RRNTIDY /2% & theories provide two different perspectives, where water is produced by evaporation of icy solids <
% ~; S e T £ . migrafing inward of the snowline (Ciesla & Cuzzi 2006), or formed in situ via gas-phase * ..’
e . & & readions (Glassgold et al. 2009). While migration and evaporation of icy solids would make *i
<% % - water emission a good tracer of disk evolution and planet formation conditions, in-situ formation %
% o3 7 in a static disk may or may not be connected to what happens deeper in the disk midplane. It is & §
5 ¢+ therefore essenfial fo distinguish which process dominates in order to understand what we learn 4 %,
. <% V- from observing (or not observing) water vapor in inner disks. One way to do that is by Hﬁ‘
LN 1o ‘B . measuring the abundance of warm water vapor in young disks, which is expected to be enriched ﬁ(ﬁ
A o & V1" by evaporation of icy migrators crossing the snowline. In my PhD, for the first time, a systematic
3 o o ® Spitzer £ . rotation diagram analysis has been applied to water emission over a considerable sample of -
% A “. young circumstellar disks. A de-blending procedure was developed to extract a large number of
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AW F|rst ro’mhon diagram analysis of water emission from protoplanetary disks: a large scatter suggests a large column densny

"" = Optically thin water lines de-blended from Spitzer spectra support evidence for large abundances that are expected from
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ra, so fo allow a more comprehensive interpretation of the

unu|y5|s promises to be very important to reliably constrain
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e larger than previously thought and possibly favor the %

> % " migration scenario. Measurement of resolved optically thin lines within the forest of ophcully
thick lines is proposed to be a key tool to address the (still open) question. We may be one step .

i® doser in finding important answers on the condifions of water vapor in disks and on its*

connections to disk evolution and to the formation of (wet/dry) terrestrial planets... ‘
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