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in HAEBES with VISIR at ESO-VLT , LkHo. 264 and the debris disk 49 Cet with CRIRES at ESO-VLT

MIR H2 rotational emission : WARM GAS ‘ NIR: UV or X-ray excited emission of VERY HOT GAS
WARM GAS cold gas
50-300 K < 50 K |
MIR sub-mm |
Motivation: . .
. . l | Motivation: |
% To probe the gas in the giant

‘ % To probe the gas in the terrestrial Q
planets region of the disk.

planet forming region of the disk. O |

0.1 AU 1AU 10AU ~100AU | 0,1, AU 1AU 10AU =100AU
| L
] L
|
Glant.Planet Probe of the innermost region: after the dust sublimation radius T > 1500 K
Formation Zone |
|
. Table 3. Upper line flux limits derived ‘ .
Observations Observations
0-05(2) J=4-2) 12.278 pm 0-0 5(1) (J=3-1) 17.035 pm ‘ Table 2. Summary of the observations.
* VISIR: ESO-VIAT hlgh rESOlutlon MIR SpeCtrograph Cum;uuum [ x ]D‘Ej]:gi]:i J— Cﬂuf:mum [x lﬁ‘hhzg?fl em] } * CRIRES: ESO'S new VLT high reSOlution NIR Star A Date UT Texp  Adrmass seeing Calibrator * 1.,  Airmass seeing
¥ ¥ & [{m] [hh:mm]  [s] [aresec] [s] [arcsec]
R~ 20000 (15 km/s). Star [yl LW = 15 km 5~ [Jy] LW = 15 km 571 | Spectrograph R~ 45000 (6.6 km/s). o262 21218 SNov2006 0625 720 14 2  HIP13327 160 13 0.9
. . . UX On 19(L1) <14 20(15) =13 . . 2.2233,2.2477 8 Nov 2006 06:52 720 1.4 1.0 HIP 13327 160 1.3 0.9
7 nearby Herbig Ae/Be stars with evidence for large HD34282  03(04) <05 | v« LkHa 264 : a classical T Tauri star. 9G2S ONvI0G 0235 20 LI 08 HPSSOT 40 L0 12
o ° ° HD 100453 9.0 {0.7) <09 14.8(1.7) <15 o . . . . L-ob8d, L5 ov < : = . = - : =
gas reserVOIrS (eogo Wlth CO ln the S“b'mm) ° g }:gif;i 13456(31{];) ‘:;; ij E}E; ‘::; ‘ * 49 Cet : debrls dlSk Wlth CO detectlons ln @ Spectrophometric standard stars were observed immediately following the science observations.
% 44h (40% completed) P76 + 4h P78. HD 14265 20012 <1l | the sub-mm.
25(15 <],
Table 4. Upper warm H, mass limits ‘
ReSUItS Upper mass limits in M; ~ 107 M, ‘ Results
12 ym 17 ym ‘ Table 3. H; line fluxes and upper limits measured
7 None of the targets exhibit MIR H, emission . st 10K 300K 100K 150K 30K 100K \ %1-0 H, S(1) emission at 2.1218 micron Lifta 261 9 Co
e e UX On 279 loxlo?  1.2x10°° 1.0 6.8x107%  2.0x107? ° 1-0 5(1) 1-0 5(0) 2-18(1) 1-0 S(1) 1-0 5(0) 2-15(D)
+ The disks contain : HD3282 132 9_?§ 10-2 ﬁ_ﬂilﬂ‘-" >< x | confirmed in LkHo 264. 21218 pm 22233 pm 2.2477pm 21218 pm 22233 pm 22477 pm
. HD100453 19  14x1072 09x10° 01 09x107% 25x10°7 . . I el e '] 92x 10" 15x10° 16 10-1 5 10-0 7 % 10-° S 10-°
less than a few tenths of Jupiter Mass at 150K . HD101412 53 37x107 23x10° 02 16107 48107 * first detection of the 1-0 H» S(0) line from Gones o] 42x107  B2x107  10X10M  10x100®  18x100  31x1000
less than a few Earth masses at 300 K and higher e o T A et 10 | l disl N ae T Sl RO RN Sk VR e
. 2 - A ) -1 ) ass H> at 15 b 1 5. -8 4, -
3 HD 319139 02  12x102 3.7x10°3 | a pTOtOP anetary LS. Ni‘F Hﬂl tlloiK, [:IO] e q:? 10h EVWEM of the line s of 6.6 ken o S
% upper limits on the 2-1 H, S(1) line flux at » Mass salouiod wing Eq. 1. To1500 K and LTE sonditions.
‘ [ ] [ ] ) |
- 2.2477 micron in LkHa 264.
12 [ e TR | ‘ % Any of the three lines is detected in 49 Cet.
0.9 7N
H, 0—0 S(1) J=4-2 A=12.278 um | [ Hy 0-0 S(1) (J=3-1) A=17.035 um i’\j H /\/ﬁ |
.7 1
0.4 ‘
5.3 E‘-._':-i" 6.4 2 :;-:t.!;gct : ‘
1 4.0 H 1.7} I 4 T T Z T
=P SR ANES B 1 S | | Spo : I I ™
i T H bl - F LkHa 2 a 26 0 5 : b LkHa
ol . LI"'#A_ZW‘J!‘H"' 1.5 U.Ew |I nﬂ! | E : 1-0,5(0) ] : 2-1 ;5{131
o —1.0LE 0.0 'hhl E 1.2¢ 1.2 1.2F :
—iJ.4 —0.4 ] 2010 .., ? R target I ‘ Lo [ C r |
1.6 1.6 i3 "":' 1?":“‘55 — sid | j . :
R i o LR T L .- .71 ! : . 3
& L A PR JJ!'M Tazp 1 0.8 | f\w\( c TR N 1 S T f e i (LT
0.1 0.1 Hw‘[ﬂ :%'r 14 | : 0.0 IL ‘ 25 D - : 1'3- _ ] 10, l{\ rf‘\]‘ I
~0.6 ~0.6 . —_ - P — . ' ' B : T MM
1.2 1.9 A - ] a Fm 101412 i 2 _iﬂqft i | i f : f |
S £ = 3700 3o 1.7} H ] '
= 00b il 1 s lmagol o1 x| @ | 0.9 b A 09 i ' OR= ) S S T
-El Peo = ThE ! ~-*Lg"'h|. B 11 IH_"]J]A]?I |:“ g_aL J ] 2.1200 21208 21216 21224 2.2220 2.2278 2.2236 2.2744 22465 22473 2.2481 2.72489
& B8f HEW' ' ’-I L 3 sl dai | _ c.:j? B | Wavelength [um] Wavelength [um] Wavelength [um]
7.5 I 7.5 I E T | I o 2.3 target P ‘ 1
6.4 ; 6.4 ; MO EpazsT | I 2 —ae | SI HI}_. ] 1.3F° H, ] 1.3¢ |
HD 101472 | - R Ll dwmq B4 : 3oy = 1.7F : - 49 Cet 120 5(1) . F 49 Cet 1-0.5(0) ] r 49 Cet
i 4.8 = = i . | 5 S : B ] 5
: 2 ssff 2 % m /WYWN | X 1.2f | Y 1.2
3.2 i | | g ] m f : : : ;
AL | - E 0.0 L [ : i
' 1.6 : | 1 E 2.9[= turg-clt | I ‘ E P : 4 E
200 ; 20.0 2.5 toraet | ABple2Ee6 P _ — std . NOTF ! ; L E
Al Thaesd I 5 — std | N S S S . 9.8 E3in '}' 1.71 : | = 3 : ] t 3o
1200 g b 50 170 i V3] 1.7F ! 1 e | Lok g Y , = s Lo SN N ———
1 : I o o = E
1 i AR e | T J'I =R 77 m 2 1.0 Py ppsbggnlpritioile 1 1op b
40Py L Mg ; 14.0 EE ke 08t 1 B - | W At
i 2 a5 | ' ' : | : I
10.9 By A 10.9 sl e J 0.01 1 7.0 — 7.0[F 2.5 tarme r N ;
100 =50 0 50 100  12.265 12.275 12.285 12.295 12.265 12.275 12.285 12.295 _'.‘_!3';-31515‘3 4 i o | 0.9 b R I N B S 0.9 b
Velocity [km s57'] A [um] A [wm] “'r:"r* - Ml N k LT ] I 1 | 2.1200 21208 2.1216 21224 2.2220 2.2228 2.2236 2.27244 22465 2.2473 2.2481 2.2489
Fig. 1. Spectra obtained for the H; 0-0 S(2) (J=4-2) line at 12.275 um. The left panel shows a zoom to the -100 to 100 km _s' mterval of 20 —"—L-..-uﬂl— - o0t A %‘.'a | ‘.I."l.l'(_]\.‘.re|er'g|_}"| LWT‘J ngemng th [urﬂJ Wavelenath [.La'ir‘"]
the aimospheric comected spectra. A Gaussian of FWHM = 15 km ' and integrated line fiux equal io the line-flux upper limits obtained is ’ : I : HeH I ' - )
overplotted at the expectad velociny shifted location (vertical dashed line, see Table 2). The central panel shows the full comrected spectra. Dotted 05 ! s ' P | ' &q ‘ . _ . .
lines show spectral regions strongly affected by telluric or standard star absorption features. The right panel shows te continuum normalized . I:I —:u - I:I - :u‘- . :DU 1'} LH '1 f D.é' ;I "1 f .Lj 1 .:“-"EU ;; -1'3 1 f zf "1 f U4,j - ; 960 Fig. 1. CRIRES spectra of LkHa 264 (upper panels) and 49 Cet (lower panels) in the regions of the H, v=1-0 S(1), H, v=1-0 S5(0) and H,
iﬁifﬁiﬁiﬁéﬂf&ﬁﬁ et ﬂ'ﬁﬂﬁ ;;ﬁ;:‘;ﬁgégﬂ uppermost right panel displays the sky spectrum from a half-chop "~ Velocity [km 5] T lem] - '“’ 3 [um] ' | ¥=2-15(1) emission lines. The Hy v=1-0 S(1) and the Hy v=1-0 S(0) lines are detected in LikHa 264. A photospheric Ti feature at 2.2238 um
Fig, 2. Spectra obtained for the H, 00 S(1) (J=3-1) line at 17.035 um. The left panel shows 2 zoom to the -100 to 100 km =7 interval of ‘ 1s .Dbserved in LkHa 264. In dash-dot limes are illustrated the gaussian fits to the detected lines. The H, v=2-1 5(1) line 1s not present in LkHao
the atmospheric comected spectra. A Gaussian of FWHM = 15 km 5! and integrated line flux equal to the line-Aux upper limits obtained is 264. In the case of 49 Cet none of the three H; features are present in emission. Horizontal dotted lines show the 30 continuum flux limits. The
EZ?EE?E?EH?&“&‘?g?gy%;ﬂﬁ??:ﬂﬂﬁﬁiﬁﬁgﬁ i;;;ﬁ;ﬁ}é;ﬁ:;n% E':‘;;tl;;ﬁi;?ﬂf?i‘;?;;ﬁﬁﬁﬂiﬁﬂ”ﬁ:‘i | spectra 1s not corrected for visg of the star. Regions of poor telluric correction are in gray-dotted lines 1n the spectra.
specira of the standard star and the target before telluric commection. The uppermost right panel displavs the skv specitum from a half-chop
Analysis & Intel‘pl‘etation cyviele. The spectra are not commected for the radial velocity of the targets. ‘
| Analysi i T
o . N — nalysis & Interpretation L2 20
7% The upper limits to the disk’s warm gas mass are Al o 0 cr/s/em | i [ Rz 010 AU
L | : — S | max LU F
2 J|5 —551} MEEE Upper Iiﬂ'-its . . . . . 3 10k « = —20 N
s.mall.er ihan tht? ;m::’uﬁt (l))f Wall; mgasin thf’l L\ S(2) moss vgper i -+ The detected lines are coincident with the rest velocity £ il
Interior layer o1 the dis ut they are muc : - o o S I
Y ’ y ) - | LkHa 264. They have a FWHM of 20 km s™'. This is ©
larger than the amount of mass expected to be in e | . . . . . | F o ]
the surface laver > : strongly suggestive of a disk origin for the lines. 3 05 {
e surface layer. o abs, e - | % The measured 1-0 S(0)/1-0S(1) (0.33 £ 0.1) and the 3| | '{L.h W
% We calculated the H, emission at 12 and 17 pm Y —_— . « e 1. 3 — 5 & ﬂ- [ ”JLHJ]
¢ Chi & Goldreich (1997) two-1 R, . | 2-1 S(1)/1-0 S(1) (<0.2) line ratios indicate that the 2 0.0 ﬂih“””““& e L
roma 1an o1areic WoO-1avyer - 3 o g . . 5 L '
) ANg & ay P Rr+eat | emitting Ho isata T < 1500 K and that the H» is most z N
optically thick disk model of HAEBES disk. T : . |
| likely thermally excited by UV photons. oSl ]

% The predicted line fluxes of the two-layer disk % Modeling of the shape of the line suggest that the disk S0 o >0

S(1) peak flux—eontinuum Hy S(1) tetal flux . .
model are of the order of 107'°- 10" ergs' cm™, T [megrores o™ | : Velocity [km 7]
LY Ors ’ oo 015749 T | of LkHa 264 should be close to face-on (i < 35°). - o o
muCh Smaller than the detectlon llmlts Ofour - = f--i .3:n 0\ o . . o N . Fig. 2. Best model fit for the Hy v 1 — 0 S(1) line detected in LkHa
o 14 -1 -2 ‘f: ‘f: 2s.0200F 7 =60 “\ * The emissionis Spatlally unreSOlved. The Hz emlttlng 264 assuming that the emission originates i a circumstellar disk. Ry,
Observatlons ( 004 X 1 O erg S Cm )o 0.0005 | __)l"f 'pL ‘ . t . l t d . th . 50 AU f th d. k and Rmfx are the innerfa;u[ -?uter r.adi}l(sRc;f th;aerxﬁtﬁng region. & is the
o ] > e R ————— o power law exponent of the intensity ol
# If the two-layer approximation to the structure of ool | | | relzlglon. O 1slocated in the Inner o4 AL o the llls :
the disk is correct, we are essentially blind to most e T eyl | % There s a few lunar masses of emitting H> in the inner 150 [rrT— 3] g
of the warm Hy in the disk because it is located in P oS ‘ 1 AU of LkHa 264, and less than a tenth of a lunar mass a) % = 10t
. . . . . . H.I'_-;:J:T E"_'_':'-” erg 5~ cm™ ] ° ° ° . DE 00 | * e 264 E'jj - 2 _
the optically thick interior layer of the disk. 3 T ! | ,lrlilthle lﬁn?ﬁdmk O.f 4.9 C?t the NIR tra of 49 Cet 5 gt 57700, .
# Our non-detections are explained because of the * soma] ot B 3 ?1C (:) 2 emlfs:;on 1n the NIR spectr 21‘10 - © s 5ol TR R PR
I % . [ ° o o)) _
G f el - and the absence of Ho emission suggest that the gas in T 205t # ¥y .
intrinsically low thermal H emission flux R SO | the inner disk of 49 Cet has dissipa%gd. These l‘eSlglltS oLt A 2 v
levels from the surface layer. " ‘ ) g X g i o 10 -1 -2 -3 -4 0 50 100 15
% Additional heating sources have a major impact on combined with previous detections of “CO emission at (U=V)exeess [Mag] Ho EW [A]
13 pree .I l?..E..{C':.I._.. 13 1Y e .I I.'?..E:E.I:!._._._ . 3 3 -
the expected H, emission. A simultaneous increase in e . ] ‘ sub-mm vyavelengths indicate that {he disk 1o T
the gas-to-dust ratio and gas temperature can boost S o - i | surrounding 49 Cet should have an inner hole. 310 250/ )
-10- T 1 . . . C o 3 200}
the H, emission to detectable levels. In our sources A - o | % A comparative analysis of the physical properties of g 305) ok =
* ¢ > — 1" | 10" . 1o . i i — 1 . 20 C f—’ Nalald LkHa 264
I lecul d dust in th ] " T e et | CTTS in which the Hy 1 -0 S(1) line has been F300F L £ 100 .
the molecular gas and dust in the surface layer have 2 e s . 1. > o * 50 | *
e s . T L) R . | detected and non-detected indicates that the & 29.5¢% " * Tx L F
NOT significantly departed from thermal coupling =R DS s = I resence of H, emission is correlated with the 290 b oL LR
(Tgas/Tdust < 2) and that the gas-to-dust ratio in the g o | s o | P ) 2 10 ~1 -2 -3 4 10 12 3
surface layer is very likely lower than 1000 g o o — 1o | magnitude of the UV excess and the strength of T s (o] 7 ecess (0]
y l’y y ’ 10 | 10 , the HO( line. Fig. 3. Physical properties of classical T Tauri stars in which a search
100 1000 10000 100 1000 toooo | for the H, v = 1-0 S(1) line was performed. Filled stars represent
surface gos lo dust ratio | detections, non-filled stars represent non-detections. a) Ha EW versus
F.5.550)50) 50 50, St s oy o st o ncion o it . 00 e (U=V)econ D)o L [er s~ ] versus Hor EW. ) log Ly ez~ ] versus
References nhﬁer'-ﬁhls?mm Space. 5 T ’ e . ) ‘ References (U - V)cxccss‘ d) Mdisk VErsus (U - V)cxccss-
%« Carmona, A., van den Ancker,M. E., Henning, T., Ya. Pavlyuchenkov, C.P. Dullemond, M.Goto, | # Carmona, A., van den Ancker, M.E., Henning, T., Goto, M., Fedele, D.,

W.F-.Thi, J.Bouwman, & L.B.F.M. Waters. 2008, A&A , 477, 839 | & Stecklum. B. 2007, A&A, 476, 853 & 2008, A&A, 478, 795
# Chiang, E. L., & Goldreich, P. 1997, Ap]J, 490, 368 |




