


Carina	
  Nebula	
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Eagle	
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Orion	
  with	
  Proplyds	
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UV	
  and	
  Star	
  Formation	
  
�  Massive	
  Star	
  Formation:	
  	
  feedback	
  
-  PDRs	
  (Hollenbach	
  &	
  Tielens)	
  
-  Proplyds	
  (O	
  stars	
  photoevaporating	
  nearby	
  disks)	
  

�  Low-­‐mass	
  star	
  formation	
  and	
  the	
  FUV	
  
-  Envelope	
  and	
  disk	
  chemistry	
  
-  Accretion/outflow	
  physics	
  

�  Challenges	
  for	
  the	
  next	
  decade+	
  in	
  low-­‐mass	
  star	
  
formation	
  for	
  the	
  UV	
  



Pre-­‐main	
  sequence	
  stellar	
  evolution	
  

Class	
  0	
  and	
  I	
  protostars:	
  	
  
Embedded	
  in	
  envelopes,	
  only	
  

visible	
  in	
  IR-­‐mm	
  	
  	
  

CTTS 

WTTS 



Excess	
  NUV/FUV	
  emission	
  

Adapted	
  from	
  Ingleby+2013	
  



Excess	
  NUV/FUV	
  emission	
  
ACS SBC/PR130L 



Excess	
  NUV/FUV	
  emission	
  
COS 

Weak-lined 
T Tauri Star 

Classical T Tauri 
Stars 



Cartoon	
  physics	
  of	
  young	
  stars	
  

Hartmann	
  (1998)	
  Matt	
  &	
  Pudritz	
  2005	
  



FUV	
  radiation	
  fields	
  	
  
(Ingleby+2011,	
  Yang+2012,	
  Gomez	
  de	
  Castro	
  &	
  Marcos-­‐Arenal	
  2012)	
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 Schindhelm+2013:	
  	
  Lya	
  is	
  75%	
  of	
  
FUV,	
  not	
  included	
  here!	
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Schindhelm+2013:	
  	
  Lya	
  is	
  75%	
  of	
  
FUV,	
  not	
  included	
  here!	
  

Extinction	
  Uncertainty!	
  

FUV	
  radiation	
  fields	
  	
  
(Ingleby+2011,	
  Yang+2012,	
  Gomez	
  de	
  Castro	
  &	
  Marcos-­‐Arenal	
  2012)	
  



Henning & Semenov 2014, Chem. Reviews, submitted

Scheme of a disk structure

• < 1000 AU, ~ 0.1 – 10% M*,  1 – 10 Myr

• Gradients of  T, n, dust properties

• UV, X-rays, CRP

• Dynamics

Text

0.03 AU2 AU20 AU

SOURCES	
  OF	
  UV	
  RADIATION	
  
	
  
Disk	
  Surface:	
  	
  Central	
  Star;	
  nearby	
  O	
  stars	
  
	
  
Internal	
  fields:	
  	
  X-­‐rays,	
  Cosmic	
  Rays?,	
  
Radioactive	
  decay	
  
(e.g.,	
  Glassgold+1997,	
  Finocchi	
  &	
  Gail	
  1997,	
  
Walsh+2012,	
  Cleeves+2013	
  
	
  

Cartoon from Semenov & 
Henning review 
 



Disk/Solar	
  System	
  and	
  the	
  FUV	
  
�  H2O	
  photo-­‐dissociation	
  and	
  photo-­‐

desoprtion	
  (Hogerheijde+2010)	
  

�  Molecular	
  dissociation	
  of	
  some	
  
molecules	
  (Bergin+2003,	
  Pascucci+2009)	
  

�  CO	
  isotopic	
  fractionation	
  (Lyons+)	
  

�  General	
  disk	
  modeling:	
  chemistry	
  
and	
  PAH	
  heating	
  (e.g.,	
  van	
  Zadelhoff+,	
  
Woitke+,	
  Bruderer+,	
  Aikawa+,Aresu+)	
  

�  Tests:	
  disk	
  chemistry	
  and	
  solar	
  
system	
  abundances	
  

	
  

Cold	
  H2O	
  in	
  the	
  TW	
  Hya	
  disk	
  
Hogerheijde+2010	
  

Herschel/HIFI	
  



Disk/Solar	
  System	
  and	
  the	
  FUV	
  
�  H2O	
  photo-­‐dissociation	
  and	
  photo-­‐

desoprtion	
  (Hogerheijde+2010)	
  

�  Molecular	
  dissociation	
  of	
  some	
  
molecules	
  (Bergin+2003,	
  Pascucci+2009)	
  

�  CO	
  isotopic	
  fractionation	
  (Lyons+)	
  

�  General	
  disk	
  modeling:	
  chemistry	
  
and	
  PAH	
  heating	
  (e.g.,	
  van	
  Zadelhoff+,	
  
Woitke+,	
  Bruderer+,	
  Aikawa+,Aresu+)	
  

�  Tests:	
  disk	
  chemistry	
  and	
  solar	
  
system	
  abundances	
  

	
  

	
  	
  Herbig	
  AeBe,	
  bright	
  UV:	
  
Fedele	
  et	
  al.	
  2010	
  

CTTS,	
  faint	
  UV:	
  	
  
Pontoppidan	
  et	
  al.	
  2010	
  

VLT/CRIRES	
  



Disk/Solar	
  System	
  and	
  the	
  FUV	
  
�  H2O	
  photo-­‐dissociation	
  and	
  photo-­‐

desoprtion	
  (Hogerheijde+2010)	
  

�  Molecular	
  dissociation	
  of	
  some	
  
molecules	
  (Bergin+2003,	
  Pascucci+2009)	
  

�  CO	
  isotopic	
  fractionation	
  (Lyons+)	
  

�  General	
  disk	
  modeling:	
  chemistry	
  
and	
  PAH	
  heating	
  (e.g.,	
  van	
  Zadelhoff+,	
  
Woitke+,	
  Bruderer+,	
  Aikawa+,Aresu+)	
  

�  Tests:	
  disk	
  chemistry	
  and	
  solar	
  
system	
  abundances	
  

	
  

Evidence&for&reset&in&the&solar&system:&&
C,N,O&content&of&solar&system&bodies&

Figure&adapted&and&updated&from&Lee&et&al.&2010,&ApJ&710,&L21&&Adapted	
  from	
  Lee	
  et	
  al.	
  by	
  
Pontoppidan/Salyk	
  PPVI	
  review	
  



Envelopes	
  and	
  the	
  UV	
  
(modelling	
  by	
  Visser+2011)	
  

Envelopes:	
  similar	
  chemistry,	
  few	
  constraints	
  on	
  the	
  UV	
  luminosity	
  	
  	
  
	
  often	
  assumed	
  to	
  be	
  a	
  free	
  parameter!	
  

Figure	
  courtesy	
  
R.	
  Visser	
  

	
  Van	
  Kempen,	
  Kristensen,	
  et	
  al.	
  2010	
  

Herschel/PACS 



H2	
  and	
  CO	
  emission	
  from	
  CTTSs	
  
e.g.,	
  Herczeg+2004,	
  France+2011,2012,	
  Schindhelm+2012	
  

•  Hundreds	
  of	
  lines	
  in	
  spectra	
  
•  Excited	
  by	
  wavelength	
  coincinces	
  

with	
  Ly-­‐alpha	
  (whopping	
  bright!)	
  

•  H2:	
  	
  2500	
  K	
  	
  
•  CO:	
  	
  500	
  K	
  

•  Usually	
  probes	
  warm	
  disk	
  surface	
  
layer	
  within	
  a	
  few	
  AU	
  
-  Some	
  cases	
  of	
  wind	
  emission	
  
-  Some	
  cases	
  of	
  

photoevaporation?	
  

Co-­‐added	
  H2	
  lines,	
  adapted	
  from	
  France+2012	
  

COS	
  



Molecular	
  Absorption	
  in	
  the	
  UV	
  
(France	
  et	
  al.	
  2012;	
  McJunkin	
  et	
  al.	
  2012;	
  Yang	
  et	
  al.	
  2011)	
  

�  Line	
  of	
  sight	
  through	
  
disk	
  surface	
  

�  CO:	
  500	
  K	
  

�  H2	
  absorption	
  against	
  
Ly-­‐a:	
  2500	
  K	
  

�  X-­‐Factor	
  (CO/H2)	
  with	
  
cold	
  H2	
  absorption	
  
measurements?	
  

COS 



Disk	
  lifetimes	
  set	
  the	
  timescale	
  for	
  
giant	
  planet	
  formation	
  

Spitzer	
  Disk	
  Fractions	
  
Hernandez+2008	
  

�  Typical	
  lifetime	
  of	
  3	
  Myr	
  

�  Viscous	
  accretion	
  cannot	
  
fully	
  deplete	
  disk	
  

�  Timescale	
  affects	
  gas	
  
accretion,	
  eccentricities	
  

	
  



Photoevaporation	
  by	
  the	
  central	
  star	
  
�  Models	
  by	
  Alexander,	
  

Ercolano/Owen,	
  and	
  Gorti/
Hollenbach	
  
-  Rates	
  depend	
  critically	
  on	
  

FUV	
  and	
  EUV	
  luminosity	
  

�  Observational	
  evidence	
  from	
  
[Ne	
  II]	
  and	
  [O	
  I]	
  spectra	
  
(Pascucci+;	
  Rigliaco+2013)	
  Photoevaporation	
  rates	
  

Alexander/Pascucci	
  PP	
  VI	
  review	
  



H2	
  conical	
  disk	
  wind:	
  photoevaporation?	
  
(Hornbeck,	
  Grady	
  et	
  al.	
  submitted)	
  



H2	
  conical	
  disk	
  wind:	
  photoevaporation?	
  
(Hornbeck,	
  Grady,	
  et	
  al.	
  submitted)	
  



The	
  end	
  of	
  gaseous	
  disks:	
  	
  FUV	
  H2	
  
emission	
  and	
  gas	
  in	
  dissipating	
  disks	
  

(Ingleby+2009,2012)	
  

	
  
•  Warm	
  H2	
  only	
  detected	
  to	
  CTTSs,	
  

never	
  in	
  WTTSs	
  
-  Transition	
  time	
  short	
  
-  Upper	
  limits	
  of	
  gas	
  mass	
  

roughly	
  9	
  orders	
  of	
  magnitude	
  
lower	
  than	
  minimum	
  mass	
  
solar	
  nebula	
  

•  Most	
  sensitive	
  gas	
  diagnostic?	
  

•  HD	
  98800	
  N:	
  thought	
  to	
  be	
  a	
  debris	
  
disk,	
  but	
  shows	
  warm	
  H2	
  indicative	
  
of	
  accretion	
  

Adapted	
  from	
  Yang+2012	
  
	
  

ACS SBC PR130L 



Magnetospheric	
  accretion	
  geometry	
  
(V2129	
  Oph;	
  Donati,	
  Gregory,	
  et	
  al.)	
  

Field	
  geometry	
  from	
  Zeeman	
  Doppler	
  Imaging	
  

Accretion	
  along	
  dipole	
  field	
  lines	
  (Adams	
  &	
  Gregory	
  2012)	
  

See	
  also	
  spectropolarimetry	
  of	
  He	
  I:	
  Yang+2007,	
  Johns-­‐Krull+2013	
  

Complex	
  field	
  lines	
   Dipole	
  field	
  lines	
   Open	
  field	
  lines	
  



GISS 2013 25 Slide stolen from L. Hillenbrand - 2012 

Figure	
  from	
  Hartmann	
  
	
  



GISS 2013 26 Slide stolen from L. Hillenbrand - 2012 

Models:  Calvet & Gullbring 1998; Lamzin 
1998; Sacco+2009; Orlando+2013 

Figure	
  from	
  Hartmann	
  
	
  



Funnel flow and shock	
  

Adapted from Günther & Schmitt 2007 

Herczeg+2002; Lamzin 2003 



Hot	
  lines	
  and	
  
accretion	
  flows	
  

(Lamzin	
  2003;	
  Günther+2008;	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Ardila
+2013,	
  Gomez	
  de	
  Castro	
  2013)	
  

	
  

�  Broad	
  emission	
  in	
  hot	
  lines	
  (He	
  II,	
  C	
  
IV,	
  N	
  V,	
  O	
  VI)	
  produced	
  by	
  accretion	
  
flow	
  

�  Broad	
  component:	
  	
  pre-­‐shock	
  gas,	
  
highly	
  photoionized	
  

�  Narrow	
  component:	
  post-­‐shock	
  gas	
  
or	
  extended	
  chromospheric	
  structure	
  

�  Some	
  jet	
  sources:	
  C	
  IV	
  blueshfited	
  

COS 

COS 

STIS 
He I 

C IV 

O III] 



Extended	
  structures:	
  semi-­‐forbidden	
  lines	
  
(Gomez	
  de	
  Castro+2005,2007,2011)	
  

�  Dense	
  (1010	
  cm-­‐3)	
  regions	
  

�  Small	
  emitting	
  regions	
  

�  Contributions	
  from	
  stellar	
  
winds	
  and	
  macroturbulent	
  
fields	
  near	
  the	
  disk-­‐star	
  
interface	
  

No. 1, 2007 STELLAR-DRIVEN OUTFLOWS FROM RY TAU L93

Fig. 2.—C iv/Si iii] vs. Si iii]/C iii] flux ratios (in units of ergs s!1 cm!2)
for collisional plasmas with electron densities between 109 and 1013 cm!3,
temperatures , and solar abundances. The value (with the errorlog T p 4–5e

bars) derived from high-resolution observations is marked with thick lines;
the 13 low-resolution IUE observations are plotted with thin lines. Isothermal
and isochoric lines are plotted with solid and dashed lines, respectively.

Fig. 3.—Top: Variation of the wind expansion velocity with respect to the
jet axis, , with the height above the disk, z, from the GdCFF model. TheVr
location of the Si iii], C iii], and [O ii] emission regions is sketched (see
GdCFF for the detailed calculations). Bottom: Comparison between the the-
oretical predictions from the GdCFF model and RY Tau observations. andVc
dV values measured from the Si iii], C iii], and [O ii] profiles observed in RY
Tau are marked with big squares, triangles, and circles, respectively. andVc
dV are plotted from the Si iii], C iii], and [O ii] profiles derived from the
theory (small symbols) for various inclinations. High dV values are obtained
from the observed profile, while the slightly smaller dV values are measured
over filtered profiles (see text).

1979 to 2001 (GdCV). Notice that the high-resolution data in-
dicate that the variable contribution from 0-velocity and red-
shifted material to the Si iii] and C iii] line fluxes does not
significantly change their line ratios.2
The low-temperature region.—The [C ii] emission feature

consists of five spectral lines (see Fig. 1 and Table 1). The
individual features are not resolved in RY Tau; a broad blend is
observed instead. Some ratios among the individual lines in the
feature are density-sensitive in the range cm!3.8 11n p 10 –10e

An accurate determination of the electron density in the [C ii]
emission region requires us to derive simultaneously the ratios
among the multiplet lines and the underlying [C ii] profile. A
least-squares scheme has been used to solve this inverse problem.
The optimal fit gives a high lower limit of cm!3 for10n 1 10e

the [C ii]–emitting region, similar to that determined from the
C iii] line. Note that the [C ii] profile is too noisy to narrow this
range (the contribution from the Fe ii (UV3) line at vacuum
wavelength 2328.11 is negligible as shown by the weaknessÅ
of nearby features corresponding to the same multiplet). The fit
also indicates that the underlying [C ii] profile is similar to the
C iii] (STIS) profile (e.g., a blueshifted wind profile plus an
excess from 0-velocity to the redward-shifted edge). From that
fit, we also obtain .F(C ii] )/F(C iii] ) p 1.3! 0.12326.117 1908.7
This ratio is temperature-sensitive, and from that we derive that

.4.4 ! log T ! 4.5e

4. IMPLICATIONS FOR WIND MODELS

TTSs outflows are characterized by their collimation at large
scales; i.e., it is expected that whatever the ejection mechanism
is, the wind terminal speed corresponds to a longitudinalmotion
along the collimation axis. Current models make use of mag-

2 (Si iii]/C iii])GHRS p 1.1 ! 0.6, (Si iii]/C iii])STIS p 1.7! 0.5, and (Si iii]STIS !
Si iii]GHRS)/(C iii]STIS ! C iii]GHRS) p 4 ! 3. Thus, the average physical conditions
of this hot plasma in the wind are similar to those derived from the redshiftedmaterial.

netic fields to guarantee the large-scale collimation. In this
section we use the models of Gómez de Castro & Ferro-Fontán
(2005, hereafter GdCFF) to compare to data. Disk wind models
by other authors have a similar kinematics, although the scales
are different (see Uzdensky 2004 for a review).
In GdCFF models, the wind is launched from the disk corona

by a combination of thermal pressure and centrifugal force.
This results in a radial expansion, away from the rotation axis,
at the base and produces an increasing broadening of the pro-
files in this acceleration region. After this, the restoring toroidal
component of the field narrows down the beam, and the velocity
field is progressively dominated by the motion along the ro-
tation axis until it reaches the asymptotic regime (i.e., flow
along the axis at the terminal velocity and basically no radial
expansion). The evolution of the radial expansion, , with theVr
height above the disk is plotted in the top panel of Figure 3
for the warm disk wind model. Line emission is produced at
different locations in the flow depending on densities and tem-
peratures; thus, the line profiles depend on the region of the
wind sampled by each particular spectral indicator (as well as
on the inclination).
In order to compare these theoretical predictions with the

observations, we have defined two observables that are mea-
sured only from the blueward-shifted emission of the relevant
spectral tracers to avoid the pollution by the contribution of
the accretion flow. Notice that line emission from high-tem-
perature infalling plasma is produced at scales KR* pumped
by the X-ray radiation released at the accretion shocks. Thus,
occultation by the stellar disk causes the contribution to the
line flux from accretion to be redward shifted (see Beristain
et al. 2001 for more details). These observables are the ve-



Photo-­‐ionized	
  accretion	
  flow	
  
(Gomez	
  de	
  Castro	
  &	
  Marcos-­‐Arenal	
  2012;	
  Gomez	
  de	
  Castro	
  2013;	
  Ardila+2013)	
  

�  Lines	
  have	
  multiple	
  
components,	
  possibly	
  
multiple	
  flows	
  

�  Extended	
  
magnetospheres,	
  photo-­‐
ionized	
  pre-­‐shock	
  gas	
  

�  Shock	
  heats	
  nearby	
  
photosphere	
  

The Astrophysical Journal, 749:190 (15pp), 2012 April 20 Gómez de Castro & Marcos Arenal

Figure 15. Illustration of the inner disk and magnetospheric structure.
(A color version of this figure is available in the online journal.)

Figure 16. Top panel: f̂l = log(FC iv/Fbol)∗−log(FC iv/Fbol)FPTau is represented
vs. the magnetospheric radius for the TTSs with measured magnetic fields.
Bottom panel: C iv flux vs. magnetospheric radius for the same sample; note
that the trend is clearly apparent even for non-normalized fluxes.

A trend is clearly apparent with larger f̂l corresponding
to smaller rmag as otherwise expected. Only DE Tau with a
magnetic field of 1 kG, about half of the ∼2 kG fields reported
for the rest of the stars in the sample, significantly deviates from
it. The regression lines represented in Figure 16 are:

log(F (C iv)/Fbol) = (−0.23 ± 0.06)rmag + (3.96 ± 0.53),
including DE Tau

and excluding DE Tau is

Table 6
Parameters of the Stars for rmag Calculationa

Star B∗ (kG) M∗ (M$) R∗(R$) Lac(L$)

T Tau 2.37 2.30 (2.11) 3.31 (3.3) 0.9+1.2
−0.6

GM Aur 2.22 0.70 (1.22) 1.78 (1.48) 0.18+0.21
−0.16

BP Tau 2.17 0.70 (0.77) 1.99 (1.91) 0.23+0.29
−0.20

DE Tau 1.12 0.32 (0.66) 2.45 (3.15) 0.16+0.16
−0.05

DN Tau 2.0 0.51 (0.70 2.09 (2.06) 0.04+0.07
−0.01

GK Tau 2.28 0.69 (0.76) 2.15 (2.05) 0.06+0.08
−0.02

Note. a B∗, M∗, and R∗ have been selected from Johns-Krull (2007). R∗ is
derived from the luminosity and the effective temperature of the stars. Values
of M∗ and R∗ in brackets correspond to Johns-Krull & Gafford (2002).

log(F (C iv)/Fbol) = (−0.29±0.06)rmag +(4.67±0.53), with
rms = 0.262.

One might think that this correlation is biased by the nor-
malization by Fbol given that T Tau, a K0-type TTS, is the star
with the largest f̂C iv, while DN Tau and DK Tau, with the lowest
fluxes, are M0 type. However, there is also a correlation between
the C iv flux (fC iv) and rmag, as shown in the bottom panel of
Figure 15.

To summarize, we conclude that f̂C iv ∝ exp(−αrmag), with
α = 0.5–0.7. The correlation coefficient between these two
magnitudes is −0.829.

Finally, note that if the average line emissivity is assumed
to be similar in all TTSs, the normalized flux could be used
as a tracer of the thickness of the UV radiating region. Let us
assume that the UV radiation is dominated by an extended atmo-
spheric envelope, then the expression above points to a shrinkage
of the envelope by two orders of magnitude ∝ exp(−αrmag)
along the spectral sequence, since f̂l = Fl/Fbol ∝ χlHl . Oth-
erwise, if the UV radiation were dominated by dissipative pro-
cesses in the star–disk shear layer, then Fl ∝ R2

∗ exp(−αrmag).

6. SUMMARY

The joint analysis of the fluxes of the O i (1305 Å), C ii
(1335 Å), C iv (1550 Å), and He ii (1640 Å) lines and the

14

From	
  Gomez	
  de	
  Castro	
  2012	
  



AccreBon/OuElow	
  connecBon	
  

�  Breaks angular 
momentum 

�  Launch mechanism 
uncertain 
-  Disk wind (Ferreira 2007, 

Bai & Stone 2013) 
-  Shu X-wind 
-  Coronal winds (Matt & 

Pudritz) 

Matt & Pudritz (2005) 



Wind	
  temperature:	
  	
  
a	
  probe	
  of	
  wind	
  launching	
  

•  Fast	
  	
  absorpBon	
  (200	
  km/s)	
  
•  Mostly	
  in	
  atomic/singly	
  

ionized	
  lines	
  
•  Typically	
  consistent	
  with	
  

cool,	
  FUV-­‐photoionized	
  
disk	
  wind	
  

•  No	
  evidence	
  for	
  a	
  hot	
  
coronal	
  wind	
  
-  Rules	
  out	
  hot	
  MaQ	
  &	
  

Pudritz	
  model	
  
	
  

Analysis from Johns-Krull & Herczeg 
(2007) for TW Hya 

COS 



Wind	
  chemistry:	
  similar	
  to	
  disk	
  and	
  PDR	
  
(Panoglou,	
  Cabrit	
  et	
  al.	
  2012)	
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Collimation	
  of	
  wind	
  into	
  a	
  jet	
  

Alexander Brown et al., 2006, Cool Stars 14 



GALEX	
  and	
  YSO	
  Identification	
  
(Sholnik+	
  2011;	
  Rodriguez+2013)	
  



Best	
  low-­‐mass	
  SF	
  science	
  cases	
  
for	
  a	
  new	
  UV	
  Observatory	
  

�  Forming	
  protoplanets:	
  	
  U-­‐band/NUV,	
  spatial	
  resolution	
  of	
  UV	
  

�  Spatially	
  and	
  spectrally	
  resolved	
  disk	
  emission	
  (high-­‐res	
  IFU)	
  

Kraus	
  &	
  Ireland	
  2012,	
  Keck	
  AO 



Past	
  and	
  Future	
  of	
  FUV	
  Observations	
  
and	
  Low	
  Mass	
  Star	
  Formation	
  

�  Primary	
  results	
  from	
  last	
  few	
  years:	
  

-  Disks:	
  FUV	
  fields;	
  tracers	
  of	
  PDR	
  at	
  disk	
  surface,	
  end	
  of	
  accretion	
  

-  Accretion:	
  probes	
  of	
  accretion	
  stream	
  and	
  shock	
  

-  Outflows:	
  	
  Wind	
  temperatures,	
  molecular	
  winds	
  as	
  test	
  of	
  jet	
  launching	
  

�  Currents	
  needs	
  (after	
  fully	
  digesting	
  COS	
  data)	
  

-  Wider	
  range	
  of	
  targets	
  (35	
  stars:	
  	
  mass,	
  accretion	
  rate,	
  disk	
  inclination)	
  

-  Variability	
  information	
  

-  SBC	
  Imaging/STIS	
  spectral	
  imaging	
  of	
  disks,	
  winds,	
  and	
  jets	
  

�  Science	
  with	
  future	
  UV	
  observatories	
  

-  Planet	
  formation,	
  H2/CO/?	
  disk	
  imaging	
  at	
  terrestrial	
  radii	
  (10m)	
  

-  Competitive	
  instrumentation:	
  	
  MOS?	
  	
  IFU?	
  	
  Dichroic?	
  Interesting	
  Filters?	
  	
  
Large	
  detector	
  format?	
  	
  


