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This is B68

what is the most important 
parameter of a cloud?

- mass?
what is this cloud made of?

- H2? 
can we see it? 

- No.



Alves et al. 2001

• color excess technique
• self-gravitating
• critically stable core



Goto et al. 2015

here!

H2 v=1-0 S(0)

1%

“virtually inaccessible”



High resolution spectroscopy

• Special spectroscopy for  Special objects

• Targets everybody knows ≈ bright
≈ good AO guide star itself

Once upon a time … was 

• stars with no name (or only 2 MASS IDs)
now we have to deal with

• in ELT time, even more true



27600s = 7.6 hr 5100s = 1.4 hr

K = 9.0 mag

seeing 0.8”

slit  0.2”

2.2 um

S/N  = 300

w/ AOw/oAO



K = 9.0 mag

seeing 0.8”

slit  0.2”

2.2 um

S/N  = 300

possibleimpossible

w/ AOw/oAO



L = 7.0 mag

seeing 0.8”

slit  0.2”

3.7 um (H3+)

S/N  = 300

4320s = 1.2 hr48240s = 11.8 hr

high  
background 



those background stars are 

you can use AO 

only if
LGS is available

“don’t worry.
just wait METIS and ELT.
It does not have a slit.”

R = 16-19 mag 
K ~ 9 mag, MK giants, V-K=2-4 mag
AV = 10 mag
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lose x10 times
if you do not use AO

lose x 50 times

VLT 

seeing limited

ELT  
seeing limited

S/N read 0.1
S/N bg 1

S/N read 0.5
S/N bg 5

VLT 

diffraction limited

ELT  
diffraction limited

S/N read 1
S/N bg 10

S/N read 25
S/N bg 250



or vice versa

AO is not nice to have

for spectroscopy 

but makes an impossible observation

Possible
“technically not challenging” (= boring) 
“other telescopes are already doing” (= boring) 

AO to throw away 99.99999% of photons

HURACAN 0-100 km/h 3.4s
4 km/ litre

AO to increase slit throughput x2

PRIUS 0-100 km/h 10.8s
21 km/ litre



Thank you


