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NGC 1333 IRAS 44
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- Spatial Filtering
- Transform to image plane

- Cross Corrélation




(Sup)Viliimeier Astrophysics

- Thermal emission from cool dust, gas

- High frequency nor+thermal tail

- Uniquely high spectral resolution possible
Orion KL, CSO

o e
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~ 21mm AO image
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Mein-sequence stor,
planetary system (7)

Hogerheijde 1999, after Stur etal, 1987

Y'oung Stars & Arrays

What size ranges are present?

Component Size Taurus  Orion Chemical
(AU) &) ") Characteristics

Pre-stellar core >10,000 70  >20 Tons, Long-chains
(HC5 N, DCOH, ...)

Cold envelope 5000 35 10 Simple species,
Heavy depletions

(C8, NoH™, ...)

Warm inner 500 3 1 Evaporated species,
envelope High-T products
(CH5OH, HCN, ...)

Hot core 500 2 Complex organics
(high-mass only?) (CHaOCHa, CHz CN,...
vib. excited mol.)

Cutflow: <L100-500 <0.7—4 <0.2-1 Si- and S-spedies
direct impact (Si0, S0,, ...)
Outflow: 100-1000  0.7-7  0.2-2 Evaporated ices
walls, entrainment (CH2OH, ...)
Disk 100 0.7 0.2 Tons, D-rich species,
Photoproducts

(HCO*, DCN, CN, ...)

PDR, compact 100-3000 0.2-7 Tons, Radicals

H IT regions
(high-mass only)

(CN/HCN, CO¥)




ANISEIIGIISPECHBSCOPY W/mn-Arrays
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Arrays filter out extended cloud! RS, V




- IRAC (mid-IR cameras, 3.6
4.5, 5.8, 8.0Mm)
- MIPS (far-IR cameras, 24, 70
160 Nmm, R=20 SED mode)
IRS (5-40 mm long slit,R=




SIRETE— VIEidellel Large Clouds

Evans et al.

Perseus, Cha,
Lupus, Oph,
Serpens +

|SO|ated COES




EelfojgsezleSiile Single dish or...

National Astronomical Observatory of Japan
Nobeyama Radio Observatory

Nobeyama Millimeter Array

‘with the new 10 m
submillimeter telescope

Max Planck Institut fir Radioastronomie
European Southern Observatory

Onsala Space Observatory

TR

T T
ma .E?,aﬁlfm.ﬁf%r EXperiment.
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EhEmsiyandiViassive Stars:

CHEMBCAL EVELATION TN THE W 3 MASIVE STAR FHRMING RECION = Embajda’j at main %que’]ce

- Large area heated, shocked

- Extensive chemistry

ETT] T(gas)=200-1000K  T(dus)-90K ~60 K
Freguanay {GHz)



@nien asialHet Core Test Case:

Bright lines, complex spatia structure!

Plu on B0 raster Russline (i}

et Praqeeney 0oz

Declinetion {1350}

-6 R4 .
T 4T 486 0 468%
Rlght Ascenslon (18501
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Hlog eche fde 1098, aftex Shu etal, 1987




e BynamicEnE opes Around Y SOs. |

A simple model for L1489 TR S

Inclined, flired disk, in Keplerian retaticn
ind with posaible ioward mofiens;
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SompiEnEnAR EREepe/Disk Studies




Vole

cllles |

f]

ie@Utiewsifrom Young Stars

.
.

Dark doud cores

1pc

———— 10000 AU
Grwitsional eallapse

) ©10%10%r

7\

Promstar, embedded in
8000 AU eavelope;
disk; owflow

) ©107-10%yr

Y/

AN

100 AU
—_—

T Tausi stax, disk, outllow

B ~10% 107 yr ) 107y
Ny
-
s l AN
100 AU S0 AU
Pr quence stay, Mein-sequence s,
remnant disk planetary system (7)

Hogasbetide 1999, afwr Shazetal. 1987

Declination {19¢

21°02'40 Image: High Veloc

Contours: Low Veloci

53° 517

Ascension {1960)




EhemsiyanY'SOrAccretion Disks. |

- Line shapes constrain disk orientation, size
- T Tauri, HAedisks well isolated

- Lineratios constrain n,T,chemistry (1 map+spectra)

Flux Density (Jy)
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CHEMISHAIY SO Accretion Disks. |1

CO(2—1) Velocity

221508
ofaatiats et 1ge wes e ah ofsetis als e g el i

o (1950) a (1950)
CN(1—0) Velocity

oz 15 1% WS 1w 1en ofSMIts 1@ e el 1aR 18

o (1950) =« {1950)

Disk transport timescales




SompiEnEnAR EREepe/Disk Studies




Planetary Science with Millimeter Arrays. 1.

Mars Opposition - March 1997

=
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HST WFPC2-
Color composite!
Surface features

HST WFPC2-
Blue filter (410 nm)!
Cloud structure

TP, James (U. Toledo), T. Clancy (SSI), S. Lee (U. Colorado), and NASA

OVRO - Integrated HDO
Emission (1.3 mm)?2
Water vapor distribution

2 M. Gurwell (CfA), D. Muhleman (Caltech)



Planetary Science with Millimeter Arrays. 1.
Titan’s Atmosphere - December 2000

Keck I - Near IR OVRO - OVRO -

Adaptive Optics! Integrated CH;CN Integrated HC;N
Cloud/haze structure Emission (239.1GHz)2  Emission (236.5 GHz)2
and surface features

Latitudinal (seasonal?) variation of
molecular abundances in the upper atmosphere

1 3-color image from ],H, and K’ AO images (Keck AO team) 2 M. Gurwell (CfA), D. Muhleman (Caltech)



EEMESWItmm-Arrays

Hde-
Bopp
Jets,
OVRO

Comeae are LARGE, s0
good zero spacing flux
or models mandatory!
Jets, however, are compact.




EUNEStImnmArrays- ALMA




atmospheric transmission
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Atmospheric transmission at Chajnantor, pwv = 0.5 mm
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system improves.

- Make aggressive use of public datasets on nearby
clouds and galaxy (2MASS, SIRTF) and on the new
submillimeter single dish capabilitiesin Chile.

- ATCA not just an ALMA pathfinder, excellent
complementary science even after 2011.



