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What have been observed (and studied) What have been observed (and studied) 
with existing (with existing (sub)millimetersub)millimeter arraysarrays??

Some examples:Some examples:

Solar SystemSolar System
Comets: Comets: HaleHale‐‐Bopp Bopp andand C/2002 T7 (LINEAR)C/2002 T7 (LINEAR)



HaleHale--BoppBopp
BIMABIMA observations;observations; 
1997 April 011997 April 01

(ALMA band 3)(ALMA band 3)



Comet HaleComet Hale--Bopp,Bopp,

1997 Mar 311997 Mar 31

(ALMA band 3)(ALMA band 3)

1997 Mar 271997 Mar 27



Comet HaleComet Hale--Bopp, 1997 March 27Bopp, 1997 March 27



Comet HaleComet Hale-- 
Bopp,Bopp,

1997 March1997 March

(ALMA band 3)(ALMA band 3)



Comet C/2002 T7 (LINEAR)Comet C/2002 T7 (LINEAR) 

SMA:SMA: 1.31.3--mmmm continuumcontinuum 
(ALMA band 6)(ALMA band 6)



Science with ALMA (DRSP 2.2)Science with ALMA (DRSP 2.2)



What have been observed (and studied) What have been observed (and studied) 
with existing (with existing (sub)millimetersub)millimeter arrays?arrays?

Some examples:Some examples:

Solar SystemSolar System
Comets: Comets: HaleHale‐‐BoppBopp and and C/2002 T7 (LINEAR)C/2002 T7 (LINEAR)

Galactic sourcesGalactic sources
Hot molecular cores/massive star forming regions: Hot molecular cores/massive star forming regions: 
SgrSgr B2B2 and and Orion KLOrion KL



HMCsHMCs::
SgrSgr
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Science with ALMA (DRSP 2.2)Science with ALMA (DRSP 2.2)



What have been observed (and studied) What have been observed (and studied) 
with existing (with existing (sub)millimetersub)millimeter arrays?arrays?

Some examples:Some examples:

Solar SystemSolar System
Comets: Comets: HaleHale‐‐BoppBopp and and C/2002 T7 (LINEAR)C/2002 T7 (LINEAR)

Galactic sourcesGalactic sources
Hot molecular cores/massive star forming regions: Hot molecular cores/massive star forming regions: 
SgrSgr B2B2 and and Orion KLOrion KL
Young stellar objects andYoung stellar objects and
protoplanetaryprotoplanetary disks:disks:
IRAS 16293IRAS 16293--2422, IRS 46, AA Tau,2422, IRS 46, AA Tau, andand HH 211HH 211



Sample spectral Sample spectral 
images of large images of large 

organic organic 
molecules in molecules in 

Class 0 source Class 0 source 
IRAS 16293IRAS 16293-- 

24222422

Crosses mark the Crosses mark the 
positions of I16293A positions of I16293A 

and I16293B, as and I16293B, as 
denoted in the denoted in the 

continuum image.continuum image.



Sample Spectra of Large Organic Molecules

in IRAS 16293-2422

we provided we provided 
the first the first 
observational observational 
evidence of evidence of 
the existence the existence 
of of large large 
organic organic 
molecules in molecules in 
protostellar protostellar 
diskdisk..

354 GHz (830 354 GHz (830 μμm)m)



HighlyHighly--Excited Vibrational TransitionsExcited Vibrational Transitions

The  detection  of The  detection  of  highly  excitedhighly  excited transitions  of  HCN,  SO  and  SOtransitions  of  HCN,  SO  and  SO2  2  
with their respective lower energy levels occurring with their respective lower energy levels occurring 1050 K, 1660 K 1050 K, 1660 K 
and  1800  K  above  the  groundand  1800  K  above  the  ground,  clearly  demonstrates  that  the ,  clearly  demonstrates  that  the 
innerinner‐‐most regions of the two protostellar cores are most regions of the two protostellar cores are very hotvery hot. . 



SMASMA 690690--GHzGHz (ALMA band 9)(ALMA band 9)

690 GHz (430 690 GHz (430 μμm)m)



Class I source: IRS 46Class I source: IRS 46 
SMA 226SMA 226--GHz continuum (ALMA band 6)GHz continuum (ALMA band 6)

IRS 44

IRS 46



Class I source: IRS 46Class I source: IRS 46 
SMA CO 2SMA CO 2--1 (ALMA band 6)1 (ALMA band 6)

IRS 46

IRS 44





Class II CTT star: AA TauClass II CTT star: AA Tau 
SMA 230SMA 230--GHz continuum (ALMA band 6)GHz continuum (ALMA band 6)

AA AA TauriTauri diskdisk

AA Tau



Science with ALMA (DRSP 2.2)Science with ALMA (DRSP 2.2)



HH211HH211 SMA SMA 
217 GHz 217 GHz 

(ALMA band 6)(ALMA band 6)



HH211HH211 SMA SMA 
345 GHz 345 GHz 

(ALMA band 7)(ALMA band 7)



Science with ALMA (DRSP 2.2)Science with ALMA (DRSP 2.2)



Science with ALMA (DRSP 2.2)Science with ALMA (DRSP 2.2)



Science with ALMA (DRSP 2.2)Science with ALMA (DRSP 2.2)



Science with ALMA (DRSP 2.2)Science with ALMA (DRSP 2.2)



By measuring the variations in By measuring the variations in continuum thermal continuum thermal 
fluxflux from a from a KuiperKuiper‐‐Belt objectBelt object

to look for possible correlations in to look for possible correlations in albedoalbedo,, sizesize, and, and
colorcolor, so, so
to trace to trace KBOKBO’’ss dynamical and dynamical and collisionalcollisional historyhistory

For the For the largestlargest of of KBOsKBOs, , mmmm lightcurveslightcurves due to due to 
rotation rotation can be obtained, providing additional can be obtained, providing additional 
information on the object information on the object surface propertiessurface properties..

AlbedoAlbedo & Surface Properties of& Surface Properties of 
a Transa Trans--Neptunian Object (I)Neptunian Object (I)



Angular resolution: Angular resolution: 
0.050.05““ (baseline ~ 4 km)(baseline ~ 4 km)

Receivers: Band 7 (Receivers: Band 7 (275 275 ––
373 GHz373 GHz))

Spectral resolution: N/A w/ Spectral resolution: N/A w/ 
16 GHz BW16 GHz BW

Continuum Sensitivity:Continuum Sensitivity:
0.1 K0.1 K for a KBO withfor a KBO with

TT
 

BB

 

~ 1 K (beam diluted), at 40 ~ 1 K (beam diluted), at 40 
 AU, AU, TT

 
surfacesurface

 

~ 40 K, and 1,000 ~ 40 K, and 1,000 
 km km (~ 0.01(~ 0.01““))

 
in diameterin diameter

Observing time: ~ Observing time: ~ 1 hr1 hr

AlbedoAlbedo & Surface Properties of& Surface Properties of 
a Transa Trans--Neptunian Object (II)Neptunian Object (II)



Direct Detection of JupiterDirect Detection of Jupiter 
Around a Nearby SolarAround a Nearby Solar--like Starlike Star

A Jupiter at the distance of A Jupiter at the distance of αα Centauri, will have a Centauri, will have a 
345 GHz flux density of 6 345 GHz flux density of 6 μμJyJy

moving on the same orbit around moving on the same orbit around αα CenCen A as Jupiter A as Jupiter 
does around the Sun (~5 AU)does around the Sun (~5 AU)

a maximum elongation projected distance of 3.9" from a maximum elongation projected distance of 3.9" from αα
CenCen AA

Angular resolution: 0.1"Angular resolution: 0.1"

Receivers: Receivers: Band 7 (345 GHz)Band 7 (345 GHz)

Continuum Continuum Sensitivity: 2 Sensitivity: 2 μμJyJy

Observing Time: Observing Time: ~175~175 hrs (6 hrs (6 μμJyJy))
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Thank you!Thank you!
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