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SMA, CARMA and
NOEMA

sPeaker:Wu Xuangi
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* sub-millimeter/millimeter astronomy

s SMA

* history
* specification

* sclence

* CARMA
* NOEMA




~10 pym ~500 nm ~10nm

sub-millimeter: 0.3-1mm 1983~

Radio waves Millimeter Infrared Visible light Ultraviolet
millimeter : ~ITmm 1960’s~

Main source : cold interstellar material (radio emission from
atoms,molecules,cold dust)

Yield a new view upon the Universe we live in!

What Can We Do :

1.study the evolution of stars and their planetary systems (directly
probe regions where stars are actively being born)

2.study the the composition of planetary atmospheres

3.study the formation and evolution of galaxies
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Gamma rays, Xrays and ultraviolet
light blocked by the upper atmosphe
(best observed from space).

1nm 10 nm 100 nm

1.2

Most of the

Visible light Long-wavelength

observa'gle infrared Spectrum  padio waves observable rat?l?) waves ’
absorbed by from Earth

from Earth, atmos pheric . blocked.

withsome g cces (best

atmospheric observed

distortion. from SNC.).

1pm 10pm 100pm 1mm

Wavelength

pm

877 739 445 352
T

|
ALTITUDE 2400 m
TEMPERATURE = 283K
FRECIPITABLE WATER VAPCOR

1mm pwv

4amm pwv

y\[‘/.}\ A ,n\\[.\l

600 800

SO long’?

* 2.instrumentation :high
frequency receivers is
hard to manufacture

® lligh altitude and
dry site
® High frequency

recelvers
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Backgroun O‘F SMA

* 1980’s (under construction)

* Caltech Submillimeter Observatory
10m telescope

* James Clerk Maxwell Telescope 15m

telescope

* would reach resolution of 6" — 15"

* during mid 1980’s:

2

Owens Valley Radio Observatory and
Berkeley-Illinois-Maryland Association
pioneered millimeter-wavelength
interferometers

* offered resolutions less than 5"
* under designing millimeter interferometer
* Plateau de Bure & Nobeyama

* offer spatial resolution ~1"
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SMA (Submillimeter rray)

* collaborated project

*

Smithsonian Astrophysical Observatory(SAO)

iy il o

* Academia Sinica Institute of Astronomy and

Astrophysics(Taiwan)

* Director:Jim Moran

FTPIRNCE A

* project approval on 1984 :

* six 6m diameter antennas

{ * sub-aresecond resolution

* dry site

Sumbaihe

* receiver development

|

'2 * 1999-2003 antennas are set on

)

‘

- wavelength ranges from 0.3 to 1.7mm

spatial resolutions down to about 0.1” at 850 GHz
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proto
abservation

2004 2006 2008 2010 2012 2014 2016 2018
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SMA Science

“sub-millimeter galaxies™

890um 20cm 24um 3.6um  0.8um
- T oa -"
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, N ,., i

.?
, ..‘
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» ‘ . Q L
SMA VLA MIPS IRAC ACS

-

searching for dust-obscured

starburst galaxies at high
redshift through DUST and

chemistry,dynamics,

structure...

a Population of High-Redshift

‘:‘ _ » «<—Submillimeter Galaxies from

Interferometric Imaging

Younger et. al 2007
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a) Massive flared disk b) Settled disk

¢) Photoevaporating disk d) Debris disk

. ® 0@ 0% 0 0@e.%c .




oL il g S =

B .

SMA Science

T W Hyo ] [ HD 163296 ]
SMA CO(3-2) L SMA CO(3-2)
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dust observed by ALMA
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SMA Science
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CARMA (Combined rray for Research

in Millimeter-wave stronomg)

site:the east of Owens Valley Radio Observatory, elevation of
2,196.223m

*  tume:2004-2015 (ALMA took place)

organizations:Caltech, BIMA(Berkeley-1llinois-Maryland

Association), University of Chicago
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CARMA Specnq(:atlons
Antenna: 23 antennas

Recelver:
* 3-mm band: 84-116 GHz; 70-84 GHz
* ]1-mmm band: 215-270 GHz

Configurations: 4 configurations with baseline

from 7m to 2km— Angular resolution:30”-0.1"

Water vapor radiometry
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NOEMA (NOrthern Extended

Millimeter Arrag)

site: Plateau de Bure, French (elevation of 2550m)
time:2011-2024(expected)

organization:1RAM ( Institut de radioastronomie millimétrique)

“'"‘ ’ﬁ%’é @"’:7 : Ak

\ ‘

"i:“c

“i:i(\ .(\

_ ‘_ #="" The NOEMA Pro;ect

Y e ey T T e Tt Ty TN . AWy A T TV

e .

s T M

i C————



s e il 8

idat

- Sl & G s S R et R i s S 1 i i

i i, e gl

NOEMA SPCCIﬁcatlons
Antenna:twelve 15m antennas
Recerver:

*3mm:/6.5t0 116 GHz

*2mm:130 to 178 GHz

* 1.3 mm :202 to 274 GHz

configuration:D(compact),C,A(most extended );highest
separation of 760m; best resolution 0.2”
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Science of CARMAEGENOEMA

see the formation of the galaxies at high z
* black hole

* the dynamics and chemical evolution of nearby galaxies

* star & planet formation

Plateau de Bure 2,5 million light years
6 antennas M31, Andromeda galaxy 12 antennas
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Comparison

SMA CARMA NOEMA ALMA
number of g 93 9 GG
antennas
wavelength | 0.3-1.7mm 1-3mm 1.3-3mm | 0.3-10mm
e s T ok 760m%“ghe 150m-16km

S
. SUb_ 9 99 ) ) 99
resolution (1230 best 0.2 0.0047-0.2
arcsecond
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* Sub-millimeter/Millimeter interferometer requires stable
receivers and 1s critical to environment of site

* SMA can provide high resolution maps of dust&molecular,
which people can use to investigate:

* the formation and dying star
* the protoplanetary disk
* galaxy evolution

* CARMA&NOEMA can map the cold gas of star and galaxy
and serve as the pathfinder for ALMA
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Reference

Paul et. al, 2004 The Submillimeter Array

Wilson et. al, 2008 Luminous infrared galaxies with the submillimeter array:
probing the extremes of star formation

Younger et. al,2007 Evidence for a population of high-redshift sub millimeter
galaxies from interferometric imaging

Williams et, al, 2011 Protoplanetary Disks and Their Evolution

Hughes AM, Wilner DJ, Cho J, Marrone DP, Lazarian A, et al. 2009b. Ap. J.
704:1204 1217

Zapata et. al, 2010 Extremely large and hot multilayer keplerian disk sound the O-

type star W51N:The precursors of the HCH 11 regions
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SMA Science

* Formation and dying of star

* Formation of planetary system

14°31'10"

W51 North

Color scale: SO2
Blue and red contours: CO(3-2)

young O-type protostar

multilayer structure

08"
S cavity in the disk
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19%23™40.30° 40.20° 40.10° 40.00° 39.90° Zapata et' al 2010
Right Ascension (J2000)
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CARMA Science

‘ Survey

| planet formation

star formation

molecular gas in galaxies

|

Multi-wavelength Monitor of Transients

Black Hole
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~17°30'20"

DEC (J2000.0)

—17°30'30"

Nearby galaxies

The SMA Ultraluminous/Luminous Infrared Galaxy (U/LIRG) Survey

V114 CO J=2-1 €0 J=3-2 ||l ryp=Co y=3-2/5=2-1 " | |
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SMA Science

8°34'45"

I

E
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1 1
4"34™00%
RA (J2000.0)

gas temperature varies across the galaxy
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mapping molecular gas
can help provide a
comprehensive picture of

star formation activity
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during the merging proce%—s

(Qinghua Tan
et al. 2011) £




