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INTRODUCTIONM
--- Submillimeter

s Submillimeter wavelength i
radio wavelength.

m Radio --- the electromagnetic wave
Very common technology

Radio broadcast (FM/AM), Microwayve oven, W
communication systems (mobile phone etfc), Wireless
keyboard/mouse, Satellite systems, RADAR, Garage door
openers, etc.. > All uses radio technologies.

These are high power sources.

Mobile phone: 10-3 - 10+ W, Microwave oven: 1000W,

Radio Astronomy searches for much small power
signals from far distant astronomical objects

Millions or billions of times weaker than the signals used by
communication systems. ' Astrovaganza 27 June
HS 2005




[ Radio ] [M]crﬂwa'-.re] [Infrarc—d] [‘u'isibre] [Llltrﬂn.rinlet] [:I~r:aﬂ [Gamma Hay)
10 10° 1 10 107 10 10 1w g™
Wal.'elﬁﬂth in centimeters

L, [ ]

Nl N /\ /N IHIUHHHU

\ANA

About the size of... e VVVVVVYEm

hlimad® & + e

Buildings Humans  Honoy Boo Finhead P'rutn:ﬂam holpoules Atoms Abomic Muclei

(NASA IMAGERS)

Astrovaganza 27 June
2005




Wireless keyboard/mouse
2.4 GHz

Frequency, Hz

= Inradio astronomy field,
327.384 MHz -- Deuterium (DI) line
1400.0 - 1427.0 MHz - Hydrogen (HI) line
14,470-14,500 MHz -- Formaldehyde Line
1600-1700 MHz - Hydroxyl (OH) line

- Interference is an issue to concern.

m National Radio Quiet Zone in Green Bank, VA.

Astrovaganza 27 June
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INTRODUCTIO

--- Submilli

m The 'submillimeter’ regi

electromagnetic spectrum is

technologies from both rJegi es: bolometers
from the infrared, heterodyne receivers
from the radio
* Wavelength: 300 microns to 1 millimeter

- cf. human hair diameter : 20 - 180 microns
- Frequency: 300 Gigahertz to 1 Terahertz

: As'Esuch, it borrows
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INTRODUCTIO
--- Submillimete As’rronenf{y?ﬂ)-

= In practice, is the greatest

problem faced by submillimeter astronomers,
which, combined with the lack of high-
performance instrumentation, explains why

the submillimeter region of the spectrum is
currently the least well studied.

= can only be done
., such

as and
if it's from the ground.

m Mauna Kea is one of the best sites in the

world to make sensitive observationstrovaganza 27 June
8 Hs 2005
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INTRODUCTION
--- The Observator

! ing-edge facility for astronomical research and
instrumentation development.

one of the world's premier submillimeter telescopes
one of the easiest to use.

situated in a

compact dome.

Operated by under a contract from the
and has been operating on
a regular basis since 1986.

Director: Professor Thomas 6. Philips at Caltech

Open to the astronomical community, with most of the

observing time available for non-Caltech observers.
Astrovaganza 27 June

He 2005
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ith this wa elengThs,
can be traced efficiently.

Combining and  information,

one can investigate
as well as
of detected astronomical objects.
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m There are thousands of molecular and atomic lines
detected towards active star forming regions.
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R.A. Offset (arcsec)

One of the best-known, closest (213 pc) planetary nebula, with a
substantial envelope of molecular gas and is far larger in angular size
(~1000") than any comparable nebula.

Astrovaganza 27 June
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Merging Galaxies
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~CHNOLOG

Heterodyne re s 180 - 950 GHz)
(up to 4 GHz

with
band width)
= BOLOMETERS
SHARCII (350/450/850 micron)
BOLOCAM (1000/2000 micron)
= Dish Surface Optimization System (DSOS)
= / Polarimeter

Astrovaganza 27 June
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m There are thousands of molecular and atomic lines
detected towards active star forming regions.
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deuterated deuterated
molecules molecules

Singly MuIETIy

D atom

surface
//R

D-molecules

=

w w

D-molecules

(Vastel '05)

(Lis et al '02)

Astrovaganza 27 June
2005




SHARCII

= 12 x 32 (384) ar'rayj
50/450/850 micron filters

m 10" resolution at 350 micron




= DSOS is a CSO Sub nillimeter Active Op’rlcs Sys‘rem
(Leong et al. '03)

DSOS Off

(18% improvement in
beam width , 50%

improvement in signal
power compared with

Astrovaganza 27 June
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D505 how does it work?

Vi —_——

Installed Standoff Assembly

m 99 steel rod standoffs
= Heating-> elongate

= Cooling -> shortens Astrovaganza 27 June
26 2005

(Leong et al. '03)




Main Dish: View f

(Leong et al. '03)
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SHARCII Images.
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Star Formation Process

a dark cloud b gravitational collapse c pmtuutn; } envelope|
Ipoiar

fiow

dense cor
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d T Tauri star € pre-main-sequence star  § young stellar system
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oy
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X
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BOLOCAM

m Bolometric camera cj 1.1

dilafa 44l da
- - °

115 pixels with 8 arcmin
field of view.

The beam size (FWHM):

30 arcsec at 1.1 mm
60 arcsec at 2.1 mm.

At all wavelengths, the

pixel spacing (nearest

heighbors of hexagonal

close-packed array) is 38 T
arcsec. 3

(Glenn et al,, 28)

aganza 27 June
2005




Extremely Lumi

(z > 1) Galaxies

m 11 mllhme’rer' bolocam

detect very far distant
galaxies.
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On a process of star
ormation, magnetic field may
play a critical role.

Using 350 micron polarimeter,
Hertz, magnetic field lines are

traced towards Orion OMC1
region.

It revealed the pinched
maghetic field.

Curved lines show magnetic
field "profiles” that are fit to
the B-vectors, but not
including data near the Orion
"bar” (southeast edge).




(Novak et a-




or More In:

Caltech Submillimeter JDbservaTor'y
Office,
111 Nowelo St., Hilo, Hawai'i 96720
Voice: (808) 935-1909

Fax: (808) 961-6273
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Health

(Gandhi 2000)
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has been done.

In :
Technical challenges a+‘nd iard observing

condition from ground due to thick

atmosphere

Astrovaganza 27 June
2005
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Owens Valley Millimeter Array (Caltech)
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Radio Astronomy Started i?
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Astronomy: An EXxciting FIZ‘E?M

= There are so many things people have

been trying to understand.
How did the Universe form/started?
How do stars form?
How do stars end their life?
Are we alone?
= Some astronomical objects have some

extreme conditions. > Excellent
laboratory for understanding Physics.

Astrovaganza 27 June
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New model: e '
Star birth rate peaks
at ~0.5=| billion years
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