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#.8] (observations)

& Hz % (EM wave)

242 F (radio)

Rz KKk (submillimeter)

% 1%4% (telescope)

T 41& /M %] (interferometry/array)
5 AT (high—angular resolution)
RZEREMEZ] (Submillimeter Array, SMA)
ALMA

J71%2 % (protoplanets)

FHF % (early Universe)
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v Fr 48 AM 648

SELES FM 99.7
o 2G/3G F#%
S5 4 4R 3R
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T E M 48 AM 648 KHz

S LTS FM 99.7 MHz
e 2G/3G F# : 900/1800MHz; 2100 MHz

Mk« 2.4 GHz

Hz = Hertz = # 2k : R EHIB B FE4L
1 Hz
1 Ak kHz = 1000 Hz
1/sec MHz = 1000000 Hz
— _g:ﬁ}‘.—‘,k GHz 1000000000 Hz




frzs (Hertz)

@ 7124 Heinrich Hertz (1857-1894)
o £ 1888 F B4 5 KR ETRHES4 R (transmitter) » §F
B 25 BH Ejiﬁﬁ}ﬁllﬁz B R PR 69 TR B o

o 5 AT m A James Clerk Maxwell (1831-1879)

@ /£ 1860s—1870 F M %46 F 0¥ & Ha 69 fn3kk
R#EE L mA AN (Maxwell s Equations)
TR AT —AE R TR KRR ALK

(RBEH) 5 E

L&,
= Kk x R

3 105 km/s
300000 km/s
300000000 m/s
30000000000 cm/s
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e Karl Jansky (1905-1950)
o 1928 Fu A A& EH T Bell Telephone Lab I4F » #FEH K
0 ¥ B B E RS O AR R o
e Janksy & 14.5 XK (20.5 MHz) R4 3] T =Z 4R
o Mty EE (nearby thunderstorms), EFIFE
(distant thunderstorms), VAR %0t 6944553035k
(faint steady hiss of unknown origin)
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o TR IAAE ¢ 1] (detection) /KRE
(calibration) /& 4% (imaging) /9 #T
(analysis) /#+2#4%# (interpretation) /mF5
% (publication)
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Pie Town, New Mexico

Very Long Baseline Array 10 J& K 4%
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E & E (Hawaii) <& (Big Island)
Z $1 2 (Mauna Kea) L85k & Kk BE %Y (SMA)

E & # (Hawaii) X& (Big Island)
E $ME (Mauna Kea) E.&5=R = Kk BE %Y (SMA)

Photo Credit : M.-T. Chen
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(Array for Microwave
Background Anisotropy)
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X-Fay (Yohkok) Ultraviolet (SOHO) Visible (BBSO) Infrared (SO

Eadie (MNebevama)

ltrawolet Wisible Infrared
I Trauger JPL/TASA NASATPL Voyager E Karkoschka TAHSTTIAZA

HEREBRXEOERNT
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@ Arno Penzias (1933-) and Robert
Wilson (1936-)

@ 19655 R F H H F st
@ 1978F A it 53R, fm 4534 B iy 4%

New Throat 0. Throat
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@ John Mather (1946—) and George
Smoot (1945-)

@ 19895 VACOBEA 3, F
¥R s At XL 33
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Ch st
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(anisotropy)

@ 20065 A ka4t R, f & 4% 35 A iy 4%

John Mather George Smoot

Cosmic MICROWAVE BACKGROUND SPECTRUM FROM COBE

Intensity, 104 ergs / cm? sr sec cm!

Cosmic Background Explorer
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@ Jocelyn Bell-Burnell (1943-)
and Antony Hewish (1924-)
@ 1967 #%}5% 1z 2 %132 3 PT TR - ==
IE]'] jit é? Ee‘ /i % HOETISON RADIATION
@ 1974 4  Antony Hewish 32 ' o e
Sir Martin Ryle FA _Eil%38 @& | o
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RADIATION
BEAM

Sir Martin Ryle  Antony Hewish Jocelyn Bell Burnell
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Temperature, K

200

Gurwell (2006); SMA
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Remnant HCN on Jupiter from
Comet P/Shoemaker-Levy Impacts  cuwen 2007 swa
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North offset (arcsec)

-10 0 10

-20

I 45 k4 B a9 SR B2 (debris disk)

10

North offset (arcsec)
0

-10

10 0 =10
East offset (arcsec)

10 0 —10 —20
East offset (arcsec)

Disk seen as
“silhouette”

Wilner et al. (2002)

PMS star
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T = 2

o MIMAAMAEZ RITERBZ L KGR AR

50 pc 100 pc

Wolf & D’Angelo (2005)

Hubble Deep Field

NS~

Rich in Nearby Galaxies, Poor in Distant Galaxies ALMA

Source: K. Lanzetta, SUNY-SB
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‘ALMA” Deep Field

Poor in Nearby Galaxies, Rich in Distant Galaxies ALMA

Source: Wootten and Gallimore, NRAO
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ALMA &5 F T F1 2

\-\'\’
ALMA

e Key science goal includes

¢ |mage protoplanetary disks to detect tidal gaps
created by planets undergoing formation in the disks;

¢ |mage normal galaxies like the Milky Way (in CO or
Cll line, for example) out to Z=3

*Precision imaging at high angular resolution(0.1")

ALMA g —AX F4 F x
R AH B = ‘*fi:;‘% S

ALMA

General Science Requirements, from ALMA Project Plan v2.0:

“ALMA should provide astronomers with a general purpose telescope which they can use to study
at a range of angular resolutions millimeter and submillimeter wavelength emission from all
kinds of astronomical sources. ALMA will be an appropriate successor to the present
generation of millimeter wave interferometric arrays and will allow astronomers to:

Image the redshifted dust continuum emission from evolving galaxies at epochs of
formation as early as z=10;

Trace through molecular and atomic spectroscopic observations the chemical
composition of star-forming gas in galaxies throughout the history of the Universe;
Reveal the kinematics of obscured galactic nuclei and Quasi-Stellar Objects on spatial
scales smaller than 300 light years;

Image gas rich, heavily obscured regions that are spawning protostars, protoplanets and
pre-planetary disks;

Reveal the crucial isotopic and chemical gradients within circumstellar shells that reflect
the chronology of invisible stellar nuclear processing;

Obtain unobscured, sub-arcsecond images of cometary nuclei, hundreds of asteroids,
Centaurs, and Kwper Belt Objects in the solar system along with images of the planets
and their satellltes

Image solar active regions and investigate the physics of particle acceleration on the
surface of the sun.
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ALMA

General Science Requirements, from ALMA Project Plan v2.0:

“ALMA should provide astronomers with a general purpose telescope which they can use to study
at a range of angular resolutions millimeter and submillimeter wavelength emission from all
kinds of astronomical sources. ALMA will be an appropriate successor to the present

Reveal the crucial isotopic and chemical gradients within circumstellar shells that reflect
the chronology of invisible stellar nuclear processing;

Obtain unobscured, sub-arcsecond images of cometary nuclei, hundreds of asteroids,
Centaurs, and Kuiper Belt Objects in the solar system along with images of the planets
and their satellites;

Image solar active regions and investigate the physics of particle acceleration on the
surface of the sun.




ALMA 891& %8

e Millimeter Array (MMA) of NRAO
—envisioned in the 1980° s as a new frontier after the

—top priority ground-based radio facility in U.S.

—search of international partners started in 1995
e Large Millimeter Array (LSA) of ESO

—envisioned in 1991 for complementing VLA, HST

—collaboration established in 1995 between ESO, IRAM, 0SO,
NFRA top

e Large Millimeter and Submillimeter Array (LMSA) of NAOJ

—envisioned after the completion of Nobeyama MMA and site
survey started in 1990

—a high sensitivity corresponding to a 70m dish

—top priority ground—-based facility in Japan

The mm/submm Spectrum: e
Focus of ALMA slide by Al Wootten

Frequency v [GH=]
o3

10° 107 10" + = 10"
10 ° E T T T T T T g
107 \ =
T - (:Pvlf%x\\ .
. 1oeL- 260 =
= = =
10° / =
107° SN ) )
10 10° 10+ 10°

Wavelength A m
s Les 1 Dole et al 2006

= Millimeter/submillimeter photons are the most abundant photons in the
cosmic background, and in the spectrum of the Milky VWay and most spiral
galaxies.

= ALMA range--wavelengths from |cm to ~0.3 mm, covers both components to
the extent the atmosphere of the Earth allows.

& . Early Science




Atacama Large Millimeter and submillimeter Array

M40 B K A K S0k 3 K ok 2 1A 5 1 51

/g2 ALMA ?

@ ALMA 4X & Atacama Large Millimeter/
submillimeter Array

o WitZ L HE (ESO), 3= (NINS+AS) ki
(NSF+NRCHNSC) VA R%F F| Bl &4F » 75 28 £ AR
KA @Y mERTE o

@ LT E Y 50 & 12K KR4 o

® X% (Atacama Compact Array) 8|84 7T
12 B TR RBUAR 4 B 12K KRB o
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Z 15 NEZFEHEM o
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ALMA ZEnkad K RGEEAE

Chajnantor Atmospheric Transmission

slide by Al Wootten
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A (2010/12)

5T Fx 2Z I ALMA

TA3t 2013 TARAFEEZE V505
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Comparign the power of
(sub)mm telescopes

ATCA |CARMA SMA ES ALMA full

Antennas |5 |6 66

100,230, + 150,

Freq range | 20, 100,230] 230, 345, 690 345650 | 450, 800

collecting
area

772 226 > 1350 6500

Max 04" olis3 05" | 0.15 | 001
resolution

Tsys 140 K, 2640 K| 200 K | 30 K, 70 K, 430 K

(freq) (230) (650) | (230) | (100) (230) (650)

by Tachihara
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#.8] (observations)
ééﬁé‘z’i}éi (EM wave)

242 % (radio)

K2R (submillimeter)
% 1%4% (telescope)

F#H1& /%] (interferometry/array)
=AM & (high—angular resolution)
RZEREMEZ] (Submillimeter Array, SMA)
e ALMA
o 21 Z (protoplanets)

o I F % (early Universe)




