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What is the SMA?

The SMA is a pathfinding instrument comprised of eight 6 meter
antennas on Mauna Kea, HI, designed for high spatial and spectral
resolution imaging in submillimeter atmospheric windows.

The SMA is now being used to study Solar System bodies,
protoplanetary disks, star forming regions, evolved star envelopes, the
Galactic Center, nearby galaxies, and ultraluminous galaxies at
cosmological distances.

The SMA is a collaborative project of the Smithsonian Astrophysical Observatory, part of the Harvard-Smithsonian Center for
Astrophysics, and the Academia Sinica Institute of Astronomy and Astrophysics (Taiwan)
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Historical Perspective

. A SUBMILLIMETER-WAVELENGTH
1984:. SAO Study SCTELEscgperJ %RR Ag:

_ . - IENTIFIC, TECHNICAL,
(1 992-1998: CSO JCMT) AND STRATEGIC ISSUES
1994 OSDA U Hawaii J.M. Moran, M.S. Elvis, G.G. Fazio, P.T.P. Ho,

P.C. Myers, M.J. Reid, and S.P. Willner

1996: ASIAA expansion

+2 antennas (to 28 baselines)

1999-2003: antennas
deployed to Mauna Kea

2004: first SMA science

2011: >336 refereed papers
(rate > 1/week for 5 yrs)

Smithsenian Astrophysical Observatory
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Submillimeter Windows
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Cold material is best seen in submillimeter “light”
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Submillimeter Windows

SMA Low Frequency Bands
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Submillimeter Windows

SMA Low Frequency Bands
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Short baselines — large
spatial scales

Long baselines — small
spatial scales

For high spatial dynamic
range but small number of
sampling points (antennas)
need multiple configurations

(SPATIAL)

SPATIAL DOMAIN : FREQUENCY DOMAIN

NN |
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Antennas:

Configurations:

Receivers:

Correlator:

11 July 2011

SMA Specifications

8 antennas of 6 m diameter, 12 ym rms surface
cost + imaging speed + collecting area (~JCMT)

24 pads in four rings
baseline lengths 8 - 508 m,
subarcsecond resolution, best ~0.1”

max 8 per antenna; 1 or 2 simultaneously, each single pol.

full frequency coverage of atmospheric windows

dual polarization, “high” & “low” combinations allowed
230" 177-256 GHz (L)
‘345’ 256-360 GHz (L)
‘400" 320-420 GHz (H)
‘600’ 600-720 GHz (H)

Bandwidth: 2 SB x 4 GHz (1 receiver) / 2 GHz (2 receivers)
up to 25 kHz resolution!

Sensitivity and bandwidth to span/resolve
extragalactic/galactic lines

SMA Community Day 12



Antenna Stations

11 July 2011

SMA Community Day

4 Nested Rings
(Keto 1997)

4 Configurations

230 345
Subcompact 9” 6
Compact 3.5" 2.5
Extended 1.3 0.8

Very Extended 0.5 0.3”

13



Field of View/Resolution

Jupiter HCN(3—2) Integrated Emission [SMA: 28 April, 2007]
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Titan CHLCN Integrated Emission [eSMA: 23 March, 2009]
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Single or Dual Rx Operation

fiber 2

LSB T USB

LO1

=n | =

LO2

fiber 1

v‘f'operation with twice the bandwidth

fiber 2

LO1

fiber 1

L
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SMA IF System

Gunn LD =01 Upper Sideband 348
Offset from LO (GHz) 1 Receiver, 4 GHz
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1 Receiver, 4 GHz Offset from LO (GHz)
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SMA Correlator

Velocity Resolution (km/s)

Bandwidth
230 GHz 345 GHz 690 GHz
Full 4 GHz /
2 174

Continuum sideband °200 3500 0
B .

estUniform | .15 5 kHz 1 0.7 0.35
Spectral Res.

Maximum 25 kHz 0.03 0.022 0.01
Spectral Res.

11 July 2011
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SMA Correlator
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54542 350
Courtesy Nimesh Patel
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— Dual Rx Example
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G31.41+0.31 (Girart et al)

11 July 2011

Polarization

* Single receiver, cycling quarter-
wave plates (time-sharing to obtain
full Stokes coverage)

* Dual receiver, direct full Stokes
(no time-sharing, more efficient)

SMA Community Day 21



Sensitivity (6 hr)

230 Band 8 GHz (Full Continuum) 1 kml/s
3.0 mm pwv
Config Beam Point-Source Temp Point-Source Temp
Sensitivity Sensitivity
(mJy) (mJy)
SUB 7.4°x7.17 0.7 0.35 mK 70 31 mK
COM 3.3"'x2.9” 0.5 1.2 mK 49 117 mK
EXT 1.3"x1.0” 0.5 9.1 mK 49 855 mK
VEX 0.5"x0.4” 0.5 54 mK 49 5.2K
11 July 2011 SMA Community Day 22




Sensitivity (6 hr)

345 Band 8 GHz (Full Continuum) 1 kml/s
2.0 mm pwv
Config Beam Point-Source Temp Point-Source Temp
Sensitivity Sensitivity
(mJy) (mJy)
SUB 4.9"x4.7” 1.9 0.85 mK 150 67 mK
COM 2.2"x1.9” 1.35 3.3 mK 107 261 mK
EXT 0.8"x0.7” 1.35 24 mK 107 1.9K
VEX 0.35"x0.3” 1.35 150 mK 107 12K
11 July 2011 SMA Community Day 23
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» Observing and Proposal Information

« CfA allocates 72% of SMA Time (UH/ASIAA split rest)
« ‘open skies’ policy...accept proposals from anywhere

« proposal deadlines on 6 month cycle (March/September)
— next deadline: Wednesday, September 14, 2011

* dynamic queue scheduling according to weather
« RTDC archive, data in public domain after 15 months

 Calibration and Imaging:
— MIR (OVRO)/Miriad or AIPS (soon CASA)

11 July 2011 SMA Community Day
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Proposals

* Proposals reviewed by TAC (9-13 members) consisting of scientists from
SMA, CfA, and outside community (IAA + CfA hold joint TAC science review)

» Each proposal reviewed by minimum of 4-6 TAC members
» Proposals ranked, discussed and reevaluated at face-to-face
» configuration schedule to best accommodate highest ranked proposals

* Proposals are rated as

A: highest rating, executed on a best effort basis
B: middle rating, to be executed as time permits
C: lowest rating, will not be executed

11 July 2011 SMA Community Day 26
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60 -

40

Number of Proposals

20

0 1 1 I I
2007 2008 2009 2010 2011
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Time Oversubscription

Majority of time requests come at 345 GHz

<4mm <Ilmm
28% | 14%

30 GHz

<2.5mm
58%

345 GHz

11 July 2011 SMA Community Day
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SMA Low Frequency Bands

Submillimeter Windows
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Proposal Statistics (through 2010B)

Stellar

0 No. of Proposals  gyragalac. Stellar.  11Me request
\ 279 7% \
31%

s

Galactic
Center Extragalac.

34 41%
4%

Planetary Galactic
18 Planetary “—_Other Center
2% 1% 1% 4%
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Relative Requested On—Scurce Time

11 July 2011

RA Coverage vs Semester

Distribution of Requested Time (SMA Semesters 20058—20084)
°4 22 20 18 16 14 12 10 8 5 4 2 0

Summer Semester (March Deadline)

r-_r1_*+ T T T T© T T©v T T T T T T T TvT T T T T 709 T

Winter Semester (Sept. Deadline)

24 22 20 19 18 14 12 10 a8 6 ~ 2 0
Right Ascension

SMA Community Day
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Call for Proposals
Technical | Info.

) SMA Observer Center - Mozilla Firefox :
File Edit View History Bookmarks Tools

Help

= - lv

=

ﬁ \O http://smal.sma.hawaii.edu/smaoc.html

.

Tools =

User Account
Proposal Creation
Project Tracking

11 July 2011

{7} SMA Observer Center &

SMA Observer Center

Home

roposing

Preparing
to Observe

After
Observing

Tools
Specs
Contact Us

og In

The Submillimeter Array (SMA) is an 8-element radio
interferometer located atop Mauna Kea in Hawaii. Operating at
frequencies from 180 GHz to 700 GHz, the 6m dishes may be
arranged into configurations with baselines as long as 509m,
producing a synthesized beam of sub-arcsecond width. Each
element can observe with two receivers simultaneously, with
2 GHz bandwidth each. The digital correlator backend allows
flexible allocation of thousands of spectral channels to each
receiver. The Submillimeter Array is a joint venture of the
Smithsonian Astrophysical Observatory and the Academia Sinica
Institute of Astronomy and Astrophysics.

K

SMA Community Day
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”) SMA Observer Center: Tools - Mozilla Firefox :
File Edit View History Bookmarks Tools Help

@ @

ﬁ ‘O http://smal.sma.hawaii.edu/tools.html 'Tqi'

{7) SMA Observer Center: Tools &

SMA Observer Center

Home
Proposing

Preparing
to Observe

After
Observing

Tools
Specs
Contact Us

Log In

Done

Tools

Beam Calculator / Sensitivity Estimator

Planetary Visibility Function Calculator

Submillimeter Calibrator List

Passband Visualizer / Correlator Configuration Tool

System Temperature Calculator

SMA data archive search (at the CfA Radio Telescope Data Center)

11 July 2011

SMA Community Day

33



v {m)

LN-

Beam Calculator/Sensitivity Estimator |

DEC=-29.0° EL_. =20.0°
W= 122 m

1831 m

mox

o
o
[l

1CC
T

0
T

—2CC

-100
Y
ﬁx\‘h’\\
O\
|

11 July 2011

muol.p-.p.qa.mg\:mm_;_;_;_;_;towﬁwt{)m———-—-—--—s
1 T T T T T T T T O I O
_.s_a._a._x_;_a._l._s_a._a._x_;_s_;_n—‘—‘—"—"—\—"—‘-—'-—*—‘—\—\@
SRS T DTS Y8 BTy 16 IR YT IO R R Ry B ol b b (a0 R B A R

&
Co
w
RS S S NP NP S S S N S W G S S Y

SMA Community Day

NOISE ESTIMATE {Natural Waighta)

¥=345.8 GHz USB
Tup=0.740  (dish ap,c=20 pm)
Tise=0-880
Tey(DSB)=116.2 K
Precip. Water Vaper:

2.00 mm
Toog gue=0-110 {medal: am v3.6)
T rvain ab— 0.372 Timage ab— 0.385
Transit Tm*(SSB}= 878.6 K
4,62 h

0.95" x 081"

On source int. time=
Beam size =

RMS NOISE/BEAM

BANDWICTH FLU TR

4 GHz 2.9 mdy | 383 mK

2 GHz 39 mdy | 51.1 mK

100 km/s| 16.2 mdy | 212.6 mK

1 kmfa [161.5 mly| 213K
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Beam Calculator/Sensitivity Estimator |

Beam {Full SMA Primary Field)

345.8 GHz USB

Pads: 1
DEC=—29.0°, ELmin=20,0°
B.. .. 095"

mMax
By 081"

10
1
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—-10

LI S L |

I ) P |

T T L T T L LI | LA S T

- - | - -
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Beam (Center of Field)

PA —12.0° "

11 July 2011
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Passband Visualization

Correlator Mode [ 1 Receiver 4GHz mode :]

Specify a line [ HCN4-3,354.5054759,U + | or enter your own frequency
Spectral band to locate line | 13)4)
Sideband: | Upper 4|

Optional: V_LSR adjusts the frequency based on the input LSR radial velocity.

Visr! |‘

Zenith angle: [0deg 3|

Precipitable water vapor: [ 2.0 mm (tau225=0.105) |

| kmy/s

Atmospheric absorption will take several seconds | absorption
Draw Orion survey? | orion

357.44 357.04,
I s .n;al’ B |356.84
r 1, T T

356.65 356,25 35588 355,45 355.05 354.66, 354. 353.86 353.4
](6>l.§€:6.4hl5157’]55&0.’-15 ’8’11.515.55] < ’I,sszsjf,ls’ o le:.msl : 6‘1.;54.45[“ 75]55440515 8 lf.f;.s.ﬁal-.‘ff 9
L} T 1, T L} T 1, T T Ll T 1, T T Ll

H26Alpha
HCN4—3 53{‘

HCOPLUS4-3
LSR! nr
Il

)
km/h Y 514 {94’5 :

T T
25

296

i

C15N4 13

ALl

1
164

1
1305 969

ly bl A\M

X 2 ) / 34 7
2432877 343687 .521‘.('.‘.’ 44,

SMA tuning command: dopplerTrack —r 354.5054759 —s 13 —u
LO center Freq: 349.4644759
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Calibrator Database

850um Band Flux Density Measurements
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”) RTDC SMA Data Archive Search - Mozilla Firefox
File Edit View History Bookmarks Tools Help

@« v

ﬁ | ﬂ http://www.cfa.harvard.edu/cgi-bin/sma/smaarch pl

P RTDC SMA Data Archive Search | &

JULY 08, 2011

A
% 3
R

- RTDC Home
Page
. R&G Division
~{ Submillimeter
Array
- Searching
Archives
- Inspecting
Data
- Processing
Data
~: 1.2 Meter
Telescopes
« CO Survey
Archive
- R&G
Computers
. Software
Packages
- Protecting Your
Data

RTDC Home | SAO Home | OIR Home [

Radio Telescope Data Center

Smithsonian Astrophysical Observatory

[ Search RTDC

Submillimeter Array Archive Search
Sourcel = whya
And/Or = And

Date R

ge (yy dd-yy dd) = 090101-110701

Use the icon to request the data you would like.

Notes:

1. Calibrated data. Click here for sample calibration script.

2. Num/BsiIn = Maxi ber of bx li ; PriBsin = Maximum projected baseline (kilo lambda); Time =
time on source (before flagging).

3. Quality: (sat) satisfactory; (usat) unsatisfactory; (pol) polarimetry, not calibrated ; (marg) marginal quality,

not used
Get RA Dec LO Fr Num PrjBsin Time
Data SOUrce (2000)  (J2000) (GHz) Bsin (kimda) (min) Data  Quality Pi
090125_10 meredith

Oy twhya 11015192 -34:4217.0 341446 0021 078453 0078 oo pol et

W twhya 11015192 -34:42:17.0 341439 0028 209355 0123 oo >-"'  pol  tanghughes

. whya 13490200 -28:22035 341540 0042 230111 0198 ,oqcio-'0  sat  ooooen
muller

W whya 1349:0200 -28:22:035 341537 0042 603238 0200 Joo-"C  sat  Sebastien
muller

oL whya 13:49:02.00 -28:22:035 341537 0042 538661 0006 12012319—17 e SeCE
muller

Done

About | Research | Education & Outreach | Facilities| Opportunities | Events | Press Room | Contacts| Support SAO | Privacy

f"’; SMITHSONIAN ASTROPHYSICAL OBSERVATORY | 60 GARDEN STREET | CAMBRIDGE, MA 02138
vy

fad!

SMA Community Day
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How to Propose

*Propose via the web forms at the SMA Observer Center;
requires an initial one-time registration and account
creation which takes just a few minutes

*Proposal submission includes filling in detailed project
time requests and a cover sheet, and uploading a science
and technical justification (PDF; 2 pages text + 2 pages
figures, tables, references)

* If you have any questions, or are interested in assistance
and/or collaboration with an experienced SMA user please
contact us at propose@sma.hawaii.edu

11 July 2011 SMA Community Day 39



File Edit View History Bookmarks Tools Help

@ v @@ ﬁ O https://smal.sma.hawaii.edu/login.html?dest=% 2Fprojects%2Fpi%_2Fmair

) SMA Observer Center: Log In

SMA Observer Center

Home
Proposing Log In

P i ' . ' '
t;?basr::ge To propose and execute SMA observations, an SMA project account is required (SMA Observer

Center account holders can use their usual login information)
After

Observing Create a new SMA project account

Tools If you require an SMA Staff account, contact sma_oc [at] sma [dot] hawaii [dot] edu

Specs

e L Password: | \

| Login |

Done

11 July 2011 SMA Community Day



If You Need Help...
or just have a Question

Questions regarding proposal feasibility and
preparation, potential collaboration or technical
help? Questions regarding the SMA Observer

Center, problems with tools or proposal submission?

Contact us at propose@sma.hawaii.edu

We are available to provide advice and help

11 July 2011 SMA Community Day 41
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why night Iis better

PHASEMON_DATA_XRMS_PHASE V10.V12.D

o

[

(]

" Q
b= 4

time since 201D Aug ©1, 0D:00 (UTC)
{ o™ 1%0o" 12" 2°00" {on z%0" {2n 4%0"
. . . . ) . . . . . . .

3G

20

1G

0

3 1 | 3 1
0%n" 12" 1%"

1 | 1 1 I | 1 1
12" Zoo" 12" 3%0" 12"
time since 2010 Aug 01, 0D:00 (HST)

Typical diurnal atmospheric phase
noise variation over 4 days
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) The MIR Cookbook - Mozilla Firefox
File Edit View History Bookmarks Tools Help

@ e

-1l https://www.cfa harvard.edu/~cgi/mircook.htmi

7

{* The MIR Cookbook | @

The MIR Cookbook

Chunhua Qi
email: cqi at cfa.harvard.edu

March 4th, 2010
A pdf version of this document is available here
A pdf version of 2 pages cheatsheet is available here

The latest MIR package is located here

SMA Data Errors and MIR Fixes are summarized here

Done

(o]

[
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