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Weighting ;}ff S
« Natural weighting: Grid and FT samples % °
. L . «::-
~ Weight zero in grid cells with no samples _j‘
« Uniform weighting:
- All cells same weight
« Makes resolution finer, but increases noise
* Robust [-2, 2]: iIntermediate weightings
« Taper: reduce weight of longest baselines

- Increase sensitivity to large-scale emission
* Increases noise if effective collecting area reduced

Oné arrll'aﬂy, RO.5, R
taper 0”.03, One array, R-1,
multiscale multiscale

One"érray, RO.5,
taper 0”.03




Qutline

High-frequency observing

- Hazards

« Calibration

- Instrumental measurements

- Astrophysical standards and phase referencing
- Self-calibration

Imaging

- Clean

- Weighting

ALMA data products




ALMA, NOEMA etc.

(a) Steerable dishes

(b) Subreflector

(c) (Multiple)
receivers cabin

(d) Optical fibre links
to correlator

(e) Reconfigurable

ATMA to A 0.35 mMmm = e



Close to AGN: Scintillation core lobe

Hazards .
Lobes (and ionosphefal® 4

p Faraday rotation« .§

/ﬁ :

@e2..D RFI :
Cany E
Atmospheric H,0 vapour (also O; etc.) =

Absorption - reduces S/N
Refraction - phase rotation

Antenna positions, efficiency, pointing

Atmospheric emission noise
System (electronic) noise

errors
Bandpass response rﬂm




(su )mm windows & bands

b-
i

[

ALMA

0.45 0.35 A(mm)

i

| WN h\ W" q ”\

Atmospheric Transmission (0.5 mm PWV)




ALMA, Llane de Chajnanter, alt. Z0405m
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(1)
core Point source overhead
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(1) 2 Resolved source
core lobe core lobe

pa overhead

 Signals from overhead
vector s,

~ e« Signals from lobe
- Angular offset vector os
- Path lengths = 0s * s,

‘--j;----

- Combined ¢ depends on 0s
- Complex visibility amplitude is sinusoidal function of ¢



(2) (3)
core  lobe Earth rotates

-~ & * -~

Telescopes separated
by baseline B,

Earth rotates

- Projected separation b

= Byeom COS 6

Samples different
scales of source

Additional geometric
delay path A

- Remove in correlator

---------} .
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2) 3) Earth rotation
S5 aperture synthe5|s
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Source

Interferometry to images

. Correlation makes complex visibilities V. (u,,v,)

- One V, Ae', per v-chan per baseline per 1., per pol.

» Fourier transform gives sky brightness distribtion
>V (u,,v,) el +vwmldudv = I (I,m)

or V(u,v) « I (I,m) for short

UT—>
Correlator

« Sensitivity: O s &
- Number antennas
- dv freq. width per image, At total time on source




High-frequency considerations

« Same principles as any radio interferometry
* You are unlikely to be bothered by:
- lonosphere (8delay,ynospnere € %)

~AB ~ 55" @ 3mm, 12-m dish)

« Most bright extragal. sources have a<0 where S « v*

- Confusion (®PrimaryBeam

e You will suffer from:

- Tropospheric refraction (8¢yypesphere * 1/A )
- Tropospheric absorption and emission
- Small field of view (® ~9" @ 0.45 mm)

« Mosaicing

PrimaryBeam



High-frequency considerations

ALMA primary beam
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- Small field of view ( ~9" @ 0.45 mm)

®Prima ryBeam
« Mosaicing




Estimate observability from low-res image

on peak

e~ e rms
« e.g. total source 1 )y, \/Q 15" T, ~0.07 Katklmm



Estimate observability from low-res image

e Brightness temperature T, = S 107°A% [ 2kg ©

source
Q emitting area (sr), A (m), S (Jy)

» Resolved? Use S per measureg -
 Unresolved by low-resolutionrGIsERENIRSI
— Estimate actual source SIZENGIHNY

— Use S per best estimate of ) t0 flricld |

— Predict ALMA flux densit =) 2kg 6,,° / 107%° )2
e Substitute Q = 6,° (ALMA synthesisedbeam) o

— Use Sensitivity Calculator - need >5c, . on peak

. e.g. total source 1 Jy, vQ=15", T ~0.07 Kat A 1mm
— 0,=0".15, flux density 1x(15/0.15)? = 0.0001 Jy/beam

pgle dish?



Visibility plane coverage

* ALMA main array:
— fifty 12-m antennas
* ALMA Compact Array:

— twelve 7-m antennas Main Array ...
— four 12-m antennas 60 | . v Ry
for total power




Combmmg arrays

7-m ACA only 12-m array only
Missing detall Missing flux

Amp:corrected

‘o'. ‘.c-. 2 e, .,
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30,000 40,000 50,000 60,000
Amplitude (Jy)




Correlator configurations

« Two sidebands, fixed spacing depending on band
- e.g. B7, B3 sideband centres separated by 12 GHz
e Max. continuous b/w <4 GHz (8 GHz Bands 9, 10)

332 333 GHz 343 345

' I
N “ 338

e Four basebands (BB), max. width 2 GHz
- 128 chans per BB (dual pol) TDM
- 4096 chans per BB (~0.5 km/s at 300 GHz) FDM
« Useful max. 1.875 GHz (so 3840 channels usable)
« Narrower spectral windows for higher resolution

- Factors of two down to 62.5 MHz (15.25 kHz chans)
- Higher spectral resolution in single polarization

e« See documentation and OT for full details




Correlator configurations

« Two sidebands, fixed spacing depending on band
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Instrumental & atmospheric noise
T

Sys

MaAgrVN(N—1)/2 Av AtN,,

- Noise o, Is given by o=

antenna area A, efficiency n,
N antennas, frequency span Av, time span At, Npor RX pols

» System temperature T
_ 1+gg
T DSB)— TRX+T]AT5/<y+(1_T]A>Tamb]

S}/S< nA e_Tatm

contributions from Receiver, sky and 'ambient’ e.qg.
hardware, ground temperature

- gcg = 1 if there is an unwanted if sideband

« Noise increases exponentially with opacity and
zenith angle

Toias=T

received~ ' source

T., /cosZz

eratmlcosz_l_Tatm (1_e atm )



Absorption and emission

0.005
1 g 5

The atmosphere both absorbs the astrophysical
signal, and adds noise

T,/ COSZ T_,/COS Z
T =T . 1€ +T .. (1—e )

received~ ' source

where the source would provide temperature T if measured
above the atmosphere and z is the zenith distance

Same source, same baselines
- Raw amps lower at higher Preciptable Water Vapour

PWV 0.25mm _ PWV 0.6mm
q) 1
O .
] > |
0.02 ] .-I: i
I Short ' ro
Foos ] rr],J:'.rb,aﬂsrell.mf g_—_ TEE RN Moy
LONg Daselline b Vg - N

Time



Phase errors cause position errors

e Averaging over phase fluctuations causes
decorrelat|0n Of amplltUdeS UT-J POimt. source fit centerlor? rI»fI‘-f'ul’CEIﬁL%J 1;4?5lse|:c)

- Visibility V = v e'®
V)=V, (e")=V, e "
Ome IN radians _
Lose 9% amplitude for 5° ¢,

e Fluctuations on time-scales

of few sec: raw data position jitter..,  Position perintegration, |
_ raw IRAM PdBI data (Krips)
« Water Vapour Radiometry BT TR TR T T
- Measure PWV, each antenna, every ~second
- Calculate phase delay

* Apply corrections to all observed data

0.4

—-0.2

cbserving time 0 — 495 sec



Atmosphere

'‘Dry' component:
- Worst O,, O;

'Wet' component:
- H,0 vapour/clouds

- Highly turbulent

ayer

 Measure PWV =
precipitable
water vapour

Atmospheric depth

Increases at lower

elevation

- Larger zenith
distances z

Altitude h (km)

Troposphere

Column density as function of altitude

Y | | | | ”l.l | | | | |
I'I.I

60

Stratosphere
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Column Density above h (in g.cm °)



Troposphere variability scales

Width of turbulent
layer, W ~ 800m

>
Wind

75 km/hr

~ 21 m/s

« |soplanatic patch > sky area above single mm antenna

« Antenna 2 - 3 separation < W, phase stable, noise rather correlated
« 1-2,1-3 higher but less correlated phase fluctuations

« Baselines to 4 see higher but uncorrelated noise



Kolmogorov turbulence

o , | Kolmogorov
deg. 4 : : prediction
30 | Baseline <W E ' B> Outer Scale (Coulman'90)
Thick screen | , Uncorrelated _EBQ
Oi3p = >/6 . W<B<O0S . Olos ~ 0 Wrms =7
0  Thin I where K~100 at
O =45 ALMA for A in mm
. : and o depends on
the length of
: : baseline B
3 , : - compared with W,

the thickness of
01 1 10 km the turbulent layer
« Baseline2-3 < W

- Phase noise ¢, increases as B>"°
. Baselines 1-2, 1-3 > W but < 0S: ¢, x B**
 Baselines 4-* in outer scale regime: ¢, levels off

<



Water Vapour Radiometry

« PWV=precipitable water vapour
_ Changes refractive indeX’ The 1BBGHE Water"u"apnur Lme

actangle the productic  filte

speed of radio propagation = ———
- Phase error
« (2r/M)PWV [ T, -
- 1 mm PWV e/ o
~ 0.7 mm extra path j | | r
~ 0.0023 ns delay

v (GHz)

- Each ALMA 12-m has water vapour radiometer
- Apply bulk correction during observations

- Use ~1Hz WVR measurements to correct residual
fluctuations on-line or during data processing

« PdBl measures PWV at 22 GHz, corrects amplitudes



Phase

PWV ~0.6, Band 9 raw 0.25 - 2.5 km baselines

Time

200
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after
c—f \l "":" . :":-. .t.l
50 et T T e Phase
: Long baseline
-150—3 : : ’ .' Short basellne
-200—_| . : ) ———
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Measure
total

noise
T

SyS

» Measure T, using hot &
cold loads

- ALMA every few min, 128
channels per 2-GHz
baseband

- NOEMA per baseband

« Tracks atmospheric &
iInstrumental fluctuations

- Applied during data
reduction




Visibility amplitude

Raw data, coloured by baseline

T4, Correction
before & after

TSYS table: cal-tsys_uid___A002_X1d5a2®
70

30.calnew  Antenna='DVO06&'

60 |

50 |

Toys (K)

40 F

30 It I I I I 1 I
99500 100000 100200 101000 101500 102000 102300

100 100.5 101 101.5 102 102.5

Frequency

T4, corrections applied

light\noise-

1S

- it .|.| H H
i a). | i
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- Frequency (MHz)
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SYS

Tsys (K)
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Frequency (MHz)
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Tsys (K)
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Timing and antenna position errors

* Signals from off-centre source reach
telescopes T1, T2 with a phase shift

- Geometric delay & needs to be removed and
travel-time from T1 and T2 to correlator
equalised to preserve astrophysical phase

* Delays added per-antenna before correlation
- 1 ns delay error = 1/10°

- = n rad per GHz freq error

Source

e Causes of delay error include:
- Timing error in correlator
- Bad atmospheric model

- Antenna position error

To correlator




Antenna positions

Iter Basellne Dﬁ.41 DUDE Iter: Baseline DA46 : DV05 Iter Baseline DAS{} D\.FDE
@ @ T T T T @
o 150 4= 150 | 4= 1m0 f
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DA41 position corrected during data processing DA50 7777

« Antenna positions measured after every move
- May need updating
- DA41 ~10 cm position error ~ 0.33 ns delay error

- Also causes time-dependent phase error
 Incorrect model for updating geometric delay



Delay error (rare in cycle >0)

* Phase across 2 GHz undergoes 6 full turns on one antenna
- Delay error 6/2%10°= 3 ns

cal-uid __ A002 X1d54al X174 del.K 200 —
4 i ) -

2r ] 150 - @
0= :

2 ] i- - .
4 o : j-'* AP

10200010400010600010800011000011 2000

Delay (nsec)

0 cal-uid  A002 X1a943T 1Y del

: T af ST FI
6] g ¢ Corrections (~0 for all
| E Fhar ainranins e
g ] -~ o other antennas)
i m - -
. E J & [ ]
307 = 4 i i i i |
] 10 04000106000108000110000112000
100 Frequency (MHz)
100 .
- cal—md_ADE_}{ldg-flal X174 del.K
T — I I I I I 1
iy [ 4 |
-150 g s L
] £ L. N
] - ]
-200 2 20 ] 200 SR —
L L a ~4r | | | | | | . 100 102
100 102 Frequency
Frequency 102000104000106000105000110000112000

Two x 2-GHz spw. Each baseline is shown in a different colour



Timing and antenna position errors
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Calibration sources: flux density

* Primary flux calibration uses planets, moons, asteroids
- Models and ephemerides available

- Mostly negligible polarization

, * Still often have to select short baselines!

« Beware planet/moon atmspheric lines
- If no Solar System object, use monitored QSO
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&:i!u::- e it s o
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Antenna Temperature (K)

Cal|brat|on sources have Ilnes too
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Astrophysical calibration sources

« Calibrate amplitude and phase as a function of :

— Frequency (delay and BandPass calibration)

» Mostly instrumental errors, stable for hours
— Solve per-channel for TDM, or average up to 20 GHz

e Calibrator within 45°

— Time (phase (& amplitude) referencing applied to target)

* NB in practice use time & bandpass calibration for all
calibrators, sometimes refine interatively

* Phase error ¢ radians gives fractional amp error ~¢
« Need signal/noise S > 15

— ~1/15 radians ~ 7% amp decorrelation ~ 4° phase error
* Average spw or transfer from wide to narrow if necessary

/o

calsource!/ ¥ant



Astrophysical calibration sources

* Most errors are antenna based
N(N—1)/2
Gant(étré\’) ~ O-array\/ N—3
IS noise in all-baseline data per interval

* Garray
e €.9. 36 antennas, c_, ~ 4.5 X map noise per interval/pol.

— Band 7: rms per TDM spw 1.875 GHz ~0.5 mJy/minute
e X V2 per polarization ~0.7 mJy

X 15 (SNR) x 4.5 (per antenna) ~ 50 mjy
— In practice aim for ~ 100 m)y at B7, if possible

— More compact configs/low v: within 10-15 deg
e Cycle time 5-10 min

— Extended configs/high v: within ~4 deg
e Cycle time 1-few min



Phase referencing

* Observe phase-ref source close to target
- Point-like or with a good model
- Close enough to see same atmosphere
« ~2-15 degrees (isoplanatic patch)
- Bright enough to get good SNR much
quicker than atmospheric timescale t

e 110 min/30 s short/long B & low/high v

— Nod on suitable timescale e.g. 5:0.5 min

 Derive time-dependent corrections to
make phase-ref data match model

* Apply same corrections to target
— Correct amplitudes similarly

» Self-calibration works on similar principle S




Phase referencing
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Source structure in uv plane
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Phase-reference visibilities
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Time-dependent (self-)calibration

 ALMA data are calibrated by observatory staff
- Pipeline or scripts
- Instrumental corrections are usually standard
* You can refine them but not usually necessary
- Sample images provided
e If target bright, you can self-calibrate
e rule of thumb: worth trying if S/N >20 in few min

- Starting model is the image made by applying
phase-ref (and previous) corrections

« You may also want to make images differently



Phase-only self-cal:
S/N 40

Residual, symmetric
amplitude errors

Pe=Mnatlan

J2000 Right Ascension

LiFaTals"
2800

No astrophysical

calibration: . Arngsge(
no source seen b | NRET W e P
55" 52° 51° 507 407 o - Se|f-Ca|:

J2000 Rlght Ascenelon

Bandpass, phase-ref >/N 50

etc. solutions applied:
S/N 20
Anti-symmetric
artefacts dominate

- residual phase errors

53" 52" 517 Gof 49°
J2000 Flght Ascenelan



Calibration: Measurement Equation
basis for calibration in CASA

Vo — T (1 ) e-i2auijlvijm) J ]
‘_/, — MUBUGUDUIEUPUTUFUJ [ (_/,ffl)dl (L] /Um)d_/dfl'l +A ;

Y =n ij
Vectors Jones Matrices
V isibility = f(u,v) Multiplicative baseline error
I mage to be calculated Bandpass response
Additive baseline error Generalised electronic gain
Cenlare Dterm (pol. leakage)
5 (mapping I to observer E (antenna voltage pattern)

pol.) Parallactic angle

[,m image plane coords Tropospheric effects

u,v Fourier plane coords

i i telescope pair Faraday rotation

etc.



Polarization

Most (sub-)mm Rx use linear
polarization
X and Y combined in correlator

ALMA Band 3
(A~3mm) uses
Ortho Mode
Transducer

o ' 2SB SIS
L Mixer

B Band 9
af uses wire grid

XX, YY for total
intensity

Q" '
300Kwdrd
\ -

. r

XX, YY, XY, YX
used to provide

Stokes IQUV .
Diagram thanks

to Wikipaedia




ALMA polarization calibration

 Calibration source has unknown linear polarization
- Gain solutions decomposed into X and Y per antenna
9, = 9,(1+Q/1)> 9, = 9,(1-Q/1)"
« Leakage between X and Y feeds ('D'-terms)

« Feeds rotate on sky as alt-az ante\pna tracks source
- Parallactic angle rotates 17 XX

- Q,, time-dependent ] Viy

 Known feed orientation ©
- Directly correct pol. angle =
- Refine after leakage correction
- VXY VYX
e 34 scans, >3hr HA coverage J MeEEEgy
. == SR R —— e e
- Solve for leakage and - SSREEE  sEEEsss

source polarization "= Parallactic angle e



Cleaning

e Fourier transform the visibilities and the uv tracks
Dirty Beam

'BZI A ww beg

\ t"‘“\

Dirty Map

1 Oh27n—l56€: 545 5_35 _5(-{: 5 3 5 z ¥ frsz)



Cleaning

* Fourier transform the visibilities and the uv tracks
[ Set a mask Dirty Beam colour, primary beam FWHM contour

1

to include & 0.5
obvious " o > WY 03
emission |

0.6

0.5
NGC 3256 dirty mup

0.4

0.3

0.1
0
=01

fl - CLEAN algorithm identifies
brightest pixels

e Store e.g. 10% of each peak
as Clean Component

10"27M56° 54° 53° 57° 51° 50° 43° 458°



Cleaning

o |teratively subtract scaled dirty beam at positions
of bright pixels

36" |

 Inspect partially-subtracted
residual

10"27M56° 54° 53°% 57° 51° 50° 45° 48° o Extend maSk if needed
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- 1 M 8
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L 1 [16
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NGC 3256 final residual
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24" I
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CLEANed image

« Note improved signal-to-noise in image
« Final image is combination
of residual and Clean

Components convolved
with restoring beam

NGC 3258 clean image

NGC 3256 clean image + CC




- %
! ' Y
Weighting ;}ff S
« Natural weighting: Grid and FT samples % °
. L . «::-
~ Weight zero in grid cells with no samples _j‘
« Uniform weighting:
- All cells same weight
« Makes resolution finer, but increases noise
* Robust [-2, 2]: iIntermediate weightings
« Taper: reduce weight of longest baselines

- Increase sensitivity to large-scale emission
* Increases noise if effective collecting area reduced

Oné arrll'aﬂy, RO.5, R
taper 0”.03, One array, R-1,
multiscale multiscale

One"érray, RO.5,
taper 0”.03




NGC 3256 model coloured by baseline over black data

Cleaning
and the -
uv plane

o 4
£ omas -
- e

0.015 =
0.014

o]

0.01

0.005
0.005

D_

10 20 30 40 50 60 70 80 90
Uvdist

* uv model is Fourier transform of Clean Components

- 'Major Cycles' subtract model from uv data and re-
make dirty residual image

« Compare model with data to assess quality
— Use for further rounds of self-calibration



ALMA data processing

"Group OUS |

+Groun Processing Trigger: Group procassing needed in « Each SB self-contained
oL s i et i - Pointing, flux scale, BP,
OUSs saparately is complated. (poI.) cal scans
PROCESS=TRUE B ~20-4O minS
I l target(s)/phase ref
Membsar OUIS Mambar OUS _ Execute (EB) Until
e o e e sensitivity is reached
*Keoywords: When the 'I-'E-E-:"d.-'!ni:rds: W;u_nhum e SaMe spectral & array
i : e . .
Membars obsarvations Membar's obsorvations configuration
PROCESSLTRUE Procceseaue. | © Initial data processing
[ | (pipeline or staff script)
Schaduling Block Scheduling Block — Convert ASDM to
S8 for configuration A a8 for configuration B Measurement Set
| | - Calibrate
>TSS ki  Combine EBs for target
ASDM contains data from ASDM ins d from I I
Emﬁngs.ﬁ. cg:gﬁngsﬂm IMmaging




What ALMA data do you get?

R IR KIS T RII TS SRR IIITTITR e
ettt ogs ::’:’:’::::::::::::::::::.‘:::: 4‘:”.‘:‘:‘:‘2‘2‘2‘2&2‘2‘2‘55555”"7 : .
09593 % 0% &
% delelel e%e%ee% e %% so’:’::::;:::::::::’:::‘“".’ '::‘:::::m‘::’:ﬁ::&:‘:::::&:f::
OO0 SIS I A KK LLKK =
000000 % ORI
oot totetesatoreses O statotesetetetel RRRIIIERKLIRRKES
099 S IIKIKKKK ofotodeteote KRR
0050598 <IRERRRI Sosossatesetetosotete! B oo oo e Se ot a e tatatetatets'’
R 0RRRIIIRLIS RRLLLL SRR
G IKRIIIIKRLSS IR % SRIRRSELIIRRREIREK U . u
RIS QILLRIIKLIEKE g R R IILAILL
K HRRRIHIRHIHIICHXHIRKHIRKH QRRIRRRIRRKS s KA LI LLIKKE
R IHRARRIRARRARR RRRIIIRKE oot otetototetotetetototetotesetotess
Sotototetetetetetetotetotetetetetetetetes' Sodetotelototototetete%et ORI RIKKKL
R IRIRHRIILIRRLS SHRIRHRLRS Sadetotetotote etetetetetetotetotesetote
Sotetotototetetotetotetetetete e tete 0% Sotetotetotolototetete? 02! IR RLKIIKLLK
IR CIRRLIIRLKS KL
IRIIIIIKKIRAERS LRI e oo e te e oot ettt totetetetets
3 RRALRRRIRILIILRS RIAIRRAXLIKAE oo ot o tete totetetete v teletetetote
I RRIRRHKIARKIARAKRS QLRI IR KKK
RRARRIRIILIALS R S IKKL
SRR Sosetetetoteteteletetete’: Eoo o 20 s tote % Lot totetetotetotete%s
R RRRIRRIRIIIRHRKRS CRRRRRKRRI SRR
Sodetetetetetetodetotetotetetetetotetoted ososetetetetetetetetete: OOt o0t Lo te %o tetetotetetoteteoRotetote o2 []
RIIIIIIIIIIIKIL CRRRRRIHRKS O RRRIIIREKKIS
RIS RIS 20588 RIS
Sesesesesererstatsetstotototetetotetetes CRRRRRIHKRKS RIS
QR R LR KRAIKHRLRAIKR SRR
RS K R
t k . l /

mages/cubes for principal summary
science target channels self-cal using:

Sclance products & scripts @ @ @ @ ASDM (one per EB

might be all you need
or you could use Flag tables

CASA scripts to regenerate : .
| Calibration tables

aclited, caliorated wuv data

» Self-calibrate if bright enough (S/N >~20 per scan

* Re-image
— Weighting for higher spatial sensitivity/lower resolution or v.v.
— Change spectral resolution, make spectral index image etc. etc.....



ALMA observing terminology

Scheduling Block: self-contained observation series
- Short pointing, flux scale, bandpass, (pol.) cal scans
- ~20-40 mins alternating between target(s)/ph ref(s)

e Including multiple mosaic pointings
- Execute (EB) until desired sensitivity is reached

 All in same spectral and array configuration

« Each EB produces one ASDM (ALMA Science Data
Model) with binary data and lots of metadata

Initial data processing (calibration, editing) per-EB
— Convert ASDM to Measurement Set

Combine EBs for final target imaging

May also combine different SBs e.g. ACA+main



Individual scheduling block




CASA Wl

Common Astronomy Software Applications CASA
— All ALMA, VLA and similar data reduction tasks ssfwre sppicstons
Python wrapper to aips++ library

— Access to toolkit, extensions for ALMA etc. fixes

Uses Measurement Set format

- Can be converted to/from FITS (some caveats)

« Export images to use specialised analysis tools

http://casa.nrao.edu/

- Cookbook

- CASA Guides
https://casaguides.nrao.edu/index.php?title=Analysis_Utilities



http://casa.nrao.edu/

(sub-)mm Interferometry Summary

» Atmospheric refraction/absorption dominates quality
— Cold dry sites OK <370 GHz, exceptional sites <1 THz

— Troposphere affects phase & amp on =1s timescales

« Instrumental calibration (WVR, T ) etc.

— ALMA / NOEMA pJy sensitivity, 10 / 100 mas resolution

« Good sites, many or large antennas

— Sub-mJy sensitivity at sub-arcsec resolution
« Extended sources need multiple arrays/SD fill in
 Large fields need mosaicing

* Normally observe two separate sidebands
— May have 'mirror' or noise

e Plan night-time, dry season observing at A sub-mm
 ALMA delivers calibrated data, sample images
— May want to self-calibrate, reimage changing resolution
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