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Qutline

® Types of Observations Possible
® General steps for data reduction and calibration

® General steps for imaging, and image analysis

This is not a CASA tutorial

http://casa.nrao.edu/



http://casa.nrao.edu
http://casa.nrao.edu

Types of Observations

® Molecular line emission e Continuum emission

® Chemistry ® Dust/gas mass

® Dynamics e SED

® Gas temp/mass e Dust temperature

® Masers ® |onized line emission

® Distances/Dynamics ® Dynamics

e Density/Temp. ® Electron density




Types of Observations

® Molecular line emission e Continuum emission

® Chemistry ® Dust/gas mass

Polarimetry
® Dynamics e SED

® Gas temp/mass e Dust temperature

® Masers ® |onized line emission

® Distances/Dynamics ® Dynamics

e Density/Temp. ® Electron density




Types of Observations

CO BCO C'®0O
SiO

® Molecular line emission

® Chemistry

HCO"
® Dynamics H,O

CS
® Gas temp/mass H,CO

Dynamics: infall, outflow, NH;  CH3OH

rotation, sheer, turbulence...
CH3;CN

mm/sub-mm interferometers
have great spectral resolution




Types of Obserxgtions

e ALMA can

simultaneously
measure a
large number
of lines AND

the continuum

— CH3CN

No bolometer
array like for
SD telescopes




Types of Observations
|

/ ® Continuum emission

® Dust/gas mass

e SED

® Dust temperature

free-free vs. thermal radiation

int j2
Mo = —2 ¢
clump —
. R\ B)\ (Tdust)
20 | Keto et al. 2008 Reid & Wilson 2005




Types of Observations

Pressure Broadening Electron Densities

Stellar

Mass Thermal Broadening

. ® |onized line emission
Dynamics
® Dynamics

lonization fraction e Electron density




Types of Observations

Modeling gives:
density & temperature

Proper motions:
gas kinematics
& distances

® Masers

® Distances/Dynamics

Zeeman effects:
® Density/Temp. magnetic field

M.] Reid et al.



Types of Observations

® Molecular line emission e Continuum emission

® Chemistry ® Dust/gas mass

® Dynamics e SED

® Gas temp/mass e Dust temperature

® Masers ® |onized line emission

® Distances/Dynamics ® Dynamics

e Density/Temp. ® Electron density




Data Flow

Import data




Data Flow

Import data

Flag bad data




Data Flow
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Data Flow

Import data

Imaging

Flag bad data

UV Plane
Image Plane
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Data Flow
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Data Flow

Import data

Imaging
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Data Flow

Import data

Flag bad data

Calibration

Imaging

Model

UV Plane
Image Plane

Image Analysis

Self Calibration




Data Flow

Imaging

Calibration will be
handled by the
pipeline

UV Plane
Image Plane

Image Analysis

Self Calibration




Importing data

Import data ® Data set being used here:

® SMA extended config.

Flag bad dat
a6 Dad data ® 230 GHz linet+cont

® NGC 7538 IRS |

Calibration

Keto et al. 2008, Klaassen et al. 2009, Klaassen et al. 2010



The Example Data

® SMA extended configuration

® |” resolution

o ~|’ field of view

® ~|0” largest observable structures
® 4 GHz simultaneous bandwidth

® Each half split intc nunks

)]




The Example Data

Uncalibrated Data

/

M RS S R S S N
200 1000 1500

Velocity(radio,LSR) (km/s)




The Example Data

What a calibrator should look like after calibration

L o L L T R




The Example

X' PGPLOT Window 1

XX 230.2566 GHz

L 3c494.3—XX
0102+584—-XX

Amplitude




Flagging

Import data

® Obviously bad data points
need to be removed

Flag bad data ® ‘quack’
® chunk edge channels

® Anomalously high points
Calibration




Flagging: Bad data
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Flagging: Bad data
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Calibration

CASA Plotter
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Calibration

Import data

Flag bad data

Baseline Antenna

Calibration




Types of Calibration

4.1 Calibration Tasks

The standard set of calibration solving tasks (to produce calibration tables) are:

¢ bandpass — complex bandpass (B) calibration solving, including options for channel-binned
or polynomial solutions (§4.4.2),

e gaincal — complex gain (G,T) calibration solving, including options for time-binned or
spline solutions (§ 4.4.3),

e polcal — polarization calibration including leakage and angle (§|4.4.5

e blcal — baseline-based complex gain or bandpass calibration (§|4.4.6)).




Types of Calibration

4.1 Calibration Tasks

The standard set of calibration solving tasks (to produce calibration tables) are:

¢ bandpass — complex bandpass (B) calibration solving, including options for channel-binned
or polynomial solutions (§4.4.2),

e gaincal — complex gain (G,T) calibration solving, including options for time-binned or
spline solutions (§ 4.4.3),

e polcal — polarization calibration including leakage and angle (§ 4.4.5]),

e blcal — baseline-based complex gain or bandpass calibration (§|4.4.6)).




Choosing Calibrators

® Bandpass: bright & unresolved
® often Quasars
® (Gain: close to the source, ‘bright’
® quasars or (unresolved) planets
® flux: stable, known fluxes & bright

® quasars & planets




Calibration: Bandpass
CASA task: bandpass

Import data

Bandpass Gain

Baseline l Antenna

Flux

Flag bad data

Calibration




Antenna Based
Bandpass Calibration

® Correcting for variations in intensity as a
function of frequency, not time

® (Calibrator is ‘stared’ at once or twice during

the observations B
® May have to do a

‘quick’ gain
calibration first
(which doesn’t
get applied to the | REEEEREERT
final dataset) |- R

Bandpass
Calibrator




Antenna Based
Bandpass Calibration

CASA Plotter
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Antenna Based

Bandpass Calibration

CASA Plotter
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Calibration: Bandpass
CASA task: blcal

Import data

Bandpass Gain

.\
I Baseline Antenna

Flux

Flag bad data

Calibration




Baseline Based
Bandpass Calibration

CASA Plotter
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Baseline Based
Bandpass Calibration

CASA Plotter

Iter: Baseline 3 : 4
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Calibration: Flux
CASA task: setjy

Import data

Bandpass Gain
Flag bad data

Baseline Antenna

l Flux

Calibration




Set flux scaling

® Before doing gain calibration, set the scaling

® This is why the fluxes of gain calibrators need to be well
characterized

®n00o SMA Observer Center: Submillimeter Calibrator List

GD' (C') <X> (ﬁ) (O http://smal.sma.hawail.edu/callist/callist.htmi?data=2202%2B422 W v 1= ( ."v Google

~ SMA Observer Center: Submillimet...

51 +/-
21 4/~
.96 4/~
.93 4/~
.99 4/~
LB1 4/~
.87 4/~

20 Jul 2005 15:06 SMA
22 Jul 2005 13:25 SMA
29 Jul 2005 14:31 SMA
30 Jul 2005 13:44 SMA
30 Jul 2005 15:19 SMA
31 Jul 2005 13:10 SMA
31 Jul 2005 15:53 SMA
26 Aug 2005 05:40 SMA

.23 mgurwell
.21 mgurwell
.20 mgurwell
.20 mgurwell
.20 mgurwell
.19 mgurwell
.20 mgurwell
.74 4/~ .24 mgurwell
26 Aug 2005 13:25 SMA 66 +/- .23 mgurwell
11 Sep 2005 09:27 SMA .32 #/- 0.17 mgurwell
17 Sep 2005 11:20 SMA . 2.88 +/- 0.39 mgurwell
20 Oct 2005 04:55 SMA - 2.68B +/- 0.17 mgurwell
21 Dec 2005 05:35 SMA . 5.96 +/- 0.31 mgurwell

07 Jan 2006 05: 35 SMA . 4.14 +/- 0.21 mgurwell
1 mm May 20NA 1R. QMA 2.2 a/la n_14a mermivwal l

setjy(vis="n7/538_ usb.ms ',field="3",
spw="'0~23",fluxdensity=[3.32,0.0,0.0,0.0])

. . . . . - . . .
DOV OVOVVYWOWVWW
o D WWwwwwd o
o<:c>c>c:o<:c>c




Calibration: Gain
CASA task: gaincal

Bandpass | Gain

Import data

Flag bad data :
A

Baseline | Antenna

Flux

Calibration




Gain Calibration

® Correct for variations in intensity as a function of
time, not frequency

® This type of calibration is done using sources near the
science target |

® These calibrators
are observed
interspersed with

the science target

T I Tl T T

ence Gain2 Science Science Gain2 Science Scien



Gain Calibration
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e 00

n Calibration
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Calibration: Gain
CASA task: fluxcal

Import data

Bandpass

Flag bad data

Baseline Antenna

l Flux

Calibration




Applying Calibrations

® After calculating all of the calibration

factors, they must be applied to both the
calibrators AND the science source(s)

applycal(vis="n7538_usb.ms',spw="0~23", field='5",
gaintable=[ 'n7538 _usb.ms.allpcal’,
'n7538_usb.ms.fluxcal', "'n7538_usb.ms.bpoly"',

'n7538_usb.ms.blcal2'], spwmap=[[0],[0],[]1,[1],
gainfield=['5"','5",'5",'5"'])




Applying Calibrations
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Applying Calibrations
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Calibrated Source
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Calibrated Source
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Data Pipeline

® ALMA will have a data reduction pipeline

® Fully calibrated data will be delivered to the
users (you)




Data Pipeline

® ALMA will have a data reduction pipeline

® Fully calibrated data will be delivered to the

users (you
(you) S0, you don’t really have to

worry about this too much
(unless you want to)




Data Flow

Import data

Flag bad data

Calibration

Imaging

Model

UV Plane
Image Plane

Image Analysis

Self Calibration




Imaging

Either in the UV plane or the Image plane,
the continuum emission needs to be
separated from the spectral line emission

® Continuum Imaging ® Line Imaging
® single channel e multiple channels

® taken from line free ® only invert near the
regions of the band desired line, not the
whole dataset!




Inverting to the Image
Plane

Clean
components
Apply cleaning to dirty image




Inverting to the Image
Plane

All of this is done in the CASA command

‘clean’




Dirty Image

® |nvert to the image plane using N1 ter=0

clean(vis="'n7/538_edge_clip.ms.cont"',
1magename="n7538.cont.dirty’,
field="0",spw="4~9,13~17,21~23",
niter=0,gain=0.1,
threshold=0.0,1nteractive=F,
1msi1ze=500,cell="0.3",pbcor=F,minpb=0.1)




Dirty Image

Data Display Panel Tools View

First look at the
image plane!

Fourier transform

of UV plane
visibilities

® Next step:
niters>0

' e Normal

SEX Compact B




Dirty Image

Data Display Panel Tools View

First look at the
image plane!

Fourier transform

of UV plane
visibilities

® Next step:
niters>0

' e Normal

SEX Compact B




Cleaning

Data Display Panel Tools View

2 % B Q0N 3]

. Displayed Plane Ne on

® Create a clean box
around the emission

® Continue cleaning:
interactively €
automatically o




Cleaning

Data Display Panel Tools View

3 @ ‘1 P = | "&] ‘\% TN N =N
ofF o of@ g o
an 48 |

ilerations cycks threshokd ) Displayed Plane Nexi Action:

100 |f19 J{0.12 myy | ‘» All Channels W Lo |

Create a clean box
around the emission

Continue until
5 , residuals are
s s wa s noiselike

J2000 Declinatian

e Normal

Compact Bl




Restoring

® Apply the cleaning
model to the dirty

Display Panel Tools View

R @ j P \—j EE'J Q Y I

on

linatic

0 Dec

Dirty Image

:/) )

LN

N

61°28'00"

g

J2000 Declination

61928'00"

e Normal

Blink J2000 Right Ascension
Compact




Final Continuum image

ata Display Panel To

r G ’1 P : = ~

® For this science
target, the

continuum
emission Is
unresolved (at

the |’ resolution
of the SMA)

55II

3
(winaq/Ar)

JZ2000 Declination

23M13M47% 5 48°.Q 45°% 0
J2000 Right A




Jeclination

Imaging Process

)

o5"

£1°28'00"

23M3M47%5 4655 4455

J2000 Right Ascension

61°28'00"

on

000 Declinatic

J2

I Declinatian

agoo

Jz

23"3M47°5 46°5 4 4455

JZ00C Right Ascension

23"13™47°.5 46°.5 45° 5 44° 5

J2000 Right Ascension

43°5

g
>




Imaging Process

on

)

000 Declinatic

2

as"

J

61°28'00" 61°28'00"

Clean comp.

23M3M47°5 46°5 455 44°5

JZ00C Right Ascension

55"

0 Declination

aJ00 Declinatian

200
Jz

T
J 20

23"13™47°.5 46°.5 45° 5

23M13M47° 5 5. 45°.0 4430
JZO00 Right Ascension

ension




Imaging Process

Xport to
self-cal

on

)

000 Declinatic

2

as"

J

61°28'00" 61°28'00"

Clean comp.

55"

23M3M47°5 46°5 455 44°5

JZ00C Right Ascension

0 Declination

aJ00 Declinatian

200
Jz

T
J 20

23"13™47°.5 46°.5 45° 5

23M13M47° 5 5. 45°.0 4430
JZO00 Right Ascension

ension




Self-Calibration

® Take modelled clean components of the
science target as an extra calibration
source in the UV plane

Import data

Imaging

Flag bad data

UV Plane

Image Analysis

Calibration

Self Calibration




Self-Calibration

® Take modelled clean components of the
science target as an extra calibration
source in the UV plane

gaincal(vis="n7538_usb.ms"',
caltable="'n7538.ms.selfcal ',
field="5",spw="0~23",
selectdata=False,gaincurve=False
gaintype="G',minsnr=2.0,
refant="3",calmode="ap"',
solint="1nt',combine="spw")

Self Calibration




Spectral Line Data

® Similar process for spectral line data

clean(vis="n7538_edge_clip.ms.contsub',
1magename="n/538.ocs',f1eld="0",spw="",
mode="velocity',start="'-90kms",
nchan=100,wi1dth="0.53km/s",
niter=1000,gain=0.1,threshold=0.2,
restfreg="'231.060983GHz" ,1nteractive=T,
npercycle=400,1ms1ze=500,cell="0.3",
pbcor=F,minpb=0.1)




Spectral Line Data

® Similar process for spectral line data

clean(vis="n7538_edge_clip.ms.contsub',
1magename="n/538.ocs',f1eld="0",spw="",
mode="velocity',start="'-90kms",
nchan=100,wi1dth="0.53km/s",
niter=1000,gain=0.1,threshold=0.2,
restfreg="'231.060983GHz" ,1nteractive=T,
npercycle=400,1ms1ze=500,cell="0.3",
pbcor=F,minpb=0.1)




Spectral Line Data

® Similar process for spectral line data

clean(vis="n7538_edge_clip.ms.contsub',
1magename="n/538.ocs',f1eld="0",spw="",
mode="velocity',start="-90kms",
nchan=100 ,width="0.53km/s",
niter=1000,gain=0.1,threshold=0.2,
restfreg="'231.060983GHz" ,1nteractive=T,
npercycle=400,1ms1ze=500,cell="0.3",
pbcor=F,minpb=0.1)




Spectral Line Data

® Similar process for spectral line data

clean(vis="n7538_edge_clip.ms.contsub',
1magename="n/538.ocs',f1eld="0",spw="",
mode="velocity',start="'-90kms",
nchan=100,wi1dth="0.53km/s",
niter=1000,gain=0.1,threshold=0.2,
restfreg="231.060983GHz" ,1nteractive=T,
npercycle=400,1ms1ze=500,cell="0.3",
pbcor=F,minpb=0.1)




OCS Spectral Cube

—57.67 km/s

23013452 5




Spectral Cube

km/s

—58.26 km/s

G?’II

28'06"
OBII
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Spectral Cube

—57.67 km/s

—58.26 km/s

—60.85 km /s
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Spectral Cube

—57.67 km/s

—58.26 km/s

—60.85 km /s
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o
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Image Analysis

Moment | Name

0 Integrated Intensity
I Intensity Weighted Velocity

2 Velocity Dispersion

etc.

http://casa.nrao.edu/docs/casaref/image.moments.html



http://casa.nrao.edu/docs/casaref/image.moments.html
http://casa.nrao.edu/docs/casaref/image.moments.html

Moment Mapping

® Multiple moment maps can be made at the
same time in CASA

1mmoments(imagename="n/538.o0cs.1mage’,
moments=[0,1],axi1s="spectral’,
chans="50~65" ,outfile="n7/538.0cs"',
includepix=[0,1.78])




Intensity Map

Rectangle Region Profile

® We want the
integrated
intensity of the
line in the map

y A :
[ {

| l'l ,'I U d |

radio velocity (LSRBK) (km/s)

Coordinate: world | v | 23:13:45.54+61d28m08.83 | radiio velocity (LSRK) |~/

%/ auto scale ‘El:lﬁ‘




Intensity Map

Rectangle Region Profile

® We want the
integrated
intensity of the
line in the map

radio velocity (LSRK) (km/s)

Coordinate; world | v | 23:13:45.54+61d28m08.83 | radio velocity (LSRK)

% auto scale ‘El;l@‘




Intensity Map

Data Display Panel Tools View

) lil Q:) jT P ;J EZJ QE; TN N =

® /oom in on small

emission zone around
HIl region

F Kn
/A|>

N

{8/ W' wpaq,

[

| ® See where the
oo e emission peak is

% n7538.ocs.integrated

-0.702448 Jy/beam.km/s Pixel: 257 255 0 0
23:13:44.998 +61.28.11.586 I -63.5 km/s (lsrk/radio)




Velocity Map

Viewer Display Panel —

® How does the peak
of the line change
across the face of the

Source

51°28'07",
5B 4554 4553 45572 45%1 45°5(0

JZ000 Right Ascension

T4 n7538.ocs.image

Mn7538.ocs.integrated—contour
-0.0490384 Jy/beam.km/s Pixel: 258 279 0 0




Velocity Map

Viewer Display Panel —

CSN 2N =N

® How does the peak
of the line change
across the face of the

Source

Image Profile - n7538.0cs.image

61°28'07".5 & A b
) 3 N Y
[ 1)

4554 4553 4552 4551 45°5Q IR
\l J|L| f

JZ2000 Right Ascension ; 1

T4 n7538.ocs.image
Coordinate: world v 123:13:45.415+61d28m10.263 radio velocity (LSRK)

¥ auto scalelld

Mn7538.ocs.integrated—contour
-0.0490384 Jy/beam.km/s Pixel: 258 279 0 0




Velocity Map

Viewer Display Panel —

) ' ‘g ‘\5 TSN EN SN

® How does the peak
of the line change
across the face of the

Source

Image Profile - n7538.0cs.image

51°28'07",
5B 4554 4553 45572 45%1 45°5(0

JZ000 Right Ascension

W n7538.0cs.image :
Coordinate: world v 123:13:45.343+61d28m09.966 radio velocity (LSRK)

¥ auto scalelld | | 2

=4 n7538.ocs.integrated-contour
e —

-0.0490384 Jy/beam.km/s Pixel: 258 279 0 0




Velocity Map

Viewer Display Panel

-

12".0
11".5
110
10,5
10".0
0e".5
0e".0D
0a8".2
038".0

61°28'07".5 &
23" 3M455 8

T4 n7538.ocs.image

=4 n7538.ocs.integrated-contour
-0.0490384 Jy/beam.km/s

45%.4 4553 4552 45°1
JZ000 Right Ascension

Pixel: 258 279 0 0

4

5

s

.0

® How does the peak
of the line change
across the face of the

Source

Image Profile - n7538.0cs.image

Coordinate: world v 123:13:45.262+61d28m09.664 radio velocity (LSRK)

W auto scalelld o |2




elouty Map

Viewer Display Panel

CSN 2N =N

® How does the peak
| of the line change
across the face of the
source

Image Profile - n7538.0cs.image

10'".5
10".0

095

0e".0

08".2

038".0

51°28'07".5 b . ‘i‘

23M13M45% 6 4554 4553 4552 45%1 45°0 | I ‘[f.
) | ! l|

JZ000 Right Ascensicon | I“H |'1|
I

i

T4 n7538.ocs.image
Coordinate: world v 123:13:45.338+61d28m09.105 radio velocity (LSRK)

W auto scalelld o |2
Mn7538.ocs.integrated—contour

-0.0490384 Jy/beam.km/s Pixel: 258 279 0 0 e ——




Velocity Map

Viewer Display Panel

2N N =N

® No clipping applied

® only range masking

® This needs to be done
with 1mmath

W n7538.ocs.image

™ n7538.0cs.weighted_coord

~58.8393 km/s Pixel: 258 279 0 0
23:13:44.978 +61.28.18.687 I -63.5 km/s (lsrk/radio)

W n7538.ocs.integrated-contour
-0.0490384 Jy/beam.km/s Pixel: 258 279 0 0




Velocity Map

Viewer Display Panel

d =

® No clipping applied

® only range masking

sb— ® This needs to be done

~=zhq=zm s 5 S ~
2531534576 4574 45°.2

J2000 Right Ascension

T4 n7538.ocs.image

T4 n7538.o0cs.integrated-contour

-0.0490384 Jy/beam.km/s Pixel: 258 279 0 0
23:13:44.978 +61.28.18.687 I -63.5 km/s (lsrk/radio)
Contours: 0.795 1.59 2.38 3.18 3.97 4.77 5.56

™ n7538.0cs.weighted




Dispersion Map

Viewer Display Panel

61928'08".0

231134587 4555 4854 4853  485°72
JZ0CC Right Ascension

4 n7538.ocs.integrated-contour

-0.764971 Jy/beam.km/s Pixel: 257 247 0 O
23:13:45.025 +61.28.09.104 I -63.5 km/s (lsrk/radio)
Contours: 0.795 1.59 2.38 3.18 3.97 4.77 5.56

W n7538.0cs.mom2.clipped

masked Pixel: 257 247 0 0
23:13:45.025 +61.28.09.104 I -63.5 km/s (lsrk/radio)

® Velocity Dispersion
of the line across
the source

® Also clipped like
00 first moment map




Further Image Analysis

® PV Diagrams ® |maging Large Scale

Structures
® Jo see gas

kinematics ® Multiple configs.

® Mosaicing




Position Velocity
Diagrams

0.11 037 064 090 117 143 169 196 222 2.49 0.1 0.4 0.7 1.1 1.4
e CASA can not

make PV diagrams

YET

But, data can be
exported to fits

Klaassen et al. 2009



Combining Data

® Each ALMA field will be small

® with large structures
filtered out

® Jo counteract this, combine
multiple:

® pointings

® configurations M51 from the
ALMA simulator




Imaging Large Scale
Structures
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Imaging Large Scale
Structures

SMA extended SMA compact JCMT Map
( I ”~ I 0”) (3”~25”) (>20”)

In order to observe large scale structures at high resolution




Imaging Large Scale
Structures

0.13pc

In order to observe large scale structures at high resolution



Mosaicing

® Combine individual pointings to cover a larger area

| 2m antennae 54” |15 GHz
230 GHz

27”
‘\ 18” 345 GHz
9”690 GHz




Mosaicing

Figure 1

Amplitude of Observed Data

Iter: Antennal AQ0O

UV coverage of simulated
ALMA mosaic

UV Distance (klambda )

x=386, y=272




Mosaicing

SO0 Viewer Display Panel

® |5 hours SMA S £
Integration (668 GHz)

® 9" spacings
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Mosaicing

2 FONe) Viewer Display Panel

M % 0O Q@ O

® |5 hours SMA 2 8 L2
Integration (668 GHz)

® 9" spacings

vancouver.vanz.flat
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Mosaicing

Viewer Display Panel

, O & [

® |5 hours SMA S LE
Integration (668 GHz)

® 9" spacings
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Mosaicing

Viewer Display Panel

® |5 hours SMA
Integration (668 GHz)

® 9” spacings

vancouver.van2.flat

4 S
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Mosaicing

Viewer Display Panel

y B @ [
i v

® |.5 hour ALMA
Integration (668 GHz)

) °
® 4” spacings
vancouver.van2.flat
min=0.0e+00 Pa(

max=1.0e+00
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Summary

What information we can get
from radio interferometers
Line, Continuum, Masers,Polarization

Import data

Imaging

Model

Flag bad data

Image Analysis

UV Plane
mage FPlane

Calibration

Self Calibration

Calibration

* Done by
Pipeline

Imaging
Cont. Subtraction
Inverting
Cleaning

Image Analysis

* Moment Maps
* PV Diagrams
. Mosaics

e Multi-Scale




