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When sensitivity can be a problem
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continuum emission

line emission

both (continuum and line)
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continuum emission
which frequency/wavelength (band)
intensity of the source (rms) [see next Section]
spatial distribution (beam, LAS) [see previous Section]

line emission

both (continuum and line)




What do you want to observe?

continuum emission
which frequency/wavelength (band)
intensity of the source (rms) [see next Section]
spatial distribution (beam, LAS) [see previous Section]

line emission
which line (frequency, band)
intensity of the source (rms) [see next Section]
spatial distribution (beam, LAS) [see previous Section]
line shape (bandwidth, spectral resolution)

both (continuum and line)
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Basic concepts of spectral line observations

Rest frequency
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Rest frequency
spectral line: transition between two different energy

levels of a molecule, atom or ion

CO molecule

Energy

J =0 (ground state)
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Rest frequency
spectral line: transition between two different energy
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t1>0A CO molecule
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J = 1 V
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Basic concepts of spectral line observations

Rest frequency

transition between two different energy

levels of a molecule, atom or ion

spectral line:
> CO molecule
2

CO (J=2-1)
at 230.538 GHz

CO (J=1-0)
]=0 at 115.271 GHz

Rest frequencies can be
found in molecular databases:
CDMS

www.astro.uni-koeln.de/cdms

JPL

spec.jpl.nasa.gov

Splatalogue

www.splatalogue.net
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Basic concepts of spectral line observations

Velocity (Vlsr) / redshift (z)
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Basic concepts of spectral line observations

Velocity (Vlsr) / redshift (z)
... from rest to sky frequencies (“doppler effect”)
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Basic concepts of spectral line observations

Velocity (Vlsr) / redshift (z)
... from rest to sky frequencies (“doppler effect”)

O source
withv=0
frequency
>
red-shifted /\ v>0 .
/\ blue-shifted v<0
z,v>>0
<€

\

150.376 GHz 230.538 GHz
Band 4 Band 6
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Basic concepts of spectral line observations

Linewidth (Av)
the spectral line will have a width that depends on
the properties of the object you are studying
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Basic concepts of spectral line observations

Linewidth (Av)
the spectral line will have a width that depends on
the properties of the object you are studying

velocity> each spectral line has an exact frequency

natural broadening

thermal, microturbulent, pressure broadening

large-scale motions broadening
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Linewidth (Av)
the spectral line will have a width that depends on
the properties of the object you are studying

velocity
>

frequency (velocity) range

41_ Depending on the linewidth of the line,
‘ you will cover a narrower/broader



Basic concepts of spectral line observations

Linewidth (Av)
the spectral line will have a width that depends on
the properties of the object you are studying

velocity
velocity linewidth frequ?ncy
> (km/s) linewidth

(Hz)

' DV = ﬁ
no
- Depending on the linewidth of the line,
A you will cover a narrower/broader
frequency (velocity) range
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Rest frequency ?
Baseband-2
. .
Bandwidth, spectral resolution ?
Add spectral window centred on a spectral line Add spectral window manually -
(|| ——————— — S T »







- bandwidth / v'e1oci't‘y coverage

»

e b

‘observations in‘a radio-interferometer
frequency bands

receivers

cc)&elz\tcm;-_m'u QQ

. ——_—

o .’(-:,w __-“_ .t ,“»..- . e,
ool e 8 m.a;!‘h‘

N e - \3

52 S ", " S e

- ~I3Ne



Scientific target




Scientific target

Control room




Scientific target

Control room

RECEIVERS

front-ends, bands




Scientific target

CORRELATOR

super-computer

Control room

RECEIVERS

front-ends, bands




Scientific target

CORRELATOR

super-computer

Control room

RECEIVERS

front-ends, bands

WHAT frequencies do/can we observe?

HOW do/can

we observe those
frequencies?
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ALMA frequency bands

1234 5 6 9

0.8 FH|

0.6

0.4 Fi||

Atmospheric transmission
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Frequency (GHz)




ALMA frequency bands

1234 5 6 9

0.4 |

Atmospheric transmission

0.2 |-

1 ! | ! i !
400 600 800 1000
Frequency (GHz)

Band 3: 84 -116 GHz Band 6: 211 -275 GHz
Band 4: 125-163 GHz Band 7/8: 275-373 GHz / 385 — 500 GHz
Band 5: 159-211 GHz Band 9/10: 602 — 720 GHz / 787 — 950 GHz
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ALMA receivers

Heterodyne receivers
are sensitive to Lower Side Band (LSB) and Upper Side Band (USB)

Lower Side Band Local Oscillator Upper Side Band
(LSB) (LO) (USB)



ALMA receivers

Heterodyne receivers
are sensitive to Lower Side Band (LSB) and Upper Side Band (USB)

[ T Y [
Lower Side Band Local Oscillator Upper Side Band
(LSB) (LO) (USB)

Heterodyne receivers can be:
SSB (single) outputs LSB or USB
DSB (double) outputs the sum LSB+USB (separated in correlator)
2SB (two) outputs LSB and USB (separately)



ALMA receivers

ALMA B3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB | USB




ALMA receivers

ALMA B3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB | USB

LSB i USB




ALMA receivers

ALMA B3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB E USB
"""""""" N P
ALMA B6 2SB receivers 5-10 GHz
LSB | USB
""""" 10 s o T E T T
ALMA B9 / B10 DSB receivers 4-12 GHz
LSB | USB
12 4 w0 +4 s12



ALMA frequency bands & receivers

Band 3: 84-116 GHz Band 7: 275—-373 GHz
Band 4: 125-—163 GHz Band 8: 385 - 500 GHz
Band 6: 211 —-275 GHz Band 9/10: 602 — 720 GHz / 787 — 950 GHz



ALMA frequency bands & receivers

Band3: 84-116 GHz Band 7: 275—-373 GHz
Band 4: 125-163 GHz Band 8: 385 - 500 GHz
Band 6: 211 —-275 GHz Band 9/10: 602 — 720 GHz / 787 — 950 GHz

ALMA B3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB | USB




ALMA frequency bands & receivers

Band3: 84-116 GHz Band 7: 275—-373 GHz
Band 4: 125-163 GHz Band 8: 385 - 500 GHz
Band 6: 211 —-275 GHz Band 9/10: 602 — 720 GHz / 787 — 950 GHz

ALMA B3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB | USB

84 GHz 116 GHz



ALMA frequency bands & receivers

Band3: 84-116 GHz Band 7: 275—-373 GHz
Band 4: 125-163 GHz Band 8: 385 - 500 GHz
Band 6: 211 —-275 GHz Band 9/10: 602 — 720 GHz / 787 — 950 GHz

ALMA B3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB i USB

~—
—

116 GHz
LO
95.3 GHz



ALMA frequency bands & receivers

Band3: 84-116 GHz Band 7: 275—-373 GHz
Band 4: 125-163 GHz Band 8: 385 - 500 GHz
Band 6: 211 —-275 GHz Band 9/10: 602 — 720 GHz / 787 — 950 GHz

ALMA B3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB § USB
———————————————— I — — = = = = e e o o ———— e e e
8 -4 LO +4 +8
|
Band 3 :
/ i \
|
|
|
!
84 GHz ! 116 GHz
- — = == = = = —— b o o o I
87.3 91.3 LO 99.3 103.3

95.3 GHz



ALMA frequency bands & receivers

Band3: 84-116 GHz Band 7: 275—-373 GHz
Band 4: 125-163 GHz Band 8: 385 - 500 GHz
Band 6: 211 —-275 GHz Band 9/10: 602 — 720 GHz / 787 — 950 GHz

ALMA B3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB § USB
———————————————— I — — = = = = e e o o ———— e e e
3 -4 LO +4 +8
|
Band 3 :
/ i \
|
|
|
:
84 GHz ! 116 GHz
- — = == = = = —— b o o o I



ALMA frequency bands & receivers

Band3: 84-116 GHz Band 7: 275—-373 GHz
Band 4: 125-163 GHz Band 8: 385 - 500 GHz
Band 6: 211 —-275 GHz Band 9/10: 602 — 720 GHz / 787 — 950 GHz

ALMA B3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB i USB

116 GHz

- — = = = = ———— e o e o e e — I

96.5 100.5 LO 108.5 112.5
104.5 GHz
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ALMA correlator

Scientific target

Control room




ALMA correlator

Scientific target

CORRELATOR:

Super-computer that accepts signals
from element antennas, calculates
cross-correlation of them, and
produces complex visibilities that are
used to synthesize images.

Keeps coherence in the complex
visibilities, by providing delay and
phase tracking to adjust wavefronts of
received signals before correlation.

CORRELATOR




CORRELATOR:

Super-computer that accepts signals
from element antennas, calculates
cross-correlation of them, and
produces complex visibilities that are
used to synthesize images.

! Keeps coherence in the complex
visibilities, by providing delay and

1 phase tracking to adjust wavefronts of
received signals before correlation.

CORRELATOR

ALMA CORRELATOR:

one of the four ‘quadrants’ of the ALMA correlator




ALMA correlator

Physically:
-1 correlator = 4 quadrants
-1 quadrant = 1 baseband

-ALMA correlator = 4 basebands

-Each baseband processes
- 64 antennas (2016 baselines)
- 2 polarizations
- 2 GHz input

_ -Each baseband can be centered
~ anywhere in the incoming 8 GHz

ALMA CORRELATOR:
one of the four ‘quadrants’ of the ALMA correlator



ALMA correlator / 4 basebands

basebands
information from 64 antennas
2 GHz input
up to 8192 channels
2 polarizations Horizontal / Vertical
up to 4 polarization products (HH, VV, HV, VH)




ALMA correlator / 4 basebands

basebands
information from 64 antennas
2 GHz input
up to 8192 channels
2 polarizations Horizontal / Vertical
up to 4 polarization products (HH, VV, HV, VH)

Band 3

87.3 91.3 LO 99.3 103.3
95.3 GHz

\

116 GHz



ALMA correlator / 4 basebands

basebands
information from 64 antennas
2 GHz input
up to 8192 channels
2 polarizations Horizontal / Vertical
up to 4 polarization products (HH, VV, HV, VH)

Baseband 1

Band 3

116 GHz

LO 99.3 103.3
95.3 GHz



ALMA correlator / 4 basebands

basebands
information from 64 antennas
2 GHz input
up to 8192 channels
2 polarizations Horizontal / Vertical
up to 4 polarization products (HH, VV, HV, VH)

BB1 BB2 BB3
| Band 3

N & A

95.3 GHz




ALMA correlator / 4 basebands

basebands
information from 64 antennas
2 GHz input
up to 8192 channels
2 polarizations Horizontal / Vertical
up to 4 polarization products (HH, VV, HV, VH)

Band 3

l 2‘ ‘ 116 GHz

LO 99.3 103.3
95.3 GHz




ALMA correlator / 4 basebands

basebands
information from 64 antennas
2 GHz input
up to 8192 channels
2 polarizations Horizontal / Vertical
up to 4 polarization products (HH, VV, HV, VH)

Baseband 1

87.3 GHz 89.3 GHz



ALMA correlator / 4 basebands

basebands
information from 64 antennas
2 GHz input
up to 8192 channels
2 polarizations Horizontal / Vertical
up to 4 polarization products (HH, VV, HV, VH)

... up to 8192 channels Baseband 1

87.3 GHz 89.3 GHz



ALMA correlator / 4 basebands

basebands
information from 64 antennas
2 GHz input
up to 8192 channels
2 polarizations Horizontal / Vertical
up to 4 polarization products (HH, VV, HV, VH)

channel width (spectral resolution):
2 GHz / 8192 = 244 kHz

SRR RN RN R R IR RN RN RN RN Y
Vi i i - up to 8192 channels Baseband 1

87.3 GHz 89.3 GHz



ALMA correlator / 4 basebands

basebands
information from 64 antennas
2 GHz input
up to 8192 channels
2 polarizations Horizontal / Vertical
up to 4 polarization products (HH, VV, HV, VH)

channel width (spectral resolution):
2 GHz / 8192 = 244 kHz

SRR RN RN R R IR RN RN RN RN Y
Vi i i - up to 8192 channels Baseband 1

87.3 GHz 89.3 GHz
bandwidth =2 GHz / resolution = 244 kHz ... not fixed!



ALMA correlator

Bandwidth — Spectral resolution

BW 2 GHz
BW 1 GHz
BW 500 MHz
BW 250 MHz
BW 125 MHz
BW 64 MHz
BW 32 MHz

continuum mode

8192 channels x 1 polz
8192 channels x 1 polz
8192 channels x 1 polz
8192 channels x 1 polz
8192 channels x 1 polz
8192 channels x 1 polz
8192 channels x 1 polz

256 channels x 1 polz

244 kHz resol.
122 kHz resol.
61 kHz resol.
30 kHz resol.
15 kHz resol.
7.5 kHz resol.
3.8 kHz resol.
7.5 MHz resol.



ALMA correlator

Bandwidth — Spectral resolution

BW
BW
BW
BW
BW
BW
BW

continuum mode

2 GHz

1 GHz
500 MHz
250 MHz
125 MHz
64 MHz
32 MHz

8192 channels x 1 polz
8192 channels x 1 polz
8192 channels x 1 polz
8192 channels x 1 polz
8192 channels x 1 polz
8192 channels x 1 polz
8192 channels x 1 polz

256 channels x 1 polz

... up to 8192 channels

244 kHz resol.
122 kHz resol.
61 kHz resol.
30 kHz resol.
15 kHz resol.
7.5 kHz resol.
3.8 kHz resol.
7.5 MHz resol.

Baseband 1

87.3 GHz

89.3 GHz



ALMA correlator

Bandwidth — Spectral resolution

BW
BW
BW
BW
BW
BW
BW

continuum mode

2 GHz

1 GHz
500 MHz
250 MHz
125 MHz
64 MHz
32 MHz

8192 channe
8192 channe
8192 channe
8192 channe
8192 channe
8192 channe
8192 channe

256 channe

... up to 8192 channels

Is x 1 polz
Is x 1 polz
Is x 1 polz
Is x 1 polz
Is x 1 polz
Is x 1 polz
Is x 1 polz
Is x 1 polz

87.3 GHz

88.3 GHz

244 kHz resol.
122 kHz resol.
61 kHz resol.
30 kHz resol.
15 kHz resol.
7.5 kHz resol.
3.8 kHz resol.
7.5 MHz resol.

Baseband 1



ALMA correlator

Bandwidth — Spectral resoluti

1 polz (H or V)

BW 2 GHz
BW 1 GHz
BW 500 MHz
BW 250 MHz
BW 125 MHz
BW 64 MHz
BW 32 MHz

continuum mode

8192 channel:
8192 channel
8192 channel$
8192 channels

11
I ...up to 8192 channels

x 1 polz
x 1 polz

87.3 GHz

88.3 GHz

244 kHz resol.
122 kHz resol.
61 kHz resol.
30 kHz resol.
15 kHz resol.
7.5 kHz resol.
3.8 kHz resol.
7.5 MHz resol.

Baseband 1



ALMA correlator

Bandwidth — Spectral resoluti

2 polz (H and V)

BW 2 GHz
BW 1 GHz
BW 500 MHz
BW 250 MHz
BW 125 MHz
BW 64 MHz
BW 32 MHz

continuum mode

4096 channel:
4096 channelg
4096 channel$
4096 channels

... up to 4096 channels

X 2 polz
X 2 polz

87.3 GHz

88.3 GHz

488 kHz resol.
244 kHz resol.
122 kHz resol.
61 kHz resol.
30 kHz resol.
15 kHz resol.
7.5 kHz resol.
15 MHz resol.

Baseband 1



ALMA correlator

Bandwidth — Spectral resolutiga.4 polz (HH, VV, HV, VH)

BW 2 GHz 2048 channels X 4 polz 976 kHz resol.
BW 1 GHz 2048 channels/x 4 polz 488 kHz resol.
BW 500 MHz 2048 channelg x 4 polz 244 kHz resol.
BW 250 MHz 2048 channelg x 4 polz 122 kHz resol.
BW 125 MHz 2048 channel$ x 4 polz 61 kHz resol.

BW 64 MHz 2048 channeld x 4 polz 30 kHz resol.

BW 32 MHz 2048 channels\x 4 polz 15 kHz resol.
continuum mode 64 channels x4 pol 31 MHz resol.
i i i i i i i i ... up to 2048 channels Baseband 1

87.3 GHz 88.3 GHz



ALMA correlator

Polarization products (HH, VV, HV, VH)
the four are necessary for polarization studies




ALMA correlator

Polarization products (HH, VV, HV, VH)
the four are necessary for polarization studies

message to take home ...

spectral
polarization sensitivity resolution

1 polz product
(HH or VV)

2 polz products
(HH and VV)

4 polz products
(HH, VV, HV, VH)




ALMA correlator (examples)

ALMA B3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz
———————————————— 8_4T————————————L-'(S————————————;4_+-8————————————————-
ALMA B6 2SB receivers 5-10 GHz
""""" 10 T T T R e T

ALMA B9 / B10 DSB receivers 4-12 GHz

-12 -4 LO +4 +12




ALMA correlator (examples)

ALMA B3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz




ALMA correlator (examples)

ALMA B3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz




Spectral setup in the almaOT

) ® Z M) Mon 27 Mar 10:06 Alvaro Sanchez

Q

@ ALMA Observing Tool (Cycles)

VO (23 ALMA Observing Tool (Cycle5) - Project

File Edit View Tool Search Help Perspective 1
e &8 . (= IO~ N N

Project Structure | Editors : - ,
Proposal Spectral | Spectral Setup

e e le S
¥ s Project
¢ @ Proposal
¢ [ Planned Observing
¢ M ScienceGoal (Science Goal)
: GCeneral
) Field Setup
Spectral Setup
:‘ Calibration Setup
: Control and Performance

: Technical Justification

Rest frequency ?

In the table below, It is possible to define up 1 16 spectral windows, 4 per baseband as long as the total Fraction per baseband Is no mor
Each baseband 15 2CHz wide and can be separately configured | ¢, each spectral window can have a different bandwidth and resolution

Note that for bands 3, 4, 6, 7 and 8, it is not possible to put 3 basebands in one sideband and the fourth one in the other

Spectral Type

Continuum or line ?

Spectral Type

Polarization products ?

Produce image sidebands (Bands 5

® Spectral Line

Single Continuum

Spectral Scan

XX @ DUAL FULL

Polanzation products desired

Spectral Setup Errors
No spactiral window in the list. No suitable receiver band for the range 0.0 CHz, 0.0 CHz]

Spectral Line

.entre Freq
(sky,.bar)

Centre Freq

Bandwidth, Resolution (smoothed)

lransiton

(rest,lsrk)

Add spectral window centred on a spectral ine Add spectral window manuglily

Baseband-2

Bandwidth, spectral resolution ?

Add spectral window manually

Add spectral window centred on a spectral line

Spec Repre
Ava,| Wi
»




