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Input source details and mapping info or use the Visual Editor on the spatial tab. B
You must choose between checking 1 Rectangular Field on all sources or none.
Check 1 Rectangular Field on the first source before adding others to put rectangular mosaics around multiple sources.
[ SinglePoint
Source
HIS
Source Name ” Resolve
Choose a Solar System Object? [ ] Name of object ‘ Unspecified | ‘
Sexagesimal Parallax 0.00000 mas |w
ICR -
Source Coordinates RA 00:00:00.0000 PM RA |0.00000 mas/yr |w B
Dec | 00:00:00.000 PM DEC |0.00000 mas/yr ||
Source Radial Velocity 0.000 = = 2 /0.000000000 | Doppler Type RADIO =
Target Type {® Individual Pointing(s) ! 1 Rectangular Field
Expected Source Properties
HIS
Peak Continuum Flux Density per Synthesized Beam/0.00000 ‘Jy :
Continuum Polarization Percentage 0.0 per cent
Peak Line Flux Density per Synthesized Beam 0.00000 ‘Jy -
Line Width 0.00000 km/s : L
Line Polarization Percentage 0.0 per cent
Field Center Coordinates
HI=
Coord Type ® Relative i Absolute
Offset Unit |arcsec |V|
#Pointings 1 |
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Input source details and mapping info or use the Visual Editor on the spatial tab.
You must choose between checking 1 Rectangular Field on all sources or none.
Check 1 Rectangular Field on the first source before adding others to put rectangular mosaics around m

[ SinglePoint

Source

Source Name

HI=
Resolve

Choose a Solar System Object? [ ] Name of gb+

Source Coordinates

Source Radial Velocity

Target Type

Expected Sourc

HIE

d per cent
0.00000 y |-

0.00000 km/s : |
0.0 per cent

HIE

6rd Type ® Relative _} Absolute

Offset Unit |arcsec Ivl

#Pointings 1 |
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W% ScienceGoal (Science Goal
v D General ¢ ) [ SinglePoint

Source

[ Field Setun|
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Source Name Resolve

i
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Target Type

SPECTRAL
SETUP

Expected Sourc

HIE

7~ per cent
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0.0 per cent
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Visualisation

In the table below, it is possible to define up to 16 spectral windows, 4 per baseband as long as the total Fraction per baseband is no more
Each baseband is 2GHz wide and can be separately configured i.e. each spectral window can have a different bandwidth and resolution.
Note that for bands 3 to 8, it is not possible to put 3 basebands in one sideband and the fourth one in the other.

Left/right click to zoom in/out, grab sliding bar to pan
Note: Moving LO1 here is for experimentation only - actual setup determined by the windows

Observed Fraequency
100|00_ | 200|00 | 300100 | 4_00100 i 500100 600100 ! 700100 800100 : 900|00
03 04 05 06 07 08 09 10

|| / A™

||

A

[ »

" zooloo T zo0loo T 4coloo T sooloo T osooloo U zooloo T osoolon T oaooloo !
Rest Freauency

" 100f00

Overlays: Receiver Bands Transmission DSB Image [_| Spectral Lines ‘ Select Lines to Overla

Water Vapour Column Density: @ Automatic Choice ! Manual Choice ‘5.186mm (7th Octile) | |

Pan to Spectral Window | Zoom to Band ‘ Reset

Viewport:

Spectral Type

{® Spectral Line
Spectral Type ) Single Continuum

) Spectral Scan
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In the table below, it is possible to define up to 16 spectral windows, 4 per baseband as long as the total Fraction per baseband is no more
Each baseband is 2GHz wide and can be separately configured i.e. each spectral window can have a different bandwidth and resolution.
Note that for bands 3 to 8, it is not possible to put 3 basebands in one sideband and the fourth one in the other.

D General Left/right click to zoom in/out, grab sliding bar to pan =
; Note: Moving LO1 here is for experimentation only - actual setup determined by the windows

D Field Setup

0y Observed Frequency

[ calibration Setup 100|00_ | 200|00 | 300100 i 4_00100 i 500100 600100 : 700100 800100 : 900|00

[ Control and Performance 03 04 05 06 07 08 09 10 -

D Technical Justification

|/ AT
U | r\L
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Rest Freauency

Overlays: Receiver Bands Transmission DSB Image [_| Spectral Lines ‘ Select Lines to Overla

Water Vapour Column Density: @ Automatic Choice ! Manual Choice ‘5.186mm (7th Octile) | |

Viewport: Pan to Spectral Window | Zoom to Band ‘ Reset

Spectral Type

{® Spectral Line
Spectral Type ) Single Continuum

) Spectral Scan
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In the table below, it is possible to define up to 16 spectral windows, 4 per baseband as long as the total Fraction per baseband is no mor
Each baseband is 2GHz wide and can be separately configured i.e. 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.
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D General

D Field Setup

D Spectral Setup

D Calibration Setup
D Control and Performance
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Spectral Type

{® Spectral Line

[

Spectral Type ) Single Continuum

) Spectral Scan

Produce image sidebands (Bands 9 and 10 only) [_]
Polarization products desired ) XX @ DUAL _} FULL -
Spectral Setup Errors
No spectral window in the list. No suitable receiver band for the range :[0.0 GHz, 0.0 GHz]
Spectral Line

Baseband-1
Fractiof Centre Freq Centre Freq . . . Spec|{Repre
(rest,Isrk) (sky,bar) Transition Bandwidth, Resolution (smoothed) Avg, Wi
Add spectral window centred on a spectral line | ‘ Add spectral window manually | ’ Delete | [] show image spectral window
Baseband-2
‘ Add spectral window centred on a spectral line | ‘ Add spectral window manually | ‘ Delete | [[] Show image spectral window
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Each baseband is 2GHz wide and can be separately configured i.e. 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.
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Spectral Type

Spectral Type

Spectral Setup Errors

Spectral Line

Continuum or line ?

Polarization products desired

{® Spectral Line

i) Single Continuum

) Spectral Scan

Produce image sidebands (Bands 9 and 10 only) [_]

) XX @ DUAL ' FULL

No spectral window in the list. No suitable receiver band for the range :[0.0 GHz, 0.0 GHz]

[

Baseband-1
Fractiof Centre Freq Centre Freq . . . Spec|{Repre
(rest,Isrk) (sky,bar) Transition Bandwidth, Resolution (smoothed) Avg, Wi
Add spectral window centred on a spectral line | ‘ Add spectral window manually | ’ Delete I [] show image spectral window
Baseband-2
‘ Add spectral window centred on a spectral line | ‘ Add spectral window manually | ‘ Delete | [[] Show image spectral windov
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In the table below, it is possible to define up to 16 spectral windows, 4 per baseband as long as the total Fraction per baseband is no mor
Each baseband is 2GHz wide and can be separately configured i.e. 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.
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Spectral Type
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Spectral Setup Errors

Spectral Line

Continuum or line ?

Polarization products ?

Produce image sidebands (Bands 9%

Polarization products desired

{® Spectral Line

i) Single Continuum

) Spectral Scan

7 XX @ DUAL ) FULL

No spectral window in the list. No suitable receiver band for the range :[0.0 GHz, 0.0 GHz]

[

Baseband-1
Fractiof Centre Freq Centre Freq . . . Spec|{Repre
(rest,Isrk) (sky,bar) Transition Bandwidth, Resolution (smoothed) Avg, Wi
Add spectral window centred on a spectral line | ‘ Add spectral window manually | ’ Delete I [] show image spectral window
Baseband-2
‘ Add spectral window centred on a spectral line | ‘ Add spectral window manually | ‘ Delete | [[] Show image spectral windov
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In the table below, it is possible to define up to 16 spectral windows, 4 per baseband as long as the total Fraction per baseband is no mor
Each baseband is 2GHz wide and can be separately configured i.e. 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.
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Spectral Type

Continuum or line ?

Spectral Type

Polarization products ?

Produce image sidebands (Bands 9%

{® Spectral Line

i) Single Continuum
) Spectral Scan
Polarization products desired 7 XX ® DUAL ' FULL

Spectral Setup Errors
No spectral window in the list. No suitable receiver band for the range :[0.0 GHz, 0.0 GHz]

Spectral Line

[

Centre Freq entre Freq - . . SpeciRepre
(rest,Isrk) (sky,bar) Transition Bandwidth, Resolution (smoothed) Avg, Wi
‘ Add spectral window centred on a spectral line | ‘ Add spectral window manually | ‘ Delete | [[] show image spectral window
Baseband-2
‘ Add spectral window centred on a spectral line | ‘ Add spectral window manually | ‘ Delete | [] Show image spectral windo
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In the table below, it is possible to define up to 16 spectral windows, 4 per baseband as long as the total Fraction per baseband is no mor
Each baseband is 2GHz wide and can be separately configured i.e. 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 9%

{® Spectral Line

[

! Single Continuum

) Spectral Scan

Polarization products desired 7 XX ® DUAL ' FULL -

Spectral Setup Errors
No spectral window in the list. No suitable receiver band for the range :[0.0 GHz, 0.0 GHz]

Spectral Line

C(?re];rt‘j;rke)q f;:;?b:?q Transition Bandwidth, Resolution (smoothed) s:\/egf Repvrﬁ
‘ Add spectral window centred on a spectral line | ‘ Add spectral window manuﬁy | ‘ Delete | [[] show image spectral window
Baseband-2
L] L3
Bandwidth, spectral resolution ?
‘ Add spectral window centred on a spectral line | ‘ Add spectral window manually | ‘ Delete | [] Show image spectral windo E

q] I |
.




What do we need to know?

- continuum or line (both?)

- frequency of the lines to observe
- velocity / redshift of the source

- bandwidth / velocity coverage

- spectral resolution

- polarization products
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Can we detect spectral lines?

G28.34 core?2

SMA

Zhang et al (2008)
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Zhang et al (2008)



Can we detect spectral lines?

0.2
0.16
0.12
0.08
0.04

G28.34 core?2

SMA

Zhang et al (2008)

Zhang et al (2014)



Can we detect spectral lines?
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Can we detect spectral lines?
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Can we detect spectral lines?

Spectrum (211-275 GHz) towards 1 single pixel
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Can we detect spectral lines?

Spectrum (211-275 GHz) towards 1 single pixel
211 GHz 217 GHZl

Sdnchez-Monge et al (2017)



Can we detect spectral lines?

Spectrum (211-275 GHz) towards 1 single pixel
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Can we detect spectral lines?
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What do you want to observe?

continuum emission

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

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)




What do we need to know?

- frequency of the lines to observe



Basic concepts of spectral line observations

Rest frequency




Basic concepts of spectral line observations

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
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J =0 (ground state)




Basic concepts of spectral line observations

Rest frequency
spectral line: transition between two different energy

levels of a molecule, atom or ion

°>DA CO molecule
o
[
Ll
1=2
CO (J=2-1)
at 230.538 GHz
J=1 v

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




Basic concepts of spectral line observations

Rest frequency

spectral line:

Energy

transition between two different energy

levels of a molecule, atom or ion

CO molecule

CO (J=2-1)
at 230.538 GHz

CO (J=1-0)
J=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



What do we need to know?

- velocity /redshift of the source



Basic concepts of spectral line observations

Velocity (Vlsr) / redshift (z)




Basic concepts of spectral line observations

Velocity (Visr) / redshift (z)
... from rest to sky frequencies (“doppler effect”)
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... from rest to sky frequencies (“doppler effect”)
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withv=0
frequencx

230.538 GHz
Band 6



Basic concepts of spectral line observations

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

source
withv=0
frequencx

red-shifted v>0

230.538 GHz
Band 6



Basic concepts of spectral line observations

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

/\ O source
withv=0
frequencx
red-shifted v>0 Q: }

blue-shifted v<O0

230.538 GHz
Band 6



Basic concepts of spectral line observations

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

/\ O source
withv=0
frequencx
red-shifted Q }

blue-shifted v<O0

z,v>>>0
<€

150.376 GHz 230.538 GHz
Band 4 Band 6




What do we need to know?

- bandwidth / velocity coverage



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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velocity, each spectral line has an exact frequency
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velocity, each spectral line has an exact frequency

natural 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, each spectral line has an exact frequency

' natural broadening

A thermal, microturbulent, pressure broadening




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

A thermal, microturbulent, pressure broadening

/\ large-scale motions broadening




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

velocit
y)

i
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Depending on the linewidth of the line,
you will cover a narrower/broader
frequency (velocity) range



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 frequency
> (km/s) linewidth

(Hz)

JL A
L\

Depending on the linewidth of the line,
you will cover a narrower/broader
frequency (velocity) range
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In the table below, it is possible to define up to 16 spectral windows, 4 per baseband as long as the total Fraction per baseband is no mor
Each baseband is 2GHz wide and can be separately configured i.e. 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 ) Single Continuum

Polarization products ?

Produce image sidebands (Bands 9%

{® Spectral Line

() Spectral Scan

Polarization products desired 7 XX ® DUAL ' FULL -

Spectral Setup Errors
No spectral window in the list. No suitable receiver band for the range :[0.0 GHz, 0.0 GHz]

Spectral Line

Centre Freq entre Freq - . . SpeciRepre
(rest,Isrk) (sky,bar) Transition Bandwidth, Resolution (smoothed) Avg, Wi
‘ Add spectral window centred on a spectral line | ‘ Add spectral window manuﬁy | ‘ Delete | [[] Show image spectral window
Baseband-2
L] L3
Bandwidth, spectral resolution ?
’ Add spectral window centred on a spectral line | ’ Add spectral window manually | ‘ Delete | [[] Show image spectral ‘v’\\ﬂdo\/ﬂ

q] I |
.




What do we need to know?

- spectral resolution
- polarization products



What do we need to know?

- spectral resolution
- polarization products

Spectral observations in a radio-interferometer
- frequency bands

- receivers

- correlator



Scientific target
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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?



What do we need to know?

Spectral observations in a radio-interferometer
- frequency bands



ALMA frequency bands
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ALMA frequency bands

123456 7 9 10

1

0.8

0.6 1

04| o

Atmospheric transmission

o2 -ull

200 400 600 800
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




What do we need to know?

- continuum or line (both?)

- frequency of the lines to observe
- velocity /redshift of the source

- bandwidth / velocity coverage

- spectral resolution

- polarization products

Spectral observations in a radio-interferometer
- frequency bands

- receivers

- correlator



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 L R [
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

LSB

-8 4

2SB receivers 4-8 GHz

USB

LO +4

+8



ALMA receivers

ALMAB3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB

-8 -4 LO

ALMA B6 2SB receivers 5-10 GHz

LSB

-10 -5 LO

USB
+4 +8
USB
|
+5 +10



ALMA receivers

ALMAB3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB

-8 -4 LO

ALMA B6 2SB receivers 5-10 GHz

LSB

-10 -5 LO

ALMA B9 / B10 DSB receivers 4-12 GHz

LSB
-12 -4 LO

USB

+4 +8

USB
+5 +10

USB
+4 +12



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 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

ALMAB3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB USB

-8 -4 LO +4 +8




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

ALMAB3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB USB

-8 -4 LO +4 +8

Band 3

84 GHz 116 GHz



ALMA frequency bands & receivers

Band 3: 84 -116 GHz
Band 4: 125-163 GHz
Band 6: 211 -275 GHz

ALMAB3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB

-8 4

Band 3

Band 7:
Band 8:

LO

275—-373 GHz
385 - 500 GHz
Band 9/10: 602 — 720 GHz / 787 — 950 GHz

USB

+4

+8

84 GHz

LO
95.3 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

ALMAB3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB USB

-8 -4 LO +4 +8

Band 3

84 GHz 116 GHz

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

ALMAB3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB USB

-8 -4 LO +4 +8

Band 3

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

ALMAB3 /B4 /B5/B7 /B8 2SB receivers 4-8 GHz

LSB USB

-8 -4 LO +4 +8

Band 3

/ \

84 GHz 116 GHz

| |
96.5 100.5 LO 108.5 112.5
104.5 GHz




What do we need to know?

Spectral observations in a radio-interferometer

- correlator



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

84 GHz 116 GHz

87.3 91.3 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
Band 3

84 GHz . 116 GHz
|

87.3 91.3 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

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)

Band 3

l K ‘ 116 GHz

LO 99.3 103.3




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

... 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

... 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 2 GHz 8192 channels x 1 polz 244 kHz resol.
BW 1 GHz 8192 channels x 1 polz 122 kHz resol.

BW 500 MHz 8192 channels x 1 polz 61 kHz resol.

BW 250 MHz 8192 channels x 1 polz 30 kHz resol.

BW 125 MHz 8192 channels x 1 polz 15 kHz resol.

BW 64 MHz 8192 channels x 1 polz 7.5 kHz resol.

BW 32 MHz 8192 channels x 1 polz 3.8 kHz resol.
continuum mode 256 channels x 1 polz 7.5 MHz resol.
I . up 108192 channels Baseband 1

87.3 GHz 88.3 GHz



ALMA correlator

1 polz (H or V)

244 kHz resol.
122 kHz resol.

Bandwidth — Spectral resoluti

BW 2 GHz 8192 channels
BW 1 GHz 8192 channels/x 1 polz
BW 500 MHz 8192 channel$ x 1 polz 61 kHz resol.
BW 250 MHz 8192 channelf x 1 polz 30 kHz resol.
BW 125 MHz 8192 channel} x 1 polz 15 kHz resol.

BW 64 MHz 8192 channeld x 1 polz 7.5 kHz resol.

BW 32 MHz 8192 channels\x 1 polz 3.8 kHz resol.
continuum mode 256 channels X1 pol 7.5 MHz resol.
I . up to 8192 channels Baseband 1

87.3 GHz 88.3 GHz



ALMA correlator

2 polz (H and V)

488 kHz resol.
244 kHz resol.

Bandwidth — Spectral resoluti

BW 2 GHz 4096 channels
BW 1 GHz 4096 channels/x 2 polz
BW 500 MHz 4096 channels x 2 polz 122 kHz resol.
BW 250 MHz 4096 channelp x 2 polz 61 kHz resol.
BW 125 MHz 4096 channel$ x 2 polz 30 kHz resol.

BW 64 MHz 4096 channelq x 2 polz 15 kHz resol.

BW 32 MHz 4096 channels\x 2 polz 7.5 kHz resol.
continuum mode 128 channels X 2 pol 15 MHz resol.
i i i i i i i i i i i i i i i i ... up to 4096 channels Baseband 1

87.3 GHz 88.3 GHz



ALMA correlator

Bandwidth — Spectral resolution~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 channel$ x 4 polz 244 kHz resol.
BW 250 MHz 2048 channelf 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)

ALMAB3 /B4 /B5/B7 /B8

ALMA B6

-10 -5

ALMA B9 / B10

-12 -4

LO

LO

LO

2SB receivers 4-8 GHz

+4

+8

2SB receivers 5-10 GHz

+5

+10

DSB receivers 4-12 GHz

+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

@ ALMA Observing Tool (Cycle5) Q 0 = @) Mon 27 Mar 10:06 Alvaro Sanchez Q =
’ () () ALMA Observing Tool (Cycle5) - Project )

File Edit View Tool Search Help

‘ Perspective 1
0B =as ORI
Project Structure
r/ Proposal rProgram ]

B2

| Editors
s ‘/ Spectral r Spatial I/ Spectral Setup

9 L Project In the table below, it is possible to define up to 16 spectral windows, 4 per baseband as long as the total Fraction per baseband is no mor
¢ @ Proposal Each baseband is 2GHz wide and can be separately configured i.e. each spectral window can have a different bandwidth and resolution.
¢ [ Planned Observing 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.
7 W% ScienceGoal (Science Goal)

Spectral Type
D General

[} Field Setup Continuum or line ?
[ [spectral Setup|

Spectral Type ) Single Continuum
D Calibration Setup

[T} Control and Performance Polarization products ? ) Spectral Scan

D Technical Justification

[ »

{® Spectral Line

Produce image sidebands (Bands I
Polarization products desired 7 XX ® DUAL ' FULL
Spectral Setup Errors

No spectral window in the list. No suitable receiver band for the range :[0.0 GHz, 0.0 GHz]
Spectral Line

C(erztsrteISFrrke)q fsrll(t;ebl;rsq Transition Bandwidth, Resolution (smoothed) S:vegc Repvr\z
| | ll ] |
Add spectral window centred on a spectral line Add spectral window manugfly Delete [[] Show image spectral window
Rest frequency ?
Baseband-2
Bandwidth, spectral resolution ?
’ Add spectral window centred on a spectral line | ’ Add spectral window manually | ‘ Delete | [[] Show image spectral w ‘wu‘m'a




Spectral setup in the almaOT (EXAMPLE)

We want to observe three lines in our target:
HCN(1-0), HCO*(1-0) and H3CO*(1-0)



Spectral setup in the almaOT (EXAMPLE)

We want to observe three lines in our target:
HCN(1-0), HCO*(1-0) and H3CO*(1-0)

From previous observations we know the approximate linewidth:
HCN(1-0) =2 Av= 7 km/s
HCO*(1-0) - Av =10 km/s
H33CO*(1-0) -2 Av= 3 km/s



Spectral setup in the almaOT (EXAMPLE)

We want to observe three lines in our target:
HCN(1-0), HCO*(1-0) and H3CO*(1-0)

From previous observations we know the approximate linewidth:
HCN(1-0) =2 Av= 7 km/s
HCO*(1-0) - Av =10 km/s
H33CO*(1-0) -2 Av= 3 km/s

For our ALMA observations we would need:
Bandwidth  >20 km/s to properly cover the extend of the lines
Resolution <0.7km/s  forthe HCN and HCO* lines
<0.3km/s  forthe H3CO* line



Spectral setup in the almaOT (EXAMPLE)

_‘ ALMA Observing Tool (Cycle3

8 00

8O 3

ALMA Observing Tool (Cycle3-Patchtests2) - Project

Sun Mar 22 14:16 Alvaro Sanchez

Q

File Edit View Tool Search

Help

JEIRRI N

& (@]

] Perspective 1

Project Structure

R

Editors

("Proposal | Program |

9 (& Project
¢ @& Proposal

¢ [J Planned Obse

?

[ spectral | Spatial | Spectral Setup |

In the table below, it is possible to define up to 16 spectral windows, 4 per baseband as long as the total Fraction per baseband is no more than 1.
Each baseband is 2GHz wide and can be separately configured i.e. 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

Baseband-3

=
(® Spectral Line
Spectral Type () Single Continuum
() Spectral Scan
Polarization products desired (_) XX @ DUAL ) FULL
Spectral Setup Errors
No spectral window in the list. No suitable receiver band for the range :[0.0 GHz, 0.0 GHz]
Spectral Line
=
Baseband-1
Fractiol Center Freq Center Freq - h . Spec|Representati
(Rest) (ky) Transition Bandwidth, Resolution (smoothed) Avg. Window
Select Lines to Observe in Baseband-1... l I Add I ’ Delete ‘
Baseband-2
| Select Lines to Observe in Baseband-2... l I Add I ’ Delete ‘

[»




Spectral setup in the almaOT (EXAMPLE)

@ ALMA Observing Tool (Cycle3) QO 3 =0
8 00 ALMA Observing Tool (Cycle3-Patchtests2) - Project

Sun Mar 22 14:16 Alvaro Sanchez

Q

File Edit View Tool Search

Help

JEIRRI N & (@]

] Perspective 1

Project Structure

R

Editors

("Proposal | Program |

9 (& Project
¢ @& Proposal

¢ [J Planned Obse

?

[ spectral | Spatial | Spectral Setup |

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.

In the table below, it is possible to define up to 16 spectral windows, 4 per baseband as long as the total Fraction per baseband is no more than 1.
Each baseband is 2GHz wide and can be separately configured i.e. each spectral window can have a different bandwidth and resolution.

Spectral Type

=
(® Spectral Line
Spectral Type () Single Continuum
() Spectral Scan
Polarization products desired (_) XX @ DUAL ) FULL
Spectral Setup Errors
No spectral window in the list. No suitable receiver band for the range :[0.0 GHz, 0.0 GHz]
Spectral Line
=
Baseband-1
Fractiol Center Freq Center Freq - h . Spec|Representati
(Rest) (Sky) Transition Bandwidth, Resolution (smoothed) Avg. Window

| Select Lines to Observe in Baseband-1... l dd I ’ Delete ‘

| Select Lines to Observe in Baseband-2... l I Add H Delete ‘

Baseband-3

[»




Spectral setup in the almaOT (EXAMPLE)

ALMA Observing Tool (Cycle3-Patchtests2) - Project

File 7§dit e 00

Select Spectral Lines spective 1
r Transition Filter Transitions matching your filter settings:
|e.a. CO*2-1* ar *oxide* | (double-click column header for primary sort, single-click subsequent columns for secondary sorting. Single clicks will reverse sort order of already select
Include description Transition < Description Rest Freq... <~|Sky Frequ...Upper-state E...|Lovas Inte...|  Sij p*
|I-C5H )=35/2-33/2, Q=3/2, F=17-16, |=f 2,4-Pentadiynylidyne 84.108 GHz [84.108 G...|71.861 K 4.7/401.709 =
Frequency Filters |I-C5H J)=35/2-33/2, 0=3/2, F=18-17, |=f 2,4-Pentadiynylidyne 84.108 GHz [84.108 G...[71.861 K 4.7\1425.314 ]
ALMA Band |-CS5H J)=35/2-33/2, Q=3/2, F=17-16, |=e 2,4-Pentadiynylidyne 84.11 GHz 84.11 GHz [71.862 K 401.692
|I-C5H )=35/2-33/2, Q=3/2, F=18-17, |=e 2,4-Pentadiynylidyne 84.11 GHz 84.11 GHz [71.862 K 425.395
C IR TR R R R R T OI C4H V7 = 1)=17/2-15/2,Q=1/2, |=f 1,3-Butadiynyl radical 84.123 GHz (84.123 G...|211.671K 2.1/112.771 0 =
3 4 6 7 8 9 10 CH30H vt=111(10,1)-11(11,0) Methanol 84.159 GHz [84.159 G...|]1066.119 K 1.459 D1
U-84163 UNIDENTIFIED 84.163 GHz [84.163 G... 0.06
Sky Frequency (GHz) 30Si0v=1 2-1 Silicon Monoxide 84.164 GHz [84.164 G...[]1753.828 K 19.441 0
Q c-H13CCCH 2(1,2)-1(0,1) Cyclopropenylidene 84.186 GHz [84.186 GC...|6.331 K 0.13|17.24 D -
I S ] S S R R U-84215 UNIDENTIFIED 84.215 GHz [84.215 G... 0.08
i = = S02 v=0 32(5,27)-31(6,26) Sulfur dioxide 84.321 GHz [84.321 G...|549.36 K 0.1/13.463 [
Min |¢}Z{ Max |ﬂlj U-84356 UNIDENTIFIED 84.356 GHz |84.356 G... 0.07
Receiver/Back End Configuration U-84385 UNIDENTIFIED 84.385 GHz |[84.385 G... 0.08
. . 3450 2(2)-1(1) Sulfur Monoxide 84.411 GHz [84.411G...[19.233 K 0.03(3.534 D1
il R L s CH30H v t=0 13(-3,11)-14(-2,13) Methanol 84.424 GHz [84.424 G...[273.898 K 4.303 D
Filtering unobservable lines 13CH30H v t=0 13(-3,11)-12(-4,9) Methanol 84.444 GHz [84.444 G...[269.033 K 3.267 D]
U-84468 UNIDENTIFIED 84.468 GHz [84.468 G... 0.18
Maximum Upper-state Energy (K) U-84478 UNIDENTIFIED 84.478 GHz [84.478 G... 0.18
- O U-84496 UNIDENTIFIED 84.496 GHz [84.496 G... 0.1
| | | I T CH30H v t=0 5(-1,5)-4(0,4) Methanol 84.521 GHz [84.521G...[40.391 K 3.083 D1
(o] 20 40 60 80 100w CH30H vt=1 12(10,2)-12(11,1) Methanol 84.54 GHz 84.54 GHz |1093.861 K 2.786 D
NH2CHO 4(0,4)-3(0,3) Formamide 84.542 GHz [84.542 G...[]10.158 K 0.21(52.272 [
Molecule Fi]ter/ Environment C6HJ=61/2—59/2, 0=3/2, |=e 1,3,S—Hexatriynyl 84.55 GHz 84.55 GHz 63.662 K 0.04(1867.72
CH30H v t=0 19(2,17)-18(-3,16) Methanol 84.574 GHz [84.574 G...[463.489 K 0.424 D1
Show |all atoms and molecules |'| C6H 1=61/2-59/2. Q=3/2. |=f 1.3.5-Hexatrivnyl 84.575 GHz _|84.575 G..163.675 K 0.03/1867.56
Add to Selected Transitions
Can't find the transition you‘re Iooking o e
for in the offline pool? Find more in the Selected transitions
polneibp Ao Transition < Description Rest Frequency < Sky Frequency
| Find More... |
| Reset Filters
Remove from Selected Transitions




Spectral setup in the almaOT (EXAMPLE)

ALMA Observing Tool (Cycle3-Patchtests2) - Project
Select Spectral Lines

. Transition Filter Transitions matching your filter settings:
[e.0. CO*2-1* gricie | ((double-click column header for primary sort, single-click subsequent columns for secondary sorting. Single clicks will reverse sort order of already select
Include Transition < Description Rest Freq... <-|Sky Frequ...|Upper-state E...|Lovas Inte...| Sij p?
|I-C5H )=35/2-33/2, Q=3/2, F=17-16, |=f 2,4-Pentadiynylidyne 84.108 GHz [84.108 G...|71.861 K 4.7/401.709 =
Frequency Filters |I-C5H J)=35/2-33/2, 0=3/2, F=18-17, |=f 2,4-Pentadiynylidyne 84.108 GHz [84.108 G...|71.861 K 4.7\1425.314 ]
ALMA Band |-CS5H J)=35/2-33/2, Q=3/2, F=17-16, |=e 2,4-Pentadiynylidyne 84.11 GHz 84.11 GHz [71.862 K 401.692
|I-C5H )=35/2-33/2, Q=3/2, F=18-17, |=e 2,4-Pentadiynylidyne 84.11 GHz 84.11 GHz |71.862 K 425.395
C TR R C4H V7 = 1)=17/2-15/2,Q=1/2, |=f 1,3-Butadiynyl radical 84.123 GHz (84.123 G...|211.671K 2.1/112.771 0 =
3 4 6 CH30H vt=111(10,1)-11(11,0) Methanol 84.159 GHz [84.159 G...|1066.119 K 1.459 D1
U-84163 UNIDENTIFIED 84.163 GHz [84.163 G... 0.06
Sky Frequency (GHz) SiOv=1 2-1 Silicon Monoxide 84.164 GHz [84.164 G...|1753.828 K 19.441 0
Q O‘ CCCH 2(1,2)-1(0,1) Cyclopropenylidene 84.186 GHz [84.186 GC...|6.331 K 0.13|17.24 D -
I S ] S S R R 5 UNIDENTIFIED 84.215 GHz [84.215 G... 0.08
Min [ 313F] Max [ 950F] [S02¥%=032(5.27)-31(6.26) Sulfur dioxide 84.321 GHz [84.321G...[549.36 K 0.1]13.463 C
U-84356 UNIDENTIFIED 84.356 GHz [84.356 G... 0.07
Receiver/Back End Configuration U-84385 UNIDENTIFIED 84.385 GHz |[84.385 G... 0.08
. . 3450 2(2)-1(1) Sulfur Monoxide 84.411 GHz [84.411 G...|19.233 K 0.03|3.534 D1
B s CH30H v t=0 13(-3,11)-14(-2,13) Methanol 84.424 GHz [84.424 G...[273.898 K 4.303 D’
Filtering unobservable lines 13CH30H v t=0 13(-3,11)-12(-4,9) Methanol 84.444 GHz [84.444 G...[269.033 K 3.267 D]
U-84468 UNIDENTIFIED 84.468 GHz [84.468 G... 0.18
Maximum Upper-state Energy (K) U-84478 UNIDENTIFIED 84.478 GHz [84.478 G... 0.18
- O U-84496 UNIDENTIFIED 84.496 GHz [84.496 G... 0.1
| | I | CH30H v t=0 5(-1,5)-4(0,4) Methanol 84.521 GHz [84.521 G...|40.391 K 3.083 D1
(o] 20 40 60 80 100w CH3OH vt=1 12(10,2)-12(11,1) Methanol 84.54 GHz 84.54 GHz |1093.861 K 2.786 D
NH2CHO 4(0,4)-3(0,3) Formamide 84.542 GHz [84.542 G...|10.158 K 0.21(52.272 [
Molecule Filter/ Environment C6HJ=61/2—59/2, 0=3/2, |=e 1,3,S—Hexatriynyl 84.55 GHz 84.55 GHz 63.662 K 0.04(1867.72
CH30H v t=0 19(2,17)-18(-3,16) Methanol 84.574 GHz [84.574 G...[463.489 K 0.424 D1
Show |all atoms and molecules |'| C6H 1=61/2-59/2. Q=3/2. |=f 1.3.5-Hexatrivnyl 84.575 GHz _|84.575 G..163.675 K 0.03/1867.56
Add to Selected Transitions
Can't find the transition you‘re Iooking o e
for in the offline pool? Find more in the Selected transitions
polneibp Ao Transition < Description Rest Frequency < Sky Frequency
| Find More... |
| Reset Filters
Remove from Selected Transitions




Spectral setup in the almaOT (EXAMPLE)

- )
) O 0O ALMA Observing Tool (Cycle3-Patchtests2) - Project
LR T MG — R— T — _ Select Spectral Lines

spective 1

Transitions matching your filter settings:

|  |(double-click column header for primary sort, single-click subsequent columns for secondary sorting. Single clicks will reverse sort order of already select

iption Transition < Description Rest Freq... < |Sky Frequ...|Upper-state E...| Lovas Inte...|  Sij

HCN v=0 )=1-0, F=1-1 Hydrogen Cyanide 88.63 GHz 88.63 GHz (4.254 K 9.6/12.967 ~

' HCN v=0 J=1-0 Hydrogen Cyanide 88.632 GHz |88.632 G...|4.254 K 17.2|18.911 B
A HCN v=0 )=1-0, F=2-1 Hydrogen Cyanide 88.632 GHz |88.632 G...|4.254 K 17.2|4.946
HCN v=0 J=1-0, F=0-1 Hydrogen Cyanide 88.634 GHz |88.634 G...|4.254 K 6.8/0.989

"“'I‘"‘"“"‘;“"‘"“";""“"ol HCN v=0 J=3-2, F=3-3 Hydrogen Cyanide 265.885 GHz (265.885 ...|25.521 K 0.989 L
I I C N * 7 8 9 10 [HCNv=0)=3-2,F=2-1 Hydrogen Cyanide 265.886 GHz [265.886 ...|25.521 K 20[5.347
HCN v=0 )=3-2 Hydrogen Cyanide 265.886 GHz |265.886 ...|25.521 K 2026.73
HCN v=0 J=3-2, F=3-2 Hydrogen Cyanide 265.886 GHz |265.886 ...|25.521 K 20(7.913

HCN v=0 )=3-2, F=4-3 Hydrogen Cyanide 265.886 GHz |265.886 ...|25.521 K 20/11.46¢ -
St HCN v=0 J=3-2, F=2-2 Hydrogen Cyanide 265.889 GHz |265.889 ...|125.521 K 0.989
i 3 O HCN v=0 J=4-3 Hydrogen Cyanide 354.505 GHz |354.505 ...|42.534 K 17.4/35.64
Min |¢}Z{ Max |ﬂlj HCN v=0 )=5-4 Hydrogen Cyanide 443.116 GHz |443.116.../63.8 K 44.55
Receiver/Back End Configuration HCN v=0 )=7-6 Hydrogen Cyanide 620.304 GHz |620.304 ...|119.088 K 62.37¢
. . HCN v=0 J=8-7 Hydrogen Cyanide 708.877 GHz |708.877 ...|153.109 K 48.7|71.29
il R L s HCN v=0)=9-8 Hydrogen Cyanide 797.433 GHz |797.433 ...|191.38 K 55(80.20
Filtering unobservable lines HCN v=0J=10-9 Hydrogen Cyanide 885.971 GHz [885.971...[233.899 K 15/89.11

Maximum Upper-state Energy (K)

- 0

|
0 20 40 60 80 100

Molecule Filter / Environment

Show |all atoms and molecules |v|

Add to Selected Transitions

Can't find the transition you're |°°k|ng T T T
for in the offline pool? Find more in the Selected transitions

online Splatalogue.

Transition < Description Rest Frequency <~ Sky Frequency

| Find More... |

l Reset Filters |

Remove from Selected Transitions

-Cancel

»




Spectral setup in the almaOT (EXAMPLE)

ALMA Observing Tool (Cycle3-Patchtests2) - Project

_ Select Spectral Lines

_ spective 1

Transition Filter
[HCN® |

Transitions matching your filter settings:
(double-click column header for primary sort, single-click subsequent columns for secondary sorting. Single clicks will reverse sort order of already select

Maximum Upper-state Energy (K)

I | I
(o] 20 40 60 80 100w
Molecule Filter / Environment
Show |all atoms and molecules |v|

Include description Transition < Description Rest Freq... £~ |Sky Frequ...|Upper-state E...| Lovas Inte...[  Sij
HCN v=0 )=1-0, F=1-1 Hydrogen Cyanide 88.63 GHz 88.63 GHz (4.254 K 9.6/12.967 ~
Frequency Filters HCN v=0 J=1-0 |Hydrogen Cyanide 88.632 GHz |88.632 G...[4.254 K 17.2(8.911 B
ALMA Band HCN v=0 )=1-0, F=2-1 Hydrogen Cyanide 88.632 GHz |88.632 G...|4.254 K 17.2|4.946
HCN v=0 J=1-0, F=0-1 Hydrogen Cyanide 88.634 GHz |88.634 G...|4.254 K 6.8/0.989
C | TR ; i | Ol HCN v=0 J=3-2, F=3-3 Hydrogen Cyanide 265.885 GHz (265.885 ...|25.521 K 0.989 L
3 4 6 7 8 9 10 HCN v=0 J=3-2, F=2-1 Hydrogen Cyanide 265.886 GHz |265.886 ...|25.521 K 20(5.347
HCN v=0 )=3-2 Hydrogen Cyanide 265.886 GHz |265.886 ...|25.521 K 2026.73
Sky Frequency (GHz) HCN v=0 J=3-2, F=3-2 Hydrogen Cyanide 265.886 GHz |265.886 .../125.521 K 20(7.913
Q HCN v=0 J=3-2, F=4-3 Hydrogen Cyanide 265.886 GHz (265.886 ...|25.521 K 20(11.46¢ -
(LI I I I L U I B IR R (L | HCN v=0 J=3-2, F=2-2 Hydrogen Cyanide 265.889 GHz |265.889 ...|125.521 K 0.989
Min | 31.3~ Max | 950 HCN v=0 J=4-3 Hydrogen Cyanide 354.505 GHz |354.505 ...|42.534 K 17.4/35.64
HCN v=0 J=5-4 Hydrogen Cyanide 443.116 GHz |[443.116 .../63.8K 44.55
Receiver/Back End Configuration HCN v=0 )=7-6 Hydrogen Cyanide 620.304 GHz |620.304 ...|119.088 K 62.37¢
. . HCN v=0 J=8-7 Hydrogen Cyanide 708.877 GHz |708.877 ...|153.109 K 48.7|71.29
il R L s HCN v=0)=9-8 Hydrogen Cyanide 797.433 GHz |797.433 ...|191.38 K 55(80.20
Filtering unobservable lines HCN v=0J=10-9 Hydrogen Cyanide 885.971 GHz [885.971...[233.899 K 15/89.11

Can't find the transition you're looking
for in the offline pool? Find more in the
online Splatalogue.

| Find More... |

| Reset Filters |

Add to Selected Transitions

R TP TTTT

Selected transitions

Transition =

Description

Rest Frequency <~

Sky Frequency

Remove from Selected Transitions

Cancel

»




Spectral setup in the almaOT (EXAMPLE)

- )
) ALMA Observing Tool (Cycle3-Patchtests2) - Project
F|Ie EduJ e O 0 - p—— — p—— — p—— Select Spectral Lines — — p—— — p—— — — _spective 1
. Transition Filter Transitions matching your filter settings:
[HeN® | ((double-click column header for primary sort, single-click subsequent columns for secondary sorting. Single clicks will reverse sort order of already select
Include description Transition < Description Rest Freq... £~ |Sky Frequ...|Upper-state E...| Lovas Inte...[  Sij
HCN v=0 )=1-0, F=1-1 Hydrogen Cyanide 88.63 GHz 88.63 GHz (4.254 K 9.6/12.967 ~
Frequency Filters HCN v=0 J=1-0 |Hydrogen Cyanide 88.632 GHz |88.632 G...|4.254 K 17.2|8.911 B
ALMA Band HCN v=0 )=1-0, F=2-1 Hydrogen Cyanide 88.632 GHz |88.632 G...|4.254 K 17.2|4.946
HCN v=0)=1-0, F=0-1 Hydrogen Cyanide 88.634 GHz  [88.634 G...|4.254 K 6.8/0.989
C | TR ; i | Ol HCN v=0 J=3-2, F=3-3 Hydrogen Cyanide 265.885 GHz (265.885 ...|25.521 K 0.989 L
3 4 6 7 8 9 10 [|HCNv=0)=3-2, F=2-1 Hydrogen Cyanide 265.886 GHz |265.886 ...|25.521 K 20(5.347
HCN v=0 )=3-2 Hydrogen Cyanide 265.886 GHz |265.886 ...|25.521 K 2026.73
Sky Frequency (GHz) HCN v=0 J=3-2, F=3-2 Hydrogen Cyanide 265.886 GHz |265.886 ...|25.521 K 20(7.913
Q HCN v=0 )=3-2, F=4-3 Hydrogen Cyanide 265.886 GHz |265.886 ...|25.521 K 20/11.46¢ -
(I TN T TR A T R T HCN v=0 J=3-2, F=2-2 Hydrogen Cyanide 265.889 GHz [265.889 ...|25.521 K 0.989
Min | 31.3~ Max | 950 HCN v=0 J=4-3 Hydrogen Cyanide 354.505 GHz |354.505 ...|42.534 K 17.4/35.64
HCN v=0J=5-4 Hydrogen Cyanide 443.116 GHz |443.116 ...[63.8 K 44.55
Receiver/Back End Configuration HCN v=0 J=7-6 Hydrogen Cyanide 620.304 GHz |620.304 ...|119.088 K 62.37¢
- ; HCN v=0 )=8-7 Hydrogen Cyanide 708.877 GHz |708.877 ...|153.109 K 48.7|71.29
v
Hide unobservable fines HCN v=0)=9-8 Hydrogen Cyanide 797.433 GHz [797.433 ...[191.38 K 55(80.20
Filtering unobservable lines HCN v=0J=10-9 Hydrogen Cyanide 885.971 GHz [885.971...[233.899 K 15/89.11
Maximum Upper-state Energy (K)
I I
(o} 20 40 60 80 100
Molecule Filter / Environment
Show |all atoms and molecules |v|
Add to Selected Transitions
Can't ﬁnd the transition you're |°°k|ng T T T T T T~ T T T T T
for in the offline pool? Find more in the Selected transitions
Sl Transition = Description Rest Frequency <~ Sky Frequency
| Find More... |
l Reset Filters |
Remove from Selected Transitions
-Cancel
»




Spectral setup in the almaOT (EXAMPLE)

) O 0O ALMA Observing Tool (Cycle3-Patchtests2) - Project
File Edit| ©® O O Select Spectral Lines spective 1

r Transition Filter Transitions matching your filter settings:
|HCN" |  |(double-click column header for primary sort, single-click subsequent columns for secondary sorting. Single clicks will reverse sort order of already select
Include description Transition = Description Rest Freq... £~ |Sky Frequ...|Upper-state E...| Lovas Inte...[  Sij
HCN v=0 )=1-0, F=1-1 Hydrogen Cyanide 88.63 GHz 88.63 GHz |4.254 K 9.6/12.967 ~
Frequency Filters HCN v=0 J=1-0 Hydrogen Cyanide 88.632 GHz  |88.632 G...|4.254 K 17.2|18.911 ]
ALMA Band HCN v=0 J=1-0, F=2-1 Hydrogen Cyanide 88.632 GHz |88.632 G...|4.254 K 17.2/4.946
HCN v=0 J=1-0, F=0-1 Hydrogen Cyanide 88.634 GHz |88.634 G...|4.254 K 6.8/0.989
O 0 3
I T Iy Y I I B =
1 2 3 5 6 7 8 9 10

Sky Frequency (GHz)

Q|I|I|I|I|I|I|I|I|l|
Min E Max E

Receiver/Back End Configuration
Hide unobservable lines

@ Filtering unobservable lines

Maximum Upper-state Energy (K)

0 20 40 60 80 100«

Molecule Filter / Environment

Show |all atoms and molecules |v’

Add to Selected Transitions

Can't find the transition you're looking S T,
for in the offline pool? Find more in the Selected transitions
online Splatalogue.

Transition < Description Rest Frequency <~ Sky Frequency
‘ Find More... ’ HCN v=0 J=1-0 Hydrogen Cyanide 88.632 GHz 88.632 GHz

| Reset Filters ’

Remove from Selected Transitions

-Cancel

»




Spectral setup in the almaOT (EXAMPLE)

ALMA Observing Tool (Cycle3-Patchtests2) - Project
Select Spectral Lines spective 1

Transitions matching your filter settings:
|  |(double-click column header for primary sort, single-click subsequent columns for secondary sorting. Single clicks will reverse sort order of already select

Transition & Description Rest Freq... < |Sky Frequ...|Upper-state E...| Lovas Inte...|  Sij
HCO 1(0,1)-0(0,0), J=3/2-1/2, F=1-0 Formyl Radical 86.708 GHz 86.708 G...[4.161 K 0.04|1.817 =~
HCO 1(0,1)-0(0,0), J=1/2-1/2, F=1-1 Formyl Radical 86.777 GHz  |86.777 G...|4.183 K 0.021|1.817 B
HCO 1(0,1)-0(0,0), J=1/2-1/2, F=0-1 Formyl Radical 86.806 GHz 86.806 G...[4.185 K 0.015/0.619
HCO+ v=0 1-0 Formylium 89.189 GHz |89.189 G...|4.28 K 10.8|15.21
WO
HCO* |
7 8 9 10

e O R B A

Min H max —
Receiver/Back End Configuration

Hide unobservable lines
@ Filtering unobservable lines

Maximum Upper-state Energy (K)

0 20 40 60 80 100«

Molecule Filter / Environment

Show |all atoms and molecules |v’

Add to Selected Transitions

Can't find the transition you're |00k|ng T T T
for in the offline pool? Find more in the Selected transitions

online Splatalogue.

Transition < Description Rest Frequency <~ Sky Frequency
I Find More... ’ HCN v=0 J=1-0 Hydrogen Cyanide 88.632 GHz 88.632 GHz

| Reset Filters |

Remove from Selected Transitions

-Cancel

»




Spectral setup in the almaOT (EXAMPLE)

) O 0O ALMA Observing Tool (Cycle3-Patchtests2) - Project
File Edit| ©® O O Select Spectral Lines spective 1

r Transition Filter Transitions matching your filter settings:
|HCO" |  |(double-click column header for primary sort, single-click subsequent columns for secondary sorting. Single clicks will reverse sort order of already select
Include description Transition = Description Rest Freq... < |Sky Frequ...|Upper-state E...| Lovas Inte...|  Sij
HCO+ v=0 1-0 Formylium 89.189 GHz  |89.189 G...|4.28 K 10.8/15.21 ]

Frequency Filters
ALMA Band

»
~N
U

w1 —
()]
0
o

»

=

Sky Frequency (GHz)

Q|I|I|I|I|I|I|I|I|l|
Min E Max E

Receiver/Back End Configuration
Hide unobservable lines
@ Filtering unobservable lines

Maximum Upper-state Energy (K)

0 20 40 60 80 100«

Molecule Filter / Environment

Show |all atoms and molecules |v’

Add to Selected Transitions|
Can'( ﬁnd the transition you're |°°k|ng T T T T
for in the offline pool? Find more in the Selected transitions

Sl Transition = Description Rest Frequency <~ Sky Frequency
‘ Find More... ’ HCN v=0J=1-0 Hydrogen Cyanide 88.632 GHz 88.632 GHz
HCO+ v=0 1-0 Formylium 89.189 GHz 89.189 GHz

| Reset Filters ’

Remove from Selected Transitions

-Cancel

»




Spectral setup in the almaOT (EXAMPLE)

@ ALMA Observing Tool (Cycle3) ]
ALMA Observing Tool (Cycle3-Patchtests2) - Project
Select Spectral Lines

S—

D)

Transition Filter Transitions matching your filter settings:
IHCO* | [(double-click column header for primary sort, single-click subsequent columns for secondary sorting. Single clicks will reverse sort order of already selected columns

Include description Transition = Description Rest Freq... < |Sky Frequ...|Upper-state E...| Lovas Inte...| Sij p* |Cata.
HCO+ v=0 1-0 Formylium 89.189 GHz  [89.189 G...|4.28 K 10.8/15.21 D* |Offline

Frequency Filters
ALMA Band

Sky Frequency (GHz)

QI'l'I'I'I'I'I'I'I'I
Min E Max E

Receiver/Back End Configuration
Hide unobservable lines

@ Filtering unobservable lines

Maximum Upper-state Energy (K)

0 20 40 60 80 100«

Molecule Filter / Environment

Show |all atoms and molecules |v|

/Add to Selected Transitions

Can't find the transition you're looking AW S
for in the offline pool? Find more inthe  [Selected transitions
online Splatalogue. Transition = Description Rest Frequency < Sky Frequency
| Find More... | HCN v=0J=1-0 Hydrogen Cyanide 88.632 GHz 88.632 GHz
HCO+ v=0 1-0 Formylium 89.189 GHz 89.189 GHz

| Reset Filters |

Remove from Selected Transitions

o ] (o]

| —




Spectral setup in the almaOT (EXAMPLE)

__ & ALMA Observing Tool (Cycle3)

8 00

VO3 =T
ALMA Observing Tool (Cycle3-Patchtests2) - Project

Sun Mar 22 14:19 Alvaro Sanchez

Q

File Edit View Tool Search Help

JEIRRI N El

] Perspective 1

Project Structure

4:|Editors

("Proposal | Program |

9 (& Project
¢ @& Proposal

¢ [J Planned Obse

? . ScienceGoa

LA )% /
“|[ Spectral I Spatial I Spectral Setup I

In the table below, it is possible to define up to 16 spectral windows, 4 per baseband as long as the total Fraction per baseband is no more than 1.
Each baseband is 2GHz wide and can be separately configured i.e. 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

(® Spectral Line
Spectral Type () Single Continuum

() Spectral Scan

Polarization products desired (_) XX @ DUAL ) FULL

Spectral Setup Errors
Baseband-1 : Bandwidth and channel spacing must be set to all spectral windows.

Spectral Line

Fractiol Center Freq Center Freq - h . Spec|Representati
(Rest) (Sky) Transition Bandwidth, Resolution (smoothed) Avg. Window

1/2 88.63160 GHz| 88.63160 GHz|HCN v=0 J=1...|Please select a correlator mode

1/2 89.18853 GHz| 89.18853 GHz(HCO+ v=0 1-0 |[Please select a correlator mode 1

Select Lines to Observe in Baseband-1...

Baseband-2

| Select Lines to Observe in Baseband-2... l I Add H Delete ‘

Baseband-3

[»




Spectral setup in the almaOT (EXAMPLE)

__ & ALMA Observing Tool (Cycle3)

8 00 ALMA Observing Tool (Cycle3-Patchtests2) - Project

BO 3 =0 Sun Mar 22 14:19 Alvaro Sanchez Q

File Edit View Tool Search Help

JEIRRI N El

] Perspective 1

Project Structure 4:|Editors

("Proposal | Program | ' [ Spectral | Spatial | Spectral Setup |

In the table below, it is possible to define up to 16 spectral windows, 4 per baseband as long as the total Fraction per baseband is no more than 1.
Each baseband is 2GHz wide and can be separately configured i.e. 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.

9 (& Project
¢ @& Proposal
¢ [J Planned Obse

? . ScienceGoa Spectral Type
D General =l
[ Field se ® Spectral Line
D Spectral ||: Spectral Type ) Single Continuum
[ calibrati () Spectral Scan
[T control )
D Technic Polarization products desired () XX @ DUAL ) FULL

Spectral Setup Errors
Baseband-1 : Bandwidth and channel spacing must be set to all spectral windows.

Spectral Line
H|=
Baseband-1
Fractiol Center Freq Center Freq - h . Spec|Representati
(Rest) (Sky) Transition Bandwidth, Resolution (smoothed) Avg. Window
1/2 88.63160 GHz| 88.63160 GHz|/HCN v=0 J=1...| 58.504 MHz( 108 km/s). /1.A35 kHz( A.206 km/<) | » .
1/2 89.18853 GHz| 89.18853 GHz/HCO+ v=0 1-0| 58.594 MHz( 198 km/s), 61.035 kHz( 0.206 km/s) il [
117.188 MHz( 396 km/s), 122.070 kHz( 0.413 km/s)
234.375 MHz( 793 km/s), 244.141 kHz( 0.826 km/s)
- - 468.750 MHz( 1586 km/s), 488.281 kHz( 1.652 km/s)
Select Lines to Observe in Baseband-1... l I Add | 937.500 MHz( 3171 km/s), 976.563 kHz( 3.303 km/s)
Baseband-2
| Select Lines to Observe in Baseband-2... l I Add H Delete ‘

Baseband-3

[»




Spectral setup in the almaOT (EXAMPLE)

ALMA Observing Tool (Cycle3) B O 2 = 4 = SunMar22 14:19 AlvaroSanchez Q
O ALMA Observing Tool (Cycle3-Patchtests2) - Project

File Edit View Tool Search Help

~

“
eo

| Perspective 1

(8]0 [¢]m] [o]a)
Project Structure 4:|Editors
("Proposal | Program | ' [ Spectral [ Spatial |"Spectral Setup |

[»

In the table below, it is possible to define up to 16 spectral windows, 4 per baseband as long as the total Fraction per baseband is no more than 1.
Each baseband is 2GHz wide and can be separately configured i.e. each spectral window can have a different bandwidth and resolution.

? = Project :
¢ @ Proposal ‘|l 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.
¢ [ Planned Obsen|| :
¢ ScienceGoal| | Spectral Type

[ Generallf| =]

[ Field Seq||: @ Spectral Line

D Spectrallf| - Spectral Type () Single Continuum =
[ calibratif| - ) Spectral Scan

D Control

b2 [ ]
[ Technic Polarization products desired () XX @ DUAL ) FULL re S O I l l tl O n

Spectral Setup Errors
Baseband-1 : Bandwidth and channel spacing must be set to all spectral windows.

Spectral Line

H|=
Baseband-1
A Cer(i;eersgreq Cen(tsekryl)—'req Transition Bandwidth, olution ( othed) S:vegc. Repvrveirslggfztl
1/2 88.63160 GHz| 88.63160 GHz/HCN v=0 J=1...| 58.504 @H7( 198 km/s). .A39KkH7( A.2AR km/s) v |1 O
1/2 89.18853 GHz| 89.18853 GHz/HCO+ v=0 1-0| 58.594 #iHz( 198 km/s), 6W 038 kHz( 0.206 km/s) 1 -
117.188@MHz( 396 km/s), 12078 kHz( 0.413 km/s)
234.375@MHz( 793 km/s), 244414 kHz( 0.826 km/s)
468.750WHz( 1586 km/s), 488 28W kHz( 1.652 km/s)
Select Lines to Observe in Baseband-1... I | Add 937.500 z( 3171 km/s), 97¥.56 Hz( 3.303 km/s)
Baseband-2

| Select Lines to Observe in Baseband-2 °
bandwidth




Spectral setup in the almaOT (EXAMPLE)

@ ALMA Observing Tool (Cycle3) QO 32 =0 Sun Mar 22 14:19 Alvaro Sanchez Q
8 00 ALMA Observing Tool (Cycle3-Patchtests2) - Project

File Edit View Tool Search Help

JEIRRI N & (@]

] Perspective 1

Project Structure

WA

Editors

("Proposal | Program |

9 (& Project
¢ @& Proposal
¢ [J Planned Obse
? . ScienceGoa
D General
[ Field se
[y spectral

[T control
[ Technic

[ calibrati

[ spectral | Spatial | Spectral Setup |

In the table below, it is possible to define up to 16 spectral windows, 4 per baseband as long as the total Fraction per baseband is no more than 1.
Each baseband is 2GHz wide and can be separately configured i.e. 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

=
(® Spectral Line
Spectral Type () Single Continuum
() Spectral Scan
Polarization products desired (_) XX @ DUAL ) FULL
Spectral Setup Errors
Spectral Line
=l
Baseband-1
Fractiol Center Freq Center Freq - ) . Spec|Representati
(Rest) (Sky) Transition Bandwidth, Resolution (smoothed) Avg. Window
1/2 88.63160 GHz| 88.63160 GHz/HCN v=0 J=1...| 117.188 MHz( 396 km/s), 122.070 kHz( 0.413 km/s) 1 (O]
1/2 89.18853 GHz| 89.18853 GHz|HCO+ v=0 1-0| 117.188 MH7( 304 km/s). 122.A70 kH7( @.410 km/s) (w1 )
Select Lines to Observe in Baseband-1... | I Add l I Delete I
Baseband-2
Select Lines to Observe in Baseband-2... | I Add I { Delete ‘

Baseband-3

[»

[




Spectral setup in the almaOT (EXAMPLE)

® ALMA Observing Tool (Cycle3) B O 3 = 4 (= SunMar22 14:20 AlvaroSanchez Q
—_— -
8 00 ALMA Observing Tool (Cycle3-Patchtests2) - Project
File Edit View Tool Search Help I Perspective 1
o] [é[m (o] d]
Project Structure : Editors
("Proposal | Program | | Spectral [ Spatial [ Spectral Setup |
o = Project / In the table below, it is possible to define up to 16 spectral windows, 4 per baseband as long as the total Fraction per baseband is no more than 1. B
@‘JPr | Each baseband is 2GHz wide and can be separately configured i.e. each spectral window can have a different bandwidth and resolution.
¢ oposa 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.
¢ [JPlanned Obsen|
? ScienceGoal| | Spectral Type
[ General || - (=]
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