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Abstract

O bzervational medes including multi-rezolution eperation supported by the AT MA
cowelator hardware and ficmw are are presented.

Introduction

A lot of work has recently been done on observational mede support in the ATMA
cowelator. Mede charte outlining the capacity of the baceline correlator were onginally

presented in the B version of the correlator specifications and requirements document,
ATMA-A0.00.00 00-001-B-SPE. In developing the firmware necezzary to support the

modes in the system, 4 modes defined in this spec were discovered to be impossible

hecanse of hardware connactivity limitations in the carmelator

The capacity for molti-resolotion operation in the correlator has alzo reeently heen
defined and will be described below.

Discussion in this memo will be from a hardware and ficmware standpoint, giving the
capabilities of the system.
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Table 1 Mode chart with one baseband channel per quadrant being processed

Mode # Mumber of cub- Total HMumber of Spectral Welcoity resclution Corralation Sample Factor IMinimum Sensitivity**
channe! filters Bandwidth | Spectral Points Rezolution at 230 GHz dump time*

1 32 2 FH=z §192 244 1H= 032 kmis 2-bit x 2-bit Myquist | 512 moec 0. 88
19 32 2 FH=z 4RE 488 kH= 064 kmi's 2-bit x 2-bit Twice Myquizt 256 moec 094
38 32 2 GH:z 2045 976 kHz 128 km'= 4-bitx 4-bit wquist 128 meec 0,99
2 l& 1 GHz alaz 122 kHz 0.16 km's 2-bitx 2-bit Iyquist 512 mzec 0. 88
X0 l& 1 GHz 405G 244 kHz 0.32 km's 2-bitx 2-bit Twice Mwquist 256 moec 0.94
» L& 1 GHz 045 458 kHz 0,64 kmis 4+-bitx 4-bit Iyquist 128 meec 0,99
53 16 1 GH=z 1024 976 kHz 128 km'= 4+-bitx 4-bit Twrice Myquist &4 mzec 0.99
3 8 500 MHz glaz 6l kHz 0.08 km's 2-hitx 2-bit Iwquist 512 meec 0,35
21 g S0 MHz 40965 122 kHz 0,16 km's 2-hit x 2-bit Twrice Iwquist 256 meec 0,94
40 8 500 MHz 2045 44 kHz 0.32 km's 4-bit x4-bit Iwquist 128 mzec 0.9
- g S0 MHz 1024 458 kHz 0,64 km's 4-bit x 4-bit Twrice [wquist 54 meec 0,99
4 4 250 MHz 2102 30 kH:z 0.04 kmis 2-bit x 2-bit Iyquist 512 mosc 0,53
23 4 250 MHz 409G 6l kHz 0.08 km's 2-bit x 2-bit Twrice FMyquist 256 moec 0.94
41 4 250 MHz 048 122 kHz 0,16 km's 4-bit x4-bit Iyquist 128 mesc 0,69
55 4 250 MHz 1024 244 kEHz 0.32 km's 4-bit x 4-bit Twrice Myquist 64 neec 0.99
5 2 125 MHz alaz 15 kH:z 0.02 km's 2-hit x 2-bit Iyquist 512 mosc 0. 88
23 2 125 MH=z 400G 0 kH: 0.04 km's 2-bit x 2-bit Twrice Myquist 256 meosc 0,04
42 2 125 MHz 2045 6l kHz 0.08 km's 4-bit x 4-bit Tyquist 128 moec 0.99
S 2 125 MHz 1024 122 kHz 0.16 km's 4-bit x 4-bit Twrice Myquist 64 meec 0,90
G 1 62.5MHz alaz T kHz 0.01 km's 2-bitx 2-bit Iwquist Sl2neec 0,88
24 1 625 MHz 4G5 15 kHz 0.02 kmis 2-bit x 2-bit Twrice Ipquist 256 meosc 094
43 1 625 MHz 045 W kH: 0.04 km's 4-bit x 4-bit Iwquist 128 mzec 0.99
ET) 1 625 MHz 1024 5l kHz 0,08 km's 4-bit x4-bit Twrice Ipquist 54 neec 0,99
25 1 3125 MH:z gle2 38 kH:z 0.005 km's 2-bit x 2-bit Twrice Ipgquist S12 mosc 094
58 1 3125 MHz 48 15 kH=z 0.02 km's 4-bit x4-bit Twrice MNyquist 128 mzec 0.9
=5 Time Divicion Mode 2 GH:z 4 3l 25 MHz 40.8 km's 3-hit x 3-bit Iwquist & meec 100
Tl Time Divicion Mode 2 GH:z 256 T.8125 MHz 10.2 km's 2-hit x 2-bit Iyquizt 16 meec 0,88

¥ Assnming all products, all lags, transferred from correlator to Correlator Data Proceszor computer (in milli-zeconds).

* *Multiply numbers in this column by the 096 sen sitivity imposzed by the 3-bit input digitizer.
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Table 1 Mode chart with one baseband channel per quadrant being processed

Mode # MNumber of sub- Tatal HNumberof Spectral Welcoity resclution Correlation Sample Factor Minimum Sensitivity**
channe! filters Bandwidth | Spectral Points Rezolution at 230 GHz dump time*
J. 3" - - = 2107 I I = TN N - I - I Y LI i =19 [ =1
1 3: = = I L IvlLL Ty ke | I
38 % S6 2 125 MH= L1024
2 1g
0 Ie & 1 625 MH= 192
» 19
= e 24 1 625 MH= 4G
3 3
o 3 43 1 025 MH: 2045
40 ] =
= 0 a7 1 025 MH: 1024
Fl Fl
= = 25 1 3125 MH: 2192
41 Fl
= B o8 1 31.25 MH: A5
5 2 3 ==
5] 3 oo, | Time Divicion Mode 2 GHz o
42 2 — . 2 o o
z : 71 Time Divizion Mode 2 GH: 256
G 1
24 1
43 1 625 MH=z 20438 0 kH= 0.04 km's d-bitx 4-bit Iwquist 128 mzec 0,89
a7 1 52,5 MHz 1024 Gl kHz 0.08 km's 4-bit x4-bit Twrice Ipquist G4 meEsc 0.5
25 1 31.25 MHz 192 3R EHz 0,005 kmis 2-bit x 2-bit Twrice Ipgquist 512 moec 054
S5 1 3125 MHz M8 15 kH=z 0.02 km's d-bit x4-bit Twrice MNyquist 128 mzec 059
ﬂ Time Divicion hode 2GH= 4 3125 WH= 40,8 km's 3-bit x 3-bit Iwquist 16 meec 1.00
N Time=Divicionhiods= 2iGH=z 2565 T.8125 MHz 10.2 km's 2-bit x 2-bit Iyquizt L& mee=c 0. 55
~

¥ Assnming all products, all lags, transferred from correlator to Correlator Data Proceszor computer (in milli-zeconds).

* Jultiply numbersin this column by the 096 sen sitivity imposad by the 3-bit mnput digitizer.
ply ¥ ¥unp ¥ P 2



Receiver bands

Atmospheric transmission at Chajnantor, pwv = 0.5 mm
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Band 3 Band 6 Band 7 Band 9 Band 4 Band 8 Band 10
HIA NRAO IRAM NOVA NAOJ NAOJ NAOJ

B3 84-116 GHz HIA B/ 275-373 GHz IRAM
B4 125-163 GHz NAOJ] B8 385-500 GHz NAOQOJ]
B5 163-211 GHz 0OSO BS 602-720 GHz NOVA

B6 211-275 GHz NRAO B10 /87-950 GHz NAOJ



Receiver bandwidth

Heterodyne receivers are sensitive to Lower Side Band and
Upper Side Band

LSB LO USB

Receivers can be
e DSB outputs the sum LSB + DSB - separated in the correlator
e SSB outputs LSB or DSB
e 2SB outputs LSB and DSB separately



IRAM receivers

PdBI SSB receivers 4-8 GHz (4 GHz bandwidth LSB or USB)

4 4 L g \ g

EMIR090 2SB receivers 4-12 GHz (16 GHz bandwidth)

4 4 4

EMIR150 and EMIR230 SSB receiver 4-8 GHz

4 4 L g \ g

EMIR330 2SB receivers 4-8 GHz (8 GHz bandwidth)

4 4 4 ¢

Receivers have 4 to 16 GHz X 2
bandwidth polarizations




ALMA receivers

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

4 4 4 ¢

ALMA B6 2SB receivers 6-10 GHz

4 4 4 ¢

ALMA B9 + B10 DSB receivers 4-12 GHz

¢ ¢

All ALMA receivers bands X 2
have 8 GHz bandwidth polarizations




’\ ALMA correlator

e ALMA correlator = 4 basebands
e Each baseband processes
— 64 antennas (2016 baselines)
— 2 polarizations
— 2 GHz input

e Each baseband can be centered anywhere* in the
incoming 8 GHz

o All four basebands can be setup independently

(* Minor limitations because of LOs finite step)



ALMA correlator

o Physically: correlator = 4 quadrants
e Full ALMA: 1 quadrant = 1 baseband
e <16 antennas : 1 quadrant = 4 basebands




PdBI
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ALMA : basebands

EUROPEAN ARC
ALMA Regional Centre || IRAM

ALMA BAND 3 FREQ test 100.00000 LSEB 8000.00 [v= 0.0 km/s]
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S ,\ Basebands modes

1 polarization output (H or V)

e 2 GHz 8192 channels x 1 Pol = 244 kHz resol.
e 1 GHz 8192 channels x 1 Pol = 122 kHz resol.
e 500 MHz 8192 channels x 1 Pol = 61 kHz resol.
e 250 MHz 8192 channels x 1 Pol = 30 kHz resol.
e 125 MHz 8192 channels x 1 Pol = 15 kHz resol.
e 64 MHz 8192 channels x 1 Pol = 7.5 kHz resol.
e 31.25 MHz 8192 channels x 1 Pol = 3.8 kHz resol.
e Continuum mode 256 ch. x 1 Pol = 7.5 MHz resol.




ALMA : basebands

EUROPEAN ARC
ALMA Regional Centre || IRAM

ALMA BAND 3 FREQ test 10000000 LSEB 000,00 [v= 0.0 km/s]
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S ,\ Basebands modes

1 polarization output (H or V)

e 2 GHz 8192 channels x 1 Pol = 244 kHz resol.
e 1 GHz 8192 channels x 1 Pol = 122 kHz resol.
e 500 MHz 8192 channels x 1 Pol = 61 kHz resol.
e 250 MHz 8192 channels x 1 Pol = 30 kHz resol. | FDM
e 125 MHz 8192 channels x 1 Pol = 15 kHz resol.
e 64 MHz 8192 channels x 1 Pol = 7.5 kHz resol.
e 31.25 MHz 8192 channels x 1 Pol = 3.8 kHz resoI.J
e Continuum mode 256 ch. x 1 Pol = 7.5 MHz resol. TDM

Frequency/Time division modes




S ,\ Basebands modes

2 polarization outputs (H and V)

e 2 GHz 4096 channels x 2 Pol = 488 kHz resol.
e 1GHz 4096 channels x 2 Pol = 244 kHz resol.
e 500 MHz 4096 channels x 2 Pol = 122 kHz resol.
e 250 MHz 4096 channels x 2 Pol = 61 kHz resol.
e 125 MHz 4096 channels x 2 Pol = 30 kHz resol.
e 64 MHz 4096 channels x 2 Pol = 15 kHz resol.
e 31.25 MHz 4096 channels x 2 Pol = 7.5 kHz resol.
e Continuum mode 128 ch. x 2 Pol = 15 MHz resol.

Baseband = 8192 channels




S ,\ Basebands modes

4 polarization outputs (HH, VV, HV, VH)

e 2 GHz 2048 channels x 4 Pol = 976 kHz resol.
e 1GHz 2048 channels x 4 Pol = 488 kHz resol.
e 500 MHz 2048 channels x 4 Pol = 244 kHz resol.
e 250 MHz 2048 channels x 4 Pol = 122 kHz resol.
e 125 MHz 2048 channels x 4 Pol = 61 kHz resol.
e 64 MHz 2048 channels x 4 Pol = 30 kHz resol.
e 31.25 MHz 2048 channels x 4 Pol = 15 kHz resol.
e Continuum mode 64 ch. x4 Pol = 31 MHz resol.

Baseband = 8192 channels




Examples

8l cuROPEAN ARC
LY ALMA Regional Centre || IRAM

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

ALMA B6 2SB receivers 6-10 GHz
ALMA B9 + B10 SSB receivers 4-12 GHz
oo 1 1T F ¢ *

<

Four basebands covering 8 GHz




Examples

ALMA B9 + B10 SSB receivers 4-12 GHz

Four basebands with different B9 + B10: choiEe of LSB vs USB
width/resolution done for each baseband




Summary

4 )

e 4 independent spectral windows
e 2 GHzto 31.25 MHz bandwidth
— 1, 2, or 4 polar. products

— 8192 channels
e *QR* 2 GHz continuum
\_ )
e NB: real bandwidths are smaller: real resolutions are higher:
— 1800 instead of 2000 MHz 1.2 to 2 times the channel
— 938 instead of 1000 MHz spacing

— 469 instead of 512 MHz
— 234 instead of 256 MHz
— 117 instead of 128 MHz
— 58.6 instead of 64 MHz



Summary

4 )

4 independent spectral windows
e 2 GHzto 31.25 MHz bandwidth
— 1, 2, or 4 polar. products
— 8192 channels

e ¥*OR* 2 GHz continuum
\ Z inuu Y

e Anything more?



Each mode comes in 2 to 4 flavors: 2,3, or 4 bits
correlation and Nyquist/twice Nyquist sampling >
gain in sensitivity but loss in spectral points

Table 1 Mode chart with one baseband channel per quadrant being processed

Mode # Mumber of cub- Total HMumber of Spectral Welcoity resclution Corralation Sample Factor Sensitivity**
channe! filters Bandwidth § Spectral Points Rezolution at 230 GHz
1 32 2 GFH=z §192 244 1:H= 032 kmis 2-bit x 2-bit Myquist 0. 88
19 32 2 GH=z 4RE 488 kH= 064 kmi's 2-bit x 2-bit Twice Myquizt 094
38 32 2 GH:z 2045 976 kHz 128 km'= 4-bitx 4-bit Myquist 0,99
2 l& 1 GHz 122 kHz 0.16 km's
X0 l& 1 GHz 244 kHz 0.32 km's 2-bitx 2-bit Twice Mwquist 256 moec 0.94
» L& 1 GHz 045 458 kHz 0,64 kmis 4+-bitx 4-bit Iyquist 128 meec 0,99
53 16 1 GH=z 1024 976 kHz 128 km'= 4+-bitx 4-bit Twrice Myquist &4 mzec 0.99
3 8 500 MHz glaz 6l kHz 0.08 km's 2-hitx 2-bit Iwquist 512 meec 0,35
21 g S0 MHz 40965 122 kHz 0,16 km's 2-hit x 2-bit Twrice Iwquist 256 meec 0,94
40 8 500 MHz 2045 44 kHz 0.32 km's 4-bit x4-bit Iwquist 128 mzec 0.9
- g S0 MHz 1024 458 kHz 0,64 km's 4-bit x 4-bit Twrice [wquist 54 meec 0,99
4 4 250 MHz 2102 30 kH:z 0.04 kmis 2-bit x 2-bit Iyquist 512 mosc 0,53
23 4 250 MHz 409G 6l kHz 0.08 km's 2-bit x 2-bit Twrice FMyquist 256 moec 0.94
41 4 250 MHz 048 122 kHz 0,16 km's 4-bit x4-bit Iyquist 128 mesc 0,69
55 4 250 MHz 1024 244 kEHz 0.32 km's 4-bit x 4-bit Twrice Myquist 64 neec 0.99
5 2 125 MHz alaz 15 kH:z 0.02 km's 2-hit x 2-bit Iyquist 512 mosc 0. 88
23 2 125 MH=z 400G 0 kH: 0.04 km's 2-bit x 2-bit Twrice Myquist 256 meosc 0,04
42 2 125 MHz 2045 6l kHz 0.08 km's 4-bit x 4-bit Tyquist 128 moec 0.99
S 2 125 MHz 1024 122 kHz 0.16 km's 4-bit x 4-bit Twrice Myquist 64 meec 0,90
G 1 62.5MHz alaz T kH=z 0.01 km's 2-bitx 2-bit Iwquist Sl2neec 0,88
24 1 625 MHz 4G5 15 kHz 0.02 kmis 2-bit x 2-bit Twrice Ipquist 256 meosc 094
43 1 625 MHz 045 W kH: 0.04 km's 4-bit x 4-bit Iwquist 128 mzec 0.99
7 1 625 MHz 1024 5l kHz 0,08 km's 4-bit x4-bit Twrice Ipquist 54 neec 0,99
25 1 3125 MH:z gle2 38 kH:z 0.005 km's 2-bit x 2-bit Twrice Ipgquist S12 mosc 094
58 1 3125 MHz 48 15 kH=z 0.02 km's 4-bit x4-bit Twrice MNyquist 128 mzec 0.9
=5 Time Divicion Mode 2 GH:z 4 3l 25 MHz 40.8 km's 3-hit x 3-bit Iwquist & meec 100
Tl Time Divicion Mode 2 GH:z 256 T.8125 MHz 10.2 km's 2-hit x 2-bit Iyquizt 16 meec 0,88

¥ Assnming all products, all lags, transferred from correlator to Correlator Data Proceszor computer (in milli-zeconds).

* Jultiply numbersin this column by the 096 sen sitivity imposad by the 3-bit mnput digitizer.
ply ¥ ¥unp ¥ P 2




Summary

~

e 4 independent spectral windows
e 2 GHzto 31.25 MHz bandwidth
— 1, 2, or 4 polar. products
— 8192 channels
e *OR¥* 2 GHz continuum
\_ J

e The resolution of each mode can be degraded to increase the
sensitivity (more bits correlation and/or higher sampling)

e Anything more?



Multi-regions
modes

Goal = observe several spectral windows in one baseband

Multi-regions: basic mode can be split in several windows
Basic unit = 62.5 MHz regions

Spectral windows share the same mode, i.e. the same resolution,
polarization output, etc

Example: 500 MHz x 4096 channels x 2 Pol (122 kHz resol.)
- 8 spectral windows of 62.5 MHz
X 1024 channels x 2 Pol (122 kHz resol.)

Only possible with modes 125 MHz — 1 GHz



ALMA BAND 3 FREQ test 100.00C00 LSB &000.00 [V= 0.0 km/s]
BASEBAND 2 is centered at IF1 = 5700.00 MHz (LSB) RF = 100.30000 GHz
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ALMA BAND 3 FREQ test 100.00C00 LSB &000.00 [V= 0.0 km/s]
BASEBAND 2 is centered at IF1 = 5700.00 MHz (LSB) RF = 100.30000 GHz

Rest frequency (GHz) — LSB Rest frequency {GHz) — USB
L G4 100 101 102 110 i 112 143 114
L S | SRR e T B gt '
& 5 a5 g? @"? ﬁ*“‘ S Py & e
1 | | | I g Ei!
| | | |EBATD/ | | | | [ E?ANDl : | | | N | | | Ty |
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O & 5 3 Four spectral

windows with
same spectral

4— resolution

8192 channels
in total

B500 BOCO ool 2000

Intermediate frequency (MHz)




Multi-resolution
modes

Goal = observe several spectral windows in one baseband

The modes can be degraded in order to use only a fraction of the
correlator 2> reduce number of channels, free correlator
resources for another window

Spectral windows are independent, can have different
resolution, polarization output, etc

1 GHz x 1 pol x 8192 channels  100%b correlator
1 GHz x 1 pol x 4192 channels 50%b correlator
125 MHz x 1 pol x 8192 channels 100% correlator
125 MHz x 1 pol x 4192 channels 50% correlator

Not all modes/combinations possible (e.g. 2 GHz = 100% only)



Table |: Multi-resolution mode possibilities |

e loderlifer

Corr Mode
Numiber BYWY
z 12Hz -
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4 280MHs -
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12 B oMl -
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M2 E

S Al
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i
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ALMA BAND 3 FREQ test 100.00C00 LSB &000.00 [V= 0.0 km/s]
BASEBAND 2 is centered at IF1 = 5700.00 MHz (LSB) RF = 100.30000 GHz

Rest frequency (GHz) — LSB Rest frequency {GHz) — USB
L G4 100 101 102 110 i 112 143 114
L S | SRR e T B gt '
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1 | | | I g Ei!
| | | |EBATD/ | | | | [ E?ANDl : | | | N | | | Ty |

3 Rest frequency (GHz) — LSBE \
89,5 100 100.2 10

2 ° 5 Four spectral
windows with
J_ different spectral
resolution

8192 channels in
L | I ) A | | i | | . | ; . tOta|
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Intermediate frequency (MHz)



Summary

e 4 independent basebands
e Basic modes:
— 2 GHz to 31.25 MHz bandwidth / 8192 channels
— Each mode have sub-modes [more sensitivity, less resolution]
— Continuum mode
e Multi-regions modes:
— Several windows per baseband
— All with the same width/resolution
e Multi-resolution modes:
— Several windows per baseband
— Different widths/resolutions [less than in basic modes]



Early science

e 4 independent basebands
e Basic modes:

— 2 GHz to 31.25 MHz bandwidth / 8192 channels

Eorel ot I s N bt

— Continuum mode
ulti-regions modes:
ral windows per bas

— All wit same y#dth/resolution
e Multi-resolutj




Ea I‘Iy SCIr Limitation: the

four basebands
are not
independent:

_ —» must share the
e 4 independent basebands — same mode
e Basic modes:

— 2 GHz to 31.25 MHz bandwidth / 8192 channels
Eorel - I s N bt
— Continuum mode
ulti-regions modes:
ral windows per bas

— All wit same /resolution
e Multi-resolutj




Early Science

TDM modes Point Spacing (MHz)

Band- MHz 7.8 15.6 31.3

width 1800 1 2 4
FDM modes Spacing of spectral points (kHz)

Band- | MHz 7.6 | 153 | 30.5 | 61 | 122 | 244 | 488 | 977
width | 1800 1 2 4
938 1 2 4
469 1 2 4

234 1 2 4
117 1 2 4
58.6 1 2 4

Number of cross-products as a function of

bandwidth/resolution for one baseband

Highest priority modes (ASAC)




Early Science

TDM modes Point Spacing (MHz)
Band- MHz 7.8 15.6 31.3
width 1800 1 2 4

FDM modes Spacing of spectral points (kHz)

Band- | MHz 7.6 | 15.3 30.5 | 61 | 122 | 244 | 488 | 977
width | 1800 1 2 4

NB: must use 4 cross-products for B7, because
polar. not identical on all antennas

234 1 2 4
117 1 2 4
58.6 1 2 4

Number of cross-products as a function of

bandwidth/resolution for one baseband
Highest priority modes (ASAC)




< ’\ Observing Tool
ALMA Regional Centre || IRAM

e In the Observing Tool (demo on Wednesday)
— Choose 4 or more spectral windows
— Choose lines
e The OT finds receiver tuning
— Choose a correlator mode = resolution/width
e The OT proposes the list of modes available



Agl Project (0) - Observing Tool for Chajnantor, version [UT7.1p3]
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- [T Conclusion
ALMA Regional Centre || IRAM

o Early Science: 4 spectral windows + restrictions
e Full ALMA: a very flexible system

— Easy to define simple settings

— Much more difficult to optimize complex settings

e Bure-like scripts available in ASTRO
e Exercise with the OT as soon as it is available



: EUROPE;A ACA -
ALMA Regional Centre || IRAM

o ACA (12 x 7m antennas) has its own correlator
e Very different design (XF vs FX)

e But will provide the very same modes
(bandwidth/resolution) than the main
correlator

—->Needed to merge the data into one single set



