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INAF radio telescopes

Observing modes:

SD
Pulsar
VLBI

Share the same control software
and data format

In operation: 300 MHz — 26(+) GHz
Total intensity, spectropolarimetry
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Simple search ~ VLBHT search ~ SDsearch  Pulsar search

WARNING!
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Single-Dish Observations: scan types (main/current)

Y (spatial coordinate)
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X (spatial coordinate)

Measured quantity:
raw counts(x,y,lambda,Pol).

at a given sampling rate
delta_t



Single-Dish Observations: scan types (main/current)

Y (spatial coordinate)
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Single-dish data format

xterm
N

tyrann:~/home2/escs/archivioDati/exampledats

20150415-120831-19-18-0528+134>

20190415-120831-19-18-0528+134_023_002.fits 20190415-121134-19-18-0528+134_023_011.fits
20190415-120851-19-18-0528+134_023_003.fits 20190415-121154-19-18-0528+134_023_012.fits

20190415-120911-19-18-0528+134_023_004.fits

20190415-121215-19-18-0528+134_023_013.fits

20190415-120932-19-18-0528+134 023 005.fits 20190415-121235-19-18-0528+134_023_014.fits

0415-120952-19-18-0528+134_023_006,TiT=> 20190415-121255-19-18-0528+134_023_015.fits

2019Q415-12T0T2-T9-18-0528+139_023_007.fits 20190415-121316-19-18-0528+134_023_016. flts

20190415-121033-19-18-0528+134_023_008.fits 2

20190415-121053-19-18-0528+134_023_009.fit

um_20190415-120831-19-18-0528+134. fits

20190415N121113-19-18-0528+134_023_010.fits

tyrann:~/Nome2/escs/archivioDati/exampledata/20190415-120831-19-18-0528+134> i

n subscan FITS files

X

File Edit Tools b He«p‘
Index Extension Type Dimension View
-0 Primary image 0 Header | Image | Table
1 SECTION TABLE Binary 5 cols X 2 rows Header ﬂ'i’i’ Select
a2 RF INPUTS Binary 9 cols X 2 rows e Mﬂli] =
a3 FEED TABLE Binary 4 cols X 2 rows eader | wist | Pt | s | select
4 DATA TABLE Binary 12 cols X 364 rows Hoader | st | Mot | A1 | selct
5 ANTENNA TEMP TABLE Binary 2 cols X 364 rows [ i] LJ seect |

1 Scan =1 ObsCore entry

One Scan: folder containing...

1 Summary FITS file

-

# fv: Header of Sum_20190415-120831-19...ch/escs/archivioDati/figure-radioig/ v ~ @

File Edit Tools Help ‘
Search for: #| Fnd |case sensitive? Mo |
SIMPLE = T / file does conform to FITS standard (2
BITPIX = 32 / rnumber of bits per data pixel

NAXIS = 0 / rumber of data axes

EXTEND = T / FITS dael:\eet may contain extensions
CREATOR = DISCOS '/ Software (incl, version
FITSVER = 'V.1.1 / FITS version
PROJID = '19- 18 / ProjectID
[TELESCOP = 'Medicina' / Telescope name

h N: 2. s Name of the sche

-04-15T12: .123"

0914 6269 / Local sxdereal
HIERARC!! RightAscension = 1.44399990196676 / Ta:get right ascension (radians)
HIERARCH Declination = 0.236177954379873 / Target declination (radians)

EQUINOX = 2000.00 / Equinox of RA, Dec
34" /

OBJECT = '0528+1 Taxget source name
SCANTYPE = ' /s type
EXPTIME = 229. 71998 / Total mteg'zatxon time (seconds)

HIERARCH ReceiverCode = 'KKC / Receiver name =
HIERARCH BackendName = 'TotalPower' / Backend name
= Number of sections
FREQ1 = 23500. 0000000 / Start frequency of the Nth section (MHz)
BVID1 = 1200. 00000000 / Bandwidth of the Nth section )
HIERARCH POLATYPEl ='LCP ' / LCP, RCP, HLP, VLP, stokes type of the Nth sect
HIERARCH FREQBINS1 = 1 / Number of spectral bins of the Nth section
HIERARCH FREQRESOL1 = 1200. 0000 / Frequency resolution of the Nth section (MHz)
HIERARCH RESTFREQL = 0 / Rest frequency of the Nth section (MHz)

12 23500. 0000000 / Start frequengeof the Nth section (MHz)
1200. 00000000 / Bandwidth of Nth section (MHz)
HIERARCH POLATYPE2 ='RCP ' / LCP, RCP, HLP, VLP, stokes type of the Nth sect
HIERARCH FREQBINS2 = 1 / Number of spectral bins of the Nth section
HIERARCH FREQRESOL2 = 1200.0000 / Frequency resolution of the Nth section (MHz)
HIERARCH RESTFREQ2 = -999.
-999.000000000 / Scan start x coordinate (degree, optional)

00000 / Rest frequency of the Nth section (MHz)

XMINDEG =

XMAXDEG = -999. 000000000 / Scan end x coordinate (degree optional)
'YMINDEG = -999. / Scan start y coordinate (degree, optional)
NANFR = -0QQ ANNNANNNN / Sran and © ranrdinate (denres ankianal)

K -]/
I
ERARCH ScheduleName = '19-18 K_a.scd' / Name of the achedule |




Mapping SD data into ObsCore

OK Focus on

calib_level dataproduct_type

obs_collection s _fov, s_region, s xell, s xel2
obs id, obs_publisher_did t resolution, t_xel

access_url, access_format em_res_power, em_min, em_max

access_estsize

target nhame, s_ra, s_dec

t min,t_max, t_exptime
(pol_states), pol_xel
(facility_name), instrument_name



dataproduct_type (1)

On-Off, frequency switching: dataproduct type = spectrum (but see next slides)

Raster/OTF map: dataproduct_type = cube (but see next slides)

OTF cross scan, skydip scan: new value for dataproduct_type = spatial-profile?



dataproduct_type (2)

It is possible to have more than one spectral window in the same scan, differing in
bandwidth and spectral resolution. Examples:

- each spectral window is centered at a different frequency

- spectral windows at same frequency with increasing resolution (“zoom mode”)

SectO L

Elevation = 38.4 deg
Azimuth = 28.9 dec

Sample time

Bad track samples = 0.0% NG 2224 GHz en.Freq_ Cen.Freq = 22.24 GHz ol CenFreg = 22.24 GHz
MHz i 3 8 Hz BW = 1.95 MHz xo'l B Olag s
§ i




Multifrequency setup

Select... Freq min Freq max Bandwidth  Specres Rest freq
- [MHz] [MHz] [MHz] [MHz] [MHz] Freq bins  Pol
2223518475 2224299725 78125 0.0038146973  22235.07985 2048 LcP
2223518475 22242.99725 7.8125 0.0038146973  22235.07985 2048 RCP
222381144375 222400675625 1953125  9.5367432E-4  22235.07985 2048 LcP
222381144375 222400675625 1953125  O.5367432E-4  22235.07985 2048 RCP
Rows displa 5735 8468504  22239.33514065 0.48828125  2.3841858E-4  22235.07985 2048 LcP
22238.8468504 2223033514065 0.48828125  2.384185BE-4  22235.07985 2048 RCP
O File name Policy Projid RA 212 Obs date 22207 841 22270.341 625 0030517578 22235.07985 2048 LcP
22207 841 22270341 625 0030517578 22235.07985 2048




Multifrequency setup

Wobbler Select...

B Creator

B Format version

File name

20190406-040544-13-19-G358.93-0.03 tar
20190419-025725-13-19-G358.93-0 .03 tar
20190422-013655-13-19-Skydip tar
20190422-014516-13-19-3C286 tar

20190422-015546-13-19-G358.93-0.03 tar

Policy

FREE

FREE

FREE

FREE

FREE

Proj id

13-19

13-19

13-19

13-19

13-19

o

R#

17

17

13

13

17

Freq min
[MHz]

2223518475

22235.18475

22238.1144375

222381144375

22238.8468594

22238.8468504

22207 841

22207 .841

Freq max
[MHz]

2224299725

2224299725

22240.0675625

222400675625

22239.33514065

22239.33514065

22270.341

22270.341

Bandwidth Specres
[MHz] [MHz]

é )
7.B125 0.0038146873
\ 78125 0.0038146973 J
r1.55!531:25 9.536?432541
| 1.953125 9.5367432E-4 )
rl::|.48828125 ?_.3841858E-41
| 0.48828125  2.3841858E-4

62.5

G62.5

0.030517578

0.030517578

Rest freq
[MHz]

22235.07985

22235.07985

22235.07985

22235.07985

22235.07985

22235.07985

22235.07985

22235.07985

Freq bins

2048

2048

2048

2048

2048

2048

2048

2048

Pol

LCP

RCF

LCP

RCP

LCP

RCF

LCP

RCF




dataproduct_type (2)

It is possible to have more than one spectral window in the same scan, differing in
bandwidth and spectral resolution. Examples:

- each spectral window is centered at a different frequency

- spectral windows at same frequency with increasing resolution (“zoom mode”)

When multiple frequency setups are present, need to «advertise» it (scientific
content is relevant!) without confusing the user with too many details during first
discovery.

New values for dataproduct_type = multifrequency (...or?)



Geometry: s fov,s region,s xell, s xel2

Peculiar cases in the radio domain [not a typical (x,y)
image]

ON-OFF: two fixed positions ® ®
O OFF

OTF Cross Scan: axes lengths have not the same =
geometrical meaning as in a typical image.

Multi-feed receivers (typically used for mapping and
nodding): requires computations on the feed geometry
during mapping.




SRT 7-feed receiver: mapping strategy

Sky




SRT 7-feed receiver. mapping strategy

Moving on sky
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Time in SD data: t_resolution
t resolution is defined as the temporal resolution FWHM, not meaningful for SD?

SD: (x,y) positions measured at a fixed sampling rate delta_t. Sampling rate does
not vary in a scan. Measured: raw counts(x,y,lambda,Pol)

t resolution = NULL



Multifrequency

The presence of many spectral windows affects em_min, em_max,
em_res power/em resolution but also s_resolution, s_region and s_fov.
Multiple values, give the best (more representative) one

em_res power: it is defined as the optical resolving power (adimensional,
delta_lambda/lambda).

The radio domain uses the frequency resolution: for SD data we will set
em_res_power=NULL and use em_resolution (in units of frequency, possibly).
Could this parameter become at some point mandatory in ObsCore?



Summary

Single-Dish metadata allow a complete ObsCore mapping

Peculiarities: field of view, multifeed, multifrequency

Some new values for dataproduct_type to describe the scan types

Spectral resolution in terms of frequency: em_resolution (mandatory?)
Ongoing discussion within the RadiolG very helpful in solving/defining cases

INAF radio data almost ready to be discoverable in the VO!



