Pre- and post-observation tools
@ the (32m) Italian radio telescopes

A. Zanichelli, S. Righini, A. Orlati, K.-H. Mack, C. Knapic, M. Bartolini

et al. from Bologna, Cagliari and Trieste




WHERE DID WE STAND?

Single-dish with the Medicina and Noto 32 m dishes:

« Field System: not suited for single-dish observations

« Backends: custom data formats, custom tools for
data reduction

« No systematic feedback

« No systematic data archival
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A MODERN RADIO OBSERVATORY

« Enhanced Single Dish Control System / Nuraghe: an
common system for the ltalian radio telescopes.

. ...But also:
» Observation Preparation and Feedback

» Data analisys (formats and tools)

> Public Archive for radio data
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Observation Preparation & Feedback

« The proposal

. Evaluate exposuretime

o Observability
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Observation Preparation & Feedback

i Single-Dish Exposure Time Calculator - SeaMonkey

: 1 , rE— :
Raload & http://www.ira.inaf.it/expotime/all_ETC.html

SINGLE-DISH EXPOSURE TIME CALCULATOR

version 1.0

The Exposure Time Calculator provides an estimate of the exposure time needed to reach a given sensitivity (or vice versa) under a
set of assumptions on the telescope setup and the observing conditions.

This tool is intended to help planning the observations with the new Enhanced Single-Dish Control System (ESCS/Nuraghe), currently
installed at the Medicina 32-m dish and at the Sardinia Radio Telescope. For this reason, the ETC is offered only for the observing
setups currently implemented within this observing system. Further options will be included as soon as they will be available.

Details on the formulae used by this ETC and an explanation of the meaning of input/output parameters are given in the Exposure Time
Calculator User Manual. For technical details, please consult the Medicina 32m and SRT User Manual. Tabulated values currently used
by the ETC for the various instrumental setups can be found at this link.

Please report any result which may appear inconsistent, and let us know any comment which may help to improve this tool.

Select telescope and type of observation:

| Medicina 32m Total Power | GO |

Send comments to: Alessandra Zanichelli Last modified: 11/28/2014 14:41:29




SRT ETC for Total Power

% inaf.it/expotim ] ' + A

SRT SRT Total Power Observations

version 1.0

Receiver and backend parameters

Receiver K(22GHz) ¥

Q! Total Power backend: Bandwidth per IF (MHz) 2000MHz ¥ Number of output IFs

Observational parameters

Source elevation (degrees) 30

Season Autumn ¥

Radiometer Formula computations

(An example of computation for Position Switching observations will be given in the output page.)

On-The-Fly Cross Scan

Scan Speed (arcmin/sec) 3.0 Scan length (integer n. of HPBW) 5 Sampling interval (sec) 0.04

Q' On-The-Fly Map

Scan Speed (arcmin/sec) 3.0 Map edge (integer n. of HPBW) 5 Sampling interval (sec) 0.04 Scans'HPBW 3.0
Pointlike:  Flux (mJy/beam) 15.0

Q) Extended: Flux(mly) 15.0 X size (arcmin) 0.5 y size (arcmin) 0.5

If sensitivity is given the corresponding time is computed, and vice versa.

o Sensitivity (mJy/beam) 1.0 Total time (sec)

i Compute !} Reset Form \




SRT ET
SRT ETC for Total Power * | Results

a.inaf.it/cgi-bin/exp

Summary of Input Parameters
Backend: Continuum

Receiver: K (22 GHz)

HPBW: 0.80 arcmin

N. of output IF: 2

Receiver | pinawidth per IF: 2000.000 MHz
Source elevation: 30.00 deg

Receiver
{ Season: Autumn

Q) Tota ‘ Requested computations: OTF Map

Scan Speed: 3.00 arcmin/sec
|
Observaq Map edge in HPBW: 5

‘ Sampling interval: 0.040 sec
Source el‘»-‘ Source geometry: extended
Season "1 Scans per HPBW: 3.00
‘ Source flux: 15.00 mJy
Rad l Source X size: 0.5 arcmin
(Anex l Source Y size: 0.5 arcmin
l Requested Total Sensitivity: 1.000 mJy/beam
\
0“!-"1 Results
Scan !/ Receiver gain: 0.66 K/Jy
Actual elevation used for computations: 30.00 deg
Receiver Temperature: 25.00 K
Atmospheric Opacity: 0.13
System Temperature: 87.05 K
Confusion Noise: 0.03 mJy at frequency 20.000 GHz and for a spectral index a=0.5
Total N. of Maps: 5
Total OTF Map Time: 1178.23 sec
Effective Total OTF Map sensitivity: 1.039 mJy/beam

Map size: 8.85 arcmin

[ Compute H Reset Form




Observation Preparation & Feedback

File Edit View Go Bookmarks Tools Window Help

Gy =
| . . Ll A Search| & ~ 6 % DownloadHelper
P

‘|
Reload

rint

D Home | E3Bookmarks EEMost Visited

: E . . Show
[ ] : : : - Hide

CASTIA - Source Visibility : 2

CASTIA is a software package able to check radio source visibility at a given date from a collection of

international facilities. The tool outputs plots containing the visibility and the elevation of radio sources versus
time. A special mark is used for the transit time and visual warnings are present when the azimuth rate is beyond
the recommended limit or superposition with the sun/moon occurs. The query can be done by source name, sent
to the SIMBAD name resolver for finding the corresponding right ascension and declination, or by giving
coordinates for a single source or for a group of targets.

S RT Parameters:

SARDINIA $ { ; example3.dat - | .

R ASPETLO Date: 2015/10/21
Site Name: e

TELESCOPE Site Name Medicina > | =
Lower elevation: 10 :
Upper elevation: 80 ;

ELEVATION LSTs (hh:mm:ss.ss) IN DATE 2015/10/21 at MED
SH-RISE LE-RISE UE-RISE TRANSIT

20.0 10.0 80.0

14:49:16 3:49:06.15 18:56:47.
14:24:11. 129:05.88 NONE 19:24:33. NONE
14:49:16. :44:06.34 NONE 20:51:39, NONE
13:34:05. :19:04,.40 19:34:48.79 20:21:24.

0:45:28 :45: NONE  6:17:57.

lacalina M. N. iA C S.A. Trois A. and the SRT Astrophysical Validation Team contact: castia(at)oa cagliari.inaf.it

" Z s



Observation Preparation & Feedback

7 File Edit View Go Bookmarks Tools Window Help

06:00 LST 12:00 LST 18:00 LST 00:00 LST

L A U L) @ SN (e [T )]
NGCT7027 |t e e e e 87.79
3C295  ———— e — 82.39
3C286 DLl co——————————————— 75.91
3C147 —— 84.67
3C123 e, 51T —— 75.18

CASTIA 3cus et 4§ 0 0 et S e S g ] Sas

Fel =1 G106 ——— e —— 73.60

tme. A speci: Kes 75 S e S 42.52

to the SIMB 4¢-04.7 e e S e 40.57

coordinates f TYChO . . . . . . . . . : . . . . . . . . . . 70.28

Parameter 3C397 DD e et | 52,64

Kes79 A —— 46.19

SARDINIA Source(s)  3C391 e e ———————— 44.59
_a Date:  \W49B L e —  E————— 54.62
TELESCOPE Rishams | 54 et D DD DD et 76.56
Lower elevat 53 . . . . : : . . . ‘ . . . . 7367

Upper elevat HBg z . : . : 5 : : . ? : : : 5 ; ; : : 3 87.84

71.70
71.27
71.18
e e 64.45

S1 DL e 41.10
3C157 e e A 68.04
” DR4 — L e ————— e 85.97
o I R o o 76.21

e 59.62
eEmemm e o o I 46.87

| E3Bookmarks [EMost Visited

h ; ‘ ‘ " 1 ‘ b : ‘ 1 ‘ . ‘ 1 ’ ‘ . ' ‘
00:00 UTC 06:00 UTC 12:00 UTC 18:00 UTC 00:00 UTC
2015/10/21 at MED

Release 3.1 September 2014 lacolina M. N. Vacca V. PellizzoniA. lacolina S. A. Trois A. and the SRT Astrophysical Validation Team contact: castia(at)oa cagliari.inaf.it




Observation Preparation & Feedback

« The proposal

. Evaluate exposure time

« Observability

« The observations

« Schedule creation and online observing tools
. ENnd of Mission Report: a feedback to the Observatory
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Home About us ﬁ’eople Research Radiotelescopes Computing Outreach Site map

Observer Feedback Report

Observer

Email

Project Number

Observing Dates

Telescope ® Medicina 32m O Noto 32m O Combined Medicina+Noto
Please rate your observing run and comment below on aspects of the service which you feel need a
detailed description.

Overall satisfaction with the service provided:

O Excellent

® Good

O sufficient

O Poor

Did you achieve the objectives of your proposal?
@ Yes
O Partly

O No

Time loss (how much and for what reasons).
® <10% O 10-30% O 30-50% O 50-70% O 70-90% O > 90 %

O Telescope & Recelver/Backend ® weather O oOther

Radio Interference

O Yes ® No

If yes, at which level?
O strong O Medium @ Barely detected
Please describe when and type (repetitive pulses, broad band...):

Overall Performances

Telescope O Excellent ® Good O sufficient O Poor
Receiver/Backend O Excellent ® Good O sufficient O Poor
Software O Excellent ® Good O sufficient O Poor
Astronomical support O Excellent ® Good O sufficient O Poor O nja
Technical support O Excellent ® Good O sufficient O Poor O n/a
Documentation O Excellent ® Good O sufficient O Poor O n/a




DATA ANALYSIS

 Data Reduction Tools

. RFIflagging
« OTF Cross Scans
« OTF Maps
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DATA ANALYSIS

» RFI Is a most serious problem for the Italian
radio telecopes.

» Medicina 32m: a pathfinder for the evolution of
the RFI situation in other European regions?

» Dish Washer: a software tool to ease the

identification and mitigation of RFI in single-dish
data.

» Supported formats: FITS (and HDF5)

» Tecno Project financed by INAF in 2012 (PI K.-
H. Mack)
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DATA ANALYSIS

) Dish Washer - fhomesjazanichjpress/PRIN2012/DW/data/ROW_ngc7538_right_6200_5db_bis hdi5 <@dishwasher>

File Tools Flagging ?
H HHHH N & & ‘ < ‘: P T ’}0 m, ‘ ] . Yscaletoggle Mirror X axis u Flag

/time2014 12 11 11 40 29 0 -
A S A Item list
| : M b4
i |v| ¥, Area Flagging
: W, Area Flagging
| o Cross section
= Data
: Grid
L [l &
Area Flagging
Center: ( 6756.7 ; 36.3 )
Size: 175.2 x 11.7
—Metadata———— |
I ‘ Area Flagging '
Bw (MH2) 200.0 Center: ( 6831.5; 51.5)
Source IUntitIed i Size: 106.4 x]19.0
uTt I Y
RA (deq) IO & |
dec (deg) [0 : |
Az (deg) IO !
El (deg) |0
Cross section
(6829.0; 79.7 )
T T T T

6.200 134 136 138 140
LUT scale
(0-1023)

Flag metadata 1.200

1.000
800
€00
400
200

LUT scale
(0-1023




DATA ANALYSIS

 Data Reduction Tools

. RFI flagging
e OTFCross Scans
« OTF Maps
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DATA ANALYSIS

« Data Reduction Tools

. RFI flagging
« OTF Cross Scans
« OTF Maps

« Data Formats

. Standard FITS for single-dish observations
. Standard MBFITS (ongoing)
. VLBI-IT data
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v + w

File Edit

FITS Standard PRIMARY 7Searchfor: i; Find JCasesensitive? Ho

structure i SDPLE

(BITPIX

T / file does conform to FITS standard
: 8 / number of bits per data pixel
[DATA] [NAXIS 0 / rnumber of data axes
|[EXTEND T / FITS dataset may contain extensions
EXTENSION COMMENT FITS {Flexible Image Transport System) format is defined in 'Astronomy
'|” ‘\l')l R COMMENT and Astrophysics', wolume 376, page 359; bibcode: 2001a&%a. .. 376..359H
. . ' COMMENT V.1.0 Created by S. Righini, M. Bartolini & A. Orlati
Extension | ‘ [HISTORY V. 0.8 First output standard for Italian radiotelescopes
DATA [HISTORY V.0.82 The tsys column in data table raplaced with the Tant table, it re
P
v
i

[HISTORY ports the tsys measurement for each input of each section

' > 7 [HISTORY V.0.9 The section table has been splitted into two tables: sections and
EXTENSION HISTORY rf inputs table

: \ HEADIR HISTORY V.0.91 added the flux column in section table

Extension 2 [HISTORY V.0.92 SubScanType added as primary header keyword

DATA (HISTORY V.1.0 Added new table to store position of subriflector e primary focus

[HISTORY receivers: SERVO TaBLE

|DATE = '2014-03-08T10:50:33' / file creation date (¥¥¥¥-MM-DDThh:mm:ss UT)

EXTENSION {(HIERARCH Project Name = 'GEZT06C ' / Name of the project

. ; HEADER OBSERVER= ' ! / Name of the observer

Extension 3 { ANTENNA = 'SRT ' / Name of the station

|HIERARCH SiteLongitude = 0.161358481873679 / Longitude of the site (radians)

|[HIER&RCH SiteLatitude = 0.689283579621821 / Latitude of the site (radians)

{HIERARCH SiteHeight = 650. / Height of the site (meters)

[BEAMS = 1 / Number of beams

SECTIONS= 2 f Total number of sections

; - . N\ 1
lv'"-'-ﬁ 2t =S A VHBINES e ERYESs5) 2l el ) - ifies the receiver

File Edit Tools ht ascension at J2000 (x
ation at J2000 (radians)

Index Extension Dimension ¢
izontal frame

0 Nzontal frame
Header n equatorial frame
luatorial frame
SECTION TABLE 3 cols X 2 rows Header Select (ffalactic frame
|Llactic frame

Primary

RF INPUTS 9 cols X2 rows Header Select

FEED TABLE 4 cols X1 rows Header Select

DATA TABLE 12 cols X 364 rows Header Select

||[vpe based on telescope m

ANTEMMA TEMP TABLE 2 cols X 364 rows Header Select

SERVO TABLE 8 cols X 364 rows Header Select

[V AR N e o N VET U 1 ) e e RS AR I e ) o S




FITS standard
structure

Extension |

Extension 2

Extension 3

File Edit Tools

Index Extension

Primary

RF INPUTS

FEED TABLE

DATA TABLE
ANTENMA TEMP T#

SERVO TABLE

T\ vivy N~ ULUN VI

J5| HIERARCH LogFileName
HIERARCH NUSEBANDS =

SECTION TABLI|

o ||

i‘r“rfi

File Edit

Tools

Search for: ¥+ | Find |Case sensitive? HNo \

T / file does conform to FITS standard

8 / nmumber of bits per data pixel

0 / nmmber of data axes

EXTEND T / FITS dataset may contain extensions

COMMENT FITS (Flexible Image Transport System) format is defined in 'Astronomy
COMMENT and Astrophysics', volume 376, page 359; bibcode: 20012%a...376..359H
[HIERARCH Observation Date = '2015-09-17T13:11:15"' / file creation date (YYV¥¥-
|[COMMENT ¥.1.1 Created by §. Righini, M. Bartolini & A. Orlati

HISTORY ¥. 0.8 First output standard for Italian radiotelescopes

HISTORY ¥.0.82 The tsys column in data table raplaced with the Tant table, it re
HISTORY ports the tsys measurement for each input of each section

HISTORY ¥.0.9 The section table has been splitted into two tables: sections and
HISTORY rf inputs table

HISTORY ¥.0.91 Added the flux column in section table

[HISTORY ¥.0.92 SubScanType added as primary header keyword

HISTORY ¥.1.0 Added new table to store position of subriflector e primary focus
HISTORY receivers: SERVO TABLE

HISTORY V.1.01 New keywords in FEED TABLE header to describe derotator configqura
HISTORY tion

HISTORY ¥.1.1 Summary.fits file included in order to describe the scan configura
[HISTORY tion

HIERARCH BackendName =
CREATOR = 'ESCS v0.5
HIERARCH Declination =
[EQUINOX
[EXPTIME
[FITSVER
ILST

STPLE
[BITPIX
NAXTIS

/ Backend name
/ Software (incl. wersion)
1.07990841507474 / Target declination {radians)
2000 / Equinox of RA, Dec
120. f Total integration time (seconds)
/ FITS version
'14:15:16. 7' / Local sidereal time
'Rarcos-Test-w3oh_ 20150917 131115. log' / Name of the log
3 / Number of sections
/ Target source name
/ Observer or operator initials
/ ProjectID

'EARCOS !

Lt bal :

‘wioh :
'Moscadelli’
'15-01"
2048

1024

256

450.0
300.0
600.0
22150.0
22100.0
146484 .0
439453 0

O0BJECT

[FREQORES3=
[FREQRES2=
FREQRES1= 2343750.0
[FREQ1 = 22000.0
HIERARCH RESTFREQL
HIERARCH RESTFREQ2
|HIERARCH RESTFREQ3

22235.07985 / Rest frequency (MHz)

22235.07985 / Rest frequency (MHz)

22235.07985 f Rest frequency (MHz)

HIERARCH ReceiverCode = 'KKC ' / Receiver name

[HIERARCH RightaAscension = 0.641706660521798 / Target right ascension (radians)

=N N 7 Sean starting nnaitinn (dem)

1B stanaar&

hixel

extensions

s defined in 'Astronomy
e: 2001a&a. .. 376. . 359H
irlati

ESCOPES

h the Tant table,
section
h tables:

it re

sections and

il
lector e primary focus

F-MM-DDThh:mm:ss UT)

the site {(radians)
e site (radians)
_3)

ies the receiver

t ascension at J2000 ({r
tion at J2000 (radians)

rontal frame
mtal frame
equatorial frame
atorial frame
lactic frame
hctic frame

he based on telescope m

|

Wil
|/




File Edit Tools Syntax Buffers Window

B = a2 & @ 0 %
k?xml version='1.0' encoding='UTF-8'?>
<database>

[:) <table>
o / <PR0JID>1313f</PROJID>
<TELESCOP>VLBIT</TELESCOP>
<PINAME>Marcello Giroletti</PINAME>
o <0BJECT>0212+735</0BJECT>
<RA=30,2918926036</RA>
<DEC>73.8257282611</DEC>
¢ <START=2014-03-28 14:19:43</START>
<ANTENNAS>Nt-Md- Mc</ANTENNAS>
° <FREQ>4966.49</FREQ>
<0BS_MODE=>16x8MHz</0BS_MODE=>

<RATE>512. 0</RATE> VLBI-IT
<ONTIME>4430</0NTIME> Summary file

</table>
<table>
<PR0OJID>1313f</PROJID>
o [:) @, <TELESCOP=VLBIT</TELESCOP>
<PINAME=Marcello Giroletti</PINAME=
<0BJECT=0340+362</0BJECT=>
° <RA=45,7247090019</RA:=
<DEC>36.370119325</DEC>
<START=>2014-03-28 14:19:43</START=>
L4 <ANTENNAS>Nt-Md-Mc</ANTENNAS>
<FREQ>4966.49</FREQ>
<0BS_MODE>16x8MHz</0BS_MODE=>
<RATE>512.0</RATE>
<ONTIME>4430</0NTIME>
</table>
<table>
<PR0OJID=>1313f</PROJID>

EEAT@C g - - INSERT --




THE DATA ARCHIVE

o Collaboration with 1A2: INAF Astronomical Archives
Service

. Web based interface, query on selected parameters
« Data policy: private and/or public access (SSO)
. VO compliant data and catalogs publication, pipeline management

« Radio Archive contents

« Single-Dish data from the 32m antennas (and SRT), FITS/MBFITS
. VLBI-IT data
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THE DATA ARCHIVE

Administration Layer

Metadata management

A,

File Importer

(abstract class)| MPortdata_ 4.

A

Import .‘ ;
metadata S|

Specialized
File Importer
TANGO DS

TANGL

T Raw data

File
Detecting
TANGO DS

it
|
|
1
"

iddddiin

LERLERELEE)
it

(L e
CELLLLIET T I

CCCCCCLCTTIIER

LML T
' i

l““““,

'S SRS eSS —

WEB PORTALS WEB SERVICES
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Based on TANGO Distributed Control NADIR is a configurable and flexi_ble
System software that answer the challenging

problem of archiving software reuse
and scalability. It can also handle
calibrated data.

Development of services in the major
OO Languages (C++, Java, Python)

Handling of different data format (FITS/ NADIR Mandatory Requirements:

MBFITS/ HDF5/ XML) . '(';';;FE)LA'\T/IEE_NT;

Flexible revision of policy and versions . .
© POTICY NADIR functional requirements:
o ProjID;

Strong logging and error handling PINAME:

Open source

Data delivery depends on ingestion
Maintained at 1A2 date and policy. Policy depends on
OWNERSHIP.
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THE DATA ARCHIVE

) i:f Radio Search - SeaMonkey

: File Edit View Go Bookmarks Tools Window Help

ttp://nadir.ira.inaf.it:8080/radioWeb/ v|| .» Searc :
i & h d f d b 2. h| =

Back Forw?ard ” Reload Print

i %k llome | 4§ Bookmarks

Dccimal degrees

Radio Archive

File name]

=2 RAIO0.00.00.000 Dec|00.00.00.00 Radius|2000

SbReran From{2015-01-01 T0:2015-09-30
ate

Frequency MlN:}4800.0 MAX:]

Project ID |

VLBI-IT

Frontend cccC :J
Backend XARCOS |

Randwidth I

Search | Reset |

g &b 2 E& B




THE DATA ARCHIVE

! Radin Search - SeaMankay
i Radio Search - SeaMonkey

_' File Edit View Go Bookmarks Tools Window Help

File name]
7

2

Boiiiin) poiziiiniiiiin

Dccimal degrecs

Radio Archive

File namel

RA413.31.08.287 Decl03.20.32.96 Radius|5

Oty From{2015-01-01 T0{2015-09-30
ate

Frequency  MIN{1300.0 MAX |

Project ID ]

VLB |

Telescope ]VLBI—IT

Pl Name ]Glrolettl

Fxposure I3600
Time

Antennas Any j

Data Rate ’

Search | Reset |

i b 2 E& o



THE DATA ARCHIVE

;1 Radio Search - SeaMonkey
i File Edit

o

Back

View Go Bookmarks Tools

Reload

i 4kHome | ‘¢ Bookmarks

Window Help

A http://nadir.ira.inaf.it:8080/radioWeb/

Decimal deqgrees

Radilie Archiwve

File Date
2014-03-08T10:50:33
2014-03-08T10:50:33
2014-03-08T10:50:33
2012-07-28T03:04:55
| 20120728-030455-test tarqz 2012-07-28T03:04:55
2012-07-28T03:04:55

FITS tar

00:27:00.000
00:27:00.000
00:27:00.000
00:27:00.000
00:27:00.000
00:27:00.000

31:35:00.00
31:35:00.00
31:35:00.00
31:35:00.00
31:35:00.00
31:35:00.00

13-10
13-10
13-10
13-10
13-10
13-10

Ra (hh:mm:ss.ss) Dec (dd:mm:ss.ss) Project Id Frequency

5000.0 - 5330.0
5200.0 - 5530.0
4800.0 - 4950.0
5200.0 - 5530.0
4800.0 - 4950.0
5000.0 - 5330.0




Grazie |
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