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The beginning...

The Northern Cross is the first Italian large radio
“f = telescope.
= The original design was a “Mills’ cross” type configuration,
= with two arms of about 1.2Km, aligned in East-West and
ﬁ%k . North-South directions, operating at 408MHz.
:E:EEEZ:Z??-&:_::‘:;:;::;:

EBEee——1F " =—————— During its construction, the array was rearranged in a T
% shaped configuration.
B _
The goal was to perform a large survey of extragalactic
% radio sources, identification of their optical counterparts
= and possible contribution to cosmological research.
=—



First prototype

The project for the construction of the Northern Cross began in 1959 (responsible Marcello Ceccarelli,
under the supervision of prof Puppi, director of Institute of Physics), with the construction of a trial radio
telescope (Medicinoscopio), a 110 m long and 6.7 m wide parabolic cylinder operating at 327.4MHz, in
order to gain experience with this type of antenna and related technologies.
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Initial works

In 1962, following the publication of the design of the
antenna and of the preliminary design of the receiving
system, works began on the construction of the first arm of
the antenna, the East-West (E-W), 564 meters long and 35
meters wide parabolic cylinder.
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Inauguration

The inauguration took place on October 24, 1964.
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Completion

In 1967, the North-South arm (N-S) also became operational.
It consisted of 32 cylindrical parabolic antennas, each 47 meters long and 7.5 meters wide and spaced 10
meters apart.

1967 2023

In 1975 took place the configuration rearrangement and the N-S cylinders were split into two 23.5 m long
reflectors each one and respectively positioned to the North and South, in order to double the length of the
North-South arm to the current 640 m.



Features

The Northern Cross is a transit instrument, mechanically steerable only in declination, so it can solely observe those
objects that are culminating on the local celestial meridian.

The E-W arm is constituted by a single antenna having 1536 dipoles alighed along the focal axis.
Each cylinder reflectors of the N-S has 64 dipoles located on the focal axis.

The Northern Cross receives radio waves centred at a frequency of 408 MHz.

The original RF band was only 2.7 MHz but the focal line allowed working up to 16MHz.

For this reason, by simply changing amplifiers and filters, it was possible to widen the band to 16 MHz for the pulsars
and FRB research.

The collective area is about 27.000 m? and this allows to identify and measure extremely faint sources.



Observation method
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Signal phasing using kerosene |, e second part the

In the first part the dielectric is kerosene

dielectric is air \

| e
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Moving the level of kerosene inside the coaxial structure, it is possible to delay one RF signal respect to the
other coming from another cylinder, allowing an easier and cleaver realisation of the antennas phasing.



The “first Iight”
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In October 1964 the first signal coming from the E-W arm was successfully acquired



B catalogue

In 1970, the B2.1 catalogue was published. It contained 3235 extragalactic radio sources and is
complete down to 0.2 Jy, at least five times lower than that of the large catalogues existing at the time.

In the following three years the systematic observations continued and the catalogues B2.2 and B2.3,
both complete down to 0.25 Jy, and B2.4, complete down to 0.6 Jy, were published.

All together the B2 catalogues have listed 9923 radio sources in a total area between declinations
+21°40" and +40°18’ and have been largely cited (about 600 citations).

In 1967 (using also the N-S arm) a new survey was carried out leading to the publication of the B3
catalogue of radio sources. It contained 13.354 radio sources, complete to 0.1 Jy over an area
between declinations +37°15" and +47°37’.



List of published catalogues

A catalogue of 3235 radio sources at 408 MHz
Colla, G.; Fanti, C.; Ficarra, A.; Formigqini, L.; Gandolfi, E.; Grueff, G.; Lari, C.; Padrielli, L.; Roffi, G.;
Tomasi, P.; Vigotti, M.
Astronomy & Astrophysics Supplement Series Vol. 1, no. 3, p.281, 1970

The B2 Catalogue of radio sources - second part
Colla, G.; Fanti, C.; Fanti, R.; Ficarra, A.; Formiggini, L.; Gandolfi, E.; Lari, C.; Marano, B.; Padrielli, L.;
Tomasi, P.
Astronomy and Astrophysics Supplement, Vol. 7, p.1, 1972

The B2 catalogue of radio sources_- third part
Colla, G.; Fanti, C.; Fanti, R.; Ficarra, A.; Formiggini, L.; Gandolfi, E.; Gioia, I.; Lari, C.; Marano, B.; Padrielli, L.;
Tomasi, P.
Astronomy and Astrophysics Supplement, Vol. 11, p.291, 1973

The B2 catalogue of radio sources - fourth part.
Fanti, C.; Fanti, R.; Ficarra, A.; Padrielli, L.
Astronomy and Astrophysics, Suppl. Ser., Vol. 18, p. 147 — 156, 1974

A new Bologna sky survey at 408 MHz
Ficarra, A.; Grueff, G.; Tomassetti, G.
Astronomy and Astrophysics Supplement Series, vol. 59, Feb. 1985, p. 255-347,1985
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Quasars and Pulsars

* In the early 1970s, around 200 quasars were observed.

* Between 1991 and 1995, thanks to the installation of a dedicated system for the observation of millisecond and
sub-millisecond pulsars, using the E-W arm was possible to observe a sample of radio pulsars in conjunction
with the Compton Gamma-Ray Observatory mission. From the analysis of the pulse profiles, the values of the
period, the derivative of the period, the position of 55 pulsars were obtained.
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First pulsar detected by the E-W arm



SKA test bed

From 2006 to 2009 the Northern Cross has been one technological demonstrator realised in the SKADS-
FP6 project.

It was possible to test new technologies for the forthcoming SKA radio telescope:
« the RFoF links to transport the signals from the focal lines directly to the receivers without frequency

conversion and for long distance
« software algorithms (beamforming).

To do that, a refurbishment of 8 parabolic cylindrical reflectors of the N-S arm has been done.



Focal lines modification




Front-end assembly, parameter measurements and installation on modified focal lines




Optical fibres installation
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A look into the future

In 2015 the Northern Cross was selected, by the European Commission, as a receiving sensor
of a bi-static radar for the monitor of space debris. The N-S arm is currently part-time
dedicated for the European Space Surveillance and Tracking program (EUSST). Thanks to
the new funds coming from the EUSST program, all the N-S arm has been refurbished,
following the same technological development already used for SKADS.

Since 2020 the N-S arm is (in parallel) dedicated for the detection and monitoring of fast radio
bursts (FRBSs).

Thanks to the Next Generation EU funds (PNRR), the E-W arm is undergoing extraordinary
maintenance and technological upgrades, to respectively consolidate its mechanical structure
and adapt the antenna to modern technologies.



Space debris monitoring

/ “Schweii" “._Ujechtenstein
~~Suisse

| Svizzera
v Switzerland

.\ Venezia |
y ,P'g""g |\ Hivatska Bosna, i
Yo'S N < Croatia Hercegovina_
’ ) Bolog' A QR BocHa u
Gen o by X XepuerosuHa
e Ruer
. 2adar Bosnia and
San Mari N

> H i
A erzengv‘ma

P
Lecce |

Operating frequency 410-415 MHz Range accuracy < 59 m
Tx antenna gain 26 dBi Angular accuracy 10“deg
Able to detect object with

a size of 10 cn @ 1000km
Maximun tx power 10 kW Feld of View 5.7 deg x 6.6 deg

Rx antenna gain 45.3 dBi Sensitivity



Bi-static observations
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Re-entry campaign
Long March CZ-5B R/B/2021-035B
From 3™ to 9t May 2021 (day of the re-entry), the N-S made measurements at every passage of the rocket over

Italy and provided fundamental contributions for national and European safety. Using the measures of the track,
doppler and slant range, it was possible to update the object's orbit and the re-entry window autonomously.
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Data gathered during the third observation on May 5, 2021




Feaguancy (MMa)

Fast Radio Burst research

Observations of FRBs with the Northern Cross have already led different publications, but much
better scientific outcomes are expected from the planned refurbishment of the antenna. The
sensitivity will be greatly improved and the FoV will become much larger, thus accomplishing the
two major requirements for an antenna to be an efficient detector of FRBs.
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The first FRB observed with the Northern Cross
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Conclusions

 The Northern Cross radio telescope has fully corresponded to the scientific objectives
for which it was designed.

* It has introduced Italian astronomy in the field of international radio astronomy
research, of which the IRA (Institute for Radio Astronomy) is the recognized Italian
referent.

* It has also allowed the acquisition of scientific and technical knowledge that paved the
way for the use of other large radio telescopes (VLA, WSRT, etc.) and for large
international collaborations (VLBI, LOFAR and SKA).

Finally, next year the Northern Cross will be 60 years old, but is still one of the world's
competitive radio telescopes for scientific research...and not only.



Thank you!



