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The Northern Cross radio telescope
* T-shape array operating at 408 MHz;

NS arm: array of 64 cylinders, 640 m
x 23.5 m (11200 m? vs 8000 m? for

CHIME), 64 dipoles per cylinder;

« EW arm: array of single dipoles, 564
m x 35 m;

Missione 4 e Istruzione e Ricerca



*
*
*

* X %

* 4k

Finanziato
» | dall'Unione europea
NextGenerationEU

. Ministero . :
2 dell'Universita Italiadomani

PIANO NAZIONAL

e della Ricerca B R L T

16 dipoles

R4 v 10m

a2
R61
w S c6‘Tt

Missione 4 e Istruzione e Ricerca




Finanziato y Ministero

dall'Unione europea \ dell’Universita
NextGenerationEU e della Ricerca

[taliadomani

PIANO NAZIONALE
DI RIPRESA E RESILIENZA

Analogue beam former = 16 dipoles (one receiver) are grouped
together within each cylinder. 4 beams per cylinder;

New LNAs installed on the focal line, signals sent RF over fibre to
an acquisition board (digitisation and channelization);

Calibration is by cross-correlating the signals from all the receivers
and form the corresponding visibilities (i.e. interferometrically);

FPGA channelization: 16 MHz bandwidth, 781.25 kHz channel
width, 1 digital beam. Second channelization stage for a final: 134
us time resolution, 14 kHz channel resolution.

8 cylinders till 2022, 16 cylinders now: one 0.2°x1.6° beam; lc
sensitivity: ~ 1 Jy ms.
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Locatelli, GB et al. (2020)
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First FRB light in 2020
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Trudu, Pilia, GB et al. (2022)
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First FRB light in 2020

B3

POV

. 17 papers so far included NC data;
=+ >1500hof sky time

' *  See talks by Pelliciari, Geminardi, Pilia,
Casentini, Beduzzi;
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Trudu, Pilia, GB et al. (2022)
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1.4 GHz, 128 MHz bandwidth;
e 64 us time resolution;
* lo sensitivity: ~ 1.2 Jy ms

Pulse Phase

Pelliciari, GB et al. (2025), see Pelliciari’s talk
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Spinoft activities: FRB observations with Medicina and Noto radio telescopes
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2.3 GHz, 64 MHz bandwidth;
e 32 us time resolution;
* 1o sensitivity: ~ 1.8 Jy ms
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Geminardi et al., in prep.
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Fig. 3: Comparison between the cumulative spectral energy rate distribution for two hyperactive repeaters at different observing

frequencies and times. Left: FRB 20220912A at 408 MHz (white stars; this work). 1.25 GHz (orange circles; Zhang et al. 2023), tecno grant/ talk)

1.4 GHz (green pentagons and red squares; Feng et al. 2023; Hewitt et al. 2023b) and 1.572 GHz (blue diamonds; Sheikh et al.

2024). The 95% C.L. UL for R(E, > 2.5 x 103 erg Hz™') from our 1.4 GHz observations is plotted as a black downward arrow. o

Right: FRB 20201124A at 600 MHz (pink stars; Lanman et al. 2022), 650 MHz (blue squares; Marthi et al. 2022), 1.25 GHz (orange

circles; Zhang et al. 2022) and 1.4 GHz (green diamonds; Kirsten et al. 2024). The 95% C.L. UL for R(E, > 2 x 103! erg Hz 1)

from P (334 MHz) resulting from non-detections in Kirsten et al. (2024), is plotted as a blue downward arrows.
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2.3 GHz, 64 MHz bandwidth;
e 32 us time resolution; ] e N
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* lo sensitivity: ~ 1.8 Jy ms L :
Geminardi et al., in prep.
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PNRR-funded project (PI: G. Bianchi);

WP “FRB enabling” leader: M. Pilia:
WP leader “CHORD”: A. Possenti (see Possenti’s talks);
* WP “Enabling Croce”: G. Bernardi;

Goals:
» Restoration of the EW arm;

* Multibeam capabilities for the NS and EW arm;
« Installation of a 360 MHz receiver at the Noto radio telescope

¢ Ricerca
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Hybrid Cavity-Planar P-band Illuminator developed for the primary
focus of the 32-m Noto Reflector Antenna

o EM design: OA Arcetri & Sirio Antenne

o RXdesign: IRA

o Fabrication: Sirio Antenne

* Frequency band (Af/fc) = 300420 MHz (33%)
* Polarization = Dual linear
« Aperture efficiency (expected) > 65%

* Very compact solution < 30 cm along the optical axis
45 360 MHz
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Wide band

RF1

U SRT Cryo P-Band LNA works well -35

also at ambient temperature (Tn = -40 (W / o) f i It e r) —Hf2
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U Further NF reduction is under study
through an updated design.

Temporary installation on
Noto dish for RFI campai
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New backend system

e 672 analogue inputs (256 NS +416 EW) are

digitized by newly designed FPGA boards; N A I

Northern Cross HPC Cluster
radio telescope 00 e---------------o-o

""""""""""" HPC Node \

* (Multi)beam forming and FRB search

* Atotal of 8 PB disk storage is available
although no long term raw data archive is
planned

/

. . — — Acquisition Board |' ‘,

performed in real time by an 18 HPC node [ o ! o=l !
. . . Recever i '

cluster. Each node is equipped with: e |E . !
*  Dual multi-core CPU;, : _ !
« 2 NVIDIA L40S GPUs; Optical Fiber I N . I
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Naldi et al. (2025)
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Future observing modes and capabilities

Large area case:

Beamform 4 cylinders;

Mechanically shift block of 4-cylinders
1o sensitivity: ~ 4 Jy ms;

160 us time resolution,

7.8 kHz frequency resolution;

- ~1 burst every two days > 10 Jy ms

Poor localization: ~arcmin for ~100 Jy ms
bursts

Maximum sensitivity case:

Beamform 64 cylinders in a single direction;
1o sensitivity: ~ 250 mJy ms (~ 1 mJy ms
including the EW arm);
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Conclusions

* We made the Northern Cross telescope capable of observing FRBs. The Northern Cross is the only INAF-owned
radio array. We built an enthusiastic research group (includes promising young researchers, technologists,
collaborators from four different institutes);

We can run long observing campaigns (> 1500 h on the sky so far); still limited instantaneous sky coverage; ~30
bursts detected so far

e Simultaneous multifrequency observations 0.408 - 2.3 GHz (Northern Cross, Medicina, Noto) of well-localized
bursts — unique in today’s world landscape. Synergy with optical/high energy observations; (including 190 MHz
when the LOFAR station will become operational in Medicina

e Current/future work (NG-Croce) will turn the NC into a CHIME-like telescope... looking forward to our own 500
burst catalogue;
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Conclusions

 We made the Northern Cross telescope capable of observing F” e Northern Cross is the only INAF-owned
radio array. We built an enthusiastic research group (in~ Q smising young researchers, technologists,
collaborators from four different institutes); : 0

*  We can run long observing campaigns (> 1500 h on éy o far); still limited instantaneous sky coverage; ~30
bursts detected so far

e Simultaneous multifrequency observations ' & GHz (Northern Cross, Medicina, Noto) of well-localized
bursts — unique in today’s world landsca” & y with optical/high energy observations; (including 190 MHz
when the LOFAR station will become opet. «1in Medicina
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e Current/future work (NG-Croce) will turn the NC into a CHIME-like telescope... looking forward to our own 500
burst catalogue;




