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The CHORD telescope(s)
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Instrument
Overview

Nt 512 First CHORD Dish
Area 14,500 m2
Tsys 30 K + Tsky(V)
sperre
SEFD 12 Jy + SEFDsky(V)
ng:zrl‘iii:tri‘;n < 50 milli-arcsec
Bandpass 300 MHz 1500 MHz
PSF 17 arcmin 3.5 arcmin
Field of View 12 deg 2.5 deg Photo by Brian Hoff
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Ultra-wideband feeds

Dual-polarization
MacKay et al. 2023 (UofT)
Aperture efficiency 45-55%

Sidelobes below 20 dB down

% \latt Dobbs
2026
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Observing Strategy
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The CHORD telescope

Dishes 512 x 6-m
SEFD ~10Jy
Band 300 - 1500 MHz

FoV 130 -5 deg?

(Vanderlinde®2019) = i
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Wider band (x3) Compared to CHIME

Finer angular resolution (x2)

Increased sensitivity (x4)
x2 larger collecting area

x2 lower system temperature

Simpler instrument response

Deep-dish design to reduce
cross coupling and spill over

More powerful FRB search (x10)

GPU-based algorithm to search
160 Gsps in real-time
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Pathfinder Full array Outrigger stations
64 dishes 512 dishes 64 dishes each

Spring 2026 End of 2027 20287
Early science Full sensitivity Transient mas localization
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Current status

CHORD dish layout
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CHORD’s first interferometric measurement:

° ° ° 419 raw 10-s integrated visibility, dish AGY - dish A7Y, 801.56 MHz ‘
C t t —_ Feal
assiopeia A transit o | e =
VISIDIlIty, dis -ais —
T N\
2
4 e B JF 2 =iE b 8 e : £ 10 8 6 4 o 0 2 P 6 8 10
W) : ‘ : i 169 dish A6X - dish A7X

(o]

RN
ginwi

< I
NUANY,

time [hr]

10

12

10 8 ~6 4 )

0 2 4 6 8 10
boresight [deg.]
14 '
-0.75
16
il
-1.00

700 800 900 1000 1100 1200 1300 1400 1500 1600
frequency [MHz]

0 100 200 300 400 500 600

lan Hendricksen

Missione 4 - Istruzione e Ricerca



PIANO NAZIONALE ISTITUTO NAZIONALE
DI RIPRESA E RESILIENZA DI ASTROFISICA

+++__| Finanziato /5%, Ministero . .
<+ | dall'Unione europea {~75 dell’'Universita l [taliadomani INAF

NextGenerationEU

Fast Radio Burst 21 cm 21 cm Pulsar Search Galactic & Cosmic
Search & Localization  Intensity Mapping Galaxy Search & Timing Magnetism

Images by C. Blake and S. Moorfield; Walter et al. 2008; M. Kornmesser; D. Champion; Opperman et al. 2012
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The Lorimer burst Excess Galactic
Contribution Contribution
* “Highly dispersed signals”
d
DM = J n,(s) ds -
0 3 14
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New GPU-based FRB search algorithm.

Computational cost of search roughly proportional to “data rate”:

Nbeam X Nfreq / ts

ample

Expect to process 10 Gsps per GPU.

Comparison of Different FRB Searches
Nbeam Nfreq tsample Data Rate
CHIME 1000 16,000 1 msec 16 Gsps
CHORD 5000 32,000 1 msec 160 Gsps
SKA-low 500 8000 0.8 msec 5 Gsps
SKA-mid 1500 4000 0.08 msec 75 Gsps
Table by Kendrick Smith
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FRB Search Backend

Features include:

« 100 sec baseband buffer
> 85 sec effective length
» Comfortably fits FRBs
with DM < 2000 pc / cm3

DM = 3000 pc / cm?

* Early baseband triggers
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Features include: FRB Search Backend

* Arbitrary formed beam locations
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Features include:

FRB Search Backend

« Multiple sub-band searches

_ Figure by Matteo Trudu

Subband
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Optimizing CHORD
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Find the following parameters optimize the CHORD search:

tample = 0.9 msec, N, = 7,000, N, =21,500

assuming an FRB population as measured by CHIME/FRB Catalog 1.
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Redshift Distribution

1 Year of Observations
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Assuming FRBs trace star formation rate, CHORD will detect FRBs out to redshift 3 to 4.
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i 104
Detecti
Rate
CHORD is forecasted to
detect 10-20 FRBs per day with
better than 50 milli-arcsec localization.
102
1 Year of Observations ii 8
400 chord b 8
2] =
350 chime = 3
101!
300
& 250
e
(2]
§ 200
Z 150 10°
100
50
8o o5 10 15 20 25 30 IR S 9o g 1o
redshift EW Sep [deg] EW Sep [deg]

Missione 4 - Istruzione e Ricerca




% Ministero
% dell’Universita
e della Ricerca

Finanziato
dall'Unione europea
NextGenerationEU

* X K
* *
* *
* *

* x *

Final performances

Italiadomani

PIANO NAZIONALE
DI RIPRESA E RESILIENZA

k

INAF

ISTITUTO NAZIONALE
DI ASTROFISICA

1 mas
@ Existing () Proposed O
. . CHORD
Fractional Bandwidth
; e 20% 3:1
C .
9 ® 50% 5:1
L .
8 VLA MeerI(A‘éO
— mi
Q- 1 arcsec 1 DSA- AS.KAP SKA1-mid DSA-
g 110 o 2000
- APERTIF O
< Arecibo (PALFA)
= o
©
O
Q 1arcmind  UTMOST. 4 parkes (HTRU)
® CHIME@®
GBNCC
1 deg Y v r -
1072 10! 10° 10!

Fast Radio Bursts Per Day

102



Italiadomani INAF

PIANO NAZIONALE ISTITUTO NAZIONALE
DI RIPRESA E RESILIENZA DI ASTROFISICA

dall'Unione europea s dell’Universita
NextGenerationEU 5¢ e della Ricerca

Finanziato ; Ministero i

Synergies with
the Northern
Cross
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Multibeam capabilities for the EW
and NS arm
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New backend system

* 672 analogue inputs (256 NS + 416 EW) are
digitized by newly designed FPGA boards; " 2 Z

A Northern Cross HPC Cluster
., radiotelescope @™ === 0emmmemmmmmmmmm————

HPC Node '

* A total of 8 PB disk storage is available
although no long term raw data archive 1s
planned

. (Multi)bea1.n formipg and FRB search oI D 4 \
performed 1n real time by an 18 HPC node e :
. . . K |

cluster. Each node 1s equipped with: ta|P : i
*  Dual multi-core CPU; ‘ : : !

* 2 NVIDIA L40S GPUs; Optical Fiber ! Netwo !

»  2TBRAM; Ulis ! :

e 2x SSD; Recower PO Board /f' :
il |7 [ Storage :

I 1
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Naldi et al. (2025)
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« Spatial resolution: 5’

e Baseband data
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Future observing modes and capabilities
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Large area case: e 0

* EW doubles the NS collecting area
* lo sensitivity: ~ 120 mJy ms;

* 160 us time resolution,

* 7.8 kHz frequency resolution;

Tied array beam ~ 4.2°x 1.8°

EW= ~1 burst every three days > 1.2 Jy ms
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Conclusions
C H§R D

* CHORD is coming online, with unprecedented capabilities in the
FRB field;

* The Northern Cross is a sibling instrument in Europe which can
do follow-up of CHORD discoveries and complementary
observations both at different and for longer times;

* We have built a valid infrastructure, in terms of people and of
resources: now it is time to collect our results!
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