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* ORN (Nancay Radioastronomical Observatory)

* Telescope comparison

* ORN as test-bed

* SKA Science working groups and science at ORN
* Complementarity and Synergies



Nancay Radioastronomical Observatory

* Founded in 1953
* One of the three sites of Paris Observatory

* Low-frequency multi-instrument observatory (10 MHz — 3.5 GHz)
and instrumentation site

* Technical teams dedicated to operations, maintenance, and
instrumental R&D

* Scientific projects led by national or international researchers
(LIRA, LPC2E, IJCLAB, LTE, IAP, OCA, ASTRON, ...)



Radio quiet zone

Local radio quiet zone

Protected by decree — link to ministry

Not perfect, but still reasonable

Active RFI monitoring




Telescopes at ORN

NDA NenuFAR LOFAR NRH ORFEES NRT

phased array phased array interferometer interferometer spectrograph radiotelescope

144 antennas ~2000 antennas 1/52 stations 47 antennas 4th largest telescope
sun. Jupit exoplanets, pulsars, pul_sars, Sun, s S pulsars, FRBs,
un, JUPIET cosmology, transient, galaxies, planets, Hn Hr galaxies, comets
Sun cosmology

Program Committee

10-80 MHz 10-85 MHz 110-250 MHz 150-450 MHz 0.1-1 GHz 1-3.5 GHz

Program Committee Program (




SKA telescopes

SKA-low SKA-mid

phased array interferometer
r

~130000 antennas 197 dishes

pulsars, cosmology, extragalactic, epoch of
reionization, transients, Sun, ....

50-350MHz 350MHz-15.4 GHz



Telescope comparison

hemisphere [sensitivity| realistic | frequency | angular resolution
cadence | coverage

NDA N (+) 44+ 10-80 MHz (5°)
(24/7)

NenuFAR N + ++ 10-85 MHz (207-4’)

LOFAR N ++ + 30-250 MHz s (97

SKA-low S ++++ (+) 50-350 MHz (5""-1")

NRH+ORFEES N (+) ++++ | 150-1000 MHz (2’-1’)
(24/7)

NRT N ++ ++ 1-3.5 GHz (20’-2)

SKA-mid S 4+ (+) 350 MHz-15.4 (1”-0,03")

GHz




SKA-Pathfinder - instrumental development
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* Scheduled for 2027 - Lofar Super Station — connected to NenuFAR and LOFAR 2.0

(increase low-frequency sensitivity and quality of high-angular-resolution images from LOFAR)
* Before end of 2026: VoEvent on NenuFAR (Reacts to astronomical events from other instruments)
* Participation in FR SKA-RC



ORN as a test-bed or hosting site

* Instrument in operation (AWESOME: 30-300 kHz) - ionospheric disturbances
caused by solar flares or lightning storms

AWESOME
Collaboration with LIRA

* Technology demonstrators

= pAON4

GRAND A
Collaboration IAP A Collaboration IJCLAB

* Potential new instruments
(Burst-Net — FRB detection with an extremely wide field of view) 9



ORN as a test-bed or hosting site

* NenuFAR data used as a testbench
* For new algorithms useful for SKA such as :

v" SpikeNet neural network tested for real time detection
solar spikes or jupiter S-bursts (EXTRACT european project)

v Software DynSpecMS (RIMS) to get cleaner time-frequency spectrogram
for specific directions in the sky from visibilities

v" Data reduction, .... .
* Building blocks for SKA pipeline - R S

« R&D for new receivers L %., gt Ll
* with latest GPU technology (Holoscan, ...) ety
* Impulsive-RFI locator

ges Craies

* Instrument simulations (nenupy package for instance) A S EET:



SKA Science Working Groups
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* solar explosions, solar energetic particles, Space Weather
* some events are rate : ~1 class X flare per year

* daily monitoring (e.g. NDA, NRH, ORFEES) — trigger SKA
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Solar and Heliospheric Science

solar explosions, solar energetic particles, Space Weather
some events are rate : ~1 class X flare per year

daily monitoring (e.g. NDA, NRH, ORFEES) — trigger SKA
frequency coverage 10-50 MHz — high altitudes; coupling to simulations
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Solar and Heliospheric Science

* solar explosions, solar energetic particles, Space Weather

* some events are rate : ~1 class X flare per year

* daily monitoring (e.g. NDA, NRH, ORFEES) — trigger SKA

* frequency coverage 10-50 MHz — high altitudes; coupling to simulations
* Space Weather: science + routine operations — a suite of telescopes

e .
[Mishev et al. 2026]
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Solar and Heliospheric Science

* lo-related Jupiter emission <40 MHz well documented [Bigg 1964; Zarka et al. 2018]
* — Ganymede? Europa?

lo Phase (%)
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Solar and Heliospheric Science

* lo-related Jupiter emission <40 MHz well documented [Bigg 1964; Zarka et al. 2018]

* — Ganymede? Europa?
* daily observations of Jupiter since 1970 at the NDA
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Solar and Heliospheric Science

lo-related Jupiter emission <40 MHz well documented [Bigg 1964; Zarka et al. 2018]

— Ganymede? Europa?

daily observations of Jupiter since 1970 at the NDA
Ganymede-related emission [Zarka et al. 2018, Mauduit et al. 2023]
Europa-related emission [Jacome et al. 2022]
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Solar and Heliospheric Science

lo-related Jupiter emission <40 MHz well documented [Bigg 1964; Zarka et al. 2018]
— Ganymede? Europa?

daily observations of Jupiter since 1970 at the NDA

Ganymede-related emission [Zarka et al. 2018, Mauduit et al. 2023]

Europa-related emission [Jacome et al. 2022]

high cadence routine observations — new discoveries
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Pulsar population

* MeerKAT TRAPUM survey — discovery of 322 radio pulsars (2019-2026)
* Scientific potential (pulsar mass, tests of gravity in binary systems, grav. waves)
— need “coherent timing solution”
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Pulsar population

* MeerKAT TRAPUM survey — discovery of 322 radio pulsars (2019-2026)

* Scientific potential (pulsar mass, tests of gravity in binary systems, grav. waves)
— need “coherent timing solution” — pulsar follow-up (Parkes, Effelsberg, NRT)

* [e.g. Clark et al. 2023; Thongmeearkom et al. 2024, 2026; Burgay et al. 2024]
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Pulsar population

MeerKAT TRAPUM survey — discovery of 322 radio pulsars (2019-2026)
Scientific potential (pulsar mass, tests of gravity in binary systems, grav. waves)
— need “coherent timing solution” — pulsar follow-up (Parkes, Effelsberg, NRT)
[e.g. Clark et al. 2023; Thongmeearkom et al. 2024, 2026; Burgay et al. 2024]

high cadence follow-up observations — fully exploit science potential
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Testing gravity

* JO337+1715: A pulsar in a triple system
— test of strong equivalence principle (universality of free fall)
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Testing gravity

* JO337+1715: A pulsar in a triple system
— test of strong equivalence principle (universality of free fall)
* 12474x20 min observations “ToAs” (NRT, 2013-2021+)
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Testing gravity

* JO337+1715: A pulsar in a triple system
— test of strong equivalence principle (universality of free fall)

* 12474x20 min observations “ToAs” (NRT, 2013-2021+)

* no contradiction with equivalence principle... ... but a planet (8 year orbit)!
[Archibald et al. 2018; Voisin et al. 2020, 2025]
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Testing gravity

* JO337+1715: A pulsar in a triple system
— test of strong equivalence principle (universality of free fall)

* 12474x20 min observations “ToAs” (NRT, 2013-2021+)

* no contradiction with equivalence principle... ... but a planet (8 year orbit)!
[Archibald et al. 2018; Voisin et al. 2020, 2025]

* requires high cadence observations Plane o th sy
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Pulsar Timing Arrays

* NRT part of EPTA & IPTA
* 2023: evidence for gravitational waves (30 significance, based on EPTA DR2)

* pushing for 50 detection (adding LOFAR+NenuFAR for DR3)
* after detection: exploit gravitational wave window!
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Pulsar Timing Arrays

* NRT part of EPTA & IPTA
* 2023: evidence for gravitational waves (30 significance, based on EPTA DR2)

* pushing for 50 detection (adding LOFAR+NenuFAR for DR3)
* after detection: exploit gravitational wave window!
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Pulsar Timing Arrays

* NRT part of EPTA & IPTA
* 2023: evidence for gravitational waves (30 significance, based on EPTA DR2)

* pushing for 50 detection (adding LOFAR+NenuFAR for DR3)
* after detection: exploit gravitational wave window!

* PTAsS need: 1/month
* long timeline (>10 years)
. . 10712 1o >
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Pulsar Timing Arrays

NRT part of EPTA & IPTA
2023: evidence for gravitational waves (30 significance, based on EPTA DR2)
pushing for 5o detection (adding LOFAR+NenuFAR for DR3)

after detection: exploit gravitational wave window!
PTAs need:

* long timeline (>10 years)

* high observing cadence

* pulsars in both hemispheres

v

MPTA sensitivity to GW
-— - ‘ as a function of sky position
localization by MPTA of injected GW point source (both hemispheres) [Grunthal et al. 2025] 30



Pulsar Timing Arrays

* NRT part of EPTA & IPTA
* 2023: evidence for gravitational waves (30 significance, based on EPTA DR2)
* pushing for 50 detection (adding LOFAR+NenuFAR for DR3)
* after detection: exploit gravitational wave window!
* PTAs need:
* long timeline (>10 years)
* high observing cadence =
* pulsars in both hemispheres i
* alarge number of stable pulsars
"pulse jitter” — need more pulses _*
[e.g. Gitika et al. 2025;
Ghosh et al. 2025]
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Pulsar Timing Arrays

* NRT part of EPTA & IPTA
* 2023: evidence for gravitational waves (30 significance, based on EPTA DR2)
* pushing for 50 detection (adding LOFAR+NenuFAR for DR3)
* after detection: exploit gravitational wave window!
* PTAs need:
* long timeline (>10 years)
* high observing cadence
* pulsars in both hemispheres
* alarge number of stable pulsars
"pulse jitter” — need more pulses
* plan for synthetic “LEAP2.0” telescope in Europe (Effelsberg + NRT + ...)
2512 MHz BW, Arecibo-equivalent — science case under prep.
— validate SKA discoveries (follow-up observations)

— regular PTA observations
32



Pulsar Timing Arrays

* NRT part of EPTA & IPTA
* 2023: evidence for gravitational waves (30 significance, based on EPTA DR2)
* pushing for 50 detection (adding LOFAR+NenuFAR for DR3)
* after detection: exploit gravitational wave window!
* PTAs need:
* long timeline (>10 years)
* high observing cadence
* pulsars in both hemispheres
* alarge number of stable pulsars
"pulse jitter” — need more pulses
* plan for synthetic “LEAP2.0” telescope in Europe (Effelsberg + NRT + ...)
2512 MHz BW, Arecibo-equivalent — science case under prep.
* PTA science needs an array of telescopes

33



Complementarity ORN «— SKA

* low-frequency coverage (10-50 MHz)

* North + South = full-sky coverage

* High cadence observations and routine monitoring
* flexibility for small and exploratory programs

* teaching — future SKA users

34



Synergies ORN < SKA

* expertise in low-frequency radio astronomy

* full-frequency coverage (frequency dependent effects)
* full-sky PTA

* detection (SKA) — follow-up (ORN)

* VOEvent triggering (SKA — NenuFAR; NRH — SKA)
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Synergies ORN < SKA

* expertise in low-frequency radio astronomy

* full-frequency coverage (frequency dependent effects)
* full-sky PTA

* detection (SKA) — follow-up (ORN)

* VOEvent triggering (SKA — NenuFAR; NRH — SKA)

* SKA will discover objects
* ORN (and others !) will help exploit the full scientific potential

36
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