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Paris-Orleans-Nancay

Populations of sources, interpretation

+ coming soon




People Paris-Orléeans-Nancay

* Permanent: *
Stas Babak (APC), Marc Besancon, Antoine Petiteau (CEA)

(Paris) + Chiara Caprini (APC), Daniele Steer (LPENS), Marta Volonteri (IAP),
Analysis methods, populations of sources, memory effect, LISA link, cosmology

Lucas Guillemot, Gilles Theureau
(backend development, observations, timing pipeline, ... NRT, LOFAR-FR606, NenuFAR)

+ Cherry Ng-Guiheneuf (FRBs, pulsar search, SKA pipelines)

Aurélien Chalumeau, Ismaél Cognard, Jean-Mathias Griessmeier,
(Orléeans) %

e Post-doc : Prerna Rana (from Feb. 2026, 2 years)
Francesco Iraci (From Feb 2026, 2 years)
+ Fabian Jankowski (FRB’s, single pulse studies, pulsar SED)

« PhD : Sara Manzini (eccentric binaries wave forms, both individual and full population signatures*
Clara Blanchard (BW timing, population and eclipse characterization, third bodies)
Hippolyte Quelquejay (PTA signal vs SMBHB population simulations, targeted search of CW)
Pauline Noé (DM & scattering noise structure using LOFAR/NenuFAR/EPTA data vs ISM)
Adrien Cogez (Data Analysis and Fundamental Physics with PTA and LISA)
+ Pranav Limaye (MSPs in Galactic Center, MeerKAT and Fermi-LAT)



NRT
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NenuFAR contribution (excerpt from 2026A schedule)
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DM variation studies vs other ISM probes (Pauline Noé)



DM variation studies vs other ISM probes (Pauline Noé)

DATASETS

* NenuFAR (10-85 MHz): Monthly observations over 5 years of ~ 40 normal
pulsars + few ms pulsars + currently conducting dense monitoring 1day->1month

 LOFAR LBA (30-90 MHz) and HBA (110-190 MHz): weekly time series
acquired over 10 years, for 100 pulsars

Frequency Bands Covered by NenuFAR and LOFAR
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DM variation studies vs other ISM probes (Pauline Noé)
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DM Structure Function (log binning)
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DM variation studies vs other ISM probes (Pauline Noé)

Slice at Z=512

1000

Next step:

800

Compare with other ISM probes

600

400

McCallum+25a,b
—spatial distribution of ionized gas 200
out to ~1.25.kpc from the Sun.

Their models are built by using:

» the known 3D distribution of O stars

(as 1onizing sources),

e the known 3D distribution of dust

(as absorbers of 10ni1zing photons),

* a constant gas-to-dust ratio
throughout the volume,

Slghthne towards 11918~O642
+ performing full 3D radiative (DM 26.59, d=4190.p¢).
transfer of Lyman continuum photons Cenjéeufs are tal-H dens1ty, red
ensity N




BW timing analysis and population studies
(Blanchard et al 2025)
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BW timing analysis and population studies
(Blanchard et al 2025)

19 spiders, > 6500 obs. or 30 000 ToAs
Planet orbit’s (here J1745+1017)

Ecﬁpses

00 I
0.4 " ’,

s \
dﬁ .\m ’L\ 0 / W }'! il 021
nE Rk
*'HI'W.M b fi

|
I\I‘“‘ll"
h||||||t ‘I\ ”Hl
l
Wk AN R n
M':IL'“’ Hwn {z:'mm, L - |

— ——

2 1025 /EELS) rated/nuep 024, o '
. I m\ [ r T < : o " iifaadeet ' i . 0.2 r ...
e "

HIIJ I|

Timing residuals (ms)

y H’ } il "‘H ”
N m i ‘” k, i ,.11' i :ﬂh i

—0.8

55000 56000 57000 58000 59000 60000 61000
MJD
0.6
0.4
| n .daﬁ.aoa M/ B o G( " 1 e "g 0.0 !‘ ‘o’ !. .r. LI | A4 ' '“w
¢ W“ ’ N‘h’ﬁ y : il th i B go_m_
|‘| NM‘ ‘}'lll H\ f[h ‘hﬂ'lllllimlllk i' ||“|‘ ! 3 g
£ “' ”'Hi Ml ‘ "” M' Muﬂ |H1 m W 2 B 04l
;?O |||'{'A\ k[ ' I 1|“\|'1J 'ﬂ\( ‘« Hl u’” 1 ll . i
| WH Illlﬂ *lelllﬂ“ ”Yl h|”[ |‘\ [:I\‘ l,l Hlll* h | —o0.64
Wl \ I ||| ] x
Rt vf*.n‘} i . i O
02 T oe o8 7% 02 04 os o8 P 55000 56000 57000 58000 59000 60000 61000

MJD



; the Horizon-AGN simulation

= Hippolyte Quelquejay Leclere!, Kunyang Li?, Marta Volonteri?, Stanislav Babak!, Ricarda S. Beckmann’, Yohan
Dubois?, Clotilde Laigle?, and Natalie A. Webb?

=g ! Université Paris Cité, CNRS, Astroparticule et Cosmologie, F-75013 Paris, France

‘ e-mail: quelquejay@apc.in2p3. fr

2 Institut d’ Astrophysique de Paris, UMR 7095, CNRS and Sorbonne Université, 98 bis boulevard Arago, 75014 Paris, France
3 IRAP, Université de Toulouse, CNRS, UPS, CNES, 9 Avenue du Colonel Roche, BP 44346, 31028 Toulouse Cedex 4, France
4 LERMA, Sorbonne Université, Observatoire de Paris, PSL research university, CNRS, 75014 Paris, France

> Institute for Astronomy, University of Edinburgh, Royal Observatory, Edinburgh EH9 3HJ, UK

October 17, 2025

arxXiv:2510.14613
ABSTRACT

We use the Horizon-AGN cosmological simulation to study the properties of supermassive black hole binaries (MBHBs) contributing
most to the gravitational wave background (GWB) signal expected in the pulsar timing array (PTA) band. We develop a pipeline
to generate realistic populations of MBHBs, allowing us to estimate both the characteristic strain and GWB time series observable
by PTA experiments. We identify potential continuous wave (CW) candidates standing above the background noise, using toy PTA
sensitivities representing the current EPTA and future SKA. We estimate the probability of detecting at least one CW with signal-to-
noise ratio > 3 to be 4% (20%) for EPTA (SKA)-like sensitivities, assuming a 10-year baseline. We find the GWB to be dominated by
hundreds to thousands of binaries at redshifts in the range 0.05 — 1, with chirp masses of 103> — 10°> Mg, hosted mainly in quiescent
massive galaxies residing in halos of mass ~ 10!3 Mg. CW candidates have larger masses, lower redshifts and are found in even more
massive halos, typical of galaxy groups and clusters. The majority of these systems would appear as AGN rather than quasars, because
of their low Eddington ratios. Nevertheless, CW candidates with fgqq > 1073 can still outshine their hosts, particularly in radio and
X-ray bands, suggesting them as the most promising route for identification. Our findings imply that optical and near-infrared searches
based on light curve variability are challenging and biased toward more luminous systems. Finally, we highlight important caveats
in the common method used to compare PTA observations with theoretical models. We find that GWB spectral inferences used by
PTAs could be biased toward shallower slopes and higher amplitudes at f = 1/yr, thereby reducing the apparent tension between
astrophysical expectations and PTA observations. o,

Key words. Gravitational waves — Galaxies: supermassive black holes — Methods: numerical REE L

B3v1 [astro-ph.GA] 16 Oct 2025


https://arxiv.org/abs/2510.14613
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PTA vs SMBHB population (Quelquejay-Leclere et al 2025)

identify and study the SMBHBSs that contribute most
to the GW signal in the PTA band,

B bck, box, 0.05 < z < 1.2,1log(M./M) > 8.35
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Gravitational waveform model for eccentric binaries
(Sara Manzini - to be submitted shortly)

Effective-one-body modelling of eccentric supermassive black hole binaries for Pulsar
Timing Array.

Sara Manzini* and Stanislav Babak!
Université Paris Cité, CNRS, Astroparticule et Cosmologie, F-75013 Paris, France
(Dated: November 10, 2025)

Pulsar Timing Arrays (PTAs) observations will detect gravitational waves (GWs) from the early
inspiral phase of supermassive black hole binaries (SMBHBs) with orbital periods of weeks to years.
Current PTA analyses generally assume circular binaries; however, dynamical interactions with the
surrounding environment can prevent complete circularisation, allowing SMBHBs to retain appre-
ciable eccentricities. In this work, we present a gravitational waveform model for eccentric binaries
based on the Effective-One-Body (EOB) formalism, designed for continuous GW searches in PTA
data. The model is accurate up to the second post-Newtonian (2PN) order for the conservative
dynamics and up to post-leading order for the radiation-reaction terms. We provide both a numer-
ically precise and a computationally efficient approximate implementation and evaluate the latter’s
accuracy against the full model over a broad range of eccentricities and initial orbital frequencies.
Our results show that a substantial region of the parameter space exhibits pronounced orbital evo-
lution, much stronger than in the circular case. We demonstrate the rich harmonic structure of
timing residuals induced by eccentric GWs. Properly characterising eccentric binaries is an essen-
tial step toward detecting GWs in PTA data and interpreting the results, ultimately improving our
understanding of the supermassive black hole population in the local Universe.

I. INTRODUCTION Another mechanism involves perturbations from a third
SMBH introduced during a subsequent galactic merger.

™ 1 rme o+ A , /MMmAN 11 a1, Qiich a nertnirher ecan tricoer Kazai—TI.idov neecillatinne



NRT (pulsar) instrumentation
c.f. Ismael

NEXT NRT INSTRUMENTATION

- currently ROACH2 based, before upgrade
to RFSoC within a 1-2 year(s)

- A/D conversion right after the receiver

bw 0-1.8GHz for BF

bw 1.8-3.6GHz for HF (in second Nyquist zone)

- wave forms output 'galactic/extragalatic’
1-4x28/112MHz channels

- wave forms output 'pulsar' 1024x 1.8MHz
channels (over 8x 10Gbe fiber links)
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1937+21 /NUPPI—9/archives—calibrated /nuppi_60961_1937+21_308318.calibP.zap

NRT (pUISar) inStru mentation _ Freg: 37.018( MHz BW: 512 Length: lw?s‘g’gz‘z S/N:l646.94r6

c.f. Ismael b » f
i “ ; %_’4v ﬁ”N/‘ﬂ 7
OCTOBER 2025 : FIRST PULSAR TESTs on SKY .| NUPPI profils over 512MHz _
- PSRDADA wave forms put on disk over 128ch, L and 31mins, calibrated 'single axis
simultaneously to NUPPI observations 57
- 'dspsr' dedispersion/folding with NUPPI polycos, St :
no calibration _ )
0 ‘ 52 | &4 | &6 ‘ &8 | 1
Pulse Phase
1937421 19374+21_20251013—-181643_6NUPPI.ar
Freq: 1502.221 MHz BW: 231.25 Length: 301.986 S/N: 219.780
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Postfit Residual (us)

NRT (pulsar) instrumentation
c.f. Ismael

OCTOBER 2025 : FIRST PULSAR TESTs on SKY
very similar ToAs residuals with same BW/Tint

0

ToAs extraction and analysis —_—
(pam, pat and tempo?2)
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Hour angle (hour)

1pps signal well managed for building start times

ToAs residuals over 64MHz/30sec

- integrations, using NUPPI template:

™~ NUPP! with 175us offset

m\ NUPPI2G (several obs)



NRT (pulsar) instrumentation
c.f. Ismael

OCTOBER 2025 : FIRST PULSAR TESTs on SKY

very similar ToAs residuals with same Bw/Tint
- ToAs extraction and analysis —_—

(pam, pat and tempo?2) 1pps signal well managed for building start times

NEXT STEP

- PSRDADA wave forms on galactic/extragalactic
streams (—> LEAP alike mode)

- code NUPPI Nvidia/CUDA to be ported to
Nvidia/Holoscan to send data directly from 10Gbe
interfaces to GPU memory






