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The cosmic journey of black holes
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Merging SMBHs and dual AGN

physical processes affecting * Long merging timescales

~108-1010
coalescening massive BHs (~10 19 yr) |
* Merger-induced accretion

Dynamical friction (against dark matter, gas, stars)

Clump scattering — Mu tlple active
Effect of bars/spirals SMBHs at 1-100 kpC
Stellar-driven hardening SeparatiOﬂ: ) Dual AGN
3" incoming MBH
Disk-driven migration torques common hOSJ[ galaxy.
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Gravitational
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Begelman80, Yu02, Tremmel+17, Rosa-Guevara+19, Volonteri+21, Chen+23.....
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The role of cosmic duets
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Mannucci+22, Nat. Astr.

Importance of the "duet” phase:
1. test of BH seeding
2. Role of merging in SMBH growtr
. Physics of in-spiraling and orbital shrinking
. Test on models of Galaxy/SMBH co-evolution
. Effect of merging on AGN activity
. Feedback, effect on host galaxy
. Predictions of the GW event rate in LISA and PTA

~N O O &~ O
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GW event rate

d*N/dtdz [yr]

Massive BH merger rate (M>105M®)
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Never tested model predictions
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~ew duets up to 2022....

Projected Separation (Kpc)
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Aim:

1.Select, confirm, and study
the properties of a large

number of

duets at z>0.5

and sep</kpc (~1")

2.uniform ar

d well-understood

selection f

Jnction

3.Compare their properties
with model predictions

4.Compute an accurate MBH
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Strategy and Instruments

multiple QSOs —)  redshift/contamination —=e———————— -

classification/properties

Selection: Integrated spectroscopy: Spatially-resolved
Multiple QSOs from large sky- - confirm the QSO spectroscopy
coverage, high spatial - measure redshift nature and properties
resolution surveys - presence of a star

1. Gaia Multi peak (GMP) Follow-ups:

. 1. Archive: SDSS+DESI+... .
2. Euclio 2.New observation: VLT, NTT, TNG, ... X-ray, midiR, submm,
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Strategy and Instruments

multiple QSOs _> redshift/contamination classification/properties

COSMIC DUETS

ESO LP 138hr, Pl: M. Scialpi
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Multiple QSO selection

Gaia multi peak (GMP)
60 confirmed QSO pairs
24 dual AGN

J0348-4015 J0514-3326 J0748+3146 J0748+1910

J0831+5245 J0841+4825 J0904+3332 J0951+2635

J1251+2935

Mannucci+22, Ciurlo+23,
Mannucci+23, Scialpi+24, Wu+24

. vVlannuccl
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B

ML-lbased detection
[e<25.5 sep>0.2"
Q1 data (63 sg.deg): 12 cand.
Wide Survey (14,000 sqg.deq): ~ 2500

J0334-2658 J0411-4528 J0419-4845
2 3
J1748+6503 J1816+6726 J1817+6518

F S5 &

Cuillandre+24, Ulivi+25

144MHz, ~80pdy/lbeam
sep>0.3"
LoTTS survey (20,000 sg.deg)
~1000 dual AGN
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Gaia Multi peak (GMP)

SCAN DIRECTION —
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Strong points:

09242 +3512

1. All sky, millions of QSO
2. high spatial resolution, stable PSF
3. very effective, no false positive

Limitations:

1. high luminosities log(L)>45.5
2. low luminosity ratio (<15)

3. low extinction

4, no host galaxy

J09563 +4329

Mannucci+22,23, Ciurlo+23,
Scialpi+24, Wu+24

arcsec 26 Pisa, 22 Apr 2026 11



GMP: Integrated spectroscopy
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e confirm photometric classification

® measure redshift

e QSO/star deconvolution
— dual fraction

~1200 spectra:

- ~600 from archive (SDSS, DESI...)

- ~600 proprietary data

GRaviCon 2026
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GMP: spatially-resolved spectroscopy
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arcsec

GMP: lensed QSO
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Status:

GMP:
~200 QSO pair candidates
~ (0 with resolved spec.
~060 confirmed QSO pairs
33 confirmed duets
22 Confirmed lensed QSO
5 "pairs’

F. Mannucci

All Spectroscopically-confirmed dual AGN at sep<20kpc
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Physical properties

Single-epoch BH masses Eddington ratios
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Dual fraction (how many duets?)

From:
e spectral deconvolution of

) W GMP pair
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Comparison with models

Model Ref
: |lzquierdo-Villalba+22
L-galaxiesBH Bono|iinE
: Chen+23
Astrid Nisos
Horizon-AGN Volonteri+16
Fables Buttegieg+25

Apply the
same

selections:

redshift,
separation,
mag

N duest
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31

Need for larger simulations with higher resolution
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Predictions on GW background at PTA frequencies
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Predictions on GW background at PTA fre
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Conclusions

e Using ~20 telescopes/instruments to build a large
sample of duets at sub-arcsec separations
(common host galaxy) and z>0.5

o [rst statistical sample of duets with a well defined
selection function

e Comparison with models

e (Temporary) results on GW background: lower
number of more powerful events, X2 lower GW
background than PTA

F. Mannucci

e Physical quantities: BH mass, Lbol, dual fraction ....
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