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The cosmic journey of black holes
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Tremmel et al, 2018

Hlerarchical merging

JO7357 +3533 J08134 -0040 J08141 +2007 J09242 +3512

Long (108-1010 yr) merging timescales —

1. large population of dual AGN in the
same host galaxy (Kpc separation)

oo nrarayr 2. binary SMBH at sub-pc separations
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LBT, Mannuci+22, Nat.Astr. emitting continuous GWs
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Dual AGN and GW events

Predictions Interpretations

. Massive BH merger rate (M>10°M®) Binary BH merger rate models
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; thanks to M. Scialpi, C. Marconcini, L. Ulivi, Q. D'Amato, M.
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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

I C_aala. Multi peak (GMP) 1. Archive: SDSS+DESI+... FoIIow-ups:

2. Euclio 2. New observation: VLT, NTT, TNG, X-ray, mial, submm,
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Strategy and Instruments

multiple QSOs —)  redshift/contamination — =——————————|jy-

classification/properties

COSMIC DUETS
ESO LP 138hr, Pl: M. Scialpi
several tens of nights
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Status: first statistical sample ever

GMP: All Spectroscopically-confirmed dual AGN at sep<20kpc
~60 confirmed QSO pairs |
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Physical quantities:

e BH masses

e Eddington ratios

e Separation distribution
e dual fraction

e redshift evolution
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Predictions on GW background at PTA frequencies
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arcsec

GMP: lensed QSO
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1he near future

Now 27 28 29 30 31 32 33 34

Gravity

W o
| |

.‘ S— -

2%
mav-y

-

1~
e
—

A

F. Mannucci Strumentazione ELT a guida italiana Napoli, 14 Maggio 2026 10



Australia + INAF + France +

MAVIS on VL

SR=50% @ 650nm!
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MAVIS vs. MUSE
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—uclid-selected sample

~20 times larger sky coverage
unbiased luminosity coverage

L

K =

~

=

7 D

S 8 102

=z =

s o

.~£

B!

3 —

50 ()

Yt U o

OO ‘

—

D Z

£

=

-

Z 10()
14.5

—MAVIS
MUSE NFM

" NMAVIS|= 653 | == mm ===

15.5

16.0
mg1eow | Vegal

Strumentazione ELT a guida italiana

16.5 17 () 175 180 185 19.0

Napoli, 14 Maggio 2026 12



Binary/dual with MORFEO/MICADO

F. Mannucci

® High sensitivity for point sources
* High spatial resolution

(~10 mas -

80 pc @ z>1)

e High astrometric precision (~50 pas - 0.4 pc @ z>1)
e High spectro-astrometry resolution (~few pas)
e Spatially-resolved spectroscopy, Av~15km/sec:

100

MICADO SCAO

MICADO/SCAQO: mag<15

MCAO/MORFEO essential
for sky coverage

60,

Strehl ratio at 2.2um
B
o

N
=

Clenet+23

Dual and Binary AGN workshop
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Binary/dual with MORFEO/MICADO [
- 9

How to pre-select candidates’? ne . a8

PY bllnd’? . J1748+6503 J1816+6726

o All-sky Euclid/Roman (sep>0.15") . Q

6 Ulivi+26 7

F. Mannucci Dual and Binary AGN workshop ESTEC 16-20 March 2026



Binary/dual with MORFEO/MICADO

restframe wavelength

How to pre-select candidates”

e plind?
o All-sky

Barely-resolved candidates with

JWST
e Multi-peaked line profiles
o \ariability (LSST)
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Small scale structure of CGM and IGM
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MICADO - ANDES
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MICADO - ANDES
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ANDES: only spectrograph with both high spatial and spectral resolution

Mandelker+19, Gronke+20,22, Fumagalli+24, Dutta+24, Yao+25
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ANDES for resolved |GM properties

Requirements:
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R~100.000 B Pinna+, yesterda

SR 3.5% (H)

A =1600 nm
FWHM = 10.0 mas

1. Faint AO
NGS

circled Energy (%)
L
o

En

arcsec

0 100 200 300 300 500
Radius (mas)

Intensity

2. AO module for T
the RIZ arm®?

colght | fiberto fiber |

ower redshift, | = et —yp—
brighter QSOs | 8 7 . S
| s::: e [ fiber to fiber i

0.75-0.95

lllllll l interface

0.895-1.13

fiber to fiber |
interface |

1.12-1.36

1.41-180

Mandelker+19, Gronke+20,22, Fumagalli+24, Dutta+24, Yao+25

F. Mannucci Dual and Binary AGN workshop ESIEC 16-20 March 2026



Conclusions

e Using ~20 telescopes/instruments to build a large

sample of duets at sub-arcsec separations (common Moo e e T
20 4 <= * e > 4 X e )
host galaxy) and z>0.5 I P L a
e irst statistical sample of duets with a well defined % e o
selection function for statistical studies and GW = re® ¥ .
C Z [CoI— O®. G >0
predictions 1% o6 % ° e
* Future: ] ’ S O ............................. . ................. @©@ .............. 0.2"
e MAVIS: large sky coverage I S N |

Redshift

e MICADO/MORFEQ: fainter/closer systems
e ANDES: IGM 3D structure
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