
TNG in the Italian tradition of the surveys
for radio-loud and radio-quiet quasars.

Stefano Cristiani 
INAF OATs



How to fulfill the dreams of a kid
or

When did I hear first of a 
Telescopio Nazionale?

AKA
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Asiago in the ‘70s



4



5



6



7

Q0302-003
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NTT
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INNSE
1987
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EFOSC: 
1985

1986 IAUS 119 57



141986 OHP



151986 OHP



May 2011     IGM as a cosmological probe
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Courtesy of  Vid Iršič



D/H from IG Abs. QSO 1243+3047

(average of 7 QSOs) 

D/H = 2.53± 0.03 × 10-5

Cooke + 2018



Variation of fundamental constants: α, μ

Wilczynska+2020

Milaković+2021



Sandage Test (Liske+2008, Cristiani+2007, Loeb 1998, Sandage 1962)
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~2000h of observations required over 20-30 yrs



QUBRICS – finding the beacons
QUasars
BRIllanti 
per la
Cosmologia
nel 
Sud



QUBRICS

Konstantina Boutsia, Giorgio Calderone, Stefano Cristiani, Andrea Grazian

Guido Cupani,Valentina D'Odorico, Fabio Fontanot 
Calderone G., et al., 2019, ApJ, 887, 268
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Main goal:
• Identify bright, high-redshift QSOs using data 

from publicly available photometric survey:

• Two-fold problem: first identify QSOs, then 
remove low-redshift objects

• SkyMapper
• Gaia

• 2MASS
• WISE
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Main goal:
• Identify bright, high-redshift QSOs using data 

from publicly available photometric survey:

• Two-fold problem: first identify QSOs, then 
remove low-redshift objects

• SkyMapper
• Gaia

• 2MASS
• WISE

Method:
• Apply ML techniques on photometric datasets:

• Canonical Correlation Analysis (CCA)
• Calderone et al 2019 ApJ 887 268
• Boutsia et al 2020 ApJS 250 26

• Probabilistic Random Forest  (PRF)
• Guarneri et al 2021 MNRAS 506 2

• XGB (stay tuned)
• Spectroscopic follow-up to confirm the nature of 

high-redshift candidates



The QUBRICS survey: 
Canonical Correlation 
Analysis 
(Calderone et al. 2019)

• High dimension selection process 
based on linear combination of colours

• Used for classification and regression
• Measurement uncertainties are not 

included in the model, and missing 
data can’t be dealt with



The QUBRICS survey: 
Probabilistic Random 
Forest (Reis et al. 2019)

• Generalization of the original Random 
Forest (RF) to account for measurement 
uncertainties

• In the PRF each feature is a probability 
distribution function: this improves 
performances and considers errors as 
variance of the distribution

• Naturally handles missing data!

(Guarneri et al 2021 MNRAS 506 2) Reis et al. 2019 - arxiv:1811.05994



Good training produces 
good predictions

• Very few high redshift QSOs with respect to those 
at low and intermediate: training dataset is 
unbalanced

• Currently two possible solutions:
• over/under-sampling techniques
• synthetic data generation

• Simple oversampling strategy: draw multiple 
copies of objects in the minority class

• Misclassification in literature need to be identified 
and addressed



Learning (many) lessons about ML
Beware of:
- Black box syndrome
- Overfitting (complementary methods)
- Fancy interpretation of unphysical features
- Amazing success rates and completeness
Consider that:
- Good for classification may be less good for regression
- On a well defined class, fitting a model may be fine
Need for:
• Large and balanced training sets (synthetic data)
• Proper error treatment
• Physical insight Remember Minority Report (Dick, 1956)
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z= 3.519 i= 17.65  

TNG Oct 23, 2020



WP4 - High-z AGN: ionization
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The Luminosity Function of Bright QSOs at z∼4 and 
Implications for the Cosmic Ionizing Background: 
Boutsia, Grazian+2021

Fontanot+2014-2021



The current state of 
QUBRICS

• Good success rate, but there is room for 
improvements: synthetic data are being 
tested to improve performances

• Main contaminants are low redshift 
QSOs: galaxies and stars are reliably 
removed from the candidate sample



The Echelle SPectrograph for 
Rocky Exoplanets and Stable 
Spectroscopic Observations
Francesco A. Pepe, Stefano Cristiani, Rafael Rebolo Lopez, Nuno C. Santos
Matteo Aliverti, Antonio Amorim, Gerardo Avila, Veronica Baldini, Willy Benz,
Alexandre Cabral, Giorgio Calderone, Pedro Carvas, Roberto Cirami, João Coelho,
Maurizio Comari, Igor Coretti, Guido Cupani, Hans Dekker, Bernard Delabre, Paolo Di
Marcantonio, Valentina D'Odorico, Michel Fleury, Ramòn Garcia Lòpez, Matteo
Genoni, Ian Hughes, Olaf Iwert, Florian Kerber, Marco Landoni, Jorge Lima, Jean-
Louis Lizon, Gaspare Lo Curto, Christophe Lovis, Charles Maire, Antonio Manescau,
Carlos Martins, Denis Mégevand, Paolo Molaro, Mario Monteiro, Manuel Monteiro,
Christoph Mordasini, Giorgio Pariani, Luca Pasquini, Didier Queloz, José Luis Rasilla,
Jose Manuel Rebordão, Marco Riva, Samuel Santana Tschudi, Paolo Santin, Alex
Segovia, Danuta Sosnowska, Paolo Spanò, Fabio Tenegi, Stéphane Udry, Maria
Rosa Zapatero Osorio, Filippo Zerbi
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ESPRESSO  MR 4UT  Res = 70.000
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-30 nights
= 15 MEU
(increasing)



QUIPs (QUBRICS Irregular and Peculiar)

● Peculiar objects, 
difficult to assess

● NIR spectra taken, 
Hα/Hβ identified

● Large fraction of 
FeLoBALs similar to 
QSOs at higher z

● Edd ratios measured, 
~normal



QUIPs

● Peculiar objects, 
difficult to assess

● NIR spectra taken, 
Hα/Hβ identified

● Large fraction of 
FeLoBALs mistaken 
as QSOs at higher z

● Edd ratios measured,
~normal 

Cupani+21, submitted to MNRAS

QSFit: model of emission lines

Astrocook: composites, absorption 
systems

FeLoBAL comp.

Non FeLoBAL comp.



DOXS @ TNG
SoNiDo?



DOXS @ TNG
SONIDO?
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NewIGM - The Team 
Boera E.
Boutsia K.
Calderone G.
Cristiani S.
Cupani G.
D’Odorico V.
De Lucia G.
Di Gioia S.
Di Marcantonio P.
Fontanot F.

Giallongo E.
Grazian A.
Guarneri G. 
Menci, N.
Milakovic D.
Molaro P.
Murphy M.
Omizzolo A.
Romano M.
Vanzella E.
Viel M.

> 15 FTE in 3 years  - 10 @ Ts (8 @ OATs)
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Thanks!



The 
End



IGM - Absorption Lines – Why?
What were the physical conditions of 

the primordial Universe?
What fraction of the matter was in a 

diffuse medium and how early did it 
condense in clouds?

Where are most of the baryons at the 
various redshifts?

How early and in what amount have 
metals been produced?

Which constraints on cosmology & 
types of DM (e.g. ν) are derived 
from the IGM LSS?

What was the typical radiation field, 
how homogenous, and what was 
producing it?

When and how, after the Dark Ages 
following recombination, did the 
Universe get reionized?

Does the SBBN correctly predict 
primordial element abundances 
and CMB T evolution?

Do fundamental constants of 
physics (e.g. a, μ) vary with time?
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Liske et al 2008

Sandage test
@ ELT


