QUBRICS - finding the beacons
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Equatorial coordinates
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Main goal: 60
* |dentify bright, high-redshift QSOs using data i
from publicly available photometric survey: 20
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Main goal:

* |dentify bright, high-redshift QSOs using data
from publicly available photometric survey:

 Apply ML

* XGB:

SkyMapper &
Gaia 20
PAN-STARRS Oh 22h 20h 18h 16h 14h % 10h 5 8h 6h 4h 2h
2MASS . g g
. -20
WISE . :
-40
DES ... 2 _60
* Two-fold problem: first identify QSQOs, then - 7 2
remove low-redshift objects NS =
Method: Galactic coordinates
techniques on photometric datasets: 80
* Canonical Correlation Analysis (CCA) 60 s
Calderone et al 2019 ApJ 887 268 2 o
Boutsia et al 2020 ApJS 250 26 - _
* Probabilistic Random Forest (PRF) =
Guarneri et al 2021 MNRAS 506 2 180° 150° 120° 90° 60° 30° 330° 300° 270° 240° 210°
Guarneri et al 2023 MNRAS -0
Calderone et al. 2024 OIS .
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* Spectroscopic follow-up to confirm the nature of
high-redshift candidates
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The QUBRICS survey:
Probabilistic Random
Forest (Reis et al. 2019)

* Generalization of the original Random Forest

(RF) to account for measurement S i
uncertainties

* In the PRF each feature is a probability X >a9 .
distribution function: this improves

- R i - [ x
performances and takes into account errors Ps O.:'},x &!{S 0.7 N
as variance of the distribution P fag

* Naturally handles missing data (upper limits
and lack of observations)!

Guarneri et al 2021, MNRAS 506 2 Reis et al. 2019 - arxiv:1811.05994
Guarneri et al 2022, MNRAS 517 2436
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Example SEDs and follow-up spectra

Guarneri et al.
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Learning (many) lessons from ML

0.50

Beware of:
Black box syndrome (Petch et al. 2022, e.g.) g °®
Overfitting (complementary methods)
Fancy interpretation of unphysical feature
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

z=3.504 |

rbitrary units]

—0.50

-0.75

log(AL,) [a

—-1.00

—h2 QID=1723140]

3.5

Need for: N
. _ k@) 7
Large and balanced training sets (synthetic data) S 2 P
WEDNESDAY’S CHILD by William Tenn
Proper error treatment THE MINORITY REPORT by Philp K. Dick

Physical insight Remember Minority Report (Dick, 1956)



Mervin et al. ] Cheminform (2021) 13:62

https:/doi.org/10.1186/513321-021-00539-7 Journa | of Cheminformatics

RESEARCH ARTICLE Open Access

Probabilistic Random Forest improves s

bioactivity predictions close to the classification

threshold by taking into account experimental
uncertainty

Lewis H. Mervin' T®, Maria-Anna Trapotsi*!, Avid M. Afzal?, lan P. Barrett®, Andreas Bender? and Ola Engkvist*”

*Correspondence: lewis.mervinl@astrazeneca.com

"Lewis H. Mervin and Maria-Anna Trapotsi contributed equally to this
work

" Molecular Al, Discovery Sciences, R&D[ AstraZeneca] Cambridge, UK
Full list of author information is available at the end of the article

“It seems the nature & bias in our data shares much similarity to the ones in yours, in the search for quasars.”



Observations — Finding the cosmic beacons
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Rogues’ Gallery



Relative Flux

N
Ui

N
o

=
un

=
o

i

39627672338304177 z=1.405/2.72

ClIl]

W

Mgl

40 -
[OI1]

30-

201

10

2305843038137622539 z=1.764/3.41

ClI]

|
Mgl

39627624619/7/0/868 z=1.808/2.91

{

1

r

CIll]

301

20

10

04000 5000 6000 7000 8000 9000 10000

39636282036458559 z=1.822/2.67

CIvV

iCIII]

Mgl

Wavelength (A)

074000 5000 6000 7000 8000 9000 10000




Relative Flux
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Near-infrared spectroscopy of extreme BAL QSOs from the QUBRICS
bright quasar survey
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The 5.2 <z < 5.6 desert

« Simulated z~5.5 QSO0s New Lower/higher-z QSOs
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Filling in the Quasar Redshift Gap at z ~ 5.5. II. A Complete Survey of Luminous
Quasars in the Post-reionization Universe
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Reverse selection method XGB — Unbalanced data sets

Step 1

Step 2

Step 3

Step 4

..Predict. 3,

Training data Models
Stars
...... :I'r_alr_1_) Binary classifier
: P: stars
Predict )
Galaxies « { N: anything else
Low-z QSOs ‘
High-z QSOs
Correct P-predictions """~~~ :
All the rest  with prob. > 7 HP_'?‘E?[@?EI_-
Galaxies | === Ir.e.‘!r.‘....) Binary classifier
, P: galaxy
Predict .
Low-z QSOs ‘ o ( N: anything else
High-z QSOs
_ Correct P-predictions 7177777~~~ !
&Q‘" therest  ~ith prob. > 7 »Discarded |
Train > . og:
................ Blnary cIaSSIfler
Low-z QSOs y
. <-Predit... : low-z QSOs
High-z QSOs N: anything else
Correct P-predictions 77 """"""~ :
All the rest with prob. > 7 »Discarded |
...... Train,... Multi-label
High-z QSOs classifier

Unclassified / test set

Predictions
Predict P-predictions E
> with prob. > 71 >: Stars :
) :
All the rest
\ 4
Predict P-predictions -
) with prob. > 7 ; Selipiee
All the rest
\ 4 R
P-predictions L i
ow-z QSOs |
with prob. > 7 —;‘ _______ Q
oS
All the rest ed\o\\o(\
<
< Q
v &
predictions candidates

Calderone+2024
A&A, 683, A34



Calibrate probability threshold =

1 l l Reverse 'Is.election ' |
Precision e+ Recall (z>2.5) +=+ Recall (z>3.0) e
Calderone+2024
0.7 } ; R S S
E § E e
0.6 _ } -
. _ ﬁi{i

0c i a | a

0.4 0.5 0.6 0.7 0.8 0.9 1

Prob. threshold (1)

@ Increase recall, slightly affect precision;
@ Optimal 7 is the one maximizing recall;
@ The better performances depend on the test set choice?

@ ...run 100 analysis with random train/test splits, estimate recall at z > 2.5, 3.
—— e




SCIENTIFIC RESULTS
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Table 3. The Best-Fit Parameters of the QSO LF at 3.6 = z = 4.2 in the QUBRICS Footprint
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The z~5 AGN Luminosity Function
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The AGN contribution to the Photolionization rate
at z~5
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Estimated z = 6 AGN LF. The predictions from Fontanot+23 models compared with observations

—5-
T 9
@)
Q.
=
i
x —7]
Q
L]
g
o
wn
o
S -8
(@)
@)
o Jiang et al. (2016) \
Kashikawa et al. (2015) ' \
s a\
—9{ B willott et al. (2010) + ; .
Y Giallongo et al. (2019) A \
@ Chehade et al. (2018) N
A Matsuoka et al. (2018) e
- 101 Onoue et al. (2018)
—18 -20 —22 —-24 —26 —28

M1450



INTERGALACTIC MEDIUM



Trost et al. 2025 PhF%v

The Intergalactic Medium as
a particle detector

: 2410.02'858 :

The IGM = all baryons not in galaxies

Mostly ionised hydrogen Dark Photon

When resonance occurs

Production of y free-free absorbed by gas

Net energy injection in IGM E 4/_,
ACDM ?:.2'000

V
Dark

9.00

e O EEE e

Andrea Trost — andrea.trost@inaf.it — OATs



mailto:andrea.trost@inaf.it

A’ in the Lyman Forest

2410.02858
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Constraining A4’

Bayesian — looking for preferred models
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Frequentist — put constraints
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New very solid constraints on mass and mixing
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ESPRESSO: designed for stability

ARV =1 m/s
AT =0.01 K
Ap=0.01 mBar
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A2=0.00001 A
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1/1000 pixel




The Sandage Test of the Cosmic Redshift Drift

a(t)A

a(t, + At,)

a(t, + At))

Measuring H(z)




The Lyman Forest - today and ... years after




Observing dz/dt in the Ly-a Forest
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Observing dz/dt in the Ly-a Forest
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Observing dz/dt in the Ly-a Forest
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Sandage test of the cosmic redshift drift

erg / (Angstrom cm?2 s)

Figure: An ESPRESSO spectrum of a z=3.960 QUBRICS QSO for the measurement of the cosmic redshift drift
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SB-2
Trost et al. 2025
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Epoch 1 - 2022
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Epoch 2 - 2023
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Epoch 1-2-3




SB-2 - Trostetal. In prep
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Liske et al. 2008
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Velocity shift uncertainty reached with ESPRESSO spectra of SB2,
assuming three different observational strategies with an integration time of

10 hours per year (blue), 100 hours per year (yellow), and 1000 hours
per year (red).
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