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STRUCTURE OF THE TALK

» General introduction to quasar spectroscopy
» Analysis pipeline

» Pipeline test



INTRODUCTION

THE COSMIC LIGHTHOUSE

» Among the brightest persistent
sources In the Universe

» Ildeal background sources

» Accreting supermassive black holes -,

Artistic illustration of a quasar. Credit: NASA


https://science.nasa.gov/asset/webb/quasar-outflow-illustration/
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WHY STUDYING THE INTERVENING UNIVERSE?

» Most baryons are not in stars but In
diffuse gas

| INTERVENING ABSORBING CLOUDS

» Difficult direct studies L

» Absorption studies a natural solution B '

» Study of: \ .
» Cosmic Web (gas tomography)
» Intergalactic medium (IGM)

» Circumgalactic medium (CGM)

lllustration of the line of sight of a quasar observation. Credit: ChatGPT



INTRODUCTION o

QUASAR ABSORPTION SPECTROSCOPY

» Intervening gas leaves absorption
features on the quasar spectrum

» Gas clouds absorb photons at
specific wavelengths

» Absorption lines appear at
redshifted wavelenghts

lllustration of absorption features in quasar spectrum.
Credit: Balashev & Noterdaeme 2022


https://link.springer.com/article/10.1007/s10686-022-09843-y

INTRODUCTION

METAL ABSORPTION SYSTEMS

» Main metals in exam » Scientific use
» CIV » Chemical enrichment
» SilV » Galactic feedback
» Mgl » Kinematics
» Fell » CGM studies

» Different metals probe different
phases of the CGM



INTRODUCTION

CURRENT CHALLENGES AND OPEN QUESTIONS

» Technical challenges » Open questions
» Toward the million quasar surveys » Where are the missing baryons?

» Finding the true continuum levels » How galaxies exchange gas with

_ » the CGM?
» Detection of low column densities
(and, as consequence, low S/N » How are metals distributed
and low EW) lines through cosmic time?
» Classification of absorption lines » What is the structure of the

multiphase CGM?



ABSORPTION DETECTION AND CLASSIFICATION FOR WEAVE-LIKE QUASAR SPECTRA USING NEURAL NETWORKS

ANALYSIS PIPELINE

» Continuum fitting using neural networks
» Line detection using neural networks

» PILOT: Physically-Informed Line identificatiOn Tool



ABSORPTION DETECTION AND CLASSIFICATION FOR WEAVE-LIKE QUASAR SPECTRA USING NEURAL NETWORKS

WEAVE-LIKE MOCK SAMPLE

» Pipeline built for the WEAVE (WHT Enhanced Area Velocity Explorer) - QSO
survey

» PCA-based continuum

» Absorption profiles based on non-negative matrix factorization (NMF)
profile maker (NMFP) — total of 24 metal transitions in the sample

» Absorption clouds distributed randomly along the line of sight



Bottleneck
(encoded data)

Input data Reconstructed
Data



https://medium.com/data-science/applied-deep-learning-part-3-autoencoders-1c083af4d798
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CONTINUUM FITTING

» All architectures trained in supervised mode

» Autoencoders

Input

Pooling Pooling Pooling -/ }.:\:
: R
[ [ [ , = \}‘ '. \\:¢ ;
» Learn a minimal representation (latent Wi{ﬁ | \
)\ ‘ : . el ok NN < A
space) of the data =N - N e
: _ : | /; SoftMax
emal ST T T e e s
- ayer
Full
» Fast and simple | = .
Layer
} C N N Feature Extraction Classification Probabilistic

Distribution

» Convolution layer: detect features in the
data

» Local connectivity: each neuron focus on a
small region
Scheme of a CNN. Credit: Medium


https://python.plainenglish.io/decoding-cnns-a-beginners-guide-to-convolutional-neural-networks-and-their-applications-1a8806cbf536
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Downsampling Network

Convolution
Kernel, Stride

@ 13 Convolution
Kernel, Stride

—> Downsampling [ Recunenf Res"!uf'l . Concatenation or addition Concatenate or Add
Convolutional Unit (RRCU)

, ; ‘\' 5 1
Max-poling (2x2x2) Conv. Trans. 3x3x3 + ReLU Conv. (1x1x1) + ReLU Downsampling Network



https://medium.com/@alexquesada22/u-net-a-versatile-deep-learning-architecture-for-image-segmentation-2a85b52d71f6
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https://ui.adsabs.harvard.edu/abs/2025A&A...698A.292P/abstract

: —— Autoencoder (red part) Autoencoder (red) median: 0.008
: —— Autoencoder (full spectra) Autoencoder (full) median: 0.007
| —— U-Net U-Net median: 0.013

—— CNN (red part) CNN (red) median: 0.009

—— CNN (full spectra) CNN (full) median: 0.007

0.03 0.04 0.05 0.06 0.07
Absolute Fractional Flux Error



https://ui.adsabs.harvard.edu/abs/2025A&A...698A.292P/abstract

ABSORPTION DETECTION AND CLASSIFICATION FOR WEAVE-LIKE QUASAR SPECTRA USING NEURAL NETWORKS 15

STANDARD METHODOLOGY: LINE DETECTION AND CLASSIFICATION

» Focus on doublets » Limited to doublets only
» Continuum-normalized spectra are » Slow — the procedure has to be
convolved with a double Gaussian — repeated for each class of doublets

mimicking the doublet
» The line profile is not Gaussian — it

» Potential absorbers identified by an : : :
Is a Voigt profile

adaptive average S/N threshold (20) —
standard deviation between £200 pixels ), petection of only doublets where

» Double Gaussian fit with varying both transitions pass the SIN
amplitudes, line widths, and line threshold selection — one transition

centers is weaker (S/N ratio of ~2:1)
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PILOT: PHYSICALLY-INFORMED LINE IDENTIFICATION TOOL

» The light travels through multiple gas clouds

» Different clouds have different amounts of
heavy elements (metals)

_ INTERVENING ABSORBING CLOUDS I

» Each cloud can leave multiple absorption
lines in the quasar spectrum (different
metals)

» Each cloud leaves its absorption lines at a
different position (due to its redshift)

lllustration of the line of sight of a quasar observation. Credit:
ChatGPT
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PILOT

Initialize & Set
Line detection — =3 e HP = Output catalog

(Flux, Continuum, Mask)

» Line centroids — redshift (for all possible
transitions)

» Exploiting doublets to find absorbing cossiraosorm Y
systems (redshift match within a given P
threshold for transitions of the same metal) elculate centrolcs j" matimg

» Looking for singlets and multiplets for the Calculte SIN & EW if muliplts detectes
same absorbing systems. sost cassification corrections

CIV <->SilV CIV -> Sill + Ol

» Post-classification corrections cross mateh SR

v v

CIV -> Sill + Ol Mgll -> SlI
(Sill anchor) (Fell anchor)

Workflow of the line classifier PILOT. Credit: Pistis et
al., submitted



Completeness Completeness

=3.80
=1.20

-90% at S/N

~1-90% at S/N
o

7.1

5.55

09.35 ceeeeeeennnn
7.20

80% at S/N
90% at S/N
-90% at S/N
90% at S/N

7.60
5,30 coeeeeeed
7.35

= =2 =
= < <
%) w0 )
- ) -
© © o
X X °
o o o
(o)} 0 o

8.55 cevreenee
1.25

90% at S/N
[C—
90% at S/N

=1.30
=4.95 ccoeee N\

90% at S/N
-80% at S/N

8.40
1.45 T
7.20
6.65

80% at S/N
90% at S/N
80% at S/N
90% at S/N

6 8 10 12 14 6 8 10 12 6 8 6 8
Line S/N Line S/N Line S/N Line S/N




Table 1
Sample Statistics for Different Catalogs

Object DESI DESI
(DR2) (DR1)

Total quasars 787,166% 241,862
Selected quasars® 300,637 94,986
C 1V absorbers® 101,487 32,321

C1V (EW, 545 > 0.4 A) 73,010 23,385

Notes. References: DESI (Current), Sloan Digital Sky Survey
K. L. Cooksey et al. (2013).

2 Selection cuts: 130 < TSNR? < 400 and z > 1.4.

® For SDSS, z > 1.7.

° For DESI, (SNR) > 3 pix_'; for SDSS, (SNR) > 4 pix .

9 In selected quasars.

SDSS
(DR7)

48,260°
26,030
14,772
13,514

(SDSS):



https://ui.adsabs.harvard.edu/abs/2025ApJ...990..151A/abstract

2.06=z<2.11

DESI fit
a=-2.49+021!
k=0.53+0.05
NCIV = 1167

Wsoo% = 0.15 A

Anand + 2025
a=-2.41+0.26
k=1.70+0.39
Ncyy = 4497

Tension
Full range: 2.30
w> W50%I 2.00

223=z<2.29

DESI fit
a=-2.91+0.19 |
k=4.49 +0.33
Ncy = 14486

Wso% = 0.15 A

Anand + 2025
a=-2.31+0.23
k=1.40+0.30
NCIV= 4497

Tension
Full range: 3.90
w > W50%I 2.20

245=2z<2.56
DESI fit

a=-2.98+0.18

k=5.63+0.40
Ncy =38812

W50% = 018:&

Anand + 2025
a=-250=x0.31
k=1.32+0.35
NCIV = 4497

Tension
Full range: 4.90
w > WSO%I 3.00

3.01=z<4.69

-

DESI fit

k=3.09+0.24
NCIV= 8689

W50% = 017:&

Anand + 2025
a=-2.74+0.36
k=0.76+0.23

NCIV = 4497

Tension
Full range: 4.10
W > W50%Z 2.00

211=<z<2.17

DESI fit
a=-274%0.
k=229+0.18
NCIV= 6350

Wsoo =0.15 A

Anand + 2025
a=-2.27=+0.23
k=1.47+0.30
Nciy = 4496

Tension
Full range: 1.10
w > W50%Z 0.60

229=<2z<2.37

DESI fit
a=-2.93+0.19
k=5.19+0.37
Nciy = 24096

Wsoo =0.16 A

Anand + 2025
a=-2.36+0.26
k=134+0.31
NC|V=4497

Tension
Full range: 4.60
w > W50%Z 270

256=<z<275
DESI fit

a=-2.93+0.17 -

k=373%=0.26
Ncy = 39423

Wso% = OlgA

Anand + 2025
a=-2.35+0.24
k=0.90=0.20
NCIV=4497

Tension
Full range: 5.10
w > W50%: 3.00

Wr 1548 (A)

217<z<2.23

DESI fit
a=-3.01+0.20
k=3.90+0.30
NCIV= 10921

Wso% = 0.15A

Anand + 2025
a=-2.37+0.26
k=1.54+0.35
Ncy = 4497

Tension
Full range: 2.60
w > W50%Z 1l.40

237=<z<2.45

DESI fit
a=-2.93+x0.18
k=5.54+0.38
Ncy = 27565

Wso% =0.16 A

Anand + 2025
a=-2.39+0.23
k=1.36 £0.29
NCIV= 4496

Tension
Full range: 5.20
w> W5o%: 3.00

275=z<3.01

DESI fit
a=-3.08+0.18"
k=3.79+0.25
Ncy = 29035

Wso% = 018A

Anand + 2025
a=-254+0.31
k=1.02 £0.27
NCIV= 4497

Tension
Full range: 4.50
w> W5o%: 2.50



https://ui.adsabs.harvard.edu/abs/2025ApJ...990..151A/abstract
https://ui.adsabs.harvard.edu/abs/2025ApJ...990..151A/abstract

(W, 1548)

f(Wr 1548)

2.08=z<224

DESI fit
a=-2.92=+0.19
k=2.77+0.21
NCIV= 20578

W50% = 015A

Cooksey + 2013
a=-2.63+0.14
k=4.01+1.12
NCIV= 1490

W50% = 045 A

Tension
Full range: 1.40
W > Wsqo,: 1.40

251=2z<2.97

DESI fit
a=-2.99+0.17
k=3.83+0.25
NCIV= 82947

W5o% = 018A

Cooksey + 2013
a=-2.49+0.12
k=2.48=+0.70
NCIV = 1503

W5o% = 061,8\

Tension
Full range: 1.00
W > Wsqy: 0.70

224=<z<2.51

DESI fit
a=-2.93+0.18
k=5.02+0.34
NCIV= 85170

W50% = 016A

Cooksey + 2013
a=-2.82=+0.15
k=4.26 +1.50
NCIV= 1450

W5o% = OSOA

Tension
Full range: 0.30
W > Wsqe,: 0.20

2.97<z<4.54

DESI fit
a=-3.58+0.22
k=3.13+0.24
NCIV= 11338

Wso9% = 0.17 A

Cooksey + 2013
a=-2.61+0.13
k=1.82+0.70
NCIV= 1464

W5o% =0.59 A

Tension
Full range: 1.00
W > Wsge,: 1.10



https://ui.adsabs.harvard.edu/abs/2025ApJ...990..151A/abstract
https://ui.adsabs.harvard.edu/abs/2013ApJ...763...37C/abstract
https://ui.adsabs.harvard.edu/abs/2013ApJ...763...37C/abstract
https://ui.adsabs.harvard.edu/abs/2013ApJ...763...37C/abstract
https://ui.adsabs.harvard.edu/abs/2013ApJ...763...37C/abstract
https://ui.adsabs.harvard.edu/abs/2013ApJ...763...37C/abstract

1.00=z<2.50

DESI fit
a=-2.93+0.18
k=3.67+0.24
NCIV= 102486

W5o% =0.14 A

Hasan + 2020

a=-0.85+0.06
W. =0.51+0.07
N, =2.38+0.56

Tension
Full range: 1.30
W=>0.2A:0.80

250=z<474

DESI fit
a=-3.04+0.18
k=3.69+0.25
NCIV = 98058

W50% = 017A

Hasan + 2020

a=-0.91+0.06
W. =0.40+0.04
N, =2.39+0.43

Tension
Full range: 1.90
W=>02A:1.80



https://ui.adsabs.harvard.edu/abs/2025ApJ...990..151A/abstract
https://ui.adsabs.harvard.edu/abs/2013ApJ...763...37C/abstract
https://ui.adsabs.harvard.edu/abs/2020ApJ...904...44H/abstract
https://ui.adsabs.harvard.edu/abs/2020ApJ...904...44H/abstract
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SUMMARY

» ~1% error on continuum recovery within 1s for 10,000 spectra

» Detection of absorption lines with ~90% completeness and purity at S/N~4
of the lines

» Classification with ~90% completeness and purity for main metal lines (CIV,
SilV, Mgll, Fell)

» Recovery of the rest-frame equivalent width frequency distribution

» Main performance bottleneck due to absorption line detection



THANK YOU FOR
YOUR ATTENTION!
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AUXILIARY

LINE CLASSIFICATION

Alll 1670 %) oo 12 07 06 03 1.1 1.0 08 O. 0 00 01 01 01 01 02 05 07 02 03 00 O. Alll 1670 980 01 05 03 13 04 15 1.1 09 3.6 47 60 77 01 21 1.7 19 04 06 07 50 02 0.3
Cll 1334 o1 1.6 09 03 08 01 1.3 1. ; ; ; . . . 5 07 0.6 1.1 0.7 O. ; ; ; . Cll 1334 o1 978 04 02 04 0. ; 8 08 3.7 36 46 40 0.4 82 7.9 1.9 2. .6 03 05 0.5
CIV 1548 o1 o1 09 06 06 08 1.1 1. . ; ) . . . 2 02 02 04 1.0 O. . ; ; . CIV 1548 o6 05 940 11 35 1. . 4 3.2 2.6 el 2.9 3. 1 7.4 11 1.3
CIV 1550 o1 o0 0.7 5 05 0.7 08 0. . . : : : : 2 02 02 03 09 0. . : : : : . CIV 1550 o5 03 0.7 948 2.7 1. . 2 2.2 10.4 10.4 0.4 29 2. 2 74 09 1.2
Fell 1608 01 00 08 o. 02 04 03 05 04 05 O. . . 1 01 01 00 01 04 04 02 03 0.0 O .0 5. Fell 1608 01 00 02 01 1 02 02 03 10 1.4 0.0 0. . 2 01 01 03 13 0.1 0.1
Fell 2382 00 00 01 o. . wo.e 0.6 0. . . . . . . .0 0.0 00 01 0.1 O. . . . . . Fell 2382 00 00 01 00 o. 6 05 23 1.8 0.7 1.0 0.0 O. . 3 02 0. 1 19 0.1 0.0
Fell 2600 o0 0.0 02 o. .1 0.5 909 05 O. . ; . . . . .0 0.0 0.0 0.0 01 O. ; ; ) . . : Fell 2600 o0 00 01 00 o. ; 4 06 1.8 21 1.0 0.7 0.0 1. . 6 0.0 O. 1 1.0 00 0.1
Mgll 2796 00 0.0 0.0 oO. .0 03 06 . . ; . . . . .0 0.0 0.0 00 0.1 O. ; ; ; . . : MgII 2796 00 00 0.0 0.0 O. . : 06 1.1 1.3 0.4 09 0.0 7. . 3 0.1 o. 1 1.0 0.0 0.0
Mall 2803 00 0.0 0.0 oO. 1 02 05 0. .0 0. ; . . . . 3 0.0 0.0 00 0.1 O. . ; ; . . . Maqll 2803 00 00 0.0 0.0 O . . ; 1.4 12 0.6 0.7 0.0 O. . 0 0.1 o. 1 1.1 0.0 0.0
Mnll 2576 00 0.0 04 o. 3 03 0.4 0. . . . . . . 1 01 0.0 01 04 O . ; ; . . : MnIll 2576 00 0.0 00 0.0 o. . ; ; . 0.1 0.2 0.0 0.0 O. . 1 0.0 O. .0 0.1 0.0 0.0
Mnll 2594 o01 00 00 01 02 04 01 4. 2 0. . . . 1 00 03 01 01 01 07 02 02 0.1 0. 0 2. Mnll 2594 o0.0 00 00 00 0.0 00 00 0.3 O. o.1o.o 0.1 0.0 O. . 4 0.0 0.0 00 03 0.0 0.0
Nill 1709 04 00 02 04 00 02 00 O. 2 0.0 0. 4 0. . 2 00 04 00 00 04 06 02 02 0.0 O. 0 3. Nill 1709 00 00 00 00 00 00 0.0 00 0.0 0.0 0.10.1 0.0 0. . 3 0.0 0.0 00 01 0.0 0.0
Nill 1741 o1 00 04 o. 7 01 03 O. . . ; . 1l 0.0 03 00 01 O. . ; ; . . . Nill 1741 o0 0.0 00 0.0 oO. . ; ; .0 00 0.1 0.10.0 . . .0 01 o. .0 01 0.0 00
Ol 1302 o0 02 ; 3 06 0.0 1. . ; ; . . 4 06 05 08 0.6 O. ; ; ; . . Ol 1302 00 02 22 01 o. . ; ; 4 14 14 26 1.9 954 7. . 6 1.2 1. 4 01 02 04

SIl 1250 00 00 00 00 00 00 00 12 00 00 0.0 0.0 O. 4 0.0 24 00 00 00 00 0.0 00 00 0.0 O. SIl 1250 00 00 00 00 00 00 00 00 00 00 00 0.0 0.0 0.0 3 0.0 01 0.0 00 00 0.0 0.0
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SIl 1253 06 00 00 1.2 00 00 00 00 06 00 0.0 00 O. 19 1.2 06 0.0 00 0.0 06 0.0 00 00 4. SIl 1253 00 00 00 00 00 00 0.0 00 0.0 00 00 00 00 0.0 O. ¥ 04 01 00 0.0 00 0.0 0.0
SIl 1259 0.0 00 0.0 00 00 00 00 27 00 00 00 00 00 00 00 0.0 973 0.0 00 0.0 00 0.0 00 0.0 00 0.0 O. SI1 1259 0.0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 53 0.0 00 0.0 00 0.0 0.0
Sill 1260 00 01 10 07 04 07 01 1.1 1.0 08 05 1.0 05 02 1.0 1. 1.80.5 0.7 0.0 1.0 08 0.0 0.0 O. . Sill 1260 00 01 01 01 02 02 00 03 03 1.0 06 18 09 01 73 7. 4 02 00 02 02
Sill 1304 03 o1 o. 2 04 01 oO. . . ; . . . . 5 05 0.4 0.2 0. . ; ; . . . Sill 1304 o1 01 01 20 o. . ; ; 2 1.0 09 13 12 0.1 3. . . . 1 00 02 02
Sill 1526 01 o1 1. ; 6 0.7 0.7 1. . ; ; ; . . . 2 02 02 0.2 . ; ; ; . . . Sill 1526 02 02 07 05 1. . : ; 1l 45 46 6.6 6.0 0.1 3. . . . ; 1.5 0.4 05
Sill 1808 00 00 1.0 09 01 04 04 04 03 03 04 05 04 00 01 00 00 01 01 02 1 03 01 00 00 5. Sill 1808 00 00 00 00 00 01 01 00 00 02 02 05 03 00 05 01 01 01 00 O. 0.0 0.0
SilV 1393 00 01 o. . 2 06 0.3 0. . . . . . . . 3 02 03 04 04 0. Y 1. ; . . SilV 1393 01 03 06 05 0. . . . . 52 8.1 6.3 05 . . .8 0.3 954 1.4
SilV 1402 o0 0.1 o. . 2 05 0.3 0. . . . . . . . 2 02 02 03 03 0. . . . . . SilV 1402 o1 04 03 02 oO. . . . . 2.84.2 3.4 02 7. . . . . 5 0.1 0.6 93.7
Znll 2026 02 00 02 00 00 12 05 O. 7 1.0 05 O. . . 0 00 0.0 00 02 03 02 02 O. : 0 7. Znll 2026 00 00 00 00 00 00 00 00 00 02 01 01 01 00 O. . 0 0.0 0.0 00 00 0.0 0.0
Fake line 0.0 0.0 o. . .0 0.0 0.0 O. . ; ; . . . . .0 0.0 0.0 00 0.0 O. . ; ; . . . Fake line 0.0 00 00 0.0 o. . ; ; .0 0.0 0.0 0.0 0.0 0.0 O. . . . ; .0 0.0 0.0 0.0
Missing line 00 00 o. . .0 0.0 0.0 O . . . . . . . .0 0.0 0.0 0.0 0.0 O. . . . . . . Missing line 0.0 00 00 0.0 o. . . . .0 0.0 0.0 0.0 0.0 0.0 O. . . . . .0 0.0 0.0 0.0

Not classified 0.0 0.0 o. . .0 0.0 0.0 O. . . . . . . . 0 00 0.0 00 0.0 O. . . . . . . Not classified 00 0.0 00 0.0 o. . . . 0 0.0 0.0 00 0.0 0.0 O. . . . . .0 0.0 0.0 00

Confusion matrix for only true detections
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LINE CLASSIFICATION

Alll 1670 E#¥%3 oo 08 05 04 02 08 07 05 04 05 05 07 00 0.0 0.0 00 00 01 03 05 01 0.2 0.0 0.0 Alll 1670 965 01 05 03 1.2 03 1.3 09 0.8 25 3.2 1.8 1.4 16 04 05 07 3.7 02 03 0.9

Cll 1334 0.11.3 07 03 07 01 1.0 1.0 09 08 07 07 01 03 04 05 05 08 05 00 09 07 00 0.0 Cll 1334 o1 9.9 04 02 04 05 01 07 07 2.6 25 69 65 97 19 20 06 02 05 05 0.0
CIV 1548 o6 o5 . 3 1.7 24 29 27 83 9.9 5 9.9 10.0 28 31 39 55 1.1 1.3 21
CIV 1550 o5 03 o. 6 1.4 18 1.9 1.8 72 71
Fell 1608 01 0.0 o. . 01 02 01 02 07 1.0 15 1. : 7 07 1.0 01 01 03 1.0 01 0.1 05
Fell 2382 0.0 0.0
Fell 2600 0.0 0.0

Mqgll 2796 00 00 00 00 01 03 0.50.5 0.8 09 03 07 00 64 01 02 01 01 01 07 00 0.0 0.3

ClV 1548 o1 0.00.6 4 04 05 07 07 05 06 06 06 02 01 01 02 01 02 06 02 03 03 0.0 0.0
CIV 1550 o1 o0 0.50.3 04 04 05 05 05 05 06 06 00 01 01 01 01 02 06 03 03 03 00 0.0 9.2 10.3 2.8 2.4 30 55 09 1.1 1.0
Fell 1608 0.1 00 04 o.2o.1 02 01 03 02 03 02 03 00 00 00 00 00 00 02 02 01 01 0.0 0.0
Fell 2382 00 00 01 01 0.1w0.4 03 02 02 02 00 01 0.0 00 00 00 00 0.0 00 01 01 0.0 0.0 0.0 o.7 05 04 16 13 05 0. : 4 02 02 02 02 01 14 01 0.0 1.7
Fell 2600 0.0 00 01 01 0.1 0.20.3 04 02 03 01 01 0.0 00 00 00 0.0 00 00 01 0.0 0.0 00 0.0 0.30.3 05 1.2 1.4 0.7 O. 0 08 05 05 00 01 01 08 00 0.1 0.7
Mqgll 2796 00 00 00 00 00 0.2 0.40.4 01 02 0.0 01 00 02 00 0.0 00 00 00 01 0.0 00 0.0 0.0
Mgll 2803 00 00 00 00 00 01 03 0.30.2 02 01 01 00 00 02 00 0.0 00 00 01 00 0.0 00 0.0

Mgll 2803 00 00 00 00 01 02 05 0.40.9 0.9 05 05 00 03 54 00 01 01 01 09 00 0.0 05

Mnll 2576 00 00 02 01 01 01 02 0.1 o.1o.1 01 00 00 01 00 00 00 00 02 01 01 01 0.0 0.0

Mnll 2576 0.0 0.0 o. . .0 0.0 0.0 0.0 0.00.1 0.1 o. . 4 01 01 0.0 0.0 0.0 01 0.0 00 0.1

Mnll 2594 00 00 00 00 01 02 00 1.9 0.1 o.1o.o 0.1 00 00 00 01 0.0 0.0 00 03 01 0.1 0.0 0.0 Mnll 2594 o0 00 00 00 00 00 00 02 0.0 0.10.0 1 00 01 00 04 0.0 0.0 00 02 00 00 01

Nill 1709 01 00 01 01 00 01 00 01 01 00 0.1 02 00 01 00 01 0.0 00 01 02 01 01 0.0 0.0 Nill 1709 o0.0 0.0 o. . .0 00 0.0 00 0.0 0.0 0.0 . . 1l 00 02 00 0.0 00 01 00 0.0 0.0
Nill 1741 o0 00 01 00 02 00 01 01 01 00 0.1 0.1 0.0 0.1 00 0.0 01 0.0 00 0.1 00 0.1 00 0.0 Nill 1741 o0 0.0 o. ; 1 00 0.0 00 0.0 00 0.1 0.1 3 01 0.0 01 0.0 00 01 00 0.0 0.0
Ol 1302 00 02 98 04 03 04 0.0 08 06 05 05 0.6 05 04 03 04 04 06 05 0.0 05 07 0.1 0.0 Ol 1302 o0 02 2. . 3 02 00 04 03 1.0 09 2.0 0 40 54 12 10 03 01 02 04 1.3

SIl 1250 o0 0.0 o. . .0 00 0.0 00 0.0 00 0.0 00 0.0 O. 02 00 01 00 0.0 0.0 0.0 0.0 0.0

soul| ||V

SIl 1250 o0 00 00 00 00 00 00 05 0.0 00 0.0 0.0 0.0 0.01.0 .0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Sl 1253 00 0.0 o. . .0 00 0.0 00 0.0 00 0.0 00 0.0 00 0.1 0.4 0.1 00 0.0 00 0.0 00 0.0

c
o
=
0
c
O
I_
)
-
l_

SIl 1253 03 00 00 06 00 00 00 00 03 0.0 0.0 00 0.0 0.3 0.3 0 06 03 00 0.0 00 03 0.0 0.0

SIl 1259 00 00 00 00 00 00 00 02 00 00 00 00 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 SIl 1259 o0 00 o. 0 .0 00 00 00 00 00 0O 0O 00 00 00 00O 43 00 0.0 00 00 0.0 0.0 0.0

0.5 06 0.0 08 0.7 0.0 0.0
0.3 0.2 0.0 04 04 0.0 0.0
0.1 0.1 0.1 03 0.3 0.0 0.0

SI” 1808 0.0 00 03 03 00 01 01 01 01 01 01 02 01 00 0.0 0.0 0.0 00 0.0 0.10.0 0.1 0.0 0.0

Sill 1260 00 01 08 06 04 06 01 09 09 07 04 08 04 01 09 1.0 Sill 1260 00 01 o. . 2 02 00 02 02 07 04 13 07 01 61 5.8 9.60.4 02 00 02 02 0.3

Sill 1304 o2 01 04 88 01 03 01 03 03 04 03 03 03 01 02 0.3 Sill 1304 o1 o1 o. . 1 01 00 01 02 07 06 1.0 09 01 2.6 3.6 3.8 0.80.1 0.0 02 0.2 0.1

Sill 1526 01 00 1.1 08 03 04 04 08 06 06 06 06 05 0.0 0.1 0.1 Sill 1526 02 02 07 05 1.0 06 06 11 09 3.1 31 50 46 01 27 32 38 09 0.6 1.1 03 05 0.5
Sill 1808 0.0 0.0 o. . 0 00 01 00 00 01 02 04 03 00 04 01 01 0.1 0.0 0.00.0 0.0 0.3
SilV 1393 00 00 05 04 01 03 02 04 04 15 03 04 03 00 01 01 01 02 02 0.2 0.00.5 0.0 0.0 SilV 1393 01 03 o. : 7 0.8 05 09 1.0 35 6.1 49 05 95 87 86 22 17 0.8 0.2 93.6 1.4 0.7
SilV 1402 o0 01 03 02 01 02 01 02 02 02 15 02 02 00 01 01 01 01 01 02 0.0 o.3o.o 0.0 SilV 1402 o1 04 o. . 4 05 04 05 04 1.9 32 27 02 63 54 60 11 09 05 0.1 0.6 91.2 0.4
Znll 2026 00 0.0 o. : .0 0.0 00 00 00 01 01 01 01 00 00 00 00 0.0 0.0 0.0 0.0 0.0 0.0 [LR:

17.7 30.7 31.4 23.9 iGN 4.3 43 4.1 1.9 2.7 pxEN)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 00 0.0 00 00 0.0 0.0 0.0

Znll 2026 01 00 01 00 00 04 02 01 02 04 02 01 01 0.0 00 00 00 0.0 01 0.1 01 0.1 0.10.0

Fake line 02 00 13 29 04 16 20 21 27 12 12 05 05 00 01 01 01 01 02 04 07 03 04 01 0.0 0.0 Fake line 16 0.9

Missing line 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0.0 00 00 00 00 00 0.0 00 00 00 00 Missing line 0.0 o0

0.0 00 0.0 0.0 0.0 0.0 0.0 00 00 00 0.0 00 00 0.0 0.0 0.0

Not classified 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0.0 00 00 00 00 0.0 0.0 0.0 0.0 Not classified 0.0 0.0

Confusion matrix for all lines
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Confusion matrix for all lines with S/N>4
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Completeness in equivalent width - redshift bins




—— Norm. flux

CIV 1548 | S/Njine = 1.68 | Zaps = 2.77

501 km/s
(expect 498)

—250 0 250 500 750
CIV 1548 | S/Njine = 4.29 | Zaps = 2.77

503 km/s
498)

—-500 —250 750
CIV 1548 | S/Njine = 14.24 | Zaps = 2.99

494 km/s
(expect 498)

Velocity [km/s]

—— Norm. error

—— Detection mask

— Strong transition centroid

SilV 1393 | S/Njine = 3.67 | Zaps = 2.54

1941 km/s
(expect 1938)

i

500 1000 1500 2000 2500
SilV 1393 | S/Njine = 12.47 | Zaps = 2.70

1941 km/s
(expect 1938)

0 500 1000 1500 2000 2500
SilV 1393 | S/Njine = 14.78 | Zaps = 3.12

1938 km/s
(expect 1938)

1000 1500 2000 2500
Velocity [km/s]

=+ Weak transition centroid

-500

Mgll 2796 | S/Njine = 0.00 | Zaps = 1.95

772 km/s
(expect 770)

—250 0 250 500 750 1000 1250
Mgll 2796 | S/Njine = 4.42 | Zaps = 1.66

773 km/s
(expect 770)

500 1000
Mgll 2796 | S/Njine = 27.61 | Zsps = 1.56

769 km/s
(expect 770)

-250 250 500 750 1000 1250
Velocity [km/s]

1500

1500




