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Quasars: a brief introduction

Christian Piscitelli, PhD student @INAF OATs

Optimal tool for 
investigating many 
physical processes 

Capable to modify 
the surronding 
environment, 

including the host-
galaxy itself

Observed across all 
the cosmic time

Among the most 
luminous sources in 
the entire Universe
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Quasars in the EoR

Christian Piscitelli, PhD student @INAF OATs

First astrophysical 
sources ionize the 

neutral Intergalactic 
Medium (IGM)

High-z quasars 
used as cosmic 

torches to probe 
IGM ionization

Powerful quasar 
outflows can enrich 

the surrounding 
IGM with heavy 

elements
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Explore and investigate 𝒛 > 𝟔 quasars

How do the first SMBH form and grow?
BH mass, Eddington luminosity ratio

How does feedback shape the SMBH-host galaxy evolution?
Stellar mass, Star Formation Rate

Christian Piscitelli, PhD student @INAF OATs
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Explore and investigate 𝒛 > 𝟔 quasars

Christian Piscitelli, PhD student @INAF OATs Bañados+ 2016

PSO J159-02 discoreved through 

photometric selection criteria and 

spectroscopically observed and 

confirmed with MMT/Red Channel 

P159-02
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The quasar PSO J159-02  

Christian Piscitelli, PhD student @INAF OATs

X-Ray Far Infrared: [C II] line
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+𝟒𝟎 𝒌𝒎
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𝒛 𝑪 𝑰𝑰 = 𝟔. 𝟑𝟖𝟎𝟗 ± 𝟎. 𝟎𝟎𝟎𝟓

(XMM-Newton)

Decarli+ 2018, Pons+ 2019
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The quasar PSO J159-02 

Although the quasar PSO J159-02 has been recently investigated using VLT/X-Shooter spectrograph, only 
the NIR arm has been used for the analysis.

X-Shooter spectrograph 
is composed by:

UVB arm [300 – 550] nm

VIS arm [550 – 1020] nm

NIR arm [994 – 2480] nm

𝑓 𝜆

In more recent years, some studies have been conducted on samples of high-z quasars using VLT/X-Shooter 
spectrograph. Among them, PSO J159-02.

Schindler+ 2020, Farina+ 2022
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The quasar PSO J159-02
We analyze observations conducted with VLT/X-Shooter spectrograph (Programme/Run ID: 0114.B-0278(A), 
PI: Luca Zappacosta) using both VIS and NIR arms.

The observations span a period from 25 January to 5 February 2025, totalling 24 observations.

2-D spectrum: VIS 2-D spectrum: NIR 

PSO J159-02 observation: 04 February 

➢ In addition to this set, we add 4 observations dated April and December 2017.
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Data reduction

For the spectroscopic data reduction, we used PypeIt (Prochaska et al. 2020). The main steps consist of:

➢ Basic image processing (i.e. flat-fielding)

➢ Wavelength (in vacuum) solutions for individual frames were derived 
o From Th/Ar arc lamp emission lines for the VIS part 
o From the night sky emission lines for the NIR part

➢ Sky subtractions were performed on the 2-D images by including both image differencing and a B-spline fitting procedure
o For the NIR part of the spectrum an ABBA dithering strategy was adopted to subtract the bright and variable NIR sky background by differencing 

consecutive exposures

➢ 1-D spectrum obtained from optimal extraction technique (Horne 1986)

➢ Flux-calibration of the individual 1-D spectrum with the sensitivity function derived from the standard star (GD 71) related to night 
observation 

➢ 1D spectra coadding and stacking of multiple exposures
o Coadding routine construct wavelength grid which can be uniform in velocity. It has been chosen a dispersion of 10 km/s 

➢ Fitting a telluric absorption model directly to the stacked quasar spectra using the telluric model grids produced from the Line-By-Line 
Radiative Transfer Model (LBLRTM: Clough et al. 2005)
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VIS arm - 1D spectrum
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NIR arm - 1D spectrum
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PSO J159-02 full 1D spectrum
➢ The NIR arm spectrum was scaled to the VIS one using the median values computed in the overlapping spectral region 1.00 − 1.02 𝜇𝑚

➢ The red end of the VIS arm spectrum and the blue end of the NIR arm were trimmed at 𝜆 = 1.017 𝜇𝑚 to eliminate the noisiest regions

Ly 𝜶

N V

C IV

Si IV
Ne IV

Mg II

Si II

Fe II

O I
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Rest-frame UV properties - Continuum
Assuming 𝒛[𝑪 𝑰𝑰] = 𝟔. 𝟑𝟖 as systemic redshift, we modeled the continuum as a power-law plus Balmer continuum (Dietrich et al. 2003):

➢ Power-law:        𝑓𝑃𝐿(𝜆) = 𝑓𝑃𝐿,0
𝜆

2500 Å

−𝛼𝜆

➢ Balmer pseudo-continuum:        𝑓𝐵𝐶 𝜆 = 𝑓𝐵𝐶,0𝐵𝜆 𝜆, 𝑇𝑒 1 − 𝑒 −𝜏𝐵𝐸 Τ𝜆 𝜆𝐵𝐸
3

 ∀ 𝜆 ≤ 𝜆𝐵𝐸

➢ We fix the Balmer continuum contribution to 30% of the power-law (Onoue et al. 2020):      𝑓𝐵𝐶 3646 Å, 𝑓𝐵𝐶,0 = 0.3 × 𝑓𝑃𝐿,0(3646 Å) 

➢ In addition, we include the iron 
pseudo-continuum in the fit with a 
template derived from the narrow-
lne Seyfert 1 galaxy I Zwicky 1 
(Vestergaard & Wilkes 2001) 

Results from the continuum fit:
𝜶𝝀 = −𝟏. 𝟏𝟗 ± 𝟎. 𝟎𝟐

𝒇𝑷𝑳,𝟎 = 𝟎. 𝟓𝟎𝟐 ± 𝟎. 𝟎𝟎𝟒
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Rest-frame UV properties – C IV emission line
We model the C IV emission line as double gaussian component, in the wavelengths window [1470, 1600] Å. 

𝜆𝑝𝑒𝑎𝑘, 𝐶 𝐼𝑉 Å = 1540.52 ± 0.02 

𝑧𝐶 𝐼𝑉 = 6.3403 ± 0.0004

𝐹𝑊𝐻𝑀 Å = 31.37 ± 1.37 

𝐹𝑊𝐻𝑀 Τ𝑘𝑚 𝑠  ~ 6104 ± 290 

𝐿𝐶 𝐼𝑉(𝑒𝑟𝑔 𝑠−1) = (1.75 ± 0.17) × 1045

𝐸𝑊𝐶 𝐼𝑉 Å = 52.33 ± 1.22

𝜆𝑡𝑟𝑢𝑒 𝑝𝑒𝑎𝑘,𝐶 𝐼𝑉 Å = 1549.06 

𝟏𝟔𝟓𝟑 Τ𝒌𝒎 𝒔
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Rest-frame UV properties – Mg II emission line
We model the Mg II emission line as single gaussian component, in the wavelengths window [2700, 2900] Å. 

𝜆𝑝𝑒𝑎𝑘, 𝑀𝑔 𝐼𝐼 Å = 2794.4 ± 0.6 

𝑧𝑀𝑔 𝐼𝐼 = 6.3685 ± 0.0002

𝐹𝑊𝐻𝑀 Å = 27.10 ± 1.36 

𝐹𝑊𝐻𝑀 Τ𝑘𝑚 𝑠  ~ 2908 ± 146 

𝐿𝑀𝑔 𝐼𝐼(𝑒𝑟𝑔 𝑠−1) = (4.1 ± 0.5) × 1044

𝐸𝑊𝑀𝑔 𝐼𝐼 Å = 21.17 ± 2.12
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Rest-frame UV properties – Si IV emission line
We model the Si IV emission line as single gaussian component, in the wavelengths window [1360, 1430] Å. 

𝜆𝑝𝑒𝑎𝑘, 𝑆𝑖 𝐼𝑉 Å = 1390.7 ± 0.5 

𝑧𝑆𝑖 𝐼𝑉 = 6.3376 ± 0.0004

𝐹𝑊𝐻𝑀 Å = 23.78 ± 1.14 

𝐹𝑊𝐻𝑀 Τ𝑘𝑚 𝑠  ~ 5125 ± 246 
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Rest-frame UV properties – Velocity Shift
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Rest-frame UV properties - BH mass and Eddington ratio

Mg II BH mass
We use the scaling relation from Vestergaard & Osmer (2009):

C IV BH mass
We use the scaling relation from Vestergaard & Peterson (2006):

log
𝑀𝐵𝐻,𝑀𝑔 𝐼𝐼

𝑀⊙
= 9.53 ± 0.04

log
𝑀𝐵𝐻,𝐶 𝐼𝑉

𝑀⊙
= 9.51 ± 0.05

𝝀𝑬𝒅𝒅,𝑪 𝑰𝑽 = 𝟎. 𝟕𝟒 ± 𝟎. 𝟎𝟔 
   𝝀𝑬𝒅𝒅,𝑴𝒈 𝑰𝑰 = 𝟎. 𝟕𝟏 ± 𝟎. 𝟎𝟓 

We derive the bolometric luminosity at 3000 Å (Richard+ 2006) obtaining 
𝑳𝒃𝒐𝒍 = 𝟓. 𝟏𝟓 × 𝝀𝑳𝝀 𝟑𝟎𝟎𝟎 Å Τ𝒆𝒓𝒈 𝒔 = (𝟑. 𝟎𝟏 ± 𝟎. 𝟎𝟑) × 𝟏𝟎𝟒𝟕 Τ𝒆𝒓𝒈 𝒔

Excellent agreement!
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Rest-frame UV properties – comparison with literature
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Rest-frame UV properties – comparison with literature
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PSO J159-02 Field of View (EIGER)

Kashino+ 2025

JWST/NIRCam observations with F115W, F200W, and F356W

The circles are [O III] emitters, and the shape indicates their luminosity



12/02/2026 22Christian Piscitelli, PhD student @INAF OATs

Intervening absorbers in J159-02 spectrum

Let’s find the absorbers!

Kashino+ 2025
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Intervening absorbers in J159-02 spectrum (1)
Absorption system at 𝑧~5.91309
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Intervening absorbers in J159-02 spectrum (1)

Kashino+ 2025
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Intervening absorbers in J159-02 spectrum (2)

Kashino+ 2025

Absorption system at 𝑧~6.05443
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Intervening absorbers in J159-02 spectrum (2)

Kashino+ 2025
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Intervening absorbers in J159-02 spectrum (3)

Kashino+ 2025

Absorption system at 𝑧~6.23694
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Intervening absorbers in J159-02 spectrum (3)

Kashino+ 2025
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Intervening absorbers in J159-02 spectrum (4)

Absorption system at 𝑧~6.23941
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Intervening absorbers in J159-02 spectrum (4)

Kashino+ 2025
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Intervening absorbers in J159-02 spectrum (5)
Absorption system at 𝑧~5.73491
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Intervening absorbers in J159-02 spectrum (5)

Kashino+ 2025

Low ionization absorption 
system without  [O III] 
emitters counterpart!!!
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Summary and Conclusion
➢ We reduced 2D raw spectroscopic data of the quasar PSOJ159-02 using PypeIt (Prochaska et al. 2020

➢ Fitted the continuum with power-law, Balmer continuum and iron emission

➢ Analysis of emission lines, with a focus on C IV and Mg II

➢ BH mass and 𝜆𝐸𝑑𝑑  estimate, comparing their values with literature

➢ Identifying absorption systems in the spectrum at different redshifts
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Data reduction (3)
The further steps consists of:
➢ 1D spectra coadding and stacking of multiple exposures

o Coadding routine construct wavelength grid which can be uniform in velocity. It has been chosen a dispersion of 10 km/s 

➢ Fitting a telluric absorption model directly to the stacked quasar spectra using the telluric model grids produced from 
the Line-By-Line Radiative Transfer Model (LBLRTM: Clough et al. 2005)
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Data reduction (3)
The further steps consists of:

➢ 1D spectra coadding and stacking of multiple exposures 
o Coadding routine construct wavelength grid which can be uniform in velocity. It has been chosen a dispersion of 10 km/s 

➢ Fitting a telluric absorption model directly to the stacked quasar spectra using the telluric model grids produced from 
the Line-By-Line Radiative Transfer Model (LBLRTM: Clough et al. 2005)
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This work - Data reduction (2)
The further steps consists of:

➢ Flux-calibration of the individual 1-D spectrum with the sensitivity function derived from the standard star related to 
night observation

Star GD71 observed with VIS arm
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