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The Circumgalactic Medium at high redshift

Anand+ 2021

Intervening absorbers in quasar spectra 
trace the gas along the LoS.

Important physical properties:

I. Column density (N)

II. Doppler parameter (b)

III. Redshift  (z)

Key Questions:

I. Gas distribution: what is the 
covering fraction of different ions?

II. Spatial connection: what does the 
cross correlation function reveal?
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The EIGER Survey

➢ Goal: explore the IGM/CGM at the end of Cosmic Reionization

➢ Imaging (JWST/NIRCam): 6 quasar fields observed with F115W, F200W, and F356W, identifying [O III]-emitters

➢ Spectroscopy: deep and high-resolution optical/NIR quasar spectra (VLT/X-Shooter, Keck/Hires, Magellan/FIRE)

EIGER = Emission-line galaxies and Intergalactic Gas in the Epoch of Reionization (Kashino+ 2023, Matthee+ 2023)

Kashino+ 2026



22/05/2026 4Christian Piscitelli, PhD student @INAF OATs

The working sample (1)
For each quasar field we have:

➢ [O III] emitters in the field of view with Ra, Dec, z (Kashino+ 2026)

➢ CII + CIV Absorption systems in the redshift range z = [5.2, 6.52], with their column density
➢ Absorption systems for J1120 come from Bosman+ 2017
➢ Absorption systems for J1148 come from Becker+ 2006 

To complete the useful information, we compute:
➢ Impact parameter (𝑅⊥)
➢ Redshift distance in terms of velocity (∆𝑣)

We focused our analysis only on CII + CIV absorption 
systems, with log(N) > 12.0 and log(N) > 13, respectively. 

𝑅⊥(𝑝𝑘𝑝𝑐) = θ ∙ 𝐷𝐴 𝑧𝑔𝑎𝑙

∆𝑣(𝑘𝑚/𝑠) = 𝑐
1 + 𝑧𝑎𝑏𝑠

2 − 1 + 𝑧𝑔𝑎𝑙
2

1 + 𝑧𝑎𝑏𝑠
2 + 1 + 𝑧𝑔𝑎𝑙

2
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The working sample (2)
For each quasar field we have:

➢ [O III] emitters in the field of view with Ra, Dec, z (Kashino+ 2026)

➢ CII + CIV Absorption systems in the redshift range z = [5.2, 6.52], with their column density
➢ Absorption systems for J1120 come from Bosman+ 2017
➢ Absorption systems for J1148 come from Becker+ 2006 
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CII Covering Fraction (1)
How far does the neutral gas extend around [O III] emitters?

To answer this question, we compute the CII/CIV covering fraction as

𝑅⊥

∆𝑣

QSO

LoS

Gal

𝑓𝑐
𝑟𝑒𝑎𝑙 𝑅⊥, ∆𝑣 =

σ𝑖∈𝑆𝑟𝑒𝑎𝑙(𝑅⊥)
1𝑖(∆𝑣max)

σ𝑖∈𝑆𝑟𝑒𝑎𝑙(𝑅⊥)
1

Where: 
o  𝑆𝑟𝑒𝑎𝑙(𝑅⊥) is the sample of galaxies that fall in the impact parameter bin

o 1𝑖 ∆𝑣𝑚𝑎𝑥 =  ቊ
1,  𝑖𝑓 ∃ 𝑎𝑛 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑟𝑠 𝑤𝑖𝑡ℎ ∆𝑣𝑖  ≤  ∆𝑣𝑚𝑎𝑥

0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝑓𝑐
𝑏𝑘𝑔

𝑅⊥, ∆𝑣 =
σ𝑘=1

6 σ𝑚≠𝑘 σ𝑗∈𝐺𝑘(𝑅⊥,𝑚) 1𝑗(∆𝑣𝑚𝑎𝑥)

σ𝑘=1
6 σ𝑚≠𝑘 σ𝑗∈𝐺𝑘(𝑅⊥,𝑚) 1

To disentangle the physical association from pure chance, we calculate 
the expected background using a cross-field shuffling technique. 

Where: 
o  𝐺𝑘 is the sample of galaxies in the k-th field

o 𝑅⊥,𝑚 indicates the impact parameter calculated wrt field 𝑚 ≠ 𝑘

𝟓𝟎𝟎𝟎 𝒌𝒎/𝒔
𝑧𝑚𝑎𝑥 = 1 + 𝑧𝑞𝑠𝑜

1 − 𝛽

1 + 𝛽
 − 1 
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CII/CIV Covering Fraction (2)

We chose ∆𝑅⊥= 75 𝑘𝑝𝑐 and ∆𝑣 = 500 𝑘𝑚/𝑠

The vertical error bars account for the 1σ = 68% Wilson-score 
confidence intervals, while the horizontal bars reproduce the width of 

each radial interval.
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CIV Covering Fraction (3)

We chose ∆𝑅⊥= 75 𝑘𝑝𝑐 and ∆𝑣 = 500 𝑘𝑚/𝑠

The vertical error bars account for the 1σ = 68% Wilson-score 
confidence intervals, while the horizontal bars reproduce the width of 

each radial interval.
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CIV Covering Fraction (3)

We chose ∆𝑅⊥= 75 𝑘𝑝𝑐 and ∆𝑣 = 500 𝑘𝑚/𝑠

This panel represent the C IV covering 
fraction considering only the C IV 
absorption systems uncontaminated 
by low-ionization absorption system



22/05/2026 10Christian Piscitelli, PhD student @INAF OATs

Covering Fraction → C II+C IV gas mass
We chose ∆𝑅⊥= 75 𝑘𝑝𝑐 and ∆𝑣 = 500 𝑘𝑚/𝑠

We estimate the CII ion mass in an annulus through   𝑀𝑖𝑜𝑛 =
1

𝑓𝑖𝑜𝑛
𝑓𝑐𝜋 𝑅𝑜𝑢𝑡

2 − 𝑅𝑖𝑛
2 𝑁𝑖𝑜𝑛 𝑚𝑖𝑜𝑛   

where:

➢ 𝑓𝑖𝑜𝑛  is the ionization fraction, assumed equal to 1 for both ions → lower limit

➢ 𝑓𝑐 is the covering fraction in that annulus

➢ 𝑁𝑖𝑜𝑛  is the mean column density in the annulus for that ion

➢ 𝑚𝐶 = 12 mp is the mass of carbon atom

𝑴𝑪𝑰𝑰+𝑪𝑰𝑽 𝟎 − 𝟑𝟎𝟎 𝒌𝒑𝒄 ≈ 𝟏. 𝟒 ∙ 𝟏𝟎𝟔𝑴⊙ 

𝑴𝑶 𝑰 𝟎 − 𝟑𝟎𝟎 𝒌𝒑𝒄 ≈ 𝟐 ∙ 𝟏𝟎𝟔𝑴⊙ 

Higginson+ 2026

Neglecting CIII (𝝀 𝟗𝟕𝟕 Å)
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CII 3D Cross-Correlation Function (1)
Now, we want to quantify the spatial correlation between [O III] emitters and [C II] absorbers.

To estimate this correlation we define the 3D Cross-Correlation Function 𝜉(∆𝑟) as the excess of real pairs over random ones, following 
these steps:

1. Exact 3D galaxy-absorber distance ∆𝑟 given by

∆𝑟 = 𝑟1,∥
2 + 𝑟2∥

2 − 2𝑟1,∥𝑟2,∥ cos ∆𝜃

2.   Peebles estimator:

𝜉 ∆𝑟 =
𝐷𝐷 ∆𝑟

𝐷𝑅 ∆𝑟

𝑁𝑅𝑅

𝑁𝐷𝐷
− 1

3.   Errors estimated with Poisson statistics:

𝛿𝜉 ∆𝑟 =
1 + 𝜉

𝐷𝐷 ∆𝑟

Comoving Distance bin: 1.2 cMpc
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CIV 3D Cross-Correlation Function (1)
Now, we want to quantify the spatial correlation between [O III] emitters and CIV absorbers.

To estimate this correlation we define the 3D Cross-Correlation Function 𝜉(∆𝑟) as the excess of real pairs over random ones, following 
these steps:

1. Exact 3D galaxy-absorber distance ∆𝑟 given by

∆𝑟 = 𝑟1,∥
2 + 𝑟2∥

2 − 2𝑟1,∥𝑟2,∥ cos ∆𝜃

2.   Peebles estimator:

𝜉 ∆𝑟 =
𝐷𝐷 ∆𝑟

𝐷𝑅 ∆𝑟

𝑁𝑅𝑅

𝑁𝐷𝐷
− 1

3.   Errors estimated with Poisson statistics:

𝛿𝜉 ∆𝑟 =
1 + 𝜉

𝐷𝐷 ∆𝑟

Comoving Distance bin: 1.25 cMpc
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C II / C IV log(N) profile

Upper limits (only C II)
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C II / C IV log(N) profile

Upper limits (only C II)
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Backup Slide
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CII log(N) profile
J159 | Gal ID: 15962 (𝑧𝑔𝑎𝑙 = 6.2390) →  CII  (𝑧𝑎𝑏𝑠 = 6.2386) | 𝑅⊥ = 23.4 pkpc | ∆𝑣 = 18.4 km/s

J159 | Gal ID: 15962 (𝑧𝑔𝑎𝑙 = 6.2390) →  CII  (𝑧𝑎𝑏𝑠 = 6.2386) | 𝑠3𝐷 = 0.25 cMpc | ∆𝑣 = 18.4 km/s
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CIV Covering Fraction (2)

We chose ∆𝑅⊥= 75 𝑘𝑝𝑐 and ∆𝑣 = 500 𝑘𝑚/𝑠

The vertical error bars account for the 1σ = 68% Wilson-score 
confidence intervals, while the horizontal bars reproduce the width of 

each radial interval.
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Metal abundances

Software used: Astrocook (Cupani+ 2020)
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Intervening absorbers in J159-02 spectrum (2)

Kashino+ 2026
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Intervening absorbers in J159-02 spectrum (3)

Absorption system at 𝑧~6.23694

Software used: Astrocook (Cupani+ 2020)
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Intervening absorbers in J159-02 spectrum (3)

Kashino+ 2026
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Intervening absorbers in J159-02 spectrum (4)

Absorption system at 𝑧~6.23941

Software used: Astrocook (Cupani+ 2020)



22/05/2026 23Christian Piscitelli, PhD student @INAF OATs

Intervening absorbers in J159-02 spectrum (4)

Kashino+ 2026
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Intervening absorbers in J159-02 spectrum (5)
Absorption system at 𝑧~5.73491

Software used: Astrocook (Cupani+ 2020)



22/05/2026 25Christian Piscitelli, PhD student @INAF OATs

Intervening absorbers in J159-02 spectrum (5)

Absorption system at 𝑧~5.73491

Software used: Astrocook (Cupani+ 2020)



22/05/2026 26Christian Piscitelli, PhD student @INAF OATs

Intervening absorbers in J159-02 spectrum (5)

Kashino+ 2026

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)

➢Analysis of the continuum and 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

➢Constraining the galaxy-absorbers cross correlation function
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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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