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The Circumgalactic Medium at high redshift

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

Important physical properties:
.  Column density (N)
II. Doppler parameter (b)

Ill. Redshift (2)
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The EIGER Survey

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

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 lll]-emitters

Spectroscopy: deep and high-resolution optical/NIR quasar spectra (VLT/X-Shooter, Keck/Hires, Magellan/FIRE)
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The working sample (1)

/For each quasar field we have:

» [O lll] emitters in the field of view with Ra, Dec, z (ashino+ 2026)

» CIl + 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

/-

o complete the useful information, we compute:
»  Impact parameter (R} )
»  Redshift distance in terms of velocity (Av)

~

We focused our analysis only on Cll + CIV absorption

\systems, with log(N) > 12.0 and log(N) > 13, respectively. /

-

Av(km/s) =c
-

R, (pkpc) =6 - DA(ZgaZ)

~

(1 + Zabs)2 - (1 + Zgal)2

(1+ zgps)? + (1 + zgal)2

J

22/05/202€ hristian Piscitelli, PhD student @INAF OATs

20}

Count

400 |

1 (kpe)

o |
200

100+

10|

sod ————————

300

WE® T 8T
¢ ¢ E g J[HJ[N:
$ ¢ PO O ouas
'y i ¢ 1
¢ ¢ ! “"0 ! [ O SBec. association
P9 |
! : ¢
o 60 dd |
Q | s :
: L
LY S
B I
e
e |
B NR
Y%y 10
L 00
2000 — 1000 0 1000 2000
Av (kms™h)

10}

Count

: i i
5t i |
I i i
I ]
- - N . N i - - - H . P - i - -
' i 805 © 1159
9 ! ! C@ noaw
. ) o | ©o Q oo
-i{il]i 8 i i C@ 1w
. e i ® | @ 1148 (only OI)
| H | O Sec. association
| 1 |
300+ t ! @ ? 8 o ©
2 | o) 1 QO !
S o 2O © i o :
= e | ® o
% 200! i OO e © ©
| Og q ® i
. e i, !
1001 e | © o ®
| i i % o o
I Q
1 I
| 1 © 1
I ..: 0. I o]
V3600 ~1000 0 1000 3000
Avkms™h)
4




The working sample (2)

/For each quasar field we have:

> [O 1] emitters in the field of view with Ra, Dec, z (Kashino+ 2026)

»  Cll + CIV Absorption systems in the redshift range z = [5.2, 6.52], with their column density
> Absorption systems forJ1120 come from Bosman+ 2017

\

\ > Absorption systems forJ1148 come from Becker+ 2006 /
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Cll Covering Fraction (1)

[ How far does the neutral gas extend around [O lll] emitters? ]

ZiESreal(R_L) ]'i (Avmax)

2

To answer this question, we compute the CII/CIV covering fraction as freal(R,, Av) =
iESreal(RJ_)

tone = (14 7020) ( —[3)_1 Where:
max ol J\1+5 5000 km/s o Sreai(r,)is the sample of galaxies that fall in the impact parameter bin

if 3 an absorbers with |Av;| < Avyy

1,
o 1i(Avmax) = { 0, otherwise

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

Vet Ymek o 1;(AVpax)
fbkg(RJ_,AU) _ k=1&mzk &jeG(Rim) ) max

(o

22=1 Zmik ZjEGk(RJ_,m) 1

Where:
o Gi isthe sample of galaxies in the k-th field

o R, ,indicates the impact parameter calculated wrt field m # k
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CIll/CIV Covering Fraction (2)

We chose AR, = 75 kpc and Av = 500 km/s
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CIV Covering Fraction (3)

We chose AR, = 75 kpc and Av = 500 km/s
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CIV Covering Fraction (3)

We chose AR, = 75 kpc and Av = 500 km/s

1.0} R:anllnm Background
) F CIV (A < 500 km/s)
0.8
5060+
4
o
T 04} )
—+—
0.2 i | '
o ¥
1 " _ +
0.0 ' '
] 200 400 600 200 1000
R 1 (pkpc)

22/05/202€hristian Piscitelli, PhD student @INAF OATs

1.0} R'.'anll.nm Background
) 1 CIV (A < 500 knvs)
0.8
';:]’ 0.6
4
i
T 04
I +
0.2 ~
+ |
- : t | '
0.0 ' : '
] 200 400 600 200 1000
R 1 (pkpe)

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



Covering Fraction - C lI+C IV gas mass

We chose AR, = 75 kpc and Av = 500 km/s
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We estimate the Cll ion mass in an annulus through M;,,, = fi £t (R4 — RZ)(Nion)Mion
on

where:

»  fion is theionization fraction, assumed equal to 1 for both ions — lower limit

»  f.isthe coveringfraction in that annulus
»  (Njpn) is the mean column density in the annulus for that ion

> m¢ =12 m, isthe mass of carbon atom
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Cll 3D Cross-Correlation Function (1)

Now, we want to quantify the spatial correlation between [O Ill] emitters and [C |l] absorbers.

To estimate this correlation we define the 3D Cross-Correlation Function £(Ar) as the excess of real pairs over random ones, following

these steps:

1. Exact 3D galaxy-absorber distance Ar given by

Ar = \/rf" + 15, — 21y 12, COS AB

2. Peebles estimator:

_ DD(AT) (Nig
sém) = DR(Ar) (NDD) -1

3. Errors estimated with Poisson statistics:

5E(Ar) = ——2

VDD (Ar)
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CIV 3D Cross-Correlation Function (1)

Now, we want to quantify the spatial correlation between [O lll] emitters and CIV absorbers.

To estimate this correlation we define the 3D Cross-Correlation Function £(Ar) as the excess of real pairs over random ones, following

these steps:

1. Exact 3D galaxy-absorber distance Ar given by

Ar = \/rf" + 15, — 21y 12, COS AB

2. Peebles estimator:

_ DD(AT) (Nig
() = oran (NDD) -1

3. Errors estimated with Poisson statistics:

5E(Ar) = ——2

J/DD(Ar)
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C 1/ C IV log(N) profile
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C 1/ C IV log(N) profile

22/05/202&Christian Piscitelli, PhD student @INAF OATs

.. 3 X /lion,obs E Wrest,ion
Upper limits (only C Il) EW inobs = N =«
R X (S / N )pix X Nsamp f osc X /lrest,ion
150 - 15.0
O WithCIv |
© 400 400
14.5] 145} ©
© & = =
. - = o =
14.0 1 M > 14.0 _ 2
o | 200 35 o o U 200 5
L © 0 D & Q o T
| s, | o A
- | P = P
E 135 o 5 S g 135 o S
— = —_— O =
= 10 ‘= = 6 10 ‘=
= 4 S = 130 ¢ G
= 130 2 = 13 o o 80 2
= v v v = = ¢ =
= ¢ 50
v v - {200 4 ¢ {200 4
1250 o v % 12.5 %
3 3
'I:.n | L v %@ w 4 @@ @ 1 11 0
hg Yy 9 v N —400
1.5k - - - IR S A 1.5 - - -
0 50 100 150 200 250 300 350 0 100 200 300 400 500
Impact Parameter K | [pkpc] Impact Parameter /7 | [pkpc]
14



22/05/202€hristian Piscitelli, PhD student @INAF-OATs 15



Cll log(N) profile
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CIV Covering Fraction (2)

We chose AR, = 75 kpc and Av = 500 km/s
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Intervening absorbers in J159-02 spectrum (3)
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Intervening absorbers in J159-02 spectrum (4)
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Intervening absorbers in J159-02 spectrum (5)
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Intervening absorbers in J159-02 spectrum (5)
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Summary and Conclusion

»We reduced 2D raw spectroscopic data of the quasar PS0OJ159-02 using
Pypelt (Prochaska et al. 2020)

» Analysis of the continuum and emission lines, with a focus on C IV and Mg ||
»BH mass and 144 estimate, comparing their values with literature
» ldentifying 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

We derive the bolometric luminosity at 3000 A (Richard+ 2006) obtaining
Ly = 5.15 x AL;(3000 A) erg/s = (3.01 £ 0.03) X 10*” erg/s

Mg Il BH mass

We use the scaling relation from Vestergaard & Osmer (2009): M
03 log (2 | = 9.53 £ 0.04
Iy _ 0686 | EWHMyign |'[ AL 3000 A) ™ o
BHMgII — 103 kmS_]‘ 1044 erg S_l O
C IV BH mass
We use the scaling relation from Vestergaard & Peterson (2006): Mgy c 1
¢ 1053 log( ' >=9.51i0.05
Mo — 10866 | FWHMcrvcon | [ALL (1350 A) | Mg
AEddCIV — 0 74 + O 06
' | |
Agaamgr = 0.7140.05 Excellent agreement!
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Rest-frame UV properties — comparison with literature

11.0 ' ’
+0.5 dex
+0.3 dex
% XQR-30 (Mazzucchelli+ 2023) 7
10.5F| @ PSO1159-02 (This work) Vi
10.0+
“®
S 9.5+
\J-\
=
= 90¢
%0
2
8.5+
8.0
135 80 85 90 95 100 105

log(MpHw, ngrr/ Mo)

22/05/202&Christian Piscitelli, PhD student @INAF OATs

11.0

FWHM CIV (kms ')

[
o
=

3
101

L 2
| |-é
. 4
1  XQR-30 (Mazzucchelli+ 2023)
©:  PSO J159-02 (This work)
0’ 10*

FWHM Mg II (km s 1)

29
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