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The cosmic gas in emission
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The Cosmic Web in emission:

The ionizing radiation emitted by
overdensities of star-forming galaxies and

Active Galactic Nuclei (AGN) is able to

illuminate the cosmic gas on [GM-scales



Open questions
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Looming in

In the local Universe, environmental effects are

? What happens at z>3, especially in extreme

known to affect the properties of gas and galaxies

®  regions such as the nodes of the Cosmic Web?

in overdensities



A unique view of galaxy formation and evolution
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e Large overdensity of galaxies

o At the intersection of filaments

How do galaxies grow in extreme, overdense

regions at the intersection of multiple filaments?
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Extended Ly emission
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A unique view of galaxy formation and evolution

la,rget Quasal" at z~3

- MUSE (40}14—%) — Cosmic Gas via Lya emission
- FORS2 (16h) — Detect LBGs on 1arge scales
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Star-forming galaxies in MQNO1 field 9

Searching for star forming galaxies clustered around the central quasar:

We identified 21 galaxies with secure spectroscopic redshift clustered within a

small volume (j: 1000 km / s and 4x4 chcQ) around the quasar

—~ ] = = z g High Confidence = =

| = : z = 3.244 ; ;
n<: -._a
f) :
. ;

I II

20 751 _ - = s
~ z = 7 = Low Confidence 5 5
% 25 U\ﬂ

= WMWWW M‘w‘# | — aw"v.wwwﬂww *v#mﬁwyw

120( 1250 1300 1350 1400 1450 00 1550 MUSE white-light image

Rest Frame Wavelength (A)

Galbiati+2024



11

Star-forming galaxies in M@QNO1 field

Cumulative luminosity function
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Star-forming galaxies in MQNO1 field ”
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A DEC.

Pensabene+subm (incl MC)

Star-forming galaxies in MQNO1 field
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Star-forming galaxies in MQNO1 field
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Star-forming galaxies in M@QNO1 field

Star forming main sequence

_ GALAXIES IN THE OVERDENSITY
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Star-forming galaxies in M@QNO1 field

Star forming main sequence
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Star-forming galaxies in M@QNO1 field

Star {orming main sequence
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Star-forming galaxies in M@QNO1 field

Star forming main sequence
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MQ@QNO1 structure over tens of cMpc
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MQ@QNO1 structure over tens of cMpc
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MQ@QNO1 structure over tens of cMpc

2D overdensity of confirmed spec-z galaxies
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MQ@QNO1 structure over tens of cMpc

Extended Lya emission from the filaments

2D overdensity of Lyman-Break Galaxies
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A6 (cMpe)

Uncovering the population of passive galaxies

Aa (cMpe)
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Summary and Conclusions

How do galaxies grow in extreme, overdense regions at the intersection of multiple filaments?

A4 (cMpc)

- We found one of the largest overdensities of star forming galaxies,
ACNS and SMGS at z~3;
~ These galaxies are embedded within a >4 ¢cMpec Lya-emitting
structure and connected l:)y filaments of gas;
_ There is an excess of massive galaxies in the overdensity:

v Hint that the large-scale environment accelerates the evolution

500 70.; io 1. 1 1 :
N Lo 15 of Q;alames In extreme regions.

Thank you!

marta.galbiati@unimib.it




	Diapositiva 1
	Diapositiva 2
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 25




















































K oo MQNOL ® g (Trainor & Steidel 2012)
. UDF, Bacon +2023) O wc (Trainor & Steidel 2012)

107

2 10!

100









2e35
2=32
2=30

T —
|| Nowt x Sehipetmonsic





-

-
1' (39s24e p) >} 0





a JWST F322w2 "N C HST F814W

—
(%]
o
[7]
o
=
©
=
-
(%]
o
£
(=3
o«





‘ -ﬂ o" > "{bi




10

1072

10

(>M.)

2104
gw

10

1070

Integrated rom Weaver + 2023
(Field - 30 < 7 < 35)

53 Weaver + 2023

S MQNO1 (1] < 1000km s )
Control sample-

#  (crcluding A

12




A DEC.

SAv(Jybeam ! kms—) Vies (kms—)

S DN
N MNP P SN\
FR NN R

® o N NIE
dEETTT T T T T
e e aee s G ARCE R =
1.0: » ;'?ﬂ»l. u‘.”("?‘-;':
: ® . ‘_ 45k ) -
0.0 o@ e & >
F ".‘- j}: n* - "f';
L - . s ¥ - f i
-1,0""‘ - i A=
L : |8 e ¢ A
; i "‘_?‘
20 e N S Ao oy S
1.0" 0.0" -1.0" 1.0" 0.0" -1.0"

A R.A.




A DEC.

10"

0.0"

-1.0"

-2.0"

SAw(Jybeam'kms1)

10" 00" -1.0"
A R.A.





- 1.0 A
0.5 'WEL f Ks F322W2 \
0.0 . PP ——
100 “"T‘W
— -
= .
3 A I.v‘, E‘
> 10-14 é«.w‘"/ §
10 I 2 0]
*~
o
el &
N 10° 1 } } : .
- 0.0 05 1.0 15 2.0
1072 look back time [Gyr]
' ' 2.0 25 30 35 4.0

1.0

1.5

observed wavelength (um)




S5z (mly)




200 cMpe





T
=
g
=
o
=
@

10

05

0.0

05
<

log [M, sep/Ms]




kpe

g
400
300 109
200
A
100 F!
4 107!
0
{
7
—~100
—200 1
—300
—400
1073

—400 =300 —200 —100 0O 100200 300 400

[107 ¥ ergs™ em™2 arcsec 2]




~ "z S 7 5 L High Confiden
Ty :

W‘WM*‘WWM wwﬂ*‘
o ﬁ»wwwwwkuw Wwwwww

Low Confidence
1200 1300 1350 1400 1450 1500

iy
Rest Frame Wavclength (A)









Tonization Recombination

U\®—> N @@—»@f




1wt

-
=
=10

T

;ITE!----

-2

=21 =20 -19
Mr (Absolute Magnitude)









£-09501@, WD, _S m«m / ssauaybliq a2e4ns o uewA]

Y
o
=

SB>1le-19
SB>1le-21

] [=]
— [
] ]
— —
A A
o o
7] 0





L] ] = ]
e =4 -l- ] - " l. -l - m -. ] "

5 v T S P » !
= e - s = Wt -
© 5 . L] am 12
S ton l.l = 1 [ - l. . O r
[9] L] [ [ 15 1
o,,. ° " - 'L ..l a5ty - l.:- u - (1]

.. 03' .. t - 1 -m Il l. - : -

36" 9

18

3100

Right Ascension

0741732 31.8° 31.6° 31.4° 31.2° 31.0

Right Ascension

-—mp
0"41™35 35.2° 35.0° 34.8° 34.6° 34.4 0"41™35 354° 352" 35.0° 348" 346°

Right Ascension

Right Ascension

AN OL—-S0




A (cMpe)

0.0

-05

20

e AT

R !

o R |

20

5

1.0 0.5 0.0
Aa(eMpe)





DI MILANO A

DEGLI STUDI

%EmMM\/HZD nD
















—49°3

£

—17.00

2

L
E

|
Log[SBiya /(erg s

1850 =




2-35









Low redshift o o

- = = Protocluster
- =— = Protocluster Core Ryqo
® ® Galaxies (inside the cluster at z=0)
(0] Galaxies (outside the cluster at z=0)




200

100

s

030









European Research Council

Established by the European Commission








Declination

—49°30

33

36"

39

42’

—— MUSE

—— FORS2& HAWKI
—— HSTF625W

—— HSTF814W

—— JWST/NIRCam
—— ALMA Band3, 6

O MUSE(JAv| < 1000kms™)

CHANDRA XRay
ALMA CO(4 — 3)

014200°

41m40° 20°
Right Ascension

00®

0h41m36° 33 30° 27

Right Ascension

35'30"

00"

36'30”

—49°37'00"





Flux density (mJy)

Avgso (kms)
6000 4000 2000 0 —2000  —4000

107 108 109 110
Observed Frequency (GHz)




=)
=]
=]
S

c
=
=1

®
=
=]









(> 9)

102

10!

d)

T ||||||||I
s
SE|
2
~1
Vo
1
S
B o1
0
T

fol D E—

[
1
1
o—
1
1
1
1
1
1
1
1
1

0.1 1 10




016(L > Lx)

MQNO1 (z=3.25)

104 —— SS5A22 (z=3.09)
—— Spiderweb (z=2.16)

103

102

10t
43.0

435 440 445
Ly _10kev [€rg s71]

45.0




Uncovering the population of passive galaxies
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The growth of galaxies 

in the heart of the Cosmic Web at z~3







Marta Galbiati



marta.galbiati@unimib.it







TNG Colaboration



Most of the baryons in the Universe are spread in a network of filaments called “Cosmic Web”





Zhang+2023, Tsinghua University
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Incoming radiation from a background bright source



Photoionization



Recombination



Lyα photon



Hogan and Weymann 1987; Gould and Weinberg 1996; Cantalupo+2005,2007,2008,2014,2017,2019; Pawlik+2009; Kollmeier+2010; Dijkstra+2014





Liu+2024





Cantalupo+2014







The cosmic gas in emission





Umehata+2019





The Cosmic Web in emission:



The ionizing radiation emitted by overdensities of star-forming galaxies and Active Galactic Nuclei (AGN) is able to illuminate the cosmic gas on IGM-scales 



Banerjee+2024





Tornotti+2024











The cosmic gas in emission







Open questions



Zooming in











Boselli+2022 adapted from Ferrarese+2012 and Boselli+2018



In the local Universe, environmental effects are known to affect the properties of gas and galaxies in overdensities



?



What happens at z>3, especially in extreme regions such as the nodes of the Cosmic Web?







Courtesy of T. Lazeyras





A unique view of galaxy formation and evolution









Fukushima+2022



•  Large overdensity of galaxies

•  At the intersection of filaments



How do galaxies grow in extreme, overdense regions at the intersection of multiple filaments?



 Borisova+2016





Quasar at z~3.25







Extended Lyα emission







23 cMpc



- MUSE (40h+84h)  → Cosmic Gas via Lyα emission

- FORS2 (16h)  → Detect LBGs on large scales 

- HAWK-I (7h)  → Measure Stellar Masses and  select Balmer-break galaxies

- ALMA (42h)  → Detect dusty star-forming galaxies

- CHANDRA (650 ks) → Census of the AGN population

- JWST (10h+40min)  → Cosmic Gas via Hα emission



Ks,CH4,H



U,B,R



NIRspec MSA/NIRCam



ACS/F625W & F814W



- HST (22 orbits)  → Model galaxy morphology











Target Quasar at z~3
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A unique view of galaxy formation and evolution



Galbiati+2024; Pensabene+2024; Travascio+2024; Wang+2024 (incl M.G.)









Star-forming galaxies in MQN01 field







Galbiati+2024





We identified 21 galaxies with secure spectroscopic redshift clustered within a small volume (± 1000 km/s and 4x4 cMpc2) around the quasar



Searching for star forming galaxies clustered around the central quasar:



MUSE white-light image





Star-forming galaxies in MQN01 field







Pensabene+2024, Travascio+2024 (incl M.G.)







Sub-Millimeter Galaxies (SMGs) CO(4-3) emitters











AGNs detected in X-Ray with CHANDRA
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Galbiati+2024; Pensabene+2024; Travascio+2024 (incl M.G.)





δ=53.0±17.4





FIELD GALAXIES





GALAXIES AROUND THE QSO



Cumulative luminosity function



One of the largest overdensities at z~3:



Around the quasar we found an excess of star forming galaxies, AGNs and SMGs.







CO(4-3) emitters & 1.2mm number counts



AGNs





Star-forming galaxies in MQN01 field













4 cMpc
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A massive node of the Cosmic Web observed in emission:



The 2D spatial distribution of the star forming galaxies is strongly correlated with the gaseous filaments



Galbiati+2024, Cantalupo+ in prep.



Star-forming galaxies in MQN01 field
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Star-forming galaxies in MQN01 field













10 kpc



Pensabene+subm (incl M.G.)













4 cMpc
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Star-forming galaxies in MQN01 field









10 kpc





Pensabene+subm (incl M.G.)



First quasar companion identified as a massive, dinamically cold rotating disk













Galbiati+2024





Star forming main sequence



FIELD GALAXIES



MAIN SEQUENCE





GALAXIES IN THE OVERDENSITY



Star-forming galaxies in MQN01 field









Galbiati+2024







Star forming main sequence





Accelerated or more efficient mass assembly at the intersection of filaments?







Excess of massive galaxies



FIELD GALAXIES



MAIN SEQUENCE





GALAXIES IN THE OVERDENSITY



FIELD GALAXIES





GALAXIES IN THE OVERDENSITY



Stellar mass function



Star-forming galaxies in MQN01 field













Galbiati+2024; Wang+2024





Star forming main sequence





Accelerated or more efficient mass assembly at the intersection of filaments?



FIELD GALAXIES



MAIN SEQUENCE





GALAXIES IN THE OVERDENSITY



Star-forming galaxies in MQN01 field









HST/F814W









Galbiati+2024; Wang+2024





Star forming main sequence





Accelerated or more efficient mass assembly at the intersection of filaments?



FIELD GALAXIES



MAIN SEQUENCE





GALAXIES IN THE OVERDENSITY



Star-forming galaxies in MQN01 field









JWST/F322W2 + JWST/F150W2 + HST/F814W









Galbiati+2024





FORS2 U-Band



FORS2 B-Band



FORS2 R-Band



- UBR color selection

- Calibrated for SF galaxies at 3.0<z<3.5

→ 24x24 cMpc2 FoV



FORS2



Lyman Break Galaxies (LBGs):



UBR color selection of LBGs



MQN01 structure over tens of cMpc











Galbiati+2024



UBR color selection of LBGs
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24 x 24 cMpc2



2D overdensity of Lyman-Break Galaxies
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2D overdensity of Lyman-Break Galaxies
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Original mosaic: 4 cMpc



2D overdensity of confirmed spec-z galaxies











Original mosaic: 4 cMpc





Galbiati+2024, Cantalupo+ in prep.



MQN01 structure over tens of cMpc
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2D overdensity of Lyman-Break Galaxies
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Extended Lyα emission from the filaments















Galbiati+2024, Cantalupo+ in prep.
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MQN01 structure over tens of cMpc









Uncovering the population of passive galaxies
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X-Ray AGN 





Screenshot 2025-02-28 at 17.27.43.png

SFR ~ 10 Msun/Yr

Mstar ~ 1011 Msun
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MQN01 galaxies are more clustered to the quasar or the quasar host halo is more massive than average QSOs.



Correlation functions
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2D overdensity of confirmed spec-z galaxies
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MQN01 structure over tens of cMpc
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Thank you!
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- We found one of the largest overdensities of star forming galaxies, AGNs and SMGs at z~3;

- These galaxies are embedded within a >4 cMpc Lyα-emitting structure and connected by filaments of gas;

- There is an excess of massive galaxies in the overdensity;

→  Hint that the large-scale environment accelerates the evolution of galaxies in extreme regions.



How do galaxies grow in extreme, overdense regions at the intersection of multiple filaments?



Summary and Conclusions







