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Protoclusters: accelerators of early galaxy build-up

~* Cosmic volume occupied by PCs orows ~3x from -0 toz=7/
* PCs contribute 50-50% of cosmic SK at z>7 (Chiang+17)
* More massive, star-forming and dusty than field galaxies -

-> Unique laboratories to study how massive galaxies grow

Thomas Herard-Demanche ST . NAC —12May 2026 K -« herard@strw.leidenuniv.nl



mailto:herard@strw.leidenuniv.nl

Protoclusters: accelerators of early galaxy build-up

Age of the Universe [Gyr]
13 11 987 6 5 4 3

0 == Henriques+15 SAM
212 Guo+13 SAM
Observations (Total)

~* Cosmic volume occupied by PCs orows ~3x from -0 toz=7/
* PCs contribute 50-50% of cosmic SK at z>7 (Chiang+17)
* More massive, star-forming and dusty than field galaxies -

|

log Cosmic SFR Density

-> Unique laboratories to study how massive galaxies grow
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'PCs confirmed at higher and higherz
¢ A2T44ZTPOOD . ' B D

- 7spectroscopically confirmed SOU]‘CGS..
* Grown to 25 confirmed members (Witten+25)

GLASSz8-2

‘Morishita+23 , - Fudamoto+25 .
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PCs confirmed at higher and higher z
+ A2744-27p90D ‘ .

* 7 spectroscopically confirmed S()urces"
* Grown to 25 confirmed members (Witten+25)

* MACS0416-OD-z8p5
* Ogspectroscopically confirmed sourcesz ~ 8.47

MACS0416-0OD-z8p5

16702
tentative spec-z

GLASSz8-2

LRD

1967 & 1988

[J Confirmed spec-z
] Tentative spec-z
Photo-z candidates

42° -
RA (J2000) F200W F277W F444W

‘Morishita+23 I , - Fudamoto+25 .
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 REBELS-(2: An Extreme Galaxy atz - 755

Velcit [kms™'] o N
—  —1000 0 1000 * Double peaked [CII| emission + dust detection

* Merger?

* UV bright component emitting in | CIl| and |OIll|88um
* UV dark componentonly visible in [CII] -
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Algera+24
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‘ REB’ELS-]Z;An Extfen:leGal.'axy.a’t Z'»:.; 7.35 .

Velcit [kms™'] o N
—  —1000 0 1000 * Double peaked [CII| emission + dust detection

* Merger?

* UV bright component emitting in | CIl| and |OIll|88um
* UV dark componentonly visible in [CII] -
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Algera+24 . ‘ Rowland+25 .
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‘ REB’ELS-]Z;An Extfen:leGal.'axy.a’t Z'»:.; 7.35 .

Velcit [kms™'] o N
—  —1000 0 1000 * Double peaked [CII| emission + dust detection

* Merger?

* UV bright component emitting in | CIl| and |OIll|88um
* UV dark componentonly visible in [CII] -
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0.35 Zsol

‘ ' - 10*%9.3 Msol
~Algera+24 * ‘ Rowland+25 . '
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_ANeighbourin Serendipity

. . | - | Y, : ) e REBELS-12 | | | |
* HST-darkcompaniontoREBELS-12 | = = & W ¥ ﬁi ( lilllui H
at the same redshift B e A = w
' Lo Py | d P REBELS-12-2
* [CII]-detected just ~50 pkpc away . AR N Z(an=7.3521

* Also later revealed to be NIRCam dark

226 226.5 227 227.5 228 228.5 229
Frequency [GHZz]

Fudamoto+21

/
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- (PI: Schouws, S
evealing the Lifecycle and
Environment of Massive z~7 Galaxies
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2D Spectrum

REBELS-12

100 Mea/yr (red)
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2D Spectrum

REBELS-12
100 Mea/yr (red)

2D Spectrum |-

SNR

'REBELS-12-2 |
* | ¥ 2 90 Me/yr 630
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A CrowdedNeighbourhood

2D Spectrum

SNR

REBELS-12
100 Mea/yr (red)

2D Spectrum

SNR

2D Spectrum
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[Olll]s007 redshift

'REBELS-12-2 |
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~« 5spectroscopically confirmed PC members
.+ dz=0.005 .

* 21"x21” ->108 pkpc <1c¢ Mpc at z=7.35

. Ohe merger (R12) |

* OneNIRCam-dark source (R12-2 in F1I50W)

/
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*. Photometry frbm GO-6480 (PL:Schouws)
* FO9OW, F150W, F200W and F444W

* +dustdetectionsforRI12and R12-2

* logM=95+/-0.2

¢ BUV.=-2.061/-0.2

+ MUV-=-20.7+/-01 ‘ N
* Particularly bright but not redder than field oigzphtmy
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Bagpipes model

[0  Model photometry

~ galaxies at z~7(except R-12-2)
& Unlike Witten et al+2025a (B~-1.3)
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Extreme by Several Metrics

- SFMS Simmonds+25
O A2744-PC-z7p9(Witten+25b)
<& MACS0416-OD-z8p5 (Fudamoto+25a)

8.5 9.0
l0g10 (M. /Mg )
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Extreme by Several Metrics

- SFMS Simmonds+25
A2744-PC-z7p9(Witten+25b)
MACS0416-OD-z8p5 (Fudamoto+25a) ¥
SMACS-PC-z7p7 (Laporte+22)

REBELS-12PC (This work)

. ‘l()gM’ ~9.5
* SKFRICII~100
* Sitsabove MS atz~/

* 10x more massive than members of

other z>7 PCs
8.5 9.0
logi10 M. /Mo )
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\

Urban Macrocephaly

L
> 101> M, (Chiang+13)
REBELS-12PC (this work)
A2744-OD-z7p9 (Morishita+25)
. . . R SV MACS0416-OD-z8p5 (Fudamoto+25a)
~* Sub-halo masses from Behroozi+19 SMHM | o TnJlelton+24
* JJogMh/Msol ~12.3 (assuming PC dominated h
by 4 members) '

* Sits above Chiang+15 Coma—like cluster track

/
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* Need to reconcile # density of PCs and Backward fracked Forward tracked

ClUSterS | - TNG-Cluster Chiang et al. 2013 ¢® Lietal 2025 @ Terpetal 2026 ® Helton et al. 2024 O  This work
> 15

* Standard practice: backward-track from
z=0 clustersPCs
* Forward-trackinstead, descendant fate is

—
O,
14.5 =
_OJ

a distribution -> probability
* Manyz>7 PC candidates fall below the
cluster threshold
* R12-PC has a2 90% chance of becoming a
. logM200/Msol =14 clusterby z~-O

log10(M200c[Mg])
S %

log10(M>00c, -

4
redshift

‘Witten+26 (ArXiv this week)

/

Thomas Herard-Demanche ST . NAC —12May 2026 K -« herard@strw.leidenuniv.nl



mailto:herard@strw.leidenuniv.nl

Summary

¢ 5 spec- conﬁrmed members atz=7.35 w1thm 1()8 pkpc

and Az=0.005 ' - kR -

* Most compact spec- confirmed PC corcatz >/ . & e

* 4[CIIl (ALMA) + 5[OIl[| 5007 (NIRCam grism) i oY Sy

. Merger evidence, highly dust obscured source ' ' A

+ 10xmore massive and 1 dex above MS vs. other 2>7 PC - ' e o
members ‘ - ' . g 7 ' R&2>-2

* Extreme at high-z but hkely to become a normal SIZed . ; R&Zf - _

cluster at z-O | ¥ -
- * Needdeeper ALMAand IWST tomap extentof the 4 W
~ structure with fainter members ' . . |
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Dropout Catalogue

F444W — dropout candidate positions

Colour—colour diagram

O  Dropout candidates (63) § e
Y RI12-PC confirmed (5) S

SNRFgqaw >3
® Selected (68): SNR > 3 & colour cuts
--- FOOOW-FI150W=1.2
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FISOW — F200W (0.3" aperture)

* Colour-colourcut
* Select FO9OW dropouts

* FOOOW-F150W to limit contaminants ,,. ’
* One potential other PC member in [OlII] T e
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