The Beautiful Confusion.

Super-early galaxies seen by JWST
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Scuola Normale Superiore, Pisa, Italy
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JWST DISCOVERY

* Unexpected overly large number of luminous galaxies at z = 10

* These galaxies tend to be massive (M, = 10°M)

* They have blue colors

e Little dust attenuation (A, < 0.1) Blue Monsters
* Are super-compact (effective radius ~ 100 pc)

GHZ2,z=12.34 Castellano+23
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Castellano et al. 2022; Santini et al. 2022; Adams et al. 2023; Furtak et al. 2022; Donnan et al. 2022; Atek et al. 2022; Yan et
al. 2022; Topping et al. 2022; Finkelstein et al. 2022; Rodighiero et al. 2022; Naidu et al. 2022; Bradley et al. 2022; Whitler et
al. 2022; Barrufet et al. 2022; Trussler et al. 2022; Leethochawalit et al. 2022; Harikane et al. 2022; Curti et al. 2022;
Robertson et al. 2022, Curtis-Lake et al. 2023; Tacchella et al 2023; Bunker et al. 2023; Hsiao et al. 2023; Dressler et al. 23;
Austin et al. 2023; Adams et al. 2023; McLeod et al. 2023, Conselice et al. 2024, Casey et al. 2024.




SUPER-EARLY GALAXIES ARE VERY BLUE
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SUPER-EARLY GALAXIES ARE ATTENUATION-FREE

Ferrara+25
arXiv:2410.19042

Relevant properties of spectroscopically confirmed galaxies at z>10

D redshift | Ay [mag] | log(Z/Z;) r.[pc] log(My/My) log(M,/Mo)
(1) (¢)) (©)) (4) (5) (6) ()
CEERS2-792%°  10.10 | 0.14*%2 — 520717 52710710 8.5070:0
MACS0647-J)D*  10.17 | <0.01 | -0.9070% 70’% <6.7x 10! 7.50%1%
UNCOVER-37126°  10.25 | *0.18*314 — 426" 45233x10*0 816
GS-z10-0 10.38 0.053335? -1o19%8 <62 < 2.6 x 10 7.5313}%
GN-z11¢ 1060 | 0.17%c, -t:’.‘saztﬂ;?',3 64'30  9.6133x10° s.73t8;9§
CEERS2-588¢ 11.04 | 0.10°%00 | 084575 <477 <3.ix 10* 8.99% 0
Maisie’ 1144 | 0.07%] — 340+ 14 1.1%;1l x 10* 8.400%0
GS-z11-0* 11.58 | 018708 | _jg70028 g7 s Ix10° 86770
GHZ2* 1234 | 004788 | _140782 105  617MEx 102 905N
UNCOVER-z12¢ 1239 | 0.19°017 | _1 347880 426‘:3&’ 4TH2x 100 835700
GS-212-0¢ 12.63 0.05%}% -1.44j§f§g *1441% 1.45%23: 10° 7.64“_“35%%
UNCOVER-z13¢  13.08 | 0.04*0%% | —1.57+020  309+1l0 52+167x10°  8.13*0
74 5.2
GS-z13-0¢ 13.20 o.os%% -1.69’:35%% <52 <19x10° 7.95tgf£
GS-z14-1" 13.90 | 0202007 | -110%% <160  <7.0x 10° 8.00%0+0
GS-z14-0" 14.18 | 031:01 | —075:0%° 26012  1.2*03x10*  8.840%




DUST-TO-STELLAR RATIOS ARE VERY LOW

Ferrara+25
arXiv:2410.19042

Spectroscopically confirmed z > 10 galaxies
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KEY RESULT

Dust destruction (incl. reverse shock)
cannot explain the transparency of
Blue Monsters. Other mechanismes,

such as outflows; are required.
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Ferrara 23

SUPER-EDDINGTON CONDITION e

Compact structure + Large UV luminosity

The galaxy becomes super-Eddington and powerful

radiation-driven outflows are launched
Ar >1 4mm sSFR = 25 Gyr~1

For a more refined calculation see Nakazato & Ferrara (2025), arXiv:2412.07598



SUPER-EDDINGTON FRACTION
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Deviations from mean sSFR = 2x in 8<z<10.
Consistent with stochastic SFR predictions

Ferrara 24
arXiv:2310.12197
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Ferrara+ 2023, MNRAS, 522, 3986
Ferrara 2024a, ARA, 684, 207
Ferrara 2024b, A&A, 689, 31
Ferrara+ 2025, arXiv2410.19042
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UV LF OF BLUE MONSTERS %‘%
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ULTRA-HIGH REDSHIFT LF
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Double power-law
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LF FAINT-END SLOPE EVOLUTION
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BLUE MONSTERS ARE LYC LEAKERS? Topping#22 (CEERS)

F1I5W F150W 200\ F2TTW F350W F410M F444W RGDB

7=7.2,8 =-3.1,f._=0.80

Yesc

sSFR=47 Gyr

7=8.4,B8 =-3.2,f._=0.57

N ESC

§SFR=99 Gyri

7=7.9,3=-3.2,f._=0.65

2 ESC

sSFR=239 Gy .

Radiation-driven outflows strongly favor
the escape of both Lya and LyC photons.

Chisholm+20



SUPER-EDDINGTON FAVORS LARGE  fesc

Sub-Eddington Super-Eddington
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A RISING ESCAPE FRACTION
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TESTING THE MODEL ON SPECIFIC SAMPLES

Dottorini+25 data
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A CONSISTENT TREND
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sSFR*

logf

AFM MODEL FOR  Jesc
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Summar
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HERA 2025 WeE-Heraeus-EAS Workshop for Early Career Researchers in Astronomy

The Physics of Galaxies at the Epoch of Reionization

Phota by ESA

Sept. 22 - 26, 2025
Scuola Normale Superiore
Piazza dei Cavalieri, Pisa (IT)

More info:

hera25esns.it | +39 050 509967
Location:

Scuola Normale Superiore
Piazza dei Cavalieri, 7 Pisa - ltaly
www.sns.it

Invited lecturers

22 Sept.

S. TACCHELLA
University of Cambridge

Observational probes of the
earliest galaxies

23 Sept.
D. SCHAERER

Université de Genéve
First stars and stellar populations

24 Sept.

L. VALLINI
INAF, Bologna

The interstellar medium of galaxies
in the epoch of reionization

25 Sept.

R. HERRERA-CAMUS

Universidad de Concepcidn

Early galaxy: Kinematics, mergers,
and outflows

26 Sept.

V. BROMM

University of Texas

Theory of early galaxy formation

| Apply here!

Organizing Committee

Andrea Ferrara (Scuola Normale Superiore)
Andreas Burkert (University of Munich)

Mahsa Kohandel (Scuola Normale Superiore)
Evangelia Ntormousi (Scuola Normale Superiore)
Andrea Pallottini (Universita di Pisa)

Il Ialiadomani [neﬁta

Sept. 22-26, 2025
Scuola Normale Superiore
Pisa, Italy

“* Targeted to early-career scientists
(< 5 yr from PhD or close to
defending their Thesis)

*No registration fee

“*All local expenses for participants
will be covered

* Some travel grants available.

“*In beautiful Pisa, Tuscany, Italy!
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