Cosmic Dawn at High Latitudes 25 June 2024 Swedish Royal Academy of Sciences

"\':.-.f.'i-?,RUBING BURS B TAR F ORMATIUN
~ INTHE FIRST GAL "|ES WITH JWST

. ..
'- ' ’ ' ' B ' ’ .
. . - ‘o . . ‘. . & ; ' 3 . .‘ e . - “h . . ‘. . - . y .
| . / e RO S F, / 8 7% R | . / N e SN L
LE G, N ¥ ERELT S V|o|a gelll@nbl ku dk .« 3 St o % . ;
’ - /‘ . : - -. - ) ' ’ - . .. /
_ .,. : . .“‘ % ‘ .o ) .v N ' - : 75 5 .'. : “ _‘.‘ » ‘ ‘c _ .,. ‘ . ~

UNIVERSITY OF DAWN




HIGH-Z STAR FORMATION WITHJWST = **

T T T T T T T T T T
" Harikane+23 z ~ 15 Robertson+23 z ~ 14.25

Surprising abundance of UV bright galaxies at z > 10

Number/mag/Mpc>
_— - - - - -
S 9 9 9 9 9
] (@) ()] EEN W [\

[
i
oo

. 4

& McLeod+24 7 ~ 13.5 Donnan+23a z ~ 13.25
@  Finkelstein+23bz~14 @ This work z = 14.5

@ Casey+23z~ 14

—
3

Donnan+24|

| N N N ] 1 1 1
—22 —20 —18

—16



HIGH-Z STAR FORMATION WITHJWST =+ .2

— zl=9 | l lHariklane+2l3z~l15 | ' Rlobertslon+23lz~1l4.25
10—2 : z=10 i McLeod+24 z ~ 13.5 & D:lnnan+]f3az~153.25
o o . . 3k - z=11 Finkelstein+23b z ~ 14 This work z = 14.
Surprising abundance of UV bright galaxies at z > 10 s @ e
0 F
—4 |
éo 10
th E 1072 k
Ly < SFR «x € f, E z
dt 2 1070 ¢
07F :
; / Donnan-+24 1
1078 = e

| N N N ] 1 1 1
—22 —20 —18 —16



HIGH-Z STAR FORMATION WITH JWST  * 2

[ T T T T - T T T T T T T T T T I ]
[ — 7 =9 " Harikane+23 z ~ 15 Robertson+23 z ~ 14.25

ek

N
|
|

Donnan+24
| L L L | L L L | 1 L L |
_22 —20 —18 —16

10—2 : z=10 @& McLeod+24 z ~ 13.5 Donnan+23a z ~ 13.25
. . . . E — =11 @ Finkelstein+23b z ~ 14 This work z = 14.5
Surprising abundance of UV bright galaxies at z > 10 s @ Cuyen
" 1073 |
2. E
S 1074
g ;
th E 107 3
10—8 i /

Higher SF efticiency at high-z?




HIGH-Z STAR FORMATION WITH JWST  * 2

[ T T T T T T T T T T T T T T I ]
[ w7 =0 " Harikane+23 z ~ 15 Robertson+23 z ~ 14.25

Si - - L S T
Surprising abundance of UV bright galaxies at z > 10 RS R
, 10 -
% 10~ 3
= -
g [
L SFR M, A
uv X X €y fp > o]
dt Z 1070 .
10-7 _ | |
" / | |  Donnan+24
10 —22 —20 —18 —16
M 500

More top-heavy IMF?



HIGH-Z STAR FORMATION WITH JWST  * 2

— zl=9 | ' lHariklane+2l3z~l15 | ' Rlobertslon+23l z~1l4.25 "]
10—2 o z:(I) i if'lcte;)(ti-gizz?; 1,3\:514 'l;:jnnan+s3a=z;153.25
Surprising abundance of UV bright galaxies at z > 10 s @ e
107° F
—4 L
éo 10
th E 10—5%_
dt Z 107° /
07F
: / Donnan+24 ]
1078 = T

| . , . I . . .

Dust removal?



HI.GH.-Z STAR FORMATION WITHJWST  + .2

L L L 1 ] I 1 ] 1 | 1 1 1 T ] ] 1 | 1
[ m— 7 =9 “  Harikane+23 z ~ 15 Robertson+23 z ~ 14.25

10—2 L — z=10 @ McLeod+24 z ~ 13.5 Donnan+23a z ~ 13.25
F =11 @ Finkelstein+23b z ~ 14 B This work z=14.5
Surprising abundance of UV bright galaxies at z > 10 N
%{) 10—4 |
:
th _“.g 10_5:—
LUV x SFR G*fb 7 Z 106k

Donnan+24
—18 —16

B A L A B Mi500
_ z~12 / 8.25
= \edian age
o ~21F —— Median age, no dust,” 3.00
§ [ ———- m=29 // 7 75
= _20:_ ........ : T
) ' 7.50 —
o) I D
=R P S 725 @
S | 3
E 18] S 95
: : > | 6.75
Scatterinthe My, — M, relation? | > _ |
- Mason+23 | 020
e 6.25
10.0 10.5 11.0 11.5



HIGH.-Z STAR FORMATION WITH JWST

[ — z=9

Surprising abundance of UV bright galaxies at z > 10

Lyy «x SFR «x €, f,

M,

dt

 N(o)

Scatterinthe My, — M, relation?

I I l
N N N
o — N

UV magnitude, M,
I
©

L O
~ oo
A L

L\
o

5 4

Number/mag/Mpc?>

T T T |
“  Harikane+23 z ~ 15

McLeod+24 z ~ 13.5

@  Finkelstein+23b z ~ 14
@ Casey+23z~ 14

| —— Median age
- == == Median age, no dust//
| —--- m=29 //

...............

T T T T T
Robertson+23 z ~ 14.25
Donnan+23a z ~ 13.25

! This work z = 14.5

Donnan+24l



STOCHASTIC STAR FORMATION IN THE FIRST GALAXIES

Redshift 7
20 16 14 12 10 9 8 7 6

O =
N O n

Strongly feedback requlated and time-variable SFH o2

|
O O
whn O

| 7= 73
LILIUM

log SFR/Mgyr™)
S

|
e
L O

200 300 400 500 600 700 800 900
g/ Myr



STOCHASTIC STAR FORMATION IN THE FIRST GALAXIES

Redshift 7
20 16 14 12 10 9 8 7 6

O =
N O n

Strongly feedback requlated and time-variable SFH o2

I
==
wn O

72 =713

Galaxies in low-mass halos are the most bursty and LILIUM

sensitive to feedback processes

log SFR/Mgyr™)
S

I
O OO
D O DN

200 300 400 500 600 700 800 900
g/ Myr



STOCHASTIC STAR FORMATION IN THE FIRST GALAXIES

Redshift z
20 1614 12 10 9 8 7 6
1.5 GERRA cimulation - Cz=77 |
- 1.0}
Strongly feedback requlated and time-variable SFH > 05
o 0.0| Q2
S 0.5 ) . . l .
Galaxies in low-mass halos are the most bursty and ~ %(5) LN
sensitive to feedback processes o0 0.5
= 0.0|
-0.5) . . . . . . .
200 300 400 500 600 700 800 900
8 3 = tr/ Myr
SECEE I TI
6 2
> 4 § i
0 g .
T s = Detections of the first low-mass quenched post starburst galaxies (Looser+23,
L ! < i Strait+23)
s 0.0}
—25 -
01 02 03 04 05 06




STOCHASTIC STAR FORMATION IN THE FIRST GALAXIES

Redshift z
20 1614 12 10 9 8 7 6
1.5LQERRA cimulation - Cz=77 |
- 1.0}
Strongly feedback requlated and time-variable SFH > 0.5
© 0.0 Q2
S —0.5| .
o > _ =73
Galaxies in low-mass halos are the most bursty and @5) %(5) LILIUM.
sensitive to feedback processes o0 0.5
= 0.0|
-0.5) . . . . l . .
200 300 400 500 600 700 800 900
T N B LRI — 1 tu/Myr
z~T7-9
| (Muv) =—20.1
E | M
S| Myy)=-17.6
S
3 7 | | |
5 Detections of the first low-mass quenched post starburst galaxies (Looser+23,
= Strait+23)
Z.
= Large scatter in the observed high-z galaxies properties at fixed magnitude
| l1(I)0 | 3(I)O — lllOI()O | 30I00 |

[OIIT]+HB EW [A]



STOCHASTIC STAR FORMATION IN THE FIRST GALAXIES

logM,



STOCHASTIC STAR FORMATION IN THE FIRST GALAXIES

Oyv

Gelli, Mason & Hayward 2024
arXiv:2405.13108

logM,



STOCHASTIC STAR FORMATION IN THE FIRST GALAXIES

Oyv

Gelli, Mason & Hayward 2024
arXiv:2405.13108

logM,

What are the implications of a mass-dependent scatter?

Can we probe stochastic star-formation with JWST?




* " MASS-DEPENDENT UV SCATTER MODEL

SIMPLE ANALYTICAL MODEL:

FIRE z=8, 10,12 (Sun+23) |
=== This work (all redshifts)

— Increasing scatter towards low halo mass:




* " MASS-DEPENDENT UV SCATTER MODEL

SIMPLE ANALYTICAL MODEL:

FIRE z=8, 10,12 (Sun+23) |
=== This work (all redshifts)

— Increasing scatter towards low halo mass:

1 -1

esc

— Redshift independent o;,/(M,) and €,(M,) 0.5}
| _
z = 5 calibration |




‘ -

MASS-DEPENDENT UV SCATTER MODEL .
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SIMPLE ANALYTICAL MODEL:

MASS-DEPENDENT UV SCATTER MODEL

— Increasing scatter towards low halo mass:

In ACDM low-mass haloes dominant at early epochs:

the UV-scatter effect will be more important towards higher-z
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Stochastic star formation leads to lower galaxy bias at higher redshifts
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 Bursty star formation at high-z leads to a stochasticity in the UV luminosities of galaxies

* A oy increasing towards lower M, predicts:

CONCLUSIONS

O Higher UV LFs towards higher z

0 Reionization starts earlier and is more gradual

O) Lower galaxy bias

O Broad ranges of 3,1/, Balmer breaks and emission
ine strengths for galaxies with the same M,

Stochasticity is not enough to reproduce z > 12 LFs:

enhanced SFE at high-z?
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 CAN SN QUENCH SF IN HIGH-Z GALAXIES?
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