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LYC ESCAPE A LOCAL PROCESS, POWERED BY MASSIVE STARS/CLUSTERS
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NGC 4214: local dwarf starburst
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LYC ESCAPE A LOCAL PROCESS, POWERED BY MASSIVE STARS/CLUSTERS

SPHINX simulations
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FEEDBACK-STAR FORMATION INTERPLAY IN THE ISM

Typical local Universe conditions

> Convert ~10 7 of gas to stars
(Kim+18, Grudic+18, Menon+23)

> Timescales of a 10-20 Myr
(Chevance+23)

> Form unbound stellar associations

> Low LyC escape fractions
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FEEDBACK-STAR FORMATION INTERPLAY IN THE ISM

Typical local Universe conditions

> Convert ~10 % of gas to stars
(Kim+18, Grudic+18, Menon+23)

> Timescales of a 10-20 Myr
(local) feodback! (Chevance+23)

Gas cycle

Gets cold + dense @ @ |
> Low LyC escape fractions

New

@ @@ Stars!

(Orr+2019, MNRAS 486, 4724)

>~ Form unbound stellar associations

Starts collapsing

Credits: Matthew Orr




DISTINCT PHYSICAL CONDITIONS AT COSMIC DAWN: DISTINCT STAR CLUSTERS

Early galaxies compact and gas-rich
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DISTINCT PHYSICAL CONDITIONS AT COSMIC DAWN: DISTINCT STAR CLUSTERS

Produce highly dense, compact super star

Early galaxies compact and gas-rich clusters
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IMPLICATIONS OF CHANGING CONDITIONS

IR

1. Deeper potential well: Affects feedback-
gravity competition

2. Higher escape speed: ionization insufficient

J.  Shorter dynamical times: timing of LyC
escape
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IMPLICATIONS OF CHANGING CONDITIONS

LyC emission drops after ~ few Myrs

1. Deeper potential well: Affects feedback-

MIST

gravity competition BPASS(0.17)

BPASS(0.012..)

2. Higher escape speed: ionization insufficient
Menon+ 24

J.  Shorter dynamical times: timing of LyC
escape




-ZCI'OU.'(] ':I 1'(]2. h;'[ﬁ:' IDlCLQ' = e } -i:Cl'Ou'd ':I 1'()3 h:IG\: IDIC_'_Q' -
He. =0% 1 e, =0%

'z.:cllml'd .=I 1'04' I\"L:'. IJICLQ' - e S 'z':cllould '=' ]-'O-)l NIZ' pICLQI -

:E*:OCZ] ::E;::DC%

0

.'_T:/R(_;loud I/RCIOHd




QDo = 109 M B T R S0 M e
Radiative Feedback in 3 bands: LyC, Far-UV P =07 e = 0%
and Dust-reprocessed IR.
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%o = 102 Mg pe-?
Radiative Feedback in 3 bands: LyC, Far-UV e =0%
and Dust-reprocessed IR. i

Run with FLASH MHD code with a Variable
Eddington Tensor RHD method (VETTAM: see
Menon+ 2022a)
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%o = 102 Mg pe-?
Radiative Feedback in 3 bands: LyC, Far-UV e =0%
and Dust-reprocessed IR. i

Run with FLASH MHD code with a Variable
Eddington Tensor RHD method (VETTAM: see
Menon+ 2022a)
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QS = 107N e S0 M e
Radiative Feedback in 3 bands: LyC, Far-UV L e =0% i e = 0%
and Dust-reprocessed IR. | |

Run with FLASH MHD code with a Variable
Eddington Tensor RHD method (VETTAM: see
Menon+ 2022a)
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Sub-parsec resolution I

Non-equilibrium H chemistry (and C/0
chemistry ongoing)
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Radiative Feedback in 3 bands: LyC, Far-UV e =0% |f < = 0%
and Dust-reprocessed IR. | I

Run with FLASH MHD code with a Variable
Eddington Tensor RHD method (VETTAM: see
Menon+ 2022a)
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Beond = 108Mgpe? "' 1 Zgoua = 10PMgpe? T
) He.=0% . =0%
Sub-parsec resolution I

Non-equilibrium H chemistry (and C/0
chemistry ongoing)

See Menon+23, Menon+24
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Radiative Feedback in 3 bands: LyC, Far-UV e =0% |f < = 0%
and Dust-reprocessed IR. | I

Run with FLASH MHD code with a Variable
Eddington Tensor RHD method (VETTAM: see
Menon+ 2022a)

SRR U N U SR TR N TR SR S L T T TR
Beond = 108Mgpe? "' 1 Zgoua = 10PMgpe? T
) He.=0% . =0%
Sub-parsec resolution I

Non-equilibrium H chemistry (and C/0
chemistry ongoing)

See Menon+23, Menon+24
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Menon+24b, (ApJ subm; arXiv:2408.14591)
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SHORT DYNAMICAL TIMES = EFFICIENT LYC LEAKAGE

LYMAN 2025 CRETE Menon+ 24b, (ApJ subm; arXiv:2408.14591)



SHORT DYNAMICAL TIMES = EFFICIENT LYC LEAKAGE

Cumulative LyC escape

Higher SFE

Earlier escape

Menon+24b, (ApJ subm; arXiv:2408.14591)



SHORT DYNAMICAL TIMES = EFFICIENT LYC LEAKAGE

Cumulative LyC escape

Higher SFE

Earlier escap

compact
clusters at

Menon+24b, (ApJ subm; arXiv:2408.14591)



WHAT FACILITATES LYC LEAKAGE IN DENSE CLUSTERS?
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Simulation
=== Analytic RP-driven wind

102 10! 10" 10}

Menon+24b, (ApJ subm; arXiv:2408.14591)



Amorin+24

Silllll]t]t\i(:\’ll -4 : L L 1 | L 1 L | | i | i | i | l L | | | 1 1 A 1 l
=== Analytic RP-driven wind {( ' . :! . O
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Menon+24b, (ApJ subm; arXiv:2408.14591)



GALACTIC CONTEXT: FEEDBACK-STAR FORMATION INTERPLAY IN THE ISM OF RIGH-Z BURSTS
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DISTINCT CONDITIONS IN HIGH-Z GALAXIES -> COMPACT BURSTS OF STAR
FORMATION -> FACILITATE LYC ESCAPE THROUGH RADIATIVELY-DRIVEN WINDS

gt » Star Formation Efficiency (SFE) higher in such conditions
102 MQ pc

starcluster N

D
» Short dynamical times permit rapid gas clearing of sightlines for LyC escape

» bas clearing facilitated by radiation pressure on dust-+gas before SNe go off and LyC
emission rate drops

» Direct radiative clearing likely plays out in lower-mass haloes; higher-mass haloes
require SNe-driven winds revealing young cluster (two-burst scenario)

\

7> 6 ® LyC escape, higher electron densities (

> 10°cm ™ ) distinct morphology of
> 10*M,, pe2 Hll regions -> should affect nebular emission. Working on quantifying this.

eN

2

starcluster N

The goal of computing is insight, not numbers — Richard Hamming
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REIONIZATION OF THE UNIVERSE

Robertson 2022, ARAA

Reionization
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REIONIZATION OF THE UNIVERSE

Robertson 2022, ARAA
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REIONIZATION OF THE UNIVERSE

Robertson 2022, ARAA
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REIONIZATION OF THE UNIVERSE

Robertson 2022, ARAA
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REIONIZATION OF THE UNIVERSE T

Histories, IMF
Robertson 2022, ARAA
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REIONIZATION OF THE UNIVERSE

Star Formation
Histories, IMF
Robertson 2022, ARAA .
e nion(Mhalm Ky oove e ) = Puv 5ion fﬁSC
7 Galaxy formation Feedback physics,
Cosmology ISM dynamics
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REIONIZATION OF THE UNIVERSE

Star Formation
Histories, IMF
Robertson 2022, ARAA .
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Galaxy formation Feedback physics,
Cosmology ISM dynamics

Cosmological simulations (e.g.
THESAN)
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