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Reionization (z~ 5-10) - not yet
clear which sources contributed
the most ionizing photons

Left: Lin et al. (2024), Top: NASA public image



LyC emission

F(LyC)/F(UV) = L(LyC)/L(UV) x  fesc x T(IGM)

Stellar

population ISM/CGM IGM
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LyC emission

F(LyC)/F(UV) = L(LyC)/L(UV) x  fesc x T(IGM)

Stellar

population ISM IGM

= = Meiksin+06 (Lya) ® Lya (this work)
== |noue+14 Lya Becker+13 (Lya)
Inoue+14 LyC M Steidel+18 (LyC)

Bassett+21



Low-z LyC emitters

Indirect indcators of LyC
emission are needed
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fLYC (COS UV)
fLYC (COS LV)

These can be detected at
2>5 and used to infer : _ :
levels of ionizing flux L
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from galaxies during
reionization

LzLCS (Flury+22) has
tested the reliability of
some possible indicators
atz~ 0.3




Low-z LyC emitters

Indirect indcators of LyC
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Low-z LyC emitters

400 600 800

peak sep. [km/s]

Multi-variate analysis can help reduce scatter

Do these relationships hold at higher redshifts?

gold LyC leakers

silver LyC leakers
Fletcher+2019
Steidel+2018
Pahl+-2021
Marques-Chaves+2022
Flury+2022b
Verhamme+2017
Izotov+2018
Steidel+2018

Kerutt+24
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lon3

Among most distant confirmed
LyC leakers (z=3.999)

HST imaging shows multiple
LyC-emitting clumps (Reff <
200pc for each clump) and
Rest frame: 650—900 A 1400—1950 A 2350—32004  low-z interloper

Mestric et al. (submitted) Likely fesc ~ 10%, but depends

on unknown IGM opacity
(previous estimate ~60%)
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lon3

.nmow 2 Strong Ly-alpha peak at

NS AL s AR AN R systemic redshift
Low-mass, low-metallicity,
high-SFR, high-ionization ISM,
similar to many low-z LyC
emitters
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Mestric et al. (submitted)
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PIE

Parallel lonizing Emissivity survey (Cycle 30), Pl Scarlata
PIE+ (Cycle 31), Pl Beckett
Rest Wavelength [A]

750 1000 1250 1500 1750 2000 2250 2500

" * Step 1: HST imaging
= reasw * 37 fields observed using 3 or 4

F625W

F814W bands

PIE+
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 F475W/F625W/F814W probe rest-
frame UV continuum

3000 4000 5000 6000 7000 8000 9000 10000
Observed Wavelength [A]

Beckett et al. (submitted)
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PIE

Parallel lonizing Emissivity survey (Cycle 30), Pl Scarlata
PIE+ (Cycle 31), Pl Beckett

* Step 1: HST imaging
PIE field locations 37 fields observed using 3 or 4
bands

* F336W probesLyCatz>3.1,
FA75W/F625W/F814W probe rest-
frame UV continuum

deep
medium
shallow

F475W

galactic plane * Fields are spread across the sky to
avoid correlations in the IGM due
to large-scale structure

Beckett et al. (submitted)

 Observations now complete
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Beckett et al. (submitted)

PIE

* Step 1: HST imaging

37 fields observed using 3 or 4
bands, spread across the sky to
avoid IGM correlations

F336W probes LyC atz > 3.1,
FA75W/F625W/F814W probe rest-
frame UV continuum

Photometric apertures based on
F625W+F814W image

~50% complete to AB=26 in
F625W
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F625W-F814W
Beckett et al. (submitted)

PIE

Step 1: HST imaging
(complete)

Step 2: Color selection

* Mocks show we can reliably
select targets at 2.7<z<4.0 for
follow-up spectroscopy

 98% completeness, “90%
purity

e Only30%lieat3.1<z<3.5,
where F336W probes pure LyC
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targets selected

targets rejected

interlopers rejected (1st cut)
interlopers rejected (2nd cut)
remaining interlopers

other galaxies

F475W-F625W

Beckett et al. (submitted)

Step 1: HST imaging
(complete)

Step 2: Color selection

 98% completeness, ~30%
purity in selecting 3.1<z<3.5
galaxies

18 fields also have F475W,
allowing additional color cuts

* Purity increases to ~45% with
these cuts
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PIE

Step 1: HST imaging

(complete)

Step 2: Color selection

 98% completeness, “30%
purity in selecting 3.1<z<3.5
galaxies (with 3-bands),

increasing to 45% purity with
4-bands

* Very few low-redshift
interlopers
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Beckett et al. (submitted)

Step 1: HST imaging
(complete)

Step 2: Color selection

 98% completeness, “30%
purity in selecting 3.1<z<3.5
galaxies (with 3-bands),
increasing to 45% purity with
4-bands

* In total:

 ~1300 targets selected

e ~1100 LBGs

 ~450 galaxies at 3.1<2<3.5
 ~40 confirmed LyC emitters
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Rest Wavelength (A)
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Beckett et al. (submitted)

Step 1: HST imaging
(complete)

Step 2: Color selection
(complete)

Step 3: Spectroscopic

confirmation

* First spectroscopic
observations complete

* Include plausible LyC emitter
at 3.067 confirmed with
Keck/LRIS

* Further observations ongoing
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Step 1: HST imaging
(complete)

Step 2: Color selection
(complete)

Step 3: Spectroscopic
confirmation (ongoing)
Step 4: Stack galaxies to
measure LyC flux (future

work)

« We can average over the IGM
distribution to measure more
accurate escape fractions
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Beckett et al. (submitted)
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Flury et al. (2022)

Step 1: HST imaging
(complete)

Step 2: Color selection
(complete)

Step 3: Spectroscopic
confirmation (ongoing)
Step 4: Stack galaxies to
measure LyC flux (future

work)

« We can average over the IGM
distribution to measure more
accurate escape fractions
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Thanks for listening!

Detailed studies of high-
redshift galaxies reveal
how LyC radiation
escapes from galaxies

Large surveys needed to
reduce uncertainties on
fesc and hence calibrate
LyC indicators that can
be observed in the EoR

abeckett@stsci.edu

Mestric et al. 2025 (submitted)

Beckett et al. 2025 (submitted,
arxiv:2503.20878) "

-




25



PIE

—— JAGUAR (3 bands)
—==- JAGUAR (4 bands)
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Beckett et al. (submitted)
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Need large samples of galaxies in independent fields to reduce the
uncertainties on f.,.due to IGM transmission
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PIE

Parallel lonizing Emissivity survey (Cycle 30), Pl Scarlata
PIE+ (Cycle 31), Pl Beckett

Survey of 54 independent
fields

PIE field locations

3 bands allow LyC detection
and color selection of z™~3
galaxies

deep
medium
shallow

FA75W

ol Independent fields reduce the
uncertainties on f_ . due to
IGM transmission

Beckett et al. (submitted)

28



PIE

Parallel lonizing Emissivity survey (Cycle 30), Pl Scarlata
PIE+ (Cycle 31), Pl Beckett
Rest Wavelength [A]
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Beckett et al. (submitted) Beckett et al. (submitted)
Survey of 54 independent fields to reduce the uncertainties on f, . due to
IGM transmission
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Reionization

1,000 20 8 Redshift (2) 0
—— S TSN G S W AR
Hubble .  Hubble’" TG TSR B T
2012 ,2ﬁeg FaTh 3 = Nl S SE AP P
;&. o - vz ,’;/1‘ i T T X @.\ ‘.\‘:
’ ke '-'-‘p- el \F SRS =, 'V%l ;f'.k Gs -,’,x.‘-‘“_\ e '
y R e PR : S ) NG
Cosmic o s Yy A il ‘;i"--"'f ;-f*‘.é
“Dark Ages” oo BT e W S 2 . &Y
"(—-Retogslzaf:on—-z) T \‘.vw;\,f\-\\ Lol g
¢ /" 4 e T W '|
- : o ..\ p ."_ ,‘""!jl\.»\:__ " "p‘ &
Neutral o .‘ "u- ,(-2\ J" k-3 ‘-a '1‘{\'; : ~ /’
. gl |
IaM First First : -_( ‘ *:..{ a)gde"‘ -/ Ak O‘re‘ga-‘ ﬁ.‘
Ny stars galaxies o _;.fa.‘) v * gal é's-(o‘m 08 )( - gd
mm— 13.5 13.4 13.0 Billions of Years Ago

Recombination
= = Meiksin+06 (Lya)
= |noue+14 Lya

LyC emission from the sources |  menene
that reionized the Universe can

not be observed directly due to
the opacity of the IGM

It is not yet clear which sources
reionized the IGM at z~12-1§p: NASA public image, Right: Bassett+21

@® Lya (this work)
Becker+13 (Lya)
M Steidel+18 (LyC)
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Low-z LyC emitters

Indirect indcators of LyC
emission are needed

These can be detected at
z>5 and used to infer
levels of ionizing flux
from galaxies during
reionization

fLYC (COS UV)

LzLCS (Flury+22) has
tested the reliability of

some possible indicators
atz< 0.4
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Beckett et al. (in prep)
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