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How can we disentangle IGM and ISM effects?

Looking at the emerging line profile of galaxies not
affected by reionization. Outside of the EoR.

As of now we do not know how this looks like for the
bulk of faint high-z galaxies

JWST gives us rest-frame optical coverage :
Systemic Redshifts !
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Our best companion at the Epoch of Reionization :

Lyman Alpha

UV-Bright UV-Faint

e.g. Miralda-Escude 98, Dijkstra 2014, Mesinger+15, Mason+18

Transmission in the ISM affects
transmission in the IGM.

Lya photons resonantly scatter
in the HI ISM - emergent line
profile usually shifted redward of
systemic

What does Lya look like when it
leaves a faint galaxy?



Lyman-Alpha Velocity Offsets of UV-faint galaxies

First look into the emergent Lya velocity

offset of UV-faint galaxies UV-Bright UV-Faint

e

\
Galaxies outside the /
EoR (z~ 3 - 6) Prieto-Lyon+23b

What can we learn of ionizing bubbles by
measuring Lya velocity offsets ?




Spectra of z ~ 3 - 6 UV-faint galaxies, Abell 2744




Rest-frame optical emission lines of UV-faint galaxies

Prieto-Lyon+23b.

e Total sources : 12 (NIRSpec)
GLASS ,z =3-6

e Randomly selected from known
Lyman-Alpha galaxies (MUSE).

e Offset with systemic redshift.
[ Olll ] and / or Ha in NIRSpec
R~2700 i Redshitt.

UV Magnitude Redshift

Richard+21, Treu+22



We find low velocity offsets in UV-faint galaxiesatz~ 3 -6 !

Mason+18

This Work

Literature 4 <z<7.5
Bunker+23, z ~ 10.6
Literature z> 7.5
z~2-3

e Magnitudes never seen before
at z>3. Muv > -18
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e Emergent low velocity offsets
~ 200 km/s

e Helps explain low visibility of
Lyman-Alpha in UV-faint
galaxies during reionization.
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Low emergent velocity

-16 18 -20 —~22
UV Magnitude, Myy [15004]

Prieto-Lyon+23b

offsets = Difficult
transmission through IGM at
EoR

e.g.Stark+15, Willott+15, Bradac+17, Inoue+16, Mainali+18a, Pentericci+16, Stark+17, Endsley+22, Cassata+20, Tang+23, Mason+18




Evidence of Lya velocity offsets relation to Galaxy Mass

z~2-3
v This Work

e Dispersion of optical lines,
probe of dynamical mass.
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e Inlow mass galaxies:
Lya is likely to emerge with
low velocity offsets.
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e Low mass galaxies, likely to

have lower NHI.
20
20

Prieto-Lyon+23b

Erb+14, see also e.g., Henry+15, Hayes+23



Velocity offsets usually anti-correlated with Lya EW

Y This Work
Q Bunker+23, z ~ 10.6
Literature 3 <z <7.5
@ Literaturez>7.5
z~2-3
e As line shifts from systemic
due to scatter, it broadens.

e Less broadening in low mass,
low velocity offsets.

T
"
S
==
>
<
S
>
4

e Particular outlier : Clumpy, low
velocity offset,_but low EVW !

Prieto-Lyon+23b

e.g.Stark+15, Willott+15, Bradac+17, Inoue+16, Mainali+18a, Pentericci+16, Stark+17, Endsley+22, Cassata+20, Tang+23, Mason+18, Bunker+23



High HI column density can difficult transmission

0 : : This Work
e As line shifts from systemic due tBunker+23, z~106

to scatter, it broadens. Literature 3 <z <7.5
@ Literaturez>7.5
e More likely in high mass,
high velocity offset galaxies.

e Particular outlier : Clumpy,
low velocity offset, but low EW !

Lya Av [km s™1]

Contours: UV [F115W] ; Image: Ha [F410M]
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e.g.Stark+15, Willott+15, Bradac+17, Inoue+16, Mainali+18a, Pentericci+16, Stark+17, Endsley+22, Cassata+20, Tang+23, Mason+18, Bunker+23



High HI column density can difficult transmission

Yk This Work
Q Bunker+23, z ~ 10.6

e As line shifts from systemic due = Literature 3 <z <7.5

to scatter, it broadens. o ;it~er2a_t;re 2= 7.8
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e More likely in high mass,
high velocity offset galaxies.
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e Particular outlier : Clumpy,
low velocity offset, but low EW !
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e.g.Stark+15, Willott+15, Bradac+17, Inoue+16, Mainali+18a, Pentericci+1v, otark+17, Endsley+22, Cassata+20, Tang+23, Mason+18, Bunker+23



Lya with low velocity offsets
should more easily transmit in large ionized bubbles:

UV-Bright

e Small ionized Bubble :

o  Ly-a only escapes if
velocity offset is high.

o Can’t detect Ly-a from
fainter galaxies.

e Large ionized Bubble :

e Ly-a escapes with a lower
velocity offset.

e Detect Ly-a from fainter
galaxies

We can study reionization bubbles with Ly-a observations !

e.g. Saxena+23



IGM Transmission goes down to <10% for UV-faint galaxies

e Less massive galaxies have a
harder time transmitting Lya.

e Radius needed for 30%
transmission => 1pMpc.

e Massive galaxies do not drop
below 10% transmission.

$

Biased towards observing Lya

>30% flux transmitted
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IGM transmission fraction, Tigm

0.1

from massive galaxies at EOR !
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Prieto-Lyon+23b Emitted Lya velocity offset, Aven, km/s

Mason+18




IGM Transmission goes down to <10% for UV-faint galaxies

Prieto-Lyon+23

e Less massive galaxies have a
harder time transmitting Lya.

e Radius needed for 30%
transmission => 1pMpc.

>30% flux transmitted

Bubble radius, Rjon [pPMpc]
IGM transmission fraction, Tigm

e Massive galaxies don
below 10% transmissi
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‘ i o Lya velocity offset, Avem km/s

Low velocity offset of a faint
galaxy found at redshift 7.3

Biased towards observing
Lya from massive galaxies a

!
SEE e Implies a large ionizing bubbl

of 3pMpc
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UV-faint galaxies as tracers of large ionized bubbles

Mason+18

This Work

Literature 4 <z<7.5
Bunker+23, z ~ 10.6
Literature z > 7.5
z~2-3
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e Low emergent velocity offsets
easily transmit in big ionized
bubbles

Lya velocity offset [km s~1]

e Overall high equivalent widths.
-16 -18 -20 -22

. s UV Magnitude, Myy [15004

e Numerous in the early universe agnitude, Myy [ ]
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Bubble radius, Rion [PMpc]
IGM transmission fraction, Tigm
Lya Av [km s71]

Great tracers of large ionized bubbles

S
)

200 400 600 800 1000

Emitted Lya velocity offset, Avem km/s
EWrest [A]




New high spectral resolution Lya survey at z ~ 5-7,
with JWST rest-frame optical follow-up

e ~70,z=5-7,Lyman Alpha
galaxies observed with high
resolution spectra [ MMT /
Binospec ]

e Slitless spectra coverage from
JWST Fresco.

Pl: Pascal Oesch

Normalized Flux

-1000 -800 -600 -400 - 60

Velocity [km/s
0 800y[ 1000]

g ol ip o fnl N g
TE T [y |

8220 8230 8240

Wavelength [A]



e ~70,z=5-7,Lyman Alpha
galaxies observed with high
resolution spectra [ MMT /
Binospec |

e Slitless spectra coverage from
JWST Fresco.

e 8/ 70 sources for now

Pl: Pascal Oesch
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PRELIMINARY RESULTS

— Mason+18
This Work
Literature 4 <z < 7.5
Bunker+23, z ~ 10.6
Literature z> 7.5
z~2-3
Binospec
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Summary

JWST rest-frame optical spectroscopy makes
Lya velocity offset measurements feasible in
UV-faint galaxies for the first time.

We measured low velocity offsets (~200km/s) in UV-faint
galaxies.

o Low velocity offsets measured in galaxies with lowest
MUV and lowest dispersion of rest-frame optical lines.

o Consistent with scattering of Lya being connected to
galaxy mass through NHI

Observations of UV-faint galaxies with low velocity offsets
and high escape fractions at EoR, should indicate presence
of large ionized bubbles.



Asymmetries, EWs, Non-detections -> Future work

e ~70,z=5-7  ,LymanAlpha B
galaxies observed with high -1000 -800 -600 -400 - 60
resolution spectra [ MMT / '
Binospec |

Velocity [km/s
0 800y[ 1000]

e Slitless spectra coverage from
JWST Fresco.
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e Larger sample of velocity offsets . S = i .-r

near the EoR. Asymmetries.
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e + 300 Non-detections. Emergent
EWLya distribution.
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