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Characterising Lya damping wings at the onset of reionisation
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Fig. 1: Left: Example of UV emission line and DLA fitting for JADES-GS-z13-0 (DJA ID 3215_20128771) at z = 12.85. The
NIRSpec/Prism spectrum and associated error are shown in green. The marked UV emission lines were modelled and then super-
imposed on the intrinsic spectrum before modelling the DLA (solid black line). In the inset, we show a zoom on the Ly region,
with the DLA+IGM model as a solid line, and with 100% neutral IGM only (xyg; = 1.0) as a dashed line. Right: Corner plot of the
posterior distributions for the DLA+IGM model, with median, 16th and 84th percentiles marked.



KonoHKkoBas NNOTHOCTb Boaopoaa
PACTET C KpaCcHbIM CMeLLeHNEM

i 106
23} | ' Strong DLA
" 1
- B- 'E - .
~N I . ! = 1
E | [i F - v H | ' ‘ [ ] i 105
9 L : | '
220 | iz L A ] !
= —-——.vl-.—f . -
> rLAn _'. o Intermediate DLA =
2 = [ | 5
z 0 | | 110 8
‘® 21+ —
of TR e v T
= =
£ o
5 1 1103
S 20+ IGM dominated
T B Well-constrained DLAs
Upper limits
--- Mason+25 average
191 Wi z-binned medians

9 10 11 12 13 14
Redshift, Zspec

Fig. 2: Calculated column densities across the redshift range of the sample, dark green squares are well-constrained column densities
with values Ny > 10?! cm~2. Upper limits are plotted as triangles, derived from the 95th percentile of the posterior distribution.
The different shaded regions represent low column density (Mg < 10?' cm™2) where objects are likely IGM-dominated, high
column densities (N > 10?22 cm~2) where neutral hydrogen exceeds abundance from a fully neutral IGM, and very strong
DLAs (N > 1022 cm~2) with an extreme over-abundance of neutral gas. Regardless of column density, all objects are optically
thick with optical depths at the Lyman limit 7 > 10%, with the highest column densities Niy; = 10?2 cm~2 corresponding to optical
depths T ~ 10°. Medians of well-constrained column density binned in redshift (z < 10, 10 < z < 12, z > 12) are shown as black
triangles (with values Ng; = 10?171,10%224, and 10?237 cm2 respectively). These are essentially upper limits, as the fraction of
IGM-dominated galaxies/upper limits (which were not included in the median) in each bin is 0.42, 0.50, and 0.29 respectively.
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Fig. 4: Top: Cumulative histogram of derived column densi-
ties for our sample in shades of green; separated for non-DLAs
(column densities < 10?! cm™2), and the DLA sample (column
densities > 10?! cm™2) for z = 9 — 10 and z > 10. The full
sample is shown as grey shaded region, comparing directly to
the averages of SERRA-simulated galaxies z = 6 — 9.5 in blue
(Gelli et al. 2025), showing that while the spread of observed
DLAs is broadly consistent, there is a peak of extreme-DLAs
(> 10?2 cm™2) that are not represented in the averages of simula-
tions, particularly for those z > 10. Bottom: Similar to top panel,
but for a normalised PDF, along with the fraction of galaxies
with unconstrained DLAs shown as an IGM limit.
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Fig. 5: Measured UV magnitude and column density. Halo
masses for our objects are derived from UV magnitudes (Ma-
son et al. 2023, no dust model). The well-constrained column
densities of our sample are consistent with results from SERRA
simulations (Gelli et al. 2025). The grey contours represent the
average column density of 100 galaxies over random sight-lines,
with the 1o error region also shown, representing the scatter
across sightlines in simulations.
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Fig. 6: Left: Upper limits for the dust-to-gas ratio Ay /Ny against redshift, for the subsample of DLAs with Ny > 102! cm™2. Here,
Ay are derived from the assumed reddening of the Byy slope, and so are taken to be upper limits. The majority of the sample
are consistent with being dust-poor, lying below 10% solar metallicity. Right: The trend of Ay /Ny against gas-phase metallicity
12+log(O/H), compared to values from the Milky Way, Large and Small Magellanic Clouds, and 10%, 5%, and 1% metallicities
(metallicity for each represented with a star). The black line shows the relation for local galaxies and gamma-ray bursts (GRBs)
(Heintz et al. 2023b). The method for calculating metallicity for each object is represented by different symbols; each still represents
an upper limit in Ay /Nyr, and is colour-coded with lensing-corrected UV magnitude.



[ @3 Takn nepBUYHbIV

. 0.2f
o
& polfMR.CU*20 e S L TR |
E o
S —oot 5 |
S 02 E— |
S .  —a—
T -0.4 [ | ] | I ﬁ
3 1 ] _._
2 -06} — |
T L1 A |
S | I ——— ’r—l—
e _0 8 [ -_. = .I_ |
3 ——a— F
= -1.0f | —a— |
o B DLAsz>9
E =2 ’ Binned averages "
< i Average z>9 (Pollock+25) |

200 205 210 215 220 225 230
log(Nr/cm™2)

Fig. 7: Offset from the Fundamental Metallicity Relation (FMR,
Curti et al. 2020) as a function of the H1 column density for
the sample of constrained DLLAs. Binned averages for Ny =
102'-22cm™2 and Ny > 10%? cm™2 are shown as black diamonds,
with 1o error bars. The average offset from metallicity mea-
surements at z = 9 — 10 (Pollock et al. 2025) is shown in light
green. There is only a moderate correlation, with Spearman rank
p = —0.4, however the strongest DLAs tend to show large offsets
from the FMR, as would be expected from pristine gas inflow di-
lution.



A BOT 30dPEKTUBHOCTb
3Be3noobpasoBaHnss OYEHbDb Bbicoka

log(Npi/cm?)
20 21 22 23 24 295
: ; — : . QN\\N :
e
122.0
2 L
o
%) 1215
S L
~
"l' —~
o
s 21.0 €
o 0o} L
. 2
g 205 o
= -1r K21 starburst o
wﬁ p y K21 main sequence ===
= - ’.‘ THESAN-ZOOM, z~10-12
2P /f.' SERRAz=7 ] 00
- e R COLIBRE z=8 (Atomic)
Vallini+24, z~7
Bouché+07, ULIRGS z=0 (O 1 19.5
Bothwell+10, SMGs z~2 [>
Binned means ‘
. . y 19.0

2 3 4
l0g(Zw))(M o pc™2)

Fig. 8: Atomic Kennicutt-Schmidt relation of log(Xy;) and log(Xsgr), coloured with column density values. As previously, we plot
non-constrained values as upper limits (95%). We compare to the canonical Kennicutt & De Los Reyes (2021) (K21) relations for
starburst and main sequence galaxies, as well as various gas consumption depletion times corresponding to global star-formation
efficiency in grey (Kennicutt 1998, N = 1.0). All galaxies lie above the empirical law, with some scatter, and the low column
density (non-DLA) objects are extremely offset, even when plotted as upper limits. The binned means for g, = 10! — 10, and
10% — 10°* My, pc~2 are shown as black diamonds, both consistent with ~ 10 Myr. In shades of blue we compare to simulation
predictions from THESAN-ZOOM at z = 10— 12 (Shen et al. 2026; Kannan et al. 2025), SERRA at z = 7 (Pallottini et al. 2022), and
Hr-only gas surface density from COLIBRE at z = 8 (Lagos et al. 2025). Various literature measurements are shown in grey: from
ALMA detections of [Om] 88um and [Cu] 158um (Vallini et al. 2024) at z ~ 7, CO-based measurements for starburst ULIRGs at
z ~ 0 (Bouché et al. 2007), and SMGs at z ~ 2 (Bothwell et al. 2010; Tacconi et al. 2008).
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While it is unlikely that any of these effects alone are able to
explain the discrepancyj, it is possible that invoking a few simul-
taneously could decrease the offset. Taking into consideration
each of the caveats listed above, it is possible that the current
observed tension with the local Kennicutt-Schmidt relation 1is
not due to low-dust and increased star-formation efficiency, but a
combination of bursty star-formation, top-heavy IMF, larger UV

sizes, low covering fractions, or exceptionally high molecular
gas content.



