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Abstract

Lyman alpha (Ly𝛼) emission is a primary tool for studying the high-redshift universe and one of the very
few constraints on the reionization period. However, to use samples of Ly𝛼 emitters (LAEs) as a probe of the
high-redshift Universe, we must understand the intrinsic properties that facilitate the escape of Ly𝛼 emission
and how LAEs are drawn from the overall galaxy population. It is difficult to address these questions at
high redshift due to the opacity of the intergalactic medium (IGM), cosmological dimming, and the cost of
spectroscopic followup. To make progress, we can conduct detailed studies of lower-redshift samples and
examine how they evolve with redshift. However, there is currently a 7 Gyr gap between low-redshift LAEs
at 𝑧 = 0.3 and high-redshift LAEs at 𝑧 > 2 due to instrumentation and atmospheric constraints.

In response to the second question in the call for Keck observer community input: "What critical instrumen-
tation capabilities should Keck Observatory develop or maintain on 10 to 15-year timescales?" The proposed
Keck Wide-Field Imager’s (KWFI’s) sensitivity below 3700Å and its ∼1 degree field-of-view offers a unique
opportunity to bridge the gap from low to high-redshift LAE studies by observing 𝑧 ∼ 1.5–2 LAEs using
narrowband imaging. Furthermore, multiplexing with spectroscopy via the deployable secondary mirror
would allow for optimization of observing time.

Scientific Motivation

Ly𝛼 luminosity functions (LFs) and their evolution can be used to constrain the timing of reionization
because Ly𝛼 emission is resonantly scattered by any neutral hydrogen that it encounters making it very
sensitive to the ionization state of the IGM. Beyond a redshift of 𝑧 ∼ 6, many studies have found that Ly𝛼
LFs decline (e.g., Konno et al. 2014; Inoue et al. 2018) at a rate exceeding the decline expected from the
parent population of star-forming galaxies (e.g., Finkelstein et al. 2015; Bouwens et al. 2015). This decline
may arise from the increasing opacity of the 𝑧 ∼ 7 IGM and the onset of the reionization epoch. However,
theoretical studies have suggested that the evolving properties of LAEs may also play an important role
(e.g., Mesinger et al. 2015). To isolate the effects of the IGM, we would like to determine which physical
properties govern Ly𝛼 emission and how this evolves with redshift.

Given the difficulties of studying LAEs at the highest redshifts, many local LAE studies have been conducted.
While these 𝑧 ∼ 0 LAE studies have provided insight into the physical conditions that facilitate strong Ly𝛼
emission (e.g., Ostlin et al. 2014; Rivera-Thorsen et al. 2015; Alexandroff et al. 2015; Henry et al. 2015;
Izotov et al. 2016; Runnholm et al. 2020; Kim et al. 2021), it is very difficult to make statistical comparisons
to high-redshift LAE populations because – unlike the high-redshift samples – the 𝑧 ∼ 0 studies have not
been selected based solely on their Ly𝛼 emission. There is not currently a survey instrument capable of
observing a large number of 𝑧 ∼ 0 LAEs. Thus, local LAEs are typically pre-selected from identified high
equivalent width H𝛼 emitters, compact [OIII] emitters, or ultraviolet-luminous galaxies and subsequently
observed with the Hubble Space Telescope (HST) to investigate the existence of Ly𝛼 emission.

The now decommissioned Galaxy Evolution Explorer (GALEX) space telescope and its FUV/NUV grism
capability have given us the only direct LAE surveys at the low redshifts (Barger et al. 2012; Wold et al. 2014,
2017). While at 𝑧 > 2.2, Ly𝛼 emission is redshifted into optical bandpasses allowing for many ground-
based surveys. Multiple groups have used the evolution of LAE LFs to help identify the physical properties
that regulate Ly𝛼 emission. Specifically, the evolution of the LAE LFs relative to the encompassing SFG
LFs are used to measure the sample-averaged Ly𝛼 escape fraction as a function of redshift (see Figure 1).
Some studies have suggested that the evolving dust extinction in the average SFG can explain the observed
evolution of the Ly𝛼 escape fraction (e.g., Hayes et al. 2011; Blanc et al. 2011), while other studies have
emphasised the importance of the HI column density in suppressing Ly𝛼 escape (e.g., Konno et al. 2016). A
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Figure 1: Left: Evolution of the sample-averaged Ly𝛼 escape fraction adopted from Hayes et al. (2011) but with
the latest 𝑧 = 0.3 constraint from Wold et al. (2017; red symbol). The two light red 𝑧 = 0.3 constraints were used
by Hayes et al. (2011; solid curve) and Blanc et al. (2011; dashed curve) to help infer evolutionary trends, but are
based on a continuum-selected GALEX sample (see Wold et al. for details). The decline in the Ly𝛼 escape fraction
seen at the highest redshifts has been attributed to the increasing opacity of the IGM and the onset of the reionization
epoch. However, the evolving properties of LAEs may also play an important role in the 𝑧 ∼ 7 decline (Mesinger et al.
2015). To help understand the physical properties that govern Ly𝛼 emission – free from IGM effects – many different
groups have studied the 𝑧 < 6 evolution (e.g., Hayes et al. 2011; Blanc et al. 2011; Konno et al. 2016; Wold et al.
2017). Right: Same as the left but the x-axis is now cosmic time to emphasise the 7 Gyr gap between LAE samples.
A KWFI 𝑧 ∼ 1.5 LAE survey can help fill in this gap and can be used to determine whether the Ly𝛼 escape fraction
declines rapidly (consistent with the solid curve proposed by Hayes et al. 2011) or levels off (roughly consistent with
the dashed curve proposed by Blanc et al. 2011) as the universe ages.

major shortcoming of all these studies is a lack of Ly𝛼 data for half the history of the universe, from 𝑧 = 0.3
to 𝑧 = 2.

KWFI’s ability to explore below 3700Å offers a unique opportunity to help fill in this 7 Gyr gap by observing
𝑧 ∼ 1.5–2 LAEs using narrowband imaging. This redshift regime is where the star-forming properties of
galaxies change very rapidly and where the star formation is near its peak. It is a key area for connecting
local studies to the high-redshift Universe. Furthermore, a KWFI LAE survey will be extremely efficient
given the instrument’s sensitivity, large field-of-view, and the lack of strong foreground emitters that plague
high-redshift LAE surveys.

A Keck Wide-Field Imager Ly𝛼 Survey

A KWFI narrowband survey with a very modest exposure time (5 hours of narrowband imaging + 2 hours
of broadband imaging) could detect 𝑧 ∼ 1.5 LAEs with luminosities greater than 1041 erg s−1. A single ∼1
degree KWFI pointing would probe a survey volume comparable to the 𝑧 = 0.3 and 𝑧 = 2.2 LAE surveys
(∼ 106 cMpc3). Thus, we will have the depth to study the regime dominated by star-forming galaxies
and the volume needed to study the more rare but higher luminosity AGN population. We estimate that
this nominal single-pointing narrowband survey will detect ∼500 LAEs giving us the statistical leverage to
perform clustering studies.

We note that there are existing H𝛼 surveys and LFs at 𝑧 = 1.47 (Sobral et al. 2013). This favors a 𝑧 ∼ 1.5 LAE
survey because a robust comparison sample is available that will facilitate studies of the sample-averaged
Ly𝛼 escape fraction.
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