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Star-forming galaxies have long been thought to be main contributors to cosmic reionization. 

Lots of efforts have been made to estimate the galactic ionizing photon budget, which 
involve measurements of number of galaxies (LFs), SFR density, production efficiently and 
escape fraction of ionizing photons.

Observational evidence supports, or at least, is not inconsistent with the "galaxy scenario."

However, direct evidence has not yet been obtained.

2

What caused reionization, and how did it proceed?

Galaxy scenarios predict that 
reionization proceeds in a "inside-
out" manner, where ionized bubbles 
form around galaxy overdensities.

➡ The IGM transparency is expected 

to be systematically higher around 
galaxies.

z = 9.73, ⟨xHI⟩ = 0.80 z = 7.67, ⟨xHI⟩ = 0.50 z = 6.51, ⟨xHI⟩ = 0.20

©THESAN Collaboration
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EIGER is about the connection between galaxies and IGM
By looking along the sightline to quasars, we learn about the distribution and state of the gas from the 
quasar spectrum.  JWST tells us about the galaxies surrounding this sightline. 

• Reionization - the role of galaxies in reionizing the Universe ➡ DK+23, DK+in prep

• CGM and baryon cycle (via identification of absorber host galaxies) ➡ Bordoloi+24, Simcoe+in prep

• SMBH, host galaxies, & environments ➡ Eilers+23, 24, Yue+23, Mckenzie+in prep

• Large spec-z sample across redshift (via various lines) ➡ Matthee+23, 24
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Epoch of ReionizatonLater epochs

　z~5

10 cMpc

　z~7

(c) THESAN

Luminous QSO

Key concept for reionization studies: 
IGM transmission tells us about the 
amount of HI along the line of sight. Lyα transmission
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NIRCam WFSS in six quasar fields
WFSS = Get spectra from all objects in the field of view in one observation

• No pre-imaging and configuration of spectrograph

• No bias due to pre-sample selection

• Powerful way to search for strong emission-line galaxies
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EIGER II: Characterisation of [OIII] emitters at z ⇠ 6 3

Figure 1. Demonstration of the JWST/NIRCam imaging and grism data and the continuum-filtering e�ciency in a small

16⇥ 16 arcsec2 region that constitutes 0.3 % of the data in the J0100+2802 field. The left panel shows a false-color composite

of the F115W/F200W/F356W imaging and highlights the locations of two [OIII] emitting systems identified in our data. These

are particularly red due to the strong line-emission that falls in the F356W filter. The middle panel shows the dispersed grism

image on the same sub-region, while the right panel shows the result of our continuum-filtering methodology which reveals

various emission-lines detected in the data.

by two or one visits. The total area with spectroscopic
coverage is 25.9 arcmin2, of which ⇡ 4.6 arcmin2 is cov-
ered by both NIRCam modules A and B (with reversed
dispersion direction). The observations were undertaken
on four visits on 22-24 August 2022 with a position angle
of the pointing of 236 degrees. The total grism exposure
times range from 8.8-35.0 ks, whereas the direct imaging
time ranges from 1.6-6.3 ks and the imaging in the short
wavelengths ranges from 4.4-23.8 ks, with the F200W
imaging receiving about 35 % more exposure time than
the F115W imaging.

2.2. Imaging data reduction and photometry

As detailed in Paper I, the NIRCam imaging data are
reduced based on a combination of the jwst pipeline v-
1.8.212 and additional post-processing procedures. We
perform the standard steps from Detector1 and Image2
and aligned the images to a common astrometric ref-
erence system aligned to Gaia (Gaia Collaboration
et al. 2018). We perform additional subtraction of the
sky level and stray-light features (‘wisps’) and masked
large residual cosmic-ray features (‘snowballs’ e.g. Mer-
lin et al. 2022). Using a deep source mask we filter the
1/f noise in our exposures, inspired by Schlawin et al.
(2020) we subtract the median sky in quarter rows, then
columns and finally in the four amplifiers. Image3 is

1
https://github.com/spacetelescope/jwst
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We used the CRDS context jwst 0988.pmap, released on 25 Oc-

tober 2022 on the PUB server. This uses zero-points based on

in-flight data (Boyer et al. 2022).

used to combine the post-processed images onto a com-
mon grid with resolution 0.0300/pixel.
Aperture-matched photometry is performed using

SExtractor with the F356W imaging data as detec-
tion image. The higher resolution F115W and F200W
imaging data are convolved to match the point spread
function (PSF) of the F356W imaging (see Paper I).
Magnitudes are measured with Kron apertures and the
errors estimated from the random blank sky variation
for apertures of di↵erent sizes, scaled to the local vari-
ance propagated by the pipeline (following Finkelstein
et al. 2022). The typical 5� sensitivities are 27.8, 28.3,
28.1 in the F115W, F200W and F356W imaging data,
respectively, reaching to a magnitude deeper in the best
regions (see Paper I).

2.3. WFSS data reduction

WFSS data are reduced with a combination of the
jwst pipeline (version 1.7.0) and our python based pro-
cessing steps as detailed in Paper I, which we summarise
here. Each exposure is processed with Detector1 step
and assigned a WCS using Spec2. Image2 is used for
flat-fielding and we additionally remove 1/f noise and
sky background variations by subtracting the median
value in each column. The output after this step is
named ‘SCI’. Our main development is the separation
of the ‘SCI’ image in two components, ‘EMLINE’ and
‘CONT’, which separate emission-lines from the contin-
uum. The continuum filtering subtracts the running
median in the dispersion direction with a filter with a
flexible kernel that has a hole in the center not to over-
subtract lines themselves. The process does not rely
on the trace model or known positions of continuum

Continuum-subtracted 
image

NIRCam WFSS turns JWST 
into a redshift machine
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Survey design: NIRCam imaging + WFSS

• Wide-field grism survey  
in the fields of 6 z>6 quasars 

• Grism in F356W

• [OIII] doublet (5007, 4960) + Hβ over 

5.3<z<7.0

• Hα over 3.7<z<5.1


• Simultaneous imaging in F115W and 
F200W

➡ Rest-frame FUV for z~6


• 4-Visits mosaic yields ~3' x 6' coverage 
per quasar field (~7.5 x 15 cMpc at z~6)
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EIGER [OIII]-emitter sample
• All the observations of six quasar fields were completed at the beginning of this month.

• To date, ~750 unique [OIII]-emitting systems have been identified in five fields over z=5.3–7.0  

(the 6th field is being analyzed). 
- S/N threshold is set to 3 for weaker [OIII]4960 

- Nearby clumps (<2") are merged into a single unique system.


• Limiting [OIII]5008 flux is ~10^-18 erg/s/cm2, or ~4 x 10^41 erg/s in luminosity
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Quasars reside in overdensity?
Detailed analysis will be provided  
in Eilers+24 and Mckenzie+24

QSO

QSO QSO

QSO

[OIII] emitters
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Lyα transmission vs. galaxies in five sightlines

Redshift range used for correlation analysis

QSOr⊥

r⊥
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Galaxies tend to be found around Lyα/β transmission spikes! 

Sightline towards QSO J0100+2802

Coincidence between galaxies and spikes
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We are witnessing galaxies ionizing the surrounding IGM!

Density field Ionized fraction
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QSO

QSO sightline is passing through a "local" 
ionized bubble around galaxies

First direct evidence for local ionization of the IGM by galaxies
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Local ionization allows Lyβ to transmit in the deep Lyα trough
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Sightline towards QSO J0148+0600 with a famous long Lyα trough over z=5.53–5.88

Even in the "trough", Lyβ transmits somewhere, indicating the presence of ionized regions.   
We then found that (Faint) galaxies exist near such Lyβ transmission!
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Average transmission profile around galaxies
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Mean transmission as a function of distance from galaxies using 5 quasar sightlines

z=5.3–5.5

z=5.5–5.7

z=5.7–6.2

QSO1

QSO2

r
r+dr

take the mean ⇒ T(r)

preliminary

preliminary

preliminary
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Average transmission profile around galaxies
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‣ At redshifts below z~5.7, transmission is more 
suppressed (or strongly absorbed) nearer to the 
galaxies.

‣ This should be reflecting overdensity around 

galaxies

‣ At the intermediate redshift (z~5.6), some excess 

transmission seems to exist over r~10-20 cMpc.

‣ At the highest redshift regime (z=5.7–6.2), stronger 

transmission excess is seen over r~5--20 cMpc.

‣ Evidence of local reionization of the IGM around 

galaxies.


Mean transmission as a function of distance from galaxies using 5 quasar sightlines

Three (arbitrary) redshift regimes:z=5.3–5.5

z=5.5–5.7

z=5.7–6.2

preliminary

preliminary

preliminary

preliminary
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Comparison with THESAN 
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Compared with the THESAN simulations (Garaldi+22).  

(The snapshots are selected based on similar volume-
averaged transmission value, rather than redshifts)


‣ The suppression (absorption) toward r=0 (in the two 
lower redshift bins) is in good agreement!


‣ Excess transmission at the intermediate bin is also 
similarly reproduced in THESAN.


‣ At the highest-z regime, the level of transmission excess 
is more or less in agreement, though the detailed shape 
is not very similar.

preliminary
z=5.3–5.5

z=5.5–5.7

z=5.7–6.2

preliminary

preliminary

preliminary
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Summary
• Our EIGER sample now contains ~750 [OIII]-emitting galaxies over z=5.3–7.0 in the five fields, and ~150 is 

expected to be newly identified in the last, sixth field.  

• We find direct evidence for local ionization of the IGM around galaxies.

• Our observations strongly supports the inside-out reionization, powered by galaxies.
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preliminary


