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ABSTRACT

We present a spectroscopic search for broad Ha emitters at z~3.7-6.5 in the GOODS-N field,
utilizing JWST/NIRCam slitless spectroscopy from FRESCO and CONGRESS, complemented by
JADES imaging. We identify 19 broad Ha emitters with FWHM > 1000 km/s at z ~4-5.5, including
9 new sources. The black hole masses and AGN bolometric luminosities, inferred from the broad Ha
components, indicate that most sources are accreting at ~10% of the Eddington limit. We derive
their host stellar masses via SED fitting and find higher Mgy /M., ratios relative to the local Mgg—M,
relations, consistent with previous studies. We find that 42% of the sample do not satisfy the widely-
used color selection criteria for Little Red Dots (LRDs), with the majority of these sources lacking
the characteristic steep red slope. A comparison of the average SEDs between our sample and LRDs
selected in the same field reveals that the steep red slopes observed in some LRDs are likely due to line-
boosting effects as previously suggested. Furthermore, we find that 68% of color-selected LRDs with
Ha detections in the NIRCam/Grism spectra do not exhibit broad-line features. While the limited
sensitivity of the grism spectra may hinder the detection of broad-line components in faint sources,

our findings still highlight the enigmatic nature of the LRD population.

Keywords: AGN — galaxies — high-redshift — supermassive black holes

1. INTRODUCTION

Supermassive black holes (SMBHs) are thought to re-
side at the centers of most massive galaxies (Kormendy
& Ho 2013; Greene et al. 2020). The efficient accretion
processes associated with these SMBHs contribute to
the formation of active galactic nuclei (AGN), causing
their host galaxies to exhibit broadened emission line

profiles compared to non-active galaxies. Understand-
ing the characteristics of AGN and accurately estimat-
ing their abundance in the early Universe (z > 3) are
essential for addressing key questions in extragalactic as-
tronomy, including the reionization of the Universe and
the co-evolution of AGN and their host galaxies.

Prior to the launch of the JWST (Gardner et al.
2023), studying the abundance and properties of faint
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AGN at high redshifts was highly challenging due to
observational limitations. For AGN with ultraviolet
(UV) magnitudes fainter than Myy = —22, determining
their space density and physical properties was partic-
ularly difficult, with significant discrepancies reported
(e.g., Parsa et al. 2018; Giallongo et al. 2019; Mor-
ishita et al. 2020; Shen et al. 2020; Finkelstein & Bagley
2022). The advent of JWST, with its unparalleled in-
frared sensitivity, has opened new avenues for investi-
gating these faint, distant objects. Recent JWST ob-
servations have demonstrated its remarkable capability
to identify UV-faint AGN in the early Universe through
various methodologies, including the detection of broad
Balmer lines (Kocevski et al. 2023; Harikane et al. 2023;
Oesch et al. 2023; Larson et al. 2023; Ubler et al. 2023;
Barro et al. 2024; Matthee et al. 2024; Maiolino et al.
2024; Greene et al. 2024; Lin et al. 2025a).

Among the UV-faint AGN detected by JWST, an
intriguing subset of the AGN population consists of
sources with notably compact sizes and red colors.
Matthee et al. (2024) assembled one of the earliest sam-
ples of these sources, identified through broad Ha emis-
sion lines, and named them as “little red dots” (LRDs).
These LRDs appear as point sources and exhibit distinc-
tive spectral energy distributions (SEDs), characterized
by blue rest-frame UV slopes and extremely steep red
rest-frame optical slopes (e.g., Greene et al. 2024; Labbé
et al. 2025). Such a “V-shaped” SED is found to be rare
for AGN at z < 2 (e.g., Noboriguchi et al. 2019). To in-
vestigate the origin of the UV and optical emission in
LRDs, several recent studies have assembled samples of
these objects by identifying compact sources and target-
ing those with “V-shaped” SEDs, using NIRCam color
cuts as a selection criterion (Akins et al. 2023; Barro
et al. 2024; Greene et al. 2024; Pérez-Gonzalez et al.
2024; Kokorev et al. 2024; Williams et al. 2024; Rinaldi
et al. 2024; Labbé et al. 2025).

Although numerous photometrically selected LRD
candidates are assembled, their true nature remains un-
certain. It is still unclear whether these LRDs are pri-
marily AGN host galaxies or if their “V-shaped” SEDs
may instead be driven by star formation (Barro et al.
2024; Akins et al. 2023; Maiolino et al. 2024). Greene
et al. (2024) obtained follow-up NIRSpec spectroscopy
on 15 LRDs photometrically selected in Labbé et al.
(2025) and found that 60% exhibited definitive evidence
of broad Ha lines, confirming their AGN nature for a sig-
nificant subset. In contrast, Pérez-Gonzalez et al. (2024)
reported that only 17% of their photometrically selected
LRDs with available spectroscopy displayed broad line
features. However, this fraction may be underestimated,
as many existing broad lines could not be confirmed due

to insufficient S/N of the grism spectra (Williams et al.
2024). In Rinaldi et al. (2024), analysis of the emis-
sion line properties of the LRD sample using NIRSpec
spectra and classical line ratio diagnostics was unable to
conclusively determine their nature, suggesting a likely
mixed origin.

Furthermore, SED-fitting results for these LRDs indi-
cate that the origin of their red colors remains unclear.
Although SED fits to LRDs with JWST and ALMA ob-
servations favor models with dusty AGN over obscured
star formation to explain their red optical colors, this
does not completely rule out a stellar-dominated origin,
as dust-obscured older stellar populations remain consis-
tent with the ALMA limits (Williams et al. 2024; Labbé
et al. 2025).

In this work, we utilized grism spectroscopic data from
the First Reionization Epoch Spectroscopically Com-
plete Observations (FRESCO-PID: 1895; PI: P. Oesch;
Oesch et al. 2023) and the Complete NIRCam Grism
Redshift Survey (CONGRESS-PID: 3577; PI: E. Egami;
Sun et al., in prep, Lin et al. 2025b), along with imag-
ing data from the JWST Advanced Deep Extragalactic
Survey (JADES-PID: 1181; PI: D. Eisenstein; Eisen-
stein et al. 2023), to conduct a comprehensive search for
broad Ha emitters at z =~ 3.7—6.5 in the GOODS-North
field (Giavalisco et al. 2004, hereafter GOODS-N). After
identifying this sample of broad Ha emitters, we aim to
characterize their physical properties and compare them
with LRDs recently identified in other studies. The envi-
ronments of these AGNs and their impact on BH growth
are discussed in a companion paper (Lin et al. in prep).

This paper is organized as follows: In Section 2, we
provide a brief overview of the spectroscopic and imag-
ing data utilized in this study. Section 3 details the
selection process for broad Ha emitters and the method-
ology for 1D line fitting. In Section 4, we present and
discuss the results of the 1D line fitting for our broad
Ha emitters. Section 5 explores the physical properties
of the broad Ha emitter sample and compares our sam-
ple with the LRD sample identified in the same field.
Finally, Section 6 summarizes the main findings of this
work.

Throughout this paper, we assume a flat ACDM cos-
mology with Q,,, = 0.3 and Hy = 70 kin/s/Mpc. Magni-
tudes are listed in the AB system (Oke & Gunn 1983).

2. DATA
2.1. Spectroscopic Data

The sample of broad Ha emitters analyzed in this pa-
per has been selected based on the spectroscopic data
obtained through the JWST/NIRCam Wide Field Slit-
less Spectroscopy (WFSS) mode with the FRESCO
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and CONGRESS programs. The FRESCO survey cov-
ers 62 O’ in each of the two GOODS fields, acquiring
about 2-hour deep NIRCam/grism observations using
the F444W filter. These observations provide grism
spectra with a resolving power of R ~ 1600, covering
3.8-5.0 um for most galaxies in the field-of-view (FOV).
The CONGRESS covers the GOODS-N field only, with
a footprint nearly identical to that of FRESCO. The
observations with the F356W filter yield grism spectra
with a resolving power of R = 1400 — 1610 from 3.1
to 4.0 um. By combining the spectroscopic data from
FRESCO and CONGRESS, we are able to search for
broad Ha emitters within a redshift range of z = 3.7—6.5
in the GOODS-N field.

All the NIRCam/WFSS data were reduced using the
publicly available reduction pipeline described in Sun
et al. (2023). Here, we briefly summarize the main pro-
cess. The WFSS data were first reduced to the stage-1
level by using the standard JWST stage-1 calibration
pipeline vi.11.2. We then applied a pixel-to-pixel flat-
field correction, performed the 2D sky-background sub-
traction, and assigned world coordinate system (WCS)
information for each exposure. The WCS of the grism
exposures was calibrated with the Gaia DR3 catalog
(Gaia Collaboration et al. 2023) by cross-matching stars
identified in the simultaneously acquired NIRCam short-
wavelength images with the corresponding sources in the
Gaia catalog. For each source, we utilized the grism
spectral tracing and dispersion models, along with the
flux calibration functions presented in Sun et al. (2023),
to extract the 2D spectra from individual grism expo-
sures. The extracted spectra were then coadded in a
common wavelength and spatial grid. Finally, we ex-
tracted the 1D spectra using optimal extraction algo-
rithms (Horne 1986) and applied median filters to sub-
tract the background and the continuum.

2.2. Multi-band Imaging Data

To obtain the morphology information and esti-
mate the physical properties of our broad Ha emit-
ters, we utilize multi-band imaging data from JADES.
For the GOODS-N field, 9 NIRCam images with
the following filters are available: F090W, F115W,
F150W, F200W, F277W, F335M, F356W, F410M,
and F444W, covering a wide range of wavelengths.
However, JADES covers the GOODS-N field with
a different footprint compared to those of FRESCO
and CONGRESS. The total overlapping area between
JADES and FRESCO/CONGRESS footprints is ~
35 O’ in GOODS-N. Therefore, for about half of our
broad Ha emitters, which are only covered by FRESCO
and CONGRESS (see Figure 3), imaging data are avail-

able in only six filters: FO90OW, F115W, F182M, F210M,
F356W, and F444W. Additionally, for each broad Ha
emitter, we also checked whether deep imaging data in
F435W, F606W, F775W, F814W, and F850LP are avail-
able from HST/ACS and HST/WFC3 (e.g., Koekemoer
et al. 2011). Overall, for our broad Ha emitters with
z = 3.9—5.5, these multi-band imaging data provide ex-
cellent coverage of the rest-frame wavelengths from UV
to optical (i.e., < 1 pm), which allows us to constrain the
physical properties of these broad Ha emitters through
SED-fitting.

3. BROAD Ha EMITTER SELECTION

Given the large FOV of FRESCO and CONGRESS,
conducting a blind search for broad Ha emitters us-
ing the grism spectra across the field is extremely
time-consuming. Additionally, an extended morphol-
ogy can produce a fake broad-line feature in the grism
data. Therefore, to identify broad Ha emitters more
efficiently, we first construct a galaxy sample by ap-
plying compactness and photometric redshift (photo-z)
criteria. Specifically, we require each source to have
%ﬁg:i’: < 1.2 after applying aperture correc-
tion, to ensure the selection of compact sources. To fur-
ther reduce the sample size, we only include sources with
photo-z values reported in JADES DR2 (D’Eugenio
et al. 2025a) between 3 and 7, which is slightly broader
than the redshift range where the Ha emission line is
expected to be observable in the grism spectra from
FRESCO/CONGRESS, accounting for the uncertainty
in photo-z. In this way, we obtained a sample of ~ 600
galaxies, which is manageable for visual inspection.

Next, we conducted a visual investigation of the 1D
grism spectra for each galaxy to determine the pres-
ence of an Ha emission line and to assess whether it ex-
hibits any broad component. For those potential broad
Ha emitters identified by visual inspection, we fit their
emission-line profiles with a multi-component Gaussian
profile to determine the line widths of their broad com-
ponents (see Section 3.1 for more details). To deter-
mine the origin of the broad component, we require our
broad Ha emitters to have a broad component with a full
width at half maximum (FWHMpq broad) greater than
1000 km/s. We retain only objects in which the broad
component is detected with S/N > 3 in line flux to en-
sure the broad component is real. The FWHM of the
[O II1] doublet is also measured when available. Below,
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we summarize our selection criteria:
F(F444W)r = 0.3"
F(F444W)r = 0.1”
3 < Zphoto < 7 (1)
S/NHa, broad > 3
FWHMHa, broad > 1000 km/s

<12

3.1. 1D Line Fitting

To determine the line widths of the broad component
in these broad Ha emitters, we performed a simultane-
ous fit of both the narrow and broad components for
He, and a narrow-component only fit for [N II|s549,6585-
The line ratio of the [N II] doublet was fixed to 1:3.049,
in accordance with recent results from Dojcinovié et al.
(2023). Assuming that both the narrow component of
Ha and the [N II] doublet originate from the narrow
line region, we constrained their line centroids and line
widths to be identical. However, as the centroid of the
broad Ha component is sometimes observed to devi-
ate slightly from that of the narrow component (e.g.,
Matthee et al. 2024), we allow the broad and narrow
components to have different line centroids by +0.01
pm (corresponding to a 600-1000km/s, depending on
the redshift).

In addition to fitting the line profile using a straight-
forward combination of narrow and broad Gaussian
components, we also tested a model incorporating Ha
absorption, although previous studies suggest that de-
tecting such absorption features requires high S/N (e.g.,
Juodzbalis et al. 2024; Ji et al. 2025; D’Eugenio et al.
2025b; Rusakov et al. 2025). To robustly confirm
the presence of Ha absorption, we roughly follow the
methodology outlined in Maiolino et al. (2024) and per-
form a Bayesian Information Criterion (BIC) test (Lid-
dle 2007). For Gaussian noise, the BIC parameter is
defined as:

BIC = x* + klnn, (2)

where k is the number of free parameters in the model
and n is the number of data points used to fit with. We
require the BIC value of the fit with Ha absorption to be
at least a factor of 6 larger than that of the fit without
it:

BIOAbsorption - BICNO Absorption > 6 (3)

4. RESULTS
4.1. 19 Broad Hao Emitters at z =3.9-5.5

We have identified 19 broad Ha emitters in the
GOODS-N field, with 10 originating from CONGRESS
and 9 from FRESCO. Among the 19 sources, 9 are new

discoveries in this work. Figure 1 shows the line fitting
results for all 19 broad Ha emitters. Tables 1 and 2
summarize the basic information and line fitting results
for the broad Ha emitters identified in CONGRESS
(3.91 < z < 4.88) and FRESCO (5.09 < z < 5.54), re-
spectively. The reported FWHMSs represent the intrinsic
FWHDMs of the emitters, de-convolved by the line spread
function (LSF) as described in Sun et al. (in prep).

Among all broad Ha emitters, the broad Ha com-
ponents exhibit average FWHM of 2050 km/s (rang-
ing from 1077-3550 km/s) and luminosity of 4.52x10%?
erg/s (ranging from 1.1-32.9x10%*? erg/s). [N II] emis-
sion with a S/N>3 is detected in only two objects (i.e.,
GN-1034620 and GN-1089568). Ha absorption is also
found to be rare within our sample, with a robust detec-
tion observed in only one object (i.e., GN-1087388), con-
sistent with Matthee et al. (2024), who also reported the
presence of an absorption feature in this source. How-
ever, we cannot fully rule out the presence of Ha absorp-
tion features in some of these emitters. As noted earlier,
recent studies with NIRSpec have shown that detect-
ing such absorption features typically requires high S/N
(e.g., Juodzbalis et al. 2024; Ji et al. 2025; D’Eugenio
et al. 2025b; Rusakov et al. 2025). Given the relatively
low S/N of many sources in our sample, it remains pos-
sible that Ha: absorption is present but remains unde-
tected in some cases.

Although the line centroids of the broad and narrow
components are allowed to be different, the majority of
objects exhibits offsets of < 100 km/s, with the largest
offset of 150 km /s observed in GN-1086855. We find that
the broad components contribute, on average, about
74% of the total Ha luminosity, with only one object
exhibiting a broad component contribution of less than
50%. We note that our sample exhibits a higher aver-
age contribution from the broad component compared
to that of the Type 1 AGN identified with NIRSpec in
JADES (i.e., 46% + 25%; Juodzbalis et al. 2025). This
difference is likely due to the lower S/N of our sample,
which may hinder the detection of faint broad compo-
nents. However, by taking the uncertainties into con-
sideration, our average broad-component contribution
remains consistent with that of Juodzbalis et al. (2025)
at the 1-0 level.

Figure 2 presents the false-color stamp images of the
19 discovered broad Ha emitters while Figure 3 illus-
trates the sky positions of these emitters, overlaid with
the footprints of CONGRESS, FRESCO, and JADES.
Notably, our sample includes 7 broad Ha emitters from
FRESCO, as reported by Matthee et al. (2024), and 3
broad Ha emitters from CONGRESS, as reported by
Covelo-Paz et al. (2024). We note that two broad Ha
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Figure 1. Multi-component Gaussian fits to the Ha line profile for the 19 broad Ha emitters. Top panels: Continuum-subtracted
2D spectrum. Middle panels: Optimally extracted 1D spectrum (black), best-fit model (red), and individual components (narrow
Ha: yellow; broad Ha: blue; [N II] doublet: pink and green). Bottom panels: Residuals from the multi-component model.
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GN-1087315 GN-1089568

GN-1008411 GN-1086855 GN-1008671 GN-1033320 GN-1085355

GN-1090253 GN-1014406

GN-1013188 GN-1088832 GN-1020514

Figure 2. False-color stamps of the 19 broad Ha emitters identified in this work. Emitters detected in FRESCO are marked
in orange and the stamps are constructed using NIRCam F115W+F210M+F444W imaging data, while those detected in
CONGRESS are marked in violet and the stamps are constructed using NIRCam F115W+F210M+F356W imaging data. Each
stamp spans 2.5x2.5 O”.
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Figure 3. Sky positions of the 19 broad Ha emitters (stars)
discovered in the GOODS-N field, color-coded by redshift.
The JADES, FRESCO, and CONGRESS footprints are over-
laid with light green, blue, and red lines, respectively.

emitters in Covelo-Paz et al. (2024) were excluded as
they do not meet our selection criteria. A detailed ex-
planation is provided in Appendix A.

We highlight 9 broad Ha emitters newly identified
in this work in Table 1 and 2. The exact reasons for
their absence in previous studies remain unclear. For
the seven CONGRESS sources not repoted in Covelo-
Paz et al. (2024), the paper does not provide enough
information to make assessment. Regarding the two
FRESCO sources not reported in Matthee et al. (2024),
we suspect that GN-1090549 may have been excluded
due to its relatively low S/N, as Matthee et al. (2024)
adopted a stricter cut (S/N > 5) than we did. Although
GN-1090549 shows a broad component with S/N > 5
in our analysis, differences in 1D grism spectra extrac-
tion methods between the two studies may explain this
discrepancy. For GN-1034620, we note that this source
overlaps with a giant local galaxy, and it is possible that
segmentation differences led to it being excluded from
their sample.

4.2. Narrow [O III] Lines and AGN Origin of the
Broad Ho Lines

Since the JWST/NIRCam grism spectra in our study
only cover two wideband filters (i.e., F356W and
F444W), the [O III] doublet is within the wavelength
coverage for only three emitters in our sample. Fig-
ure 4 shows the 1D line fitting results for these three
sources. Since the FWHM observed in [O III] is signifi-
cantly smaller than that observed in Ha, this effectively

rules out the possibility that the broad components orig-
inate from galactic outflows.

For emitters without [O III] coverage, although we
cannot entirely exclude the possibility of galactic out-
flows, the majority exhibit broad component FWHM
values significantly larger than 1000 km/s, along with
broad-to-narrow Ha flux ratios exceeding 50%. In con-
trast, broad components associated with galactic out-
flows typically exhibit narrower FWHMs, ranging from
a few hundred to ~1000 km/s, depending on whether
the outflows are driven by star formation or AGN activ-
ity, and show broad-to-narrow He flux ratios of ~50%
(see Matthee et al. 2024 and references therein). We
also note that in published NIRSpec studies, nearly all
broad Ha emitters show narrow [O III] emission, with
their broad Balmer lines consistently attributed to the
AGN broad line region (BLR) (e.g., Harikane et al. 2023;
Greene et al. 2024). Therefore, it is reasonable to assume
that the broad components in our sample are primarily
caused by AGN activity.

5. DISCUSSION
5.1. The Lyo—Mpn Relation

To gain insights into the accretion efficiency and
growth rates of our broad Ha emitters, we estimated the
black hole mass (Mpy) and AGN bolometric luminosity
(Lpo1) of our broad Ha emitters following the method-
ology widely adopted in recent studies (e.g., Ubler et al.
2023; Kocevski et al. 2023; Harikane et al. 2023; Matthee
et al. 2024). More specifically, Mgy are estimated using
the virial relation proposed by Reines et al. (2013),

0.47 logm(LH,L]mnoad/1042 ergs )+ (4)

logio(Mpn/Mg) = 6.57 + logy(€)+
2.06logo(FWHMp,0aa/10% kms™1),
where € represents the scale factor, which we assume to
be 1.075, consistent with the value adopted in Reines &
Volonteri (2015).

Regarding AGN bolometric luminosity, we follow the
approach described in Harikane et al. (2023), estimat-
ing it from the luminosity of the broad Ha component
(Greene & Ho 2005) and applying the corresponding
bolometric correction from Richards et al. (2006):

Lo /10* ergs™ = 10.33(Lia broad/5.25 x 10*2ergs™*)0-564

(5)
Table 3 presents the estimated values of Mpy and Ly
for all the broad Ha emitters identified in this work.
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Figure 4. Single-component Gaussian fits (red) to the observed [O III] line profiles (black) of 3 broad Ha line emitters. Top
panel: Continuum-subtracted 2D spectrum. Bottom panel: Residuals from the single-component Gaussian model. Line-fitting

results are summarized in Table 2.

Table 1. Line-fitting results for the 10 broad Ha emitters identified from CONGRESS.

JADES ID? RA DEC  Zepec Fito FWHMpa, Broad F356W

(deg) (deg) (107" W/m?) (km/s) (mag)
GN-10873150 180333584 62.246178  3.91 12.541.0 1514183 25.73
GN-10822630 189212584 62.227436  3.98 13.6+1.6 11954187 24.82
GN-10895680  189.151821 62.272220  4.05 23.241.2 1462143 24.90
GN-10201540  180.150025 62.260221 4.17  20.7£L5 1932204 24.96
GN-1086784  189.305706 62.236946  4.40 10.640.8 24144263 25.42
GN-10084110  189.211080 62.250271 4.41 9.44+1.6 32174692 25.44
GN-1086855  180.286512 62.238138  4.41 24.445.4 35504860 24.61
GN-1008671  189.161845 62.251054 4.41 22.14+0.8 2273495 24.80
GN-10333200  189.125779  62.287404  4.48 8.241.1 1951398 25.54
GN-10853550  180.004365 62.198074 4.8 10.740.8 1801158 25.42

%Ds are from JADES DR2 (D’Eugenio et al. 2025a).

bNew broad He emitters identified in this work. The other emitters are already reported by

Covelo-Paz et al. (2024).

The associated uncertainties are calculated using error
propagation.

We plot the Mgy versus Ha-inferred AGN bolomet-
ric luminosities in Figure 5. For comparison, we in-
clude UV-selected luminous quasars at z > 6.3 from
Yang et al. (2021), broad-line AGN (BLAGN) identi-
fied with NIRSpec grating spectroscopy at z =~ 4.4-6.8
from Maiolino et al. (2024)', BLAGN at z ~ 4-7 from
Harikane et al. (2023), and BLAGN detected with NIR-
Spec prism spectroscopy at z =~ 4.5-7 from Greene
et al. (2024). Notably, the Mpy for those BLAGN were

1 We exclude three sources from Maiolino et al. (2024) that exhibit

two broad components.

derived using the same methodology employed in this
study, whereas Yang et al. (2021) estimated Mpy based
on the continuum luminosity at 3000 A and the FWHM
of the Mg II line.

The majority of our sample is found to be accreting
at an Eddington ratio of ~0.1, lower than that of UV-
selected luminous quasars, consistent with the intrin-
sically faint nature of our broad Ha emitters. These
moderate accretion rates are in line with those reported
for BLAGN in Maiolino et al. (2024) and Greene et al.
(2024). In contrast, the bolometric luminosities of the
BLAGN in Harikane et al. (2023) are derived using a
more complex methodology, where Ly, as estimated

from Equation 5 is treated as a lower limit. Taking
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Table 2. Line-fitting results for the 9 broad Ha emitters identified from FRESCO.

JADES ID? RA DEC  zgpec fiia FWHMua, Broad  flomasoor ~ FWHMou F444W
(deg) (deg) (107 W/m?) (km/s) (1072 W/m?) (km/s) (mag)
GN-1090253  189.285544 62.280781 5.09 10.0+0.7 14554105 24.65
GN-1014406  189.072090 62.273431 5.15 13.240.8 23134181 25.44
GN-10346207  189.150764 62.295924  5.19 21.141.1 1077471 24.31
GN-1090549"  189.235041 62.285544  5.20 7.54+1.0 17214307 25.92
GN-9994014  189.300125 62.212044 5.23 19.54+1.1 2084156 24.92
GN-1013188  189.057100 62.268940 5.25 8.4+0.6 21874163 e e 25.38
GN-1088832  189.344282 62.263368 5.25 49.7+1.8 225691 8.840.6 243424 23.67
GN-1020514  189.179302 62.292533  5.36 15.540.7 16124140 19.540.4 19747 24.79
GN-1087388  189.281014 62.247308 5.54  130.142.7 2965+55 3.540.3 150423 22.93

%TDs are from JADES DR2 (D’Eugenio et al. 2025a).

b New broad Ha emitters identified in this work. The other emitters are already reported by Matthee et al. (2024).

this into account, we find no significant difference in the
inferred accretion rates between our sample and that of
Harikane et al. (2023).

Interestingly, we notice that the BLAGN identified
with NIRSpec prism(R ~ 100) spectroscopy in Greene
et al. (2024) tend to occupy the high-mass end of
the Mpy distribution relative to our sample. The re-
cent JWST Cycle 3 General Observer program Slit-
less Areal Pure-Parallel High-Redshift Emission Sur-
vey (SAPPHIRES-PID: 6434; PL: E. Egami; Sun et al.
2025a) observed one BLAGN (FWHM ~ 4000km/s)
from Greene et al. (2024) with the F444W grism, pro-
viding an independent Ha line measurement. While
the source still exhibits a broad feature, the line width
appears significantly narrower (FWHM ~1300km/s).
Given the grism’s higher spectral resolution, we adopt
the latter measurement and mark the resulting Ly, and
Mpp with an “X” in Figure 5, which suggests the pos-
sibility that some of the line widths measured by NIR-
Spec/prism may be overestimated. The details about
the analysis of the SAPPHIRES spectrum are presented
in Appendix B

5.2. The Mgyu-M, relation

In this work, the stellar masses (M) of the AGN
hosts are measured by SED-fitting using the Prospector
Bayesian inference framework (Leja et al. 2017; Johnson
et al. 2021; Johnson et al. 2022) based on the Flexi-
ble Stellar Population Synthesis (FSPS; Conroy et al.
2009; Conroy & Gunn 2010) code. To achieve reli-
able AGN identification, we adopt a modified version
of Prospector presented in Lyu et al. (2024), which
incorporates a semi-empirical model for AGN UV-to-

mid-IR continua with nebular emission lines and dust
attenuation and replaces the default AGN torus model
in Prospector.

Examples of galaxy SED-fitting results are presented
in Figure 6. Due to the limited wavelength coverage, we
have only seen AGN evidence from SED analysis in 10
out of 19 galaxies despite the existence of a broad Ha
emission line. Therefore, follow-up MIRI observations
to obtain mid-infrared data for these broad Ha emitters
would be valuable for better constraining their physical
properties. Table 3 lists the best-fit values of M, for all
broad Ha emitters. The typical statistical uncertainty
in M, estimates derived using Prospector is less than
0.1-0.15 dex, which is smaller than the systematic un-
certainties introduced by variations (e.g., 0.2-0.3 dex) in
SED model choices, such as the star formation history.
Therefore, we adopt a conservative uncertainty of 0.3
dex for our M, measurements. Table 3 also summarizes
the key physical properties of the 19 broad Ha emitters.

Figure 7 illustrates the distribution of broad Ha emit-
ters identified in this study on the Mgy — M, plane. To
further explore the evolution of the Mgy — M, relation
over cosmic time, we incorporate AGN recently discov-
ered with JWST across a wide redshift range. These
include one potential AGN at z > 10, UHZ1 (Bogdan
et al. 2024), as well as BLAGN in the GOODS-N field at
4.4 < z < 6.8 (Maiolino et al. 2024) and 1 < z < 4 (Sun
et al. 2025¢), and BLAGN at 4 < z < 7 identified by
Harikane et al. (2023). The local Mpy — M, relations for
AGN hosts derived in Reines & Volonteri (2015) (here-
after RV15) and Greene et al. (2020) (all, limits case,
hereafter GSH20) are also included for comparison pur-
poses.
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Figure 5. Distribution of 19 broad Ha line emitters (yellow stars) on the AGN Lyo—Mpn plane. For comparison, we include
BLAGN identified in other studies: Maiolino et al. (2024) (violet pluses): Harikane et al. (2023) (dark blue dots): Greene et al.
(2024) (blue diamonds). We also include UV-selected bright quasars from Yang et al. (2021) (empty black circles). One of
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We find that nearly all AGN recently revealed by
JWST observations at z > 4 lie above RV15, with the
majority located significantly above the relation. When
compared to the GSH20, which is considered a more ro-
bust local relation that shows no bias with galaxy type
and provides a better match to broad-line selected AGN
at 1 < z < 4 (Sun et al. 2025b), the offset is some-
what reduced. Nevertheless, many sources still exhibit
higher Mpp /M, ratios than those predicted by GSH20.
The over-massive Mpy relative to the M, of host galaxy,
when compared with the local scaling relations, is con-
sistent with findings from numerous previous studies of
AGN at similar redshifts (e.g., Kocevski et al. 2023;
Ubler et al. 2023). These results may suggest a different
evolution path of the Mpy—M, relation in the early Uni-
verse compared to that observed locally. Additionally,
the presence of SMBHs with Mgy above the local scaling
relations aligns with theoretical predictions from models

invoking heavy black hole seeds and super-Eddington ac-
cretion, which are proposed to explain the rapid growth
of SMBHs at very early time (Trinca et al. 2022; Volon-
teri et al. 2023; Schneider et al. 2023). Alternatively,
the growth of the host galaxy can also be suppressed by
strong feedback processes (see Zhu et al. 2025 and ref-
erences therein). However, it is also important to note
that, although our AGN sample is selected based on the
presence of broad emission lines in spectroscopy, selec-
tion bias still exists to some extent. Specifically, due to
the detection limits of the grism observations and the
requirement of FWHM > 1000 km/s, we may fail to de-
tect very faint, low-mass AGN (see Section 5.4 for more
details), which could otherwise help fill the observed gap
between our sample and the local Mpy-M, relation.

5.3. Are Broad Line Emitters LRDs?
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Figure 6. Example SED fittings of our sample: the green
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surements are shown as the open red circles with error bars,
and the blue squares are the result of synthetic photometry
on the model. The thin lines are showing 20 randomly se-
lected models from the posterior.

In this section, we evaluate the fraction of our spec-
troscopically confirmed broad Ha emitters that can be
photometrically classified as LRDs by applying the se-
lection criteria outlined in Rinaldi et al. (2024):

e Blue slope: F150W — F200W < 0.8 mag
e Red slope: F277W — F444W > 0.7 mag

Since the compactness criterion was already applied dur-
ing the selection of broad Ha emitters, and the possibil-
ity of these sources being brown dwarfs was excluded,
we only implemented color cuts for our sample. Of
the 19 sources in our sample, only 9 are covered by
JADES imaging, and thus have available photometry
in the F150W, F200W, and F277W bands. For the re-
maining 10 sources, we use Synphot to estimate their
photometry in these bands based on their best-fit SEDs.

The left panel of Figure 8 shows the positions of the
broad Ha emitters on the color-color plot. We find that
a significant fraction of our sample (~42%) cannot be
photometrically selected as LRDs, with the majority (7
out of 8) failing to meet the red slope criterion. This
result is consistent with Hainline et al. (2025), who ap-

plied a stricter red slope threshold and found that only
30% of spectroscopically identified BLAGN with JWST
meet the LRD selection criteria. These findings suggest
that not all broad-line emitters with a compact, red ap-
pearance exhibit the characteristic “V-shaped” SED of
LRDs, and that many lack a steep red slope.

Additionally, since bright Ha emission is observed in
the F444W for all FRESCO sources, applying a rel-
atively loose red slope criterion raises concerns about
the FRESCO sources that satisfy the LRD color selec-
tion. It remains unclear whether these sources intrin-
sically exhibit such steep red slopes, or whether their
observed colors are primarily driven by line-boosting ef-
fects (Hainline et al. 2025).

A more conservative approach to selecting LRDs with
a high AGN yield through color cuts involves applying a
higher cut on the red slope, in order to reduce contami-
nation from line-boosting effects, as proposed by Barro
et al. (2024) and Greene et al. (2024). In the left panel
of Figure 8, we add the selection criteria proposed in
both studies:

e Red slope: F277TW — F444W > 1.5 mag (Barro
et al. 2024)

o Red slope: F277W — F444W > 1.6 mag (Greene
et al. 2024)

However, even without considering the blue slope re-
quirement, applying these stricter thresholds yields only
3 LRD candidates in both cases, missing 8 LRDs iden-
tified by our original selection criteria and 84% of our
broad-line emitters. Therefore, the trade-off between
completeness and purity in color-based LRD selection
should be taken into consideration when determining
the appropriate color cuts to apply.

In addition to color-based selection, Kocevski et al.
(2024) proposed an alternative approach for identify-
ing LRDs by applying cuts on the UV and optical con-
tinuum slopes, derived from fitting photometry across
multiple bands blueward and redward of the Balmer
break at 3645A. This method enables the detection of
LRDs with reduced contamination from galaxies that
exhibit strong Balmer breaks but lack a rising red
continuum. Given the lack of full photometric cover-
age for some sources, we derive their UV and optical
continuum slopes using FOOOW+F115W+F150W and
F27TW+F356 W+F444W, respectively, to make optimal
use of the available photometry. For sources lacking pho-
tometry in F150W or F277W, we estimate their fluxes
in these bands from their best-fit SEDs.

We adopt the same cuts used in Kocevski et al. (2024):

e Blue slope: fyv < -0.37
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Figure 7. Mpu—M. relation for the broad Ha emitter sample (yellow stars). For comparison, we include BLAGN samples
spanning a wide redshift range from the literature: Maiolino et al. (2024) (violet pluses), Harikane et al. (2023) (dark blue
dots), and Sun et al. (2025c¢) (red triangles). One potential z > 10 AGN, UHZ1 (blue diamond), is also shown. The solid black
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e Red slope: Bopt > 0

The right panel of Figure 8 shows the distribution of our
sample in the Bopt — Suv plane. Based on this selection
approach, 74% of our sample do not satisfy the selection
criteria. Similarly, all of the outliers fail to satisfy the
red-slope criterion. All three LRD selection techniques
miss an important fraction of our broad-line emitters
(i.e., 42%, 84%, and 74%), with two of them failing to
identify the majority, suggesting that current LRD se-
lection methods may overlook a substantial fraction of
the broad-line emitter population.

However, most of the non-LRD broad Ha emitters
do not satisfy the red slope criterion, with the major-
ity originating from CONGRESS. In these cases, the
[O II] doublet falls within the F277W filter, making
the F277TW — F444W color less red, and causing these
sources to fall outside the selection boundary. An ex-
ample of an object that clearly exhibits LRD-like be-
havior in its SED but is not color-selected as an LRD
due to strong [O III] emission is presented in Rinaldi

et al. (2025). This further highlights the challenges and
limitations of color-based LRD selection at these red-
shifts.

While several alternative color selection criteria of
LRDs have been proposed in the literature (e.g., Greene
et al. 2024; Pérez-Gonzélez et al. 2024), we adopt the
criteria used by Rinaldi et al. (2024) in this work to
maintain consistency, as their LRD sample is also con-
structed in the GOODS-N field.

To further explore the relationship between broad-line
emitters and photometrically selected LRDs, we perform
a comparison between the average SEDs of our broad
Ha emitters and the LRD sample selected in Rinaldi
et al. (2024). Here, we only include LRDs with avail-
able spectroscopic redshifts. The average SED of the
LRD sample is derived using all available photometric
data and following the methodology outlined in Pérez-
Gonzélez et al. (2024). In contrast, the average SED
of our broad Ha emitter sample is constructed using
the best-fit SEDs obtained in Section 5.2, as about half
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in Kocevski et al. (2024).

of the sources in our sample have photometry available
in only 6 filters. Figure 9 displays the average rest-
frame SEDs for both broad Ha emitters and LRDs,
with flux normalized at 0.4 um. The average SED of
LRDs selected in the GOODS-S field presented in Pérez-
Gonzélez et al. (2024) is also included for comparison.
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Figure 9. Stacked SEDs for the broad-line emitter sample
identified in this work (red) and for the LRD samples selected
in Rinaldi et al. (2024) (dark blue) and Pérez-Gonzélez et al.
(2024) (teal green), normalized at a rest-frame wavelength of
0.4 pm. Shaded regions denote the 1-o uncertainties on the
average SEDs.

Overall, we do not observe significant differences be-
tween the average SEDs of our broad Ha emitters and
LRDs within the rest-frame 0.1-1 ym range. The SEDs
closely align up to rest-frame 0.4 um, suggesting that
LRDs may share similar UV emission properties with
broad-line emitters. However, beyond 0.5 um, the av-
erage SEDs of LRDs exhibit a noticeably steeper slope
toward longer wavelengths compared to those of broad-
line emitters, with particularly significant deviations at
0.5 and 0.65 ym. Given that the observed continuum
in the average LRD SEDs between these wavelengths is
comparable to that of broad-line emitters, we suspect
that the steep red slope is not an intrinsic feature of at
least some LRDs, but rather a result of line-boosting
effects from strong emission lines, such as [O III] and
Ha, falling within individual wide filters (Hainline et al.
2025). Figure 9 further supports the concern that adopt-
ing a low red slope cut for LRD selection may lead to
contamination by sources that exhibit “fake” steep red
slopes induced by such line-boosting effects, particularly
when there are strong emission lines falling within the
filters used for color selection.

5.4. Detectability of Broad Ha Line in Grism Spectra

We identify 19 photometrically selected LRDs from
Rinaldi et al. (2024) that lie within the FRESCO and
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CONGRESS fields and have Ha emission detected in the
grism spectra. However, 68% of these sources (13 out
of 19) do not show broad Ha line profiles (i.e., FHWM
< 1000 km/s), with the exception of the 6 broad Ha
emitters identified in this work. Such a low fraction of
LRDs displaying broad-line features is consistent with
the findings reported by Pérez-Gonzélez et al. (2024).

Although no broad-line feature is observed in these
LRDs, we cannot fully rule out the possibility that they
are broad-line emitters, as the broad component could
be hidden due to the insufficient sensitivity of the grism
spectra. Notably, two sources that show no broad line
feature in the grism spectra have been reported to ex-
hibit broad line features in NIRSpec medium-resolution
grating data in previous work (Maiolino et al. 2024).
To illustrate how S/N may affect the detection of broad
components, we present both the NIRSpec/grating and
NIRCam/grism spectra for these two sources in Ap-
pendix C.

Figure 10 presents the distribution of our broad-line
emitters and the photometrically selected LRDs of Ri-
naldi et al. (2024), which lack broad-line features in the
grism spectra, on the redshift-magnitude plane. Overall,
our broad-line emitters are significantly brighter than
the LRDs, with a division at ~26 mag that effectively
separates the two populations. Notably, the two sources
that exhibit broad-line features in the grating spectra
but not in the grism are both fainter than 26 mag, sug-
gesting that some faint LRDs may indeed be broad-line
emitters, but their broad components are too faint to
be detected in grism observations. In other words, the
broad-line search with the CONGRESS/FRESCO data
is effective only down to ~ 26 mag.

6. CONCLUSION

In this study, we conduct a comprehensive spectro-
scopic search for broad Ha emitters at z ~ 3.7 — 6.5 in
the GOODS-N field with JWST/NIRCam WFSS and
imaging data. By combining photometric data from
JADES with slitless spectroscopic observations from
CONGRESS and FRESCO, we identify 19 broad Ha
emitters at z ~ 3.9 — 5.5 with FWHM > 1000 km/s,
including 9 newly identified sources.

e Among the 19 broad Ha emitters, 18 of them
have a broad component that contributes more
than 50% of the total Ha flux. Additionally,
[O III] A5007 emission line is detected in three
sources, with line widths significantly narrower
than those of the broad Ha components, sug-
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Figure 10. Distribution of broad Ha emitters (yellow stars)
and photometrically selected LRDs (blue dots) from Rinaldi
et al. (2024) that show no broad Ha feature in grism on
the redshift-magnitude plane. The two blue dots enclosed
by red stars represent LRDs exhibiting broad Ha emission
in grating spectra but lacking such features in grism spec-
tra. Sources below the dashed line have their Ho emission
falling into the F356W band, so their F356W magnitudes are
shown. Similarly, sources above the dashed line have their
Ha emission in the F444W band, so their F444W magni-
tudes are shown.

gesting that the observed broad features of these
sources are mainly driven by the AGN BLR.

e We derived black hole masses and AGN bolometric
luminosities for our sample based on the measured
FWHM and line fluxes of the broad Ha compo-
nents. Most sources are found to be accreting at
~10% of the Eddington limit, consistent with the
accretion rates of BLAGN selected with NIRSpec
in other studies.

e The stellar masses of the host galaxies in our
sample were derived through SED-fitting using
Prospector. Consistent with previous studies,
our sample exhibits higher My /M., ratios relative
to the local My — M, relations reported by Reines
& Volonteri (2015) and Greene et al. (2020). How-
ever, given that our sample is selected based on
the detection of broad Ha emission, some degree
of selection bias may be present. In particular,
low Mpp sources may be missed due to the lim-
ited sensitivity of the grism, which could prevent
the detection of faint broad-line components.
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Table 3. Physical properties of the broad Ha emitters

JADES ID Ly, broad  log(Mpu/Mg) Lo Lua, broad/LHa, tot  log (M. /Mg)
(10*2 erg/s) (10** erg/s)
GN-1014406  2.72 £+ 0.19 7.56 + 0.07 5.86 + 0.35 0.74 £+ 0.02 9.80 £ 0.3
GN-1085355 2.22 + 0.17 7.29 £+ 0.08 4.91 + 0.33 0.84 4+ 0.04 8.55 + 0.3
GN-1087388 32.90 + 0.76 8.29 + 0.02 50.50 £+ 1.00 0.76 £+ 0.01 10.57 + 0.3
GN-1088832 12.70 + 0.47 7.85 + 0.04 22.20 £ 0.71 0.88 4+ 0.01 9.62 + 0.3
GN-1008671 3.49 + 0.13 7.59 £+ 0.04 7.26 £ 0.24 0.81 4+ 0.01 10.26 + 0.3
GN-1013188 2.16 + 0.17 7.46 £+ 0.07 4.79 + 0.32 0.88 4+ 0.02 9.40 + 0.3
GN-1020514 2.54 4+ 0.20 7.22 £ 0.08 5.52 + 0.38 0.53 £+ 0.02 10.23 + 0.3
GN-1029154 2.22 + 0.20 7.35 £ 0.10 4.92 4+ 0.38 0.63 £+ 0.04 8.41 + 0.3
GN-1033320 1.09 £ 0.19 7.22 £ 0.19 2.65 + 0.41 0.66 £+ 0.06 9.93 + 0.3
GN-1034620 4.83 + 0.26 6.99 4+ 0.06 9.62 4+ 0.44 0.81 4+ 0.02 10.05 + 0.3
GN-1082263 1.52 + 0.20 6.85 + 0.14 3.53 £ 0.40 0.73 £ 0.05 8.45 £ 0.3
GN-1086784 1.44 + 0.14 7.46 £ 0.10 3.38 + 0.28 0.71 4+ 0.03 8.66 + 0.3
GN-1086855 3.51 4+ 1.02 7.99 £+ 0.23 7.29 £ 1.83 0.74 £+ 0.06 8.62 + 0.3
GN-1087315 1.22 £+ 0.13 7.01 £ 0.11 2.92 £+ 0.26 0.67 4+ 0.04 9.08 4+ 0.3
GN-1089568 1.66 £ 0.16 7.04 £ 0.09 3.83 + 0.32 0.45 4+ 0.03 8.59 4+ 0.3
GN-1090253  2.60 £+ 0.18 7.13 £ 0.07 5.63 + 0.34 0.96 £+ 0.02 9.22 £ 0.3
GN-1090549 1.62 £+ 0.25 7.19 £ 0.16 3.75 + 0.49 0.76 4 0.06 9.07 + 0.3
GN-1008411 1.31 £ 0.31 7.70 £ 0.20 3.12 £ 0.63 0.72 £+ 0.06 8.59 +£ 0.3
GN-9994014  4.08 4+ 0.30 7.55 £+ 0.07 8.31 £ 0.54 0.72 £ 0.02 10.68 4+ 0.3

e By testing various LRD selection techniques pro-
posed in the literature, we find that all of these
methods will miss a significant fraction of our spec-
troscopically confirmed broad Ha emitters, while
the majority of the non-LRD broad Ha emitters
lack the steep red slopes. This suggests that not all
broad-line emitters with LRD-like properties ex-
hibit the characteristic “V-shaped” SEDs of LRDs.

e To further investigate the nature of LRDs, we com-
pared the average SED of our broad-line emitter
sample with that of the photometrically selected
LRDs from Rinaldi et al. (2024) in the same field.
The average SEDs are largely consistent with each
other, except for a steeper red slope in the LRD
sample at rest-frame wavelength > 0.5 um, likely
due to the contribution of [O III] and Ha emis-
sion. Given the much lower continuum levels ob-
served between these two lines, we conclude that
the red slope, at least in some LRDs, would be
naturally less steep if emission lines are removed,
as discussed in Hainline et al. (2025).

o We further examined the LRDs in the GOODS-N
field with Ha detections in the grism spectra and
find that ~68% do not exhibit broad Ho features.

This suggests that the LRD population may not
only consist of broad-line emitters. Additionally,
we identified two LRDs that lack broad Ha fea-
tures in the NIRCam grism spectra but do show
broad components in the NIRSpec grating spec-
tra. Both of these sources are fainter than 26 mag
in the filter where Ha is observed, whereas the
majority of our broad Ha emitters are brighter
than this threshold. This implies that the broad-
line search with the CONGRESS/FRESCO data
is effective only down to ~ 26 mag, and therefore
that some LRDs may indeed host broad-line com-
ponents that are undetected in the grism data due
to its limited sensitivity.

This work identifies an abundant population of broad
Ha emitters in the GOODS-N field at 3.9 < z < 5.5,
providing a valuable sample for studying the abundance
and properties of broad Ha emitters in the early Uni-
verse. Our results also highlight the strong selection ca-
pabilities of grism spectroscopy and offer insights into
the brightness threshold required for detecting broad
Ha emitters with grism. Future follow-up observations
with NIRSpec will be crucial for confirming the nature
of these sources and further characterizing this popula-
tion.
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APPENDIX

A. NON-CONFIRMATION OF TWO BROAD Ha EMITTERS REPORTED BY COVELO-PAZ ET AL. (2024)

In our sample, we exclude two broad Ha emitters reported by Covelo-Paz et al. (2024) due to concerns regarding
the validity of their classification. For the first source (JADES ID: 1080661; RA = 189.27616 deg, Dec = 62.21416
deg), the flux ratio %ﬁg:?x ~ 2.1 does not meet our compactness criterion. Figure 11 presents the 1D and 2D
grism spectra obtained in F356W from CONGRESS. The F356W direct image reveals an extended morphology for
this source. We also performed a 1D line fit of its Ha line profile. As illustrated in Figure 12, even after accounting for
potential morphological broadening, the best-fit FWHM is only ~500 km/s, which does not satisfy our requirement for
the line width of a broad Ha emitter. Additionally, we note that our best-fit FWHM differs from the value reported

in Covelo-Paz et al. (2024) (i.e., 1674 km/s). However, the cause of this discrepancy is unclear.

N
o

Ho+[NIIT J

Flux density [p)y]
(-
o

o
EEERE

P I L L PLE I P Al
3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0
Observed wavelength [um]

Figure 11. 2D and 1D grism spectra of 1080661 obtained in the F356W filter from CONGRESS. Top row: 2D spectrum with
continuum, red empty circles indicate detected lines. Second row: Line-only 2D spectrum. Third row: Optimally extracted
1D spectrum with continuum. Emission lines detected are marked by red dashed lines. The top-left corner displays the direct
images of the source in the F182M, F210M, and F356W filters, along with a composite false-color stamp constructed from these
three bands.

For the second source (JADES ID: 1089616; RA = 189.18713 deg, Dec = 62.27289 deg), the top panel of Figure 13
shows its 1D and 2D grism spectra in F356W from CONGRESS. While a strong emission feature is detected at 3.8
pm, we observe a noticeable spatial offset between the position of the emission line and that of the source in the direct
image, raising concerns about its association with the target. In the bottom panel of Figure 13, which presents the
F444W grism spectra from FRESCO for the same source, an emission line at ~4.15 um is detected with no spatial
offset and a S/N~4. Combined with the detection of another emission line at ~3.17 um, we identify these features as
Ha and [O TIJA5007 of this source, respectively, confirming the redshift of the source is 5.324. The relatively weak
line strengths are also consistent with the faint nature of the source in the direct images. Upon further inspection, the
strong 3.8 pm line is confirmed to be [S IIIJA9531 from a nearby bright source (JADES ID: 1029833; RA = 189.20103
deg, Dec = 62.26567 deg). Figure 14 presents the 1D and 2D grism spectra of this source in the F356W and F444W
filters. The [S III]A9531 emission line of this source matches the 3.8 ym emission line observed in the 2D spectrum of
source 1089616 very well, suggesting the 3.8 ym emission line is not Ha of 1089616, but [S III]A9531 of 1029833.

B. DISCREPANT BROAD-LINE WIDTHS FOR A BLAGN REPORTED BY GREENE ET AL. (2024)

Recently, the JWST Cycle 3 General Observer program Slitless Areal Pure-Parallel High-Redshift Emission Survey
(SAPPHIRES-PID: 6434; PI: E. Egami; Sun et al. 2025a) revisited the Abell 2744 field and obtained NIRCam grism
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Figure 12. 1D line fitting results for the Ha emission profile of 1080661. Top panel: 2D grism spectrum with continuum
subtracted. Middle panel: Optimally extracted 1D grism spectrum (black), while the red line represents the best-fit model.
The yellow, pink, and green lines correspond to the Ha, [N II]A6548, and [N IIJ]A\6583 components, respectively. Bottom panel:
residuals from the best-fit model.

spectrum (R~1600) for one of the BLAGN (Prism ID: 38108; SAPPHIRES’s ID: 39082) identified in Greene et al.
(2024). Figure 15 shows the observed Ha line in 1D and 2D grism spectra obtained in F444W filter, along with the
line fitting results. The 1D grism spectrum reveals a broad Ha component with a line width of ~1300 km/s, which
contrasts significantly with the prism-based value of ~4000 km/s. For comparison, we also include the Ha broad
component observed in prism by using the FWHM and He flux (treated as an upper limit of the flux for the broad
component) reported by Greene et al. (2024). Even a modest difference in the FWHM measurements can result in
a substantial variation in the inferred Mpy. In Figure 5, we plot the AGN bolometric luminosity and black hole
mass derived for this source from the SAPPHIRES NIRCam grism data (the “X” marker). With the smaller Mpy
inferred from the grism spectrum, the source becomes more consistent with the distribution of our sample, providing
a potential explanation for the discrepancy in black hole mass estimates.

However, the underlying cause of the discrepancy in FWHM measurements remains unclear. Taking into account
the large uncertainty associated with the prism-based FWHM, our measurement and that from Greene et al. (2024)
are broadly consistent with each other at the 2-o level. Since our line fitting was performed on spectra without
continuum subtraction, we can rule out the possibility that the broad component was lost due to over-subtraction of
continuum. There are two possible explanations for this discrepancy. First, the difference in FWHM values may arise
from differences in the respective LSFs. Second, the grism observation may lack the sensitivity required to detect such
a faint broad component. Furthermore, we note that Greene et al. (2024) identified broad-line sources using slightly
different selection criteria, in particular requiring the FWHM of the broad Ha component to > 2000 km s~!. This
difference in criteria may also contribute to the discrepancy in FWHM measurements.
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Figure 13. 2D and 1D grism spectra of 1089616 obtained in the F356W (top) and F444W (bottom) filters from CONGRESS
and FRESCO, respectively. Top row: 2D spectrum with continuum, red empty circles indicate detected lines. Second row:
Median filtered line-only 2D spectrum. Third row: Optimally extracted 1D spectrum from the line-only 2D spectrum, with
detected emission lines marked by red dashed lines. The top-left corner displays the direct images of the source in the F182M,
F210M, and F444W filters, along with a composite false-color stamp constructed from these three bands.

C. NIRSPEC MEDIUM GRATING VS. NIRCAM GRISM

In this work, we identify two photometrically selected LRDs from Rinaldi et al. (2024) that exhibit broad He line
profiles in the NIRSpec medium resolution grating spectra presented by Maiolino et al. (2024), but not in the NIRCam
grism spectra, likely due to the limited sensitivity of the grism observations. Figure 16 illustrates the differences in the
observed Ha line profiles for these two sources between the grism and grating data. The S/N of the grating spectra
are slightly lower than those presented in Maiolino et al. (2024), possibly due to differences in the spectra extraction
methods. In both cases, the Ha lines appear significantly narrower in the grism spectra compared to the grating
spectra. Additionally, the grism continuum exhibits a much higher noise level, supporting the possibility that the
broad components are undetected due to the lower S/N of the grism observations.
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Figure 14. 2D and 1D NIRCam/grism spectra of 1029833 obtained in the F356W (top) and F444W (bottom) filters from
CONGRESS and FRESCO, respectively. Top row: 2D spectrum with continuum, red empty circles indicate detected lines.
Second row: Median filtered line-only 2D spectrum. Third row: Optimally extracted 1D spectrum from the line-only 2D
spectrum, with detected emission lines marked by red dashed lines. The top-left corner displays the direct images of the source
in the F182M, F210M, and F444W filters, along with a composite false-color stamp constructed from these three bands.



22 ZHANG ET AL.

RA:3.53002, DEC:-30.35802

FWHMpoaq = 1274 + 157 km/s
Fro=25.1+2.6 x 10718 erg/s/cm?

Normalised f;

LA
= O U WA A g

_5 1 1 1 1 1 1 1
—-4000-3000-2000-1000 O 1000 2000 3000 4000
Av (km/s)

Figure 15. Multi-component Gaussian fit to the Ha line profile in the NIRCam/grism spectrum (R~1600) for a BLAGN
previously identified with the NIRSpec/prism in Greene et al. (2024). Top panel: 2D grism spectrum without continuum
subtraction. Middle panel: Optimally extracted 1D spectrum (black), best-fit model (red), and individual components: narrow
Ha (yellow) and broad Ha (blue). The pink line represents the broad component observed with the prism, using the FWHM
and Ha flux (treated as an upper limit of the flux for the broad component) reported by Greene et al. (2024). The intrinsic

FWHM of the broad component and the observed Ha flux are indicated in the top-left corner. Bottom panel: Residuals from
the multi-component fit.
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Figure 16. Comparison of the Ha line profiles for two LRDs identified in Rinaldi et al. (2024), as observed from NIRCam
grism (orange) and NIRSpec grating (blue) spectra. The dashed gray line marks the centroid wavelength of Ha.
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