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ABSTRACT

The detection of strong Balmer breaks and absorption features in Little Red Dots (LRDs) suggests

they host AGN embedded within dense gas envelopes, potentially powered by super-Eddington ac-

cretion. We present GLIMPSE-17775, a luminous (Lbol ∼ 1045 erg s−1) LRD at z = 3.501 behind

Abell S1063 (µ ∼ 2), observed with deep JWST/NIRCam and a ∼20 hr (80 hr de-lensed) NIR-

Spec/G395M spectrum. The data reveal 40+ emission and absorption features, including a rich forest

of low-ionization Fe ii lines and numerous broad hydrogen recombination transitions. We use this

depth to test the dense-gas interpretation through five independent diagnostics. Nearly all permitted

lines show exponential wings with consistent FWHM, the signature of Thomson scattering requiring

ne ≳ 108 cm−3. Adopting this width yields MBH ∼ 106.7M⊙, a factor of ten lower than Gaus-

sian fits, and λEdd ∼ 1.8. Additional diagnostics support the same picture: a pronounced Balmer

break (fν,4050/fν,3670 = 2.0± 0.1), enhanced He i λ7065 and λ10830 with P-Cygni absorption, Bowen-

fluorescent O i λ8446–λ11290 emission requiring Lyβ pumping, and 16 Fe ii lines matching fluorescence

models. These features indicate a dense (n ∼ 108 cm−3), partially ionized cocoon where scattering and

fluorescence dominate line formation, providing strong evidence that at least some LRDs are powered

by super-Eddington black-hole growth in the early Universe.
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1. INTRODUCTION
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One of the most enticing puzzles brought upon by the

launch of the James Webb Space Telescope (JWST ) has

been the discovery of red, compact objects called “Lit-

tle Red Dots” (LRDs; Matthee et al. 2023). Previously

invisible to the Hubble Space Telescope (HST ) due to

their extreme faintness in the optical and lack of near-

infrared (NIR) coverage, LRDs have emerged in abun-

dance (Kokorev et al. 2024a; Kocevski et al. 2024; Akins

et al. 2024; Barro et al. 2024) thanks to unprecedented

NIR sensitivity of JWST.

Their unusual properties—such as compact morpholo-

gies in rest-optical and distinctive “v-shaped” spectral

energy distributions (SEDs)—make LRDs easy to iden-

tify in JWST fields, however this is where the simplic-

ity ends. Explaining LRDs as either evolved or dusty

compact galaxies proves difficult: the former scenario

requires massive stellar populations that strain ΛCDM

predictions (Labbé et al. 2023a; Boylan-Kolchin 2023),

while the latter implies significant dust emission—yet

none is observed (Labbé et al. 2023b; Casey et al. 2024;

Akins et al. 2024; Leung et al. 2024).

Over time, the accumulating detections of broad

Balmer series emission lines (Kocevski et al. 2023, 2024;

Matthee et al. 2023, just to name a few), often ac-

companied by signatures of extreme ionization (e.g.,

Kokorev et al. 2023), have begun to clarify the physi-

cal origin of LRDs, pointing increasingly toward AGN

as the underlying power source. In parallel, the much-

needed advent of NIRSpec MSA programs based on red

targets selected from JWST imaging (e.g., de Graaff

et al. 2025a) has provided critical confirmation: nearly

all point sources exhibiting “v-shaped” spectral energy

distributions (SEDs) reveal broad emission lines upon

spectroscopic follow-up (Hviding et al. 2025), solidify-

ing their AGN interpretation.

The nature of the spectral inflection point in LRDs,

typically located near ∼ 3600 Å, has also undergone sig-

nificant revision. Initially interpreted as a stellar Balmer

break (Labbé et al. 2023a), this feature implied implau-

sibly high stellar masses (M∗) far too early in cosmic

history (Boylan-Kolchin 2023; Sabti et al. 2024). A sec-

ond hypothesis invoked differential dust attenuation and

host galaxy contamination in the rest-UV to explain the

sharp discontinuity (Volonteri et al. 2025). However,

this explanation was soon ruled out by Setton et al.

(2024); Ma et al. (2025), who demonstrated that the

break generally lies around the Balmer limit, albeit with

a fundamentally different origin than initially proposed.

More recently, a series of theoretical and observational

works have converged on a new picture: that LRDs

may host accreting black holes enshrouded in exception-

ally dense, partially ionized gas cocoons—the so-called

Black Hole Star (BH∗) scenario (Inayoshi & Maiolino

2025; Naidu et al. 2025; Taylor et al. 2025; de Graaff

et al. 2025b). In this framework, the steep Balmer-

limit break, blueshifted absorption, and suppressed X-

ray and radio emission (e.g Naidu et al. 2025; Inayoshi

& Maiolino 2025) all arise naturally from a radiation-

dominated, optically thick environment surrounding a

rapidly growing black hole, while the UV emission and

forbidden optical lines (e.g. [O iii]λλ4959, 5007) poten-

tially originate from the extended host. The dense-gas

interpretation also offers a natural explanation for the

P-Cygni-like Balmer and helium profiles frequently seen

in high-S/N spectra (Matthee et al. 2023), the non-

Gaussian, exponentially-winged line shapes predicted

by radiative-transfer models of scattering in ionized gas

(Rusakov et al. 2025; Chang et al. 2025) and Lymanα

- like resonantly scattered shapes (Chang et al. 2025;

Naidu et al. 2025). Intriguingly, if electron and resonant

scattering indeed dominate the broad-line widths, then

the true virial velocities (traced by intrinsically narrower

Gaussian core)—and hence black-hole masses—could be

lower by an order of magnitude, alleviating the appar-

ent tension between LRD black-hole masses and their

compact host galaxies (Rusakov et al. 2025).

So far, however, the BH∗ / dense-gas interpretation of

LRDs has relied largely on the Balmer break, occasional

absorption features (Lin et al. 2025a), and, to a lim-

ited extent, the shapes of broad emission lines (Rusakov

et al. 2025). While these features are consistent with

the presence of dense, partially ionized gas, they stop

short of providing direct spectroscopic confirmation of

the physical conditions expected by the BH∗ scenario.

What has been missing is an unambiguous demonstra-

tion—through emission-line physics—that LRDs indeed

host dense, optically thick cocoons surrounding rapidly

accreting black holes. Such evidence would directly tie

the observed line formation, excitation, and radiative

transfer to dense, stratified envelopes of gas, surround-

ing the central engine.

In this work, we present precisely such a case: an ex-

ceptionally deep ∼20 hr, equivalent to 80 hr without

lensing magnification, JWST/NIRSpec G395M spec-

trum of a luminous LRD at z = 3.50102. The tar-

get, GLIMPSE-17775, lies in a highly magnified re-

gion of the massive galaxy cluster Abell S1063 (AS1063

hereafter) and benefits from the combined power of

JWST/NIRCam imaging from the GLIMPSE GO pro-

gram (PID 3293; PIs H. Atek & J. Chisholm) and recent

NIRSpec spectroscopy from the GLIMPSE-D DDT pro-

gram (PID 9223; PIs S. Fujimoto & R. Naidu). This syn-

ergy of ultra-deep spectroscopy and strong gravitational

lensing enables an unprecedented view of GLIMPSE-
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17775, revealing rest-frame optical and near-infrared

features at a level unseen before in any LRD. We detect

over forty emission and absorption features—sixteen of

them Fe ii transitions forming a dense “iron forest.” The

remarkable richness of this spectrum makes GLIMPSE-

17775 a uniquely powerful laboratory for dissecting the

dense, radiation-dominated environments that accom-

pany early black-hole growth.

This paper is organized as follows. In Section 2 we

present the GLIMPSE-D NIRSpec dataset alongside the

photometric data sets used in this study. In Section 3 we

calculate the spectroscopic redshift, describe the identi-

fication of prominent emission/absorption features and

describe bespoke fitting of various line complexes. Sec-

tion 4 describes the measurement of the source mor-

phology, dust attenuation and black hole masses. In

Section 5 we comment on the various properties of the

emission features in the our target and finally discuss

our findings in Section 6.

Throughout this work we assume a flat ΛCDM cosmol-

ogy with Ωm,0 = 0.3, ΩΛ,0 = 0.7 and H0 = 70 km s−1

Mpc−1, and a Chabrier (2003) IMF between 0.1 − 100

M⊙. All magnitudes are expressed in the AB system

(Oke 1974).

2. OBSERVATIONS AND DATA

The target - GLIMPSE-17775 was originally identified

as a bright LRD candidate in the JWST NIRCam imag-

ing captured by the GLIMPSE (PID: 3293; PIs: H. Atek

& J. Chisholm) survey (H. Atek in prep.) of the lensed

AS1063 Hubble Frontier Field (Lotz et al. 2017). The

highly magnified area of AS1063 has already successfully

yielded z > 16 galaxy candidates (Kokorev et al. 2025),

potential Population III hosts (Fujimoto et al. 2025),

numerous faint and high-redshift galaxies (Chemeryn-

ska et al. 2025), new constraints on reionization (Korber

et al. 2025), identification of intermediate mass black-

holes (Fei et al. 2025), and a wide variety of enigmatic

LRDs, some moderately lensed. The LRD selection was

based on the standard compactness plus “v-shape” crite-

ria already laid out in Labbé et al. (2023b); Greene et al.

(2024); Akins et al. (2024); Kokorev et al. (2024a), using

the photometric redshifts derived with eazy (Brammer

et al. 2008), a technique that has proven successful at

consistently identifying many exciting sources (see e.g.

Taylor et al. 2025; Kokorev et al. 2023; Naidu et al. 2025;

de Graaff et al. 2025b; Akins et al. 2025). The LRD in

question - GLIMPSE-17775 located at zphot = 4.2±0.1,

stood out in particular due to its extreme rest-optical

brightness withmf444w ∼ 23.6 mag and a modest lensing

magnification µ ∼ 2. Very little could be done with pho-

tometry alone, however this marked GLIMPSE-17775,

as a promising target for any future spectroscopic follow-

up.

2.1. Photometry

We use photometry both to select targets for the

GLIMPSE-D NIRSpec observations and, during spec-

troscopic modeling, to constrain the overall shape of the

SED and correct for NIRSpec slit losses. In addition to

JWST/NIRCam data, we incorporate deep HST ACS

and WFC3 imaging from the Hubble Frontier Fields

(HFF; Lotz et al. 2017) and BUFFALO (Steinhardt

et al. 2020) programs. Our reprocessed HST mosaics

are based on Gaia-aligned images from the CHArGE

archive (Kokorev et al. 2022), hosted on the Dawn

JWST Archive (DJA; Valentino et al. 2023). More de-

scriptions of the image reduction and source extraction

procedure can be found in Endsley et al. (2024), as

well as in the upcoming GLIMPSE overview paper by

H. Atek et al. (in prep), we briefly summarize the latter

procedure below.

Photometry is performed on PSF-homogenized HST

and JWST images, convolved to the resolution of the

F480M filter. Source detection is carried out using SEx-

tractor (Bertin & Arnouts 1996) through two paral-

lel steps. We construct two inverse-variance-weighted

detection images: one from the short-wavelength (SW;

F090W, F115W, F150W, F200W) bands to preserve

spatial resolution, and one from the long-wavelength

(LW; F277W, F356W, F444W) bands to ensure sen-

sitivity to red or dusty sources (e.g., LRDs). Unlike

the science images, these have not been PSF matched.

These SW and LW detection catalogs are subsequently

merged into a single, combined catalog. Photometry is

then measured using photutils (Bradley et al. 2020)

in a range of circular apertures (D = 0.′′1–1.′′2). Pho-

tometric uncertainties are estimated by placing random

apertures in empty regions around each source. Unless

stated otherwise, we adopt total fluxes measured within

a D = 0.′′2 aperture throughout this work.

2.2. NIRSpec Observations

GLIMPSE DDT (GLIMPSE-D hereafter) NIRSpec

data were obtained during a campaign (DDT #9223

PIs: S. Fujimoto & R. Naidu) to study a promising

Population III galaxy candidate (Fujimoto et al. 2025).

GLIMPSE-D obtained a total of 3 G395M/F295LP

MSA pointings, totaling 29.78h of total exposure time.

The pointing center was different for all three configu-

rations to maximize the total object yield. In total,the

GLIMPSE-D sample contains 384 spectra with depths

varying from 9.2h to ∼ 30h. All of the planned obser-

vations were successfully executed between June 30 and
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Figure 1. Top: JWST/NIRCam and HST 2.′′0 stamps and the RGB short (SW) and long wavelength (LW) color images
comprised of the F115W, F150W, F200W and F277W, F356W, and F444W bands, respectively. MSA shutters for both
configurations covering GLIMPSE-17775 are shown in blue and red, respectively. The source morphology is resolved and
extended up to ∼ 2µm, and then appears to transition to a more PSF-dominated and compact shape, echoing a growing sample
of LRDs with extended rest-UV morphology (Matthee et al. 2023; Rinaldi et al. 2025a; Juodžbalis et al. 2024; Labbe et al.
2024) Thus likely hinting at a presence of the host-galaxy in the filters covering rest-UV. In each panel we show the total AB
magnitude as presented in the GLIMPSE catalog (Kokorev et al. 2025, H. Atek in prep.). The source is exceptionally bright
(M444∼ 23.6) and is detected in most JWST bands at > 100σ. Middle: 2D MSA G395M spectra covering GLIMPSE-17775.
Bottom: Combined 1D spectrum (for extraction method see e.g. Kokorev et al. 2023; de Graaff et al. 2024) of the LRD in the
observed frame. We show the data in black, and the uncertainty with a black shaded region. Fixing the systemic redshift to the
[S iii] λ9071 line - zspec = 3.50102 ± 0.00019 - we show the positions and label the prominent emission with significant (≥ 3σ)
detections as solid vertical lines. Iron lines are shown separately in green. Due to the sheer number of features, not all could be
labeled, we show all of them in Figure 2. Emission lines for which we only obtain an upper limit are shown with dashed lines.

July 2 2025. For each MSA configuration, GLIMPSE-D

employed a standard 3-point nod pattern at an aperture

position angle PA V3 = 270.5◦, using 494 groups per in-

tegration with the NRSIRS2 readout mode. The full

details of the target selection, prioritization and MSA

planning will be presented in a forthcoming survey pa-

per (Fujimoto. S & Naidu. R., et al in prep.).

2.3. G395M Data Reduction and Calibration

The GLIMPSE-D MSA spectra were uniformly re-

duced using msaexp (v0.9.8; Brammer 2022). This pro-

cedure starts with the level-2 calibrated products ob-

tained from MAST and applies a number of corrections

that include 1/f noise, artifact detection and removal

and a bias correction in individual exposures (see e.g.

Rigby et al. 2023, for more details). Together with the

JWST pipeline msaexp sets the slit WCS, performs

flat-fielding and computes an initial pass-loss correction.

Each one of the 2D shutters in then drizzled onto a

common pixel grid. Using the standard approach, the

background subtraction is performed locally by using

the stacked, source-free shutters. The 1D spectra are

then obtained by using the optimal extraction method

(e.g. de Graaff et al. 2023; Arrabal Haro et al. 2023),

where the center and width of the extraction “aperture”

varies depending on the best fit Gaussian model (Horne

1986); similar to the methodology which has been widely

adopted by a variety of other works (e.g. Wang et al.

2023; Greene et al. 2024; Kokorev et al. 2024b).
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The absolute flux calibration of MSA spectra can

be influenced by several factors, including the position

of the source within the shutter, calibration and as-

trometric uncertainties, and the intrinsic morphology

of the source. To correct for these effects and derive

an overall slit-loss correction, we rescale the extracted

1D spectra by convolving them with all available NIR-

Cam filters and comparing the resulting flux densities

to the total photometry from the GLIMPSE catalog.

A wavelength-dependent correction is then obtained by

fitting a second-order polynomial to these differences.

The target in this paper was observed in all three

configurations, however one of them is severely con-

taminated by sources in the same row, making the

data recovery for this source unfeasible. Despite that,

GLIMPSE-17775 is securely detected in two configura-

tions (33262s and 40703s), making the total integration

time 20.55h. We combine the extracted and separately

calibrated 1D spectra by using inverse-variance weight-

ing. We show the stacked spectrum in Figure 1.

3. EMISSION LINE ANALYSIS

3.1. Spectroscopic Redshift

The spectrum of GLIMPSE-17775 reveals a stagger-

ing wide variety of significantly detected emission and

absorption lines. Before focusing on individual features

and their complex components, we perform an initial

tally of all detectable lines using a heavily modified ver-

sion of msaexp (Brammer 2022; Kokorev et al. 2024b).

The key modifications allow the ability to vary the line

widths, as well as fit multiple components, albeit tied to

the same redshift.

We fit the full spectrum using msaexp, adopting

Gaussian profiles for emission lines and a three-segment

cubic spline to model the continuum. This minimal

spline structure, appropriate given the high average

S/N of GLIMPSE-17775 (≳30), helps prevent overfit-

ting, particularly of features that may be slightly offset

in wavelength/velocity space from the average redshift.

Emission line positions are fixed; narrow components are

allowed FWHM between 150–800 km s−1, and permitted

transitions may include a broad component (800–5000

km s−1).

This yields a redshift of zspec = 3.5010±0.0001. How-

ever, several strong lines exhibit significant pixel-level

offsets of 100–200 km s−1 relative to this value. These

discrepancies are statistically robust and appear in both

stacked and individual spectra, suggesting that the de-

rived redshift reflects a weighted average dominated by

high-S/N lines. To properly assess velocity structure,

a consistent systemic redshift is required. This will be

explored in the following sections.

Using the updated redshift alongside the strong-

lensing model of AS1063 (Zitrin et al. 2015) and L. Fur-

tak et al. (in prep.), we recalculate the lensing magni-

fication to be µ = 2.04 ± 0.21, consistent with previous

estimates based on zphot. With redshift and magnifi-

cation now fixed, we turn to a deeper analysis of the

emission line properties.

3.2. Line Identification

Beyond velocity offsets, the initial msaexp fit high-

lights several notable features. Broad hydrogen lines,

which are ubiquitous in LRDs (e.g. Hviding et al. 2025;

Matthee et al. 2023; Kocevski et al. 2023; Kokorev et al.

2023; Furtak et al. 2024; Taylor et al. 2025; de Graaff

et al. 2025b; Naidu et al. 2025), are strongly favored

across the Balmer and Paschen series, with ∆χ2 > 10.

These include Hα and Pa10 through Paγ. Although Paβ

falls near the edge of the detector, we nonetheless ob-

serve a prominent broad wing at its expected location

(see Figure 1).

Broad components are also detected in several he-

lium and oxygen lines: He iλ6680, He iλ7065, O iλ8448,

He iλ10830, and O iλ11290. Notably, the He iλ10830

line shows a classic P-Cygni profile with a clear

blueshifted absorption trough. While Balmer absorp-

tion is becoming a familiar sight in LRDs (Matthee

et al. 2023; Maiolino et al. 2023; Kocevski et al. 2024;

de Graaff et al. 2025b; Naidu et al. 2025), helium ab-

sorption remains rare, with only a few published cases

(e.g. Naidu et al. 2024; Wang et al. 2025; Juodžbalis

et al. 2024) at high-z. Curiously this was also recently

reported in local analogs of LRDs (Lin et al. 2025b).

The most striking feature is the detection of an ex-

tensive Fe ii emission forest in the rest-NIR—at least

16 distinct features are identified by msaexp and high-

lighted in green in Figure 1. Previous detections of Fe ii

in LRDs have been mostly limited to rest-UV/optical

wavelengths using low-resolution PRISM spectra (Labbe

et al. 2024; Tripodi et al. 2025) and identified in lo-

cal analogs (Lin et al. 2025b; Ji et al. 2025). Only

recently have a few Fe ii emitters been reported in

medium- (D’Eugenio et al. 2025) and high-resolution

spectra (Torralba et al. 2025). The richness of these lines

in GLIMPSE-17775 hints at a dense, partially shielded

gas phase, where processes such as Lyβ fluorescence and

continuum pumping may be enhancing Fe ii emission

(Sigut & Pradhan 1998, 2003), offering a new diagnostic

window into early AGN environments.

In summary, GLIMPSE-17775 exhibits an exception-

ally rich and kinematically complex array of emission

and absorption features. While the initial msaexp mod-

eling provides a solid foundation for redshift estimation
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Figure 2. A staggering abundance of spectral lines in GLIMPSE-17775 at z=3.501. For each spectral window
defined in Section 3.3, we show the data (black), the best-fit narrow and broad components (dark purple and blue), and the
total best-fit model including the continuum (red). All broad components were fit with models allowing exponential wings. The
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Figure 3. The diversity of Balmer breaks in LRDs. Black points show the HST and JWST GLIMPSE photometry of
GLIMPSE-17775. Blue line shows best-fit EAZY SED fit to the photometry only, fixing the redshift to the zspec. Maroon line
show the combined and photometry-corrected G395M spectrum. While the red color in F200W-F277W is partially influenced
by a bright Hα line, the Balmer break between F150W and F200W is still prominent. We further show spectra of various other
LRDs (Labbe et al. 2024; Naidu et al. 2025; Taylor et al. 2025; Wang et al. 2024; de Graaff et al. 2025b), all shifted to z = 3.501
and normalized at 5100 Å. Finally, we show HST (blue) and JWST (orange) filter transmission curves below.

and line identification, it lacks the flexibility to capture

the full diversity of line profiles in this high-S/N dataset.

In the following sections, we peel back the spectral layers

with increasing precision.

3.3. Line Fitting

The exceptional depth of the G395M spectrum for

GLIMPSE-17775 enables detailed modeling of both mul-
tiple kinematic components and potential velocity off-

sets between line species. Unless noted otherwise, each

line is fit with a single Gaussian narrow component

(FWHM = 100–800 km s−1). For permitted lines

flagged by msaexp as potentially broad, we model the

core with a Gaussian convolved with an exponential tail

(Rusakov et al. 2025), with FWHM allowed between

500–5000 km s−1. The degree of the convolution, i.e.

the exponential “strength” is allowed to vary freely, how-

ever for every broad line we also perform a fit with that

parameter fixed to zero (i.e. pure Gaussian) and com-

pare it to our free fit. Line centers are allowed to vary

independently, unless otherwise specified.

Absorption lines are modeled using a standard atten-

uation law with optical depth (τν) as a free parameter

(see Juodžbalis et al. 2024). Widths and redshifts (for

both narrow and broad components) are typically free,

with redshift limited to ±0.1 from the msaexp value.

Local continua are fit using first-order polynomials.

All of the individual model components are first ini-

tialized and co-added on an oversampled wavelength

grid. To take into account the wavelength dependent

resolution of the grating, we interpolate our model onto

a variable step grid while making sure that the total

integrated flux is preserved. Further, we increase the

nominal spectral resolution by a factor of 1.7, as it has

been shown that the spectral resolution for a point-like

source falling within a shutter is higher than that of

a uniformly illuminated slitlet (de Graaff et al. 2023).

Fitting uses nonlinear χ2 minimization with uncertain-

ties being derived from multivariate resampling of the

covariance matrix.

Given the complexity, the spectrum is divided into

six windows grouped by line species or proximity (see

Figure 2). Below we describe assumptions per window.

Final fluxes and equivalent widths of the narrow and

broad lines are listed in Table 2 and Table 3, respec-

tively, while kinematics are reported in Table 4 and Ta-

ble 5. We show detailed line fits in Figure 2.

3.3.1. Hα complex
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Hα is modeled with independent narrow, broad, and

absorption components. [O i]λ6302 and He iλ6680 are

modeled with narrow and broad profiles. [N ii] lines are

fixed at a 1:3 ratio and share kinematics; [S ii] lines have

independent amplitudes but tied velocities and widths.

We find that broad Hα and He iλ6680 are strongly fa-

vored to have exponential wings (∆BIC ∼ −500), yield-

ing FWHM ∼ 1000 km s−1—significantly narrower than

the ∼ 3000 km s−1 derived from pure Gaussians. Al-

though no distinct Hα absorption component is explic-

itly detected, likely due to insufficient resolution, the

overall asymmetry of the line is best reproduced when

a weak, blueshifted absorber is included in the fit. This

may indicate subtle self-absorption or partial obscura-

tion within the dense cocoon. We return to the impli-

cations of this profile shape later.

3.3.2. He iλ7065

The He iλ7065 line shows a prominent blueshifted

absorption component. We fit it with narrow, broad,

and absorption profiles. The rest of the lines which

include [Ar iii]λ7138, Fe iiλ7156, and the [O ii] triplet

(λλ7323, 7325, 7332) are modeled as independent nar-

row lines.

He iλ7065 shows a strong preference for exponential

wings (∆BIC ∼ −16) with FWHM = 473±116 km s−1.

A residual bump spanning from ∼ λ7290–7320 is likely a

combination of multiple Fe ii, such as 7290, 7308 and po-

tentially Fe iiiλ7319.65 lines. Curiously the latter line is

often labeled as “hazy” in various emission line libraries

(e.g. Kramida et al. 2024), which has an undefined shape

as a result of pressure broadening or scattering in a very

dense gas.

3.3.3. O iλ8448 and Iron Lines

In this part of the spectrum the O iλ8448 is fit with
narrow and broad components. All of the iron lines,

which include Fe iiλλ8228, 8239, 8289, 8470, 8490 as well

as Fe iiiλ8306, are fit as narrow lines with shared kine-

matics. O i components are fit independently.

We find that the broad O i component is best de-

scribed by a standard Gaussian profile, with a stronger

statistical preference over exponential wings (∆BIC ∼
4). However, we caution that a trough at ∼3.77µm,

likely an artifact, may affect the reliability of the fit in

this region

3.3.4. Iron Forest and Paschen Lines

This spectral region is among the most complex,

due to the dense clustering of emission features. The

Paschen lines Pa10–Pa8 are modeled with narrow and

broad components. To reduce the number of free param-

eters, we tie all narrow Paschen components together

kinematically, and do the same for the broad compo-

nents. Fe iiλλ9075, 9125, 9134, 9179, 9204, 9394 are fit

with shared centroid and width. [S iii] lines are fit inde-

pendently.

The [S iii]λ9071 is used to define the systemic red-

shift: z = 3.50102 ± 0.00019. This is done because

the forbidden lines, such as [S iii] or [O iii], have lower

critical densities, incompatible with the dense gas en-

velopes that gives rise to other line we observe. These

lines may instead come from the host galaxy itself (e.g.

Maiolino et al. 2023) and thus we choose this line to de-

fine the overall redshift of the system to measure all the

offsets relative to it. All velocity offsets discussed in the

subsequent sections are computed relative to this refer-

ence frame. The Paschen lines show strong preference

for exponential wings (∆BIC ∼ −38), with FWHM =

766 ± 202 km s−1—narrower than Hα, but consistent

within 2σ.

3.3.5. Paδ

The Fe iiλ9997 and Paδ complex is modeled with an

independent narrow component for Fe ii and both nar-

row and broad components for Paδ. There is no evidence

for absorption. Exponential wings are again preferred

(∆BIC ∼ −26). The resulting FWHM of 1672 ± 458

km s−1 is notably larger than that of both higher-order

Paschen lines and Hα, though still consistent with the

latter within 2σ.

3.3.6. He iλ10830 and Paγ

The final window contains a complicated blend of

broad He iλ10830 and Paγ lines, with a clear blueshifted

absorption in the former. We fit a three component

(narrow, broad and absorption) to He iλ10830 and nar-

row+broad component to Paγ, keeping everything kine-

matically independent. We fit narrow Fe ii at 10490,

10501 and 11128 Å with fixed redshift and line width.

Finally the O iλ11290 is fit with independent narrow

and broad component. Exponential wings are again pre-

ferred over pure Gaussian profile.

4. DATA ANALYSIS

4.1. Morphology

LRDs are unresolved in the rest-optical by definition,

with measured sizes consistent with the PSF HWHM

(≲ 0.′′07 in F444W), and in some cases even smaller when

dithers align favorably (e.g. Labbé et al. 2023b). Grav-

itational lensing can further push constraints on their

intrinsic sizes to ≲ 100 pc (Furtak et al. 2024).

In the rest-UV, however, a more complex picture is

emerging. Several studies have now reported faint, ex-

tended, asymmetric components adjacent to the com-

pact core (Labbe et al. 2024; Kokorev et al. 2024b;
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Table 1. Source Properties.

Parameter† GLIMPSE-17775

ID 17775

RA [deg] 342.20080

Dec [deg] -44.54366

zphot (eazy) 4.2± 0.1

zspec ([S iii] λ9071) 3.50102± 0.00019

µ 2.04± 0.21

MUV [AB mag] −17.27± 0.05

reff,UV [pc] 1000±200

reff,opt [pc] < 300

β -0.69±0.12

log10(MBH/M⊙) 6.65±0.15

Lbol [erg/s] (1.06±0.14)×1045

λedd 1.86± 0.25

log10(M∗/M⊙)MUV < 7.5

AV 0.1±0.3

fν,4050Å/fν,3670Å 2.02± 0.10

† Physical parameters are corrected for the
lensing magnification.

Table 2. Fluxes† of narrow emission lines and their rest-
frame equivalent widths.

Line λrest Flux EW0

[Å] [10−20 erg s−1 cm−2] [Å]

Narrow Emission Lines

O i 6302.0 54.0± 21.2 3.3± 1.2

[N ii] 6549.0 25.6± 10.3 1.6± 0.7

Hα 6562.8 2622.9± 200.7 167.7± 12.8

[N ii] 6584.0 77.1± 37.1 4.9± 1.6

He i 6680.0 14.7± 11.1 0.8± 0.7

[S ii] 6717.0 22.2± 0.1 1.5± 0.7

[S ii] 6731.0 21.4± 0.1 1.4± 0.5

He i 7065.0 461.7± 210.2 31.0± 12.2

[Ar iii] 7138.0 12.6± 3.4 1.0± 0.3

Fe ii 7156.0 26.2± 7.2 1.8± 0.2

[O ii] 7323.0 26.0± 23.0 1.7± 1.5

[O ii] 7325.0 16.9± 1.8 1.2± 0.1

[O ii] 7332.0 26.2± 9.1 1.8± 0.6

Fe ii 8228.0 23.7± 4.2 2.0± 0.3

Fe ii 8239.0 7.2± 4.0 0.6± 0.3

Fe ii 8289.0 6.3± 3.7 0.5± 0.3

Fe iii 8306.0 5.7± 3.6 0.5± 0.3

O i 8448.0 67.6± 2.4 6.1± 1.3

Fe ii 8470.0 16.2± 5.0 1.4± 0.4

Fe ii 8490.0 26.7± 4.3 2.4± 0.4

Pa10 9015.0 16.5± 5.0 1.8± 0.5

[S iii] 9071.0 27.2± 2.3 3.5± 0.3

Fe ii 9075.0 30.0± 4.7 3.4± 0.5

Fe ii 9125.0 16.8± 5.2 1.9± 0.6

Fe ii 9134.0 36.9± 5.0 4.1± 0.6

Fe ii 9179.0 95.0± 5.5 10.6± 0.6

Fe ii 9204.0 50.1± 6.1 5.6± 0.7

Pa9 9229.0 19.4± 7.0 2.2± 0.8

Fe ii 9394.0 17.3± 3.9 2.0± 0.5

[S iii] 9533.0 84.7± 5.9 10.2± 0.7

Pa8 9545.0 44.8± 11.3 5.4± 1.4

Fe ii 9997.0 29.5± 4.5 3.8± 0.6

Paδ 10049.0 104.2± 12.2 13.7± 1.7

Fe ii 10490.0 8.0± 2.7 1.1± 0.4

Fe ii 10501.0 24.4± 5.9 3.1± 0.8

He i 10830.0 163.0± 96.0 22.6± 13.3

Paγ 10938.0 146.3± 25.5 20.9± 3.8

Fe ii 11128.0 12.3± 3.7 1.8± 0.6

O i 11290.0 49.2± 4.1 7.7± 2.3

† Not corrected for lensing magnification.
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Table 3. Fluxes† of broad emission lines and their rest-
frame equivalent widths.

Line λrest Flux EW0

[Å] [10−20 erg s−1 cm−2] [Å]

Broad Emission Lines

Hα 6562.8 14803.5± 198.6 946.3± 15.6

He i 6680.0 144.6± 44.7 9.4± 2.9

He i 7065.0 824.2± 210.0 55.4± 15.1

Pa10 9015.0 53.7± 11.1 5.8± 1.3

Pa9 9229.0 119.0± 13.5 13.6± 1.5

Pa8 9545.0 191.2± 17.0 23.1± 2.1

Paδ 10049.0 370.6± 15.0 48.8± 2.3

He i 10830.0 2294.9± 212.6 318.8± 30.3

Paγ 10938.0 652.3± 14.0 92.9± 2.4

O i 8448.0 93.7± 7.9 8.4± 0.7

O i 11290.0 106.2± 63.9 16.6± 10.4

† Not corrected for lensing magnification.

Matthee et al. 2023; Rinaldi et al. 2025a,b), often sup-

pressed by surface-brightness dimming. As shown in

Figure 1, GLIMPSE-17775 likewise consists of two com-

ponents out to F200W (rest ∼4000 Å), coincident with

the Balmer break. Although we note that the break

itself is much weaker than found in objects with very

similar spectra (e.g. Wang et al. 2024) see Figure 3. At

longer wavelengths, however, a point-source morphology

takes over, consistent with a BH-dominated core. To

quantify this transition, we model the NIRCam imag-

ing using PYSERSIC (Pasha & Miller 2023) with a

minimal configuration: a fixed-center point source plus

a freely offset Sérsic profile. Normalizations, n, and reff
are all allowed to vary, and uncertainties are drawn from

the MCMC posteriors (e.g. Kokorev et al. 2024a).

Our fits show that the host galaxy dominates up to

λrest ∼ 4000 Å, where the host and nucleus contribute

roughly equally, beyond which the point source prevails

to λrest ∼ 1 µm. Because the NIRCam LW detector

has ≳2× poorer resolution than the SW, a clean sepa-

ration of host and nucleus in the rest-optical is imprac-

tical (e.g. see Whalen et al. 2025). Fortunately, F200W

lies at the transition where both the resolution and flux

ratio are favorable, so we use that band to illustrate

our galaxy/LRD decomposition. We illustrate this in

Figure 4, which also shows the increasing point-source

fraction with wavelength, while acknowledging the un-

certainties at longer wavelengths.

Table 4. Kinematic properties of narrow lines.

Line λrest FWHM ∆v

[Å] [km s−1] [km s−1]

Narrow Emission Lines

[O i] 6300.3 455± 175 −101± 81

Hα 6562.8 304± 8 +145± 13

[N ii] 6583.4 347± 117 +84± 47

[S ii] 6716.4 232± 62 +82± 33

[S ii] 6731 232± 62 +82± 33

He i 6678.2 87± 14 +40± 14

He i 7065.2 408± 644 +112± 396

[Ar iii] 7135.8 89± 50 −26± 20

Fe ii 7155.2 96± 50 +15± 15

[O ii] 7320.0 400± 120 −37± 72

Fe ii 8228.0 290± 48 +21± 5

Fe ii 8239.0 290± 48 +21± 5

Fe ii 8289.0 290± 48 +21± 5

Fe iii 8306.0 290± 48 +21± 5

O i 8446.4 235± 30 −43± 19

Fe ii 8470.0 290± 48 +21± 5

Fe ii 8490.0 290± 48 +21± 5

Pa10 9014.9 259± 36 −46± 19

[S iii] 9071.0 230± 13 –

Fe ii 9075.0 486± 24 −21± 17

Fe ii 9125.0 486± 24 −21± 17

Fe ii 9134.0 486± 24 −21± 17

Fe ii 9179.0 486± 24 −21± 17

Fe ii 9204.0 486± 24 −21± 17

Pa9 9229.0 259± 35 −46± 19

Fe ii 9394.0 486± 24 −21± 17

Pa8 9545.6 259± 36 −46± 19

[S iii] 9533 230± 13 +23± 13

Fe ii 9997.0 331± 55 +90± 25

Paδ 10049.4 332± 22 +21± 15

He i 10830.3 287± 46 +112± 26

Paγ 10938.1 267± 25 +26± 17

Fe ii 10490.0 332± 96 +44± 43

Fe ii 10501.0 332± 96 +44± 43

Fe ii 11128.0 153± 116 +37± 30

O i 11290.0 260± 58 −33± 24

Velocity offsets (∆v) calculated relative to [S iii]
λ9071 at z = 3.50102.
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Table 5. Kinematic properties of broad and
absorption lines.

Line λrest FWHM ∆v

[Å] [km s−1] [km s−1]

Broad Emission Lines

Hα 6562.8 1024± 21 −7± 16

He i 6678.2 1041± 792 −137± 151

He i 7065.2 473± 116 −136± 82

O i 8446.4 562± 331 +39± 80

Pa10 9014.9 766± 202 −155± 39

Pa9 9229.0 766± 202 −155± 39

Pa8 9545.6 766± 202 −155± 39

Paδ 10049.4 1672± 458 +23± 44

He i 10830.3 536± 45 +154± 22

Paγ 10938.1 1035± 322 −75± 31

O i 11287.0 1188± 1099 +245± 214

Absorption Lines

Hα 6562.8 1000± 123 −200± 32

He i 7065.2 587± 1024 −52± 83

He i 10830.3 794± 21 +45± 22

Velocity offsets (∆v) calculated relative to [S iii]
λ9071 at z = 3.50102.

After applying the lensing correction, we find that the

extended component that dominates the UV light has

a radius of reff ∼ 1000 pc, while the actual compact

LRD, dominant in rest-optical, is fully consistent with

the PSF and reff < 300 pc.

4.2. Dust Attenuation

The ratio between observed emission line fluxes is

commonly used to estimate dust extinction. For LRDs,

this has typically been achieved through the Balmer

decrement, provided that multiple Balmer lines are

available. In our case, only Hα is detected. While the

Paschen series, of which five lines are observed, could,

in principle, be used to estimate extinction, the likely

presence of stratified dense gas in LRDs (Naidu et al.

2025; de Graaff et al. 2025b) implies that the intrinsic

line ratios may deviate significantly from standard Case

B recombination expectations (Chang et al. 2025). Fur-

ther, at the wavelengths of the Paschen series, the at-

tenuation curves are practically flat (e.g. Calzetti et al.

2000), small offsets of the Case B ratios will a signifi-

cant effect on the derived dust attenuation, but in re-

turn require extreme precision on measured line fluxes

to be meaningful. Our uncertainties on e.g. Paγ/Paδ

are small, roughly 10-15 %, this still leads to an imprac-

tically high uncertainty on the AV. To circumvent this

limitation, we instead employ the ratio between the per-

mitted O iλ8448 and O iλ11290 lines. These transitions

share a common energy level, and under the assumption

of Bowen (Lyβ) Fluorescence, all transitions through the

λ11290 transition also cascade through the λ8448. This

makes their intrinsic intensity set solely by the ratio of

the inverse of their wavelengths

To ensure we are comparing the same physical gas

component, we isolate the narrow emission peaks in both

transitions, which show consistent widths of FWHM ∼
250 km s−1. This similarity supports the use of their

flux ratio as a dust probe. We adopt the SMC attenu-

ation curve (Gordon et al. 2003), widely used for high-

redshift galaxies and reddened AGN (Capak et al. 2015;

Reddy et al. 2015, 2018; Hopkins et al. 2004; Kokorev

et al. 2023; Taylor et al. 2025). Assuming an intrinsic

ratio of (8448/11290)int = 1.336 (Osterbrock 1989), we

infer AV = 0.1± 0.3 mag, consistent with negligible ex-

tinction. Despite this, the optical continuum slope is

red (βopt ∼ 0.35), indicating that the continuum shape

is dominated by the intrinsic SED of the dense cocoon

rather than dust reddening.
Fl
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5. LINE PROPERTIES

Our fitting procedure yields over forty emis-

sion/absorption features, most of them are detected at

a high (S/N> 3) significance. With all the pieces in

place, we now would like to comment of the line pro-

files, kinematics as well as the specific line species that

we find.

5.1. Exponential Wings

As already noted throughout Section 4, and further

highlighted in Figure 2, all of the permitted lines, with

the exception of O iλ8448 which is likely impacted by

data quality issues, in the spectrum are better fit when

the broad line is convolved with an exponential profile.

The statistical preference for this (as measured by the

∆BIC) being especially overwhelming for our brightest

line - Hα. To further demonstrate this, and compare

this fit to a more standard - Gaussian only approach,

we show both of the models in Figure 5. If the broad

line were to be only fit with a Gaussian profile, large

portions of the line appear to be under-fit at a ≳ 3 σ

significance level, while a model that includes exponen-

tial wings shows a much smoother, albeit not perfect,

residual plot.

This strong preference for exponential wings is consis-

tent with expectations from electron scattering in dense,

ionized gas. Unlike Gaussian profiles, which would arise

from Doppler broadening due to thermal and bulk mo-

tions around the SMBH, exponential profiles would only

arise in environments dominated by electron scattering

(e.g., Rusakov et al. 2025; Chang et al. 2025). The ab-

sence of strong broadening in the forbidden (e.g. [S ii],

[S iii] and [N ii]) lines already hints that the densities

where these electron scattered profiles originate must

already exceed multiple times that the critical density

of those transitions (ne > 106). Combined with the fact

that these broad profiles are non-Gaussian in shape, the

likely volume and column densities are likely to be even

higher, at ne = 108 cm−3 and Ne ∼ 1024 cm−2, respec-

tively, as suggested by both Rusakov et al. (2025) and

Inayoshi & Maiolino (2025).

It is important to note that such detailed profile de-

composition is only possible due to the exceptionally

high S/N per pixel achieved in the line wings of our

NIRSpec/G395M spectrum. As emphasized in Rusakov

et al. (2025), these features would be impossible to dis-

tinguish with shallower data or lower-resolution modes

such as NIRSpec/PRISM or even G395M exposures

lacking comparable depth.

5.2. Line Profiles
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Figure 6. Best-fit profiles of all broad lines, oversampled
and shifted to a common center. Hydrogen recombination
(Hα and Paschen series) and O i lines show largely similar
widths, consistent with their coupling through charge ex-
change. By contrast, He i lines are systematically narrower,
likely reflecting their distinct metastable triplet physics and
formation in a less dense, outer region.

Further, in Figure 6 we compare the best-fit models

for all broad lines. As noted previously, with the excep-

tion of O iλ8448, every broad line is better described

by exponential wings, resulting in very similar overall

line shapes. The main differences arise in their widths.

Despite some fits having sizable uncertainties, a trend

emerges across line species. Hydrogen recombination

lines (with the exception of Paδ) and O i transitions con-

sistently show comparable FWHM values of ∼800 km

s−1. This agreement is not coincidental. Neutral oxy-

gen and ionized hydrogen have nearly identical ioniza-

tion potentials, enabling rapid charge-exchange coupling

between O+ + H0 ⇌ O0 + H+ (Osterbrock & Ferland

2006). This continual electron exchange tightly locks the

spatial distribution, ionization state, and kinematics of

neutral oxygen to ionized hydrogen (and vice versa), so

their broad-line profiles are naturally expected to track

one another. The observed similarity therefore provides

an important consistency check, reinforcing that the O i

emission originates in the same dense, ionized gas as the

hydrogen recombination lines. In contrast, the Fe ii lines

exhibit significantly narrower widths, matching the nar-

row cores of the permitted transitions rather than their

exponential wings. This implies that the Fe ii emission

arises in a cooler, less turbulent zone exterior to the

scattering-dominated region, but still closely coupled to

the AGN continuum source.

By contrast, He i emission is systematically narrower.

He i lines such as λ7065 and λ10830 do not couple to hy-

drogen via charge exchange, and their lower metastable

level (23S) has distinct population physics, being fed by



Pumping Iron 13

both collisional and recombination pathways. Further,

one has to take into account the radiative transfer ef-

fects, which make it possible to radiatively excite meta-

stable ground state electrons. As a result, He i emission

may arise from a somewhat different spatial or kinematic

region than H and O. We return to this point in more

detail below.

Taken together, the similar FWHM of hydrogen and

oxygen broad-line profiles, combined with the near-

universal exponential wings seen across all permitted

transitions, strongly suggests that the line shapes are set

by a common, line-independent scattering kernel rather

than by transition-specific processes. Electron (Thom-

son) scattering in a dense, ionized cocoon provides a

natural explanation: it produces exponential wings of

nearly identical form across species, with widths set pri-

marily by the electron temperature and column density

(typically ∼ 1024 cm−2), and leaves only secondary vari-

ations from species-specific excitation or optical depth

effects (e.g. Chang et al. 2025; Rusakov et al. 2025). In

this framework, the narrower He i lines reflect stratifica-

tion within the cocoon, where He i emission arises from

an outer region that has a lower density temperature or

column density portion of the object, while the bulk hy-

drogen and oxygen emission share a common kinematic

imprint within an inner - denser region.

5.3. Line Kinematics

Before we proceed to discussing individual features in

more detail, we would like to comment on the systematic

velocity offsets between various line species in the spec-

trum on GLIMPSE-17775. As we mentioned before, we

choose the redshift of the narrow forbidden [S iii]λ9701

as the systemic one, due to it being relatively bright

and isolated. We place all velocity offsets in context, by

plotting all values from Table 4 and Table 5 in Figure 7.

While every fit formally yields a centroid, the signifi-

cance of any offset is constrained by the spectral resolu-

tion and S/N of the data. To gauge which velocity shifts

are meaningful, we adopt a conservative uncertainty of

∆V ∼ med(R)/5, with R = λ/∆λ. This corresponds

to ∼60 km s−1, below which offsets are unlikely to be

statistically significant.

Qualitatively, we do not find systematic shifts of ei-

ther permitted or forbidden narrow lines relative to the

systemic redshift. Iron lines also appear consistent with

the systemic velocity. In contrast, the permitted broad

lines, together with their associated absorption compo-

nents, show a consistent blueshift of order ∼100 km s−1.

Such blueshifts are commonly interpreted as signa-

tures of outflowing gas in the broad-line region, where

scattering and absorption occur preferentially along out-

H𝛼

Pa 8,9,10

HeI 𝜆7065

HeI 𝜆6778

OI 𝜆11287

HeI 𝜆10830

Pa𝛾

Figure 7. Velocity offsets (relative to [S iii]λ9071) and
FWHM for all detected lines. Narrow permitted lines are
shown as maroon circles (open for forbidden), broad lines in
blue, absorption in gold, and Fe ii lines as green diamonds.
The shaded band marks the velocity uncertainty set by the
median spectral resolution. Narrow lines align closely with
the systemic redshift, while absorption features show mod-
erate blueshifts of ∼ 150 km s−1.

flowing sight-lines. In the context of GLIMPSE-17775,

this modest but systematic offset strengthens the case

for a stratified cocoon, while the narrow lines trace gas

in the outer regions at systemic velocity, the broad-line

region and absorbing layers appear to be participating

in bulk outflows. Confirming the detailed velocity struc-

ture, however, will require higher-resolution follow-up

with the NIRSpec H-gratings (e.g. see Saldana-Lopez

et al. 2025; Torralba et al. 2025).

5.4. Hydrogen Absorption Lines

Although no strong hydrogen absorption lines are ex-

plicitly detected, the Hα profile (Figure 2) shows a no-

ticeable asymmetry, with suppressed flux on the blue

side of the line. This feature is best modeled by a

blueshifted (∼ −200 km s−1) absorption component,

as already noted in Section 4. Similar non-resonant

absorption signatures (e.g., Balmer lines) are now rou-

tinely observed in LRDs across a wide range of redshifts

(e.g. Greene et al. 2024; Lin et al. 2024; Labbe et al.

2024; Taylor et al. 2025; Kokorev et al. 2024b). The

presence of such absorption implies high gas densities

of order n ∼ 109 cm−3 (Inayoshi & Maiolino 2025; Hall

2007). Interestingly, only atoms in the n = 2 state ap-

pear significantly populated, as we detect no evidence
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for Paschen absorption in any of the five lines present

in our spectrum. This is also not an instrumental effect

of the M-grating, as we clearly see an absorption fea-

ture in He iλ10830, but not the immediately adjacent

Paγ. This indicates that n = 3 state is comparatively

underpopulated.

Another key manifestation of the same physical mech-

anism is the Balmer break, corresponding to the n =

∞ → n = 2 transition limit. A prominent break is com-

mon in many LRD spectra (Setton et al. 2024), though

not ubiquitous (e.g. Kokorev et al. 2023; Tripodi et al.

2025). While our spectral coverage does not extend to

the Balmer limit itself, we observe a discontinuity of ∼1

mag between the F200W and F150W filters. Due to

the F200W coverage of the SED, this flux jump can-

not be attributed to line boosting from Hβ and the

[O iii] doublet. Adopting the break parametrization of

Naidu et al. (2025) we use our best-fit SED and mea-

sure fν,4050Å/fν,3670Å = 2.02 ± 0.10. Although weaker

than the extreme values (∼ 4 − 7) reported for LRDz9

(Taylor et al. 2025), MoM BH∗-1 (Naidu et al. 2025), or

“the Cliff” (de Graaff et al. 2025b), this value lies close

to the maximum achievable by evolved stellar popula-

tions (Wang et al. 2024; Labbe et al. 2024).

Taken together, the presence of asymmetry in the

Hα profile, likely caused by blueshifted Balmer absorp-

tion, and a Balmer break adds to the evidence, com-

plementing the exponential line wings, that the emis-

sion in GLIMPSE-17775 arises from a dense, ionized co-

coon of gas. The lack of a detectable Paschen break is

consistent with this picture, as high densities and opti-

cal depths result in Thomson scattering, but would also

naturally wash out higher-order continuum edges (e.g.

Wang et al. 2025). Assuming LTE, an extremely low

ratio n3/n2 ≲ 0.01 corresponds to an electron tempera-

ture of Te ∼ 5000 K or below, consistent with the warm,

partially ionized gas expected in dense LRD cocoons.

We also observe moderately prominent and ex-

tremely prominent blueshifted absorption, respectively,

in He iλ7065 and He iλ10830 the mechanism for this

is similar, but not identical to the hydrogen lines. We

also note the prominent blueshifted absorption seen in

both He iλ7065 and He iλ10830. However, the physical

mechanism driving these helium features differs funda-

mentally from that of the hydrogen lines, and we return

to this in the following section.

5.5. Helium Lines

Both He iλ7065 and He iλ10830 show blueshifted

(∼70–80 km s−1 from the narrow-line center) absorption

components with widths of ∼600–700 km s−1. Unlike

the Balmer series, helium transitions are resonantly scat-

tered, so the arguments about n = 2 state abundances

do not apply. Before addressing the absorption itself,

it is useful to consider what the observed line strengths

already tell us.

In the spectrum of GLIMPSE-17775 we detect three

He i lines: λ6680, λ7065, and λ10830. These originate

from different physical mechanisms. The λ6680 singlet

line is produced via recombination or radiative pumping

and is only weakly dependent on density. By contrast,

λ7065 and λ10830 belong to the triplet system (along

with λ3889, not covered by G395M), where the lower

level is populated due to its very long lifetime. Elec-

trons in this “ground state” can be can be collisionally

or radiatively excited into higher energies and therefore

the triplet lines strengths depend strongly on density

and, to a lesser extent, temperature. As emphasized

by Berg et al. (2025), He iλ10830 is the most sensi-

tive density diagnostic among these transitions, followed

by λ7065. The fact that both are much stronger than

λ6680 indicates that the region where they form is very

dense. The prominence of λ10830 in particular already

points to a high-density environment with a tempera-

ture T ≳ 104 K. Further, the broad λ6680 has a notice-

ably higher FWHM compared to the triplet lines, but is

consistent with hydrogen recombination lines. Which,

again, makes sense since both originate from the same

mechanism.

So what about absorption? Well, it turns out that its

presence further reinforces this picture. The lower level

(23S) of the triplet system is a metastable, long-lived

state that effectively acts as a ground state in dense or

partially ionized gas. As a result, photons from the 23P

→ 23S transition can be resonantly absorbed and re-

emitted many times, analogous to Lyα or Mg ii. This

mechanism naturally produces strong absorption fea-

tures when the He i column density is high. The fact

that He iλ10830 not only dominates the helium spec-

trum in emission but also shows the deepest absorption

in the entire spectrum provides compelling evidence for

a dense, ionized cocoon of gas enshrouding GLIMPSE-

17775.

5.6. Oxygen Lines

Above, we noted that O iλ8446 and λ11290 share

very similar profiles with the hydrogen recombination

lines. This is naturally expected because neutral oxy-

gen is tightly coupled to hydrogen via charge exchange,

which rapidly equilibrates the O/H ionization states

in dense gas. When charge exchange is fast (high

nH), the O i/O ii ratio tracks the H i/H ii ratio, so the

O i–emitting gas shares the same kinematics as the hy-

drogen recombination region (Draine 2011). The ob-
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Figure 8. Lyα–pumped iron emission in GLIMPSE-17775. Left: Observed Fe ii flux ratios (black points), normalized to
Fe ii λ9075, compared with predictions from Lyα fluorescence models of Sigut & Pradhan (2003) (blue). The close correspondence
across ∼ 14 lines indicates a common excitation mechanism driven by Lyα pumping in dense, partially shielded gas. Right:
Zoom-in on the λλ9000–9400 Å complex showing the remarkable agreement between the modeled continuum-subtracted Fe ii
spectrum (black) and the Sigut & Pradhan (2003) model (blue). We show air wavelengths of each Fe ii line directly form Sigut
& Pradhan, including the blended features. Together, these comparisons support an origin in the dense inner regions of the
cocoon surrounding the accreting black hole.

served agreement in FWHM between H and O i lines

is therefore an important consistency check that both

species originate in the same dense, partially ionized

phase.

A second, independent clue of high gas density and ra-

diation field intensity comes from the excitation mecha-

nism. The O i λ8446–λ11287 pair is the classic signature

of Lyβ (Bowen) fluorescence: Lyβ pumps O i from the

ground state and the ensuing cascade preferentially pop-

ulates the levels that emit 1.129 µm that then cascade

down through the 8446 Å line. In this channel, the line

emissivity scales with both the neutral oxygen (or equiv-

alently neutral hydrogen, via charge exchange) column

and the local Lyβ radiation field, so producing strong

O i fluorescence requires both a very bright Lyβ source

and a dense neutral (or partially ionized) cocoon.

Further, we do not detect (5σ upper limit < 12/[10−20

erg s−1cm−2]) any other of the permitted O i λ7774,

λ7254, and λ7790 lines, and the [O i]λ6302/O iλ8446

ratio is weak. If collisional excitation or pure recom-

bination dominated, these lines would be comparatively

strong; their absence strongly favors Bowen fluorescence

as the primary driver of the observed O i emission.

Finally, the velocity structure adds a natural strati-

fication: hydrogen recombination and O i (fluorescent,

charge-exchange coupled) share widths and profiles,

while He i lines are systematically narrower. Since He i

triplet transitions emerge from a metastable 23S level

(with distinct, density-sensitive population pathways

and resonant transfer), they likely trace a kinematically

distinct layer within the same cocoon.

5.7. Lyα Fluorescence in Iron Lines

Permitted iron emission, primarily Fe ii and Fe iii (e.g.

Labbe et al. 2024; Tripodi et al. 2025; Torralba et al.

2025), but in some cases extending to highly ionized

species such as Fevii (Tang et al. 2025; Lambrides et al.

2025) and Fex (Furtak et al. 2024), has become a re-

curring feature in LRD spectra. In GLIMPSE-17775,

the spectrum is exceptionally rich in near-infrared iron

lines: we identify 16 Fe ii and one Fe iii transition. Un-

derstanding the origin of this emission is key to inter-

preting the dense gas environment in LRDs.

The physics of Fe ii emission has long been a challenge

for BLR photoionization models (Joly 1993). Thick,

high-column density (∼ 1025 cm−2) gas at the edges of

the accretion disk has been invoked as a potential source

(Joly 1987; Collin-Souffrin et al. 1988), where the scat-

tering and absorption of the hard X-ray photons would

ionize the gas. Similarly, this would also enhance the

Balmer and Paschen line luminosities. Further, exten-

sive theoretical work has shown that Lyα fluorescence is

fundamental in reproducing the observed Fe ii strengths

(Sigut & Pradhan 1998, 2003). Lyα pumping not only

boosts the UV and optical Fe ii emission, but also pre-

dicts strong lines in the near-infrared.

This expectation aligns closely with our observations.

In Figure 8, we compare our measured Fe ii flux ra-

tios (normalized to Fe iiλ9075) against the Lyα-pumped

model predictions of Sigut & Pradhan (2003). With

the exception of Fe iiλ9179, affected by blending with

Fe iiλ9204 and Pa9, we find remarkably good agreement

across the suite of detected features. In particular, the

dense forest of Fe ii transitions spanning λλ9000–9200 Å

(center-right panel in Figure 2) is reproduced almost ex-

actly by the theoretical spectrum (cf. Fig. 11 in Sigut &
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Pradhan 2003). We overlay the Sigut & Pradhan model

directly on our continuum-subtracted fit in Figure 8,

demonstrating that the observed Fe ii emission is fully

consistent with fluorescence in dense gas near the broad-

line region. The implication is that the majority of the

Fe ii emission in GLIMPSE-17775 arises through Lyα

pumping, directly tracing an extremely dense medium,

ionized by an extremely luminous source - likely an ac-

creting black hole. Given that the Fe ii are somewhat

narrower compared to other permitted features, it is

likely that the emitting region is further from the BLR,

something that has already been shown in a classic ex-

ample of narrow Fe ii emitter - I Zw 1 (Rudy et al. 2000;

Marinello et al. 2016).

Together with the Balmer absorption, helium triplet

features, and Bowen fluorescence in O i, the iron forest

adds another piece of evidence that points to a dense

cocoon enshrouding the black hole.

5.8. Source Properties

Based on the previous discussion, we now present

the likely physical properties of the black hole and its

host. The coexistence of broad permitted and narrow

forbidden lines indicates, as in most LRDs (Hviding

et al. 2025), that the broad components originate in an

AGN broad-line region (BLR). Following Greene & Ho

(2005), we derive MBH from the luminosity and width

of the broad Hα line, assuming the exponential-wing

profile demonstrated in Figure 2 and Figure 5. With

FWHMHα = 1024 ± 21 km s−1, negligible dust, and

µ = 2.04, we obtain log(MBH/M⊙) = 6.65±0.15, where

the dominant uncertainty arises from the Greene & Ho

calibration. A purely Gaussian fit, though statistically

disfavored, would yield a FWHM three times larger and

a black hole mass nearly a dex higher. Throughout this

work we adopt the MBH from the exponential model.

Further, by assuming that the bolometric luminosity

(Lbol) scales as Lbol = 130×LHα (Richards et al. 2006),

we find Lbol = (1.06 ± 0.14) × 1045 erg/s. Using our

MBH derived by assuming exponential wings, we then

find that this object is accreting at a super-Eddington

rate - Lbol/Ledd = 1.86 ± 0.25. This is higher than

the vast majority of LRDs at all redshifts (e.g. Taylor

et al. 2025; Kokorev et al. 2023; Juodžbalis et al. 2024;

Akins et al. 2025; Furtak et al. 2024; Maiolino et al.

2023; Kocevski et al. 2024), which are found to accrete at

sub-Eddington rates. However recent works examining

LRDs with extreme Balmer breaks derive accretion rates

that exceed the Eddington limit (de Graaff et al. 2025b;

Naidu et al. 2025; Lambrides et al. 2024).

A recent work examining multi-wavelength LRD data

however has suggested that the bolometric luminosity

emerges mostly from the rest-frame optical, with X-

rays and radio contributions being largely subdominant

(Greene et al. 2025). Given the suggested dominance

of the optical light in LRDs, the much lower bolometric

corrections (×7−10 lower) would potentially imply lower

black hole masses and total bolometric luminosities (e.g.

derived from Hα) than the standard (e.g Greene & Ho

2005) might suggest. This adjustment would lower both

the inferred black hole masses and bolometric luminosi-

ties (e.g., those derived from Hα). However, because

the two quantities scale together, the implied super-

Eddington nature of GLIMPSE-17775 would remain un-

changed, though the black hole mass could decrease

to ∼ 105.5–105.8 M⊙. A more detailed reassessment of

bolometric corrections for LRDs is clearly warranted,

but such an analysis lies beyond the scope of this work.

For consistency with previous studies, we adopt the

standard AGN bolometric corrections throughout, with

all derived parameters listed in Table 1.

Finally, we estimate an upper limit on the stellar

mass in GLIMPSE-17775. Previous studies have mod-

eled LRDs using joint galaxy+AGN SED decomposition

(e.g., Furtak et al. 2024; Kokorev et al. 2023), and more

recently within the BH∗ framework have assumed that

most of the rest–UV flux arises from the host galaxy

(Taylor et al. 2025; Naidu et al. 2025). Our spatial de-

composition (Figure 4) supports this assumption: the

extended component contributes > 80% of the rest–UV

light, implying that the bulk of the stellar mass re-

sides in this resolved structure. Given this, we adopt

a simple empirical approach using the MUV–M∗ rela-

tion (e.g. Stark et al. 2009; Labbé et al. 2013) and ob-

tain a conservative upper limit on the stellar mass of

M∗ ≲ 107.5M⊙. This in return gives us a BH-to-host

mass ratio of ≲ 0.14, which is significantly elevated from

local expectations (Greene & Ho 2005), but is not as

extreme as some other LRDs reported in the literature

(Furtak et al. 2024; Kokorev et al. 2023; Maiolino et al.

2023).

6. DISCUSSION AND SUMMARY

6.1. Dense and Ionized Gas Surrounding the AGN

Our NIRSpec/G395M observations of GLIMPSE-

17775 reveal a remarkably consistent picture: across in-

dependent tracers, the line emission requires an environ-

ment of extremely high density and partial ionization.

First, the broad permitted lines are universally better

fit by exponential wings, a hallmark of electron scatter-

ing in gas with ne ≳ 108 cm−3 and column densities

approaching Ne ∼ 1024 cm−2. Such profiles are not re-

produced by Doppler broadening alone and point to an

ionized scattering medium enveloping the source. The
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Figure 9. Physical picture of the dense cocoon around GLIMPSE-17775. The inner region (1) corresponds to the
dense, highly ionized broad-line region where electron scattering (orange lines) produces exponential wings, H and O I share
coupled kinematics (via charge exchange and Bowen fluorescence), and strong Balmer absorption/break signatures arise. The
outer layer (2) represents an intermediate-density ionized medium, where He I triplet lines show resonant absorption from the
metastable 23S level and Fe II emission is driven by Lyα fluorescence. Together, these zones form a stratified cocoon enshrouding
the accreting black hole. Bottom right panel shows stacks line profiles of H, O i, He i and Fe ii.

fact that hydrogen and O i lines share consistent FWHM

values further anchors this interpretation, as charge ex-

change tightly couples neutral oxygen to the ionization

and kinematics of hydrogen.

Second, the detection of blueshifted Balmer absorp-

tion and a significant Balmer break both require high

n = 2 populations and densities n ∼ 109 cm−3. Helium

transitions provide a complementary view: the triplet

lines λ7065 and λ10830 are both strongly enhanced rel-

ative to the singlet states and show deep blueshifted ab-

sorption, consistent with resonant scattering from the

metastable 23S level. Their systematically narrower

widths compared to hydrogen and oxygen suggest strati-

fication, with helium arising from denser, more compact

layers of the cocoon.

Third, the O iλ8446–λ11290 pair confirms Lyβ fluo-

rescence, requiring both a bright Lyβ radiation field and

a dense reservoir of neutral gas. The absence of other

permitted O i lines not fed by Lyβ strengthens this con-

clusion. Finally, the detection of 16 Fe ii lines, forming

an incredibly rich iron forest in this LRD, matches pre-

dictions from Lyα fluorescence models, again demanding

an intense radiation field and very high densities.

Because the BLR is unresolved in essentially all AGN,

broad-line widths are traditionally interpreted as virial

tracers of the black hole potential. In GLIMPSE-17775,

the virial story alone is insufficient: the issue is not

how broad the lines are, but how they broaden. The

profiles exhibit extended, nearly linear wings in veloc-

ity space that are incompatible with a Gaussian. In-

stead, the lines are systematically and significantly bet-

ter described by a model consisting of a narrow Gaussian

core (virial motion) plus exponential wings, the hall-

mark of Thomson scattering in a dense ionized medium.

Thus, the line shape encodes both gravitational kine-

matics and radiative-transfer physics in the surround-

ing cocoon. Our schematic (Figure 9) summarizes this

revised view: in LRDs, broad-line profiles are not set

by dynamics alone, but by the scattering environment

through which the photons escape.

Such conditions—high optical depths, large col-

umn densities, and evidence for radiation-dominated

gas—are precisely those expected in super-Eddington

accretion flows. In this regime, radiation pressure

inflates the inner accretion structure, driving power-

ful winds and forming the very dense, partially ion-

ized envelope we infer here. The low X-ray luminosi-

ties and weak radio emission commonly observed in

LRDs (e.g., Akins et al. 2024; Ananna et al. 2024;

Kokubo & Harikane 2024; Yue et al. 2024) are consis-
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tent with this picture: the X-rays are likely absorbed

or thermalized within the optically thick cocoon, while

dust cannot survive in such an intense radiation field

(e.g., Inayoshi & Maiolino 2025; Naidu et al. 2025; de

Graaff et al. 2025b; Taylor et al. 2025; Lambrides et al.

2024). Thus, the spectroscopic signatures observed in

GLIMPSE-17775—exponential wings, absorption fea-

tures, and fluorescence-driven metal lines—fit naturally

into a scenario where super-Eddington accretion onto

a low-mass black hole powers the luminous yet heavily

reprocessed emission.

Taken together, the exponential wings, Balmer and

helium absorption, Bowen oxygen lines, and Lyα-

pumped iron forest all converge on the same physical

picture: GLIMPSE-17775 is enshrouded in a dense, par-

tially ionized cocoon of gas.

6.2. Final Remarks

Using a combination of the intrinsically deepest NIR-

Cam photometry and NIRSpec/G395M observations of

the lensed AS1063 field, we present a detailed investiga-

tion of a little red dot at z = 3.501. The spectrum of

GLIMPSE-17775 is exceptionally rich, with more than

forty detected features, allowing us to probe the physical

conditions of the gas with unprecedented detail. Multi-

ple independent diagnostics converge on the presence of

a dense, partially ionized cocoon heated by a powerful

ionizing source.

Typical of other LRDs, GLIMPSE-17775 is extremely

compact in the rest-optical (reff < 300 pc) but exhibits

more extended structure in the rest-UV (reff ∼ 1000

pc; Figure 1). It shows unmistakable AGN signatures

through broad permitted lines (e.g., Greene et al. 2024;

Kocevski et al. 2023; Kokorev et al. 2023; Furtak et al.

2024). The uniquely deep G395M spectrum further

reveals clues to the physical origin of both its contin-

uum and line-emission properties. We detect exponen-

tial broad-line wings, Balmer and helium absorption,

Bowen–pumped O i, Fe ii emission produced by Lyα

fluorescence, and evidence for rapid, potentially super-

Eddington growth.

Together, these diagnostics provide one of the clear-

est cases yet for the BH∗ “dense cocoon” scenario (In-

ayoshi & Maiolino 2025; Naidu et al. 2025; de Graaff

et al. 2025b; Taylor et al. 2025). The same ingre-

dients we observe—exponential broad wings, Balmer-

break absorption, He i absorption, and rich Fe ii and O i

fluorescence—have been detected individually in several

other bright LRDs with medium- and high-resolution

spectroscopy (e.g. Torralba et al. 2025; D’Eugenio et al.

2025; Labbe et al. 2024; Furtak et al. 2024; Wang et al.

2025; Juodžbalis et al. 2024; Lambrides et al. 2025), sug-

gesting that dense, optically thick gas may be a common

feature of the population rather than an anomaly. What

distinguishes GLIMPSE-17775 is that all signatures are

captured simultaneously and at high S/N, allowing a

self-consistent physical interpretation. If such cocoons

are widespread, then super-Eddington accretion may be

a typical pathway for black-hole growth in LRDs, espe-

cially among the most luminous systems. Establishing

how these signatures vary with luminosity and redshift

will be essential for determining whether dense cocoons

represent a dominant mode of early black-hole assembly.

The convergence of five independent diagnostics—

exponential scattering wings, Balmer-limit absorption,

helium triplet physics, and two distinct fluorescence

channels—leaves little doubt: GLIMPSE-17775 hosts a

dense (n ∼ 108−9 cm−3), optically thick (Ne ∼ 1024

cm−2) cocoon of partially ionized gas surrounding a

super-Eddington accreting black hole. This represents

some of the most direct and comprehensive spectro-

scopic evidence to date for the dense cocoon scenario

in LRDs.
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Furtak, L. J., Labbé, I., Zitrin, A., et al. 2024, Nature, 628,

57, doi: 10.1038/s41586-024-07184-8

Gordon, K. D., Clayton, G. C., Misselt, K. A., Landolt,

A. U., & Wolff, M. J. 2003, ApJ, 594, 279,

doi: 10.1086/376774

Greene, J. E., & Ho, L. C. 2005, ApJ, 630, 122,

doi: 10.1086/431897

Greene, J. E., Labbe, I., Goulding, A. D., et al. 2024, ApJ,

964, 39, doi: 10.3847/1538-4357/ad1e5f

Greene, J. E., Setton, D. J., Furtak, L. J., et al. 2025, arXiv

e-prints, arXiv:2509.05434,

doi: 10.48550/arXiv.2509.05434

Hall, P. B. 2007, AJ, 133, 1271, doi: 10.1086/511272

Hopkins, P. F., Strauss, M. A., Hall, P. B., et al. 2004, AJ,

128, 1112, doi: 10.1086/423291

Horne, K. 1986, PASP, 98, 609, doi: 10.1086/131801

Hviding, R. E., de Graaff, A., Miller, T. B., et al. 2025,

arXiv e-prints, arXiv:2506.05459,

doi: 10.48550/arXiv.2506.05459

Inayoshi, K., & Maiolino, R. 2025, ApJL, 980, L27,

doi: 10.3847/2041-8213/adaebd
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