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Recent observations have found a large number of supermassive black holes already
in placeinthe first few hundred million years after the Big Bang, many of which seem
to be overmassive relative to their host galaxy stellar mass when compared with local
relation'. Several different models have been proposed to explain these findings,

ranging from heavy seeds to light seeds experiencing bursts of high accretion rate

10-16

Yet, current datasets are unable to differentiate between these various scenarios. Here
we report the detection, from the JADES survey, of broad Hax emission in a galaxy at
z=6.68, which traces ablack hole with amass of about 4 x 108M_and accreting ata
rate of only 0.02 times the Eddington limit. The black hole to host galaxy stellar mass
ratiois about 0.4—thatis, about1,000 times above the local relation—whereas the
system s closer to the local relations in terms of dynamical mass and velocity
dispersion of the host galaxy. This object is most likely an indication of amuch larger
population of dormant black holes around the epoch of reionization. Its properties
are consistent with scenarios in which short bursts of super-Eddington accretion have
resulted inblack hole overgrowth and massive gas expulsion from the accretion disk;
inbetween bursts, black holes spend most of their life in adormant state.

The galaxy JADES GN+189.09144+62.22811 1001830 (hereafter
GN-1001830), located in the GOODS-N field, was observed with
JWST both with Near Infrared Camera (NIRCam) and with the Near
Infrared Spectrograph (NIRSpec) multi-object mode, both with the
low-resolution prism and medium-resolution gratings as part of the
JADES (JWST Advanced Extragalactic Survey), PID:1181. The NIRSpec
spectrareveal multiple emission nebular lines (Extended Data Fig. 1),
which show that the galaxy isatz=6.677 + 0.004.

The Halineisinthe gap of the medium-resolution grating spectrum
and observed onlyin the prism spectrum (Fig.1). However, the resolu-
tion at this wavelength s sufficient to reveal a clear broad component
of this line. The broad component is fairly symmetric and not seen in
[O111] (Extended DataFig. 3). This suggests that the broad Ha line is not
associated with outflows, leaving as the most plausibleinterpretation
thebroad-lineregion (BLR) of anaccreting black hole, thatis, an active
galactic nucleus (AGN).

The broad component has a width of 5,700}738 km s and a flux
0f27.3144 107" erg s cm 2. Assuming the local virial relations™®
and taking into account the effect of dust obscuration, we estimate
ablack hole mass of log(Mg,/M,) = 8.61133% (Methods).

Coupled withthe bolometric luminosity, estimated fromthe broad
component of Ha, but also consistently from the photometric fit
of the nuclear component (Methods), we infer that the galaxy is
accreting at 2.4% of its Eddington limit, that is, Agqq=Lyo/Legq=
0.024'3:95. , with an intrinsic scatter of 0.5 dex (see Methods for
details).

The fact that the AGN is so underluminous allows constraining the
properties of the host galaxy much better than in luminous quasars.
We used the ForcePho (Johnson, B., manuscriptin preparation) tool to
decompose the contribution of the nuclear region, hosting the unre-
solved AGN, from the host galaxy in NIRCam images (Methods). The
morphology can be well fitted with a nuclear unresolved sourceanda
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Fig.1|Prismspectrumand Hx line of GN-1001830. a, The two-dimensional
prismspectrum. b, The one-dimensional prism (black linein the bottom panel)
with marked emissionlines. ¢, The spectrum around Ha showing the presence
ofabroad component. Thelinesshownare the observed spectrum (black solid
line, with grey shading indicating louncertainties) along with the best-fit line
tothenarrow (red dashed) and broad (green dashed) components. The [N11]
doubletisshowninblue;itis only marginally detected at 20. The magenta solid

compact (with half-light radius R, = 140 pc) host galaxy with adisc-like
profile (Sérsicindexn=1).

The eight-band photometry of the host galaxy was then fitted
with the SED fitting codes BAGPIPES” and Prospector® (Methods).
Thesefits are consistent and averaged together, yielding a stellar mass
log(M,/M,) =8.92*330and instantaneous star formation rate SFR=
1.38'5:52 M, yr™* (within the past 10 Myr), which places our object a
factor of 3 below the star-forming main sequence at its redshift.

Figure 2 shows the location of GN-1001830 (large magenta circle)
ontheL/L4 versus My, diagram (Fig. 2a,c) and on the Mg, versus M,
diagram (Fig. 2b,d). In Fig. 2a,c, our source is compared with other
AGN discovered by previousJWST studies at similar redshifts (4 <z <11,
blue symbols)'®%, along with bright z > 5 quasi-stellar objects (QSOs)
observed withJWST (orange and yellow symbols)** . Figure 2a shows
that our object isamong the most massive black holes found by JWST,
with a mass similar to that of luminous high redshift quasars, but it
accretes at arate lower by about two orders of the observed negative
correlation of magnitude. Therefore, our objectis the dormant coun-
terpart of luminous, high redshift quasars.

Moreover, Fig. 2bindicates that our object is one of the most overmas-
siveblack holes found by JWST, that is, the black hole mass approaches
50% of the stellar mass of the host—about 1,000 times above the local
relation between the black hole and host galaxy stellar mass.

The JWST finding of several overmassive black holes at high red-
shift"?>**?” has been interpreted by previous works?? as the result of
alarge scatter of the black hole-stellar mass relation combined with
selection effects, thatis, more massive black holes tend to be preferen-
tially selected, as they can reach higher luminosities. Our discovery of
these overmassive black holes associated with a low luminosity AGN,
because of its low Eddington ratio, is incompatible with the selection

lineshows the total fit. The grey line portionataround 4.95 um of the spectrum
shows the region that was masked because of a possible artefact or Ha emission
fromalower redshiftinterloper.d, The fit residuals for asimple narrow Hax and
[N11] fit (black line) and the best fit, containing abroad component (purpleline).
The narrow-line-only fit does not account for the broad wings of the line, leaving
substantial systematic residuals.

effect scenarios asour dataare deep enough tobe less sensitive to selec-
tion effects (Fig. 3). This is discussed more extensively in the Methods.

Some previous studies have found that early black holes are over-
massive only relative to the stellar mass, but when compared with the
velocity dispersion and dynamical mass of the host galaxy, they are
more aligned with the local relation>*°. As detailed in the Methods,
based on the profile of the [O111] doublet, we find that this is the case
alsofor GN-1001830. In contrast to its strong offset on the My—M,, this
galaxyis closer to the local M- and My, —-M,,, relations. Thisindicates
that the baryonic mass of the host galaxy is already in place but that
star formation lags, possibly because of feedback generated by black
hole accretion.

The presence of overmassive black holes in the early Universe has
been explained by a variety of models and cosmological simulations.
These predict thatblack holes are born either from relatively massive
seeds (often called heavy seeds, such as direct collapse black holes,
originating from clouds of pristine gas) accreting below the Edding-
tonrate or fromshort phases of super-Eddington accretion (possibly
driven by galaxy mergers) either onlight (stellar remnants) or on heavy
seeds'®1%313* Figure 2c,d shows the comparison of GN-1001830 with
the CAT semi-analytical models fromrefs. 10,11, which predict both
scenarios, in a snapshot at z=7. The Eddington-limited, heavy-seeds
scenario (grey small symbols) fails to reproduce the properties of
GN-1001830. Toreproduce thelarge black hole masses observed at high
redshift without exceeding the Eddington limit, this scenario requires
black holestobeaccreting close to the Eddington limit most of the time.
Therefore, the high-mass black holes, predicted by this scenario, are
notfound at the highly sub-Eddington rates as observedin our object.
Moreover, this scenario can reproduce either a very overmassive nature
ofblack holes (My,/M, = 0.1) only for low-mass galaxies (M, - 10°-10'M,)
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Fig.2|Comparison of GN-1001830 with other high-2AGN and modelsin
terms ofaccretionrate, black hole mass and stellar mass of the host galaxy.
a,c,Accretionraterelative to the Eddington limit, A4, versus black hole mass,
log Mg,. b,d, Black hole mass versus stellar mass of the host galaxy log M_. The
greendashed linesindicate constant My,/M ratios, whereas the solid green
linerepresentsthelocal relation fromref. 18; the shaded region shows the
scatter.In all panels, GN-1001830 is indicated by amagenta circle with error
bars.Inaandb, comparison with other JWST-discovered AGN at high redshift
isshowninblue®*and with the QSO population at similar redshiftsis shownin

or more moderately overmassive black holes (My,/M, = 0.01) in more
massive galaxies. Therefore, itis not able to reproduce the My,/M, = 0.43
observed in GN-1001830 with M, = 2 x 10°M,,. By contrast, the models
show that even starting from light seeds, allowing super-Eddington
accretion bursts (red contours) can reproduce the observed proper-
ties of our object. It may sound counterintuitive that super-Eddington
scenarios can better reproduce the relatively quiescent AGN in
GN-1001830. The fact is that super-Eddington accretion phases allow
the black hole to grow rapidly in short (1-4 Myr) bursts, whereas the
resulting strong feedback makes the black hole lack gas to accrete
significantly for long periods. Therefore, black holes can reach high
masses while staying dormant for long periods, increasing the prob-
ability of seeing them in alow luminosity (dormant) state.

We note that the sameresultis also found when comparing with fully
self-consistent cosmological simulations of galaxy formation, such as
FABLE (Feedback Acting on Baryons in Large-scale Environments), as
discussed in the Methods.

Apartfromthe super-Eddington scenario described above, models
that implement radiatively inefficient accretion onto low-spin black
holes® could also help explain our finding. However, a detailed treat-
ment of this scenario is beyond the scope of our work.

Itistemptingto speculate that our result favourslight seed models.
However, the same result would also hold if the models had started with
heavy seeds. The key feature that allows the properties of GN-1001830
tobematched is thefact thataccretion goes through super-Eddington
phases, regardless of the seeding mechanism.
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orange and yellow?*?®. The observed negative correlation between A4y and
My, is probably reflective of the dependence of Eddington luminosity on black
hole mass and observationalincompleteness and not aseparate physical
phenomenon.Incandd, comparisonwith the predictions (atz=7) fromthe
semi-analytical models fromrefs. 10,11in the scenario of Eddington-limited
accretionisshownasgrey points and the scenario of light or heavy seeds

that can experience super-Eddington accretion as red contours. Error bars
indicate louncertainties.

Finally, we argue that dormant, overmassive black holes in galaxies
with low SFR, such as GN-1001830, are probably quite common in the
early Universe. Finding one of them out of 35 spectroscopically targeted
galaxiesatz> 6inthe GOODS-Nfield, inasingle tier of the JADES survey,
isremarkable, as the JADES selection function at z > 6 disfavours the
selection of high-zgalaxies with low SFRs. Moreover, the very low black
hole accretion rate makes the intensity of the broad lines very weak
and much more difficult to detect relative to all other AGN found at
high-z. Thefactthat out of the three type 1AGN atz > 6 currently found
by JADES one is a dormant black hole in a relatively quiescent galaxy,
despite all the selection effects against this class of objects, indicates
that they must be much more numerous and much more commonthan
actively accreting AGN in star-forming galaxies. We have performed
a completeness simulation to infer the ability of the JADES survey in
detectingblack holes with a given mass and accretionrate, at the same
redshift as GN-1001830 (see Methods for details). The results are shown
in Fig. 3, in which light background colours indicate higher levels of
completeness. As expected, at a given black hole mass, black holes
accreting more vigorously are easier to detect. The comparison with the
same simulations asinFig. 2 (green points, fromrefs. 10,11) shows that
GN-1001830 overlaps with the high-mass tail of dormant black holesin
theregioninwhich afew of these become detectableinthe JADES sur-
vey.However, thisis just the tip of theiceberg, as most of these dormant
black holes are expected to be undetected. Specifically, only 0.1% of
the simulated black holes from refs. 10,11 with masses lower than 108M,
and Eddington ratios below 0.03 are detectable in the JADES survey.
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Fig.3|Completeness simulation results on the Eddingtonratio versus
black hole mass plane. The blue points show the previously discovered JWST
sourcesat 6 <z<8,asinFig.2. Thedark green points show the simulated AGN
(atz=7)inthescenario of super-Eddingtonbursts. GN-1001830 is indicated by
amagentacircle witherror bars. The colour shadingindicates the completeness
oftheJADES spectroscopic survey indetecting black holes with a given mass
and accretingatagivenrate relative to Eddington. It canbe readily seen that
most of the low-accretionrate AGN predicted by super-Eddington bursts lie in
the sub-50% completenessregion and that GN-1001830 overlaps themat the
edge of the high-completeness region. Error barsindicate louncertainties.

This fractionbecomes about 50%in the higher black hole mass range tail
probed by GN-1001830 (108M_, < M, <10°M,,). It should also be noted
that the presence of GN-1001830 in the approximately 100 arcmin?
of GOODS-N field implies a number density of around 102 Mpc ™,
whichis consistent within a factor of two with the prediction of simu-
lations of around 10™*° Mpc™ (ref. 31), especially given that we have
not spectroscopically targeted all possible AGN in the fields. The plot
also confirms that the several black holes found by JWST accreting
close to the Eddingtonrate (blue symbols) are preferentially selected
in this phase only because they are much more luminous and easier
to detect. Some of the AGN observed at high redshift are seen accret-
ing at super-Eddington®*°*¥ rates, confirming the existence of (short)
super-Eddington phases. GN-1001830 is detected, despite being dor-
mant, becauseitis just above the detectability threshold; yet, our result
indicate that most of the black holes at high redshift are dormant and
rare only because they are much more difficult to detect.

Online content

Any methods, additional references, Nature Portfolio reporting summa-
ries, source data, extended data, supplementary information, acknowl-
edgements, peer review information; details of author contributions
and competinginterests; and statements of data and code availability
are available at https://doi.org/10.1038/s41586-024-08210-5.

1. Harikane, Y. et al. A JIWST/NIRSpec first census of broad-line AGNs at z=4-7: detection of
10 faint AGNs with Mg, ~10°-10°M, and their host galaxy properties. Astrophys. J. 959, 39
(2023).

2. Maiolino, R. et al. JADES. The diverse population of infant black holes at 4<z<11: merging,
tiny, poor, but mighty. Astron. Astrophys. 691, A145 (2024).

3. Matthee, J. et al. Little red dots: an abundant population of faint active galactic nuclei at
z~5 revealed by the EIGER and FRESCO JWST surveys. Astrophys. J. 963, 129 (2024).

4.  Ubler, H. et al. GA-NIFS: a massive black hole in a low-metallicity AGN at z~5.55 revealed
by JWST/NIRSpec IFS. Astron. Astrophys. 677, A145 (2023).

5. Goulding, A.D. et al. UNCOVER: the growth of the first massive black holes from JWST/
NIRSpec-spectroscopic redshift confirmation of an X-ray luminous AGN at z=10.1.
Astrophys. J. 955, 124 (2023).

6.  Kokorey, V. et al. UNCOVER: a NIRSpec identification of a broad-line AGN at z=8.50.
Astrophys. J. 957, L7 (2023).

7. Ubler, H. et al. GA-NIFS: JWST discovers an offset AGN 740 million years after the big bang.
Mon. Not. R. Astron. Soc. 531, 355-365 (2024).

8.  Furtak, L. J. et al. A high black-hole-to-host mass ratio in a lensed AGN in the early Universe.
Nature 628, 57-61(2024).

9. Maiolino, R. et al. A small and vigorous black hole in the early Universe. Nature 627, 59-63
(2024).

10. Schneider, R. et al. Are we surprised to find SMBHs with JWST at z>9? Mon. Not. R. Astron.
Soc. 526, 3250-3261(2023).

11.  Trinca, A. etal. The low-end of the black hole mass function at cosmic dawn. Mon. Not. R.
Astron. Soc. 511, 616-640 (2022).

12. Volonteri, M., Habouzit, M. & Colpi, M. What if young z > 9 JWST galaxies hosted massive
black holes? Mon. Not. R. Astron. Soc. 521, 241-250 (2023).

13.  Pacucci, F., Nguyen, B., Carniani, S., Maiolino, R. & Fan, X. JWST CEERS and JADES active
galaxies at z=4-7 violate the local M.-M, relation at >3c: implications for low-mass black
holes and seeding models. Astrophys. J. 957, L3 (2023).

14. Bennett, J. S, Sijacki, D., Costa, T., Laporte, N. & Witten, C. The growth of the gargantuan
black holes powering high-redshift quasars and their impact on the formation of early
galaxies and protoclusters. Mon. Not. R. Astron. Soc. 527, 1033-1054 (2024).

15.  Zhang, H. et al. TRINITY II: the luminosity-dependent bias of the supermassive black hole
mass-galaxy mass relation for bright quasars at z=6. Mon. Not. R. Astron. Soc. 523, L69-L74
(2023).

16.  Koudmani, S. et al. A unified accretion disc model for supermassive black holes in galaxy
formation simulations: method and implementation. Mon. Not. R. Astron. Soc. 532, 60-88
(2024).

17.  Reines, A.E., Greene, J. E. & Geha, M. Dwarf galaxies with optical signatures of active
massive black holes. Astrophys. J. 775, 116 (2013).

18. Reines, A. E. & Volonteri, M. Relations between central black hole mass and total galaxy
stellar mass in the local universe. Astrophys. J. 813, 82 (2015).

19. Carnall, A. C., McLure, R. J., Dunlop, J. S. & Davé, R. Inferring the star formation histories of
massive quiescent galaxies with BAGPIPES: evidence for multiple quenching mechanisms.
Mon. Not. R. Astron. Soc. 480, 4379-4401(2018).

20. Johnson, B. D., Leja, J., Conroy, C. & Speagle, J. S. Stellar population inference with
prospector. Astrophys. J. Suppl. Ser. 254, 22 (2021).

21.  Carnall, A. C. et al. A massive quiescent galaxy at redshift 4.658. Nature 619, 716-719 (2023).

22.  Mazzucchelli, C. et al. XQR-30: Black hole masses and accretion rates of 42 z > 6 quasars.
Astron. Astrophys. 676, A71(2023).

23. Zappacosta, L. et al. HYPerluminous quasars at the Epoch of ReionizatlON (HYPERION):

a new regime for the X-ray nuclear properties of the first quasars. Astron. Astrophys. 678,
A201(2023).

24. Stone, M. A, Lyu, J., Rieke, G. H., Alberts, S. & Hainline, K. N. Undermassive host galaxies
of five z~6 luminous quasars detected with JWST. ApJ 964, 90 (2024).

25. Ding, X. et al. Detection of stellar light from quasar host galaxies at redshifts above 6.
Nature 621, 51-55 (2023).

26. Yue, M. etal. EIGER. V. Characterizing the host galaxies of luminous quasars atz > 6.
Astrophys. J. 966, 176 (2024).

27. Bogdan, A. et al. Exploring gravitationally lensed z 3 6 X-ray active galactic nuclei behind
the RELICS clusters. Astrophys. J. 927, 34 (2022).

28. Zhang, H. et al. TRINITY IV: predictions for supermassive black holes at z > 6. Mon. Not. R.
Astron. Soc. 531, 4974-4989 (2024).

29. Li, J. etal. Tip of the iceberg: overmassive black holes at 4<z<7 found by JWST are
not inconsistent with the local Mgy — M, relation. Preprint at https://arxiv.org/abs/
2403.00074 (2024).

30. Abuter, R. et al. A dynamical measure of the black hole mass in a quasar 11 billion years
ago. Nature 627, 281-285 (2024).

31.  Trinca, A. et al. Seeking the growth of the first black hole seeds with JWST. Mon. Not. R.
Astron. Soc. 519, 4753-4764 (2023).

32. Dayal, P. et al. UNCOVERing the contribution of black holes to reionization in the JWST
era. Preprint at https://arxiv.org/pdf/2401.11242 (2024).

33. Lupi, A., Quadri, G., Volonteri, M., Colpi, M. & Regan, J. A. Sustained super-Eddington
accretion in high-redshift quasars. Astron. Astrophys. 686, A256 (2024).

34. Pezzulli, E., Valiante, R. & Schneider, R. Super-Eddington growth of the first black holes.
Mon. Not. R. Astron. Soc. 458, 3047-3059 (2016).

35. Inayoshi, K. & Ichikawa, K. Birth of rapidly spinning, overmassive black holes in the early
Universe. Astrophys. J. Lett. 973, L49 (2024).

36. Bunker, A. J. et al. JADES NIRSpec initial data release for the Hubble ultra deep field:
redshifts and line fluxes of distant galaxies from the deepest JWST cycle 1 NIRSpec multi-
object spectroscopy. Astron. Astrophys. 690, A288 (2024).

37. Fujimoto, S. et al. A dusty compact object bridging galaxies and quasars at cosmic dawn.
Nature 604, 261-265 (2022).

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution

™ 4.0 International License, which permits use, sharing, adaptation, distribution

and reproduction in any medium or format, as long as you give appropriate

credit to the original author(s) and the source, provide a link to the Creative Commons licence,
and indicate if changes were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Nature | Vol 636 | 19/26 December 2024 | 597


https://doi.org/10.1038/s41586-024-08210-5
https://arxiv.org/abs/2403.00074
https://arxiv.org/abs/2403.00074
https://arxiv.org/pdf/2401.11242
http://creativecommons.org/licenses/by/4.0/

Article

Methods

Datadescription and reduction

All dataused herein have been obtained from the JADES survey, the full
description of which is available in ref. 38. The spectroscopic survey
consists of several tiers, characterized by their depth, ‘Medium’ or
‘Deep’, photometry from which targets were selected, HST or JWST,
and the observed field, GOODS-S or GOODS-N. Here we make use of
datafromthe Medium/HST in GOODS-N tier, which consists of asingle
NIRSpec spectrum in prism and R1000 gratings. We also make use of
the accompanying NIRCam wide-band imaging data.

NIRSpec. The full description of the NIRSpec data used is available
inref. 2. Asummary is provided here for completeness. The obser-
vations in the Medium/HST tier in GOODS-N consisted of three
medium-resolution gratings (G140M/FO70LP, G235M/F170LP and
G395M/F290LP) and low-resolution prism. The exposure time was
1.7 hper sourcein the prismand 0.8 h per source in the medium grat-
ings. The datawere processed according to the procedures laid outin
ref. 39 and other similar JADES papers, such as ref. 40. A full description
ofthe datareduction procedure will be presented in Carniani, S. etal. (in
preparation). Here we note that the spectral data were reduced using
the pipeline developed by the NIRSpec GTO team and the ESANIRSpec
Science Operations Team. As the primary interest of this study was the
properties of the central, unresolved region containing the AGN, we
use the one-dimensional spectra extracted from the central 3 pixels,
correspondingto 0.3, of each two-dimensional spectra. Path-loss cor-
rections were calculated for each observation, takinginto account the
intra-shutter position, assuming a point-source geometry and a 5-pixel
extraction box. Owing to the compact nature of the object, to maximize
the signal-to-noise ratio (S/N), we used 3-pixel extractions. Although a
3-pixel box is not the extraction box we optimized the path-loss correc-
tions for, we compared directly the two spectraand found no systematic
difference within the uncertainties.

The full prism spectrum obtained is shown in Extended Data Fig. 1.

NIRCam. The imaging data consisted of seven wide (FO90W, F115W,
F150W,F200W, F277W, F356W and F444W) and one medium (F410M) fil-
ter bands of the NIRCam instrumentin the GOODS-N field. We also used
imagingin the F182M and F210M mediumbands. The photometric data
reduction procedureis presented inrefs. 41-43 with afull descriptionto
bemadeavailablein Tacchellaetal. (manuscriptin preparation). Insum-
mary, we used v.1.9.2 of the JWST calibration pipeline** together with
the CRDS pipeline mapping context1039. Stages1and 2 of the pipeline
were run with our own sky-flat provided for the flat-fielding, otherwise
keeping to the default parameters. After stage 2, custom procedures
were performed to account for 1/fnoise and subtract scattered light
artefacts, ‘wisps’, along with the large-scale background. Astrometric
alignment was performed using a custom version of JWST TweakReg,
with corrections derived from HST F814W and F1I60W mosaics along
with GAIA Early Data Release 3 astrometry. The images of individual
exposures were then stacked in stage 3 of the pipeline with the final
pixel scale being 0.03’ per pixel.

Spectralfitting and further spectral analysis

To identify the broad component in the Ha line, we used a Bayesian
method tomodel it with two components models—one containing only
narrow emissionin the Ha line, [N11]116548,6583 and [SI1]116716,6731
doublets, the broad-line modelincluded abroad componentin the Ha
line. Narrow-line widths were constrained to be the same for every line,
the ratio of the [NII] doublet fluxes was fixed to 3 (as from their Einstein
coefficientsratios), the [Si1] doublet fluxes remained independent but
constrained to be within the flux ratio 6,716/6,731 range expected in
the low- and high-density regimes (0.45-1.45; ref. 45). The priors on the
peak widths were uniform with the fitted full width at half-maximum

(FWHM) ranging between 700 and 1,500 km s for the narrow, and
between 1,500 and 11,500 km s for the broad component, with the
lower bound set by instrument resolution. The posterior is estimated
with a Markov Chain Monte Carlo integrator*®. Redshifts for the nar-
row peaks and the BLR were fitindependently with priors being set to
narrow Gaussians centred on the overall redshift obtained through
visual inspection and widths inferred from the pixel scale in redshift
space. Line peak heights used log-uniform priors.

The performance of the two models was quantified using the Bayes-
ian information criterion (BIC), defined as

BIC=x2+klInn, (1)

where k is the number of free parameters and n is the number of
data points fitted. Following the criteriain ref. 2, we require ABIC =
BICyarrow — BICnarrowsBroad tO D€ above 5 for robust detection. Moreover,
we require the fitted broad component to have a significance of at
least 50. The significance of the broad component of GN-1001830 was
found tobe 9gand ABIC was 31. The full summary of the fitisshownin
acorner plotinSupplementary Fig.2. Asshownin this figure, the data
are quite constraining on the different components with no significant
degeneracies between them.

We note that the spectrum shown in Fig. 1 seems to have a fea-
ture at A = 4.94 um, the origin of which is currently unclear. In the
two-dimensional spectrum, this feature is offset by 1-2 pixels, suggest-
ing thatit might be Ha line of aforeground galaxy at z = 6.53. However,
one ofthe four exposures has an outlier at this location (Extended Data
Fig.2); although this has been masked, the feature might be aresidual
artefact. For these reasons, we choose to mask this feature in the final
fit,althoughitsinclusion would not significantly affect the results. We
also note that the Hf line in Extended Data Fig. 1 seems to contain a
similar artefact, which manifests as an apparent broad wing. However,
theinferred 2osignificance of the feature leads us to conclude that its
originis noise.

To check for evidence of outflows, we fit the Hp line together with
the [O111] doublet inthe medium-resolution data. For this purpose, we
fit these lines first with single components constrained to have the
same width, with the ratio of [O111] doublet peaks fixed at 3, thenintro-
duce abroader outflow component into each line, and finally, we fita
broad component to HP. We find that single narrow component fits
are preferred for eachline, showing no evidence for outflows or abroad
componentinHf, as canbe seenin Extended Data Fig. 3. The measured
FWHM of the narrow lines inR1000 was 225'} km s™!, when corrected
forinstrumental broadening, using the point-source line spread func-
tion (LSF) models in ref. 47. This broadening is 180 km s™ in the wave-
length range considered.

We also use HST imaging of the source carried outin 2018 to check its
variability and thus the presence of supernovae that could potentially
produce broad Ha emission while in their nebular phase. Subtracting
HST and JWST images taken in equivalent filters shows that the flux
of the source varied by no more than 5% over in the 4-year period in
the observed frame, corresponding to <5% variability over a 6-month
period in the frame of the object. This conclusively shows that our
observed broad component cannot be the product of a recent super-
nova explosion in the galaxy. We also rule out the possibility that the
broad-line component may be attributed to the effect of multiple
supernovae given the low SFR of the galaxy.

Furthermore, we leverage the higher depth of the prism to fit
weaker emission lines, in particular, Hy, [O111]14363, [Ne 111]A13869
and [011]A3727, as the [O111] auroral line may be used to constrain metal-
licity, whereas the remaining lines are candidate diagnostics for type 2
AGN. Eachline has been fit with a single Gaussian profile together with
HP and the [O111] doublet with redshiftand FWHM fixed by the latter. We
note that, although the [O11]13727 lineis part of a doublet, this doublet
iscompletely blended inthe prism spectrum and the overall detection



significance ends up being marginal (Extended Data Table 1). All nar-
row emission lines fitted are summarized in Extended Data Table 1. It
should be noted that we carry out our fitting using spectra extracted
from the central 3 pixels of the source to enhance the S/N of lines as
the region of emission is compact because of the AGN nature of the
source. However, the flux corrections applied by the reduction pipe-
line are geared towards the 5-pixel extracted spectra; we thus redo
our fits using the 5-pixel spectra and find that the derived line fluxes
differ by less than1o.

Our tentative (3.60) detection of [O111]14363, together with the
[0111]1 A15007,4959 doublet, can be used to estimate electron temper-
ature based on their ratio. The electron density cannot be reliably
estimated from the spectrumbecause of the lack of an [S11]116716,6731
detection. However, we note that the inferred electron temperature is
relatively insensitive to a density between 100 cm™ and 10,000 cm,
typical of narrow-line regions of AGN*%. We thus assume electron
density of the order of 1,000 cm™and calculate the electron tempera-
turetobeT, = 25,000" 309 K. Assuming the main ionization mechanism
to be AGN activity, we follow the methods in ref. 49 to derive the con-
tributions to metallicity from different ionic species of oxygen—
12+log(0™/H) =7.28'316 and12 +log(0'/H) < 6.13, the latter value
presenting an upper limit due to the low detection significance of
[011]13727. The contribution of higher ionization oxygen species is
probably negligible because of the lack of [O1v] and Hel1 line detections.
Heillines have similarionization potential to [O1v], but heliumis much
more abundant; thus, the lack of detection of Hell lines implies that
the radiation is not sufficiently hard to produce significant amounts
of highly ionized oxygen. The final oxygen abundance ratio estimate
isthus12 +log(O/H) =7.32:31¢, corresponding to Z~ 0.04Z,. However,
the [O111]14363 line is heavily blended with Hy in prism. Therefore, the
simple two-Gaussian fit may underestimate the relevant uncertainties.
Asaconservative estimate, we obtain a lower limit on the [O111]14363
flux by fitting the blended lines with a single Gaussian profile and sub-
tracting fromits flux the Hy flux obtained in a fit without [O111]14363
included. This method resultedin Foyp43632 9-1x10 2% erg s cm 2.
Repeating the former analysis gives T, > 15,000 K and 12 + log(O/H)
<7.72. Alower limit on metallicity was derived by fitting the blended
feature with [O111]14363 only, which results in 7, <34,000 K and
12 +log(0O/H) = 7.08. These limits are consistent with the best-fit value
and place our source below the mass-metallicity relation®** at similar
redshifts (Supplementary Fig. 3).

Asafinal check on these results, we fit the blended [O111]14363 and
Hy feature by fixing the ratio of Hp and Hy to the appropriate Balmer
decrementand find12 + log(O/H) = 7.25!5-% whichis completely con-
sistent with the above estimates.

Morphological and photometric fitting and stellar population
properties

To constrain the stellar mass and SFR of the host galaxy, we use frac-
tional spectral energy distribution (SED) fitting. To do this, we use
the tool ForcePho (Johnson, B., manuscript in preparation), which
enables us to forward model the light distribution using a combina-
tion of Sérsic profiles. We perform spatially resolved photometry with
ForcePho following the methodology detailed in refs. 42,43. In short,
we model the AGN and host galaxy as a central point-source compo-
nent and underlying host galaxy component, respectively, and fit the
light distribution in the individual exposures of all 10 NIRCam bands
simultaneously. This enables us to obtain accurate spatially resolved
fluxes and morphological parameters for the galaxy. This approach
has been used previously inrefs. 2,42,43.

Extended Data Fig. 5 shows the data, residual, model and point-
source-subtracted host galaxy for the ForcePho fit. We can see that
the galaxy + point-source model has fit the data well without leaving
significant residuals and the galaxy component appears bright enough
for reliable photometry, with S/N ranging from 6 to 40 across our

filters. The resulting best-fit morphological parameters are reported
in Extended Data Table 2, which shows that the host galaxy is compact
(R.=137 + 8 pc) with adisk-like profile (Sérsicindex n =1). The quoted
statistical-only error on R, is rather small, considering the marginally
resolved nature of the source.

The PSF model that is approximated by ForcePho is based on
WebbPSF—incorporating forward modelling of the optics of the tel-
escope, with additional calibration provided by field stars. To inves-
tigate the uncertainty coming from the PSF approximation used by
ForcePho, we also re-fit the data with a different PSF approximation,
whichincludes charge transfer effects, and obtain a16% smaller radius.
Wethusadoptalé6%systematic error floor, whichresultsinafinal esti-
mate of R, =137 + 23 pc. The fluxes for the point-source component
and host galaxy can be seen in Extended Data Fig. 6. We find that the
galaxy component dominated (at the 90% level) in all filters except
for the F444W, for which the contribution from the AGN broad Ha
dominates.

The nextstageis to fit this SED to obtain the stellar population prop-
erties of the host galaxy. To do this, we use the Bayesian SED fitting
code Prospector®, which uses Flexible Stellar Population Synthesis™
(FSPS) with MIST isochrones*, nebular line and continuum emission**
and a Chabrier* initial mass function (IMF). We also use the Bayesian
SED fitting code Bagpipes'®, which uses stellar population models in
ref. 56, alongside the nebular line and continuum emission> with a
Kroupa® IMF. For both codes, we include a flexible two-component
dust model following ref. 58 consisting of a birth cloud component
(affecting only light from the birth clouds themselves, for example,
stars younger than 10 Myr) and a separate diffuse component (affect-
inglight from all sources). We assume a flexible star formation history
(SFH) with a continuity prior*,in which we fit for the ratio between the
six SFH bins. Finally, we exclude the F410M and F356 W filters from the
fit as those contain the [O111]115007,4959 doublet and thus may have
been contaminated by AGN ionization. This can be seen in the SED in
Extended Data Fig. 6, in which we see the host galaxy has increased
flux in the F410M and F356W bands compared with the point source
although these bands contain [O111]1A15007,4959. This suggests that
emission line flux from the AGN may probably still be contributing to
therecovered host galaxy SED in these bands justifying our exclusion
of these bands from the SED modelling.

Extended Data Fig. 7 shows the resulting Prospector fit (black) to
the observed photometry (yellow) with the x values below. These fits
yieldastellar mass oflog(M,/M,) = 9.00'93 andlog(M,/M,) = 8.71'3%
and instantaneous (within the past 10 Myr) SFR=1.48"3% M/yr
and SFR =1.25!5%3, M, yr'for BAGPIPES and Prospector, respectively.
These results are consistent within 1o; thus, we combine the chains
given by each code for the final estimate—log(M,/M,) = 8.92332 and
SFR=1.38"032 M, yr .

We also test the effect of fitting the SED of the combined photometry,
that is host galaxy + point source, to estimate how much we would
overestimate the stellar mass of the galaxy by not decomposing the
AGN and host galaxy components. We find that the results are altered
by lessthanlo.

To further test the validity of our decompositions, we perform
morphological analysis on the stacked NIRCam images of the source,
comparing them with a model PSF. This comparison is carried out in
two NIRCam bands—the F115W and F277W. The former was chosen
because its PSF is the smallest among the bands not contaminated by
the Lyman break, which prevents the use of FO9OW. The F277W band
was chosen as it smears the source over more pixels, better sampling
the PSF, whereas our ForcePho fits indicate that the PSF component
is still sub-dominant even in this filter.

When analysing the F277W band, we perform anisophotal fit for both
the source and the model PSF using the Photutils package®. The results
of'this fit are shown in the top row of Supplementary Fig. 4. As shown
in this figure, the best-fit ellipsoidal isophotes for GN-1001830 are
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slightly elongated, suggesting some extended morphology, whereas
the isophotes of the PSF are circular. The radial profiles (Supplemen-
tary Fig. 4, rightmost column) show that our object is more extended
than the PSF.

Radial profilesinthe F115W band were estimated by placing concen-
triccircular apertures onboth our source and the model PSF as the flux
was dispersed over too few pixels, undersampling the PSF and making
isophotal fits non-viable. Nevertheless, as shown in Supplementary
Fig.4 (bottomright), our source, although compact, is still significantly
more extended than the PSF.

Allnumeric properties of the host galaxy and its black hole obtained
from the spectral and SED fitting are summarized in Extended Data
Table 2.

Supplementary Fig. 5 shows the SFR of the host galaxy against
lookback time (and redshift) presenting the SFH as derived by both
Prospector and Bagpipes. Both SFHs are consistent with a flat SFH
although the two codes show systematic offsets, probably resulting
from different assumptions in the codes, in particular, the different
stellar populations used. This suggests that the galaxy experienced
almost constant star formation over the past few 100 Myr. A compari-
son of GN-1001830 with the star-forming main sequence at similar
redshifts is shown in Extended Data Fig. 4. Our source lies below the
star-forming locus of similarly massive galaxies by a factor of about3
and would take about 1 Gyr (that is, about the age of the Universe at
z~6) to double its mass with the current SFR. This indicates that the
galaxy is currently fairly quiescent and may have been so for quite
some time, although uncertainties onthe SFH are large. The presence
of AGN activity might offer a possible explanation for this state of the
host, suggesting that AGN negative feedback might be responsible for
suppressing star formation.

Wealsofit the extracted point source (AGN) component with ared-
dened power law with afixed slope of = -1.55 (F, =< A%), corresponding
to an average slope of type 1, unobscured high-z quasars®. Assuming
the SMC extinction curve, the resulting A, is 2.68 +1.00, which,
although poorly constrained, is fully consistent with the value derived
from spectroscopy. The bolometric luminosity inferred from the fitted
AL, at 5,100 A, with the bolometric correction from ref. 62, and cor-
rected for absorption, is4.6'}3 x 10** erg s~ whichis highly uncertain
but consistent with the value obtained from the broad component
of Ha.

Estimation of the black hole mass and accretion rate
Asmentionedinthe main text, the broad component of Hx canbe used
toinfer the black hole mass by assuming the local scaling relations are
valid at high redshift and, specifically, from the equation';

M, L
log—2H = 6.60 + O.47log( Ha
MO

10*? erg s™

J + 2.06Iog[MJ

1,000 kms™

The best fitting values for the broad component of Ha (FWHM of
57007100 km s and flux of 27.3'34 x 107 erg s em™) give logMy,, /M, =
8.231038 withthe scatter on equation (2) included in the uncertainties.
Coupled with the bolometric luminosity of 2 x 10* erg s™, estimated
fromthe broad component of Ha (following the scaling relation given
by ref. 63), gives an Eddington ratio Ay = 0.00973:9%3, with a system-
atic scatter of 0.5 dex.

We note that a recent measurement of the black hole mass in a
super-Eddingtonaccreting quasar at z - 2 has cast doubts on the validity
ofthe ultraviolet (UV) virial relations for single-epoch black hole meas-
urements®’. The same work, however, points out that when using Ha
to measure the black hole mass, the discrepancy is only afactor of 2.5.
Moreover, the discrepancy has been ascribed to deviationsin the BLR
sizein the super-Eddington regime, whichis certainly not the case for
GN-1001830. Insummary, the black hole mass measurement inferred
fromthe broad Haxin GN-1001830 is reasonably solid.

Itis difficult to estimate dust attenuationin this object. The lack of
broad HB does not provide strong constraints: even assuming astand-
ard case B recombination ratio of 2.8, the broad Ha line flux implies
that the broad HP is not detectable. We, therefore, assume, as found
for other AGN at high z, that the bulk of the obscuration towards the
BLR also affects the narrow components®. From the observed ratio
of the narrow components of Ha.and Hp (5.5103%), and assuming
an SMC extinction law (appropriate for high-z AGN®®), we infer
A, =2.00'5:41 mag. Wealso repeat the estimate using ratios of Ha and
HB lines to Hy. This yields 4, =2.31:0%] mag and 2.6!3% mag, respec-
tively. These values are quite uncertain because of the lower brightness
of Hy and its proximity to the Hf line but remain consistent with the
previous estimate. The extinction-corrected black hole mass, bolo-
metric luminosity and Eddington ratio are log My,/M, = 8.61"33%
(with the uncertainty including intrinsic scatter on the virial relation),
Lo =10% erg s™and Agyy = 0.024'39%, respectively, with the same
intrinsic scatter of 0.5 dex. The extinction correction is uncertain
because of the use of the narrow lines. However, the extinction-
corrected values of black hole mass and Eddington ratio are still con-
sistent with the uncorrected ones within 20. Hence, our conclusions
arenotsignificantly altered by the presence of dust. Furthermore, in
the next section, we show that fitting the nuclear source detected by
NIRCam with a dust-reddened AGN slope results inan extinction con-
sistent with thatinferred fromthe narrowlines. Inthe previous section,
we alsoinfer the bolometric luminosity from the fitting of the nuclear
SED and, although with large uncertainties, independently obtain a
value consistent with that obtained from the broad component of
Ha. As an additional check, we infer the bolometric AGN luminosity
from the luminosity of the narrow HB and [O111]A5007 lines using the
scaling relations in ref. 67. We obtain Ly, 5 = 4.7207 % 10* erg s™
and Ly, jony = 4.9701x10* erg s, which, although lower than the
broad Ha estimate, are still consistent with it once the 0.3-0.4 dex
scatter on the calibrations is taken into account. Moreover, we use
the 5,100 A luminosity from the previous section to independently
infer the black hole mass, which resultsinlog My,,/M,=8.1+0.8, with
the large error coming from the uncertainties in source decomposi-
tion (being the AGN light sub-dominant), reddening and intrinsic
scatter on the virial relations. This value is consistent with estimates
using broad Ha,, but the uncertainty makes it rather unconstraining.

We note that even without correcting for extinction, the resulting
lower limit onthe black hole mass would stillimply ablack hole to stellar
mass ratio several 100 times above the local relation.

Black hole scaling relations with 6 and dynamical mass

As discussed inref. 2, although high-z AGNs are offset on the black
hole-stellar mass plane relative to the local relation, they are much
closer to the local relation between black hole mass and stellar veloc-
ity dispersion g, relation and to the local relation between black hole
mass and host galaxy dynamical mass. Here we explore the location of
GN-1001830 on the latter two scaling relations.

We use the width of the [O111] line as a proxy of the velocity dispersion,
FWHM =255+ 38 km s, as measured from the medium-resolution grat-
ingspectrum, deconvolved for the LSF for compact sources. The uncer-
tainty in the FWHM value for the narrow lines includes the 20%
systematic uncertainty in the LSF broadening, which is not significant
forthe broad component. We then derive the stellar velocity dispersion
by correcting gaseous velocity dispersion by 0.1 dex to obtain the stellar
velocity dispersion, following ref. 68, giving ,=121*1¢ km s™!, with
0.3 dexintrinsicscatter forlogo, =2.08 £ 0.32. Theresulting location of
GN-1001830 in Extended Data Fig. 8 (magenta circle) shows that our
objectis closetothelocalrelation (solid line, with dispersion shownwith
ashadedregion), asare other high-zAGNs previously measured by JWST.

We also use the host galaxy parameters to estimate its dynamical
mass using the same approach as in refs. 2,4, which makes use of the
equation
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where K(n) =8.87 - 0.831n + 0.0241n?, with Sérsic index n, K(q) =
[0.87 +0.38e 3710912 where g s the axis ratio®, R, is the estimated
effective radius and o, is the stellar velocity dispersion. Using equa-
tion (3) along with values for R,, n and g given by ForcePho (summa-
rized in Extended Data Table 2) gives logMy, /M, = 9.50203, with the
uncertainty dominated by the intrinsic scatter on equation (3). We
warn that the errors on this estimate are probably underestimated
because of the absence of high-resolution spectral observations for
GN-1001830. Moreover, the My, value may be underestimated as our
objectisnot fully centredin theslit (SupplementaryFig.1), whichmay
cutoff part of the rotation curvein case of source rotation. The position
of our object withrespect to other JWST sources and the local scaling
relation onthe My, ~My,, and My,-logo, star plane is shown in Extended
DataFig. 8. The source remains above the local relation; however, the
differenceis not as severe as in the black hole-stellar mass relation.

Gasfractionand SFE

Following our dynamical and stellar mass estimates, we can obtain an
estimate for the gas mass in the host galaxy, using My,s=Mgy,, - M,,
assuming little contribution from dark matter, especially at such early
epochs, within the central few 100 pc. This gives logM,,s/M,=9.372033
and a gas fraction f,, of 0.74'03.. The depletion time for our object
canthusbe estimated as <5 = 1597035 Gyr. The depletion time given
by the scaling relation from ref. 70, assuming a star-forming main
sequence of the form given in ref. 71, evaluates to 0.66 Gyr. Although
these values are consistent within the intrinsic scatter on the relation,
asshownin Supplementary Fig. 6, thisis still suggestive of star forma-
tion being inhibited relative to the population of normal star-forming

galaxies at this epoch.

Completeness analysis

To quantify the selection bias affecting the identification of AGN with
broad emission lines, we run the fitting procedure described in1.2 on
simulated broad Ha profiles. These profiles were simulated by using
theerrorextension of the prism datafor GN-1001830 to simulate Gauss-
ian noise and adding Gaussian line profiles along with a power-law
continuum on top of it. The FWHM and luminosity for the narrow Ha
component were uniformly sampled from FWHM € [200, 600] km s™
and log[L(erg s)] € [42, 43] ranges, respectively. Redshifts of the
simulated sources were uniformly drawn from between 6 and 7.
Continuum normalization was set to be 100 times smaller than the
Ha narrow peak height and slopes were sampled from a uniform distri-
bution (-1 < a <1). The model grid for the broad component of Ha
was computed by varyinglog A;,;between-3.0 and 0.5 in steps of 0.25
and the logMy,/M, between 5.5 and 9 in steps of 0.25. For bins with
logMg /M, <7, we performed the simulation assuming the grating
spectrum R1000 error extension to assuage the effects of the lower
resolution of the prism. Equation (2) and scaling relations fromref. 63
were used to convert the Eddington ratio and black hole mass values
to the luminosity and width of the simulated broad component. This
yielded a15 x 15 grid, each point of which contained 100 spectra simu-
lated according to the above recipe.

The fitting of the simulated data was carried out with the same
parameters as those described in 1.2, with a bounded least-squares
procedure being used to make the fitting computationally trac-
table. The completeness of each grid point was calculated as the
ratio of the sources recovered according to our criteria (in terms of
both broad-line significance and ABIC) to the sources inserted. The
final completeness function is presented in Fig. 3 and shows that
we are inherently biased against highly sub-Eddington black holes
predicted by simulations, as most of those lie in regions of low com-
pleteness. We caution that the procedure described here provides

only completeness with respect to the final step of AGN selection—
the fitting of the BLR—and covers only the medium-depth tier of the
JADES survey. The full selection function for the JADES survey is more
complex asitspans multiple survey tiers, telescope instruments and
source selection methods. Its full treatment is thus beyond the scope
of the paper, and our results here should be regarded as closer to an
upper limit.

Therole of selection effects on the My,,-M, relation

As discussed in the main text, the finding that most of the black holes
at high-znewly discovered by JWST are overmassive on the My,,-M,
could be because of aselection effect, that is, the scatter of the relation
is much larger at high redshift and more massive black holes tend to
be preferentially selected at high redshift because they are, on aver-
age, more luminous. We have shown and confirmed that selection
effects play an important part; however, our findings indicate that
they cannot completely explain the offset relative to the local My, ~M,
relation.

Specifically, the scenario proposed in ref. 29 (which predicts a
black hole-stellar relation similar to the local one but with an order
of magnitude scatter) hardly reaches the black hole to stellar mass
ratio observed in our object, and their observational bias scenario
would require an observed luminosity of about 10%*¢ erg s, that is,
1-2 dex above the luminosity observed in GN-1001830 before dust
obscuration correction (we note that they do not takeinto account dust
extinction, whereas this and most JWST-discovered AGN are affected by
extinction).

The Trinity simulation®® can produce overmassive black holes as
observed in GN-1001830, but they require even higher luminosities,
in excess of 10*¥ erg s™, hence totally incompatible with the luminos-
ity of our object. Therefore, although selection effects are important
(asweillustrate more thoroughly in section ‘Completeness analysis’),
our finding suggests that the overmassive nature of high-zblack holes
isalsoassociated with anintrinsic offset of the black hole-stellar mass
relation, as also suggested by other studies®.

Finally, our finding that GN-1001830, as well as many other JWST-
discovered AGN?, is closer (or even consistent for many AGN) with the
Mpg,—oand Mg,-M, relations, indicates that the selection effects on black
hole mass cannot play a major part, or else the same strong, orders of
magnitude, offset should also be present on these relations.

These aspects are, however, outside the scope of this paper and will
be discussed more extensively in a dedicated paper.

Comparison with the FABLE simulations

To further contextualize our findings, we also compare the properties
of our source with predictions from the FABLE (Feedback Acting on
Baryonsin Large-scale Environments)’?simulations. These are carried
out with the massively parallel AREPO code” with new comoving100 h™*
Mpcboxes. We consider both Eddington-limited and super-Eddington
accretion, bounding our black hole Bondi-Hoyle-Lyttleton accretion
rate in two different simulations by 1 and 10x Eddington. Details of
other subgrid models, which are largely based on the Illustris galaxy
formation models™, can be found inref. 72.

A comparison between the simulated sources from FABLE and our
object is provided in Extended Data Fig. 9, with the same coding as in
Fig.2,thatis,grey symbolsshowthe Eddington-limited scenariosand the
red contours the distribution of simulations in which super-Eddington
accretionis allowed. As shownin this figure, the super-Eddington sim-
ulation can produce more massive black holes with respect to both
luminosity and stellar mass in comparison with the Eddington-limited
simulation, resulting in a better match with our observations. How-
ever, GN-1001830 still lies above our super-Eddington simulations
in the right-hand My,-M, plot, probably because of the FABLE simu-
lations lacking in volume. To better sample a larger volume, we also
include simulation data from magnified simulations of a massive
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protocluster (M,, > 10”M_ atz = 6.66), previously used in ref. 14, which
is taken from the larger Millennium simulation volume of 500 h™ Mpc
(ref. 75). These points occupy the high-mass region in both panels of
Extended Data Fig. 9. The objects obtained in these simulations have
stellar masses slightly larger than thatinferred from GN-1001830 and,
inrunsincluding super-Eddington accretion up to 10x Eddington (and
also earlier black hole seeding, unlike the other FABLE results shown
here; ref. 14), have more massive black holes. Although amore quantita-
tive match will be explored in future work, these results qualitatively
show that super-Eddington bursts more readily explain the properties
and presence of objects such as GN-1001830, particularly in increas-
ing the black hole to stellar mass ratio, relative to Eddington-limited
scenarios.

We also note that, as with CAT sources discussed in the main text,
most of the simulated highly sub-Eddington sources reside in the low
completeness region of the JADES survey (Extended Data Fig.10) and
arethus hard to detect at these redshifts even with current instruments.

Data availability
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cessed data have been made available on the STScl archive as part of
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Extended Data Table 1| Summary of all narrow lines
measured in GN-1001830

Line Flux (x10719 erg s~' cm™2) S/N  Disperser
[S1ujA6731 <15 1.380 prism
[N 1176585 2.841108 2.00 prism

Ha 362755 250 prism
[0 m1]A5007 467713 1590  R1000
[0 111]A4959 15.470-93 650 R1000

HB 6.66105) 290 R1000
[0 1] \4363 2.3910-53 3.600  prism

Hy 2771058 3.960  prism
[Ne 1] A3869 3.87T001 3.630  prism
[O1m]A3727 1787058 2.640  prism

Column one contains the names of each line, the second column measured flux along with
uncertainties, the final two columns contain signal to noise ratios and disperser in which each
line was measured. For lines with S/N < 30 the measured fluxes were treated as upper limits;
for < 20 detections, the 20 upper limit is quoted instead.



Extended Data Table 2 | Properties of the host galaxy and
its AGN obtained viaimaging modelling, SED fitting and
spectral analysis

Quantity Value
+0.04
q 0.517 04
+0.07
n 0.947407

Re [pc] 1371%“;
—1 +6

o« [km s™!] 12174

log(Mayn/Mo) 9.5010:39

SFR [Mo /yr] 1381092

log(M../Mg) 8.9270-30

log MBu /Mg 8.61f8'§§
AEDD 0.02415-51%

12 +log (O/H) 7.3216.16
Te [K] 25,4001 3200

+0.44
Ay 2~0(Lo.41
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