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Integrating the best-fit SED of GNz7q through the Pan-STARRS1 z and UKIRT y and J fil-
ter bandpasses, we find it has z � y = 5.8 and y � J = 0.5, which comfortably satisfies the
optical–NIR quasar selection criterion. This indicates that the quasar population similar to GNz7q
could be identified in previous high-z quasar surveys if the data are sufficiently deep, such as
The Canada–France High-z Quasar Survey165 and Subaru High-z Exploration of Low-luminosity
Quasars51–53, 55. GNz7q also meets the optical–NIR colour criteria used in recent discoveries of the
luminous quasars at z ⇠ 7.54, 6, 49, although the optical–NIR data of the wide-area surveys used
in these discoveries is almost 2 orders magnitude shallower than that of the GOODS-North field.
These colour selection results indicate that the identification of GNz7q at z = 7.2 in the relatively
small area of the entire HST archive might be just explained by chance, although the expected
probability is less than 1% from the quasar luminosity function26 and the red quasar fraction at
z ⇠ 6.25 There are two other possibilities. The first is that the transitioning young quasar more
frequently emerges at z > 7 than at z = 6. The second is that the quasar population similar to
GNz7q has been identified in the previous surveys, but not regarded or classified as a quasar due to
its faintness in the rest-frame UV, MIR, X-ray, and radio continuum in the follow-up spectroscopy
and/or multi-wavelength analyses. In fact, the presence of the deep HST and MIPS data is crucial
for the interpretation for GNz7q (Section 5). Without them, the uniquely-faint properties of GNz7q
in the rest-frame UV emission lines and X-ray generally conclude its classification as a luminous
galaxy. Recent studies have also suggested, both observationally and theoretically, a potential high
abundance of the dust-rich quasar population at z > 728, 170. A systematic deep, high-resolution
optical–MIR imaging campaign for all luminous high-z galaxy candidates could lead to additional
discoveries similar to GNz7q. Given the relatively robust calibration166 and lesser effects from the
slim disk, detecting broad Balmer emission lines could provide a decisive conclusion for the quasar
classification, which will soon become possible even at z > 7 with the launch of the James Webb

Space Telescope. Moreover, even if we do not detect the broad lines with JWST, the results will
suggest further exciting possibilities: the existence of an extraordinary UV luminous and compact
star-forming region (Extended Data Fig. 7), or that is exactly what the first quasars look like.

Code availability. The HST and Spitzer data were processed with GRIZLI and GOLFIR, available
at https://github.com/gbrammer/grizli and https://github.com/gbrammer/
golfir, respectively. The HST F125W image is analyzed with GALFIT which is available at
https://users.obs.carnegiescience.edu/peng/work/galfit/galfit.html.
The NOEMA data were reduced using the GILDAS software. The CASA pipeline version of
5.6 is also used for imaging the NOEMA interferometric data. These are available at https:
//casa.nrao.edu/casa_obtaining.shtml. https://www.oso.nordic-alma.
se/software-tools.php. The online Portable Interactive Multi-Mission Simulator is avail-
able at https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3pimms/w3pimms.
pl.

Data availability. This paper makes use of the following HST data from programs 9583, 9727,
9728, 10189, 10339, 11600, 12442, 12443, 12444, 12445, 13063, 13420, 13779, available at
https://archive.stsci.edu/. The reduced HST and Spitzer image mosaics are available
at https://doi.org/10.5281/zenodo.4469734. Other products from the CHArGE
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project are avilable at https://gbrammer.github.io/projects/charge/. The NOEMA
data that supports our finding consists of ED19AD and W20EO that are available at https:
//www.iram-institute.org/EN/content-page-386-7-386-0-0-0.html. The
SED of the SDSS quasar at z = 3.11 used in Fig. 1 is available from the SDSS DR12 website
https://dr12.sdss.org/spectrumDetail?plateid=6839&mjd=56425&fiber=

146. The SEDs of local quasar and starburst are available from the SWIRE template website
http://www.iasf-milano.inaf.it/$\sim$polletta/templates/swire_templates.

html. The datasets generated and/or analyzed during the current study are available from the cor-
responding author on reasonable request.
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Extended Data Tables

Extended Data Table 1| Multi-wavelength photometry of GNz7q
Observed � Flux density‡ Uncertainty Telescope Instrument reference

[µm] [µJy] [µJy]
0.44 0.000 0.008 HST ACS/F435W This work (CHArGE)
0.61 �0.006 0.005 HST ACS/F606W ”
0.78 0.005 0.007 HST ACS/F775W ”
0.81 �0.011 0.006 HST ACS/F814W ”
0.85 0.056 0.010 HST ACS/F850LP ”
1.05 0.683 0.036 HST WFC3/F105W ”
1.25 1.307 0.067 HST WFC3/F125W ”
1.40 1.783 0.092 HST WFC3/F140W ”
1.60 2.103 0.107 HST WFC3/F160W ”
2.15 2.778 0.044 Subaru MORICS/Ks Kajisawa et al. 2011
3.6 3.574 0.180 Spitzer IRAC/ch1 This work (CHArGE)
4.5 3.907 0.197 Spitzer IRAC/ch2 ”
5.8 4.138 0.546 Spitzer IRAC/ch3 ”
8.0 4.553 0.471 Spitzer IRAC/ch4 ”
24 28.1 6.6 Spitzer MIPS Magnelli et al. 2011

100 < 1050 350 Herschel PACS Liu et al. 2018
160 < 2850 950 Herschel PACS ”
250 < 17,100 5,700 Herschel SPIRE Oliver et al. 2012
350 < 18,300 6,100 Herschel SPIRE ”
500 < 12,300 4,100 Herschel SPIRE ”
450 8,000 5,500 JCMT SCUBA2 This work
850 1,800 390 JCMT SCUBA2 Cowie et al. 2017

1,284 460 94† NOEMA Band 3 This work
3,276 24.6 6.9† NOEMA Band 1 This work

30,000 0.8 1.1 JVLA X Band Murphy et al. 2017
200,000 22.4 6.4 JVLA L Band Owen 2018

‡ The potential contributions from nearby objects are subtracted, or confirmed to be negligible (Section 5).
† The additional uncertainty of the absolute flux calibration is included by 20% and 10% at 1-mm and 3-mm band,
respectively.
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Extended Data Table 2| Measured and derived source properties
Parameter Value Description
R.A. 12:36:16.9195 Right Ascension (J2000) in HST

Decl. 62:12:32.127 Declination (J2000) in HST

zUV 7.23± 0.05 Redshift from HST grism spectrum
z[CII] 7.1899± 0.0005 Redshift from [C II] line
↵� 0.1 ± 0.3 Rest-frame UV continuum slope
L2,500 (2.1± 0.1)⇥ 1030 erg s�1 Hz�1 Monochromatic optical luminosity at rest-frame 2,500 Å
L
0
2,500 (3.2± 0.1)⇥ 1030 erg s�1 Hz�1 Dust corrected L2,500

Lbol 1.7± 0.1⇥ 1046 erg s�1 AGN bolometric luminosity (rest-frame 1216Å–20 cm)
AV, qso 0.3± 0.1 Dust attenuation for the quasar component
AV, host > 6 Dust attenuation for the host galaxy component
LX < 3.9⇥ 1042 erg s�1 Rest-frame X-ray (2–10 keV) luminosity
L2keV < 5.1⇥ 1024 erg s�1 Hz�1 Monochromatic X-ray luminosity at rest-frame 2 keV
↵ox < �2.23 Optical to X-ray spectral index
LIR (1.2 ± 0.6) ⇥ 1013 L� Rest-frame IR (8–1,000 µm) luminosity
LIR, SF (1.1 ± 0.5) ⇥ 1013 L� Rest-frame IR luminosity for the host galaxy component
LIR,AGN (1.0 ± 0.3) ⇥ 1012 L� Rest-frame IR luminosity for the AGN component
fAGN 8 ± 5 % AGN contribution to LIR

Td 80 ± 21 K Peak dust temperature
L[CII] (1.1 ± 0.3) ⇥ 109 L� [C II] line luminosity
LCO(7�6) (1.3 ± 0.7) ⇥ 108 L� CO(7-6) line luminosity
FWHM[CII] 280± 40 km s�1 FWHM of the [C II] line
FWHMCO 770± 230 km s�1 FWHM of the CO(7-6) line
LCO(6�5) < 5.0 ⇥ 107 L� CO(6-5) line luminosity ([C II] line width assumed)
L[CI]2�1 < 7.9 ⇥ 107 L� [C I](2-1) line luminosity ([C II] line width assumed)
SFR 1, 600± 700 M� yr�1 SFR of the host galaxy
Mdust (1.6 ± 1.1) ⇥ 108 M� Dust mass of the host galaxy
Mgas (2.0 ± 1.2) ⇥ 1010 M� Gas mass of the host galaxy
Mdyn (4.5 ± 0.9) ⇥ 1010 M� Dynamical mass
Mstar (2.5 ± 1.4) ⇥ 1010 M� Stellar mass of the host galaxy from Mdyn �Mgas

qIR 2.1 ± 0.3 IR/radio correlation
↵radio < �1.0± 0.6 Radio spectral index
re,FIR < 0.48 kpc Effective radius of the rest-frame FIR continuum
re,[CII] 1.4 ± 0.2 kpc Effective radius of the [C II] line
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Extended Data Figures

a b 

Extended Data Figure 1 | Rest-frame UV properties of GNz7q. The rest-frame 1450 Å luminosity as a
function of redshift (a) and the UV continuum slope (b). GNz7q falls between the typical luminosity ranges
of quasars and galaxies in the literature2, 6, 48, 49, where both faint quasars and luminous galaxies have been
also identified50–55, 57, 148. GNz7q shows the reddest UV continuum slope among both galaxies and quasars
at z > 6. The galaxies without spectroscopic redshifts and the quasars without a UV continuum slope
measurement are displayed in the open symbols. The error bars denote the 1� measurement uncertainty.
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Extended Data Figure 2 | Point-source morphology of GNz7q. a, HST 400 ⇥ 400 cutout in the HST
WFC3/IR filters of F105W, F125W, F140W, and F160W (left), instrumental point spread function (PSF)
models167 (centre), and PSF fit residuals (right). b, Radial profile for the rest-frame UV continuum of GNz7q
observed in F125W. The black circles show the observed values, while the dark and light red squares and
lines present the PSF and the best-fit Sérsic models (see Methods). The error bars denote the 68th percentile
in each annulus, and the dotted line indicates the standard deviation of the pixel.
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Extended Data Figure 3 | NOEMA 1-mm observation results. a, 1.3-mm continuum (left) and the
velocity-integrated [C II] maps (middle) with the natural weighting. We identify a nearby continuum object
with a ⇠ 300 offset from GNz7q at the northern east part, dubbed “ND1”. The intensity of the 1.3-mm con-
tinuum and the velocity integrated [C II] is shown in the right panel in green and red contours, respectively,
overlaid on the HST/F160W 400 ⇥ 400 cutout. The solid contours are drawn at 3�, 5�, and 7� levels, while
the dashed white contours are drown at �3� level. The NOEMA synthesized beam is presented at the left
bottom. b, [C II] line spectrum within a 1.000 radius aperture. The blue curve is the best-fit Gaussian for the
[C II] line. The yellow shaded indicates the velocity range of [�200 : +200] km s�1 used for the velocity-
integrated map in panel a. c, [C II] line kinematics. The top and bottom panel present the velocity-weighted
and the velocity-dispersion maps (400 ⇥ 400), respectively.
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Extended Data Figure 4 | NOEMA 3-mm observation results. Left, 3.3-mm continuum (top) and the
velocity-integrated CO(7-6) maps with the natural weighting. The black (white) contours are drown at 3�,
4�, and 5� (�3�). Right, NOEMA 3-mm band spectrum for LSB (top) and USB (bottom) with a 2.000
radius aperture. The dashed vertical line indicates the observed frequency of the expected far-IR lines based
on the source redshift of z = 7.1899 determined by the [C II] line. The blue curve is the best-fit Gaussian
for the CO(7-6) line. The yellow shade indicates the velocity range used for the velocity-integrated map in
the left panel.
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observed residual best-fit

1.3-mm
continuum

[C II]

Extended Data Figure 5 | 1.3-mm continuum (top) and [C II] (bottom) size measurement results. Left,
Observed map, which is the same as Extended Fig. 3a. Middle, Residual map by subtracting the best-
fit model visibility obtained with UVMODELFIT. For the dust continuum, we subtract the best-fit model
visibility by fixing the major-axis effective radius as the upper limit value of re,FIR = 0.48 kpc. The
visibility of ND1 is subtracted by assuming its profile as a point source before running UVMODELFIT.
Right, Amplitude as a function of uv distance. The black circles shows the observed visibility. The error
bars show the standard error of the mean in each uv distance bin. The red curve denotes the best-fit uv
model for the [C II] line, while the red dashed curve for the dust continuum indicates the uv model with the
upper limit size.
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GNz7q

blue quasars

SDSS quasars
(z~0-4)

Extended Data Figure 6 | Optical luminosity vs. ↵ox correlation. The black and blue squares denote
SDSS quasars18, 81, 168 at z ⇠0–4 and blue quasars77, 82, 85 at z > 5 respectively, taken from the literature.
The arrows present the upper limits. The black line represents the best-fit relation based on 1544 quasars
taken from the literature77. The gray shaded region denotes the 68th percentile derivation, evaluated by
propagating the 1� uncertainties of the parameters that define the best-fit relation. The ↵ox upper limit of
GNz7q (99% confidence level) is estimated after the extinction correction and deviated from the best-fit
relation by more than 5�.
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Extended Data Figure 7 | Rest-frame UV size and luminosity relation. The black and blue circles show
the rest-frame UV size measurements in the literature for galaxies50, 91 at z > 5.5 and for compact galaxies
reported at z ⇠ 2–3, respectively16, 90, but no objects similarly compact and luminous to GNz7q have been
identified. The error bar denotes the 1� measurement uncertainty, and the sources whose errors exceed the
measurements are not presented. The dashed line indicates the SFR surface density (⌃SFR) by converting the
UV luminosity to SFR112. If the compact UV emission in GNz7q is attributed to the star-forming activity,
⌃SFR reaches & 5,000 M� yr�1 kpc�2. Note that the UV luminosity is the observed value, and thus ⌃SFR

of GNz7q after dust correction will be more extreme in the star-forming scenario.
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Extended Data Figure 8 | NIR–MIR SED of GNz7q. Left: Observed-frame SED of GNz7q traced by the
Spitzer IRAC and MIPS 24 µm bands. The dark blue curve is the best-fit galaxy template (stellar continuum
plus nebular emission from ionized gas in HII regions) constrained at �obs < 10µm. The thin light blue
curves are additional galaxy templates that largely span the galaxy color space at lower redshifts94, and
the thicker light blue curves are templates of nearby dusty starbursts M82 and Arp22095. The thick green
curves are templates of Type 1 and 2 quasars95, and the brown curve is a composite spectrum of nearby
quasars96. The light green curves show the broad-band SEDs of high-redshift quasars at 5 < z < 6.497

interpolated to the redshift of GNz7q. Other than the galaxy fit, all SEDs and templates are normalized
to the observed 8 µm flux density of GNz7q. Right: Observed-frame MIR flux ratio diagram for the flux
densities at 5.8 µm, 8 µm, and 24 µm as observed for GNz7q and integrated from the SEDs displayed in the
left panel. No templates from stars and star formation alone (blue curves and points) can reproduce the flux
enhancement at 24 µm (rest-frame 3 µm) of GNz7q, which is fully consistent with the colors of luminous
quasars at both low and high redshifts and likely arises from hot dust associated with an active nucleus. The
error bars are obtained by propagating the 1� measurement uncertainty of each photometry.
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Extended Data Figure 9 | L[CII] and LIR properties compared with other populations. We show
L[CII]/LIR as a function of LIR (a) and ⌃LIR (b). For comparison, we also show observational results
of local composite systems of AGN and starburst (black square), dusty starbursts at z ⇠0–7 (orange di-
amond), blue quasars at z ⇠6–7 (blue square), and red quasars at z ⇠3–5 (magenta square) taken from
the literature6, 43, 49, 118, 123, 129, 134, 135, 169. GNz7q is at the extreme end of the relationship painted by known
starbursts and quasars. The LIR values of the blue quasars are calculated by assuming the single modified
blackbody (Td = 47 K; �d = 1.6), where the blue bar at the bottom left of the left panel shows a potential
error scale with a change of Td by ±10 K from the assumption. For GNz7q, the error bar is obtained by
propagating the 1� uncertainties of L[CII] and LIR.
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Extended Data Figure 10 | Host galaxy properties compared with other populations at z > 6. a–
d, We show (a) SFR, (b) Mdust, (c) Mgas, (d) and ⌧depl. as a function of redshift. For comparison, we
also show other galaxy populations with spectroscopic redshifts: blue quasars (blue square), red quasars
(magenta circle and shaded region), Lyman-break galaxies (green triangle), and a dusty starburst galaxy
(orange circle) that are taken from the literature6, 25, 29, 43, 49, 86, 118, 124, 137–143. The magenta shade represents
the 68th percentile of the host galaxy properties of the super-Eddington accretion red quasar, W2246-0526,
at z = 4.643, 141. The host galaxy of GNz7q show the most vigorously star-forming system at z > 7 with
the large gas reservoir. The filled and open symbols in panel (c) denote Mgas estimates from CO and [C II]
lines, respectively. The error bars of SFR and Mdust are estimated by propagating the 1� measurement
uncertainty and a 0.2-dex uncertainty of the Td assumption, when they are derived from a single submm-
mm band (Section 8). The error bars of Mgas and ⌧depl. are estimated with the 1� measurement uncertainty
and the propagation from both SFR and Mgas uncertainties, respectively. For all populations, the different
assumptions of the initial mass function and the dust opacity coefficient among the literature are corrected.
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Extended Data Figure 11 | Mdyn and MBH relation. The colour scale and the vertical range of red-
shade regions correspond to those of Fig. 3. The red circle and the red-shade regions show the potential
MBH range of GNz7q suggested by its faint Lbol and extremely faint X-ray property, respectively. The
horizontal range of the red-shade regions indicates the 68th percentile of the Mdyn estimate from the [C II]
line. For comparison, we also present MBH and Mdyn (or Mstar) estimates for blue quasars at z ⇠ 6–7
(blue squares)48, 128, 129, 146–148, 150, 151 and red quasars at z ⇠ 2 (magenta circles)133. The error bars denote
the 1� uncertainties taken from the literature. The Mdyn values from the kinematic analysis based on the 3D
modeling are shown in the filled blue squares with the 1� error bars146, 147. The Mdyn measurements based
on the rotation-disk assumption in the literature are shown by the open blue squares. The best-fit relation
for the filled blue squares is shown by the blue line146. The black solid line represents the best-fit relation
between the bulge mass and MBH among local quiescent galaxies152. The black dashed line denotes the
best-fit relation between the stellar mass of the entire system and MBH among local AGNs153. The shaded
regions present the 1� confidence level for the best-fit relations.
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