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ABSTRACT

We report the spectroscopic discovery of a massive quiescent galaxy at zspec = 7.29 ± 0.01, just

∼ 700Myr after the Big Bang. RUBIES-UDS-QG-z7 was selected from public JWST/NIRCam and

MIRI imaging from the PRIMER survey and observed with JWST/NIRSpec as part of RUBIES. The

NIRSpec/PRISM spectrum reveals one of the strongest Balmer breaks observed thus far at z > 6, no

emission lines, but tentative Balmer and Ca absorption features, as well as a Lyman break. Simul-

taneous modeling of the NIRSpec/PRISM spectrum and NIRCam and MIRI photometry (spanning

0.9−18µm) shows that the galaxy formed a stellar mass of log(M∗/M⊙) = 10.23+0.04
−0.04 before z ∼ 8, and

ceased forming stars 50−100Myr prior to the time of observation, resulting in log(sSFR/Gyr
−1

) < −1.

We measure a small physical size of 209+33
−24 pc, which implies a high stellar mass surface density within

the effective radius of log(Σ∗,e/M⊙ kpc−2) = 10.85+0.11
−0.12 comparable to the highest densities measured

in quiescent galaxies at z ∼ 2 − 5. The 3D stellar mass density profile of RUBIES-UDS-QG-z7 is

remarkably similar to the central densities of local massive ellipticals, suggesting that at least some

of their cores may have already been in place at z > 7. The discovery of RUBIES-UDS-QG-z7 has

strong implications for galaxy formation models: the estimated number density of quiescent galaxies
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at z ∼ 7 is > 100× larger than predicted from any model to date, indicating that quiescent galaxies

have formed earlier than previously expected.

Keywords: cosmology: observations — galaxies: evolution — galaxies: formation

1. INTRODUCTION

The existence of massive quiescent galaxies in the

early Universe has posed a longstanding challenge for

galaxy formation models, sparking an extensive search

for the highest redshift quiescent galaxies (e.g. March-

esini et al. 2010; Gobat et al. 2012; Glazebrook et al.

2017; Schreiber et al. 2018a; Santini et al. 2019; Car-

nall et al. 2020; Forrest et al. 2020a,b; Valentino et al.

2020; Gould et al. 2023; Antwi-Danso et al. 2023; Urbano

Stawinski et al. 2024). Although the latest generation of

cosmological simulations are able to form massive qui-

escent galaxies at a rate that matches observations for

galaxies with stellar masses M∗ > 1010 M⊙ out to z ∼ 3,

the predicted number density of such systems drops dra-

matically toward higher stellar masses and redshifts (e.g.

Lovell et al. 2023; Lagos et al. 2024; Kimmig et al. 2023;

Hartley et al. 2023). However, it is likely that there

are quiescent galaxies at even earlier times: approxi-

mately half of the compact massive galaxies found at

z ∼ 2 − 3 are already quiescent (Brammer et al. 2011;

Whitaker et al. 2012; van Dokkum et al. 2015), which

implies that these systems must have formed a stellar

mass > 1010 M⊙ and ceased forming stars within just

∼2-3 Gyr after the Big Bang. The stellar mass densities

in the compact quiescent galaxies are also remarkably

high, and these systems are therefore thought to evolve

into the centers of massive early-type galaxies at the

present day (Bezanson et al. 2009; van Dokkum et al.

2014; Belli et al. 2014).

The cores of massive early-type galaxies in the lo-

cal Universe thus may have already been in place at

z > 3. Indeed, deep spectroscopic studies of massive

quiescent galaxies at z ∼ 2 have shown that the stel-

lar populations are very old and strongly α-enhanced

(Kriek et al. 2016; Jafariyazani et al. 2020; Beverage

et al. 2024a,b), indicating that these galaxies formed

in a rapid burst of star formation at z > 3 and possi-

bly as early as z ∼ 8. This is further corroborated by

the finding of massive quiescent galaxies at z ∼ 3 − 4

for which the formation timescales inferred from pho-

tometry and/or ground-based spectroscopy imply that

some systems formed and quenched already at z > 6

∗ Brinson Prize Fellow
† NHFP Hubble Fellow

(e.g. Schreiber et al. 2018a; Carnall et al. 2020; Antwi-

Danso et al. 2023). However, prior to quenching, the

star-formation histories (SFHs) of these galaxies are no-

toriously uncertain and sensitive to systematic modeling

assumptions. Pinning down their formation histories re-

quires directly observing progenitors at higher redshifts.

Although compact star-forming galaxies have been

found at z ≳ 3 (e.g. Shibuya et al. 2015; Bouwens et al.

2022a), the search for massive quiescent galaxies at these

high redshifts has been limited by the wavelength cover-

age of the Hubble Space Telescope (HST) and ground-

based near-infrared (IR) facilities, which do not extend

beyond the Balmer break (rest-frame ∼ 4000 Å) for

z ≳ 3 − 4 (e.g. Glazebrook et al. 2017; Schreiber et al.

2018b; Forrest et al. 2020b; Antwi-Danso et al. 2023;

Tanaka et al. 2024). Space-based observations with

Spitzer extended the wavelength coverage in the near-

IR, aiding the identification of robust quiescent galaxy

candidates at z ∼ 3−5 (e.g. Schreiber et al. 2018b; Mer-

lin et al. 2018, 2019; Carnall et al. 2020; Gould et al.

2023). However, source confusion due to poor spatial

resolution and comparatively shallow photometric con-

straints left the nature of many other candidates am-

biguous.

With its high sensitivity, resolution and broad wave-

length coverage in the near- and mid-IR, the James

Webb Space Telescope (JWST) provides a major leap

forward in the search for high-redshift quiescent galax-

ies. Deep near-IR imaging of extragalactic legacy fields

with JWST/NIRCam (Rieke et al. 2023) has yielded

a large number of robust photometric candidates at

z ∼ 3 − 5 (e.g. Carnall et al. 2023a; Valentino et al.

2023; Long et al. 2024; Alberts et al. 2023). Follow-

up spectroscopy with JWST/NIRSpec (Jakobsen et al.

2022) has confirmed the quiescent nature and high stel-

lar masses for several candidates, with redshifts as high

as z ∼ 4.5−5.0 (Carnall et al. 2023b, 2024; Nanayakkara

et al. 2024; Glazebrook et al. 2024; Setton et al. 2024; de

Graaff et al. 2024a; Barrufet et al. 2024; Wu 2024). The

discovery of these galaxies continues to challenge galaxy

formation models, as the number densities of massive

quiescent galaxies in cosmological simulations are up to

2 orders of magnitude below the observational estimates

at z ≳ 4 (Valentino et al. 2023; de Graaff et al. 2024a;

Weller et al. 2024; Lagos et al. 2025). Surprisingly, the

SFHs inferred from the NIRSpec spectra of some of these
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early massive quiescent galaxies point to an extremely

early burst of star formation (z > 8) as well as very

early quenching (z > 7).

It remains unclear whether the corresponding progen-

itors have already been identified. Looser et al. (2024)

and Strait et al. (2023) have reported the discovery of

two galaxies at z ∼ 5 − 7 that show no signs of star

formation in the most recent ∼ 5 − 10Myr. Yet, these

systems have stellar masses that are over 100 times lower

than the massive quiescent galaxies found at z ∼ 2− 5,

and are likely only temporarily quiescent (e.g., Dome

et al. 2024). Other sources at z ∼ 7 − 8 have been

found to have Balmer breaks from both photometry and

spectroscopy (Laporte et al. 2023; Vikaeus et al. 2024;

Trussler et al. 2024; Witten et al. 2024; Kuruvanthodi

et al. 2024). However, the measured break strengths

are typically small, stellar masses are often low, spec-

troscopic confirmations remain rare, and the presence

of emission lines points to ongoing star formation ac-

tivity in many of these systems. Labbé et al. (2023),

Wang et al. (2024) and Williams et al. (2024) demon-

strated that there may be very massive galaxies with

significant Balmer breaks among the mysterious popu-

lation of compact red sources dubbed Little Red Dots

(LRDs; Matthee et al. 2024) at z ∼ 7− 8, and full spec-

tral modeling by Wang et al. (2024) revealed that their

SFHs appear similar to those of the massive quiescent

galaxies found at z ∼ 4− 5. If these sources are indeed

confirmed to be massive galaxies, their central stellar

densities match those of the compact quiescent systems

found at z ∼ 2 (Baggen et al. 2023, 2024). However,

the stellar masses of LRDs are still highly uncertain –

at the ∼ 1 dex level – due to the likely presence of lu-

minous active galactic nuclei (AGN) that may dominate

the spectral energy distribution (SED) at rest-frame op-

tical wavelengths (e.g., Williams et al. 2024; Wang et al.

2024).

In this paper, we report the discovery of a massive

quiescent galaxy at z = 7.3, RUBIES-UDS-QG-z7, con-

firmed spectroscopically with JWST/NIRSpec as part

of the Cycle 2 program RUBIES. We describe our pho-

tometric selection and spectroscopic observations in Sec-

tion 2 and perform stellar population modeling in Sec-

tion 3 to infer the SFH and stellar population properties.

The morphology and estimated stellar mass density pro-

file are presented in Section 4. We place RUBIES-UDS-

QG-z7 in the context of the z ∼ 7 galaxy population in

Section 5 and discuss its connection to quiescent galax-

ies at lower redshifts, star-forming progenitors at z > 8

as well as the lack of massive quiescent galaxies at z ∼ 7

in simulations. A summary and our main conclusions

can be found in Section 6.

Throughout this work we use a flat ΛCDM cosmol-

ogy with cosmological parameters from the nine-year

Wilkinson Microwave Anisotropy Probe Observations

(Hinshaw et al. 2013), h = 0.6932 and Ωm,0=0.2865.

Magnitudes are reported in the AB system.

2. DATA

2.1. Imaging data

The main target of this paper, RUBIES-UDS-QG-z7

lies in the UDS field at (R.A., Dec.) = (2:17:43.11,

−05:06:44.27) and was originally detected in the publicly

available JWST/NIRCam data from the Public Release

IMaging for Extragalactic Research program (PRIMER;

GO-1837; PI J. Dunlop; see, e.g., Donnan et al. 2024).

PRIMER obtained 8 bands of JWST/NIRCam pho-

tometry (F090W, F115W, F150W, F200W, F277W,

F356W, F410M, and F444W) as well as two MIRI fil-

ters (F770W, F1800W). RUBIES-UDS-QG-z7 was iden-

tified as a high-priority (‘Priority 0’) target for spectro-

scopic follow-up based on its high photometric redshift,

bright apparent magnitude (F444W ≈ 24.6) and the red

shape of its spectral energy distribution (SED), which

suggested that it was a massive, evolved galaxy at high

redshift.

We use the reduced image mosaics of the UDS field

from the DAWN JWST Archive (DJA; version 7.2).

These data are reduced using the grizli pipeline

(Brammer 2023a) and are drizzled to a pixel scale of

0.′′04 pix−1. For more details on the initial data reduc-

tion see Valentino et al. (2023). For the purpose of an-

alyzing the surface brightness profile, we also produce

a custom reduction of the F200W filter in the northern

half of the UDS-mosaic on a 0.′′02 pix−1 pixel scale (see

Section 4.1).

2.2. Photometry

Following Weibel et al. (2024), the NIRCam im-

ages are matched to the F444W resolution using em-

pirical point spread function (PSF) models before

performing 0.′′32 diameter aperture photometry using

SourceExtractor (Bertin & Arnouts 1996). Source de-

tection is based on an inverse-variance weighted stack

of all the broad-band long-wavelength images (F277W,

F356W and F444W) and fluxes are scaled to total based

on Kron apertures and an encircled energy correction to

account for the flux in the wings of the PSFs.

To obtain MIRI fluxes we measure the flux enclosed

in 0.′′5 diameter apertures, after subtracting the local

background as a sigma-clipped median flux in a 101 ×
101 pixels cutout centered on the source. To match to

F444W resolution, we multiply the measured flux by

the ratio of the encircled energies at 0.′′5 diameter of the
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Table 1. Positions in degrees and NIRCam and MIRI pho-
tometric fluxes measured for RUBIES-UDS-QG-z7 in nJy.

RA 34.4296173

DEC -5.1122962

NIRCam

F090W -3.7±7.7

F115W 45.2±7.9

F150W 75.7±6.7

F200W 108.3±5.6

F277W 186.0±9.3

F356W 469.6±23.5

F410M 522.5±26.1

F444W 527.6±26.4

MIRI

F770W 673.7±94.8

F1800W 377±1043

F444W and the MIRI PSF respectively. This allows us

to then scale the fluxes to total in the same way as the

NIRCam fluxes.

We note that the MIRI image reduction on the DJA

used an older version of the calibration reference files.

We therefore finally correct the measured fluxes using

the absolute photometric calibration of the latest refer-

ence file (version 203; a correction factor of 0.85 and 1.03

for the F770W and F1800W imaging, respectively).

Our photometric measurements in all filters are listed

in Table 1.

2.3. Spectroscopic data

NIRSpec spectra for RUBIES-UDS-QG-z7 were ob-

tained on July 25, 2024 as part of the Red Unknowns:

Bright Infrared Extragalactic Survey (RUBIES) (GO-

4233; PIs A. de Graaff and G. Brammer, de Graaff

et al. 2024b). RUBIES is a JWST Cycle 2 program of

NIRSpec multi-shutter array (MSA) observations (Fer-

ruit et al. 2022) targeting galaxies in the two extra-

galactic legacy fields CANDELS EGS and UDS (Koeke-

moer et al. 2011; Grogin et al. 2011). In the UDS

field, the RUBIES sources were selected from pub-

lic JWST/NIRCam imaging obtained by the PRIMER

survey. The MSA exposures consisted of 48 min-

utes each with the low-resolution PRISM/CLEAR and

the medium-resolution G395M/F290LP disperser/filter

combinations. A 3-point nodding pattern was used to

observe each target in a 1×3 configuration of open mi-

croshutters.

Full details of the NIRSpec data reduction are pro-

vided in Heintz et al. (2024) and de Graaff et al. (2024b).

Briefly, we use version 3 of the msaexp (Brammer 2023b)

pipeline. Compared to version 2 of msaexp described in

Heintz et al. (2024), this uses updated reference files for

improved flux calibration and custom calibration files

for the bar shadow correction, which were constructed

from observations of blank sky shutters.

We present the PRISM spectrum, both in 2D and in

1D, along with the best-fitting SED (see Section 3) and

the NIRCam photometry in Figure 1. Remarkably, the

source shows a clear Balmer break and a Lyman break,

unambiguously putting it at a redshift of zspec = 7.29±
0.01. There are no emission lines detected at the > 1σ

level. The inset in the bottom panel shows a zoom-in

to the region around the Balmer break and highlights

the position of various absorption features: The Balmer

lines Hγ, Hδ, Hϵ, Hζ and Hη as well as the Ca H and

K lines. While the individual absorption features are

observed at a relatively low signal-to-noise ratio (SNR),

their combined occurrence makes it unlikely that they

are a result of noise.

For completeness, we also show the G395M data in

Appendix A, although the SNR of this spectrum is too

low to distinguish any features.

3. SED MODELING

To infer the physical properties of RUBIES-UDS-QG-

z7, we use the Bayesian SED fitting tool Prospector

(Johnson & Leja 2017; Leja et al. 2017; Johnson et al.

2021) with the nested sampling code dynesty (Speagle

2020) to simultaneously fit the PRISM spectrum as well

as the NIRCam and MIRI photometry.

3.1. Prospector Setup

We largely follow the same methodology described in

detail in de Graaff et al. (2024a). Briefly, we use the stel-

lar population synthesis models from the Flexible Stel-

lar Population Synthesis (FSPS) package (Conroy et al.

2009; Conroy & Gunn 2010), with the MILES spectral

library (Sánchez-Blázquez et al. 2006), MIST isochrones

(Choi et al. 2016; Dotter 2016), and assuming the ini-

tial mass function of Chabrier (2003). We allow the

redshift to vary within ±0.1 around the best-fit redshift

of z = 7.288 measured with msaexp. Due to the compar-

atively lower signal-to-noise of the spectrum (relative to

the massive quiescent galaxy in de Graaff et al. (2024a)),

we also opt to use a lower order (n=2) polynomial in or-

der to flux calibrate the spectrum to the photometry

using the Prospector PolySpecFit procedure. How-

ever, our inferred SFHs are insensitive to the particular

choice of calibration order.

We fit a non-parametric SFH that utilizes the continu-

ity prior of Prospector described in Leja et al. (2019).
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Figure 1. NIRSpec/PRISM Spectrum of RUBIES-UDS-QG-z7. Top: 2D SNR spectrum. Bottom: 1D spectrum of RUBIES-
UDS-QG-z7 in red, with 1σ uncertainties in gray. The NIRCam photometry is shown as orange dots and the best-fitting
SED from Prospector in blue (see Section 3). The 1D PRISM spectrum has been scaled by the calibration vector inferred
by Prospector to account for slit-loss. A zoom-in to the region around λrest ∼ 0.4µm is shown in the inset panel, where we
highlight the position of various absorption features. Note also that the best-fitting SED latches on the Balmer absorption lines.

Due to the higher redshift (and younger age of the Uni-

verse at the time of observation) for our source, we adopt

a different binning scheme than the one described in de

Graaff et al. (2024a). We divide the most recent 100

Myr of cosmic time into 3 bins of 10, 40, and 50 Myr

respectively, and fill the remaining earlier cosmic time

with 5 linearly spaced bins with widths of ∼ 125 Myr,

for a total of 8 bins of star formation. We assume a

two-parameter Kriek & Conroy (2013) dust law with at-

tenuation around old (t > 10Myr) stars fit in the range

τ ∈ [0, 2.5] and a free dust index δ ∈ [−1, 0.4] that al-

lows for deviations from the Calzetti et al. (2000) dust

law and includes a UV bump that depends on the slope

parameterized as in Noll et al. (2009). We fix the at-

tenuation around young (t < 10 Myr) stars to be twice

that of the older populations. We fit the stellar metal-

licity as a free parameter with a logarithmically sampled

uniform prior in the range log(Z/Z⊙) ∈ [−1, 0.19]. We

mask all wavelengths shorter than rest-frame 1200Å to

avoid contributions from intergalactic medium absorp-

tion. For better visual comparison to the observational

data in Figures 1 and 2, we apply IGM attenuation to

the best-fitting SED using the model from Inoue et al.

(2014). Before fitting, all models are convolved with a

line spread function that is a factor 1.3 narrower than

the resolution curves available on the JWST User Doc-

umentation following e.g., Curtis-Lake et al. (2023); de

Graaff et al. (2024a) to account for the better resolution

of compact sources. We additionally allow for free veloc-

ity dispersion parameters that smooth both the stellar

continuum and ionized gas emission, that we allow to

vary in the range [0,500] km/s to marginalize over the

uncertainty in the line spread function in addition to the

intrinsic dispersion of the galaxy.

Our initial best-fitting model favors a low metallicity

of Zlow = 0.11+0.02
−0.01 Z⊙ which is close to the edge of

the prior at 0.1 Z⊙. However, we argue that even lower

metallicities are not plausible given the high stellar mass

of RUBIES-UDS-QG-z7 and considering the observed

stellar mass-metallicity relation at these redshifts (e.g.,
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Figure 2. Top: NIRCam and MIRI imaging cutouts of RUBIES-UDS-QG-z7. Middle: The posterior median SED from
Prospector along with the NIRCam + MIRI photometry, which constrains the fit over the rest-frame optical to near-IR. We
further plot the MSA slit position on an inset showing a 2.′′04 × 2.′′04 RGB-cutout around the source. Bottom: Fitted non-
parametric SFHs for the low-metallicity fit (Z = 0.11Z⊙) in red and the high-metallicity (Z = 1.19Z⊙) fit in khaki. This shows
a rising SFH for RUBIES-UDS-QG-z7 which peaks at z ∼ 8− 9, followed by a rapid decline in the SFR at z ∼ 8 and little to no
star formation in the past ≳ 50Myr. For comparison, we overplot bright sources at z ≳ 8 with their SFR-values as published
in Akins et al. (2023) (COS-z8M1), Bunker et al. (2023) (GN-z11), Castellano et al. (2024) (GHZ2/GLASS-z12), and Carniani
et al. (2024) (JADES-GS-z14-0), as well as three samples of UV-bright objects at z > 7.7 plotted with their published values
of MUV, converted to SFR with the relation from Kennicutt (1998), assuming no dust. Grey: photometrically selected targets
for follow-up with ALMA through REBELS from Bouwens et al. (2022b), light blue: a compilation of NIRSpec observations
by Roberts-Borsani et al. (2024a), and light green: objects from the JWST BoRG-survey (Roberts-Borsani et al. 2024b). This
illustrates that plausible progenitors of RUBIES-UDS-QG-z7 at z ∼ 8 − 9, and perhaps at even higher redshifts are either
dust-obscured or have yet to be discovered or at least spectroscopically confirmed.
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Nakajima et al. 2023; Curti et al. 2024) or the metallici-

ties of similar-mass and more-massive quiescent galaxies

at lower redshift (e.g., Choi et al. 2014; Beverage et al.

2024a). Since we cannot entirely rule out an even lower

metallicity, we discuss this possibility in Section 5.3.

Further, due to the low resolution and SNR of the

PRISM spectrum, the metallicity is only measured in-

directly and is sensitive to the detailed shape of the

continuum. Instead, the low metallicity may indicate a

systematic mismatch between the SPS libraries and the

observed SED due to the abundance patterns of stars

formed in a rapid burst being α-enhanced, as observed

in z = 1− 3 quiescent systems (Beverage et al. 2024b).

α-enhancement can affect the UV continuum shape at

the 20-40% level (e.g., Vazdekis et al. 2015; Choi et al.

2019). Recently, Park et al. (2024) have published novel

α-enhanced isochrone and spectral libraries, and found

similar effects of α-enhancement on the continuum. Im-

plementing these new models in SED-fitting codes and

exploring their effect on the inferred metallicity and

other physical properties will be the subject of future

work. Here, we follow an approach similar to the one

in de Graaff et al. (2024a) (see their Section 4), and

attempt to account for this systematic uncertainty due

to our inability to marginalize over the effect of varying

abundance patterns by running a second fit with a prior

on the metallicity of Z ≳ 0.3 Z⊙, which returns a fit

that converges to Zhigh = 1.19+0.24
−0.27 Z⊙. Comparing the

reduced χ2 of the two fits, we find χ2
low−Z = 535.05 and

χ2
high−Z = 538.78, meaning that we cannot confidently

distinguish between the two based on the quality of the

fit. The higher metallicity is compensated in the fit

by a slightly lower AV, marginally lower mass, and a

younger age with slightly more star formation in the

past ∼ 100Myr. The resulting physical parameters for

both fits are listed in Table 2, and the posterior dis-

tributions of the most important fitting parameters are

shown in Figure 8 in Appendix B. We emphasize that

the low and high metallicity fits are meant to repre-

sent the range of plausible metallicities, and likely do

not provide meaningful constraints on Z∗ individually.

However, as can be seen in Figure 8, all the key physical

parameters are well constrained independent of Z∗.

3.2. Star Formation History

In Figure 2 we show the best-fitting SED from

Prospector out to rest-frame near-IR wavelengths,

along with the NIRCam+MIRI photometry in the mid-

dle panel. The bottom panel shows the inferred non-

parametric SFH for the low metallicity and the high

metallicity fit.

Both SFHs indicate that RUBIES-UDS-QG-z7 forms

more than half of its mass in a burst lasting ∼ 100 −
200Myr at around z ∼ 8 − 9, and with a SFR of

∼ 100M⊙ yr−1. Then, the SFR drops to < 3M⊙ yr−1

within a few 10s of Myr around z ∼ 8. The high

metallicity fit allows for some more star formation be-

low z ∼ 8, while the low metallicity fit favours slightly

earlier quenching and a more extended SFH at z ≳ 11.

Importantly, both SFHs indicate that the galaxy has a

stellar mass of log(M∗/M⊙) ∼ 10.2 and a specific SFR

of log(sSFR/Gyr−1) ≲ −1 when averaged over the past

50Myr. As a test on the robustness of these proper-

ties with regard to changing the SFH-prior, we perform

another Prospector run assuming the bursty continu-

ity prior as described in Tacchella et al. (2022), which

allows for more drastic changes in the SFR from one

time-bin to the next. This increased flexibility is re-

flected in larger uncertainties on the SFR in time-bins

prior to 50Myr before the time of observation. Cru-

cially, the inferred stellar mass, dust attenuation and

SFR50 are consistent within errors with those inferred

with the continuity prior. In fact, the bursty continu-

ity prior favors an even lower SFR50. We further refer

the reader to de Graaff et al. (2024a) who explored the

effect of using parametric forms of the SFH such as a

delayed-τ , and a rising SFH model to fit a massive qui-

escent galaxy at z ∼ 4.9 whose SED resembles that of

RUBIES-UDS-QG-z7 (see Figure 4), and found no sig-

nificant changes in the inferred physical parameters.

To get an alternative direct measurement of the up-

per limit on the recent star formation, we use the python

tool lmfit to fit a single Gaussian to the PRISM and

G395M spectrum respecitvely within ±30 Å rest-frame

of the Hβ line center at λHβ = 4861 Å after subtract-

ing the continuum as the median in that wavelength

window. Since the continuum-subtracted spectra are

dominated by noise, we enforce a positive amplitude

for the fit and constrain the line center to be within

±5 Å of λHβ , as well as the dispersion to be within 200

and 400 km/s to avoid unreasonably wide and/or off-

centered fits. The values for the dispersion are based

on the relation from Forrest et al. (2022) for the dy-

namical mass Mdyn. Assuming Mdyn = M∗, which

can be interpreted as a lower limit on Mdyn, this yields

σ ≈ 225 km/s. From the inferred uncertainty in the fit

we get a 2σ upper limit on the line flux that is allowed by

the data. We then convert the approximate best-fitting

dust extinction parameter AV = 0.3 to a Balmer decre-

ment to obtain an upper limit on the Hα flux which we

can finally translate into an upper limit on the recent

SFR using the relation from Kennicutt (1998), obtain-

ing SFRlines < 6.6M⊙ yr−1 and SFRlines < 5.8M⊙ yr−1
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from the PRISM and G395M spectrum respectively.

This is significantly less constraining than the measure-

ment from Prospector of SFR10 = 0.64+0.83
−0.60 M⊙ yr−1

for the low metallicity model (see Table 2), due to the

fact that the Prospector fit is informed by the ab-

sence of multiple lines and the continuum shape of the

spectrum. It nevertheless provides another confirmation

that the recent star formation rate of RUBIES-UDS-

QG-z7 must be low.

The secondary y-axis on the right of the bottom panel

of Figure 2 shows MUV values that are directly inferred

from the SFR, assuming the relation from Kennicutt

(1998) and no dust extinction. For comparison with

the SFH of RUBIES-UDS-QG-z7, we collect literature

sources with the brightest MUV known at z > 7.7 (i.e.,

at epochs before RUBIES-UDS-QG-z7 stopped forming

stars): a sample of objects selected for follow-up with

ALMA through REBELS from Bouwens et al. (2022b),

a compilation of galaxies observed with NIRSpec from

Roberts-Borsani et al. (2024a) and a sample of sources

identified in pure-parallel HST-imaging and spectro-

scopically confirmed through the BoRG-JWST survey

(Roberts-Borsani et al. 2024b). All of these sources re-

main below the unobscured MUV ≲ −23 suggested by

the ∼ 50 − 150M⊙ yr−1 SFR in the SFH of RUBIES-

UDS-QG-z7. We also show a dust-obscured (AV ∼ 1.6)

galaxy at z ∼ 8.4 from Akins et al. (2023) named COS-

z8M1 with an inferred SFR100 ∼ 59M⊙yr
−1. Only this

object and three sources from Bouwens et al. (2022b) are

consistent with the SFH of RUBIES-UDS-QG-z7 within

the 1σ uncertainties. All of them rely on photometric

data only, and the sources from Bouwens et al. (2022b)

were selected over an area of as much as ∼ 7 deg2,

whereas the total area covered by RUBIES is only ∼ 150

arcmin2. Finally, we show three remarkably luminous

galaxies at z > 10, GN-z11, GHZ2/GLASS-z12 and

JADES-GS-z14-0 with values of SFR10 as published in

Bunker et al. (2023), Castellano et al. (2024), and Car-

niani et al. (2024). While these sources are consistent

with potentially being progenitors of RUBIES-UDS-QG-

z7, its SFH is too poorly constrained at z ≳ 10 to draw

further conclusions. However, no sources with SFRs as

high as the ones predicted during the burst at z ∼ 8− 9

have been spectroscopically confirmed to date, with pho-

tometric candidates being either dust-obscured and/or

discovered in wider area imaging. For a more extended

discussion on the possible progenitors of RUBIES-UDS-

QG-z7, see Section 5.3.

4. STRUCTURAL PROPERTIES

To characterize the morphology of RUBIES-UDS-QG-

z7, we first fit a Sérsic profile to the imaging, and then

Table 2. Physical properties of RUBIES-UDS-QG-z7, as
measured with Prospector for the low metallicity (low-Z)
and the high metallicity (high-Z) fit.

quantity low-Z high-Z

zspec 7.287+0.007
−0.006 7.290+0.005

−0.006

log(M∗/M⊙) 10.23+0.04
−0.04 10.19+0.04

−0.04

log(Σ∗/M⊙ kpc−2) 10.85+0.11
−0.12 10.80+0.11

−0.12

SFR10 [M⊙ yr−1] 0.64+0.83
−0.60 1.08+1.55

−0.98

SFR50 [M⊙ yr−1] 0.83+11.11
−0.76 2.13+5.54

−1.92

SFR100 [M⊙ yr−1] 0.84+20.16
−0.78 48.89+21.12

−13.04

AV [mag] 0.31+0.08
−0.08 0.25+0.09

−0.07

t50 [Gyr] 0.20+0.07
−0.02 0.16+0.03

−0.02

t90 [Gyr] 0.12+0.01
−0.01 0.07+0.01

−0.01

log(Z/Z⊙) −0.94+0.05
−0.04 0.07+0.08

−0.11

use this measurement to estimate the stellar mass sur-

face density as well as a 3D density profile.

4.1. Sérsic Profile Fitting

We first use the F200W filter to measure the morphol-

ogy of RUBIES-UDS-QG-z7, as this is the NIRCam fil-

ter with the highest SNR for which imaging at a pixel

scale of 0.′′02 is available. Size measurements in longer

wavelength filters are discussed further below. We se-

lect bright, but not saturated, and isolated stars and

use the python tool psf.EPSFBuilder 1 (Anderson &

King 2000; Anderson 2016) from the photutils pack-

age (Bradley et al. 2022) to derive an effective PSF.

Next, we use the empirical PSF to perform single

Sérsic profile fitting with the pysersic package (Pasha

& Miller 2023)2. To sample the posterior we use the

No U-turn sampler implemented in numpyro (Hoffman
et al. 2014; Phan et al. 2019). We use two chains with

1000 warm-up and 2000 sampling steps each. This re-

sults in effective sample sizes > 1200 for all parameters

and r̂ < 1.01 indicating robust sampling (Vehtari et al.

2021).

We find that the source is marginally resolved, with

a major axis size of approximately 2 pixels, correspond-

ing to a physical size of Re = 209+33
−24 pc. The source is

round (b/a = 0.89+0.08
−0.14) and has a poorly constrained

Sérsic index, n = 2.4+1.5
−0.9. Regardless of the uncer-

tain Sérsic index, the small size implies a high stel-

lar mass surface density within the effective radius of

log(Σ∗,e/M⊙ kpc−2) = 10.85+0.11
−0.12.

1 https://photutils.readthedocs.io/en/stable/api/photutils.psf.
EPSFBuilder.html

2 https://github.com/pysersic/pysersic

https://photutils.readthedocs.io/en/stable/api/photutils.psf.EPSFBuilder.html
https://photutils.readthedocs.io/en/stable/api/photutils.psf.EPSFBuilder.html
https://github.com/pysersic/pysersic
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In Figure 3 (left panel), we compare this density to

quiescent galaxies from the literature. First, we compile

a sample of 225 quiescent galaxies at z ∼ 2 − 3 with

log(M∗/M⊙) > 10.5 from the 3DHST catalog (Skelton

et al. 2014), using the UVJ-color cuts from Muzzin et al.

(2013) and matching with the size fits from van der Wel

et al. (2012, selecting only good fits with flag=0) to

compute the surface density within the effective radius

for each object, similar to the sample in Whitaker et al.

(2017). In addition, we show the surface densities of the

massive quiescent galaxy at z = 4.66 in Carnall et al.

(2023b), of the extremely massive (M∗ = 1011 M⊙) qui-

escent galaxy RUBIES-EGS-QG-1 at z = 4.9 from de

Graaff et al. (2024a), of the compact core component of

a z = 3.97 quiescent galaxy from Setton et al. (2024),

and the highest density measured in lensed star clusters

at z ∼ 6 by Vanzella et al. (2023). The surface mass

density of RUBIES-UDS-QG-z7 is comparable to those

of the densest quiescent galaxies at z ∼ 2− 3 as well as

the most massive quiescent systems at z ∼ 4 − 5, and

only a factor ∼ 4 less dense than the highest densities

measured in star clusters at z ∼ 6.

Following the same methodology, we also fit single

Sérsic profiles to the NIRCam filters in the long wave-

length channel, where F356W and F444W probe the

rest-frame optical continuum, but both the pixel scale

and PSF FWHM are a factor ∼ 2 larger (for reference,

we show the PSF half width at half maximum of F200W

and F444W in Figure 3). On the pixel scale of 0.′′04,

we measure sizes of ≲ 0.5 pixels, close to the edge of

the prior at 0.25 pixels, indicating that RUBIES-UDS-

QG-z7 is not resolved in the rest-optical. Taking the

95th percentiles of the posterior distributions as upper

limits on the physical size, we find Re < 103 pc and

Re < 88 pc in F356W and F444W respectively. Under

the assumption that our PSF-models are accurate and

noise-free, this indicates that RUBIES-UDS-QG-z7 is at

least a factor ×2 smaller in the rest-optical than in the

rest-UV, which is stronger than (but qualitatively con-

sistent with) the color gradients found in massive quies-

cent galaxies at z ∼ 1 − 4 (e.g. Suess et al. 2019, 2022;

Cutler et al. 2024; Ji et al. 2024; Wright et al. 2024).

Crucially, this would further imply that the stellar mass

density is at least a factor ×4 higher than inferred above.

4.2. Stellar Mass Density Profiles

To estimate the 3D mass profile, we follow the

methodology described in Bezanson et al. (2009). We

perform an Abel transform to deproject the 2D Sérsic

profile measured from the F200W imaging, assuming

that the mass density profile is spherically symmetric

and that the mass-to-light ratio is constant with radius.

As noted above, the assumption of a constant M/L ratio

is conservative given the observed F200W and F444W

sizes, and may underestimate the true stellar mass den-

sity of this object.

The resulting mass density profile of RUBIES-UDS-

QG-z7 is shown in Figure 3, and reveals a very high

stellar mass density of ∼ 1011 M⊙ kpc−3 at the effec-

tive radius. For comparison, we also compute the mass

density profile of RUBIES-EGS-QG-1 (de Graaff et al.

2024a), and of the triply imaged LRD from Furtak et al.

(2024), assuming Re = 30pc, M∗ = 109.15 M⊙ (corre-

sponding to the upper limit on the stellar mass specified

in their paper), and n = 1.5. Further, we show the me-

dian as well as the 16th and 84th percentile mass density

profile of the sample of massive (log(M∗/M⊙) > 10.5)

quiescent galaxies at z ∼ 2−3 described above. In a sim-

ilar manner, we compile a sample of 514 z ∼ 0 quiescent

galaxies from the Galaxy And Mass Assembly survey

(GAMA; Driver et al. 2011; Liske et al. 2015; Baldry

et al. 2018), with masses log(M∗/M⊙) > 11 from Driver

et al. (2016), adopting the selection of quiescent galax-

ies from de Graaff et al. (2022) and the size fits in the

r-band from Kelvin et al. (2012) to compute a median as

well as 16th and 84th percentile mass profiles of massive

quiescent galaxies in the local Universe.

In comparison to the sources at z ≳ 4.5, we find

that the mass density profile of RUBIES-UDS-QG-

z7 lies ∼ 0.5 dex below that of RUBIES-EGS-QG-1,

and 0.1 − 0.2 dex below that of the massive quiescent

galaxy from Carnall et al. (2023b) at all displayed radii.

The triply imaged LRD shows a much more centrally

peaked profile, reaching densities comparable to that

of RUBIES-UDS-QG-z7 at radii of ∼ 10pc, where the

mass density profiles are poorly constrained based on the

available imaging data. On the other hand, the mass

density profile of RUBIES-UDS-QG-z7 is remarkably

consistent with the densest compact quiescent galax-

ies at z ∼ 2 − 3, and it lies ∼ 0.2 dex above the 84th

percentile of the local early-type galaxy profiles at radii

≲ 300 pc with some individual z ∼ 0 profiles sill be-

ing consistent with the profile of RUBIES-UDS-QG-z7.

Both z ∼ 2−3 and local ellipticals show higher densities

at larger radii due to their more extended morphologies

which can be explained by the accretion of smaller satel-

lite systems between 0 < z < 2 (e.g. Bezanson et al.

2009; Naab et al. 2009). As also discussed there, the

difference in central densities between massive quiescent

galaxies at cosmic noon and local ellipticals is consistent

with inside-out growth scenarios, where the z ∼ 2 − 3

galaxies evolve into the cores of local ellipticals. Crit-

ically, this suggests that it is possible for the cores of
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Figure 3. Left: Projected stellar mass surface density within Re versus redshift for RUBIES-UDS-QG-z7 compared to the
massive quiescent galaxy at z = 4.9 from de Graaff et al. (2024a), a massive quiescent galaxy at z = 4.66 from Carnall et al.
(2023b), the core component of a massive quiescent galaxy at z = 3.97 from Setton et al. (2024), the densest star cluster found
in the Sunrise arc by Vanzella et al. (2023), and a sample of 225 massive quiescent galaxies at z ∼ 2−3 selected from the 3DHST
survey. The surface density of RUBIES-UDS-QG-z7 is consistent with the densities of massive quiescent galaxies at z ∼ 4 − 5
and the densest systems at z ∼ 2 − 3, and only a factor ∼ 4 below that of the densest known star clusters at z ∼ 6. Right:
Mass density profiles of some of the objects shown on the left, as well as of the triply imaged LRD from Furtak et al. (2024).
For the quiescent galaxies at z ∼ 2 − 3, we show the median stellar mass profile and shade the region between the 16th and
84th percentiles. Similarly, we compile a sample of 514 massive quiescent galaxies at z ∼ 0 from the GAMA survey, and show
the respective median and percentile profiles. The stellar mass density of RUBIES-UDS-QG-z7 at R ∼ 300 pc is consistent with
the latter, indicating that the cores of some local ellipticals may be in place at z ∼ 7.

present-day massive galaxies to already form within the

first 700Myr.

5. DISCUSSION

Through detailed analysis of the JWST photomet-

ric and spectroscopic data, we have established that

RUBIES-UDS-QG-z7 has formed a stellar mass >

1010 M⊙ by z ∼ 8, retaining a compact morphology with

Re ∼ 200 pc, and then stopped forming stars rapidly

within a few 10s of Myr and remained quiescent with

log(sSFR/Gyr
−1

) ≲ −1 for the past ∼ 50 − 100Myr.

This makes RUBIES-UDS-QG-z7 the highest redshift

bonafide massive quiescent galaxy confirmed to date,

and raises major questions: How was this galaxy able to

form and quench in just 700Myr? What would its likely

progenitors and descendants look like? Below, we com-

pare the spectral shape of RUBIES-UDS-QG-z7 to other

red objects at similar redshift, place RUBIES-UDS-QG-

z7 in the context of galaxy formation models as well as

the general galaxy population at z ∼ 7, and discuss its

possible past and future.

5.1. A Unique, Quiescent Galaxy at z ∼ 7

To put RUBIES-UDS-QG-z7 in context, we compare

it against new classes of red and/or (mini-)quenched ob-

jects discovered recently with JWST in Figure 4. For

illustrative purposes, we have normalized the spectra to

the median flux at λrest ∈ (0.39, 0.41)µm. First, we show

the “(mini-)quenched” object from Looser et al. (2024)

(which coincidentally lies at the exact same redshift as

RUBIES-UDS-QG-z7, z = 7.29, but in the GOODS-

S field), as well as a similar object presented in Strait

et al. (2023) at z = 5.2. Both sources show a signifi-

cantly weaker Balmer Break and, crucially, a very steep

(blue) rest-UV slope, indicative of more recent star-

formation than in RUBIES-UDS-QG-z7, which shows

β = −0.84± 0.15. Moreover, we find that the flux den-

sity at ∼ 0.4µm rest-frame of the Looser et al. (2023)

source is lower by a factor ∼ 12. Combined, this clearly

distinguishes RUBIES-UDS-QG-z7 from these objects

that have lower stellar masses (∼ 107.6−8.7 M⊙), and

stopped forming stars more recently (≲ 10− 30Myr).

Next, we compare with the triply imaged LRD from

Furtak et al. (2024) at z = 7.05. With a F115W −
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Figure 4. Comparison of RUBIES-UDS-QG-z7 to various spectra from the literature: the low-mass, recently quenched galaxies
(also referred to as (mini-)quenched) at z ∼ 7.3 from Looser et al. (2024) and at z ∼ 5.2 from Strait et al. (2023), the triply
imaged LRD from Furtak et al. (2024), and the massive quiescent galaxy at z = 4.9 from de Graaff et al. (2024a). While the
former two show much stronger UV-emission than RUBIES-UDS-QG-z7, the LRD shows a much redder rest-optical continuum
and a broad Hβ emission line. For its redshift, the spectrum of RUBIES-UDS-QG-z7 is unique. However, it shows remarkable
agreement with the spectral shape of the z = 4.9 massive quiescent galaxy.

F200W color of 0.95 mag, reflecting a relatively red rest-

UV spectrum, and F277W − F444W = 1.13, RUBIES-

UDS-QG-z7 lies just inside the color selection boxes

proposed for LRDs by Labbe et al. (2023) and Greene

et al. (2024). We specifically choose the LRD of Furtak

et al. (2024) for comparison, because it lies at a sim-

ilar redshift, has a very high quality spectrum thanks

to its lensing magnification, and it does not have strong

[O iii] emission (which many other LRDs do; see, e.g.,

Greene et al. 2024). While its spectrum matches that of

RUBIES-UDS-QG-z7 well up to λrest = 0.4µm, includ-

ing a strong Balmer break, the spectrum of the LRD

continues to rise towards longer wavelengths and shows

a broad Hβ emission line. Both of these features may

be attributed to a dust-obscured AGN that dominates

the SED at rest-frame optical wavelengths. However, as

can be clearly seen in Figure 4, RUBIES-UDS-QG-z7

lacks the characteristic rising red continuum of LRDs

and its red color between F277W and F356W is solely

due to the Balmer Break, while F356W−F444W = 0.13

indicates a relatively flat optical continuum in fν .

Finally, the spectrum of the massive quiescent galaxy

RUBIES-EGS-QG-1 at z = 4.9 (de Graaff et al. 2024a)

matches that of RUBIES-UDS-QG-z7 remarkably well,

corroborating the interpretation that RUBIES-UDS-

QG-z7 is truly a massive quiescent galaxy at z = 7.3.

To further highlight the uniqueness of RUBIES-UDS-

QG-z7, we quantify the strength of its Balmer break,

which roughly traces the age of the underlying stellar

populations or the time since quenching (e.g., Hamilton

1985; Kauffmann et al. 2003; Kriek et al. 2006). Using

the wavelength windows defined in Wang et al. (2024)

that avoid prominent nebular emission lines around rest-

frame 4000 Å we measure the break strengths of all five

objects shown in Figure 4, as well as the three objects

presented in Wang et al. (2024). These measurements

are performed consistently on v3 spectra from the DJA,

and in fν , to be consistent with historical definitions of

the break strength (e.g. Bruzual A. 1983; Balogh et al.

1999). A compilation of break strengths is shown in

Figure 5, including the object YD4 in the A2744 clus-

ter whose break strength has recently been published

by Witten et al. (2024). For reference, we further plot

the median relation from stacked NIRSpec spectra from

Roberts-Borsani et al. (2024a) and a sample of sources

with NIRSpec spectroscopic redshifts compiled by Kuru-

vanthodi et al. (2024) who measured the Balmer breaks

from photometry. While their choice of photometric fil-

ters to measure the break avoids the [OIII] and Hβ lines,

weaker emission lines contribute to the breaks of approx-

imately half of their objects.

With a break strength of 2.53 ± 0.21, RUBIES-UDS-

QG-z7 has one of the strongest Balmer breaks mea-
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Figure 5. Balmer Break strength vs. redshift for the 5
sources shown in Figure 4, three objects with strong breaks
from Wang et al. (2024), YD4 as published in Witten et al.
(2024), the median relation from stacked NIRSpec spectra
from Roberts-Borsani et al. (2024a), and a sample of objects
with NIRSpec spectroscopic redshifts and breaks measured
from photometry (Kuruvanthodi et al. 2024). RUBIES-UDS-
QG-z7 shows one of the strongest Balmer breaks measured
at z ≳ 7 to date, comparable to the break strength measured
in the massive quiescent galaxy at z = 4.9 (de Graaff et al.
2024a).

sured at z ≳ 6 in any galaxy so far, close to the one

of RUBIES-EGS-QG-1 at z = 4.9 (2.65 ± 0.07). In

our compilation, only two sources show even stronger

breaks: One object from Wang et al. (2024) which

reaches 2.92±0.18 at a slightly lower redshift of z = 6.68,

and the triply imaged LRD from Furtak et al. (2024)

with 3.33± 0.15 at z = 7.05. Due to the possible AGN

contribution to the spectrum around 4000 Å in both of

these sources and their likely high dust content, those

breaks are however more difficult to interpret (for the

latter source, see also Ma et al. 2024).

5.2. Descendants of RUBIES-UDS-QG-z7

The early quiescence and high stellar mass of

RUBIES-UDS-QG-z7 raises the question of what its de-

scendants may look like. As discussed in Section 4, the

high stellar mass surface density is consistent with the

range in densities found in compact massive quiescent

galaxies at z ∼ 2 (e.g. Whitaker et al. 2017), and also

the sources observed with JWST at z ∼ 3 − 5 (Setton

et al. 2024; Carnall et al. 2023b; de Graaff et al. 2024a).

Moreover, the 3D stellar mass density profile falls within

the 1σ scatter of the mass profiles of massive quiescent

galaxies at z ∼ 2 − 3 from 3DHST and lies only a fac-

tor ∼ 2 − 3 above the typical profiles of local quiescent

galaxies from the GAMA survey, consistent with find-

ings in Bezanson et al. 2009 where massive quiescent

galaxies at z ∼ 2 − 3 are identified as plausible pro-

genitors of the cores of local ellipticals. This suggests

that RUBIES-UDS-QG-z7 is a likely progenitor of the

compact massive galaxies seen at z ∼ 2 − 3, and that

the cores of some elliptical galaxies in the local Universe

were already in place by z ∼ 7. We note that the inferred

metallicity in our low metallicity fit is probably incon-

sistent with such a scenario which may in turn point

towards a higher metallicity for RUBIES-UDS-QG-z7.

As discussed above, accurately constraining Z∗ is not

possible given the available data and models.

Turning to the SFH, it is tempting to also consider

RUBIES-UDS-QG-z7 as a direct progenitor of the ex-

tremely old massive quiescent galaxies that have been

recently discovered and characterized with JWST at

z ∼ 2−5 (e.g. Carnall et al. 2024; de Graaff et al. 2024a;

Glazebrook et al. 2024; Park et al. 2024): the SFHs of

these systems are consistent with having formed their

stellar mass at z ≳ 8 and quenched at a similar redshift

as RUBIES-UDS-QG-z7. However, the stellar masses

of these galaxies in the literature are up to an order

of magnitude higher. If RUBIES-UDS-QG-z7 were to

evolve into such a galaxy, it would either have to reju-

venate quickly and go through a second burst of star

formation, to then quench rapidly again. Or alterna-

tively, one or even a few major mergers with similarly

massive quiescent systems would be required to reach

∼ 1011M⊙ by z ∼ 4− 5. Given the estimated low num-

ber density of such objects (see Section 5.4), this seems

unlikely. A more in-depth analysis of a possible overden-

sity around RUBIES-UDS-QG-z7 remains to be done in

future work. Perhaps most likely, RUBIES-UDS-QG-z7

is not a direct progenitor of the very massive systems at

z ∼ 4− 5, and may instead maintain its current mass or

experience more gradual mass growth to become a mas-

sive compact quiescent galaxy as observed at z ∼ 2− 3.

Interestingly, quiescent galaxies with masses comparable

to that of RUBIES-UDS-QG-z7 appear to be the most

compact of all quiescent galaxies at 1 < z < 3 in Cutler

et al. (2024).

5.3. Progenitors of RUBIES-UDS-QG-z7

Independent of our priors on the SFH and the metal-

licity in the SED fitting, we know with confidence that

RUBIES-UDS-QG-z7 must have formed a substantial

fraction of its stars in a burst between z ∼ 8 − 9 at a

star formation rate of ∼ 100M⊙ yr−1. Assuming no
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dust and the conversion from Kennicutt (1998), this

corresponds to a very bright absolute UV-magnitude of

MUV ∼ −23.7. Although a few photometrically-selected

candidates exist at z ∼ 8 with MUV ∼ −23 (Bouwens

et al. 2022b), no such object has been spectroscopically

confirmed to date, with the brightest spectroscopically-

confirmed objects lying around MUV ∼ −22 at z ∼ 8 (as

shown in Figure 2; e.g. Roberts-Borsani et al. 2024b).

Moreover, these photometric candidates were selected

over a very large area of ∼ 7 deg2 (compared to the

∼ 300 arcmin2 survey area of CEERS and PRIMER),

and thus have a number density that is nearly two

dex lower than our estimate of the number density of

RUBIES-UDS-QG-z7 (see Section 5.4). Purely star-

forming galaxies reaching very bright UV magnitudes

(MUV ∼ −23 to −24.7) have recently been found at

z ∼ 2.4− 3.6 (Marques-Chaves et al. 2020, 2022), show-

ing that such objects exist at later times. If and how

they are related to RUBIES-UDS-QG-z7 and other high-

redshift populations, remains to be established.

There are a few possible explanations for the miss-

ing UV-bright progenitors. First, they may be dust-

obscured and thus have so far eluded spectroscopic con-

firmation by JWST. If they are sufficiently dusty, they

may have been challenging to detect prior to JWST

and are only recently being followed-up spectroscopi-

cally through surveys like RUBIES. One photometric

candidate for a dust-obscured progenitor, COS-z8M1

(Akins et al. 2023), is shown in Figure 2. An even

more extreme candidate at a slightly lower redshift of

z ∼ 7.6 is presented in the same paper. Other possi-

ble progenitors may be found among the population of

LRD-like sources at z ≳ 8, the stellar masses and SFHs

of which appear to match well with that of massive qui-

escent galaxies at z ∼ 4 − 5 and RUBIES-UDS-QG-z7

(Williams et al. 2024; Wang et al. 2024), although the

inferred stellar population properties of these sources

are still very uncertain. However, if these sources do

host a significant stellar component, they may evolve

into an object like RUBIES-UDS-QG-z7 by z ∼ 7 once

the AGN component has shut down and possibly also

quenched star formation. It is important to note that

the low dust attenuation inferred from the spectrum of

RUBIES-UDS-QG-z7 requires that in such a scenario,

most of the dust must be destroyed or removed from

the galaxy, at least along the line of sight, in a relatively

short timescale (≲ 100Myr).

Second, the SFH of objects like RUBIES-UDS-QG-

z7 could be more extended than the Prospector fits

suggest, lowering the required SFR in the most recent

burst. The continuity prior applied in our SED-fitting

(Leja et al. 2019) is however already conservative in

this regard. Nevertheless, we find that, if we extend

the lower boundary of the metallicity prior in our SED-

fitting to Z = 0.01 Z⊙, the fit converges to a metallicity

of Z = 0.04+0.03
−0.02 Z⊙ and a more extended SFH that re-

quires substantial star formation (SFR ∼ 50M⊙ yr−1)

at z ≳ 15. However, these results seem implausible: the

very low metallicity lies nearly two dex below the stellar

mass–metallicity relation of massive quiescent galaxies

at z ∼ 1 − 3 (e.g., Choi et al. 2014; Beverage et al.

2024b), and such an early stellar mass assembly history

would likely be in tension with the standard cosmologi-

cal model (Boylan-Kolchin 2023). A significantly more

extended SFH would also raise the major problem that

thus far no sources have been found with such high star

formation rates at z > 10. As can be seen in Figure 2,

objects as bright as JADES-GS-z14-0, GHZ2 or GN-

z11 on the other hand do form plausible progenitors

of RUBIES-UDS-QG-z7 for the metallicities explored

throughout this paper.

Third, as discussed in de Graaff et al. (2024a) in the

context of RUBIES-EGS-QG-1, the number density of

sources like RUBIES-UDS-QG-z7 is expected to be low

(log(n/Mpc−3) = −5.8+0.5
−0.8, see Section 5.4), and uncer-

tain, given that we have only discovered one such source

in the available JWST imaging and spectroscopic data.

Cosmic variance and the fact that the probed cosmic

volume decreases towards higher redshifts may therefore

help explaining why we have not yet seen the progeni-

tors of RUBIES-UDS-QG-z7. Moreover, star formation

may happen in short and intense bursts at z ≳ 8 (as sug-

gested by, e.g., Dekel et al. 2023). Since the observed

number density depends not only on the number den-

sity of massive galaxies, but also on the duty cycle of

star formation, this may explain the lack of observed

UV-luminous progenitors at z > 8. We note that the

time of ∼ 125Myr that RUBIES-UDS-QG-z7 spends in

a bursting phase according to our modeled SFH in e.g.,

the low metallicity fit (Figure 2) is to some extent a re-

sult of our choice of SFH time bins. In reality, it may

form in one or multiple shorter bursts. Finally, we note

that variations in the initial mass function (IMF) may

reduce the inferred stellar mass and thereby the maxi-

mum SFR in the SFH (see e.g., van Dokkum & Conroy

2024).

5.4. The absence of z > 7 quiescent galaxies in

simulations

Early quiescent galaxies have long represented a key

challenge for galaxy formation models and simulations.

The challenge is to form a massive galaxy that not only

ceases forming stars, but also remains quiescent for a

prolonged period of time within the first Gyr of cosmic
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Figure 6. Number density of quiescent galaxies as a
function of redshift compared to the inferred number den-
sity of objects like RUBIES-UDS-QG-z7 (red star), with
log(M/M⊙) > 10 and a specific SFR of log(sSFR/Gyr−1) <
−1. Lines are based on various simulations (EAGLE, GAL-
FORM, SHARK, Simba, Illustris TNG100). The dashed
lines represent extrapolated upper limits based on the sim-
ulation box sizes. Open symbols show lower redshift obser-
vational constraints from JWST, where the stellar mass cuts
and definitions of quiescence vary between different paper.
The highest redshift point from Valentino et al. (2023) is an
upper limit, meaning that no quiescent galaxies have been
found in the probed volume. The inferred number density of
quiescent galaxies at z ∼ 7 based on RUBIES-UDS-QG-z7
in the current survey volume is surprisingly high, and lies
≳ 100× above the extrapolation of lower redshift trends.

history. With an inferred stellar mass of log(M∗/M⊙) =

10.23 ± 0.04 and a specific SFR of log(sSFR/Gyr−1) <

−1 at z = 7.29 ± 0.01, RUBIES-UDS-QG-z7 is by far

the most distant galaxy confirmed so far that unam-

biguously qualifies as a massive quiescent galaxy (see

Figure 4), pushing the previous record at z ∼ 5 closer

to the Big Bang by 500Myr. The predicted num-

ber density of massive sources (M∗ > 1010M⊙) with

log(sSFR/Gyr−1) < −1 drops extremely rapidly with

redshift in current galaxy evolution models. For exam-

ple, the FLARES simulation predicts a number density

of log(n/Mpc−3) < −8 for such galaxies at z > 7 (Lovell

et al. 2023).

Assuming that RUBIES-UDS-QG-z7 is unique in the

total survey volume of ∼ 300 arcmin2 of PRIMER-UDS

and CEERS, a conservative estimate of the number den-

sity of quiescent galaxies in the redshift bin z = 7 − 8

is log(n/Mpc−3) = −5.8+0.5
−0.8, where uncertainties are

computed based on Poisson statistics using the frequen-

tist confidence interval (see Maxwell 2011). This is a

factor > 150× higher than expected from the FLARES

simulation. If we only considered the survey volume of

RUBIES alone, i.e., only the area covered by NIRSpec

observations (∼ 150 arcmin2; de Graaff et al. 2024b),

the inferred number density and the discrepancy with

FLARES would be another factor ∼ 2× higher.

In Figure 6, we compare the number density of z ∼
7 massive quiescent galaxies (defined here as sources

with M∗ > 1010 M⊙ and log(sSFR/Gyr−1) < −1) in-

ferred from RUBIES-UDS-QG-z7 to the number densi-

ties of such systems measured from various simulations

(FLARES, Lovell et al. 2023; EAGLE, Schaye et al.

2015; Crain et al. 2015; GALFORM, Lacey et al. 2016;

SHARK, Lagos et al. 2018, 2024, Simba, Davé et al.

2019; Illustris-TNG100 Pillepich et al. 2018), as well as

recent observational constraints based on JWST data

(Nanayakkara et al. 2024; Carnall et al. 2023a; Valentino

et al. 2023; Alberts et al. 2023), although we note that

these observational studies use different selection crite-

ria for the stellar mass and different definitions of quies-

cence. Apart from FLARES and SHARK, simulations

largely only provide upper limits on the number density

of massive quiescent galaxies at z ≳ 6, because there are

no such sources within the respective simulated volumes.

The steeply declining number densities at z ∼ 2−6 seen

in all the simulations shown in Figure 6 however suggest

number densities at z ∼ 7 comparable to or even lower

than those in FLARES.

This indicates that star formation efficiencies, cold gas

in- and outflows as well as feedback mechanisms may

have to be revisited in simulations at high redshifts,

in order to grow and subsequently quench more mas-

sive galaxies early on. From the observational side, it

will be important to improve the number density esti-

mates of sources like RUBIES-UDS-QG-z7 in wider area

data covering larger volumes to provide more stringent

constraints. Lagos et al. (2025) also show that even at

lower redshifts, z ≈ 3−4, where some of the simulations

do predict enough massive quiescent galaxies, their pre-

dicted SFHs may not be bursty enough compared with

observations. This shows that measuring number den-

sities, together with inferring SFHs and other intrin-

sic galaxies properties, provides stringent constraints on

cosmological galaxy formation simulations.

6. SUMMARY AND CONCLUSIONS

We have presented the NIRSpec/PRISM spectrum of

a massive quiescent galaxy, RUBIES-UDS-QG-z7, at

z = 7.29 ± 0.01 which was observed as part of the

JWST Cycle 2 program RUBIES. RUBIES-UDS-QG-z7
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represents the highest redshift massive quiescent galaxy

known to date by ∆z > 2. Through simultaneous mod-

eling of the spectrum and the NIRCam and MIRI pho-

tometry, we find that RUBIES-UDS-QG-z7 formed most

of its mass of log(M∗/M⊙) = 10.23+0.04
−0.04 in a burst of

star formation (SFRpeak ∼ 100M⊙yr
−1) at z ∼ 8 − 9

and then stopped forming stars quickly, resulting in a

low log(sSFR/Gyr
−1

) < −1 in the last 50Myr. While

the stellar mass and the rough shape of the SFH are well

constrained, we find similarly good fits for metallicities

< 0.1Z⊙ as well as > 1Z⊙, likely due to non-solar abun-

dance patterns in early and rapidly forming galaxies like

RUBIES-UDS-QG-z7 which are not yet accounted for in

available stellar population models.

The compact morphology of RUBIES-UDS-QG-z7

(Re = 209+33
−24 pc) implies high stellar mass densities

comparable to those measured in massive quiescent

galaxies at z ∼ 4 − 5, the densest quiescent systems

at z ∼ 2− 3, as well as the inner ∼ 300 pc of local ellip-

ticals, indicating that the cores of some of them may be

in place already at z ∼ 7.

Progenitors of RUBIES-UDS-QG-z7 are expected to

be highly star-forming systems at z ∼ 8 − 9. Only few

photometric candidates with UV-magnitudes directly

implying sufficiently high SFRs have been found at

those redshifts, and only over much larger areas. How-

ever, the progenitors of RUBIES-UDS-QG-z7 may be

dust-obscured making their detection and characteriza-

tion more challenging. Photometric candidates for such

dust-obscured, highly star-forming systems at z ∼ 8

are slowly being found thanks to deep NIRCam+MIRI

imaging (e.g., Akins et al. 2023). Spectroscopic confir-

mation of such candidates will be critical to shed more

light on the possible formation pathway of RUBIES-

UDS-QG-z7.

The detection of RUBIES-UDS-QG-z7 in a survey

area of just ∼ 300 arcmin2 implies a number density of

log(n/Mpc−3) = −5.8+0.5
−0.8, which is comparable to ob-

servations of quiescent galaxies at z ∼ 4−5, but > 100×
higher than predictions by simulations at z ∼ 7. Creat-

ing such a distant quiescent galaxy therefore represents

a challenge for our current galaxy formation theories and

may require a revision of our modeling assumptions.

In the future, it will be critical to search for sources

similar to RUBIES-UDS-QG-z7 at these redshifts, but

over wider area JWST fields in order to refine the num-

ber density estimate of quiescent galaxies at z > 6. Ad-

ditionally, deep medium/high resolution NIRSpec spec-

troscopy has the potential to reveal various absorption

features for RUBIES-UDS-QG-z7 itself, which are only

tentatively or not at all detected in the current PRISM

spectrum. These would provide better constraints on

the SFH and a more direct measurement of elemental

abundances. Finally, sub-mm observations from, e.g.,

ALMA could constrain the gas and dust properties to

gain further insight into the possible quenching mech-

anisms. RUBIES-UDS-QG-z7 thus represents a unique

opportunity to study and understand the emergence of

the first quiescent galaxies in the early Universe.
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APPENDIX

A. G395M SPECTRUM

In addition to the PRISM spectrum shown above, RU-

BIES also obtained a higher resolution G395M grating

spectrum. This is shown in Figure 7, zoomed-in on the

λrest ∈ (0.35, 0.45)µm range. The SNR is not sufficient

to reveal any absorption features or provide any other

further insights, which is why we do not use the grating

spectrum in the analysis outlined in this work.

B. Prospector POSTERIOR DISTRIBUTIONS

As an overview of the SED-fitting results from our

Prospector runs, we present the posterior distributions

of the key parameters in a corner plot in Figure 8.



21

Figure 7. NIRSpec/G395M spectrum of RUBIES-UDS-QG-z7, zoomed in on the region around 0.4µm. The position of possible
absorption features are highlighted, but the SNR of the spectrum is not sufficient to unambiguously reveal any significant features.
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Figure 8. Posterior distributions of the key parameters from the Prospector runs. Results from the low metallicity fit are
shown in red, and those from the high metallicity run in khaki. The displayed contours correspond to 0.5, 1, 1.5, 2, and 3σ
confidence regions.
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