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Euclid: Discovery of 31 new quasars at 6.6 < z < 7.8★
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Abstract

We report the discovery of 31 new high-z quasars in the redshift range 6.6 < z < 7.8. These quasars were selected from approximately 3000 deg2 of sky covered during the first 1.5 years of the Euclid Wide Survey, representing the initial results of the Euclid high-z quasar search. Our candidate selection employed multiple machine-learning and probabilistic techniques applied to the EuclidIE, YE, JE, and HE images, supplemented by ancillary z-band data when available. Spectroscopic follow-up observations were carried out with Keck, Magellan, and the Large Binocular Telescope (LBT). Among the new discoveries, there are 12 quasars at z ≥ 7, more than doubling the number of previously known quasars at z ≥ 7. The newly discovered quasars exhibit 21.2 < JE < 23.2 (−25.5 < M1450 < −23.6), extending quasar studies to the faint end of the quasar luminosity function (QLF) at z ≳ 7. The quasar with the highest-z, EUCL J172902.75+641018.1 at z ≈ 7.77, sets the new redshift record for the most distant quasar ever reported. These discoveries demonstrate Euclid’s transformative role in high-z quasar discovery and set the stage for future follow-up studies of the early galaxies hosting quasars, supermassive black hole growth, and the intergalactic medium in the epoch of reionisation.

Key words: galaxies: active / galaxies: high-redshift / quasars: general / quasars: supermassive black holes / dark ages / reionization / first stars
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1. Introduction
Since the first discovery of quasars at z > 5.7 (corresponding to < 1 Gyr of cosmic time assuming a ΛCDM model; Fan et al. 2000), subsequent searches over the past two decades have pushed the redshift frontier to z ∼ 7.5, and have provided key insights into galaxy formation and cosmology (for a review see Fan et al. 2023). Specifically, the highest-redshift quasars (z ≳ 7.5; Bañados et al. 2018; Yang et al. 2020a; Wang et al. 2021) place stringent constraints on the formation and growth of supermassive black holes (SMBHs): only the most massive black hole seeds appear to be sufficient to produce these quasars within the limited cosmic time available under the standard Eddington-limited accretion scenario (e.g., Inayoshi et al. 2020; Yang et al. 2021; Farina et al. 2022; Bosman et al. 2025). Beyond this, submillimetre observations of some other high-z quasars indicate that their host galaxies might be among the most massive (> 1010 M⊙; e.g., Neeleman et al. 2021) and actively star-forming (star-formation rate above 100 M⊙ yr−1; e.g., Wang et al. 2024) objects known in the early Universe. At the same time, the SMBHs powering these luminous quasars appear to be over-massive relative to the local SMBH-galaxy mass relation (e.g., Kormendy & Ho 2013), suggesting an early SMBH-galaxy co-evolution scenario, in which black hole growth outpaces that of the host galaxy (e.g. Neeleman et al. 2021; Farina et al. 2022; Yue et al. 2024; Wang et al. 2024; but also see Lauer et al. 2007; Izumi et al. 2019; Li et al. 2022; Silverman et al. 2025). Finally, as the most luminous non-transient sources in the Universe, high-z quasars serve as powerful beacons for studying the intergalactic medium (IGM), the reionisation (e.g., Davies et al. 2018; Yang et al. 2020b; Greig et al. 2024; Kist et al. 2025; Hennawi et al. 2025) and large-scale structure (LSS) during the epoch of reionisation (EoR; e.g., Wang et al. 2023; Pizzati et al. 2024; Eilers et al. 2024).
However, a major challenge to fully understanding high-z quasars and leveraging them as probes of the early Universe is our limited knowledge of the quasar population at z > 7. Prior to this work, only nine quasars were found at z > 7 since the first discovery in 2011 (Mortlock et al. 2011; Bañados et al. 2018; Wang et al. 2018; Matsuoka et al. 2019a,b; Yang et al. 2020a; Wang et al. 2021; Bañados et al. 2025b; Matsuoka et al. 2025), while hundreds of quasars had been identified at 6 < z < 7. The lack of large samples at z > 7 hinders us from tracing the evolutionary pathways of the quasars towards their formation and from constraining the IGM and LSS at earlier epochs. While the time interval between z = 7 and z = 6 spans only of the order of 200 Myr, key astrophysical processes can evolve significantly over such timescales. SMBHs, for instance, can grow rapidly under Eddington-limited accretion, which corresponds to an e-folding (Salpeter) timescale of ∼45 Myr assuming a fiducial radiative efficiency of 10%, allowing their masses to increase by a factor of ∼100 within this period. Concurrently, the IGM is expected to undergo drastic evolution, with the neutral hydrogen fraction changing from nearly unity at z ≳ 7 to ≲1% at z ∼ 5.5 (e.g., Planck Collaboration VI 2020; Bosman et al. 2022; Jin et al. 2023; Davies et al. 2026).
Despite the critical importance of extending the analyses of quasars to z ≳ 7, finding them remains exceptionally challenging. Quasars at this epoch are among the rarest objects in the Universe, with a typical surface density of approximately 1 per 100 deg2 down to J = 23 (e.g., Matsuoka et al. 2023). Moreover, at z ≳ 7 the Lyα transition is redshifted to ≳1 μm, which happens to match both the band gap energy at which silicon-based CCDs become insensitive, and where atmospheric OH emission significantly elevates the sky background. Thus, assembling a large sample at z ≳ 7 requires deep large area near-infrared (NIR) imaging surveys–a task that remains prohibitively difficult from the ground.
In February 2024, the Euclid telescope (1.2 m; Euclid Collaboration: Mellier et al. 2025) commenced the six-year Euclid Wide Survey (EWS; Euclid Collaboration: Scaramella et al. 2022), which aims at mapping 14 000 deg2 of the extragalactic sky. At the core of the mission are two instruments, the Visible Camera (VIS; Euclid Collaboration: Cropper et al. 2025) and the Near Infrared Spectrometer and Photometer (NISP; Euclid Collaboration: Jahnke et al. 2025), which observe the sky simultaneously in the optical and NIR using a dichroic beamsplitter. Euclid achieves unprecedented depths for a wide-field survey in both optical and NIR, reaching 5σ limits of 24.5 in the NIR and 26.2 in the optical for point sources. For comparison, the UKIRT Infrared Deep Sky Survey (UKIDSS; Lawrence et al. 2007) and the VISTA Kilo-degree Infrared Galaxy (VIKING) Survey (Edge et al. 2013) cover ∼1000 deg2 and reach ≲22 mag in the NIR; the VISTA Hemisphere Survey (VHS; McMahon et al. 2013) covers ∼20 000 deg2 and reaches ∼21 mag in its J band; and the UKIRT Hemisphere Survey (UHS; Dye et al. 2018) covers ∼10 500 deg2 and reaches ∼20.5 mag in its J band. The unprecedented survey area and depth of Euclid make it a game-changer for the field of high-z quasar searches.
Euclid Collaboration: Barnett et al. (2019) predicted the discovery of over 100 quasars with 7.0 < z < 7.5, and ∼25 quasars beyond z = 7.5, including an order of 8 beyond z = 8.0 from the full EWS. These predicted detections extend into the regime of faint quasars (J ∼ 23) at z ≳ 7, comparable to those identified in the deepest ground-based surveys; namely, the Subaru High-z Exploration of Low-Luminosity Quasars (SHELLQs; e.g., Matsuoka et al. 2016) and the Canada–France High-z Quasar Survey (CFHQS; e.g., Willott et al. 2010), but over vastly larger sky coverage and at significantly higher redshifts.
This paper presents the initial results of the Euclid high-z quasar search using the on-the-fly data of the EWS (see Sect. 2.3) between 14 February and 11 August 2025. The imaging data and photometric catalogues used for the candidate selection are introduced in Sect. 2, followed by a brief overview of the candidate selection methods in Sect. 3. The spectroscopic follow-up observation of these candidates are described in Sect. 4. The new quasar discoveries are presented and discussed in Sect. 5. When relevant, we adopt the following cosmological parameters: Ωm = 0.3111, ΩΛ = 0.6899, Ωb = 0.0489, h = 0.6766, and σ8 = 0.8102 (Planck Collaboration VI 2020). All the magnitudes are presented in the AB system (Oke & Gunn 1983).
2. EWS and photometry catalogues
2.1. EWS
As introduced in Sect. 1, the EWS, conducted from 2024 to 2030, is designed to map approximately 14 000 deg2 of the extragalactic sky in both visible and NIR bands using the two onboard instruments: VIS and NISP. The survey employs a step-and-stare observing strategy, in which the spacecraft collects data at fixed sky positions before slewing to subsequent pointings. Each pointing covers a field of view of 0.53 deg2, with VIS and NISP operating simultaneously. Observations at each field are performed using a four-point dither pattern. The EWS reaches 5σ point-source sensitivities of 24.5 mag in the three NIR bands, YE (949.6–1212.3 nm), JE (1167.6 –1567.0 nm), and HE (1521.5–2021.4 nm), and 26.2 mag in the broad optical band IE (550–900 nm). NISP also provides grism slitless spectroscopy across the full EWS, with a resolving power of R > 480 over the range 1206–1892 nm (Euclid Collaboration: Schirmer et al. 2022) for a point source. Although this work uses only Euclid’s photometry, the spectroscopy has strong potential for the direct identification of luminous high-z quasars (see Bañados et al. 2025a). However, the grism data are relatively shallow and will detect only the brightest quasars.
The quasar search described in this work utilised EWS imaging data acquired between 14 February 2024 and 11 August 2025, as shown in Fig. 1. The total area covered amounts to approximately 3000 deg2, with roughly 1040 deg2 located in the northern hemisphere and 1960 deg2 in the southern hemisphere. We note that the ground-based spectroscopic follow-up observations over these regions, particularly in the south, is ongoing and has not yet reached full completeness. A comprehensive statistical analysis of the selection function and the quasar population will be presented in forthcoming publications.
	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. Projection of the EWS area and the locations of the newly discovered quasars in J2000.0 equatorial coordinates. The regions observed by 11 August 2025, utilised for the quasar search presented in this work, are shown in beige. The full survey footprint expected by the end of the mission in 2030 is overlaid in cyan. The positions of newly discovered Euclid high-z quasars are marked in red.



2.2. Ancillary imaging surveys
While Euclid imaging provides the primary basis for our quasar candidate selection, ancillary data from external surveys are also incorporated to enhance selection efficiency and robustness. Specifically, as the IE band is a broad optical filter, deep z-band imaging can significantly improve the ability to detect the IGM absorption trough and to select robust high-z quasar candidates at z ≳ 7. To this end, we performed forced photometry on z-band images obtained with the Hyper Suprime-Cam (HSC; Miyazaki et al. 2018) as part of the Ultraviolet Near-Infrared Optical Northern Survey (UNIONS; Gwyn et al. 2025), or from the Dark Energy Survey (DES; Dark Energy Survey Collaboration 2016) when available. The 5σ depth of these z-band images are 24.1 (2″ diameter aperture) and 23.1 (1[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]95 diameter aperture), respectively. These images are processed through the Euclid Processing Function EXT (see Sect. 2.3 for details).
Additionally, we make use of the LOFAR Two-metre Sky Survey (LoTSS; Shimwell et al. 2022) to prioritise candidates with associated radio emission (e.g., Gloudemans et al. 2022). We specifically utilise data from LoTSS Data Release 3, which covers ≈89% of the northern sky at a central frequency of 144 MHz, with a median rms sensitivity of ∼100 μJy beam−1 and beam size of 6″.
2.3. Related Euclid processing functions and data products
The Euclid Consortium (EC) has developed a suite of software Processing Functions (PFs) to efficiently manage and process the vast volume of data generated by Euclid. This study utilises image and catalogue products produced at various processing levels by several of these PFs, namely VIS, NIR, MER, and EXT. In this subsection, we provide a brief overview of the relevant data products.
VIS. The VIS PF generates calibrated optical images and source catalogues from raw Euclid VIS exposures. It includes a calibration pipeline for instrumental corrections and a science pipeline for applying the corrections and conducting measurements. Multiple dithered exposures are co-added using SWarp (Bertin 2010) to produce stacked images, from which PSF models are derived with PSFEx (Bertin 2013) and source catalogues are extracted using SExtractor (Bertin & Arnouts 1996). The most relevant VIS data products to this work are the stacked images and their associated catalogues. More details about VIS PF are given in Euclid Collaboration: McCracken et al. (2026).
NIR. The NIR PF processes raw NISP exposures to produce calibrated NIR images and catalogues. It includes a common pre-processing stage shared with the spectroscopic pipeline, calibration, and stacking components. Stacked images are generated from dithered exposures per field, accompanied by PSF models computed with PSFEx, and source catalogues extracted using SExtractor. For this work, we primarily use these stacked NIR images and catalogues in the YE, JE, and HE bands. For more details about the NIR PF, we refer the readers to Euclid Collaboration: Polenta et al. (2026).
MER. The MER PF constructs multi-wavelength photometric catalogues by merging calibrated imaging data from the VIS and NIR PFs with external ground-based data (e.g. UNIONS). It produces background-subtracted mosaics per band and performs independent source detection on stacked VIS images and on a combined NIR detection image. The resulting catalogues include multi-band photometry (Kron, aperture, and template-fitting), morphological classifications, and quality flags. Photometric measurements are computed using PSF-matched images and convolution kernels. The input PSFs from NIR/VIS were propagated for each mosaiced image and evaluated at the detected source positions, together with the PSF convolution kernels. For the southern sky, instead of using NIR/VIS stacked frames, we used the MER mosaics to perform photometry measurements (see Sect. 3.1). For more details, we refer to Euclid Collaboration: Romelli et al. (2026).
EXT. The EXT PF ingests and calibrates external ground-based imaging data for integration with Euclid data products. In principle, EXT images (e.g. z band) are already incorporated into MER. However, in cases where the external data were available but MER had not yet been triggered, due to the incomplete coverage of certain external bands, we directly utilised the calibrated EXT single-epoch frames for forced-photometry measurements.
After raw data from the spacecraft were downlinked, they were processed within the Euclid Data Processing System (DPS), where all data products are generated and tracked through successive PFs. Once validated, these data are pushed to the Science Archive System (SAS) in its on-the-fly (OTF) environment. The data in DPS and OTF are processed soon after acquisition to provide access as early as possible. As a result, different PF versions may be used, and the processing is therefore heterogeneous. The publicly available data are distributed through the SAS Public Data Release environment, where all products are reprocessed homogeneously using a fixed set of PFs. The data used in this work were taken directly from the DPS, and are thus not part of any data release. The motivation is to access the largest possible sky area before each follow-up confirmation campaign to search for extremely rare objects.
3. Photometric candidate selection
3.1. Custom photometry catalogues for candidate selection
The candidate selection was initiated based on available Euclid catalogues to create custom PSF photometry catalogues that fully exploit the sensitivity of Euclid for point-like sources. With the PSF photometry, we assessed the probability of each candidate being a quasar with multiple algorithms described in Sect. 3.2. Specifically, we first selected optically faint, point-like sources from the VIS+NIR catalogues and then performed PSF photometry on this pre-selected sample. Two parallel workflows were employed for the photometric measurements, depending on the availability of MER products at the time of data processing and spectroscopic follow-up. When MER products were not yet available, fluxes in the Euclid bands were measured directly on the VIS and NIR stacked images. In this case, z-band fluxes were obtained by averaging the measurement from individual single-epoch frames delivered by the EXT PF (see Sect. 2.3). When MER mosaics were available, all fluxes – including those in the Euclid and external bands – were measured directly from the co-added MER images. A more detailed summary of the workflow is as follow:

	
Step 1 – Cross-matching sources across the three NISP bands using a 0[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]3 matching radius to build a combined NIR source catalogue from the single-band SExtractor catalogues created by NIR.



	
Step 2 – Applying signal-to-noise ratio (S/N) cuts in the JE and HE bands (S/N > 5), and select isolated sources by requiring the angular distance to the nearest NIR-detected neighbour to exceed 1[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]2.



	
Step 3 – Selecting point-like sources by requiring the SExtractor parameter CLASS_STAR > 0.6 in both the JE and HE bands.



	
Step 4 – Identifying all VIS observations overlapping with the given NISP observation.



	
Step 5 – For each overlapping VIS pointing, cross-matching the cleaned NIR source catalogue with the corresponding VIS catalogue using a 0[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]3 radius. Select dropout candidates by identifying sources with no VIS detection or with faint VIS flux relative to their JE flux (fIE/fJE < 0.06, equivalent to IE − JE > 3.05).



	
Step 6 – Discarding sources whose image in VIS is affected by pixel-masking or segmentation, to ensure reliable flux measurements.



	
Step 7 – Measuring the PSF fluxes in each band, including the z band when available, using Photutils (Bradley et al. 2016). The local background is estimated from an annular region using a 3σ-clipped statistic. As noted previously, when MER products are available, fluxes are measured from the MER mosaics; otherwise, they are extracted from the VIS and NIR stacked images. All three PFs construct PSF models with PSFEx (Bertin 2013) on a per-tile or per-pointing basis. For the VIS and NIR stacks, we use the average PSF stamp, while for the MER mosaics, we adopted the PSF stamp closest to each target.



	
Step 8 – Defining the final dropout sample by applying the colour selection criteria on the PSF fluxes: fIE/fJE < 0.06 (equivalent to IE − JE > 3.05) and |fz/fJE|< 2 (equivalent to z − JE > 0.75).




These catalogues were subsequently passed to the candidate selection pipeline to produce the final targets list.
3.2. Selection algorithms
Our candidate selection method employed several different algorithms to enhance the efficiency and robustness. Candidates were independently selected from the photometric catalogues introduced in Sect. 3.1 using these algorithms. Each method provides both a photometric redshift estimate (zphot) and a quantitative selection metric. Empirical thresholds on these metrics were applied to select high-confidence candidates from each method. Artefacts and spurious sources were subsequently removed through a visual inspection. Candidates were manually prioritised during spectroscopic follow-up, taking into account the outputs from all three methods. This process resulted in a final, merged list of high-priority targets. Detailed descriptions of the implementation of each algorithm and assessments of their performance will be presented in forthcoming publications. Here, we provide a brief overview of the methodologies.
The first method, Extreme Deconvolution High-Redshift Quasar selection (XDHZQSO) is based on the framework introduced and implemented in Nanni et al. (2022) and Yang et al. (2024), but adopts conditional density estimation (Kang et al. 2025) so that the densities of different populations vary smoothly with additional variables. Specifically, we consider only two classes, high-z quasar and an all-inclusive contaminant class. We model their densities in flux-ratio space (relative to JE) using the Extreme Deconvolution technique (Bovy et al. 2011), allowing the means and covariances of the Gaussian mixture to vary continuously depending on JE magnitude and, for quasars, redshift. The quasar density is built from synthetic photometry generated with a new generative model (D. Yang et al., in prep.), trained on a sample of 16 198 quasars within the redshift range 0.45 < z < 3.0, drawn from the SDSS-III BOSS and the SDSS-IV Extended BOSS (eBOSS) surveys (Dawson et al. 2013, 2016). The contaminant density is estimated empirically from the flux-ratio distribution of the pre-selected sources described in Sect. 3.1, which are overwhelmingly non-quasar contaminants. This approximation is justified because contaminants outnumber true high-z quasars by several orders of magnitude in this sample.
The second method employs XGBoost (Chen & Guestrin 2016), a widely adopted gradient-boosting algorithm for selecting quasars in large photometric catalogues (e.g., Calderone et al. 2024; Fu et al. 2025). This second approach uses the same two-class formulation as the first method, considering only a high-z quasar population and an all-inclusive contaminant population. Using fluxes and flux ratios as features, we construct a training set with positive and negative examples. We generated positives via an independent, machine learning-based model (Guarneri et al. 2026) trained on the same SDSS III and SDSS IV BOSS/eBOSS quasar set as above; negatives are drawn from the full pre-selected dataset. The classifier returns a per-source probability, PQSO, used to vet the candidate list by removing all sources with PQSO < PQSO, th = 0.85 and prioritise high-probability objects. A second XGBoost model is then trained via quantile regression and only on positive examples to estimate photometric redshifts and their associated uncertainties.
Our third method uses template-based SED fitting with eazypy (Brammer et al. 2008) and LePhare (Arnouts & Ilbert 2011). Both codes are supplied with the same custom template library, which is based on the extragalactic template sets of Salvato et al. (2022) and Wolf et al. (2024), and extended to include common stellar contaminants (Martínez-Ramírez et al. 2026). For every object we compute the statistic Rχ2 ≡ χ★2/χgal2, where χ★2 and χgal2 denote the best-fit χ2 values for the stellar and extragalactic template families, respectively. Objects with Rχ2 > 3 were retained and ordered by decreasing Rχ2.
Finally, following Mortlock et al. (2012), Euclid Collaboration: Barnett et al. (2019), and Ezziati et al. (2025), we implemented a Bayesian model comparison (BMC) procedure. We constructed colour models for high-z quasars and the principal contaminants (MLT dwarfs and intermediate-redshift galaxies). For each source, we evaluated the class-conditional likelihoods that explicitly account for photometric uncertainties, assumed to be Gaussian-distributed. These likelihoods are combined with analytic surface-density priors that depend on redshift, apparent magnitude, and Galactic coordinates to yield the posterior quasar probability Pq. Candidates were then ranked by Pq and we retained those with Pq ≥ 0.5.
4. Spectroscopic follow-up observation
To confirm the high-z quasar candidates, spectroscopic observations with large-aperture telescopes were essential. We conducted the follow-up campaign using the Keck I and Keck II telescopes (10 m) at the W. M. Keck Observatory, the Magellan Baade telescope (6.5 m) at Las Campanas Observatory, and the LBT on Mount Graham. Spectroscopic follow-up was conducted over 20.5 nights across the 2024A, 2024B, 2025A, and 2025B semesters. Six different instruments were employed to confirm the new quasars reported in this work: the Low Resolution Imaging Spectrometer (LRIS; Oke et al. 1995) and the Multi-Object Spectrometer For Infra-Red Exploration (MOSFIRE; McLean et al. 2012) on Keck I, the Keck Cosmic Web Imager (KCWI; Morrissey et al. 2018; McGurk et al. 2024) on Keck II, the Folded-port InfraRed Echellette (FIRE; Simcoe et al. 2010) on the Magellan Baade telescope, the Multi-object Double Spectrograph (MODS; Pogge et al. 2010) and the LBT Utility Camera in the Infrared (LUCI; Seifert et al. 2003) on LBT. A summary of the discovery observations obtained with these instruments is presented in Table A.1. Detailed descriptions of the instruments and the associated observations are provided in the following sub-sections.
4.1. Keck/LRIS
LRIS is an optical double spectrograph on Keck I. For the purpose of high-z quasar confirmation, we only used the red channel with a plate scale of 0[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]123 per pixel. For this program, we used a 1″ slit, the gold-coated 600/10 000 grating, and the D680 dichroic. The data were binned over 2 × 2 pixels before readout. This configuration provided a wavelength coverage of 750–1060 nm and a spectral resolution of full width at half maximum (FWHM) ∼ 150 kms−1 (R ∼ 2000). Each observing sequence consisted of four 300 s exposures, and each target was typically observed through one to three such sequences.
Observations were carried out in the 2024A semester (U259, PI: Hennawi), with a total of 2.5 nights allocated, split into five half-nights in June and July 2024. One half-night of observation was cancelled due to extreme weather conditions on the summit. The seeing was around 0[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]8–1″ during the remaining time.
4.2. Keck/KCWI
KCWI is an optical integral field spectrograph mounted on Keck II. For this program, we only used the red-channel, namely the Keck Cosmic Reionization Mapper (KCRM; McGurk et al. 2024). Observations were conducted using the medium slicer configuration, which provides a field of view of 16[image: Mathematical equation: $ \overset{\prime \prime }{.} $]5 × 20[image: Mathematical equation: $ \overset{\prime \prime }{.} $]4, composed of 24 slices each with a slice width of 0[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]69. The RM2 grating was employed in the red arm, covering 894–1070 nm. A binning of 2 × 2 was applied. The spectral resolution of this setup is FWHM ≈ 107 kms−1 (R ∼ 2800). Like our LRIS program, each observing sequence also included four 300 s exposures, and each target was typically observed with one to three sequences.
The KCWI observations were conducted across the 2024B (4 nights; U267, PI: Hennawi), 2025A (3 nights; U275, PI: Hennawi), and 2025B (1 night; U262, PI: Hennawi) semesters. Approximately two nights in 2024B were not suitable for high-z quasar confirmation due to cloudy weather and/or poor seeing. In 2025A, 2.5 nights were lost to a shutter malfunction on Keck II, and the remaining half night was completed in June 2025. Observations in 2025B were successfully carried out in August 2025.
4.3. Keck/MOSFIRE
MOSFIRE is a NIR multi-object spectrograph on Keck I, covering the Y, J, H, and K bands. We primarily employed the Y band setting with a 1″ slit, providing a wavelength coverage of 972 –1125 nm and a spectral resolution of FWHM ≈ 126 km s−1 (R ∼ 2372). Slits with widths of 0[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]7, 1[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]2, and 1[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]5 were utilised depending on the seeing conditions. For candidates with photometric redshifts zphot > 8.2 (see Sect. 4.6), we switched to the J2 filter, whose wavelength coverage is 1117–1246 nm. Observations were carried out in an ABAB dither pattern with individual exposure times of 150 s. At least one dither sequence was obtained per target, corresponding to a minimum total integration time of 600 s.
MOSFIRE observations were carried out during the 2024B (4 nights; U418, PI: Hennawi), 2025A (5 nights; U275, N110, PI: Hennawi), and 2025B (0.5 nights; U262, PI: Hennawi) semesters. Approximately one half-night in 2024B and 1.5 nights in 2025A were compromised by poor seeing and/or substantial extinction. The 2025B observations were conducted under seeing conditions exceeding 2″.
4.4. Magellan/FIRE
FIRE is a NIR cross-dispersed echelle spectrograph on the Magellan Baade 6.5 m telescope. For confirmation of quasar candidates, we used FIRE in its long-slit (prism) mode with a 1[image: Mathematical equation: $ \overset{\prime \prime }{.} $]0 slit, providing a spectral resolution of FWHM ∼ 1000–1660 km s−1 (R ∼ 180–300) and covering a wavelength range of 820–2500 nm. We obtained a typical on-source exposure time of 900 s × 2 per target, in an AB nodding sequence.
Observations were carried out during 2024B (4 nights; PI: J. Yang) and 2025A (0.5 nights; PI: X. Fan). In a few cases (e.g., due to faint targets or poor weather conditions), we increased the exposure time to 900 s × 4.
For one newly identified quasar, we also took 3.25 hours of Echelle mode observations for high-resolution and high-quality NIR spectra (see Fig. 7). The Echelle mode provides a spectral resolution of R ∼ 4800 for a 0[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]75 slit.
4.5. LBT/MODS and LBT/LUCI
MODS is an optical dual-channel spectrograph, and LUCI is a NIR imager and multi-object spectrograph on the LBT, covering the Y, J, H, and K bands. LBT Observations were carried out between February and September 2025 in 2025A (ID: MPIA-2025A-007) and 2025B (ID: MPIA-2025B-004) semesters. We used the binocular mode with the red grating for MODS and the G200 grating with zJ + zJ filters for LUCI. The MODS red grating covers a wavelength range of 580–1000 nm, while LUCI G200 with zJ filters spans 900–1200 nm. We employed long-slit spectroscopy with slit widths of 1[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]0–1[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]2 and utilised an ABBA dithering pattern for optimal sky subtraction. Individual exposure times were 300 or 600 s for MODS and 240 s for LUCI, with total integration times of 1–2 hours for most targets.
We also performed a deep LUCI follow-up observation of EUCL J1729+6410 (see Fig. 6), the highest redshift quasar reported in this work. The total on-source exposure time is 2.8 hours in binocular mode with an average seeing of 0[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]6.
4.6. Observation strategy and data reduction
To estimate the required exposure times for spectroscopic confirmation, we leveraged the photometric redshifts provided by the suite of algorithms described in Sect. 3, in combination with the fake source injection approach introduced by Yang et al. (2024). In brief, this method involves injecting synthetic quasar spectra with a given redshift and J-band magnitude into real 2D spectroscopic data. We then determined the minimum exposure time necessary for each instrument to yield a sufficient S/N for visually identifying the Lyman break. These exposure time estimates only serve as reference values and lower limits, due to the uncertainties in zphot and the variability of observing conditions. They turned out to be robust for typical quasars overall.
For candidates in the north, we typically conducted initial observations with Keck/LRIS or Keck/KCWI, followed by Keck/MOSFIRE if there was no signal detected at the position of the target in the two optical instruments and zphot suggested a potentially higher redshift. In contrast, for southern targets, the longslit mode of Magellan/FIRE, covering the full wavelength range from 800 nm to 2500 nm, enabled us to perform comprehensive spectroscopic follow-up without switching between instruments.
During observations, we conducted on-the-fly data reduction with PypeIt (Prochaska et al. 2020) for real-time decision-making. All spectra presented in this work were subsequently reduced in a uniform manner using PypeIt.
5. Discovery of 31 new high-z quasars
We have conducted spectroscopic follow-up of 123 high-z quasar candidates with the aforementioned observations. With these observations, we have identified 31 new quasars at redshifts 6.6 < z < 7.8, whose discovery spectra are shown in Fig. 2 (z ≥ 6.9) and Fig. 3 (z < 6.9). The cutouts of all the new quasars are displayed in Appendix B, and their 2D spectra are also shown in Appendix C. The summary of the rest of the candidates is provided in Sect. 5.2. Notably, 12 of these quasars lie at z ≥ 7, more than doubling the number of known quasars at z ≥ 7 prior to Euclid. Among them, EUCL J1729, at z ≈ 7.77, is the most distant quasar known thus far.
	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Discovery spectra of the new quasars at z ≥ 6.9. The redshifts estimated from the Lyα breaks, the short names, and the instruments for the discoveries are noted in the each panels. The spectra are fluxed, but not corrected for telluric absorption. They are also smoothed with inverse-variance weights and a 3 or 11 pixel window for Magellan or Keck, respectively. The red curves in each panel show the smoothed noise vectors. The dashed, vertical light blue lines indicate the positions of Lyα and N V lines.



	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Same as Fig. 2 but for the new quasars at z < 6.9.



Table A.3 summarises the key properties of the newly identified quasars, including their Euclid names1, estimated redshifts, JE-band coordinates, photometry, rest-frame ultraviolet absolute magnitudes (M1450), and bolometric luminosities (Lbol). Redshifts were estimated based on the location of the Lyα emission line and/or the onset of the Gunn–Peterson trough (Gunn & Peterson 1965). The typical redshift uncertainty of such visual determinations is approximately 0.05–0.1 (e.g. Matsuoka et al. 2016); however, in extreme cases where Lyα is weak or strongly absorbed (see note b in Table A.1), the uncertainty can increase to ∼0.2. The M1450 values were derived from the observed JE-band magnitudes by extrapolating a power-law continuum (Fλ ∝ λα) with a fixed spectral slope of α = −1.7 (e.g. Telfer et al. 2002). Bolometric luminosities were converted from M1450 using the empirical conversion from Runnoe et al. (2012).
Figure 4 shows the distribution of the newly discovered quasars in the colour–colour diagrams (IE − YE versus YE − JE and JE − HE versus YE − JE). We overplotted the synthetic colour track of high-z quasars (D. Yang et al., in prep.) and the empirical brown-dwarf track from Euclid Collaboration: Barnett et al. (2019), both convolved with typical Euclid photometric noise. The new quasars lie close to the mean quasar track while exhibiting noticeable scatter, consistent with the diversity seen in the synthetic high-z quasar samples.
	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Colour-colour diagrams of newly discovered quasars and other candidates. Left: IE − YE versus YE − JE colour-colour diagram. Right: JE − HE versus YE − JE colour-colour diagram. The red stars mark the new Euclid quasars presented in this work, the grey circles denote the identified contaminants, and the violet circles are those marked as inconclusive or no detection (see Sect. 5.2). The red curve indicates the mean colour track of high-z quasars based on the synthetic quasar samples (the red points; Yang et al., in prep.), with redshifts of 7.0, 7.5, 8.0, and 8.5 annotated. The light blue curve represents the empirical brown-dwarf colour track from Euclid Collaboration: Barnett et al. (2019), with selected spectral types (M0, L0, T0) labelled.



Figure 5 presents the distribution of redshift versus M1450 for the high-z quasars discovered in this work (red squares). For comparison, we also show previously known quasars (grey and green circles; Fan et al. 2023) LBGs (yellow circles; Matsuoka et al. 2016, 2018a,b, 2019a, 2022, 2025; Bouwens et al. 2022; Roberts-Borsani et al. 2024, 2025; Harikane et al. 2025) and active galactic nuclei (AGN; Lbol ≲ 1045.5 erg s−1) candidates from various JWST programs that have rest-frame ultraviolet (UV) spectroscopic observations (green triangles; Harikane et al. 2023; Kokorev et al. 2023; Larson et al. 2023; Maiolino et al. 2024; Schindler et al. 2025; Lin et al. 2026). The discoveries of these less luminous quasars in this work probe a previously unexplored region of parameter space, reaching lower luminosities (M1450 ∼ −24) at z ≳ 7. The implications of these faint high-redshift quasars are discussed in Sect. 6.
	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Redshift versus absolute magnitude at 1450 Å, M1450, for the new Euclid-discovered quasars (red squares), compared to pre-Euclid quasars (grey squares), including the SHELLQs sample (light blue squares). Yellow circles represent LBGs compiled from Matsuoka et al. (2016, 2018a,b, 2019a, 2022, 2025), Bouwens et al. (2022), Roberts-Borsani et al. (2024, 2025), Harikane et al. (2025). Green triangles denote faint AGN candidates discovered with JWST with rest-frame UV spectroscopic observation (Harikane et al. 2023; Kokorev et al. 2023; Larson et al. 2023; Maiolino et al. 2024; Schindler et al. 2025; Lin et al. 2026). The right-hand axis shows the corresponding bolometric luminosity scale converted from M1450.



5.1. Notes on individual quasars
5.1.1. EUCL J172902.75+641018.1:
EUCL J1729 is the most distant quasar discovered to date, with z ≈ 7.77. Figure 6 displays its 2D and 1D LBT/LUCI spectrum with a total integration time of 10 080 s (2.80 h). Based on visual inspection of the multiple emission features (Lyα, N V, O I, Si IV) shown up in the spectrum, we adopt a conservative redshift uncertainty of Δz ≲ 0.05 for this target. The age of the Universe at its redshift is approximately 662 Myr. The redshift increment over the previous record-holder (Wang et al. 2021) is approximately 0.13, corresponding to ∼15 Myr. Notably, a broad absorption feature is present blueward of the N V emission line, suggesting that EUCL J1729 is likely a broad absorption line (BAL) or mini-BAL quasar. The O I and Si IV emission lines are also detected, with tentative, relatively narrow absorption features seen in their vicinity.
	[image: Thumbnail: Fig. 6. Refer to the following caption and surrounding text.]	Fig. 6. Euclid cutouts and LBT/LUCI spectrum of EUCL J1729 (z ≈ 7.77), the most distant quasar discovered to date. Top: 12″ × 12″ cutouts. From left to right: EuclidIE, YE, JE, and HE bands. Bottom: The 1D spectrum has been smoothed using a 5 pixel inverse-variance-weighted boxcar. The total exposure time is 10 080 s.



5.1.2. EUCL J125308.55+705432.3, EUCL J101255.87+663058.0:
EUCL J1253 (z ≈ 7.69) and EUCL J1012 (z ≈ 7.61) are the second and third most distant quasars identified in this work. They are also the faintest known quasars at z ≳ 7.5, with M1450 ∼ −24, making them nearly an order of magnitude less luminous in the rest-frame UV than the three previously known quasars at similar redshifts (see Fig. 5). They provide a unique opportunity to probe the faint end of the QLF at the highest redshifts currently accessible. Sub-millimetre follow-up observations of EUCL J1253 have revealed a large gas reservoir in its host galaxy. The data and the analysis will be presented in a companion paper (Belladitta et al., in prep.).
5.1.3. EUCL J052209.82−512709.2:
We conducted an Echelle-mode observation of EUCL J0522 (z ≈ 7.50) using Magellan/FIRE (see Sect. 4.4), as it is among the brightest z > 7 quasars identified in this work. However, its JE-band magnitude measured from the NIR stacked image is affected by hot pixels overlapping with the target, which bias the Euclid JE photometry to be artificially brighter. We also note that the quasar probabilities computed by all methods were correspondingly impacted, and in particular were reduced relative to what would be obtained using the corrected photometry. At the time of writing, we have obtained a JWST/NIRSpec spectrum of this object. Using this spectrum and the JE-band transmission curve, we measured a corrected JE-band magnitude of 22.17. The full analysis of the JWST/NIRSpec data will be presented in a forthcoming publication.
Figure 7 shows the Echelle spectrum of this quasar with a total integration time of 11 700 s (3.25 h). Although EUCL J0522 is among the most luminous quasars at z > 7 in our sample, it remains approximately two magnitudes fainter than previously known quasars at comparable redshifts (see Fig. 5) in the rest-frame UV. The spectrum covers a broad rest-frame wavelength range, from Lyα to Mg II, and reveals several prominent emission features, including Lyα, N V, Si IV, C IV, and C III]. The Mg II line is not detected, likely due to insufficient S/N.
	[image: Thumbnail: Fig. 7. Refer to the following caption and surrounding text.]	Fig. 7. Magellan/FIRE echelle spectrum of EUCL J0522, one of the brightest z ∼ 7.5 quasars in this work (JE ≈ 22.17). The total integration time is 11 700 s. The black line shows the observed spectrum, inverse-variance smoothed with a 31 pixel boxcar. The light red curve shows the smoothed noise vector. The blue curve represents the best-fit power-law continuum. Locations of typical emission lines seen in a quasar spectrum are marked by vertical dashed lines, including Lyα, N V, Si IV, C IV, CIII], and Mg II. Grey shaded regions indicate wavelength ranges heavily affected by telluric absorption. The inset displays the C IV region with the best-fit emission-line model generated using Sculptor, showing the individual C IV component (yellow), continuum (blue), and combined fit (red).



We fit the C IV emission line using a single-component Gaussian profile with the spectral fitting tool Sculptor (Schindler 2022), following the methodology described in Schindler et al. (2020). The fit yields a FWHM of C IV of approximately 2743 ± 400 km s−1. Using the single-epoch black hole mass estimator based on the C IV line from Vestergaard & Peterson (2006), we derived log10(MBH/M⊙)≈7.6 ± 0.4 (the uncertainty is dominated by the scatter of the scaling relation, ∼0.36 dex). This corresponds to an Eddington ratio of λEdd ≈ 4.5 for EUCL J0522. Assuming instead an Eddington-limited accretion rate (λEdd = 1), the implied black hole mass would be log10(MBH/M⊙)∼8.25. Given the limitations of C IV as a virial mass tracer (e.g., Coatman et al. 2016) and the modest S/N of the current data, a detailed analysis of the central black hole properties is deferred to future work using higher-quality data with wider spectral coverage, such as deeper JWST/NIRSpec observations.
5.1.4. EUCL J041250.73−563949.7, EUCL J134031.50+674715.1, EUCL J025029.93−531706.7, EUCL J044326.27−533214.9, EUCL J115522.89+704612.3:
These objects represent the most apparent examples exhibiting atypical Lyα emission profiles. Such variations might suggest the presence of strong damping wing absorption, proximity damped Lyα systems (pDLAs), or, in some cases, the possibility that the sources are in fact luminous galaxies. However, we caution against over-interpreting these features based solely on the current discovery spectra – particularly those obtained with the Magellan prism mode – due to their low spectral resolution and modest S/N. Nevertheless, the diversity among UV-selected sources at the faint end (MUV ∼ −24; see Sect. 6) remains poorly constrained, and deeper spectroscopic follow-ups are essential to investigating their nature.
5.1.5. EUCL J091639.93+683652.9, EUCL J093330.60+742730.0:
To identify new quasars with significant radio emission (> 5σ), we cross-matched the LoTSS DR3 catalogues with our sample using a matching radius of 2″. Two quasars, EUCL J0916 (z ≈ 6.64) and EUCL J0933 (z ≈ 6.96), have positive matching results, as shown in Table 1. Their 144 MHz images, along with their Euclid cutouts, are presented in Fig. 8. It is worth noting that the association between the NIR and radio components of EUCL J0933 remains somewhat uncertain, as can be seen from the cutouts. However, given the low S/N (3.5) of the radio detection and the beam size of LoTSS (6″), the expected astrometric uncertainty is [image: Mathematical equation: $ {\sim}\mathrm{FWHM}/(2\times\mathrm{S/N})\approx{0{{\overset{\prime\prime}{.}}}9} $], so the 1[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]76 offset corresponds to ∼2σ and is not implausible for a real association. The corresponding 2D tail probability is of order 10%, much higher than the probability of random association between a LoTSS detection with S/N ≥3.5 and a z ≥ 6.5 quasar. Assuming these fluxes are indeed from the quasars and a power-law index of 0.7, the radio powers at rest-frame 144 MHz are log10(P144/W Hz−1) ≈ 26.64 and 26.19, respectively. These values place them among the most radio-luminous quasars known at z > 6.5 (e.g., Gloudemans et al. 2022), and are thus more naturally explained by quasar jet activity than by star formation in the host galaxy.
	[image: Thumbnail: Fig. 8. Refer to the following caption and surrounding text.]	Fig. 8. Cutouts of two newly discovered LOFAR-detected quasars, EUCL J0933+7427 (bottom) at z ≈ 6.96, and EUCL J0916+6836 (top) at z ≈ 6.6. From left to right: EuclidIE, YE, JE, and HE bands, followed by the LOFAR 144 MHz image. Each cutout covers 40″ × 40″ region. Red circles in Euclid images and red crosses in LOFAR images both denote the JE-band positions of the quasars. A scale bar of a 5″ length is shown in the last cutout.



Table 1. 
Radio properties of the two Euclid quasars with LOFAR counterparts.

5.2. Notes on other candidates
We conducted spectroscopic observations for a total of 123 high-z quasar candidates. Of these, 31 were confirmed as quasars, while the remaining 92 were classified into three categories: ‘contaminants’, ‘inconclusive’ and ‘no detection’. Table 2 summarises the classification scheme and definitions applied to these non-quasar sources. In Appendix D, we also show the 2D/1D spectra of some targets that were identified as ‘contaminants’, and the coordinates of all of them are provided in Table D.1.
Table 2. 
Classification of the remaining 92 candidates.

A substantial fraction of the ‘no detection’ sources are likely to be contaminants based on their colours and zphot estimates. This is supported by the fact that brown dwarfs and low-redshift red galaxies are generally more difficult to detect or classify than high-z quasars at similar JE-band magnitudes. High-z quasars typically show a pronounced flux density near Lyα and a sharp break blueward of the line, while contaminants tend to exhibit a more gradual decline towards the blue end. Consequently, only sources with zphot ≳ 7 that are undetected in the optical are retained as viable IR follow-up targets. Objects undetected in both the optical and NIR, or those with zphot < 7 and no optical detection, are likely to be contaminants.
5.3. Composite spectra of Euclid high-z quasars
The rest-frame UV/optical SEDs of quasars are generally thought to exhibit little (if any), evolution with redshift (e.g., Shen et al. 2019; Yang et al. 2021; Onorato et al. 2025). To investigate this further, we constructed composite spectra for the z > 7, z < 7, and full quasar samples in this work. Each spectrum was shifted to the rest frame using its systemic redshift and re-binned onto a common rest-frame wavelength grid with a velocity spacing of Δv = 300 km s−1 per pixel. To normalise the spectra, we calculated the average flux density between 1250 and 1400 Å and scaled each spectrum to match the composite spectrum from Onorato et al. (2025) over the same interval. Median-stacked spectra were then generated for the z > 7, z < 7, and full samples. The resulting composite spectra are shown in Fig. 9, alongside the Onorato et al. (2025) composite spectrum for comparison.
	[image: Thumbnail: Fig. 9. Refer to the following caption and surrounding text.]	Fig. 9. Stacked rest-frame UV spectra of the new Euclid quasars. The top panel shows the stacked rest-frame UV spectra of all new Euclid quasars, the z > 7 sample, and the z < 7 sample. The bottom panel compares the stacked spectrum of all new quasars with a stacked spectrum of z > 6.5 bright quasars from Onorato et al. (2025). Each spectrum was shifted to the rest frame, re-binned onto a common grid with Δv = 300 km s−1, and scaled to match a fiducial absolute magnitude of M1450 = −24. We show the median-stacked results here. No significant evolution is identified with these stacked spectra.



The z > 7 composite spectrum appears to exhibit stronger Lyα emission relative to the z < 7 counterpart, which may seem to contradict expectations of stronger damping wing absorption at higher redshifts. This can be partially attributed to a higher fraction of ‘weak Lyα’ objects within the z < 7 sample. Whether the observed weakness of Lyα in these sources is intrinsic or primarily driven by the limited spectral resolution remains to be explored with future follow-up data. Furthermore, the composite spectrum constructed from all quasars in this work is broadly consistent with the stacked spectrum from Onorato et al. (2025), with the exception of a somewhat weaker Lyα region, which is potentially indicative of stronger damping wing absorption due to smaller proximity zone for quasars that are less luminous in the rest-UV (e.g., Ishimoto et al. 2020), and/or because the average redshift of our sample is higher than that of Onorato et al. (2026), which would imply a higher average IGM neutral fraction.
Finally, the good agreement outside the Lyα region reinforces the well-known lack of strong spectral evolution in quasar rest-frame UV spectra at high redshift, indicating a rapid establishment of the physical conditions in the broad-line region at early times.
6. Populating the faint end at z ≳ 7
As shown in Fig. 5, compared with the quasar samples prior to Euclid, most of the quasars reported in this work are notably faint in the rest-frame UV. In particular, those at z ≳ 7 are generally 1–2 mag fainter than the quasars discovered prior to Euclid at comparable redshifts. At z < 7, the new quasars exhibit luminosities similar to those found in the SHELLQs sample (Matsuoka et al. 2016, 2018a,b, 2019a, 2022). Here we briefly discuss the significance of the high-z sources in this luminosity range.
6.1. Quasars or galaxies?
The luminosity functions of quasars and LBGs appear to intersect at M1450 ∼ −23 to −24 (e.g., Finkelstein & Bagley 2022; Matsuoka et al. 2023; Harikane et al. 2025; Marques-Chaves et al. 2026). Therefore, it is not unexpected that some of the faintest objects identified as ‘quasars’ might instead be bright high-z galaxies (e.g., Sobral et al. 2015; Matsuoka et al. 2022), particularly if they lack prominent broad Lyα emission (see the examples listed in Sect. 5.1). While deep NIR spectroscopic observations are required to confirm their true nature, we provide a preliminary assessment by testing their consistency with being point sources. We performed Markov chain Monte Carlo (MCMC) fitting with a Sérsic profile using pysersic (Pasha & Miller 2023) on the YE, JE, and HE images independently, and we subsequently multiplied the posterior distributions of the effective radius Reff to get the combined posterior. The distribution of JE magnitude versus the fitted Reff is shown in Fig. 10.
	[image: Thumbnail: Fig. 10. Refer to the following caption and surrounding text.]	Fig. 10. Magnitude versus fitted size of Euclid quasars (red orange) and identified brown dwarfs (black) in the JE band. The effective radii (Reff) are measured from EuclidYE, JE, and HE images assuming a Sersic profile. The light blue lines represent the empirical size-luminosity relations for galaxies at z ∼ 7 (Shibuya et al. 2015; Sun et al. 2024). The grey horizontal line represents the 50% enclosed energy radius (REE50; Euclid Collaboration: Jahnke et al. 2025) for the PSF of the JE band. The Euclid quasars are consistent with being point sources.



The inferred Reff of the sources from single-component Sérsic profile fitting are largely consistent with the JE-band PSF: for all but one source, the posterior distribution of Reff overlaps the JE-band REE50 (the radius enclosing 50% of the total energy; grey dashed line in Fig. 10) within the 1σ credible interval (Euclid Collaboration: Jahnke et al. 2025). The only exception is EUCL J1012+6630, for which the fit is likely affected by a nearby foreground source rather than the source being intrinsically extended. The Lyα line also appears relatively broad (≳1000 km s−1), which is consistent with a quasar interpretation. As a comparison, we also show the size measurements for three newly identified faint brown dwarfs in our follow-up campaign. We further compare the inferred sizes with the empirical size-luminosity relations of z ∼ 7 galaxies from Shibuya et al. (2015) and Sun et al. (2024). However, these relations do not place strong constraints on the very bright end as they’re based on surveys in relatively small area. The intersection between the galaxy size-luminosity relations with the REE50 line at JE ∼ 24 suggests that distinguishing quasars from galaxies based solely on their sizes in Euclid images becomes increasingly challenging for sources fainter than JE > 23. Nevertheless, a further refinement of size measurements has the potential to exploit the diffraction-limited resolution of Euclid, enabling even tighter constraints to be placed on the sizes of faint objects.
6.2. Less luminous quasars as distinctive probes of the early Universe
High-z quasars at the luminous end, with M1450 ≲ −25, are often referred to as the ‘tip of the iceberg’ and were thought to be unrepresentative of the broader SMBH population (see, e.g., Lauer et al. 2007; Li et al. 2022). Some observational studies indeed support this concern: less luminous quasars at z ≳ 6, such as those identified by SHELLQs and the CFHQS, appear to follow SMBH-galaxy mass relations more consistent with the local Universe (e.g., Willott et al. 2017; Izumi et al. 2019; Silverman et al. 2025), in contrast to their more luminous counterparts. At z > 7, however, such studies have been extremely limited: only one type-I quasar with M1450 > −25 was known prior to Euclid (Matsuoka et al. 2019b). The discoveries reported here significantly expand this regime, enabling systematic investigation of the demographics, accretion properties, and luminosity function of low-luminosity quasars at z > 7.
On the other hand, quasars with faint UV luminosities may exhibit more diverse behaviour, as shown in Sect. 5.1. Studies at z ∼ 6 have already revealed intriguing properties in the host galaxies of similarly faint quasars: Onoue et al. (2025) detected Balmer absorption lines of stellar origin, a spectral signature commonly associated with post-starburst activity in the galaxies; Bouwens et al. (2025) reported that some low-luminosity quasars might reside in massive galaxies with stellar masses comparable to those hosting luminous quasars. Moreover, as mentioned earlier, at these luminosities the quasar and galaxy luminosity functions intersect, implying that it is also possible that some sources identified as quasars may in fact be exceptionally luminous star-forming galaxies (e.g., Marques-Chaves et al. 2022, at lower redshift). While such cases complicate classification, they are themselves of considerable interest, offering insights into the most massive and actively star-forming systems in the early Universe (e.g., Marques-Chaves et al. 2026).
In addition, quasars with lower UV luminosities may also be important for reionisation studies. Their smaller proximity zones (e.g., Ishimoto et al. 2020; Onorato et al. 2026) imply more neutral surroundings, making them especially sensitive probes of the ionisation state of the IGM.
6.3. Future exploration toward even fainter regimes
We also note that the sensitivity limit of Euclid has not yet been reached. Most of the quasars reported here are brighter than JE ∼ 23, whereas the 5σ depth of NISP imaging reaches AB ≈ 24.5. Identifying quasars at these fainter limits, however, is not feasible with ground-based spectroscopy: detecting a z ≳ 7 quasar with JE ∼ 23 typically requires ≳1–2 hours of integration on a 10-m telescope. For even fainter targets, utilising HST or JWST will be the only viable option.
Nevertheless, such faint samples are of irreplaceable value. JWST has recently revealed a population of EoR sources with broad Balmer emission lines, possibly indicative of active SMBHs (e.g., Harikane et al. 2023; Larson et al. 2023; Kokorev et al. 2023; Lin et al. 2024; Greene et al. 2024; Maiolino et al. 2024; Matthee et al. 2024). However, these sources differ from classical type-I quasars in important respects: they often lack strong high-ionisation lines, and show varied behaviour in variability (e.g., Kokubo & Harikane 2025; Tee et al. 2025), X-ray emission (Ananna et al. 2024; Yue et al. 2024), radio detection (e.g., Perger et al. 2025; Gloudemans et al. 2025), and mid-IR torus emission (e.g., Akins et al. 2025). Their number densities also exceed predictions from QLF extrapolations by factors of 10–100 (e.g., Harikane et al. 2023; Pizzati et al. 2025). Building quasar samples down to MUV ≳ −22 – comparable to the brightest JWST-identified AGN – will be essential to elucidate the connections and distinctions between quasar, galaxy, and JWST AGN populations.
7. Summary
Euclid has long been anticipated to revolutionise the search for high-z quasars. In this work, we demonstrate that this potential is now being realised: within the first one and a half year of the EWS (∼3000 deg2), we have uncovered 31 new quasars spanning the redshift range 6.6 < z < 7.8 (see Fig. 2 and Table A.1). Notably, 12 of these quasars lie at z ≥ 7, more than doubling the number of known quasars at these redshifts prior to Euclid. Among them, EUCL J1729+6410, at z ≈ 7.77 with M1450 ≈ −25.05, currently represents the most distant quasar known (see Fig. 6). A large fraction of the newly discovered quasars are also on the faint end of the QLF, with M1450 ∼ −24 (see Fig. 5). Furthermore, two of the newly discovered quasars show significant (> 5σ) radio counterparts in the LoTSS, underscoring the promising synergy between Euclid and LOFAR in identifying and characterising the high-z quasar population at z ∼ 7 and beyond. These discoveries mark a substantial advance into the epoch of cosmic reionisation, showcasing Euclid’s unprecedented capability to extend the redshift frontier of quasar studies. Follow-up observations are already underway, although many of these sources are faint and challenging to characterise spectroscopically (see Fig. 5). Facilities such as JWST, NOEMA, and ALMA, will be crucial for future characterization.
Finally, the results presented here are broadly consistent with the forecast of Euclid Collaboration: Barnett et al. (2019), according to which ∼20 quasars should exist at z ≳ 7 in 3000 deg2 down to JE ∼ 23, while this work has already yielded 14 such quasars among 31 new discoveries. Because our search and spectroscopic follow-up are not yet complete (particularly in the south, where fewer confirmation resources have been available), this comparison is provisional; nevertheless, it could be suggestive that some existing QLFs underpredict the number density at z ≳ 7 and/or at the faint end. We caution against overinterpreting this possible tension pending a formal analysis of the selection function and luminosity function. Finally, as the Euclid footprint expands and confirmations proceed smoothly, the first z > 8 quasars are likely to be identified in the near future.

Data availability
This work has made use of Euclid data from the European Space Agency (ESA) mission Euclid. The quasar cutouts are available at https://doi.org/10.57780/esa-50769fd. The discovery spectra are available from the corresponding author upon reasonable request.
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1 The naming convention for sources identified in this work follows the standard IAU format, with the prefix ‘EUCL’ denoting selection from Euclid data, followed by the J2000.0 right ascension and declination coordinates in JE band. The final digits in both the RA and Dec components of the source names reflect a positional precision that is consistent with Euclid’s astrometric accuracy, which is better than 100 mas.




Appendix A:  Discovery observations and new quasar properties
Table A.1. 
Journal of discovery observations.

Table A.2. 
Journal of discovery observations continued.

Table A.3. 
Properties of the newly discovered quasars.


Appendix B:  Multi-band cutouts
Figures B.1 and B.2 display the 12″ × 12″ cutouts of IE, z, YE, JE, HE bands of the new quasars reported in this work. These cutouts are available at https://doi.org/10.57780/esa-50769fd. The discovery spectra are available from the corresponding author upon reasonable request.
	[image: Thumbnail: Fig. B.1. Refer to the following caption and surrounding text.]	Fig. B.1. Cutouts of the new quasars (12″ × 12″) reported in this work. From left to right: IE, z, YE, JE, and HE bands. Target names and their redshift are listed in the IE-band cutouts.



	[image: Thumbnail: Fig. B.2. Refer to the following caption and surrounding text.]	Fig. B.2. Same as Fig. B.1 but for the rest of the quasars.




Appendix C:  Reduced 2D/1D discovery spectra
	[image: Thumbnail: Fig. C.1. Refer to the following caption and surrounding text.]	Fig. C.1. Reduced 2D/1D discovery spectra of Keck/MOSFIRE. The black curves are the fluxed spectra, smoothed with inverse-variance-weights with a boxcar of 9 pixel. The red curves are the noise vectors with the same smoothing. The light blue dashed lines mark the positions of the Lyα and N V lines at the tentative redshifts for each quasar. These redshifts are estimated from the Lyα lines.



	[image: Thumbnail: Fig. C.2. Refer to the following caption and surrounding text.]	Fig. C.2. Reduced 2D/1D discovery spectra of Keck/LRIS. The spectra are inverse-variance-smoothed with a boxcar of 7 pixel.



	[image: Thumbnail: Fig. C.3. Refer to the following caption and surrounding text.]	Fig. C.3. The reduced 2D and 1D discovery spectra of Keck/KCWI. The spectra are inverse-variance-smoothed with a boxcar of 7 pixel.



	[image: Thumbnail: Fig. C.4. Refer to the following caption and surrounding text.]	Fig. C.4. Reduced 2D/1D discovery spectra of Magellan/FIRE. The spectra are inverse-variance-smoothed with a boxcar of 3 pixel. The green dashed lines mark the positions of the Lyα, N V, Si IV, C IV, and He II lines at the tentative redshifts for each quasar. These redshifts are estimated from the Lyα lines.




Appendix D:  Reduced 2D/1D spectra of some examples of contaminants
	[image: Thumbnail: Fig. D.1. Refer to the following caption and surrounding text.]	Fig. D.1. Reduced 2D/1D spectra of three contaminants observed with Keck/KCWI. The total exposure time and the JE-band magnitude for each target are listed in each panel. The black curves are the fluxed spectra, smoothed with an inverse-variance-weighting and a boxcar of 3 pixel. The red curves are the noise vectors with the same smoothing.



	[image: Thumbnail: Fig. D.2. Refer to the following caption and surrounding text.]	Fig. D.2. Same as Fig. D.1, but for Keck/MOSFIRE.
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        Projection of the EWS area and the locations of the newly discovered quasars in J2000.0 equatorial coordinates. The regions observed by 11 August 2025, utilised for the quasar search presented in this work, are shown in beige. The full survey footprint expected by the end of the mission in 2030 is overlaid in cyan. The positions of newly discovered Euclid high-z quasars are marked in red.
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        Discovery spectra of the new quasars at z ≥ 6.9. The redshifts estimated from the Lyα breaks, the short names, and the instruments for the discoveries are noted in the each panels. The spectra are fluxed, but not corrected for telluric absorption. They are also smoothed with inverse-variance weights and a 3 or 11 pixel window for Magellan or Keck, respectively. The red curves in each panel show the smoothed noise vectors. The dashed, vertical light blue lines indicate the positions of Lyα and N V lines.
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        Same as Fig. 2 but for the new quasars at z < 6.9.
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        Colour-colour diagrams of newly discovered quasars and other candidates. Left: IE − YE versus YE − JE colour-colour diagram. Right: JE − HE versus YE − JE colour-colour diagram. The red stars mark the new Euclid quasars presented in this work, the grey circles denote the identified contaminants, and the violet circles are those marked as inconclusive or no detection (see Sect. 5.2). The red curve indicates the mean colour track of high-z quasars based on the synthetic quasar samples (the red points; Yang et al., in prep.), with redshifts of 7.0, 7.5, 8.0, and 8.5 annotated. The light blue curve represents the empirical brown-dwarf colour track from Euclid Collaboration: Barnett et al. (2019), with selected spectral types (M0, L0, T0) labelled.
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        Redshift versus absolute magnitude at 1450 Å, M1450, for the new Euclid-discovered quasars (red squares), compared to pre-Euclid quasars (grey squares), including the SHELLQs sample (light blue squares). Yellow circles represent LBGs compiled from Matsuoka et al. (2016, 2018a,b, 2019a, 2022, 2025), Bouwens et al. (2022), Roberts-Borsani et al. (2024, 2025), Harikane et al. (2025). Green triangles denote faint AGN candidates discovered with JWST with rest-frame UV spectroscopic observation (Harikane et al. 2023; Kokorev et al. 2023; Larson et al. 2023; Maiolino et al. 2024; Schindler et al. 2025; Lin et al. 2026). The right-hand axis shows the corresponding bolometric luminosity scale converted from M1450.

      

    

  
    
      Fig. 6. 
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        Euclid cutouts and LBT/LUCI spectrum of EUCL J1729 (z ≈ 7.77), the most distant quasar discovered to date. Top: 12″ × 12″ cutouts. From left to right: EuclidIE, YE, JE, and HE bands. Bottom: The 1D spectrum has been smoothed using a 5 pixel inverse-variance-weighted boxcar. The total exposure time is 10 080 s.

      

    

  
    
      Fig. 7. 

      
        [image: Fig. 7. Refer to the following caption and surrounding text.]
      

      
        Magellan/FIRE echelle spectrum of EUCL J0522, one of the brightest z ∼ 7.5 quasars in this work (JE ≈ 22.17). The total integration time is 11 700 s. The black line shows the observed spectrum, inverse-variance smoothed with a 31 pixel boxcar. The light red curve shows the smoothed noise vector. The blue curve represents the best-fit power-law continuum. Locations of typical emission lines seen in a quasar spectrum are marked by vertical dashed lines, including Lyα, N V, Si IV, C IV, CIII], and Mg II. Grey shaded regions indicate wavelength ranges heavily affected by telluric absorption. The inset displays the C IV region with the best-fit emission-line model generated using Sculptor, showing the individual C IV component (yellow), continuum (blue), and combined fit (red).

      

    

  
    
      Fig. 8. 
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        Cutouts of two newly discovered LOFAR-detected quasars, EUCL J0933+7427 (bottom) at z ≈ 6.96, and EUCL J0916+6836 (top) at z ≈ 6.6. From left to right: EuclidIE, YE, JE, and HE bands, followed by the LOFAR 144 MHz image. Each cutout covers 40″ × 40″ region. Red circles in Euclid images and red crosses in LOFAR images both denote the JE-band positions of the quasars. A scale bar of a 5″ length is shown in the last cutout.

      

    

  
    
      Table 1. 

      Radio properties of the two Euclid quasars with LOFAR counterparts.

      
        


	Target
	Redshift
	S144 MHz (mJy)
	Separation





	EUCL J0916
	6.60
	1.53 ± 0.25
	0[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]69



	EUCL J0933
	6.96
	0.49 ± 0.14
	1[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]76





      

      
Notes. Both quasars are detected in the LoTSS DR3 catalogue with > 5σ significance in peak flux. The quoted values are integrated 144 MHz flux densities and their associated uncertainties. The angular separation indicates the distance between the JE-band and radio positions. The beam size of LoTSS DR3 is around 6″.



    

  
    
      Table 2. 

      Classification of the remaining 92 candidates.

      
        


	Label
	Number
	Description





	Contaminants
	45
	A trace was detected but ruled out as a high-z quasar; 28 of the 45 were visually classified as possible brown dwarfs based on their spectral features.



	Inconclusive
	25
	A trace was detected, but the data quality was insufficient to determine whether a Lyα break is present. Some remain high-priority targets for future observations.



	Nodetection
	22
	No detectable flux was observed in the spectroscopic data.





      

    

  
    
      Fig. 9. 
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        Stacked rest-frame UV spectra of the new Euclid quasars. The top panel shows the stacked rest-frame UV spectra of all new Euclid quasars, the z > 7 sample, and the z < 7 sample. The bottom panel compares the stacked spectrum of all new quasars with a stacked spectrum of z > 6.5 bright quasars from Onorato et al. (2025). Each spectrum was shifted to the rest frame, re-binned onto a common grid with Δv = 300 km s−1, and scaled to match a fiducial absolute magnitude of M1450 = −24. We show the median-stacked results here. No significant evolution is identified with these stacked spectra.

      

    

  
    
      Fig. 10. 
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        Magnitude versus fitted size of Euclid quasars (red orange) and identified brown dwarfs (black) in the JE band. The effective radii (Reff) are measured from EuclidYE, JE, and HE images assuming a Sersic profile. The light blue lines represent the empirical size-luminosity relations for galaxies at z ∼ 7 (Shibuya et al. 2015; Sun et al. 2024). The grey horizontal line represents the 50% enclosed energy radius (REE50; Euclid Collaboration: Jahnke et al. 2025) for the PSF of the JE band. The Euclid quasars are consistent with being point sources.

      

    

  
    
      Table A.1. 

      Journal of discovery observations.

      
        


	Target
	Telescope
	Instrument
	Exposure (s)
	Date (UTC)
	Program ID





	EUCL J150537.32+773441.0
	Keck
	LRIS
	1200
	2024-07-01
	U259



	EUCL J141841.29+694930.6
	Keck
	LRIS
	2400
	2024-07-01
	U259



	Keck
	KCWI
	2400
	2025-01-21
	U267



	EUCL J125308.55+705432.3
	Keck
	LRIS
	1200
	2024-07-01a
	U259



	Keck
	MOSFIRE
	3900
	2024-12-30b
	U418



	Keck
	MOSFIRE
	4200
	2025-01-08
	U418



	EUCL J144545.82+714342.3
	Keck
	LRIS
	1200
	2024-07-02a
	U259



	Keck
	KCWI
	2400
	2025-01-24a
	U267



	Keck
	MOSFIRE
	3000
	2025-01-25
	U418



	EUCL J143448.06+685733.2
	Keck
	LRIS
	2400
	2024-07-03
	U259



	EUCL J115522.89+704612.3
	Keck
	LRIS
	3600
	2024-07-03
	U259



	EUCL J031547.94−684405.6
	Magellan
	FIRE
	1800
	2024-11-16
	



	EUCL J025210.37−412533.8
	Magellan
	FIRE
	1800
	2024-11-16
	



	EUCL J025029.93−531706.7
	Magellan
	FIRE
	1800
	2024-11-16
	



	EUCL J041250.73−563949.7
	Magellan
	FIRE
	1800
	2024-11-16
	



	Magellan
	FIRE
	1800
	2024-12-20a,c
	



	Magellan
	FIRE
	3600
	2025-03-16b
	



	EUCL J045148.19−342622.2
	Magellan
	FIRE
	1800
	2024-11-17
	



	EUCL J052645.38−460902.7
	Magellan
	FIRE
	1800
	2024-11-17
	



	EUCL J050240.93−384906.1
	Magellan
	FIRE
	1800
	2024-11-17
	



	EUCL J052209.82−512709.2d
	Magellan
	FIRE
	3600
	2024-11-18
	



	EUCL J044326.27−533214.9
	Magellan
	FIRE
	1800
	2024-12-20
	



	EUCL J091639.93+683652.9
	Keck
	KCWI
	1200
	2024-12-23
	U267



	EUCL J093330.60+742730.0
	Keck
	KCWI
	1200
	2024-12-23
	U267



	EUCL J135534.55+700055.5
	Keck
	KCWI
	5100
	2024-12-23b
	U267



	Keck
	MOSFIRE
	3300
	2024-12-29
	U418



	EUCL J134031.50+674715.1
	Keck
	KCWI
	1200
	2024-12-23c
	U267



	Keck
	KCWI
	1200
	2025-01-24
	U267



	EUCL J173243.48+601612.6
	Keck
	KCWI
	600
	2025-01-22b
	U267



	EUCL J101255.87+663058.0
	Keck
	KCWI
	1800
	2025-01-22a
	U267



	Keck
	MOSFIRE
	2400
	2025-06-16
	U275



	Keck
	MOSFIRE
	5400
	2025-06-17
	U275



	EUCL J172258.31+574133.5
	Keck
	KCWI
	900
	2025-01-23a,c
	U267



	Keck
	KCWI
	2100
	2025-01-24b
	U267



	Keck
	MOSFIRE
	1200
	2025-01-25b
	U267



	Keck
	KCWI
	1800
	2025-01-28
	U267



	Keck
	KCWI
	3600
	2025-06-18
	U275





      

      
Notes. All dates are given in Coordinated Universal Time (UTC). The list follows the chronological order of the first observation of each quasar.

a No detection in this observation.


b Some exposures were taken in twilight.


c Cloudy conditions, corresponding to > 0.5 mag of extinction, or poor seeing, corresponding to > 1[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]5.


d An echelle-mode observation was conducted for this target.




    

  
    
      Table A.2. 

      Journal of discovery observations continued.

      
        


	Target
	Telescope
	Instrument
	Exposure (s)
	Date (UTC)
	Program ID





	EUCL J044657.86−570046.6
	Magellan
	FIRE
	1800
	2025-03-16
	



	EUCL J181159.50+614554.2
	Keck
	KCWI
	900
	2025-06-18
	U275



	EUCL J163141.37+625920.6
	Keck
	MOSFIRE
	3900
	2025-07-18
	N110



	EUCL J172902.75+641018.1
	Keck
	MOSFIRE
	8100
	2025-08-17b
	U262



	LBT
	LUCI
	10080
	2025-09-24
	



	EUCL J161430.31+452847.1
	Keck
	KCWI
	2400
	2025-08-28
	U262



	EUCL J155552.09+515258.7
	Keck
	MOSFIRE
	3600
	2025-07-22
	N110



	Keck
	KCWI
	1200
	2025-08-28
	U262



	EUCL J170707.89+650252.7
	Keck
	MOSFIRE
	3600
	2025-07-17a,b
	N110



	Keck
	MOSFIRE
	3600
	2025-07-18
	N110



	Keck
	KCWI
	600
	2025-08-28
	U262



	EUCL J154359.34+471810.4
	Keck
	MOSFIRE
	3000
	2025-08-17b
	U262



	Keck
	KCWI
	1200
	2025-08-29
	U262



	EUCL J153722.76+582927.2
	Keck
	MOSFIRE
	1200
	2025-07-23
	N110



	Keck
	KCWI
	1200
	2025-08-28
	U262





      

      
Notes. All dates are given in Coordinated Universal Time (UTC). This table continues Table A.1.

a No detection in this observation.


b Cloudy conditions, corresponding to > 0.5 mag of extinction, and/or poor seeing, corresponding to > 1[image: Mathematical equation: $ {{\overset{\prime\prime}{.}}} $]5.




    

  
    
      Table A.3. 

      Properties of the newly discovered quasars.

      
        


	Name
	RA (J2000)
	Dec (J2000)
	Redshift
	IE
	za
	YE
	JE
	HE
	M1450
	log(Lbol/L⊙)





	EUCL J172902.75+641018.1
	17:29:02.75
	+64:10:18.1
	7.77
	> 28.28
	...
	22.61 ± 0.04
	22.02 ± 0.03
	21.97 ± 0.03
	–25.05
	46.45



	EUCL J125308.55+705432.3
	12:53:08.55
	+70:54:32.3
	7.69
	> 28.57
	> 24.91
	23.56 ± 0.09
	22.97 ± 0.07
	22.96 ± 0.06
	–24.06
	46.10



	EUCL J101255.87+663058.0
	10:12:55.87
	+66:30:58.0
	7.61
	> 28.40
	> 24.67
	23.50 ± 0.11
	23.00 ± 0.09
	22.93 ± 0.07
	–23.98
	46.07



	EUCL J052209.82−512709.2
	05:22:09.82
	−51:27:09.2
	7.50
	> 28.31
	> 24.47
	22.54 ± 0.05
	22.17b
	22.19 ± 0.04
	–24.75
	46.35



	EUCL J135534.55+700055.5
	13:55:34.55
	+70:00:55.5
	7.45
	> 28.55
	> 24.66
	22.17 ± 0.03
	21.89 ± 0.03
	21.78 ± 0.03
	–25.01
	46.44



	EUCL J144545.82+714342.3
	14:45:45.82
	+71:43:42.3
	7.36
	> 28.52
	> 24.86
	23.13 ± 0.09
	22.78 ± 0.06
	22.55 ± 0.06
	–24.10
	46.11



	EUCL J141841.29+694930.6
	14:18:41.29
	+69:49:30.6
	7.35
	> 28.64
	> 24.91
	23.47 ± 0.08
	22.88 ± 0.04
	22.61 ± 0.05
	–24.00
	46.07



	EUCL J163141.37+625920.6
	16:31:41.37
	+62:59:20.6
	7.33
	> 28.22
	> 24.63
	22.54 ± 0.04
	22.19 ± 0.03
	22.24 ± 0.03
	–24.69
	46.32



	EUCL J041250.73−563949.7
	04:12:50.73
	−56:39:49.7
	7.17c
	> 27.37
	> 24.33
	22.75 ± 0.05
	22.42 ± 0.03
	22.18 ± 0.03
	–24.41
	46.22



	EUCL J134031.51+674715.0
	13:40:31.51
	+67:47:15.0
	7.05
	> 28.02
	> 24.96
	23.28 ± 0.14
	23.12 ± 0.10
	22.92 ± 0.09
	–23.67
	45.95



	EUCL J172258.31+574133.5
	17:22:58.31
	+57:41:33.5
	7.01
	> 28.49
	> 24.73
	23.25 ± 0.07
	22.84 ± 0.05
	22.68 ± 0.05
	–23.93
	46.05



	EUCL J161430.31+452847.1
	16:14:30.31
	+45:28:47.1
	7.00
	> 28.31
	...
	23.30 ± 0.08
	22.97 ± 0.08
	22.70 ± 0.08
	–23.80
	46.00



	EUCL J093330.60+742730.0
	09:33:30.60
	+74:27:30.0
	6.96
	> 28.44
	> 23.21
	22.01 ± 0.03
	21.77 ± 0.03
	21.78 ± 0.03
	–24.98
	46.43



	EUCL J155552.09+515258.7
	15:55:52.09
	+51:52:58.7
	6.95
	> 28.32
	...
	22.30 ± 0.04
	22.22 ± 0.04
	22.26 ± 0.03
	–24.53
	46.27



	EUCL J050240.93−384906.1
	05:02:40.93
	−38:49:06.1
	6.90
	> 27.73
	22.90 ± 0.08
	21.53 ± 0.03
	21.27 ± 0.02
	21.24 ± 0.02
	–25.46
	46.61



	EUCL J052645.38−460902.7
	05:26:45.38
	−46:09:02.7
	6.89
	> 28.12
	23.49 ± 0.13
	21.76 ± 0.02
	21.54 ± 0.02
	21.43 ± 0.02
	–25.19
	46.51



	EUCL J025029.93−531706.7
	02:50:29.93
	−53:17:06.7
	6.86
	> 27.94
	23.42 ± 0.15
	21.81 ± 0.03
	21.55 ± 0.02
	21.49 ± 0.02
	–25.17
	46.50



	EUCL J170707.89+650252.7
	17:07:07.89
	+65:02:52.7
	6.84
	> 28.42
	> 24.98
	22.56 ± 0.04
	22.25 ± 0.03
	22.28 ± 0.03
	–24.46
	46.24



	EUCL J154359.34+471810.4
	15:43:59.34
	+47:18:10.4
	6.84
	> 28.07
	...
	22.63 ± 0.05
	22.36 ± 0.04
	22.30 ± 0.03
	–24.35
	46.20



	EUCL J025210.37−412533.8
	02:52:10.37
	−41:25:33.8
	6.83
	> 27.98
	23.19 ± 0.10
	21.70 ± 0.03
	21.39 ± 0.02
	21.34 ± 0.02
	–25.32
	46.55



	EUCL J143448.06+685733.2
	14:34:48.06
	+68:57:33.2
	6.82
	> 28.25
	> 24.82
	23.04 ± 0.06
	23.04 ± 0.07
	22.94 ± 0.06
	–23.67
	45.95



	EUCL J150537.32+773441.0
	15:05:37.32
	+77:34:41.0
	6.72
	28.13 ± 0.34
	> 24.36
	22.20 ± 0.04
	22.06 ± 0.03
	22.19 ± 0.04
	–24.52
	46.26



	EUCL J153722.76+582927.2
	15:37:22.76
	+58:29:27.2
	6.68
	> 28.29
	...
	23.14 ± 0.06
	22.58 ± 0.04
	22.43 ± 0.03
	–24.10
	46.11



	EUCL J044326.27−533214.9
	04:43:26.27
	−53:32:14.9
	6.67
	> 28.20
	23.60 ± 0.18
	22.40 ± 0.03
	22.22 ± 0.03
	22.15 ± 0.02
	–24.45
	46.24



	EUCL J045148.19−342622.2
	04:51:48.19
	−34:26:22.2
	6.65
	> 27.76
	23.05 ± 0.10
	22.18 ± 0.03
	22.10 ± 0.03
	22.11 ± 0.03
	–24.57
	46.28



	EUCL J115522.89+704612.3
	11:55:22.89
	+70:46:12.3
	6.65
	> 28.48
	> 24.70
	23.39 ± 0.10
	22.83 ± 0.06
	22.60 ± 0.05
	–23.84
	46.02



	EUCL J044657.86−570046.6
	04:46:57.86
	−57:00:46.6
	6.64
	> 28.03
	24.46 ± 0.23
	22.71 ± 0.05
	22.48 ± 0.04
	22.47 ± 0.05
	–24.19
	46.14



	EUCL J091639.93+683652.9
	09:16:39.93
	+68:36:52.9
	6.64
	27.38 ± 0.13
	23.55 ± 0.17
	21.83 ± 0.03
	21.73 ± 0.03
	21.59 ± 0.03
	–24.94
	46.42



	EUCL J181159.50+614554.2
	18:11:59.50
	+61:45:54.2
	6.63
	> 28.34
	> 24.68
	21.97 ± 0.05
	22.07 ± 0.06
	21.92 ± 0.04
	–24.60
	46.29



	EUCL J173243.48+601612.6
	17:32:43.48
	+60:16:12.6
	6.61
	26.41 ± 0.05
	23.88 ± 0.19
	21.37 ± 0.04
	21.30 ± 0.04
	21.22 ± 0.03
	–25.37
	46.57



	EUCL J031547.94−684405.6
	03:15:47.94
	−68:44:05.6
	6.60
	27.47 ± 0.27
	...
	21.69 ± 0.03
	21.26 ± 0.02
	20.97 ± 0.02
	–25.42
	46.59





      

      
Notes. The quasars are listed in order of decreasing redshift. Redshifts are estimated visually from the Lyα break, with typical uncertainties of 0.05–0.1 (e.g. Matsuoka et al. 2016, but see note c for cases where weak or absorbed Lyα increases the uncertainty to ∼0.2). Broad-band magnitudes are derived from PSF-fitting photometry (Sect. 3.1); 3σ limits are reported for non-detections. The absolute magnitude M1450 is computed from the observed JE-band magnitude assuming a spectral slope α = −1.7 (e.g. Telfer et al. 2002), and the bolometric luminosity Lbol from the scaling relation of Runnoe et al. (2012).

a Entries marked with “...” indicate no ancillary z-band imaging is available at the source position.


b The JE band photometry derived from the NIR stacked image is affected by hot pixels. Here we quote the magnitude measured from the JWST/NIRSpec spectrum of this target.


c The redshift is determined with the Mg II line in the JWST spectrum of this target.




    

  
    
      Fig. B.1. 

      
        [image: Fig. B.1. Refer to the following caption and surrounding text.]
      

      
        Cutouts of the new quasars (12″ × 12″) reported in this work. From left to right: IE, z, YE, JE, and HE bands. Target names and their redshift are listed in the IE-band cutouts.

      

    

  
    
      Fig. B.2. 

      
        [image: Fig. B.2. Refer to the following caption and surrounding text.]
      

      
        Same as Fig. B.1 but for the rest of the quasars.

      

    

  
    
      Fig. C.1. 

      
        [image: Fig. C.1. Refer to the following caption and surrounding text.]
      

      
        Reduced 2D/1D discovery spectra of Keck/MOSFIRE. The black curves are the fluxed spectra, smoothed with inverse-variance-weights with a boxcar of 9 pixel. The red curves are the noise vectors with the same smoothing. The light blue dashed lines mark the positions of the Lyα and N V lines at the tentative redshifts for each quasar. These redshifts are estimated from the Lyα lines.

      

    

  
    
      Fig. C.2. 

      
        [image: Fig. C.2. Refer to the following caption and surrounding text.]
      

      
        Reduced 2D/1D discovery spectra of Keck/LRIS. The spectra are inverse-variance-smoothed with a boxcar of 7 pixel.

      

    

  
    
      Fig. C.3. 

      
        [image: Fig. C.3. Refer to the following caption and surrounding text.]
      

      
        The reduced 2D and 1D discovery spectra of Keck/KCWI. The spectra are inverse-variance-smoothed with a boxcar of 7 pixel.

      

    

  
    
      Fig. C.4. 

      
        [image: Fig. C.4. Refer to the following caption and surrounding text.]
      

      
        Reduced 2D/1D discovery spectra of Magellan/FIRE. The spectra are inverse-variance-smoothed with a boxcar of 3 pixel. The green dashed lines mark the positions of the Lyα, N V, Si IV, C IV, and He II lines at the tentative redshifts for each quasar. These redshifts are estimated from the Lyα lines.

      

    

  
    
      Fig. D.1. 

      
        [image: Fig. D.1. Refer to the following caption and surrounding text.]
      

      
        Reduced 2D/1D spectra of three contaminants observed with Keck/KCWI. The total exposure time and the JE-band magnitude for each target are listed in each panel. The black curves are the fluxed spectra, smoothed with an inverse-variance-weighting and a boxcar of 3 pixel. The red curves are the noise vectors with the same smoothing.

      

    

  
    
      Fig. D.2. 

      
        [image: Fig. D.2. Refer to the following caption and surrounding text.]
      

      
        Same as Fig. D.1, but for Keck/MOSFIRE.

      

    

  
    
      Fig. D.3. 

      
        [image: Fig. D.3. Refer to the following caption and surrounding text.]
      

      
        Same as Fig. D.1, but for Magellan/FIRE.

      

    

  
    
      Table D.1. 

      List of identified contaminants. Some of them were tentatively identified as brown dwarfs.

      
        


	Name
	RA
	Dec
	Instruments
	Notes





	EUCL J015220.18−632724.6
	01:52:20.18
	−63:27:24.6
	FIRE
	dwarf



	EUCL J030218.49−535654.0
	03:02:18.49
	−53:56:54.0
	FIRE
	dwarf



	EUCL J034256.06−541719.3
	03:42:56.06
	−54:17:19.3
	FIRE
	dwarf



	EUCL J034303.88−552508.2
	03:43:03.88
	−55:25:08.2
	FIRE
	dwarf



	EUCL J034343.36−544243.6
	03:43:43.36
	−54:42:43.6
	FIRE
	dwarf



	EUCL J034510.85−582115.9
	03:45:10.85
	−58:21:15.9
	FIRE
	dwarf



	EUCL J035110.64−483806.7
	03:51:10.64
	−48:38:06.7
	FIRE
	dwarf?



	EUCL J052656.21−545056.4
	05:26:56.21
	−54:50:56.4
	FIRE
	dwarf



	EUCL J052929.24−461251.6
	05:29:29.24
	−46:12:51.6
	FIRE
	dwarf



	EUCL J053001.69−523428.6
	05:30:01.69
	−52:34:28.6
	FIRE
	dwarf



	EUCL J061759.55−492927.2
	06:17:59.55
	−49:29:27.2
	FIRE
	dwarf



	EUCL J084714.14+641938.7
	08:47:14.14
	+64:19:38.7
	KCWI; MOSFIRE
	dwarf?



	EUCL J091849.67+660353.1
	09:18:49.67
	+66:03:53.1
	MOSFIRE
	dwarf



	EUCL J092049.59+711423.7
	09:20:49.59
	+71:14:23.7
	KCWI
	contaminant



	EUCL J092540.76+693549.5
	09:25:40.76
	+69:35:49.5
	KCWI
	contaminant



	EUCL J093005.83+720814.5
	09:30:05.83
	+72:08:14.5
	KCWI; MOSFIRE
	dwarf?



	EUCL J094603.30+630522.1
	09:46:03.30
	+63:05:22.1
	KCWI
	dwarf?



	EUCL J094617.98+652346.6
	09:46:17.98
	+65:23:46.6
	KCWI
	dwarf?



	EUCL J100835.25+691935.8
	10:08:35.25
	+69:19:35.8
	KCWI
	dwarf



	EUCL J102324.58+703158.6
	10:23:24.58
	+70:31:58.6
	KCWI
	dwarf?



	EUCL J114858.03+743225.2
	11:48:58.03
	+74:32:25.2
	LRIS
	contaminant



	EUCL J115159.14+682156.9
	11:51:59.14
	+68:21:56.9
	KCWI
	dwarf



	EUCL J115853.41+683101.2
	11:58:53.41
	+68:31:01.2
	KCWI
	contaminant



	EUCL J122605.56+731439.4
	12:26:05.56
	+73:14:39.4
	KCWI
	contaminant



	EUCL J124115.79+662306.7
	12:41:15.79
	+66:23:06.7
	KCWI
	contaminant



	EUCL J131224.33+670729.5
	13:12:24.33
	+67:07:29.5
	LRIS
	dwarf



	EUCL J131809.35+700558.3
	13:18:09.35
	+70:05:58.3
	KCWI
	dwarf



	EUCL J133810.37+685317.0
	13:38:10.37
	+68:53:17.0
	LRIS
	contaminant



	EUCL J142441.75+693037.4
	14:24:41.75
	+69:30:37.4
	KCWI
	contaminant



	EUCL J143351.31+540844.7
	14:33:51.31
	+54:08:44.7
	MOSFIRE
	contaminant



	EUCL J144051.62+684954.5
	14:40:51.62
	+68:49:54.5
	KCWI
	contaminant



	EUCL J144852.41+732435.6
	14:48:52.41
	+73:24:35.6
	LRIS
	contaminant



	EUCL J154127.20+714353.1
	15:41:27.20
	+71:43:53.1
	LRIS
	dwarf?



	EUCL J162903.17+683127.6
	16:29:03.17
	+68:31:27.6
	MOSFIRE
	contaminant



	EUCL J170812.71+563448.0
	17:08:12.71
	+56:34:48.0
	MOSFIRE
	contaminant



	EUCL J175348.34+665640.3
	17:53:48.34
	+66:56:40.3
	LRIS
	dwarf



	EUCL J180128.23+651012.8
	18:01:28.23
	+65:10:12.8
	LRIS
	dwarf



	EUCL J183032.83+585324.0
	18:30:32.83
	+58:53:24.0
	MOSFIRE
	dwarf



	EUCL J215435.66+180214.9
	21:54:35.66
	+18:02:14.9
	LRIS
	dwarf
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