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ABSTRACT

During cosmic noon (z ∼ 1−3), when both star formation and black hole growth peaked, galaxy merg-

ers are predicted to trigger dual active galactic nuclei (AGN) that eventually coalesce as supermassive

black hole (SMBH) binaries. However, observations of dual quasars with sub-5 kpc separations—the

critical phase preceding final coalescence—have remained challenging due to angular resolution lim-

itations. We present the discovery and confirmation of two sub-arcsecond dual quasars at z > 1,

selected from 59,025 SDSS quasars, which fall within the footprint of the Hyper Suprime-Cam Survey.

Using high-resolution Hubble Space Telescope (HST) imaging and slitless spectroscopy, we confirmed

SDSS J1625+4309 (z = 1.647, separation 0.′′55/4.7 kpc) and SDSS J0229−0514 (z = 3.174, separation

0.′′42/3.2 kpc), probing the sub-5 kpc separation regime. Through novel combination of WFC3/IR

direct imaging (F140W) and grism spectroscopy (G141), we resolve both components morphologically

and spectroscopically confirm their dual nature via detection of Hβ+[O iii] and Mg ii emission lines

in each nucleus. Two-dimensional image decomposition reveals distinct host galaxy morphologies:

J1625+4309 shows an extended, disturbed structure (Re=4.7 kpc) indicative of an ongoing major

merger, while J0229−0514 exhibits a compact host (Re=1.4 kpc) suggesting an advanced coalescence

stage. Black hole mass estimates based on virial relations yield MBH ∼ 108.1 − 108.7M⊙ with line-

of-sight velocity offsets of (0.7± 0.1)× 103 km s−1 and (1.0± 0.2)× 103 km s−1, respectively. These

confirmations directly constrain the frequency and properties of close dual quasars, opening new av-

enues for studying SMBH mergers at cosmic noon.
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1. INTRODUCTION

Galactic mergers serve as a fundamental driver of

galaxy evolution in the universe. During this process,

the two supermassive black holes (SMBHs) at the cen-

ters of the host galaxies approach each other, poten-

tially forming a dual SMBH system or ultimately merg-

ing (Rosas-Guevara et al. 2019; Saeedzadeh et al. 2024;

Vazquez et al. 2025). When these SMBHs simultane-

ously exhibit active accretion within separations ranging

from kiloparsecs (kpc) to parsecs (pc), they form dual

active galactic nuclei or quasars (dual AGN/quasar),

which signify the late stages of galaxy mergers and her-

ald the eventual coalescence of the SMBHs (Comerford

et al. 2015; Li et al. 2025; De Rosa et al. 2019). The

detection and study of dual AGN/quasar systems pro-

vide critical insights into: (i) the triggering mechanisms

of SMBH accretion (Capelo et al. 2015, 2017; Ruby

et al. 2024), (ii) the co-evolution of black holes and

their host galaxies (Volonteri et al. 2016; Puerto-Sánchez

et al. 2024), and (iii) the physical processes surrounding

SMBH mergers, such as accretion disk interactions and

gravitational wave emission (Sandoval et al. 2024), thus

enabling predictions of low-frequency gravitational wave

event rates and offering key clues to galaxy formation

and evolution in the early universe (Wang et al. 2025;

Burross & Smith 2025; Dodd et al. 2025). Cosmolog-

ical models further predict a substantial population of

such dual SMBHs in shared host galaxies, which will ul-

timately merge and generate intense gravitational waves

(Mannucci et al. 2022).

The observational identification of dual quasars faces

significant challenges due to their small angular separa-

tions and potential confusion with gravitationally lensed

systems (Tang et al. 2021) and projected quasar pairs

that are not physically bound (Anguita et al. 2018).

Current detection methods primarily employ several

complementary approaches: (i) high-resolution imaging,

(ii) double-peaked emission line spectroscopy, (iii) very

long baseline interferometry (VLBI), (iv) Gaia astrom-

etry, and (v) JWST integral field spectroscopy. Each

technique has demonstrated success, but also carries

specific limitations. High-resolution imaging with fa-

cilities like the Hubble Space Telescope (HST) remains

the gold standard for resolving close-separation dual

quasars, having identified systems with projected sep-

arations as small as 0.′′13 (≈430 pc at z=0.2) (Goulding

∗ dingxh@whu.edu.cn

et al. 2019). Spectroscopic methods relying on double-

peaked emission lines [O iii] λ 5007 (Liu et al. 2010; Frey

et al. 2012; Zheng et al. 2025) can suggest dual nuclei

but require confirmation due to potential contamina-

tion from jet-driven outflows or rotating disks (Gabányi

et al. 2016; Liu et al. 2018; Shen et al. 2011). Al-

though VLBI achieves unparalleled angular resolution

in the radio bands, its utility is limited by potential

discrepancies with optical data (Veres et al. 2021; Koss

et al. 2015). Gaia astrometry provides statistical sam-

ples of wide-separation pairs (Krone-Martins et al. 2019;

Hwang et al. 2020; Chen et al. 2023a; Gross et al. 2025;

Jiang et al. 2025), and JWST enables revolutionary

studies of high-z dual systems through infrared spec-

troscopy (Perna et al. 2023).

Cosmic noon (z ∼ 1 − 3) is a particularly important

epoch, when cosmic star formation and SMBH growth

peak (Förster Schreiber & Wuyts 2020; Mezcua et al.

2024), and the detection of close-separation (< 5 kpc)

dual quasars provides crucial insights into galaxy-SMBH

co-evolution (Ishikawa et al. 2024; Mannucci et al. 2022).

While extensive surveys like HSC-SSP have identified

hundreds of wide-separation (> 10 kpc) candidates (Sil-

verman et al. 2020) and JWST has revealed obscured

systems through infrared spectroscopy (Shen et al. 2021;

Ishikawa et al. 2024; Chen et al. 2024), the sub-5 kpc

regime at z > 1 remains largely unexplored due to an-

gular resolution limitations. Theoretical models pre-

dict peak AGN activity during close encounters (3 − 5

kpc) preceding SMBH coalescence (Hopkins et al. 2018;

Hutchinson-Smith et al. 2018; Volonteri et al. 2022), but

the current observations are still far from sufficient.

In this work, we overcome the observational limita-

tions through a HST program which applies a novel

combination of direct WFC3/IR imaging with 0.′′06

resolution (F105W/F140W) and slitless grism spec-

troscopy (G102/G141), enabling morphological separa-

tion of pairs up to 0.′′45 (2.5 kpc at z = 2) and providing

simultaneous spectral confirmation of both components

for lens discrimination through matched broad-line pro-

files. We represent a systematic search for sub-6 kpc

dual quasars at z > 1, filling a critical parameter space

for understanding the binary evolution of SMBHs.

We describe the sample selection and data observa-

tion in Section 2. The detailed data reduction pro-

cess is provided in Section 3. The nature of the two

systems is discussed in Section 4, based on their imag-

ing and spectroscopic properties. A summary appears
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in Section 5. We adopt the cosmological parameters

H0 = 70 km s−1 Mpc−1, ΩM = 0.3, and ΩΛ = 0.7.

2. SAMPLE SELECTION AND HST OBSERVATION

The sample for this study was constructed from a

targeted search for dual quasar candidates within 500

square degrees of Hyper Suprime-Cam (HSC) imaging

(Aihara et al. 2018), focusing on Sloan Digital Sky Sur-

vey (SDSS) quasars (Shen et al. 2011).

In total, 59,025 unsaturated SDSS quasars are located

within the HSC footprint. Based on an automated 2D

image fitting and detection algorithm optimized for the

HSC point spread function (PSF), we initially identified

386 SDSS quasars exhibiting two bright sources or with

spatially distinct features as reported in Silverman et al.

(2020); Tang et al. (2021). We flagged them as potential

dual quasar candidates. Each candidate was then sub-

jected to a thorough visual inspection to exclude sources

with stellar colors (g − r > 1), extended morphological

features indicative of lower-redshift galaxies, or compan-

ions fainter than an i-band magnitude of 23.5. This mag-

nitude cutoff was applied to ensure that the companion

object is sufficiently bright for spectroscopic follow-up

with HST, as fainter sources would not yield adequate

signal-to-noise ratio (SNR) for the detection of broad

emission lines. To select the physically associated dual

quasars with the closest separation, we further restricted

our selection to 25 candidates with projected separa-

tions less than 0.′′7, corresponding to physical scales of

less than 6 kpc.

We then considered the scheduling constraints, orbital

visibility, and the need to prioritize systems with the

highest likelihood of being physically associated dual

quasars, which yielded a final sample of 11 high-priority

candidates (with SDSS-measured redshifts ranging from

1.2 to 3.2, as shown in Figure 1) for HST follow-up.

As a final check, we cross-matched these 11 candidates

with the GAIA DR3 catalog and confirmed that none

of the dual components had a significant parallax mea-

surement that would identify them as foreground stars.

We acknowledge that Gaia parallax detections are not

feasible for all stars, and this final check was instead

intended as a precautionary step.

Observations were conducted with HST/WFC3 in slit-

less grism mode (Program ID GO-17143, PI: Xuheng

Ding), utilizing either the G102 (0.8− 1.15µm) or G141

(1.1 − 1.7µm) grisms, selected to match the redshifted

positions of key diagnostic emission lines for robust

AGN identification and redshift confirmation. Four tar-

gets at z ∼ 2.5 − 3.1 were observed with G102 to

capture Mg ii λ2800 emission, while 6(1) systems at

1.2 < z < 2.5(z > 3.1) were observed with G141 to

target Hβ+[O iii] λ5007(Mg ii λ2800) features. Each ob-

servation included complementary direct imaging with

F105W or F140W filters to verify source morphologies

and rule out lensing galaxies. Spectroscopic exposure

times were carefully optimized to set as 30 minutes,

driven by the need to reach a 10−σ S/N for 10/11 can-

didates, which have both pairs brighter than 22.5 mag.

For J1054+0433, which has a fainter pair as 23.3 mag,

1.5 hours exposure is sufficient to reach an 8−σ S/N.

We estimate exposure times required to meet these goals

with either the G102 (4 cases) and G141 (7 cases) grism

for all 11 dual quasar candidates. To maximize obser-

vational efficiency, we implemented an alternating se-

quence of short direct imaging exposures (100s) followed

by longer grism exposures (∼500s), effectively eliminat-

ing buffer dump overheads. This observational strategy,

combined with our target selection criteria, required a

total of 12 Hubble Space Telescope orbits to complete

the program.

3. DATA REDUCTION

The HST/WFC3 direct imaging and slitless spectro-

scopic data were reduced using a standard pipeline. In-

dividual spectroscopic frames were then combined with

the astrodrizzle algorithm to produce a single, high

SNR image. A matching drizzle procedure was applied

to the direct imaging data, aligning the frames to the

reference spectroscopic image to ensure spatial consis-

tency. After drizzle processing, the spectral data reach

a final scale of 46.5 Å/pixel, while the direct imaging re-

tains the native 0.064′′/pixel resolution. We employed

photutils to perform background subtraction on the

drizzled direct images, followed by the generation of de-

blended segmentation maps to identify and isolate dis-

tinct sources within the field.

We take advantage of the high-resolution spatial abil-

ity of HST to extract spectra of both components of

the dual AGN candidates. Using the HSTaXe (Kümmel

et al. 2009) software package, we generated calibrated

2D spectra for all dual quasar candidate systems. Fol-

lowing verification of the linear response between 2D

spectra and their automatically extracted 1D counter-

parts, we performed optimized spectral extraction for

individual quasar components. The extraction was per-

formed at the central 3-pixel region of each component’s

2D spectrum (see Figure 2) — this 3-pixel width was

chosen to ensure that it lies beyond the 2σ line width

contamination from the adjacent component.

After extracting the initial 1D spectra, we further per-

formed 2D image decomposition of the drizzled imaging

data using Galight (Ding et al. 2020) to quantify the

quasar luminosity in each target in the corresponding fil-
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Figure 1. The pseudo-color HSC images for all 11 candidates and redshift information with their names, redshifts, and combined
HSC bands indicated. The two confirmed dual quasar systems are marked with red boxes (i.e., SDSS J0229−0514 at z = 3.174
and SDSS J1625+4309 at z = 1.647).

ter. This luminosity was used to calibrate the final 1D

spectra. During this process, we also identified a promi-

nent host galaxy in J1625+4309. The details of the 2D

image decomposition are presented in Section 4.1.

The final 1D spectra preserve the relative flux cal-

ibration between components while minimizing cross-

contamination, enabling accurate line profile analysis.

4. DUAL QUASAR CONFIRMATION

Spectroscopic analysis confirms two dual quasar sys-

tems: J1625+4309 (z = 1.647, separation 0.′′55/4.7 kpc),

with both components (named ID1a and ID1b hereafter)

displaying prominent and spatially distinct Hβ emission,

and J0229−0514 (z = 3.174, separation 0.′′42/3.2 kpc),

with both components (named ID2a and ID2b hereafter)

exhibiting broad Mg ii lines. Given to their redshifts (see

Section 2), both targets were observed by F140W/G141.

The remaining nine candidates do not show spectro-

scopic evidence for two active nuclei, and thus are not

classified as dual quasars. Their data can be found in

the Appendix A.

Figure 2 presents the HST observational data of

the two systems, with subfigure (a) corresponding

to J1625+4309 and subfigure (b) corresponding to

J0229−0514. For J1625+4309, the one-dimensional

spectrum of ID1a and ID1b reveals prominent emission

lines of Hβ and [O iii], which are characteristic features

of quasars. The clear separation and distinct profiles of

these emission lines in both components provide strong

evidence that J1625+4309 is a dual-quasar system. The

direct HST imaging reveals a clear spatial separation be-

tween the two quasars, with no evidence for a foreground

lensing galaxy or extended arcs typically associated with

strong gravitational lensing. Additionally, the emission

lines in the spectra of the two components are distinct

in both line shape and velocity offset. These features

demonstrate that this is a genuine physical pair, rather

than the result of lensing or chance alignment.

J0229−0514 is similarly confirmed as a dual quasar

system: both components are spatially resolved in the

direct imaging, with no indication of a lensing galaxy

or arc-like features. The spectra show broad Mg ii

lines in both nuclei, but with a clear velocity offset

(∼1000 km/s), unambiguously excluding a lensing inter-

pretation and demonstrating the system’s physical dual

nature.

Figure 3 presents a compilation of all confirmed dual

quasars reported in the literature to date, showing their

redshifts against projected physical separations. Our

HST observations expand the parameter space of con-

firmed dual quasars at 1 < z < 3 with separations < 0.′′7

(red hexagons in the figure). Notably, at this separation

range, J0229−0514 at z = 3.174 remains the only con-

firmed dual quasar at z > 3 so far.

We note that several other studies have reported can-

didate close-separation AGN pairs (Glikman et al. 2023;

Barrows et al. 2012) that were not included in Figure 3

as they lack spectroscopic confirmation of dual AGN

activity. Similarly, Perna et al. (2023) identified several

quasar pairs, but most lack confirmation of dual AGN

nature. By contrast, our work provides robust confirma-

tion through matched broad-line emission in both com-

ponents.

4.1. Direct Image Decomposition

We performed two-dimensional quasar–host galaxy

decomposition for both systems using Galight on the

HST direct imaging data to search for host galaxy emis-

sion for each component. This modeling also quantifies

the fractional contribution of the quasar point sources to

the total system luminosity, providing a robust flux cal-

ibration for the extracted one-dimensional spectra. The
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(a) J1625+4309

(b) J0229−0514

Figure 2. HST observations of the two confirmed dual quasar systems. For each system: direct F140W imaging (left), two-
dimensional spectra (upper right), and one-dimensional spectra (lower right). All four components (ID1a, ID1b, ID2a, ID2b)
are clearly resolved.

corresponding correction factors were applied to scale

the spectral data appropriately.

For both systems, we performed decomposition using

a model consisting of two point-source components (for

the dual quasars) and one primary Sérsic profile (for the

host galaxy). The PSF models used in the decomposi-

tion were constructed from isolated stars within the field

of view, ensuring that they accurately represents the ob-

servational conditions. For J1625+4309, we added a sec-

ondary Sérsic component to the model to represent the

prominent nearby target visible in the lower-left region

of the host galaxy. The results of the decomposition are

presented in Table 1.

The results of the decomposition for the two systems

are displayed in Figure 4, which shows the original di-

rect images, the best-fit models, and the residual maps.

For J1625+4309, the system exhibits a complex and dis-

turbed morphology consistent with an ongoing major

merger. The fit gives a separation in the F140W band

of 0.57′′. The effective radius of the host galaxy is 0.56′′.

The nearby target visible in the lower-left region of the

system may correspond to a major tidal feature, an in-

falling companion, or enhanced star formation triggered

by the interaction. These results support the scenario

of dual AGN residing within interacting galaxies. The

clear separation of light from each nucleus also enables

a robust assessment of the host galaxy structure and the

AGN–host flux ratio, which is critical for calibrating the

quasar luminosity to measure black hole masses.

In contrast, for J0229-0514, with a 0.50′′ separation

of the dual quasars, the host galaxy is more compact

(Re=0.18′′/1.4 kpc), indicating that this system could

be at a more advanced merger stage, with the host galax-

ies already coalesced or the most prominent tidal fea-

tures having faded.

To assess the robustness of the host galaxy measure-

ment, particularly for J0229−0514 which has a compact

host galaxy, we additionally tested different PSF models

extracted from the same observing field of view. Our in-

ferred results consistently recover the host galaxy com-

ponent. For instance, in the case of J0229−0514, the

derived fluxes agree within 0.3 mag, while the effective

radii remain stable within 0.6 kpc.

The JWST/NIRSpec Integral Field Unit (IFU) will be

extremely valuable for understanding the system by pro-

viding spatially resolved spectroscopy across the object

in a single observation. This capability allows for simul-

taneous imaging and spectral analysis, enabling detailed
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Figure 3. Redshift versus projected separation for confirmed dual quasars in the literature. Our newly identified systems (red
hexagons) populate the sparsely sampled parameter space at 1 < z < 3 with separations < 5 kpc, extending the sample below
the θ = 0.′′7 angular separation limit (lower dashed curve). Many early certification results are concentrated above θ ∼ 3′′

(upper dashed curve), reflecting a limitation based on credibility selection. Symbol types denote different discovery programs:
Junkkarinen et al. (2001); Hennawi et al. (2006, 2010); Kayo & Oguri (2012); Shields et al. (2012); More et al. (2016); Schechter
et al. (2017); Eftekharzadeh et al. (2017); De Rosa et al. (2018); Goulding et al. (2019); Silverman et al. (2020); Tang et al.
(2021); Mannucci et al. (2022); Beńıtez et al. (2022); Ciurlo et al. (2023); Chen et al. (2023b); Perna et al. (2023); Matsuoka
et al. (2024); Scialpi et al. (2024); Zamora et al. (2024), and this work. J0229−0514 at z = 3.174 (lower right hexagon) represents
the highest-redshift confirmed sub-5 kpc dual quasar to date.

mapping of kinematics, emission lines, and the physical

conditions within different regions of the system.

4.2. Black Hole Mass Estimates

The derived one-dimensional spectra extracted from

HST slitless data by our method (i.e., 3-pixel region

described in Section 3) do not fully capture the total

flux from each quasar, as slitless extraction can omit

emission outside the chosen aperture. To obtain accu-

rate black hole mass estimates, we use our F140W di-

rect imaging and its two-dimensional decomposition to

quantify the total quasar luminosity that should enter

the spectrograph for each nucleus. By scaling the 1D

spectra with these imaging-derived correction factors,

we recover the intrinsic flux for each component.

To obtain precise emission line information from the

active galactic nucleus (AGN), we performed spectral

fitting on the candidate objects using the Python pack-

age PyQSOFit (Guo et al. 2018; Shen et al. 2019; Ren

et al. 2024). This software is specifically designed for

AGN spectral fitting and can simultaneously handle

both continuum and emission line components.

For J1625+4309, we include major emission lines such

as Hβ, [O iii]λ5007 and [O iii]λ4959 during the fitting

process, while we focus on the Mg ii emission line in

J0229−0514, along with continuum components such as

power-law continuum and iron emission templates (see
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(a) J1625+4309

(b) J0229−0514

Figure 4. Multi-component decomposition of J1625+4309 and J0229-0514 in the F140W band. For each subgraph: Left to
right : (i) Original HST/WFC3 direct image; (ii) Best-fit quasar point-source model from Galight; (iii) Residual map after
quasar subtraction; (iv) Normalized residuals (Data−Model)/σ; (v) Demonstrates the radial surface brightness curve from the
center of the image of each cut in 1D. The scale is already marked in the figure.

Figure 5). More specifically, the emission line fitting

adopted a multi-component approach: broad and nar-

row components for Hβ/Mg ii, and a core+wing configu-

ration for [O iii] to capture its non-Gaussian asymmetry.

We note that the host galaxy component is not well

constrained in any of the spectral fits. This limita-

tion is primarily due to the low signal-to-noise ratio

in the continuum and incomplete wavelength coverage

of key stellar absorption features. Nevertheless, our

F140W direct imaging decomposition shows that, even

for J1625+4309, which has a prominent extended host,

the AGN emission overwhelmingly dominates the to-

tal system light (see Figure 4). To ensure accurate

quasar continuum measurements, we have re-calibrated

the AGN luminosity in the spectra using the AGN-only

component derived from direct imaging to ensure an un-

biased estimation of the continuum luminosity for black

hole mass determination.

Table 1 presents key measurements from our spectro-

scopic analysis. The FWHM values for both pairs range

from (2.2±0.2)×103 km s−1 to (4.0±1.0)×103 km s−1,

consistent with Type-1 AGN broad-line regions, which

provides further confirmation that both systems are gen-

uine physical dual quasars.

The mass of the central supermassive black hole

(MBH) can be estimated using the virial theorem ap-

plied to broad emission lines from the active galactic

nucleus. We employ the following empirical relation:

Table 1. Imaging and Spectroscopic Measurements

Property
J1625+4309 J0229−0514

(ID1a/b) (ID2a/b)

RA, DEC (deg) 246.258255, 43.1587791 37.2751989, -5.2413844

Imaging

magF140W 19.7, 20.0 20.6, 20.7

Separation 0.57′′ (4.8 kpc) 0.50′′ (3.8 kpc)

Host Sérsic 0.7 3.7

Host Re 0.56′′ (4.7 kpc) 0.18′′ (1.4 kpc)

Host magF140W 20.4 21.2

Spectroscopic

FWHMHβ 3.4± 0.7, 4.0± 1.0 –

FWHM[O iii] 1.7± 0.2, 1.6± 0.4 –

FWHMMg ii – 2.9± 0.4, 2.2± 0.2

logL (erg s−1) 45.29, 45.15 45.65, 45.73

log(MBH/M⊙) 8.6±0.2, 8.7±0.2 8.3±0.1, 8.1±0.1

vLos (km/s) (0.7± 0.1)× 103 (1.0± 0.2)× 103

Note—The inferred properties for the dual quasars. FWHM
in 103 km/s. For Hβ and Mg ii, the L are presented for L5100

and L3000, respectively.

log

(
MBH

M⊙

)
= a+ b log

(
Lλline

1044erg s−1

)
+2 log

(
FWHM(line)
1000 km s−1

)
, (1)
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Figure 5. Spectral fitting results for J1625+4309. For each panel: Left : Calibrated 1D spectrum with identified emission
lines within the observed wavelength range, with emission lines position indicated. Upper right : The results of the spectral
fitting focused on the Hβ+[O iii] region for the dual quasar systems. The multi-component decomposition including: power-law
continuum (blue), Fe II template (where detected, green), broad emission lines (orange), and narrow lines (magenta). Lower
right : Residuals of the spectral fit.

where λline is the reference wavelength of the local con-

tinuum luminosities for different emission lines (Hβ or

Mg ii), and FWHM(line) is its full width at half max-

imum. The coefficients (a, b) are adopted from Ding

et al. (2020) as (a, b) = (6.910, 0.50) for Hβ and (a, b) =

(6.623, 0.47) for Mg ii. Notably, the FWHM values re-

ported in the work have been corrected for the instru-

mental broadening inherent in the HST G141 grism

(R ≈ 130, corresponding to 2300 km s−1). The final

calibrated BH mass estimates span 108.1 − 108.7 M⊙,

with the J1625+4309 system hosting more massive black

holes than J0229−0514.

The line-of-sight velocity offsets (∆vLOS) between the

dual quasar components were measured from the cen-

troid shifts of their broad emission lines. We find veloc-

ity separations of (0.7±0.1)×103 km s−1 for J1625+4309

and (1.0 ± 0.2) × 103 km s−1 for J0229−0514, consis-

tent with their identification as physically bound sys-

tems (velocity differences <2000 km s−1) rather than

chance projections or lensing duplicates.

5. SUMMARY

We present a systematic HST/WFC3 observation for

sub-arcsecond dual quasars at z > 1, combining high-

resolution imaging (0.′′06 resolution) and slitless grism

spectroscopy to overcome previous observational limita-

tions. From an initial sample of 59,025 SDSS quasars

in the HSC-SSP footprint, we identified 386 candidate

pairs through PSF-fitting analysis and selected 11 high-

priority targets with separations < 0.′′7 (< 6 kpc) for

HST follow-up. Our analysis confirms two robust dual

quasar systems:
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Figure 6. Spectral fitting results for J0229−0514, with a same panel arrangement as 5 but spectral fitting focus on Mg ii.

1. SDSS J1625+4309 at z = 1.647 with separation

0.′′55 (4.7 kpc), exhibiting matching broad Hβ emission

in both components (FWHM = (3.4 ± 0.7) × 103 km

s−1 and (4.0 ± 1.0) × 103 km s−1), MBH = 108.6M⊙
and 108.7M⊙, and a line-of-sight velocity offset of (0.7±
0.1)× 103 km s−1.

2. SDSS J0229−0514 at z = 3.174 with separation

0.′′42 (3.2 kpc), showing broad Mg ii emission in both

nuclei (FWHM = (2.9 ± 0.4) × 103 km s−1 and (2.2 ±
0.2)× 103 km s−1), MBH = 108.3M⊙ and 108.1M⊙, and

velocity offset (1.0± 0.2)× 103 km s−1.

The host galaxy analysis (i.e., Figure 4) reveals dis-

tinct merger stages: J1625+4309 shows an extended

(Re = 4.7 kpc), disturbed morphology indicative of

an ongoing major merger, while J0229−0514 exhibits

a compact host (Re = 1.4 kpc) suggestive of advanced

coalescence.

These discoveries add new examples of confirmed dual

quasars with sub-5 kpc separations at z > 1.5, helping

to fill the critical gap in our understanding of SMBH

binary evolution.
Our novel methodology, combining HST’s angular

resolution with spectral confirmation of both compo-

nents, provides a powerful approach for future dual AGN

searches. These systems represent prime targets for

JWST/NIRSpec IFU follow-up to map merger-induced

gas flows.
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(a) imaging data of non-detected dual-QSOs (b) spectra data of non-detected dual-QSOs

(c) 1D spectra data of non-detected dual-QSOs

Figure A.1. These present data from nine other sources that have not been detected as dual quasars, which will be discussed
in detail regarding their properties in future article. These are: (a) direct imaging data, (b) two-dimensional spectral data, (c)
one-dimensional spectral data.
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