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Ordinary matter—including particles such as protons and neutrons—
accounts for only about one-sixth of all matter in the Universe. The rest is
dark matter, which does not emit or absorb light but plays a fundamental

rolein galaxy and structure evolution. Because it interacts only through
gravity, one of the most direct probes is weak gravitational lensing: the
deflection of light from distant galaxies by intervening mass. Here we
present an extremely detailed, wide-area weak-lensing mass map covering
0.77°x0.70°, using high-resolution imaging from the James Webb Space
Telescope as part of the COSMOS-Web survey. By measuring the shapes of
129 galaxies per square arcminute—many independently in the F115W and
F150W bands—we achieve an angular resolution of 1.00 + 0.01'. Our map has
more than twice the resolution of earlier Hubble Space Telescope maps,
revealing how dark and luminous matter co-evolve across filaments, clusters
and underdensities. It traces mass features out toz=2, including the most
distant structure at z=1.1. The sensitivity to high-redshift lensing constrains
galaxy environments at the peak of cosmic star formation and sets a
high-resolution benchmark for testing theories about the nature of dark
matter and the formation of large-scale cosmic structure.

Dark matter forms the gravitational backbone of the Universe, shaping
the formation of galaxies and the large-scale structure of the cosmos.
Yet, its distribution, particularly onintermediate and small scales, has
remained difficult to map. Weak gravitational lensing, the slight but
coherent distortion of background galaxy shapes by foreground mass,
offersadirect way to probe this elusive component, without relying on
assumptions about its physical state. However, weak lensing maps so
far have been limited in either resolution or sensitivity, obscuring the
fine-grained structures that underpin the cosmic web' >,

Here, we present a high-resolution mass map over a wide area of
sky, derived from weak lensing measurements in the COSMOS-Web
field using the James Webb Space Telescope (JWST). By resolving the
shapes of 129 galaxies per square arcminute—nearly double the num-
ber achieved with the Hubble Space Telescope (HST)—we trace dark
matter structures with a spatial resolution of 1 arcmin (Fig. 1). This
level of detail enables us to detect not only massive galaxy clusters,
but also filamentary structures and underdense regions that were
previously inaccessible.

We focus onthe COSMOS field—one of the most intensively stud-
ied regions of the sky—large enough to encompass a representative

sample of large-scale structure, and covered by deep, high-resolution
imaging and spectroscopy from the ultraviolet to the mid-infrared®.
Located on the celestial equator, it is accessible to observatories in
both hemispheres. Decades of observations from nearly all major
ground- and space-based telescopes have provided acomprehensive
multiwavelength view of this field*'°. These efforts have been substan-
tially extended by 255 h of JWST Near-Infrared Camera (NIRCam) imag-
ing from the COSMOS-Web survey'®, which covers a contiguous area
of 0.54 square degrees in four bandpasses (F115W, F150W, F277W and
F444W). In this study, we use imaging in the F115W and F150W bands,
centred at 1.1 pm and 1.5 um, respectively, with a spatial resolution of
0.02 arcsec per pixel" ™, to perform shape measurements.
Gravitational lensing affects the path of light from distant galaxies
asittravels through the gravitational potential of any mass along the
line of sight, including both ordinary baryonic matter (stars, gas and
dust) and dark matter' . In the weak gravitational lensing regime, this
deflectioninduces ashear distortion of only afew per centinthe appar-
entshapes of background galaxies'®. This distortionis roughly ten times
smaller thanthe typicalintrinsic ellipticity of galaxies, whichis shaped
by features such as spiral arms or bars. (Weignore ‘intrinsic alignments’
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Fig.1|Map of cosmic structure, from measurements of weak gravitational
lensing withJWST and HST. Colours show the E-mode convergence (k), where
positive (blue) regions indicate mass overdensities and negative (brown) regions
represent underdensities along the line of sight. The central region, outlined in
red, corresponds to the COSMOS-Web footprint observed with JWST at a spatial
resolution of 6=1.0 arcmin. Itis embedded within a wider HST-based map at
o0=2.4arcminresolution, to reduce edge effects and highlight the enhanced
resolving power of JWST.

between galaxies that add coherent systematics on smaller scales than
probed here but that should be considered in future applications of the
shear catalogue.) The resolution of aweak lensing mapis therefore the
arearequired to enclose about 100 resolved background galaxies, so
that the shear signal rises above the shape noise. This number reflects
atrade-off between spatial resolution and statistical uncertainty.

The sensitivity of a weak lensing map also depends on geometry.
Like a magnifying glass that works best when held midway between
the eye and the object, gravitational lensing is most sensitive to mass
located half-way between the observer and the source galaxies. This
behaviour is described by the lensing efficiency function g(z), which
peaks at lower redshifts (distances) than the distance to typical back-
ground objects, described by the source redshift distribution n(z)
(Fig.2a). Thelensing efficiency function for JWST peaks atz= 0.38, for
HST atz=0.34, and for the Subaru Telescope’s Hyper-Suprime Camera
(HSC) atz=0.30. Unlike most observables, for afixed angular scale on
the sky, weak lensing isinsensitive to massin the very nearby Universe
because the lensing efficiency drops to zero as the lens approaches
the observer.

Previous weak lensing maps were limited in sensitivity, resolution
and area. From the ground, even the best telescopes—such as those
usedinthe HSC, Kilo Degree Survey and Dark Energy Survey surveys—
must contend with the blurring effects of Earth’s atmosphere and
typically resolve the shapes of only 7-19 galaxies per square arcminute
(refs.17-20). These surveys cover a large area of sky, but are limited by
coarse angular resolution and are sensitive primarily to structures at
low redshift. Asaresult, only the most massive and extended structures,
suchasrare superclusters with masses up to 10” masses of the Sun (M,),
appear prominently in ground-based lensing maps. The HST, which
observes above the atmosphere, resolves the shapes of ~71 galaxies
per square arcminute (refs. 6,21,22), enabling maps with sufficient
resolution of ~2.4 arcmin to begin revealing clusters and filamentary
featuresin the cosmic web (using a different definition of resolution®,
reported 1.2 arcmin resolution; see ‘Mass map reconstruction’ section
in Methods).

JWST’s deep, high-resolution imaging enables the measurement
of weak lensing from a much larger number of galaxies, and at higher
redshifts than previously possible. Thisimprovementis reflectedin the
relative lensing sensitivity, where JWST outperforms both HSC and HST,
particularly at high redshift (Fig. 2b). We measure shear for 108 galaxies
per square arcminute in each of F115W and F150W. The final catalogue
is constructed from the unique sources in each band, together with
those in common for which the two shear estimates are averaged per
galaxy, giving an effective density of 129 galaxies per square arcminute.
The availability of repeat measurements in two bands helps reduce
photon-counting (shot) noise when estimating shear, although the
dominant source of uncertainty remains intrinsic shape noise. Multi-
wavelengthancillary data provide photometric redshifts for all galaxies
(formore details, see ‘'COSMOS-Web imaging and catalogues’sectionin
Methods). We adopt photometric redshifts from LEPHARE, defined as
the median of the likelihood distribution”?*. For the sample of galaxies
withmeasured shapes, this yields amedian redshift of z,,.y =1.15 (ref.12).

Leveraging this dataset, we construct a detailed map of massin
large-scale structure (Fig. 1). Brighter regions indicate lines of sight
with higher lensing convergence, whichis proportional to the density
of dark and luminous matter p(x, y, z), multiplied by sensitivity func-
tion g(z) and projected on the sky. The JWST shear measurements
provide a spatial resolution of 1.00 + 0.01 arcmin, representing more
than a twofold improvement over the previous large-scale COSMOS
weak-lensing map obtained with HST®. We use a multiscale filtering
technique® that identifies structures at different scales, which are
defined as spatial scales in angular units (arcmin), corresponding to
physical sizes on the sky. This technique allows us to simultaneously
identify both small features, such as halos around galaxy groups at low
mass (-102-10" M,) or high redshift (z=1.1), as well as the filamentary
structures predicted to connect them*,

The enhanced sensitivity to lensing by mass at high redshift (z>1)
improves our ability to detect more distant structures, extending the
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Fig. 2| Sensitivity of weak Iensing to mass at different cosmic distances,
quantified by redshift, z. a, Dashed lines show the measured number density,
n(z) of galaxies whose shapes, distorted by lensing, are resolved by JWST, HST and
HSC, inbins of width Az=0.04.JWST resolves the shapes of progressively more
distant galaxies than other telescopes. Solid lines show the implied sensitivity
functions g(z) to foreground mass. b, Ratio of the JWST lensing sensitivity to that
of HSCand HST. JWST has higher sensitivity at all redshifts, but especially at

high redshift.
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Fig. 3| Measured shear distortion of distant galaxies. The shapes of all galaxies
from F115W and F150W-band imaging are averaged in 1.1’ x 1.1’ pixels, followed
by denoising through smoothing with a Gaussian filter of width =1.2 arcmin.
The white line segments depict the local amplitude and orientation of the shear.
The background image shows the signal-to-noise ratio (SNRy, ) of the amplitude
ofthe curl-free E-mode component of this pseudo-vector field. The reference
barin the top-right corner corresponds to y = 0.05 (5% distortion relative to
unlensed shapes).

reach of mass mapping beyond previous observational limits. This
advancement enables direct constraints on the growth of structure,
the assembly of dark matter halos and therole of environmentinshap-
ing galaxy evolution during the peak epoch of star formation. The
same sensitivity has already revealed over 100 strong lenses in the
COSMOS-Web field” %, highlighting JWST’s exceptional lensing capa-
bilities and opening new avenues for joint weak and strong lensing
studies of cosmic shear.

The mass reconstruction is based on the observed weak lensing
shear field, which captures the coherent distortions induced by fore-
ground mass on background galaxy shapes. Pronounced shear align-
ments (Fig. 3) in regions of high signal-to-noise ratio (SNRy,) are
consistent with lensing by massive structures atintermediate redshifts
(z=0.2-1.1) and high source density. These features coincide with
convergence peaks and trace projected mass overdensities associated
with galaxy groups and clusters. To enhance the signal, the shear field
isbinnedinto 1.1’ x 1.1" pixels and smoothed with a Gaussian of width
o = 1.2/, highlighting its alignment with the underlying large-scale
structure and reinforcing JWST’s ability to probe the gravitational
imprint of cosmic structure.

To assess the level of residual systematics in mass maps, we
note that the reconstructed map is complex-valued. The real part
(Fig. 4a,c) corresponds to the so-called £-mode signal, which traces
the curl-free component of shear and is produced by the projected
foreground mass distribution’’. As expected, the HST-based k, map
(Fig. 4c) reveals large-scale structure, while the JWST-based map
(Fig. 4a) shows significantly finer substructures, enabled by higher
spatial resolution and deeper imaging. The imaginary part of the
shear field represents the divergence-free ‘B-mode’, which, to first
order, is expected to be consistent with zero in standard cosmology.
Because E- and B-modes are equally affected by statistical noise and
equally likely to be affected by imperfect point spread function (PSF)
correction or mask effects, the B-mode is useful as a diagnostic of
potential systematics in the data. The measured B-mode amplitude
ismore than an order of magnitude lower than the E-mode (Fig. 4b),

confirming that potential systematic biases in our analysis have been
well controlled.

The gravitational lensing convergence map derived from JWST
data (Fig. 5a) reveals the projected distribution of total matter—both
darkandbaryonic—across the COSMOSfield. Theincreased resolution
and source density afforded by JWST enable precise mapping of mass
structures across a wide range of spatial scales and redshifts. Notably,
15known galaxy clusters previously detected viaextended X-ray emis-
sionwith XMM-Newton and Chandra®* are all recovered ata detection
signal-to-noiseratio (SNR,) >3, considering amatching radius smaller
than 2 arcmin. This constitutes asubstantialimprovement over earlier
HST-based reconstructions, which detected only eight of these clusters,
and validates the fidelity of our weak lensing measurements (see also
Supplementary Table1).

Beyondisolated peaks, theJWST-based convergence map unveilsa
network of extended, low-amplitude features (Fig. 5, dashed contours),
that bridge cluster-scale overdensities. These structures probably
trace dark matter filaments of the cosmic web, too diffuse to emit
significant X-ray radiation or host large galaxy overdensities. Their
detection is consistent with predictions from gravitational collapse
in ACDM cosmology and reflects JWST’s enhanced sensitivity to the
diffuse components of the matter field previously unresolved by HST®.

Comparison with X-ray and galaxy overdensity significance maps
(Fig. 5b,c) illustrates the coupling between dark matter, hot gas and
luminous galaxies. The X-ray map traces thermal emission from the
hot intracluster medium in group- and cluster-scale halos, while the
galaxy overdensity map, derived from COSM0S2020 photometry**and
weighted by the lensing sensitivity function g(z), shows fluctuations
in the projected number density of galaxies. These fluctuations are
expressed in units of the local standard deviation (2/0), where X repre-
sents the projected galaxy density in each pixel, and gis the standard
deviation of the galaxy density withinareference region. Thisratio, 2/o,
isused to quantify the local signal-to-noise ratio, helping to highlight
statistically significant structures. Peaksin the weak lensing map align
with prominent X-ray emission, including two massive clusters near
(right ascension (RA), declination (dec.)) = (150.41°, 2.41°) and (149.92°,
2.52°).Inaddition, elongated contours forming an L-shaped structure—
from RA of approximately 150.4° to 149.9°, and dec. of approximately
2.6°to 2.1°—reveal filamentary bridges between clusters, offering a
directlensing-based view of the cosmic web.

The enhanced depth and redshift reach of JWST also reveal previ-
ously undetected structures. For example, the mass peak at (149.94°,
2.60°) corresponds to X-ray emission from a low-mass group at z=
0.342 despite a paucity of luminous galaxies, and the peak at (RA, dec.)
= (150.32°,2.28°) isassociated with X-ray sources atz>0.9. These results
demonstrate JWST’s unique ability to detect massive structures even
atredshifts where X-ray emission is dimmed by cosmological distance,
and where galaxy overdensities become less prominent. At redshifts 1<
252, the cosmic noon epoch of peak star formation®, JWST’s high lens-
ing sensitivity (Fig. 2b) allows weak lensing peaks to continue tracing
large-scale structure. This range is also where our photometric redshift
catalogueretains a high density of well-resolved background sources.
This opens anew window into the environment of galaxies forming at
cosmicnoon and their evolutionunder the influence of active galactic
nucleus feedback, gas quenching and dark matter assembly?*.

While some weak lensing peaks coincide with regions of high
X-ray intensity and galaxy overdensity significance (Fig.5b,c), we also
identify mass peaks without clear counterpartsinthe projected X-ray
emission or galaxy distribution—for example, at (RA, dec.) = (150.21°,
2.06°) and (150.32°,2.28°). These features may arise from underlumi-
nous or dark-matter-dominated structures, projection effects from
multiple aligned systems along the line of sight, or mass concentrations
atredshifts not optimally captured by the galaxy density weighting. In
particular, we have identified significant lensing peaks that may result
fromthe alignment of two structures at (RA, dec.) = (150.21°,2.06°) at
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Fig. 4| Maps of the weak gravitational lensing convergence from JWST

and HST. a, JWST-based £-mode convergence map, showing the projected
distribution of mass. b, JWST B-mode (null test) convergence map, which
could contain systematic biases but is more than an order of magnitude lower

inamplitude. ¢, HST-based £-mode convergence map, cropped to the JWST
COSMOS-Web footprint, illustrating the same field at lower resolution®. In

all panels, the colour scale s identical, with brighter tones indicating mass
overdensities, and an in-painting technique is applied to handle masked regions.

low redshift (0.186 and 0.370), enabling the detection of these very
low-mass objects.

Compared with HST, JWST provides roughly atwofold improvement
in angular resolution, source galaxy density and the number of signifi-
cantdetections oflensingstructures®. Atz 0.7,JWST’s lensing sensitivity
exceedsthat of HST by afactor of two, and that of leading ground-based
surveys by anorder of magnitude. While the large-scale structures of dark
andbaryonic matter are aligned in amanner consistent with theoretical
expectations, JWST reveals them with much greater detail, extending
intolow-density regions and higher redshift regimes. This map provides
adetailed view of the dark matter scaffolding underlying galaxy forma-
tion and serves as a foundation for future studies of cosmic structure,
feedback and the evolution of the matter field over time. Looking ahead,
JWST’s enhanced sensitivity at 1 <z <2 (Fig. 2b) will allow tomographic
reconstructions of the dark matter environments of galaxies during
cosmic noon—the epoch of peak star formation. Such measurements,
notattempted in the present work, would provide adirect link between
large-scale structure and galaxy evolution, including the effects of active
galactic nucleus feedback, gas quenching and dark matter assembly.

Methods

COSMOS-Web imaging and catalogues

The COSMOS-Web survey is a 270-h JWST treasury programme (PID
1727; principalinvestigators:).S.K.and C.M.C."°), originally planned for
255 h, covering 0.54 deg? of the COSMOS field** using the NIRCam and

0.19 deg®with the Mid-Infrared Imager. The NIRCam imaging dataspan
four filters: F115W, F150W, F277W and F444W>°. We use the F115W and
F150W filters for weak lensing measurements owing to their superior
angular resolution, higher throughput and lower background noise
compared with the longer-wavelength bands.

Observations were carried out across three epochs (January 2023,
April-May 2023 and January 2024), using a 4TIGHT dither pattern
to ensure uniform coverage and depth, reaching AB magnitudes of
26.9-27.4 in each band. All exposures were calibrated and processed
through the JWST Pipeline* v1.14.1, which includes the resample step
to combine theindividual exposures into mosaics, following standard
procedures®, with pixfrac=1and a pixel scale of 0.02 arcsec per
pixel. These choices minimize aliasing of the native pixel scale, which
is critical for weak lensing analysis™®.

To extend the weak lensing analysis to larger spatial scales and
reduce border effects in the mass map, we embed JWST datainside the
HST Advanced Camera for Surveys (ACS) COSMOS survey®. HST F814W
images coveringan areaof1.637 deg? provide shape measurements for
71galaxies per square arcminute, with a median AB magnitude of 25.1.
Shapes were measured using the Rhodes, Refregier and Groth (RRG)*°
method*, which deconvolves the PSF from galaxy shapes and has been
calibrated on HST simulations to recover shear with <6% bias across a
wide range of sizes and fluxes.

Source detection was performed with SExtractor®, using a
combined y? image constructed from all four NIRCam bands (F115W,
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crosses indicate clusters detected in both JWST and HST maps and matching
known systems from XMM-Newton and Chandra, whose mass and redshift mean
they should be (and are) detected at SNR, >3 in weak lensing. b, X-ray emission
from hot gas in massive halos, traced with data from XMM-Newton and Chandra,
with overlaid white k contours. ¢, Galaxy overdensity significance map (2/o),
weighted by the weak lensing sensitivity function g(z), tracing the projected
distribution of luminous matter, with white k contours marking the total mass.

F150W, F277W and F444W), leveraging the full wavelength coverage to
enhance detection of faint sources. Source detection was performed
in single-image mode, using the same image for both detection and
photometric measurement. A threshold of 2.33cabove the background
was applied to optimize the trade-off between completeness and reli-
ability. Multiwavelength photometry was extracted from PSF-matched
images convolved to the F444W PSF, using Kron elliptical apertures
fitted to each source. However, for weak lensing shape measurements,
only the F115W and F150W images were used, due to their higher spatial
resolution and lower background, ensuring optimal shape recovery.
The COSM0S2025 catalogue (Shuntov et al., submitted to A&A)
combines COSMOS-Web imaging withancillary multiwavelength data,
providing photometry, photometric redshifts, physical properties
and morphological measurements for over 780,000 sources across
the field. From this sample, we apply a series of quality cuts based on
peak surface brightness (MU_Max), total flux (MAG_AUTO), effective

diameter (d) and SNR, to select galaxies with robust shape measure-
ments (see ‘Galaxy shape measurement and shear estimation’ section).
This yields 209,322 galaxies in the F115W band and 209,893 in F150W,
corresponding to a summed raw number density of 216 galaxies per
square arcminute across 0.54 deg’. From these, we construct a final
catalogue of unique galaxies by retaining the shear estimate from
single-band detections and averaging the two measurements for gal-
axies detected in both filters. This reduces scatter while preserving
unbiased means, and improves noise characterization by mitigating
bias during shear-map smoothing. The final sample comprises 170,386
galaxies detected in both bands, 38,936 detected only in F115W and
42,135 detected only in F150W, yielding an effective number density
of 129 galaxies per square arcminute.

We use the LEPHARE photometric redshift estimator®*, which fits
galaxy templates to multiwavelength photometry. The method gener-
ates aredshift probability distribution for each galaxy by calculating
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the likelihood for each template. The median of this likelihood dis-
tribution is then taken as the best estimate of the galaxy’s redshift.
This approach also enables the simultaneous derivation of galaxies’
physical parameters. For stars and artefacts, the redshiftis set to 0, as
detailed by ref. 12.

To trace the large-scale galaxy distribution, we use the COS-
M0S2020 catalogue®, which offers consistent multiband photometry
and photometric redshifts across the full COSMOS field, to construct
aprojected galaxy density map (Fig. 5c).

Modelling the PSF

Theapparent shapes of galaxies are distorted by gravitational lensing
and further convolved with the telescope’s PSF, which smears their
observed morphology and must be accurately modelled to obtain
unbiased shear measurements. The PSF is characterized by its size,
Rf,SF, and shape expressed through its ellipticity components, £/ for
i €11, 2}, all constructed from second-order moments with a circular
Gaussian weight function with radius o =1.5 pixels. We tested several
PSF modelling approaches for JWST, including ShOpt*?, PSFEX** and
WEBBPSF*, and found that the latter yields the lowest residual system-
atics in the final shear measurements. WEBBPSF enables us to model
the PSF in individual exposures and combine them into a composite
PSF matched to the full-depth images. This approach remains robust
in regions with few bright stars and performs reliably near exposure
boundaries, where the PSF varies discontinuously with position on
the sky.

To quantify the impact of PSF modelling errors on shear estima-
tion, we analyse the difference throughout the survey between the
measured ellipticity of unsaturated stars and that of PSF models,
BePSF = ghSF  — e - Inthe F115Wband, we use 5,620 stars, yielding
amean residual ellipticity of (§¢™F) = (-0.0035,0.0005) and root mean
square (RMS) values of (0.0158, 0.0151) for (8FF, 8¢°5F). For F1IS0W,
6,125 starsyield (8£7F)=(0.0005,-0.0001) with RMS values of (0.0104,
0.0094). These residuals are interpreted as spurious shear and used
to construct PSF-induced E-mode convergence maps, k**, shown in
Supplementary Fig. 1.

When using WEBBPSF, the PSF-induced convergence maps exhibit
low-amplitude, spatially uncorrelated structure in both bands, with
RMS values of s = 1.1 x 10-3for F115W and 0.8 X107 for F1IS0W. These
values are more than an order of magnitude smaller than the cosmo-
logical lensing signal (Fig. 1), confirming that PSF model errors are
subdominant. Meanwhile, we find that empirical methods such as
ShOpt and PSFEx can be unstable. This is primarily because stacking
multiple exposures introduces sharp discontinuities in the PSF model,
occasionally causing localized catastrophic failures in the assumed
smooth PSF interpolation. Across the survey footprint, variancein the
PSF-induced convergence maps is 2.5x higher for PSFEX and 12.5x
higher for ShOpt.

Galaxy shape measurement and shear estimation

We measure the shapes of galaxies using python RRG (pyRRG)***,
which calculates Gaussian-weighted second- and fourth-order
multipole moments, J;and J,, for i,j, k, [ {1, 2}, all corrected for con-
volution with the PSF and pixel response. An estimator of galaxy size

is Réal =/ + /. The galaxy’s ellipticity is defined as
al al 2./ .I _j
(ep)- (22t ®
gal gal

and the estimator of the line-of-sight shear is

7 =20, ©)

the shear susceptibility G depends on fourth-order moments*’. Shear
susceptibility describes the response of anintrinsically elliptical galaxy

to shear: £ = £ + Gy, valid in expectation over a galaxy ensemble
with (e") = 0

Because the fourth-order shape momentsin Gareinherently noisy
and enter inthe denominator of the shear estimator (equation (2)), we
use the mean value of G fitted as a function of galaxies’” SNRye,
G = A(1 — e B5NRaer) 4 C, where parameters A, Band Carefitted indepen-
dently for each filter (Supplementary Fig. 2). We empirically deter-
mined this functional form, which captures the expected flattening of
G at high SNRy,;, where measurement noise becomes subdominant.
Over therange 5 < SNR¢; < 30, we find that the mean susceptibility is
(G™Wy=1.156 and (G™**"y =1.120.

To reduce measurement biases from noise and PSF modelling
uncertainties**$, we apply galaxy selection criteria onsize, magnitude
and SNRg,, tailored to each NIRCam filter. For FI50W, we retain galaxies
with MAG_AUTO <28, effective diameter d > 2.2 pixels and detection
SNRge, >4.0. For F115W, we adopt similar cutsonMAG_auToandd>2.0
pixels, but apply a more relaxed SNRg, threshold of zero to preserve
fainter detections. These thresholds are lessrestrictive than those used
in previous HST analyses*, owing to the improved automatic catalogue
cleaning implemented in pyRRG. The selection cuts were optimized
to enhance the weak lensing signal while minimizing systematics,
maximizing the «./0,, ratio without diluting the signal by excessive
galaxy exclusion.

After applying these cuts, we obtain robust shear measurements
for 209,322 galaxies in the F115W band and 209,893 in F150W, that is,
108 galaxies arcmin2in each band. The amplitude of measured shears
(equation (2)) is consistent between band, and consistent with those

derived from HST imaging: with mean values <)71FHSW> =0.0116 and
)y = —0.0052. The

@™y = 20.0073, and ;™" = 0.0132 and <;?2“5°W
RMS scatter of shear measurements, oy, = <(y,) ), is also consistent:

oFISW _ oFISW _ 0 30, ¢F1SOW — oF150W —_ 031, and o™ = GHST 032
12 T Th 12! ’ )21
(ref.41). 1 ’
Comparing shear measurements between the two JWST bands,

we notice that (}?,FHSW - ﬁmow) < 0%, withratios of 0.13 for y;and 0.12

fory,, indicating thatimagingin the two bands (necessarily) hasinde-
pendent shot noise, but that the intrinsic shapes of galaxies are not
significantly different between bands.

Toassessthetotal leakage of PSF modelling, correction and other
biases into our shear measurements, we average the final shear estima-
tors () inbins of PSF model ellipticity, £/*" (Supplementary Fig. 3). To
interpret these, note that equation (26) of ref. 49 can be rewritten

3

R%’SF < PSF < 5(R12>SF) > PSF)
- d¢; =5~ ) & ;
< GRg'al < > RPSF
aswhere 8R?

2. and 8¢P*F are residual errors in the size and ellipticity
of the PSF model (compared with the truth rather than noisy, measured
values), and where we have assumed that 6</%F is a function of neither
eFnor Rf,SF inorder toseparate uncorrelated termsin angle brackets.
Both termsinthefirstbracket vanish under the assumption that neither
intrinsicellipticity nor true shear depends on PSF ellipticity. This leaves
a linear relation (§;) = a; + b;e"™", whose free parameters we fit in
Supplementary Fig. 3. Equating coefficients with equation (3) and
adoptingaverage values of<R2 /R ) = 1.2and (G) asabove, we estimate
the residual PSF model elliptl(:lty, averaged across all observations

(8eF5F) ~ —1.2(G)a
= (0.0124, —0.0069) for F115W, and (0.0069, —0.0055) for FISOW.

“)
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Assumingatypical PSF ellipticity of (/) ~ 0.015,and interpreting
equation (26) of ref. 49 as shear measurement biases’, we estimate
additive shear measurementbias ¢; = a; + b(el>F) = (-0.0011,-0.0098)
for F115W, and (-0.0152, —0.0074) for F1I50W. These additive shear
systematics are mainly due to the smallest galaxies, but our choice of
size cuts ensures they are subdominant to the (statistical noise on the)
shear signalin a typical resolution element of the map.

To quantify residual correlations in shear estimators as afunction
ofangularseparation 6 (notjust on average), we use the p,(6) statistics?,
which quantify residual correlations in PSF-corrected shapes. With
WEBBPSF, we find that all p, functions remain below 10~ at separations
6 > 1'(Supplementary Fig. 4), the scales to which weak lensing is sensi-
tive. This indicates that residual PSF correlations are negligible and
that additive shear systematics are well controlled, validating the use
of WEBBPSF for mass mapping with JWST.

In principle, blending of light from galaxies on adjacent lines of
sight canlead to multiplicative shear measurement biases, particularly
inregions of high galaxy density. However, JWST’s highimaging resolu-
tionsubstantially reduces theimpact of blending (compared with HST,
JWST’s spatial resolutionis afactor >2?higher, andits pixels a factor 2.
52finer, but the density of galaxies is only 1.8 times higher). Inaddition,
the hot/cold source separation used in our analysis helps to mitigate
artificial, spurious deblending. To test the impact of blending, we
remove adjacent pairs of galaxies from our analysis: we find that even
the most conservative cuts change the mean shear in pixels by only ~2%.
Deep JWST imaging thus provides high-quality shear measurements
evenindense environments such as galaxy clusters. Indeed, we found
the dominant sources of uncertainty to be in modelling the JWST PSF
rather than pixel-scale or astrophysical effects. Consequently, the most
informative validation is obtained by comparingJWST shear estimates
directly against stable and well-understood HST measurements of the
same galaxies (see alsoref. 47).

Mass map reconstruction

The reconstruction of the matter distribution begins by binning the
observed shear field into 15” x 15” pixels, each containing approxi-
mately eight JWST galaxies. To convert the observed shear field into
E- and B-mode convergence (k), we apply an enhanced version of the
KS+algorithm®®*, This approachiteratively accounts for the nonlinear
relationship between the reduced shear and the true shear, where the
reduce shearis defined as g=y/(1-«) (ref. 30), and uses in-painting to
recover the shear field across pixels containing no galaxies (for JWST
data, 0.28% of the area, due to bright stars or the survey footprint edge).
Missing regions are reconstructed using a wavelet-based sparsity
constraint onthe power spectrum of the convergence map®'. Notably,
binning HST shear measurements in the same 15” x 15” pixels would
leave a 11.4% masked area, owing to more extensive scattered light
contamination from stars. However, the brightest star in the region
(RA, dec. =150.23°, 2.63°) lies inside the HST survey footprint, but
outside the JWST footprint.

Wefilter the weak lensing convergence map using the well-tested
and widely used MRLens algorithm®. This uses the a trous wavelet
transform and the false discovery rate (FDR) method to filter simulta-
neously both large-scale and small-scale structures. The FDR method
provides arigorous framework adaptive to the data to suppress noise
at each scale and quantify uncertainties®. In this process, some small
scales are completely removed, whilelarger scales are thresholded. The
choice of which scales to remove and the level of thresholding applied
to each wavelet scale are determined by the FDR method, under the
assumption that the noise follows a Gaussian distribution, to limit the
fraction of spurious peaks to below 1% at all scales.

The wavelet scales are directly defined by the pixel size and
increase in powers of two. So, the pixel size can be optimized to
limit the scales to be removed. The resolution of the filtered map is
thus defined by the smallest wavelet scale used to build the filtered

convergence map. To optimize the resolution, we vary the pixel scale
smoothly, allowing the MRLens algorithm to select which wavelet
scales to include. In the final map (Fig. 1) with a pixel size of 157, the
signal is suppressed in the first two wavelet scales, and we use the
following thresholds: 4.630,, 3.340, and 1.960, in the next three
wavelet scales.

Noise properties of the map vary across scales and are entangled
with thelocal signal in anon-trivial manner. To assess the level of noise
inthe k,map, we use the k; map, which ideally contains no cosmological
signal®. Applying the same MRLens filtering to the B-mode shear
component, with identical noise estimates and FDR thresholds for
consistency, yields amean B-mode signal more than an order of mag-
nitude smaller than the correspondingly filtered £-mode signal. We
use its standard deviation, g, to define the weak lensing signal-
to-noise ratio SNRy, = W, /(d,, x a;), where W/, corresponds to the
lensing signal measured at wavelet scalej and a; is a normalization
factor that depends on the shape of the wavelet kernel*”. This approach
accounts for spatial variations in galaxy density and imaging depth,
enabling accurate assessment of signal significance across the field.
Averaged across the map, at the smallest (‘W2 ') wavelet scale, (SNRy, )
=19 per resolution element.

Alternative map reconstruction algorithms include
diffusion-based methods® or other machine-learning techniques®.
However, these remain dependent on large sets of realistic training
simulations and may be sensitive to mismatches between simulated
and observed data.

To identify individual dark matter structures, we do not actually
use the denoised MRLens convergence maps. Instead, we use a mul-
tiscale peak detection algorithm based on wavelet decomposition®®.
This method searches for local maxima (SNR,,, >3) across consecutive
wavelet scales, particularly those corresponding to structures with
sizes of 1-4 arcmin. Compared with MRLens, this approach is able to
isolate compact features associated with galaxy groups and clusters
while suppressing large-scale modes.

Several newly detected mass peaks inthe JWST weak lensing map
are spatially coincident with X-ray-detected clusters observed by
XMM-Newton and Chandra®, with an average positional offset of
0.78 £ 0.34 arcmin (Supplementary Table 1). This marks an improve-
ment over the HST-based mass map, which yields a mean offset of
1.19£0.54 arcmin when comparing a subset of HST peaks selected with
SNR,. >3 and matched within 2’. The JWST map includes 15 cluster
matches, compared with only up to 8 from the HST-based reconstruc-
tionin the same area.

Data availability

The JWST data (Programme ID: General Observer 1727) are publicly
available at https://exchg.calet.org/cosmosweb-public/DR0.5/. The
HST data (Programme IDs: General Observer 9822 and 10092) are
publicly available at http://irsa.ipac.caltech.edu/data/COSMOS/. The
XMM-Newton dataset (Programme ID: 020336) is publicly availablein
staged releases via the IPAC/IRSA website at https://irsa.ipac.caltech.
edu/data/COSMOS/. The Chandra data (Programme IDs: 901037)
are publicly available at https://irsa.ipac.caltech.edu/data/COSMOS/
gator_docs/cosmos_chandraxid_colDescriptions.html. The weak lens-
ing mass maps are publicly available with this article as Supplementary
Datal-6.
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