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ABSTRACT

Direct measurements of the matter power spectrum, Pm(k, z), provide a powerful tool for investigating the observed tensions between models of
structure growth, while also testing the internal consistency of cosmological probes. We analysed the cosmic shear data from the final data release
of the Kilo-Degree Survey (KiDS), and present a deprojected Pm(k, z), measured in up to three redshift bins. Compared to analyses using previous
KiDS releases, we find improved internal consistency in the z . 0.7 regime. At large scales, k . 0.1 h Mpc−1, our power spectrum reconstruction
aligns with ΛCDM predictions with a density fluctuation amplitude σ8 = 0.81. Furthermore, at small scales, k = 3–20 h Mpc−1, the average
matter power spectrum is suppressed by 30%± 10% (stat.)± 4% (sys.) with 2.8σ significance relative to a dark matter-only model, consistent with
expectations of strong baryonic feedback.
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1. Introduction

The growth of cosmic structure is quantified by the mat-
ter power spectrum, Pm(k, z), which is probed across differ-
ent wavenumbers, k, and redshifts, z, by cosmological observ-
ables such as cosmic microwave background lensing (CMB;
e.g. Lewis & Challinor 2006), galaxy clustering (e.g. Reid et al.
2010), the Lyman-alpha forest (e.g. Rauch 1998), and weak
gravitational lensing (WL; e.g. Kilbinger 2015).

To identify the origins of discrepancies in cosmology infer-
ence between different surveys and probes operating at differ-
ent scales or times, the shape and amplitude of Pm(k, z) can be
inferred instead of condensing observations by physical model
parameters (Amon & Efstathiou 2022). This approach identifies
possible suppression signals relative to a power spectrum in a
minimalistic ΛCDM scenario that accounts for structure growth
by dark matter-only (DMO) models. The isolated suppression
signal may then be used to differentiate signatures from sources
within known model uncertainties, such as baryonic effects or
new physics (e.g. Preston et al. 2024, 2025). In this work we
focus on the interpretation of weak lensing data, for which the
uncertainty on the shape of Pm(k, z) is substantial. Thus, a func-
tional form is typically assumed for its shape and/or redshift
evolution. Proposed models include either perturbative expan-
sions (Ye et al. 2025) or phenomenological models (Seljak 1998;
Pen et al. 2003; Perez Sarmiento et al. 2025).

For this paper we combined the approaches of
Broxterman & Kuijken (2024) (hereafter BK24), Simon (2012),
? Corresponding authors: broxterman@strw.leidenuniv.nl,
psimon@astro.uni-bonn.de

and Simon et al. (2025) (hereafter SPBK25) by adopting two
different functional forms to extract direct measurements of the
matter power spectrum from the cosmic shear data. We compare
a rigid double power-law model for Pm(k, z) (BK24), with a flex-
ible deprojected regularised model that infers deviations from
a best-fitting DMO reference power spectrum (SPBK25). Both
methods, applied to the fourth Kilo-Degree Survey data release
(Kuijken et al. 2019, hereafter KiDS-1000), show evidence of
Pm(k, z) inconsistent with the ΛCDM constraints derived from
the same data, specifically in the redshift evolution. SPBK25
discuss errors in the adopted redshift distributions within
tomographic bins or the modelling of intrinsic alignment (IA) of
sources as possible reasons for this inconsistency. Furthermore,
the recent work from Doux & Karwal (2025) reports differences
between Stage III lensing surveys and Planck for Pm(k, z) that
are in line with those found in BK24 and SPBK25.

The recently published final KiDS data release (KiDS-
Legacy; Wright et al. 2024), featuring more area, an improved
redshift calibration, one additional higher-redshift tomographic
bin, and a new shear catalogue, supersedes KiDS-1000.
While the KiDS-1000 results show a mild tension (2σ–
3.5σ) with Planck CMB measurements (Hildebrandt et al. 2017;
Asgari et al. 2021), pointing towards a lower S 8-amplitude of
Pm(k, z), this tension is now alleviated in the final cosmic shear
analysis (Stölzner et al. 2025; Wright et al. 2025a). This shift in
findings motivates us to repeat our previous Pm(k, z) analysis
using the new higher-quality data.

This Letter presents the result of these KiDS-Legacy
Pm(k, z) reconstructions with the BK24 and SPBK25
approaches. Section 2 summarises the data and describes minor
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methodological changes relative to the previous works. Section
3 presents the deprojected matter power spectrum and ratios
relative to the DMO reference for single or multiple redshift
bins and compares the results to predictions from state-of-
the-art cosmological hydrodynamical simulations. The main
results are summarised in Sect. 4. Throughout, distances and
wavenumbers are reported in comoving units for the Hubble
constant H0 = 100 h km s−1 Mpc−1.

2. Data and analysis

We analysed the KiDS-Legacy shear two-point correlation func-
tions, ξ(i j)

± (θ), between tomographic bins i and j within the
angular range θ ∈ [2′, 300′]. This analysis incorporated six
source redshift distributions, n(i)

s (z) with
∫ ∞

0 dz n(i)
s (z) = 1, and

the theoretical covariance matrix of ξ(i j)
± (θ) uncertainties, based

on Reischke et al. (2025). The methodologies employed in this
paper are detailed in BK24 and SPBK25. Here we only dis-
cuss specific changes to the original set-up and the data used.
Appendix B provides additional details on the original methods.
Compared to KiDS-1000, major improvements include updated
angular scale cuts, new tomographic bins including an addi-
tional sixth tomographic bin extending to a photo-z regime of
1.14 < zB ≤ 2 with deeper i-band imaging, a larger survey
area (1347 deg2, a ∼34% extension), improved redshift distri-
bution calibration methods (Wright et al. 2025b) leveraging a
larger calibration sample (five times the number of spectroscopic
redshifts), new multiband image simulations for shear calibra-
tion (Li et al. 2023), and a new IA model featuring redshift
evolution. The combined increase in survey area and the extra
tomographic bin leads to a roughly 3.5-fold increase in the
probed cosmic volume.

The novel IA model is motivated by the observed dichotomy
between red and blue galaxies, and the observed scaling
of the IA strength with halo mass (e.g. Fortuna et al. 2025,
Navarro-Gironés et al. 2025). Consistent with the KiDS-Legacy
cosmological analysis, we therefore updated the IA kernel to

W (i)
I (χ) = −AIA f (i)

r

(
〈Mh〉

(i)

Mh,pivot

)β C1 ρcr Ωm

D+(χ)︸                                  ︷︷                                  ︸
=:F(i)(χ)

n(i)
s (z[χ])

dz(χ)
dχ

, (1)

where χ is the comoving distance, z(χ) is the redshift at χ, AIA
is the IA amplitude, Ωm is the total matter density relative to
the critical density, D+(χ) is the linear growth factor (defined
such that D+(0) = 1), C1 ρcr = 0.0134 is a constant, Mh,pivot =

1013.5 h−1 M� is the pivot halo mass, 〈Mh〉
(i) is the average halo

mass in z-bin i, and β is the power-law exponent denoting the
evolution with halo mass. Our fractions of red galaxies, f (i)

r , use
the values in Table B.1 of Wright et al. (2025a).

In our IA upgrade, the deprojected regularisation tech-
nique now employs F(i)(χ) for bin i, instead of the previous
F(χ), rendering the IA amplitude z-dependent. Furthermore,
we marginalised the posterior of Pm(k, z) over the distribution
of AIA, β, and 〈Mh〉

(i) from the KiDS-Legacy cosmological
analysis (Wright et al. 2025a). This was done after asserting
the Gaussian prior in SPBK25 of Ωm ∼ N(0.305, 0.012) for
the angular diameter distance in a flat ΛCDM universe. The
DMO reference power spectrum, PDMO

m (k, z), against which devi-
ations fδ(k, z) := Pm(k, z)/PDMO

m (k, z) are measured, was again
halofit (Takahashi et al. 2012) with the SPBK25 parameters,
except for a higher σ8 = 0.81 to match the increased ξ

(i j)
± (θ)

amplitude in KiDS-Legacy. We also marginalised over uncer-
tainties in the source redshift distributions, for which we used
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Fig. 1. Power spectrum constraints in three variants. The solid coloured
lines are regularised deprojections with 68% CIs for three redshift bins
Z1 = [0, 0.3], Z2 = [0.3, 0.6], and Z3 = [0.6, 2], and the dashed lines are
the best fits of a double power law, Eq. (2), all interpolated to the centres
of Z1–Z3. The best-fitting ΛCDM constraints by Wright et al. (2025a)
are shown as black curves. For clarity, the curves corresponding to the
different redshift bins are scaled by factors of 0.1, 1, or 10. The lensing
constraints for Z3 are mostly from structures near z ∼ 0.7 (see text).

the shear-independent error model from Wright et al. (2025b)
for the calibrated n(i)

s (χ).
For the double power-law approach, we fixed the IA param-

eters to the best-fitting ΛCDM values. This choice of IA model
details does not have a significant impact. Even in the extreme
case where we imposed AIA = 0, our results typically vary by
less than 5%–10%, mostly at high z.

3. Results and discussion

We applied the regularised deprojection method (SPBK25) to
constrain the deviations fδ(k, z) in 20 logarithmic bins within k =
0.01–20 h Mpc−1. We used two settings, either averaging over
the full redshift range Z = [0, 2] or over three separate redshift
bins with boundaries Z1 = [0, 0.3], Z2 = [0.3, 0.6], and Z3 =
[0.6, 2] to probe for redshift evolution. In the BK24 method, we
fitted the double power law to the full angular scale and redshift
range of the ξ(i j)

± (θ) data provided.

3.1. Matter power spectrum constraints

Figure 1 presents the inferred Pm(k, z) as a function of scale for
the three redshift bins Z1–Z3. The Bayesian posterior constraints,
Pm(k, z) = fδ(k, z) PDMO

m (k, z), are plotted as solid curves for the
median with 68th percentile credible intervals (CIs) at the central
values, zc, of their respective redshift bins: zc = 0.15 (purple),
0.45 (blue), and 1.3 (green); the posterior predictive distribution
in comparison to the KiDS-Legacy data, and their good match,
is shown in Appendix D. As pointed out in SPBK25, most of
the lensing signal on the average fδ(k, z) originates from lower
redshifts within Z1–Z3, approximately z = 0.13, 0.4, and 0.7,
respectively. The dashed curves correspond to the best-fit double
power law (with kpiv = 0.5 h Mpc−1 and zpiv = 0.33),

Pm(k, z) = 102.56+0.02
−0.02

(
1 + z

1 + zpiv

)−0.7+0.4
−0.4

(
k

kpiv

)−1.28+0.02
−0.02

h−3 Mpc3 , (2)
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Fig. 2. Average ratio of the matter power spectrum to the DMO ref-
erence within the three redshift bins Z1–Z3 derived using the method
of regularised deprojection. The shaded regions represent the 68% CIs
of the posterior constraints for Z1 (purple), Z2 (blue), and Z3 (green).
At large scales, k . 0.1 h Mpc−1, all three redshift bins align with the
expected DMO redshift evolution.

and the additional black curves in the figure correspond to the
ΛCDM matter power spectrum obtained with the best-fitting
parameters from the KiDS-Legacy cosmic shear inference.

In general, the two reconstruction methods and the ΛCDM
fit provide consistent constraints for Pm(k, z), albeit within their
limitations. For instance, while the regularised deprojection
offers maximum flexibility (0 ≤ fδ ≤ 100 in 20 k-bins), a
strict power-law across the entire range k = 0.01–20 h Mpc−1

is not a good fit to ΛCDM lines at the edges of the k-range,
specifically for k . 0.03 h Mpc−1 or k & 5 h Mpc−1. How-
ever, even the ΛCDM constraint exhibits excessive power in
the non-linear regime (k & 3 h Mpc−1) when compared to the
posterior CIs of the regularised reconstruction. Regarding red-
shift evolution, the double power-law indicates a slightly weaker
evolution with redshift than the regularised construction. How-
ever, the double power law is also ill constrained, as shown in
Eq. (2) and, due to deviations from a simple power law, it also
depends on the k-range used in the fit. Nevertheless, the detected
amplitude change in the power law improves upon the previous
inconclusive KiDS-1000 results (BK24), clearly favouring struc-
ture growth with time. A similar conclusion can be drawn from
the regularised deprojection, being consistent with the ΛCDM
model and its change with z for k . 0.1 h Mpc−1.

3.2. Internal consistency with ΛCDM

In Fig. 2, we present the constraints for fδ(k, z) for three red-
shift bins (Z1: purple, Z2: blue, Z3: green). The bins are indi-
vidually 68% CI consistent with their DMO reference for k .
0.1 h Mpc−1. At the 1σ level, however, the highest redshift bin,
Z3, still favours slightly more power than the reference spectra at
intermediate scales, k ∼ 1 h Mpc−1, which might reflect an actual
deviation from a DMO scenario on non-linear scales. Our find-
ings are in contrast with the analysis of SPBK25, which identi-
fied an internally inconsistent evolution of Pm(k, z) with the best-
fitting ΛCDM cosmology. SPBK25 show that for KiDS-1000,
the deviations at medium redshift, Z2, and high redshift, Z3, dif-
fer significantly from the KiDS-1000 DMO reference, resulting
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Fig. 3. Violin plot of the matter power spectrum relative to the DMO
spectrum in 20 bands, similar to Fig. 2, but for a single broad red-
shift bin, Z, which combines the smaller bins Z1–Z3. The width of the
shaded regions represents the posterior probability density; the 68th and
95th percentile CIs about the median are also shown inside the regions
(open boxes and sticks, respectively). The green, light blue, and dark
blue bands illustrate the suppression predicted by the FLAMINGO cos-
mological hydrodynamical simulation between z = 0 and 1.5 for the
fiducial, weak, and strong feedback models, respectively. The yellow
band indicates the mean suppression at small angular scales (68% CI),
including correlations between the different points (Fig. C.1), favouring
the strong feedback model.

in a Pm(k, z) without significant structure growth in the range
z = 0.4–0.7, also at large scales. This inconsistency is no longer
present in our analysis with KiDS-Legacy.

We attribute the improvement over KiDS-1000 primarily to
the enhanced redshift-estimation methodology and the increase
in data samples (Wright et al. 2025b). This aligns with the con-
clusions of Wright et al. (2025a) and Stölzner et al. (2025), who
identify the improved redshift distribution estimation as a major
contributor to alleviating the S 8 tension. Further factors con-
tributing to consistency with the Planck cosmology include the
increased survey volume and improved shear calibration. Our
analysis also indicates that the refined IA model has a minor
beneficial impact on the robustness for the deprojected Pm(k, z):
it shifts the CI in Fig. 2 closer to fδ(k, z) = 1 by 5%–10% rel-
ative to results without IA treatment (not shown). The potential
for systematic errors in fδ(k, z) stemming from redshift calibra-
tion errors and z-dependent IA are further discussed in SPBK25,
but these errors contribute less than 10% to the total statistical
error.

3.3. Small-scale suppression

To boost the signal-to-noise ratio, the 20 grey violin data points
in Fig. 3 average the constraints for fδ(k, z) for a single broad
redshift bin, Z = Z1 ∪ Z2 ∪ Z3. The width of the contours repre-
sents the posterior probability density. The dark grey horizontal
lines show the median; the 68% and 95% CIs are indicated by
open boxes and vertical black sticks. At the 1σ level, fδ(k, z) is
constrained to approximately 20% for each k-bin. The broader
CIs indicate that uncertainties increase towards the highest and
smallest wavenumbers, where cosmic shear is less constrain-
ing. At small scales, k & 3 h Mpc−1, there is a clear suppres-
sion of the signal. This is better constrained by averaging all
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data points in the range k = 3–20 h Mpc−1. This average, which
accounts for the error correlations of r . 0.3 that increase for
k & 10 h Mpc−1 (Appendix C), yields f̄δ = 0.70 ± 0.10. This
indicates a 3σ significant detection of suppression of Pm(k, z)
relative to PDMO

m (k, z). We verified this by randomly drawing f̄δ
values from a null model, fδ(k, z) ≡ 1, with errors as in our
data; 0.3% of these values have f̄δ ≤ 0.70, compatible with a
3σ detection. A similar fit to the results within the individual
bins Z1–Z3 gives f̄δ = 0.68 ± 0.18, 0.71 ± 0.23, and 1.51 ± 0.57
(|r| ≤ 0.4), respectively. The increasing suppression with time is
qualitatively consistent with cosmological hydrodynamical sim-
ulations (e.g. Schaller et al. 2025) and tentatively suggests sup-
pression only in Z1 and Z2 (z . 0.4), with no suppression in Z3
(z ∼ 0.7) at the 1σ level. In addition to statistical uncertainties,
we anticipate a conservative systematic uncertainty of ∼5% for
f̄δ because the halofit DMO reference deviates by a factor of
0.95 to 1.05 from the more accurate hmcode2020 (Mead et al.
2021) in the regime of k = 2–10 h Mpc−1. Consequently, using
hmcode2020 as the DMO reference changes f̄δ by a similar fac-
tor.

For theoretical reference, the baryonic suppression sig-
nal from the FLAMINGO cosmological hydrodynamical sim-
ulations is overplotted in Fig. 3 as shaded coloured areas
(Schaye et al. 2023; Kugel et al. 2023; Schaller et al. 2025).
These simulations are calibrated to (shifts in) the gas fractions
of low-redshift groups and clusters. The green band in Fig. 3
corresponds to the fiducial FLAMINGO suppression between
z = 0–1.5. The light and dark blue bands represent varia-
tions calibrated to higher ( fgas + 2σ) and lower ( fgas − 8σ)
gas fractions, respectively, which cover the range of predici-
tions by nearly all modern cosmological simulations (see e.g.
Fig. 11 in Schaller et al. 2025). The KiDS-Legacy suppres-
sion and the FLAMINGO predictions manifest in the same
wavenumber regime, indicating that the signal is consistent with
the expectation of baryonic feedback. This represents the most
significant direct detection of baryonic feedback from cosmic
shear alone (for previous measurements, see Yoon & Jee 2021
and Chen et al. 2023). Therefore, despite the deprojection and
systematic uncertainty, f̄δ = 0.70 ± 0.10 (stat.) ± 0.04 (sys.),
there is a preference for the stronger feedback model in KiDS-
Legacy. Individually, the weak, fiducial, and strong feedback
FLAMINGO variations are respectively 2.6σ, 2.3σ, and 1.9σ
discrepant from our inferred value of f̄δ. A stronger suppres-
sion resonates with recent studies that combine kinetic Sunyaev-
Zeldovich (SZ) with either WL (Bigwood et al. 2024), clustering
of photometric galaxies (Hadzhiyska et al. 2025), galaxy-galaxy
lensing (McCarthy et al. 2025), or X-ray (Kovač et al. 2025),
and with analyses using thermal SZ and WL (Tröster et al. 2022;
Pandey et al. 2025) or fast radio bursts (Reischke & Hagstotz
2025).

Compared to our regularised deprojection, the KiDS-Legacy
results by Wright et al. (2025a) favour weaker feedback, at the
level of fgas + 2σ or less (68% CI), for k . 3 h Mpc−1 (their
figures 15 and F.3). This discrepancy is also visible in Fig. 1,
where the KiDS-Legacy results (black lines using hmcode2020)
favour greater power for k & 1 h Mpc−1 than our deprojected
Pm(k, z), especially for Z1 when extrapolated to 10 h Mpc−1. We
attribute this difference primarily to the employed statistics and
their sensitivity to different scales, given the choice of angular
cuts. As shown in Wright et al. (2025a, Figure 1), our ξ(i j)

± (θ)
are sensitive to ` ∼ 104, whereas their COSEBIs with orders
n ≤ 6 strongly downweight signals beyond ` ∼ 103. Therefore,
compared to the full physics model and the a priori assumptions
in Wright et al. (2025a), our agnostic deprojection is sensitive

to physics around k ∼ 5 h Mpc−1, although it is also more sus-
ceptible to systematic errors within this non-linear regime. This
interpretation of a sensitivity shift aligns with Section 4.3 of
Stölzner et al. (2025), who find that bandpowers prefer stronger
feedback, peaking near the upper edge of the KiDS-Legacy feed-
back parameter TAGN prior. The combination of COSEBIs and
bandpowers, which have a window function similar to ξ

(i j)
± (θ),

peaks at log10 (TAGN/K) ≈ 8.0. This is, however, dominated by
a Bayesian prior that explicitly excludes our suppression level.

4. Conclusions

Compared to KiDS-1000, the cosmic shear data from KiDS-
Legacy show an improved degree of internal consistency in the
context of ΛCDM. In particular, the deprojected growth of struc-
ture in the matter power spectrum is 1σ consistent with that of
the ΛCDM inference on large scales (Fig. 2). The change is pri-
marily attributed to an improved source redshift calibration and
the revised image reduction.

The data also reveal deviations from a DMO model on small
scales, now probed to higher significance due to the ∼3.5 times
larger survey volume. We measure growth suppression in the
matter power spectrum relative to a DMO model of 1 − f̄δ =
30% ± 10% (stat.) ± 4% (sys.) at k ≥ 3 h Mpc−1, with tenta-
tive evidence that this suppression is restricted to z . 0.4. The
average suppression, detected at 2.8σ significance from cosmic
shear data alone, is consistent with baryonic feedback predic-
tions in the FLAMINGO simulations and shows a preference for
the stronger feedback variation (Fig. 3).

Data availability

Our constraints for the deprojected Pm(k, z) and the correlation
matrix of its uncertainties are available at the CDS via https:
//cdsarc.cds.unistra.fr/viz-bin/cat/J/A+A/703/L3
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Appendix B: Method details

In this Appendix we provide additional information on the
method of regularised deprojection in SPBK25 and that of the
double power-law fit in BK24.

B.1. Regularised deprojection

For a full account of the regularised reconstruction, we refer to
SPBK25, sections 2 and 3. The aim is to have the method invert,
without a physical model for the matter power spectrum, the

relations

ξ
(i j)
± (θ) =

9H4
0Ω2

m

4c4

×

∫ χh

0

∫ ∞

0

dχ d` `
2π

W
(i)

(χ)W
( j)

(χ)
a2(χ)

J0,4(`θ) Pm

(
` + 1/2

fK(χ)
, z[χ]

)
(B.1)

with respect to Pm(k, z) for a set of tomographic bins i, j =
1 . . .Ns. Here the lensing efficiency is defined as

W
(i)

(χ) :=
∫ χh

χ

dχ′ n(i)
s (z[χ])

dz(χ)
dχ

fK(χ′ − χ)
fK(χ′)

, (B.2)

which varies with each source distribution n(i)
s (z), where c is the

vacuum speed of light, H0 is the Hubble parameter, and χh is the
horizon of the survey. For brevity, we ignore here two additional
IA terms, which, under the adopted IA model, only change the
projection kernels inside the Ns integrals (B.1) and do not impact
the subsequent statements. The projection kernels depend exclu-
sively on n(i)

s (z), the comoving angular diameter distance fK(χ)
(for the curvature scalar K and the comoving distance χ), the
matter density Ωm, and the IA parameters. Uncertainties in these
four components are propagated into Pm(k, z) by varying the pro-
jection kernels in repeated reconstructions.

An exact inversion is infeasible due to a low signal-to-
noise ratio, confined angular ranges, and the limited number
Ns (Ns + 1)/2 of equations in (B.1). Therefore, as an approxi-
mation, we averaged Pm(k, z) within Nz = 1 or 3 broad z-bins
in radial direction, spanning z = 0–2, and within Nk = 20
k-bands, ranging between 0.01–20 h Mpc−1. This configuration
probes either the full radial average, Nz = 1, or the evolution
within Nz = 3 bins. Outside these k and z ranges, the power
spectrum is fixed to a reference power spectrum, PDMO

m (k, z), best
fit to the data (σ8 = 0.81). All contributions from outside these
ranges are encapsulated in the modelled shear signal ξ(i j)

±,fid(θ),
which constitutes only a small fraction of the expected total sig-
nal ξ(i j)

± (θ). Within these ranges, the amplitudes in the bands can
vary freely between a factor of 0 to 100 of PDMO

m (k, z).
However, broad z-bins complicate the interpretation of the

averaged power spectrum due to its variation with z. We untan-
gled this by expressing Pm(k, z) = fδ(k, z) PDMO

m (k, z) relative
to the growing PDMO

m (k, z), and then averaged the more slowly
evolving deviations, fδ(k, z), instead. Since the adopted DMO
reference accounts for dark matter only, fδ(k, z) also conve-
niently averages the deviations of the true Pm(k, z) from a model
without baryon feedback. Mathematically, our statistical model
expresses the deviations fδ(k, z) across Nz × Nk bands as the
vector f δ. With the linear projections (B.1) presented by the
projection matrix X, the predicted θ-binned ξ

(i j)
± (θ) is given by

ξ = X f δ + ξfid (assuming fixed projection kernels).
The inversion of the noisy ξ = X f δ+ξfid without further con-

straints leads to strongly oscillating noise for f δ due to the broad
projection kernels and the Bessel functions of first kind, Jn(x),
inside the kernels. This issue is mitigated by asserting positive
solutions, fδ(k, z) ≥ 0, and by employing a Tikhonov filter (as
in SPBK25). This filter attenuates solutions of the band-power
f δ that exhibit strong oscillations in the k-direction, effectively
reconstructing a k-smoothed solution. Conversely, oscillations in
z-direction for Nz > 1 are not filtered to prevent z-smoothing.
SPBK25 uses simulated KiDS data for filter settings that strike
a balance between degradation by noise and artificial smoothing
by the filter.
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We inferred the band-power f δ statistically within a
Bayesian framework using the posterior probability density
function (PDF) P( f δ|ξ) ∝ L(ξ| f δ) Phat( f δ) Pτ( f δ). Here, the
prior PDFs Phat( f δ) and Pτ( f δ) implement a uniform prior den-
sity, asserting fδ = 0–100, and the Tikhonov regularisation of
f δ. The likelihood function,L(ξ| f δ), adopts a multivariate Gaus-
sian model for statistical noise in ξ with covariance matrix C.
This covariance incorporates contributions from intrinsic shape
noise, cosmic variance, super-sample covariance, and the uncer-
tainty in the multiplicative shear bias. We numerically sampled
P( f δ|ξ) using a rapidly converging Hamiltonian Monte Carlo
algorithm. To propagate statistical errors in n(i)

s (z), the angular
diameter distance and Ωm, and IA correlations, we combined dif-
ferent Monte Carlo chains where the projection kernels are ran-
domly drawn from a model of kernel uncertainties. The inferred
Pm(k, z̄) = f̄δ(k) PDMO

m (k, z̄) at the centres, z̄, of three redshift bins
for the averaged f̄δ(k) is shown in Fig. 1 with statistical uncer-
tainties.

B.2. Double power law

For the shape of the matter power spectrum, the analysis of
BK24 assumes a double power law of the form

Pm(k, a) = A
( k
kpiv

)p( a
apiv

)m
, (B.3)

where the pivot points kpiv and apiv are determined by min-
imising the covariance between the different model parame-
ters. The free parameters log10 (A/h−3 Mpc3), p, and m are
inferred through a Bayesian inference by assuming the flat priors
log10 (A/h−3 Mpc3) ∈ [0, 10], p ∈ [−2, 0.5], and m ∈ [−5, 5].

Additional freedom in modelling is chosen to replicate the
choices made in the Stage III cosmic shear inferences. As such,
the free parameters of the IA model, except for AIA, the inte-
gration limits of the different two-point statistics, and the scale
cuts are taken from the fiducial Stage III cosmic shear infer-
ences. The background cosmology, used to compute the lin-
ear growth factor and redshift-comoving distance relation, how-
ever, is chosen to be the best-fitting ΛCDM cosmology from
Planck Collaboration VI (2020). Changing this to the best-fitting
KiDS-1000 cosmology from Asgari et al. (2021) has a negligible
impact on the results.

As shown in Fig. 1, the maximum-likelihood solutions
(dashed lines) are a reasonable fit to the regularised reconstruc-
tion within 0.03 . k . 5 h Mpc−1. The systematically lower
amplitude of the fit in this k-regime, compared to the regularised
construction, is explained by increasing deviations from self-
similar evolution outside this regime.

Appendix C: Correlation matrix of deprojection
uncertainties for a single redshift bin

The deprojection of the tomographic ξ(i j)
± (θ) into fδ(k, z), with

measurement noise localised in θ, produces correlated uncer-
tainties across all k and z bins in fδ(k, z) and, consequently, in
Pm(k, z) (SPBK25). Figure C.1 displays the correlation matrix
for the results in Fig. 3 with single z-bin Z. The Pearson correla-
tion coefficients, r, of the deprojected Pm(k, z) between 20 loga-
rithmically spaced bins for k = 0.01–20 h Mpc−1 are presented
(from bottom left to top right). The blue colours indicate that
estimates at different scales are at most moderately correlated,
typically with |r| . 0.3. The smallest and largest scales exhibit
the strongest correlation with their directly adjacent bins. The

0.0

0.2

0.4

0.6

0.8

1.0

Fig. C.1. Matrix of Pearson correlation coefficients for the deprojection
with a single z-bin, Z, for 20 logarithmic k-bins in the range k = 0.01 −
20 h Mpc−1. The scale k increases from bottom left to top right.

correlation matrix for the deprojection with three separate z-bins
(Z1 to Z3) is similar to that presented in figure 5 of SPBK25.

Appendix D: Posterior predictive distribution

Figure D.1 is the posterior predictive distribution (PPD) of
Pm(k, z) deprojected into three separate redshift bins Z1–Z3 (solid
coloured curves in Fig. 1). The 68% and 95% CIs of the PPD
(in blue) assume a fixed lensing kernel and no IA uncertainties,
which, if accounted for, modestly increase the CIs by approx-
imately 5%. The solid red line represents the prediction from
the DMO reference PDMO

m (k, z), adjusted in the Bayesian depro-
jection by a factor fδ(k, z), presented in Fig. 2, to match the
observed data (correlated black data points with 1σ uncertainty).
Although an additional sixth source redshift bin is included,
compared to the previous KiDS-1000 analysis in SPBK25, our
PPD consistently provides a good description of all ξ(i j)

± (θ) data
points, although a few notable outliers are present, such as for
ξ(33)
± (θ), ξ(13)

+ (θ), ξ(12)
− (θ), or ξ(26)

+ (θ).
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Fig. D.1. Posterior predictive distribution (68% and 95% CIs as blue regions) of the deprojected Pm(k, z) in Fig. 1 relative to the black data points
– θ ξ(i j)

− (θ) in the lower left panels and θ ξ(i j)
+ (θ) in the upper right panels – for a combination (i j) of tomographic source bins, denoted as ‘z − i j’

inside the panels. The red lines represent the reference model, PDMO
m (k, z), employed in the regularised deprojection.
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