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Abstract: We derive cosmological parameter constraints from the Dark Energy Spectroscopic
Instrument (DESI) Data Release 1 (DR1) galaxy clustering data, based on a joint full-shape
analysis of the power spectrum multipoles and the bispectrum monopole using the ShapeFit
framework [1]. This work is the follow-up of [2], which obtains for the first time constraints
on the ShapeFit parameters using the bispectrum of DESI DR1, for the luminous red
galaxy (LRG) and quasar (QSO) samples. Here we present the first ShapeFit cosmological
inference results using the bispectrum of DESI DR1. For the baseline flat ΛCDM model, our
analysis yields results broadly in agreement with previous studies of the DESI DR1 data-set.
In particular, we recover values for the matter density parameter and Hubble constant of
respectively Ωm = 0.310 ± 0.012 and H0 = [68.92 ± 0.97] km s−1Mpc−1, consistent with
previous results from the full DESI DR1 dataset that did not use the bispectrum signal [3].
The inclusion of the bispectrum significantly tightens the constraints on the amplitude of
fluctuations, reducing the error-bars in ln(As × 1010) by approximately 20%, compared to
using the power spectrum alone. We also explore extended cosmological models by performing
fits for the evolving dark energy equation of state w0wa, and the sum of neutrino masses∑

mν . In these cases, we obtain constraints slightly larger than the ones from previous
works from the DESI collaboration [4], due to not combining the full-shape results with
other probes in all tracers. We find no strong evidence of deviations from standard ΛCDM,
with the dark energy equation-of-state remaining within 2σ from a cosmological constant Λ,
and the neutrino mass being consistent with the normal hierarchy,

∑
mν < 0.1 [eV ] at 95%

confidence limit. These constraints are broadly consistent with other DESI DR1 analyses,
thus validating the robustness of the ShapeFit compression approach and the inclusion of
the bispectrum for cosmological inference.
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1 Introduction

Increasingly large and high-precision cosmological datasets are allowing for even more stringent
tests of the cosmological model. The Λ-Cold Dark Matter (ΛCDM) framework has been
remarkably successful at explaining observations across cosmic history [5]. Yet, challenges
remain, including the unknown nature of the dark components (dark matter and dark energy)
that dominate the energy density of the Universe, as well as observed tensions between early-
and late-Universe measurements [4, 6, 7]. These persistent issues motivate the continued
exploration of potential new physics beyond ΛCDM.

Galaxy redshift surveys have become one of the primary ways of probing the large-scale
structure (LSS) of the Universe. Surveys such as the Sloan Digital Sky Survey (SDSS) [8],
the 2-degree Field Galaxy Redshift Survey (2dfGRS) [9], the Baryon Oscillation Spectro-
scopic Survey (BOSS) [10], and the extended BOSS (eBOSS) [11] successfully obtained LSS
cosmological constraints from increasingly larger datasets.

Building on this, the Dark Energy Spectroscopic Instrument (DESI) [7, 12–28] is obtaining
spectra for more than 60 million objects [12], including luminous red galaxies (LRG) [20],
emission-line galaxies (ELG) [29], and quasars (QSO) [30], as well as the nearby bright
galaxy survey (BGS) [31] and the high redshift Lyman-α forest [24]. DESI is mapping a
cosmological volume many times larger than all previous surveys combined, which enables
exquisite precision in the measurement of the traditional signatures in LSS cosmology, namely,
baryon acoustic oscillation (BAO) and redshift-space distortions (RSD). The density of tracers
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measured by DESI provides enough statistical power to perform analyses beyond two-point,
which is key to break parameter degeneracies, tighten cosmological constraints and provide
additional tests for ΛCDM [32–52]. Indeed, even though higher-order statistics such as the
bispectrum or three-point correlation function have been long studied, only a few works
applied them to galaxy surveys [48, 53–67].

The information contained in the BAO and RSD signals of the galaxy catalogue summary
statistics (such as the power spectrum or the bispectrum) constitutes only a partial set
of the whole information contained in those statistics. Standard BAO and RSD analyses
marginalize over features present in the broadband shape of P (k), focusing on two robust
observables: the BAO scale — often parametrized by the dilation factors α∥, α⊥ along and
across the line of sight, respectively — and the product of the logarithmic growth rate f and
the averaged amplitude of perturbations σ8. While this compressed approach has the virtue
of being largely model-independent, it is not able to capture the full information enclosed in
the power spectrum. One way to do so is through the so-called Full Modelling analysis of
the power spectrum (sometimes called “direct fit”), which fits the power spectrum directly
from the theoretical predictions for any given cosmology. Such an approach yields tighter
constraints by exploiting information enclosed in the broadband shape of the matter power
spectrum. However, the most popular implementation of such analysis requires adopting
informative priors over poorly known nuisance parameters.

The ShapeFit methodology [1, 68–70] was proposed as a middle ground between the
standard BAO-RSD compression and a Full Modelling analysis. In a ShapeFit-based analysis,
one still performs a template fit to the galaxy power spectrum, but includes two additional
parameters (m, n) that model the slope of the power spectrum near the matter-radiation
equality scale. After obtaining constraints for the full set of ShapeFit parameters and
performing cosmological inference on them, one can recover results with statistical power
close to those of direct full-shape fits for models close to ΛCDM [68] and its popular
extensions [71–75].

In our previous work [2], which we refer to hereafter as N+25, we applied the ShapeFit
compression technique to the clustering data from DESI DR1. In particular, we constrained
the ShapeFit parameters using the power spectrum and bispectrum statistics in the LRG
and QSO tracers, spanning redshifts between 0.4 < z < 2.5. We obtained joint power
spectrum-bispectrum results highly compatible with the power spectrum-only analysis from
the DESI collaboration [3], with the addition of the bispectrum yielding tighter constraints,
as well as partially breaking the f and σ8 degeneracy.

In this work, we use the results from that analysis to infer cosmological constraints under
various model assumptions. Because the ShapeFit compression is model-agnostic, constraints
on the compressed variables can simply be re-interpreted within the chosen cosmological
model. In particular, we start by obtaining the ΛCDM results from the ShapeFit constraints
with and without the inclusion of the bispectrum. We also compare our main approach (using
power spectrum and bispectrum) with the analogous case using the traditional BAO+RSD
results, to highlight the effect of adding the shape parameter in the analysis.

Then, we obtain sound horizon-free constraints for the Ωm and H0 parameters, in which
we interpret the BAO signal without assuming the sound-horizon scale rd from early-time
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physics. We also explore other relevant cosmological models, constraining the time-varying
dark energy equation of state (using the Chevallier-Polarski-Linder (CPL) parametrization
with w0 and wa [76, 77]), and the total neutrino mass

∑
mν .

This paper is organized as follows. In section 2 we describe the data and the ShapeFit
methodology and measurements, including details of the ShapeFit implementation and the
cosmological parameter inference procedure. Section 3 presents our results: we first discuss
the baseline ΛCDM constraints (section 3.1). We then report the findings for each extended
scenario: sound-horizon marginalization (section 3.2), evolving dark energy (section 3.3),
and neutrino mass (section 3.4). In section 4, we discuss the implications of our results
and conclude.

2 Methodology

2.1 ShapeFit compression

Because this work builds on N+25, we only outline the methodology here, and refer the
reader to N+25 and references therein for extensive tests and technical details. Following
the ShapeFit methodology described in [1, 70], rather than directly performing a direct fit of
a cosmological model to the measured power spectra and bispectra, we first compress the
data into a set of intermediate compressed parameters. In short, for each galaxy sample and
redshift bin, we fit the joint power spectrum-bispectrum data-vector to a template based
on a reference (or fiducial) cosmology, obtaining constraints for the following parameters
(see appendix A for a concise summary on the ShapeFit variables and their connection to
the cosmological variables):

• αiso(z): the isotropic BAO scaling, defined as the ratio of DV (z)/rd relative to the
fiducial or reference cosmology, αiso(z) = [DV (z)/rd]/[DV (z)/rd]ref . The volume dis-
tance DV (z) is appropriately defined as DV (z) = (zDM (z)2DH(z))1/3, with DM (z) the
angular diameter distance and DH(z) ≡ c/H(z) the Hubble distance. Hence, αiso(z)
encodes information from both late-time (via DV (z)) and early-time (via rd) physics.

• αAP(z): the anisotropic Alcock-Paczynski distortion parameter, sensitive to the
ratio of the Hubble distance and the angular diameter distance: αAP(z) =
[DH(z)/DM (z)]/[DH(z)/DM (z)]ref , which is therefore a purely late-time quantity.

• σs8(z): the amplitude of matter fluctuations at redshift z, smoothed on the scale of
8rref

d r−1
d Mpch−1. Note the change from the usual name σ8 to σs8: in the case of σ8,

the smoothing is on the constant scale 8 Mpch−1 (making it dependent on dilations of
scale, which are parametrized by αiso(z), αAP(z)) — more details in section 3 of [1].

• f(z): the logarithmic growth rate of structure. This quantity, in a ΛCDM cosmology
under the assumption of general relativity, is uniquely determined by Ωm, as f(z) =
Ωm(z)0.55. In non-ΛCDM, but still GR, models f(z) is uniquely determined by Ωm(z)
and background quantities, while on non-GR models, this is not the case.

– 3 –



J
C
A
P
0
9
(
2
0
2
6
)
1
4
5

In two-point analyses, f(z) is highly degenerate with σs8(z), as the amplitude of two-
point clustering is proportional to the product fσs8(z). The addition of the bispectrum
statistic allows constraining f(z) separately by breaking the degeneracy.

• m(z) + n(z): the combined ShapeFit parameter, obtained as the sum of two different
parameters affecting the slope of the power spectrum. The parameter m(z) governs
the slope of the power spectrum around the matter-radiation equality scale, while
n(z) models variations of the primordial spectral index. These two parameters are
highly degenerate for current data sets, and using their sum (which is equivalent to
m-at-fixed-n, or vice versa) compresses the information of both parameters without
perceptible loss, as reported in figure 9 of [78].

When only {αiso, αAP, f, σs8} are employed, we refer to the analysis as a BAO+RSD (or
Standard Compression), whereas when m + n is also added, we refer to it as a ShapeFit
analysis. In appendix B we display how the cosmological inference for ΛCDM for the dataset
described in table 1 compares when using the full set of variables above (ShapeFit), or when
using a subset of it: i) shape variables m + n only; and ii) αiso, αAP and fσs8 mimicking
the traditional compression analysis).

The pipeline used to constrain the compressed parameters is calibrated exclusively on
blinded data [2, 79–81]. The reader is referred to these references for the details of the pipeline,
the extensive set of tests and the performance of the assumptions and approximations involved.
Here we only mention in passing that the pipeline accounts for the effects of the survey window
with the approximated approach introduced in [55, 57], in which the window function is
applied to the two power spectra entering the expression for the tree-level galaxy bispectrum.
It also incorporates the full systematic error budget into the reported uncertainties.

The power spectrum model is based on two-loop renormalized perturbation the-
ory (RPT) [55, 82], the bispectrum is modelled with GEO-FPT [83], and the covariance
matrices are estimated from large sets of mock catalogs [84, 85]. Therefore, we fully account
for “real-world” effects, including the cross-correlation terms between the power spectrum
and the bispectrum. More details can be found in [2, 85].

2.2 Data and measurements

The DESI DR1 is divided into several redshift bins, according to the corresponding tracer:
the bright galaxy survey, BGS [31]; the luminous red galaxies [20], LRG, which are split in
the three redshift bins LRG1, LRG2, LRG3; emission line galaxies [29], ELG, divided in
two redshift bins ELG1 and ELG2; and quasars (QSO) [30], as well as the Lyman-α forest
data [24]. Summary information about these tracers can be found in table 1.

In this work, we utilise the ShapeFit constraints for the three LRG bins and the QSOs
obtained by using the joint power spectrum and bispectrum analysis performed in N+25. These
constraints were obtained by using the power spectrum multipoles and bispectrum monopole,
where in the LRG bins the power spectrum multipoles include monopole, quadrupole and
hexadecapole. For the QSO tracers, we did not use the power spectrum hexadecapole due to
the lower signal present in that case (see figure 13 of N+25 to show how the inclusion of the
hexadecapole does not significantly improve the constraining power for the QSO sample).
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Tracer Redshift range Ntracer zeff P0 [(Mpch−1)3] Veff [Gpc3] Used in this work as
BGS 0.1 − 0.4 300,017 0.295 ∼ 9.2 × 103 1.7 BAO recon.

LRG1 0.4 − 0.6 506,905 0.510 ∼ 8.9 × 103 2.6 FS
LRG2 0.6 − 0.8 771,875 0.706 ∼ 8.9 × 103 4.0 FS
LRG3 0.8 − 1.1 859,824 0.920 ∼ 8.4 × 103 5.0 FS
ELG1 0.8 − 1.1 1,016,340 0.955 ∼ 2.6 × 103 2.0 BAO recon.
ELG2 1.1 − 1.6 1,415,687 1.317 ∼ 2.9 × 103 2.7 BAO recon.
QSO 0.8 − 2.1 856,652 1.491 ∼ 5.0 × 103 1.5 FS

Table 1. Main properties of the DESI DR1 tracers: redshift range, counts per redshift bin, effective
redshift zeff, power spectrum monopole amplitude at the reference scale of k = 0.14 hMpc−1, P0, and ef-
fective volume Veff. We use the full-shape results from the joint power spectrum and bispectrum analysis
of N+25 for the three LRG bins and the QSOs, while using reconstructed BAO constraints for the BGS
and the ELG samples from [23]. Additionally, we also use the Lyman-α BAO measurements from [24].

We complement these ShapeFit measurements by adding the reconstructed BAO constraints
for the remaining redshift bins, i.e. using the αiso(z), αAP(z) measurements and covariances
from [23] for the BGS and ELG tracers, and from [24] for the Lyman-α forest.

N+25 does not perform a bispectrum analysis on the ELG sample because of large imaging
systematics and the difficulty in correcting them at the level of the bispectrum signal; the
BGS bispectrum analysis was not performed due to its lower effective volume and limited
constraining power. Although we could have employed the DR1 BAO reconstruction signal as
well for the LRG and QSO bins, where we have a power spectrum and bispectrum ShapeFit
measurements, we leave that for future work in order to avoid the complication of determining
the exact covariance between BAO and ShapeFit variables [86].

All ShapeFit constraints used in this work include the corresponding systematic error
budget. In particular, section 4 of N+25 quantifies and discusses the contributions to the
systematic error budget from theoretical modelling, fibre assignment, HOD dependence
and fiducial-cosmology assumptions, for each tracer and data-vector choice. The dominant
contributions were found to arise from modelling and fibre-assignment effects, most clearly
affecting the parameters m (as seen also in [3]) and f, σs8. The fiducial-cosmology and HOD
contributions to the systematic errors were found to be subdominant.

Regarding fibre assignment, the θ-cut method [87] provides an effective mitigation strategy,
and becomes increasingly important when smaller scales are included in the analysis, as in
the official DESI full-shape analysis, which uses modes up to kmax = 0.20 hMpc−1. In the
present analysis we adopt more conservative scale cuts, kmax = 0.15 h Mpc−1 for the power
spectrum1 and kmax = 0.12 h Mpc−1 for the bispectrum, the latter being the range at which
the GEO-FPT model was calibrated [83]. For both power spectrum and bispectrum, we set
kmin = 0.02 h Mpc−1. Although we do not apply the θ-cut correction, fibre-assignment effects
are quantified from mocks and propagated as part of the error budget of the compressed
ShapeFit measurements used throughout this work. We have also repeated the cosmological

1This choice is not expected to lose significant information. As seen in figure 20 of ref. [3], the recovered
constraints are largely insensitive to the choice of kmax within the range 0.16 − 0.20 h Mpc−1.
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inference with kB
min = 0.04 h Mpc−1, as a robustness check against sensitivity to the largest-

scale bispectrum configurations. The resulting constraints move mildly toward the power-
spectrum-only case, as expected from the reduced bispectrum information content, and
remain statistically consistent with the baseline analysis.

2.3 Cosmological parameter inference

The compressed parameters and their covariance, both obtained in N+25, are then used to
infer cosmological model parameters. The procedure is the following:

1. Given a trial set of cosmological parameters, we compute the predicted ShapeFit pa-
rameters (αiso(zeff), αAP(zeff), f(zeff), σ8(zeff), m + n(zeff)) at each effective redshift, zeff .

2. These predictions are compared to the measured values, and the Gaussian likelihood
is computed as

lnL ∝ −1
2(Pmeas. − Pth.)T Cov−1(Pmeas. − Pth.), (2.1)

where Cov is the parameter covariance and P is the vector of parameters, either
obtained theoretically or as measured parameters, as in N+25.

The steps 1 and 2 are iterated within a Markov Chain Monte-Carlo (MCMC) algorithm,2

effectively sampling the posterior distribution of cosmological parameters.
In the baseline ΛCDM case, our model parameters are the present matter and baryon

physical densities, respectively ωm ≡ Ωmh2 and ωb ≡ Ωbh
2, the Hubble parameter h ≡ H0 ×

10−2[(km/sMpc−1)−1], the primordial amplitude of fluctuations, expressed as As, and the
spectral index ns. In reporting results we display the matter densities, the Hubble parameter
and the amplitude of fluctuations as {Ωm, Ωb, H0, ln(As × 1010)}.

In all cases, the parameters ωm, h, ln(As × 1010) are sampled with a uniform improper
prior. We impose a Gaussian prior of ωb = 0.02218 ± 0.00055 following the big bang
nucleosynthesis constraints [90]. LSS data is not informative on baryon density and without
a ωb prior either from cosmic microwave background (CMB) or BBN the sound horizon
scale remains largely unconstrained.

Additionally, we use a broad Gaussian prior for ns, equivalent to ten times the Planck 2018
constraints: ns10 = 0.9649 ± 0.042. The sum of neutrino masses is fixed to

∑
mν = 0.06 eV in

all cases except in the case where we explore the constraints on the sum of neutrino masses
(see section 3.4). For extended models, we vary the additional relevant parameters: e.g., for
the (w0, wa) model we include those in the parameter vector (with uniform priors); and for free∑

mν , we allow it to vary (with a flat prior ≥ 0). All choices of priors are also stated in table 2.
When combining the DESI clustering measurements with CMB information, we adopt

a compressed CMB likelihood3 defined on the parameter set µCMB ≡ {θ∗, ωb, ωc}, where θ∗

2We use the emcee [88] algorithm, in four independent runs, and assess convergence with the rank-
normalized R̂ statistic [89], computed using the ArviZ package across the four runs. We require R̂ < 1.01 for
all sampled parameters.

3We use this approach rather than a full CMB likelihood both because of simplicity and because it is a
more model-independent choice.
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Model Parameter Default Prior

DESI (ΛCDM)

ωcdm — U [0.05, 0.2]
ωb — N [0.02218, 0.000552]
H0 [km s−1 Mpc−1] — U [50, 90]
ln(1010As) — U [2, 4]
ns — N (0.9649, 0.0422)

Beyond ΛCDM
(sound-horizon marginalization) β 1 U [0.5, 2]
(dynamical DE) w0 −1 U [−3, 1]

wa 0 U [−3, 2]
(massive ν)

∑
mν [eV] 0.06 U [0, 5]

Table 2. Summary of cosmological parameters considered in this work with their prior ranges. For
the scenarios beyond ΛCDM, we also display their default value, which is fixed in the cases where
that parameter is not being constrained. For the evolving dark energy equation of state parameters
w0, wa, the condition w0 + wa < 0 is imposed, to ensure a period of high-redshift matter domination.

is the angular size of the sound horizon at photon decoupling. This likelihood, also used
in [91] to extended cosmological scenarios such as w0waCDM, is modelled as a multivariate
Gaussian with mean vector µCMB and covariance ΣCMB, calibrated from CMB anisotropy
measurements following [92]. The mean and covariance take the following values:

µCMB ≡


θ⋆

ωb

ωc

 =


0.01041
0.02223
0.14208

 ; ΣCMB = 10−9×


0.00662 0.12440 −1.19287
0.12440 21.34416 −94.00083

−1.19287 −94.00083 1488.41710

 . (2.2)

3 Results

3.1 Baseline ΛCDM results

Under the baseline ΛCDM model and for the LRG and QSO samples, the ShapeFit inference
from DESI DR1 official measurements [3] yields the orange constraints shown in figure 1. In
that figure, we also display our results from both the power spectrum-only and the joint power
spectrum-bispectrum analysis (respectively in purple and blue) for the same samples, obtained
following the methodology described in section 2. The Planck 2018 ΛCDM central values are
reported as the dotted lines, which are within the 1σ region of all posteriors except for H0,
which is at ∼ 2σ. Interestingly, the addition of the bispectrum shifts the posteriors slightly
towards the Planck ΛCDM results (which was also found in other independent analyses of
DESI DR1 that also involve the bispectrum, [65, 93]).

The excellent agreement between our power spectrum-only results and the analogous case
from the official DESI DR1 results when employing the ShapeFit compression — considering
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ln(As × 1010)

0.9 1.0 1.1

ns

Official DESI DR1 (ShapeFit)

Power spectrum (this work)

Power spectrum and bispectrum (this work)

Figure 1. Baseline ΛCDM (68 and 95% confidence levels) joint constraints on the LRG+QSO
samples from the DESI DR1 obtained with the ShapeFit compression method, complemented by the
BAO postreconstruction data for the BGS, ELGs and Lyman-α tracers. In orange contours, the DESI
DR1 official ShapeFit results [3], in purple the results obtained using the methodology of this work
(see section 2) when only using the power spectrum, and in blue when the bispectrum is also added.
The horizontal and vertical black dashed lines display the Planck 2018 ΛCDM central values. We
note that including the bispectrum leads to constraints on ln(As × 1010) reduced by 20% with respect
to the power spectrum-only approach, and that the power spectrum results from this analysis are
completely consistent with the ones from the official DESI DR1 analysis.

the changes in modelling and pipeline choices, all thoroughly described in N+25 — highlights
the robustness of these results.

Adding the bispectrum tightens the constraints for the amplitude of the perturbations
parameter ln(As ×1010) by ∼ 20% compared to using the power spectrum alone. In particular,

ln(As × 1010) =

3.18 ± 0.10, for P alone
3.125 ± 0.079, for P+B.

(3.1)
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The significant reduction in the uncertainty of ln(As × 1010) is achieved through the
bispectrum’s role in breaking the degeneracy between f and σs8. Similar results were also
found by ref. [65] in an independent analysis of DESI DR1 data when combining the power
spectrum bispectrum signals.

The rest of the central values and 68% confidence levels are summarized in table 3.

3.2 Sound-horizon marginalization

A key assumption in standard BAO analyses is that the sound horizon at the drag epoch, rd, is
known from pre-recombination physics (and usually calibrated through ωb informed by Planck
or BBN), and is a derived parameter within the ΛCDM model. Here, we consider the scenario
where we drop this assumption, allowing an effective rd to be a free extra parameter in the
fits. Operationally, we follow ref. [94]: in each step of the likelihood exploration we multiply
the ΛCDM-inferred rd parameter by an extra nuisance parameter β. The “new” effective
sound horizon scale, reff

d = β × rΛCDM
d , is then employed when interpreting the ShapeFit

variables such as αiso or σs8, where we consider a uniform wide prior for β of U(0.5, 2).
This procedure allows a practical marginalisation over rd within the ShapeFit formalism,

which removes the absolute calibration on the BAO physical scale. Note, however, that the
marginalised BAO scale is still exploited in the parameter inference. We still assume that
the same effective reff

d is shared across redshift bins (rd is z-independent), and that it is an
isotropic quantity. This allows us to still employ the BAO scale (with an unknown size) to
constrain dimensionless late-time expansion history quantities, such as Ωm.

In this setup, the cosmological parameters that rely on absolute distance calibrations,
such as H0, do not depend on the BAO scale anchor, and are “sound-horizon-free”. For the
case of a BAO-only analysis, H0 would remain fully unconstrained. However, there is an
additional shape information in the no-wiggle power spectrum, through the transfer-function
slope, that provides sensitivity to the equality scale within the ShapeFit framework, the
matter-radiation equality scale. This scale arises as a characteristic shape of the matter
transfer function in the transition between radiation- and matter-dominated epochs.

Early in the universe’s history, radiation dominance suppressed the growth of matter
fluctuations for modes that entered the horizon. Once the universe became matter-dominated,
these sub-horizon modes could grow linearly with the scale factor. Because smaller-scale
modes entered the horizon earlier (during the radiation era), their growth was delayed relative
to larger-scale modes. This results in a transfer function that is nearly flat for large scales
(k < keq) and suppressed for small scales (k > keq). This transition defines a characteristic
scale — the horizon size at matter-radiation equality — which appears as the peak of the
linear matter power spectrum at keq ≃ 0.02 hMpc−1. While the current data are not directly
sensitive to the position of this peak, within ΛCDM keq affects the shape of the power
spectrum. Therefore, after priors on ns and Ωbh

2 are given, this information can be obtained
via the shape parameter (m + n).

In this case, we keep the same priors as in the standard ΛCDM case displayed in table 2.
Thus, m + n constrains Ωmh2 calibrated at the equality scale, and the BAO uncalibrated
analysis returns Ωm, which in combination results in a “sound-horizon-free” determination
of H0 from DESI clustering information alone.
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Figure 2. Constraints on Ωm and H0 with and without assuming an effective free sound horizon
scale parameter reff

d obtained from the power spectrum and bispectrum ShapeFit results of DESI
DR1. The blue contours correspond to the baseline ShapeFit ΛCDM results employing the standard
pre-recombination physics rd(wb, wc, h, . . .), which is a derived quantity from the model’s cosmological
parameters. The orange contours feature the same analysis settings, except that the sound horizon
scale is effectively treated as a free independent parameter and marginalised over, reff

d . Allowing the
horizon scale to freely vary introduces a strong degeneracy between H0 and Ωm, which follows Ωmh2

degeneracy, and that significantly broadens the H0 constraints. For completeness, we display in purple
contours a similar analysis to the blue contours, but without using the shape parameters m + n (i.e.
the so-called standard compression or BAO+RSD).

Figure 2 displays the impact of marginalising over the sound horizon scale on the
Ωm-H0 2D posterior. The blue contours (baseline in this work) assume the standard pre-
recombination physics in the sound horizon derivation, rd(wb, wc, h, . . .), while the orange
contours (sound-horizon-free) treat the sound horizon scale as a free effective parameter,
reff

d , and marginalise over its value. In the rd-free case, the contours elongate along the
degeneracy Ωmh2 = constant, dominated by the ShapeFit m + n parameter. This degeneracy
is only broken when the sound horizon anchor is also used, as in the blue contours. Thus, by
removing the sound horizon scale anchor, we degrade the precision on the 1-D marginalised
H0 parameter, from ≃ 1.3% up to ≃ 5%,

H0 [km s−1 Mpc−1] =

70.9 ± 2.9, sound horizon-free
68.92 ± 0.97, sound horizon-anchored

(3.2)

The sound-horizon free result is also consistent with previous literature on applying this very
same methodology to BOSS+eBOSS data [94], as well as with slightly different approaches
for sound-horizon-free determinations of H0 using DESI DR1 data [95, 96].
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Figure 3. Joint 68 and 95% confidence levels on the dark energy equation-of-state parameters
w0 and wa from the DESI DR1 power spectrum and bispectrum ShapeFit analysis. The crosses
indicate the obtained maximum a posteriori values from the two analyses, and dotted lines indicate
the cosmological constant values (w0 = −1, wa = 0). The results are consistent with ΛCDM at the 2σ

level, with no significant deviation in either parameter. The slight elongation of the baseline contour
reflects the fact that most of the constraining power on the dark energy equation of state comes from
the expansion history, which is more tightly constrained by post-reconstruction BAO analyses [7].
The constraints obtained with our methodology (in purple), which use post-reconstruction BAO data
for the ELG, BGS and Lyman-α tracers and full-shape information for the LRG and QSO samples,
are compared with the official DESI DR1 full post-reconstructed BAO+CMB results from [7].

3.3 Evolving dark energy (w0wa)

In this section, we investigate a dynamical dark energy model using the CPL parametrization
w(a) = w0 + wa(1 − a) [76, 77], with w0 being the present-day equation-of-state parameter
and wa the parameter describing its evolution with scale factor. This CPL form is a common
extension to test whether the data prefer an equation of state different from the cosmological
constant value (w = −1). Even though it is a phenomenological model, many alternative
dark energy scenarios can be expressed in terms of a pair (w0, wa).

In this case, we include in our likelihood an additional term relative to the ΛCDM analysis,
together with an early-universe prior derived from the Planck CMB likelihood, as described
by eq. (2.2) in section 2. We allow the parameters w0 and wa to vary according to their
uniform priors, as shown in table 2, and obtain the constraints that are shown in figure 3. We
display the 2D posteriors for our full-shape DESI DR1 for w0wa (in purple), compared with
the results obtained from the post-reconstruction DESI DR1 BAO analysis [7] (in orange),
in both cases for the LRG and QSO bins and with the minimal CMB prior, together with
the post-reconstructed BAO data from BGS, ELG and Lyman-α.
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Figure 4. Comparison of the 1D posteriors for (w0, wa) (in purple) with the normalized profile from
the binned posteriors (in red). The dotted lines signal the special case w0 = −1, wa = 0, and the
dotted-dashed lines mark the maximum a posteriori value for the chains. While this value is not fully
centred in the 1D posterior maxima, the value and the distribution do not show any inconsistency
with the posterior distributions from the MCMC.

We recover the expected degeneracy direction in the w0 − wa plane, which arises because
the data primarily constrain the effective value of w(z) at the redshift range probed by the
observations. As a result, different combinations of w0 and wa that yield a similar value of
w(z) at that redshift produce nearly identical expansion histories and are therefore degenerate.

The combination of ShapeFit with the additional information provided by the bispectrum
suppresses the projection effects that have plagued this measurement in other analyses [4].
We test this further in figure 4, where the marginalized 1D posterior distributions for w0
and wa are compared with a simple proxy for the corresponding profile likelihood. The
proxy is obtained as follows: binning the parameters (w0, wa), at each bin we obtain the
maximum value for the log-posterior distribution, and then we normalize that by the absolute
maximum (corresponding to w0 = −0.58, wa = −1.44), in order to easily compare the two
curves. Given that the diagnostic is obtained from the MCMC chains, it is expected that the
parameter space will be unevenly sampled. Even accounting for this limitation, we observe
the two curves to be consistent, therefore indicating no evidence of significant projection
effects in our w0 − wa results.

The DESI BAO measurements themselves are fully consistent with a cosmological constant
Λ (w0 = −1, wa = 0). However, when combined with CMB data they yield a ∼ 3σ preference
away from Λ, a tension that increases if uncalibrated supernovae samples are also added in
the data-vector [7]. The Full Shape (ShapeFit) analysis with the inclusion of the bispectrum
presented here, constrains the dark energy equation of state to be compatible at 2σ with
a cosmological constant Λ: w0 = −0.62 ± 0.29, wa = −1.34 ± 0.82, finding no significant
evidence of dynamical dark energy.

When comparing the recovered errorbars for w0 and wa reported in this work with the
post-reconstructed BAO+CMB constraints found in [7] (the comparison displayed in figure 3),
we observe both an increase of the errorbars of ∼ 10% with respect to [7], and a shift of
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Figure 5. Marginalized posterior for the sum of neutrino masses
∑

mν from the DESI DR1 ShapeFit
analysis (in purple) together with the constraints of DESI DR1 combined with the compressed Planck
likelihood (in orange). This is consistent with previous results, both from the CMB [5] and the DESI
collaboration [4, 7], which favour a sum below 100 meV.

∼ 0.6σ towards ΛCDM. Both the shift and the elongation of the posteriors of the ShapeFit
P+B analysis compared to the BAO ones are in part driven by the effect of reconstruction.
The BAO analysis uses reconstruction (which helps tighten the constraints on the expansion
history) while the P+B analysis of this work does not use the BAO reconstructed signal for the
LRG and QSO samples, as it would require a complete covariance between the ShapeFit and
the BAO parameters (see ref. [97] as an example on how to account for such full-covariance).

3.4 Neutrino mass constraints

Massive neutrinos leave an imprint on large-scale structure by suppressing clustering on small
scales (which can only be measured in full-shape analyses) and altering the expansion rate
(which alters the cosmological distances and therefore has an effect on the BAO). In the
baseline analysis, we held the sum of neutrino masses at the value of

∑
mν = 0.06 eV, and in

this section we allow
∑

mν [eV] to vary as a free parameter across the uniform prior U [0, 5].
Because neutrino mass reduces the amplitude of the power spectrum at small scales (i.e.

high k), we expect ShapeFit to be sensitive to it primarily through the shape parameter
m + n. Still, since the neutrino density was more relevant at early epochs of the expansion
history, most of the information on

∑
mν is present in pre-recombination probes such as the

CMB [7]. We therefore compare the results from DESI DR1 alone with the combination of
DESI with the compressed Planck likelihood presented in section 2.

Figure 5 shows the 2D joint posteriors for
∑

mν with the parameters Ωm and H0,
respectively. As is common in LSS results, the constraints for

∑
mν hit the physical∑

mν = 0 prior. We obtain upper limits of respectively,

•
∑

mν < 0.36 eV (95% DESI DR1),

•
∑

mν < 0.10 eV (95% DESI DR1+CMB),

– 13 –



J
C
A
P
0
9
(
2
0
2
6
)
1
4
5

Parameter ΛCDM Free rd w0-wa (+CMB)
∑

mν (+CMB)
Ωm 0.310 ± 0.012 0.298 ± 0.020 0.334 ± 0.027 0.3119 ± 0.0064
H0 [km s−1 Mpc−1] 68.92 ± 0.97 70.9 ± 2.9 65.3 ± 2.7 67.13 ± 0.50
ln(As × 1010) 3.125 ± 0.079 unconstrained 3.185 ± 0.094 3.207 ± 0.069
w0 −1† −1† −0.62 ± 0.29 −1†

wa 0† 0† −1.34 ± 0.82 0†∑
mν [eV] 0.06† 0.06† 0.06† < 0.10 (95% CL)

Table 3. Summary of cosmological parameter constraints (maximum a posteriori values and 1σ

uncertainties) from DESI DR1 ShapeFit analyses for the joint power spectrum multipoles and
bispectrum monopole data-vector, under various scenarios. The columns correspond to: i) the baseline
ΛCDM model; ii) a ΛCDM-like scenario with free sound horizon, rd; iii) a dynamical dark energy
model with free w0 and wa; and iv) a model with the total neutrino mass parameter,

∑
mν , free. In

these last two cases, we also add CMB data in the form of the µCMB data-vector of equation (2.2),
noted as +CMB. The ΛCDM and Free rd cases use Gaussian priors on ωb from BBN [90], and in all
cases we consider priors for ns corresponding to 10 times the Planck 2018 constraints [5], as explained
in section 2. For parameters that are not varied in a given scenario, we indicate the fixed value without
errorbars with a † symbol (e.g., w0 = −1† for baseline ΛCDM). CL stands for confidence levels.

which can also be found in table 3. As expected, DESI DR1 data alone are not sufficiently
sensitive to discriminate between neutrino mass hierarchies.4 However, when combined with
the compressed Planck likelihood, the inverted hierarchy (which requires

∑
mν ≳ 0.1 eV)

is disfavoured at approximately the 95% confidence level, whereas the normal hierarchy
(with

∑
mν ∼ 0.06 eV) remains consistent with the best-fit results. Our upper bound is

comparable to those obtained in previous Planck+LSS analyses, which report limits of order
∼ 0.07 eV [4, 7].

4 Discussion

We have presented the cosmological constraints from the DESI DR1 joint power spectrum
and bispectrum galaxy clustering data, for both standard ΛCDM and extensions varying the
dark energy equation of state and the neutrino mass. We have used the ShapeFit results
obtained in N+25 from the joint power spectrum and bispectrum data-vector for LRG and
QSO tracers, combining them with the reconstructed BAO constraints for BGS and ELG [23],
as well as the BAO for the Lyman-α forest from [24]. A summary of results can be found
in table 3, and we highlight the main points in what follows.

For the baseline ΛCDM, we find best-fit parameter values broadly in agreement with
both Planck CMB results [5] and the DESI DR1 Full-Shape analysis of the same data [3, 4]:
both the matter density Ωm and amplitude of perturbations ln(As × 1010) are compatible

4We find that when we perform the same analysis without the addition of the bispectrum,
∑

mν < 0.39 eV
(95%), so the inclusion of the bispectrum yields a slight improvement of ∼ 8%, when not combining with CMB
data. Other works, such as [98], obtain a larger improvement on neutrino mass constraints with the addition
of the bispectrum. This difference is expected given the additional small-scale information accessed through
the Full Modelling approach.
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at 1σ with both Planck and DESI DR1 full-shape results. Interestingly, the addition of the
bispectrum in the data vector causes the recovered constraints on Ωm and H0 to lie closer
to Planck than when using only the power spectrum.

The inclusion of the bispectrum in our joint analysis significantly improves the sensitivity
to the growth of structure, with errorbars on ln(As × 1010) being reduced by roughly 20%
when the joint data-vector is used. On this parameter alone, adding the bispectrum in the
analysis yields equivalent precision improvement as the statistical power gained by using
∼ 1.8 times more data.

To further assess the robustness of our H0 constraints, we also performed an analysis
where the sound horizon at the drag epoch, rd, is treated as a free parameter, following the
procedure of [94]. This effectively decouples the low-redshift clustering information from
assumptions about early-Universe physics, so marginalizing over rd allows a more model-
independent inference of the Hubble constant. As expected, this leads to a broader posterior,
with H0 = 71.68 ± 3.44 km s−1Mpc−1, compared to H0 = 68.92 ± 0.98 kms−1Mpc−1 in
the baseline ΛCDM case with fixed rd. The central value shifts upward, while increasing
errorbars with respect to [94, 95].

Beyond the baseline model, we explored several extensions (combining with a compressed
CMB likelihood), in all cases using the tracer and data-vector choices stated in section 2, as
used also in the ΛCDM case.5 Allowing the dark energy equation of state parametrized by
w0-wa, the DESI ShapeFit constraints remain consistent with a cosmological constant. In
this parametrization, combining our clustering results with CMB data yields w0 ≈ −0.6 ± 0.3,
wa ≈ −1.3 ± 0.8, which is within 2σ of Λ ≡ {w0 = −1, wa = 0}. The observed trend — the
preference for w0 > −1 and wa < 0, primarily driven by the observed distance measurements
in the LRG bins — is similar to that reported in the official DESI BAO and full-shape
analyses [4, 7], but is not yet statistically significant in our case.

When allowing the sum of neutrino masses to vary, our ShapeFit analysis (with a
compressed Planck prior) finds no evidence for a non-zero mass: the posterior is consistent
with the minimal mass scenario within normal hierarchy (

∑
mν ≈ 0.06 eV). The inverted

hierarchy (which requires
∑

mν ≳ 0.1 eV) is disfavoured at ∼ 95% confidence by our analysis of
DESI DR1 data combined with CMB information. We obtain an upper limit of

∑
mν < 0.1 eV

(95% confidence limits) from ShapeFit, which is slightly weaker than the limit from the DESI
full-shape analysis,

∑
mν < 0.071 eV at 95% confidence limits [4]. The difference can be

explained as follows. Firstly, we do not combine full-shape and BAO data in each tracer as
we do not have their cross-covariance terms. Neutrino mass weakly affects the expansion
history (parametrized by the BAO); additionally, some small-scale clustering information
(important for neutrino mass sensitivity) may not be captured by the ShapeFit compression
as fully as with the Full Modelling approach.

Overall, across all considered extensions (including time-varying dark energy and massive
neutrinos), our analysis shows no strong evidence of new physics beyond ΛCDM, with some
results currently being in 2σ tension with Planck.

5This yields broader constraints than other results that combine both full-shape and post-reconstruction
BAO data for all tracers. In this work, we opt for showing the results without any combination of analyses on
any given tracer, and without adding Supernovae data.
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It is instructive to compare our results with those from the more detailed Full Mod-
elling approaches, specifically with the state-of-the-art DESI Collaboration’s Full Modelling
analysis of the same DR1 data [4]. We find agreement between the ΛCDM constraints
presented here and the ones presented in [3]. For example, the Full Modelling analysis finds
{Ωm, H0[kms−1Mpc−1], ln(As × 1010)} = {0.284 ± 0.010, 70.0 ± 1.0, 3.10 ± 0.10}, while we
find {0.310 ± 0.012, 68.92 ± 0.98, 3.125 ± 0.079}.

Our ShapeFit uncertainties (excluding the growth of structure parameter, which is better
constrained due to the addition of the bispectrum) are ∼ 10 − 30% larger for parameters such
as H0, the w0wa parametrization or

∑
mν . These differences in error bars are to be expected:

in the work presented in this paper, we do not combine the full-shape and the reconstructed
BAO information, as done, e.g. in [3]. Such a combination would yield the expansion history
and growth of structure to be maximally constrained, but this goes beyond the scope of this
paper. Additionally, by construction, ShapeFit compresses the broadband power spectrum
information into a few parameters, with a slight loss of information compared to fitting the
full shape. This loss is insignificant in the case of ΛCDM, as shown in [3], but can become
relevant for extensions of ΛCDM such as the one presented in section 3.3.

Most importantly, we do not observe any significant bias between Full Modelling analysis
on the power spectrum-only data-vector and the Shapefit analysis using both power spectrum
and bispectrum: all constraints obtained from ShapeFit are statistically consistent with those
from the Full Modelling pipeline, not only for the base ΛCDM parameters but also for the
extensions. Both analyses, for instance, report the same qualitative preference for w0 > −1,
wa < 0 when DESI is combined with CMB data (figure 3), and both find neutrino masses to
be consistent with the normal hierarchy and constrained to the sub-0.1 eV level.

The ShapeFit methodology has proven to be a powerful yet simple tool for performing
cosmological inference in a model-independent way. Its compressed parameter set captures
the main cosmological information via the BAO parameters αiso, αAP, the growth of structure
parameters f, σs8, and the shape parameter m + n. This comes at the cost of marginally
weaker constraints in some beyond-ΛCDM scenarios (due to not directly fitting the full
power spectrum), but the simplicity and modularity of ShapeFit have other advantages: one
can easily introduce alternate parameters or perform consistency tests (such as freeing the
sound-horizon scale rd to test late-time vs. early-time physics) without re-running a complete
model for the power spectra. This is especially useful given that analysing the power spectra
or bispectra directly is an increasingly complex task, needing to account for many sources
of systematics (see e.g. [2, 3, 78, 87, 99]).

Using the ShapeFit compression in a similar way as presented in this paper allows
cosmologists, both inside and outside the DESI collaboration, to obtain robust cosmological
constraints in a straightforward way. Moreover, the availability of the intermediate ShapeFit
parameters provides a summary of the clustering information that is complementary to
Full Modelling approaches, and can help diagnose the origin of possible differences between
datasets or between low- and high-redshift probes, particularly in the context of current
cosmological tensions (e.g. [6]). It is also instructive to compare our results with the recent
independent analysis of [98], which extracts cosmological information from the joint power
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spectrum and bispectrum using a direct full-modelling approach rather than the ShapeFit
compression adopted here.

The two analyses provide complementary implementations of joint power-spectrum and
bispectrum cosmological inference. While [98] performs a direct EFT-based fit to the clustering
statistics, explicitly controlling the prior-volume effects associated with the high-dimensional
nuisance parameter space, our analysis first compresses the clustering information into the
low-dimensional ShapeFit parameter set before performing cosmological inference. Despite
substantial differences in modelling, scale cuts, tracer selection and external datasets, the
two approaches recover remarkably consistent cosmological parameter regions, including the
same w0 − wa degeneracy in dynamical dark-energy models.

The agreement provides a non-trivial robustness check of the cosmological information
extracted from the joint power spectrum and bispectrum, while the comparison also highlights
the complementary advantages of direct full modelling, which retains maximal information,
and ShapeFit, which considerably reduces sensitivity to nuisance-parameter priors and
associated prior-volume projection effects. Beyond this methodological agreement, the
two analyses yield broadly consistent cosmological constraints while showing somewhat
complementary strengths: our ShapeFit analysis achieves particularly competitive constraints
on the amplitude of fluctuations, with a larger gain from the inclusion of the bispectrum,
whereas the direct full-modelling analysis obtains stronger constraints on parameters such as
the neutrino mass and a somewhat stronger preference for evolving dark energy, although
these differences also reflect the distinct tracer selections and external datasets employed.

Looking ahead, the DESI survey is expected to increase the survey volume by almost an
order of magnitude [100]. The resulting reduction in statistical errors will require refining
the methodology to ensure theoretical systematics remain subdominant. Necessary future
improvements include modelling the window function for the bispectrum, implementing the
θ-cut method for mitigating fibre assignment systematics [87] and updating the strategy
to extract the shape parameter m [101].

In conclusion, in this work, we have presented the first joint power spectrum and bis-
pectrum DESI DR1 cosmology results using ShapeFit. While these results do not suggest
growing tensions with respect to previous works [4], the constraints are expected to improve
significantly as more data are collected. The tools and results shown here can serve as a
foundation for those future analyses.

Data availability. All data from the tables and figures are publicly available in machine-
readable format at 10.5281/zenodo.19099550, in compliance with the DESI data management
plan.

Acknowledgments

SNM, HGM and LV thank Hernán Noriega, Nicola Deiosso, Uendert Andradea, Benjamin
Weaver and Alex Krolewski for the helpful discussion and suggestions. SNM acknowledges
funding from the official doctoral programme of the University of Barcelona for the devel-
opment of a research project under the PREDOCS-UB grant. HGM acknowledges support
through the Leonardo programme (LEO23-1-897) of the BBVA foundation and through the

– 17 –

https://doi.org/10.5281/zenodo.19099550


J
C
A
P
0
9
(
2
0
2
6
)
1
4
5

programmes Ramón y Cajal (RYC-2021-034104) and Consolidación Investigadora (CNS2023-
144605) of the Spanish Ministry of Science and Innovation.

Funding for this work was partially provided by the Spanish MINECO un-
der project PID2022-141125NB-I00 MCIN/AEI, and the ‘Center of Excellence
Maria de Maeztu 2020–2023’ award to the ICCUB (CEX2019-000918-M funded by
MCIN/AEI/10.13039/501100011033).

This material is based upon work supported by the U.S. Department of Energy (DOE),
Office of Science, Office of High-Energy Physics, under Contract No. DE-AC02-05CH11231,
and by the National Energy Research Scientific Computing Center, a DOE Office of Science
User Facility under the same contract. Additional support for DESI was provided by the
U.S. National Science Foundation (NSF), Division of Astronomical Sciences under Contract
No. AST-0950945 to the NSF’s National Optical-Infrared Astronomy Research Laboratory;
the Science and Technology Facilities Council of the United Kingdom; the Gordon and
Betty Moore Foundation; the Heising-Simons Foundation; the French Alternative Energies
and Atomic Energy Commission (CEA); the National Council of Humanities, Science and
Technology of Mexico (CONAHCYT); the Ministry of Science, Innovation and Universities
of Spain (MICIU/AEI/10.13039/501100011033), and by the DESI Member Institutions:
https://www.desi.lbl.gov/collaborating-institutions. Any opinions, findings,
and conclusions or recommendations expressed in this material are those of the author(s)
and do not necessarily reflect the views of the U. S. National Science Foundation, the U.
S. Department of Energy, or any of the listed funding agencies.

The authors are honored to be permitted to conduct scientific research on I’oligam Du’ag
(Kitt Peak), a mountain with particular significance to the Tohono O’odham Nation.

This work has made use of the following publicly available codes: Emcee [88],
NumPy [102], GetDist [103], Matplotlib [104], Astropy [105], Class [106]. We are
grateful to the developers who made these codes public.

A The ShapeFit interpretation vademecum

In this section, we include a short description on how to interpret the ShapeFit compressed
variables in terms of cosmological variables. All this information can be found in existing
literature [1, 70, 94], and we refer the reader to those references for further details.

The dilation parameters, α⊥(z) and α∥(z) are related to the angular diameter distance,
DM (z), the Hubble distance, DH(z), respectively, and the sound horizon scale at drag
epoch, rd such that,

α∥(z) ≡ DH(z)/rd

[DH(z)/rd]ref , (A.1)

α⊥(z) ≡ DM (z)/rd

[DM (z)/rd]ref , (A.2)

where ref stands for the reference (or fiducial) cosmology at which the redshift-to-distance
conversion is performed, and the reference cosmology of the linear power spectrum template.
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These distances are defined from the Hubble expansion history, H(z), such that,

DH(z) ≡ c

H(z) , (A.3)

DM (z) ≡ c

H0
√

Ωk
sinh

[√
Ωk

∫ z

0

dz′

H(z′)/H0

]
, (A.4)

where H0 is the expansion rate today, H0 ≡ H(z = 0), and Ωk is the ‘curvature density’
parameter. The sound horizon scale at the drag epoch, rd depends on pre-recombination
parameters, such as the expansion history before recombination, the sound horizon speed
in the baryon-photon fluid, and on the redshift of decoupling (or more precisely, the drag
epoch, when the baryons stop feeling the presence of the photons). Note how by determining
the best-fitting α∥ and α⊥ we can only measure distances in terms of a reference scale: the
sound horizon rd. This is a key point when defining the quantity σs8 below.

The shape parameters m and n parametrize variations of the linear matter template
reference such that,

Plin(k) = P ref
lin (k)

{
m

aSF
tanh

[
aSF ln

(
k

kp

)]
+ n ln

(
k

kp

)}
, (A.5)

where the values for aSF and kp are chosen to be, aSF = 0.6 and kp = π/rref
d (although other

values could also be chosen). On one hand, the m parameter is the slope at the pivot scale kp.
Within the ΛCDM model, it is related to the Ωmh2 parameter, containing information on
pre-recombination physics. On the other hand, the n parameter controls the power-law index
of the power spectrum at large k values and is related to any effective primordial spectral
index, such as the parameter ns in ΛCDM. In terms of connecting these parameters to the
cosmological parameters, we can write the ShapeFit parameter m as [1, 73],

m = d

d ln k

{
ln
[

Plin, nw(k/s)/PR(k)
P ref

lin, nw(k/s)/P ref
R (k)

]}
k=kp

, (A.6)

where the subscript ‘nw’ stands for non-wiggle, Plin, nw the linear power spectrum with
the BAO wiggles filtered out,6 s is the sound horizon scale in units of its reference value,
s ≡ rd/rref

d , and PR(k) is the (power law) primordial power spectrum, PR(k) = As(k/kp)ns−1,
with As the primordial amplitude of perturbations and ns the primordial spectral index. The
connection to the second shape parameter, n in this case, is simply,

n = ns − nref
s . (A.7)

Note that the relation above may differ for cosmologies with non-zero running of the spec-
tral index.

The (logarithmic) growth factor f stands for the logarithmic rate of change of the linear
growth parameter D(a) with respect to the logarithm of the scale factor, a,

f(z) ≡ d ln D(z′)
d ln a(z′)

∣∣∣∣
z′=z

. (A.8)

6See appendix B of [70] as well as [101] for a detailed comparison of different smoothing prescriptions.
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The amplitude of dark matter fluctuations filtered by an 8 Mpch−1 scale is usually
defined as,

σ2
8(z) ≡

∫ ∞

0
d3kPlin(k, z)WTH(k · 8Mpch−1), (A.9)

where Plin the linear matter power spectrum, and WTH(k · R) a top-hat filter with a scale
of R = 8 Mpch−1 in this case. However, this quantity is not what it is measured by any
fixed-template measurement, such as ShapeFit or the traditional compressed method. The
traditional compression method (this is the ShapeFit compression where m and n are kept
fixed to 0) implicitly assumes an “early-time rescaling”, which induces a change in the
interpretation of σ8 via α∥ and α⊥. Therefore, the actual smoothing scale used to define σ8 in
the equation above is not kept fixed while exploring parameter space during fixed-template fits.

Instead, ShapeFit measures the power spectrum amplitude at a reference scale in units
of the sound horizon rd (recall how the distances DM and DH are measured in terms of
rd in eqs. (A.1)–(A.2). Additionally, upon changing the shape parameters m and n, the
power spectrum amplitude remains fixed only at the pivot scale kp = π/rref

d ; the shape of
the power spectrum does change, which in turns affects the σ8 value. Therefore, in reality,
ShapeFit does not constrain σ8 but effectively constrains the variable A

1/2
sp , where Asp is

the power spectrum amplitude evaluated at kp/s, which is the quantity that is kept fixed
during the parameter exploration,

Asp = 1
s3 Plin, nw(kp/s). (A.10)

Note the overall scaling with 1/s3, which appears to describe the volume change when all
scales are rescaled by a factor of s (see section 3.1 of [1] for a detailed explanation).

The issue with the definition of σ8 (i.e., the smoothing scale varying along with other
parameters) can easily be accounted for by defining the fluctuation amplitude in such a
way that it does not change during the fitting process, i.e., such that it is independent of
changes in s, 8 Mpch−1 → s · 8 Mpch−1

σ2
s8 ≡

∫ ∞

0
d3kPlin(k, z)WTH(k · s · 8Mpch−1). (A.11)

Relating Asp to σs8 via
(
σs8/σref

s8

)2
= Asp/Aref

sp ignores the changes in the shape of Plin
(beyond its overall amplitude) related to the m and n parameters. The exact value of σs8
requires integration over Plin(k|m, n) at each step of the MCMC sampling of the posterior.
A good approximation is given in [94],(

σs8
σs8ref

)2
≃ Asp

Aref
sp

exp
{

m + n

aSF
tanh

[
aSF ln

(
rref

d [Mpch−1]
8 Mpch−1

)]}
. (A.12)

Note again that ShapeFit can internally work with the parameter Asp (or fA
1/2
sp ) and perform

the cosmological interpretation without having to derive σs8. The only reason to derive σs8 is
historical, as to provide a quantity which is similar to the traditional σ8 parameter, but with
a definition that remains consistent and transparent during parameter exploration.
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Figure 6. Results for different subsets of the ShapeFit compression. We show marginalized posterior
distributions for the ΛCDM parameters Ωm, H0, ln(As ×1010) inferred from the DESI DR1 data using
the joint power spectrum-bispectrum analysis. The blue contours correspond to the full ShapeFit
analysis (which are therefore identical to the blue constraints in figure 1). The orange contours use
only information from the combined shape parameter m + n, while the purple constraints are obtained
from the standard compression approach (using the parameters α∥, α⊥, f, σs8).

B Sequential ShapeFit compression

We perform the cosmological inference following section 2 and assuming a ΛCDM model
with priors defined in table 2, using different subsets of the ShapeFit parameters. First, we
analyze the case where only the combined shape parameter m + n is used for the cosmological
parameter estimation (shown in yellow in figure 6). We then derive (figure 6 in purple) the
constraints for its complementary, standard compression, subset consisting of αiso, αAP, f, σs8.
These results are compared with those obtained using the full ShapeFit framework, which
includes both the standard compression parameters and m + n (blue in figure 6). In all cases,
we combine the ShapeFit constraints on the LRG and QSO tracers with the post-reconstructed
BAO from BGS, ELG and Lyman-α, as done in all results in the present paper.
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As expected, the full ShapeFit constraints lie approximately at the intersection of the other
two cases. Although the shape parameter m + n contains no direct information on the growth
of structure, its inclusion significantly reduces the uncertainties in ln(As × 1010) as it breaks
the strong degeneracy between Ωm and ln(As × 1010) present in the standard compression.
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