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We assess the robustness of ΛCDM results from the full-shape analysis of BOSS power spectrum
using the one-loop prediction of the Effective Field Theory of Large-Scale Structure (EFTofLSS). In
former EFT analyses, the two public likelihoods PyBird and CLASS-PT lead to results in agreement
only at the 1σ level, which may appear unsatisfactory given that they are derived from the same
BOSS dataset and the same theory model. To identify the origin of the difference, we perform a thor-
ough comparison of the various analyses choices made between the two pipelines. We find that most
of the difference can be attributed to the choices of prior on the EFT parameters, dubbed “West-
coast” (WC) prior and “East-coast” (EC) prior, respectively associated to PyBird and CLASS-PT.
In particular, because posteriors are non-Gaussian, projection effects from the marginalization over
the EFT parameters shift the posterior mean of the cosmological parameters with respect to the
maximum a posteriori up to ∼ 1σ in the WC prior and up to ∼ 2σ in the EC prior. Additionally, we
quantify that maximum a posteriori cosmological parameters extracted from BOSS given the two
prior choices are consistent at ≲ 1σ. The consistency improves to ≲ 0.4σ when doubling the width
of both priors. While this reveals that current EFT analyses are subject to prior effects, we show
that cosmological results obtained in combination with CMB, or from forthcoming large-volume
data, are less sensitive to those effects. In addition, we evaluate the impact on the cosmological
constraints from various BOSS power-spectrum measurements. While we find broad agreements
across all pre-reconstructed measurements considered (< 0.6σ), we show that the two available
BOSS post-reconstructed measurements in Fourier space, once combined with the EFT full-shape
analysis, lead to discrepant Hubble parameter H0 at ∼ 0.9σ. Finally, given the various effects we
discuss, we argue that the clustering amplitude σ8 measured with BOSS is not in statistical tension
with that inferred from Planck under ΛCDM.

I. INTRODUCTION

In recent years, developments of the one-loop pre-
diction of the galaxy power spectrum in redshift space
from the Effective Field Theory of Large-Scale Structures
(EFTofLSS)1 [2–7] have made possible the determination
of the ΛCDM parameters from the full-shape analysis of
SDSS/BOSS data [8] at precision higher than that from
conventional BAO and RSD analyses, and even compa-
rable to that of CMB experiments. This provides an im-
portant consistency test for the ΛCDM model, while pro-
viding competitive constraints on models beyond ΛCDM
(see, e.g., Refs. [9–27]). These analyses were also recently
extended to the inclusion of the BOSS bispectrum ana-
lyzed at the one-loop level [1, 28].

In this paper, we perform a thorough comparison of
the cosmological constraints derived from the full-shape

∗ theo.simon@umontpellier.fr
† pierrexyz@protonmail.com
1 See also the introduction footnote in, e.g., [1] for relevant related
works on the EFTofLSS.

analysis of BOSS power spectrum from the EFTofLSS,
in order to assess the consistency of the various analy-
ses presented in the literature. Indeed, a proper com-
parison between these various analyses is still lacking,
and the implication for the robustness of the constraints
has yet to be established. The EFT implementation and
BOSS data we will focus on in this study are packaged in
the PyBird likelihood, based on the EFT prediction and
likelihood from PyBird 2 [12] and the CLASS-PT likeli-
hood, based on the EFT prediction from CLASS-PT 3 [29]
and likelihood from Ref. [17]. 4 Cosmological constraints
in ΛCDM obtained from these two likelihoods for the
BOSS full-shape analysis with a Big-Bang Nucleosynthe-
sis (BBN) prior were originally presented in Ref. [15] and
Ref. [17]. While results are in broad agreement, differ-
ences occur at the 1σ level between the two approaches,
in particular on the primordial power spectrum ampli-
tude As and the cold dark matter density ωcdm, that can

2 https://github.com/pierrexyz/pybird
3 https://github.com/michalychforever/CLASS-PT
4 https://github.com/oliverphilcox/full_shape_likelihoods
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have an impact on the variance of matter fluctuations
on a 8h−1Mpc scale, σ8. As a result, the level of the
tension on the S8 ≡ σ8(Ωm/0.3)0.5 parameter compared
to the CMB prediction can vary between these analy-
ses, from mild to insignificant. This is particularly rele-
vant to understand the scale-dependence of the growing
“S8 tension” [30–34]. Moreover, it casts some doubts on
the robustness (and potentially on the validity) of the
constraints derived on ΛCDM (and extensions) from the
EFTofLSS applied to BOSS data.

In this work, we aim at understanding what drives the
differences seen at the level of the posteriors of the cos-
mological parameters. There are several analyses choices
that differ between the two pipelines, from the choice of
prior on the EFT parameters, for which several prescrip-
tions have been suggested in the literature, to the BOSS
measurements themselves. Specifically, we ask: i) How
sensitive are cosmological constraints derived from the
full-shape analysis of BOSS power spectrum to those ef-
fects?; ii) How do the various BOSS data measurements
used in previous full-shape analysis, that are obtained
with different estimators, split in different redshift bins,
or combined with various post-reconstructed measure-
ments, impact the cosmological results?

To answer those questions, we perform a series of anal-
yses of the BOSS full-shape data, varying one-by-one (in
order of importance) the prior choices, the BOSS mea-
surements used (full-shape and post-reconstructed BAO
parameters), the scale cuts and the number of multipoles
5 included. Importantly, we find that cosmological con-
straints are sensitive to the choice of prior on the EFT
parameter space, and the two different choices of prior
used in the PyBird and CLASS-PT analyses drive most
of the differences in the results. On the other hand, the
different BOSS full-shape measurements leads to at most
0.6σ difference among all cosmological parameters, while
the different post-reconstructed BAO measurements can
affect constraints by up to 0.9σ. Yet, when the choices
of prior and data are the same, we show that the two
pipelines agree at better than 0.2σ, which consists in an
important validation check of the two public likelihoods
available.

For all analyses in this paper, we work within ΛCDM.6

Except when combined with Planck [38], we impose a
Gaussian prior on ωb ∼ N (0.02268, 0.00038). 7 We

5 By multipoles, we refer to the Legendre polynomial Lℓ decompo-
sition in multipoles Pℓ(k) of the 3D power spectrum P (k, µ), i.e.,
P (k, µ) =

∑
ℓ Lℓ(µ)Pℓ(k), where k is the norm of the mode k

and µ is the cosine of its angle with the line-of-sight. In this work
we consider multipoles restricted to the first even ones, namely
ℓ = {0, 2} (the monopole and the quadrupole), or ℓ = {0, 2, 4}
(including also the hexadecapole).

6 In a companion paper [27], we explore the impact within a pop-
ular extension of ΛCDM suggested to resolve the Hubble tension
[34–36], namely Early Dark Energy [37].

7 This prior is inspired from BBN experiments [39], based on the
theoretical prediction of [40], the experimental Deuterium frac-
tion of [41] and the experimental Helium fraction of [42].

scan over the physical dark matter density ωcdm, the re-
duced Hubble constant h, the log-amplitude of the pri-
mordial fluctuations ln(1010As), and the spectral tilt ns,
with large flat prior. We fix the total neutrino mass
to minimal following Planck prescription [38]. We sam-
ple our posteriors using the Metropolis-Hasting algo-
rithm in MontePython [43] with convergence given by the
Gelman-Rubin criterion R−1 < 0.01. Finally, we extract
the maximum a posteriori (MAP) parameters from the
procedure highlighted in appendix of Ref. [35], and tri-
angle plots are produced using GetDist [44].
Our paper is organized as follows. In Sec. II, we re-

view the two prior choices on the EFT parameters used
in previous analyses with the two aforementioned likeli-
hoods, and discuss the various prior effects at play in the
determination of the cosmological parameters from the
Bayesian analysis. In Sec. III, we assess the impact from
those prior choices on the cosmological constraints from
the EFT analysis of BOSS power spectrum. We scrutiny
the impacts given various BOSS data measurements of
the pre-reconstructed two-point functions in Sec. IV, and
of the post-reconstructed ones in Sec. V. Finally, we sum-
marize our findings and conclude in Sec. VI. In App. A,
we quantify the (minor) differences introduced due to
choices of scale cuts and number of multipoles included
in the analyses. For completeness, we provide a com-
parison of the two likelihoods in their respective baseline
configurations in App. B.

II. THE ROLE OF EFT PRIORS

The one-loop prediction to the galaxy power spectrum
in redshift space depends on a number of EFT parame-
ters. Those are marginalized over in order to obtain con-
straints on the cosmological parameters. There are vari-
ous ways that the EFT prediction can be parametrized,
but all are equivalent at the one-loop order, in the sense
that they are simply changes of basis (i.e., linear trans-
formations) of each others. However, differences can ap-
pear at the level of the posteriors, as soon as one needs
to impose priors on the EFT parameters. There are two
effects that can arise from the choice of priors. Let us
give a precise definition for a given parameter Ω of inter-
est (a cosmological parameter) and one nuisance “EFT”
parameter c. The generalization to more parameters is

straightforward. Considering a Gaussian prior e−
1
2 (c/σ)

2

on c, we identify the following effects on the 1D posterior
of Ω:

• The prior weight effect : this refers to how much
the prior is weighting in the likelihood given that
the true value of c will be different than the central

value of our prior: e−
1
2 ((c−ĉ)/σ)2 , with ĉ the true

value. This can lead to a shift of the most-likely
value of Ω away from its true value.

• The prior volume projection effect : this refers to
the marginalization integral over c given its prior:
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WC vs EC prior: Pℓ (ℓ = 0, 2)
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FIG. 1. Comparison of ΛCDM results (1D and 2D credible intervals) from the full-shape analyses of BOSS power spectrum

using the PyBird likelihood or the CLASS-PT likelihood. Here we use the same data measurements, P
z1/z3
quad as specified in Tab. IV,

and same analysis configuration: we fit two multipoles, ℓ = 0, 2, and use kmax = 0.20/0.25hMpc−1 for the z1/z3 redshift bins.
Given the same prior choice, the EC prior, we reproduce from the PyBird likelihood the results from the CLASS-PT likelihood
to very good agreement (see blue and red posteriors): we obtain shifts ≲ 0.2σ on the means and the errors bars similar at
≲ 15%. Given that the two pipelines have been developed independently, this comparison provides a validation check of their
implementation. In contrast, the WC and the EC prior choices lead to substantial differences on the 1D marginalized posteriors
(see black and blue posteriors). The grey bands on the 1D posteriors are centered on the results obtained with the WC priors.
The MAP (depicted by the crosses) are however in better agreement.
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∫
dc e−

1
2 ((c−ĉ)/σ)2 . . . As the likelihood will be a

function of Ω and c, that usually enter in the model
not just linearly but also as Ω× c, etc., the poste-
rior of Ω will be non-Gaussian. The effect is a shift
of the mean of Ω away from its most-likely value.

Here, we quantify the impact on the inferred cosmo-
logical parameters that different choices in the prior of
the EFT parameters can have upon marginalization.

A. The two EFT priors

There has been several prescriptions for the EFT pa-
rameter priors that have been suggested in the litera-
ture. Generally, one would like to keep EFT parameters
within physical range, such that the one-loop contribu-
tions cannot be larger than the tree-level part given the
perturbative nature of the EFTofLSS. The simplest way
to implement this requirement is to ask the EFT param-
eters controlling the loop contributions to be ∼ O(b1),
where b1 is the linear bias.
We here compare two choices of prior on the EFT

parameters made in the original analyses with the
PyBird likelihood and the CLASS-PT likelihood. Follow-
ing Ref. [45], we dub those prior choices “West coast”
(WC) prior and “East coast” (EC) prior, respectively.

a. WC prior: The WC prior is designed to encom-
pass the region physically-allowed by the EFTofLSS [5].
For each sky-cut, we assign one set of EFT parame-
ters, and impose the following priors to keep them within
physical range [13]:

• b1 ∼ flat [0, 4],

• c2 = (b2 + b4)/
√
2 ∼ flat [−4, 4],

• {b3, cct, 2cr,1, ce,0, ce,2} ∼ N (0, 2),

• {c4 = (b2 − b4)/
√
2, cr,2, ce,1} ∼ 0,

where N (m,σ) is a Gaussian prior centered on m with
a standard deviation σ. Here b1 is the linear bias and
b2, b3, b4 are the nonlinear EFTofLSS biases [5, 46, 47].
cct is dark-matter / higher-derivative counterterm
coefficient appearing in front of ∼ k2/k2MPlin(k) [3, 5].
cr,1, cr,2 are the counterterm coefficients renormalizing
products of velocity operators appearing the expansion
of the density field in redshift space [6, 7, 48], that
are appearing in front of ∼ k2/k2RPlin(k). ce,0, ce,1, ce,2
are the stochastic term coefficients [7], respectively
of the shot noise n̄−1, monopole ∼ k2/k2M and
quadrupole ∼ k2/k2M. The renormalization scales

are measured to be kNL = kM = 0.7hMpc−1 and
kR = 0.35hMpc−1 [48], and the mean galaxy density is
set to n̄ = 4 · 10−4(Mpc/h)3. The EFT parameters set
to 0 have too low signal-to-noise ratio to be measured
from BOSS two-point function (namely, c4 and cϵ,1), or
are degenerate with already present EFT parameters

when using only two multipoles (namely cr,2) [9]. 8 In
total, the WC prior consists of 9 EFT parameters per
sky-cut when fitting two multipoles, and 10 when fitting
three multipoles. We also perform checks freeing c4 and
ce,1, as well as adding the next-to-next-leading order
redshift-space counterterm c̃ (defined in the following).
In this case, both priors have the same number of
EFT parameters and an equivalent set of associated
theoretical predictions.

b. EC prior: The EC prior is motivated by the
coevolution model and simulations [49] (and see Refs.

therein). The basis of galaxy biases {b̃1, b̃2, bG2
, bΓ3

} de-
veloped in Ref. [50] is related to the EFTofLSS basis as
(see, e.g., [51]):

b1 = b̃1, b2 = b̃1 +
7

2
bG2 ,

b3 = b̃1 + 15bG2 + 6bΓ3 , b4 =
1

2
b̃2 −

7

2
bG2 . (1)

As for the counterterms and the stochastic terms, al-
though almost all scaling functions are present in the two
likelihoods, there are differences in their definition, lead-
ing to differences in their prior. In particular, in the EC
prior, kM or kR are absorbed in the definition of the coun-

terterm coefficients c0, c2, c4, while k
−0/2
NL n̄−1 appears

explicitly in front of their k0/k2 stochastic terms, with
choice kNL = 0.45hMpc−1 and n̄ ≃ 3 · 10−4(Mpc/h)3.
Furthermore, the EC prior also includes in their baseline
a next-to-next-leading order term ∼ c̃ k4Plin(k). The EC
prior on the EFT parameters consists of [17]:

• b̃1 ∼ flat [0, 4],

• {b̃2, bG2
} ∼ N (0, 1), bΓ3

∼ N ( 2342 (b1 − 1), 1),

• c0/[Mpc/h]2 ∼ N (0, 30), c2/[Mpc/h]2 ∼
N (30, 30), c4/[Mpc/h]2 ∼ N (0, 30),

• {ce,0, ce,1, ce,2} ∼ N (0, 2),

• c̃/[Mpc/h]4 ∼ N (500, 500).

In total, the EC prior consists of 11 EFT parameters per
sky-cut when fitting two multipoles, and an extra one,
c4, when fitting three multipoles.

B. Prior weight and volume projection effects

As mentioned above, the two basis are merely linear
combinations of the other ones. However, we stress that
the two prior choices are not equivalent, for two reasons.

8 Notice than when we perform checks adding the hexadecapole,
we then free cr,2 with a prior ∼ N (0, 2) as the degeneracy is
broken.
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First, given the definition above, the allowed ranges
of variation are not equivalent. As a result, they can
lead to different prior weight effect (on the likelihood of
the cosmological parameters of interest) as defined pre-
viously. This raises two important questions regarding
the prior choice and the prior weight effect: Is one prior
choice more restrictive (i.e., more informative) than the
other one? How significantly does the prior choice disfa-
vor physically-allowed region, and lead to potential bias
in the measured cosmological parameters?

Second, the metric on the parameter space is differ-
ent: although one can go from one basis to the other
through linear transformations, we do not keep the jaco-
bians of the transformations, i.e., the integral measures
that enter in the marginalization. If the posteriors are
Gaussian, e.g., in the limit where the parameters are well
determined, this is not so much an issue. However, in
our case, the posteriors are non-Gaussian. This is ob-
vious in the case of the cosmological parameters, but it
is also the case for EFT ones, as for example b1 enters
quadratically in the prediction. In fact, even the EFT
parameters that enter at most linearly in the prediction,
and thus quadratically in the likelihood, do not lead to
Gaussian posteriors as they often (if not always) corre-
late with other parameters, such as b1, As, etc. Given the
relatively large number of EFT parameters to marginal-
ize over, this might lead to a rather large prior volume
projection effect that affects the marginalized posteriors,
as defined previously. Given the non-Gaussianity of the
posteriors, a natural question to ask is therefore: do the
differences in the parametrization, producing effectively
different integral measures upon marginalization, lead to
discrepancies on the measured value of the cosmological
parameters?

In the following, we perform a detailed analysis to ad-
dress those issues.

C. Pipeline validation check

Before comparing the results from the two prior
choices, let us first present an important check. To test
the validity of the two pipelines, we implement in the
PyBird likelihood the EC prior. On the same data and
at same configuration (same number of multipoles and
same kmax), we obtain the posteriors shown in Fig. 1
(see also Fig. 8 of App. A for the equivalent analyses with
three multipoles). The residual differences are ≲ 0.2σ on
the 1D posteriors of the cosmological parameters. Be-
yond serving as validation check of those two pipelines
built independently, this also means that the different IR-
resummation schemes, that differ at the two-loop level,
are indeed not leading to appreciable shifts in the poste-
riors, as expected from the size of theory error (compared

Parameter WC pr. EC pr. WC pr. ×2 EC pr. ×2
h 0.6893 0.6861 0.6865 0.6850
ωcdm 0.1243 0.1253 0.1254 0.1277
ln(1010As) 2.980 2.894 2.926 2.915
ns 0.941 1.011 0.913 0.944
Ωm 0.3107 0.3158 0.3155 0.3219
σ8 0.7979 0.7891 0.7718 0.7848
S8 0.8120 0.8096 0.7915 0.8129
b1 1.977 − 1.962 −
c2 0.4058 − -0.0478 −
c4 − − 3.999 −
b3 0.7003 − -0.1567 −
cct -0.2901 − 0.0927 −
cr,1 -0.6575 − 1.246 −
ce,0 1.706 − 2.131 −
ce,1 − − 3.919 −
ce,2 -0.3780 − 0.1944 −
c̃/[Mpc/h]4 − − 134.3 −
b̃1 − 2.181 − 2.038

b̃2 − -1.382 − -2.725
bG2 − 0.0977 − -0.2013
bΓ3 − 0.0571 − -0.3848
c0/[Mpc/h]2 − 19.06 − 23.27
c2/[Mpc/h]2 − 43.88 − 36.07
ce,0 − 0.3509 − 0.5684
ce,1 − -0.0440 − 0.4738
ce,2 − 0.6255 − 0.4041
c̃/[Mpc/h]4 − 160.3 − 111.5
χ2
min 352.6 343.7 336.0 336.4

Ndata 344

TABLE I. MAP of the cosmological parameters and EFT pa-
rameters corresponding to the analyses of Fig. 1, obtained ei-
ther with the WC or the EC prior. For clarity, we only show
the EFT parameters associated to the NGC z3 sky-cut. We
also report the associated effective χ2 values. Here we quote
the MAP, as defined in the main text, which is not the values
obtained maximizing the likelihood where the EFT parame-
ters that enter the model linearly are marginalized over ana-
lytically. The MAP can be obtained with such likelihood [12]
(see also Ref. [1]), but it is not sufficient to simply maximize
this likelihood.

to BOSS error bars) at the scales we analyze. 9.

9 PyBird implements the original IR-resummation scheme pro-
posed in Ref. [4], generalized to redshift space in Ref. [52], and
made numerically practical in Ref. [12]. In this approach, the
bulk displacements are resummed directly on the full shape, and
higher-order terms that are neglected are proven to be small at
each order in perturbations [4] (see also [53]). CLASS-PT imple-
ments instead the IR-resummation scheme proposed in Ref. [54],
and generalized to redshift space in Ref. [55]. This alternative
scheme has been shown to be an approximation of the former
one in Ref. [56], where one consider only the resummation of the
bulk displacements around the BAO peak, rBAO ∼ 110Mpc/h.
For this scheme to be made practical, one further relies on a
wiggle-no-wiggle split procedure to isolate the BAO part. These
approximations were shown to be smaller than the two-loop con-
tribution in Ref. [29]



6

WC vs EC prior (×2): Pℓ (ℓ = 0, 2)
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FIG. 2. Same figure as the top panel of Fig. 1, but this time increasing the allowed prior width for the EFT parameters by
a factor of two. The shifts between the mean and the MAP are ≲ 1.4σ for the WC prior and ≲ 2.7σ for the EC prior. This
should be compared with the shifts we obtain for the usual EFT prior width, namely ≲ 1.2σ for the WC prior and ≲ 2.0σ for
the EC prior.

Parameter WC ( → Pr. ×2) EC (→ Pr. ×2)
h 0.4 σ (→ 0.4σ) 0.8 σ (→ 1.1σ)
ωcdm 0.6 σ (→ 0.4σ) 1.0 σ (→ 1.3σ)
ln(1010As) -1.2 σ (→ −1.1σ) -1.3 σ (→ −2.4σ)
ns -0.7 σ (→ −0.6σ) -1.3 σ (→ −1.6σ)
Ωm 0.5 σ (→ 0.3 σ) 0.8 σ (→ 1.1σ)
σ8 -1.2 σ (→ −1.3σ) -2.0 σ (→ -2.7 σ)
S8 -1.0 σ (→ −1.3σ) -1.8 σ (→-2.3 σ)

TABLE II. A summary of prior volume projection effects on
the posterior mean: distance of the mean from the MAP. σ is
taken as the 68%-CL error bars. The number in parenthesis
give the distance when multiplying the prior width by two.

Parameter X ∆X(MAP) → Pr. ×2
h 0.2 σ → 0.1 σ
ωcdm -0.1 σ → -0.2 σ
ln(1010As) 0.5 σ → 0.1 σ
ns 0.9 σ → -0.4 σ
Ωm -0.2 σ → -0.3 σ
σ8 0.2 σ → -0.3 σ
S8 0.1 σ → -0.4 σ

TABLE III. A summary of prior weight effects on the MAP:
distance (XWC −XEC) between the MAP obtained with the
WC and EC prior in units of σ, the average of the 68%-CL
error bars derived from the two priors. The number in the
right column give the distance when multiplying the prior
width by two.

III. IMPACT OF EFT PRIORS IN ΛCDM

A. Highlighting the role of the priors

To illustrate the impact of the prior choice, we compare
the marginalized posteriors of the cosmological parame-
ters within ΛCDM obtained with one or another prior
choice (WC or EC), using the exact same data measure-
ments, at the exact same scale cut and number of mul-
tipoles. In Fig. 1, we show the results when analyzing

P
z1/z3
quad as specified in Tab. IV, with the same analysis

configuration, namely we fit two multipoles, ℓ = 0, 2,

and use kmax = 0.20/0.25hMpc−1 for the z1/z3 redshift
bins. Additional comparisons with different data config-
urations are provided in App. A, Figs. 8 and 9.
Let us quote the largest shifts for two analysis config-

urations:

• Fitting ℓ = 0, 2 at kmax = 0.25hMpc−1 in z3 (i.e.,
the PyBird native configuration), we find differ-
ences < 0.5σ on all cosmological parameters be-
tween the two likelihoods, except larger ones on
ln(1010As), σ8, and S8, of 1.2σ, 1.1σ and 0.9σ.

• Fitting ℓ = 0, 2, 4 at kmax = 0.20hMpc−1 in z3
(i.e., the CLASS-PT native configuration), we find
differences < 0.5σ on all cosmological parameters
between the two likelihoods, except large ones on
ln(1010As), Ωm, σ8 and S8, of 1.2σ, 0.7σ, 1σ, and
0.7σ.

This shows that the choice of prior on the EFT pa-
rameters can lead to differences in the posteriors. These
can arise either from prior weights, in the sense that the
allowed ranges are informing (potentially disfavoring)
the “true” value that the EFT parameters want to take;
or the prior volume lead to important projection effects,
given the large number of EFT parameters that we
marginalize over.

a. Prior volume projection effects. One way to es-
timate the prior volume projection effects is to compare
the MAP values in Tab. I to the 68%-credible intervals
in Fig. 1. We summarize those shifts in Tab. II. In par-
ticular, one can compute the shifts of the mean to the
MAP, where the MAP is (by definition) not affected by
prior volume projection effects. Here we refer to the
“MAP” as the most likely value obtained by maximiz-
ing the likelihood of the data together with a conditional
probability distribution given by the prior chosen for the
EFT (nuisance) parameters. We stress that to obtained
such MAP, the nuisance parameters are not marginalized
over, i.e., they are not integrated over given their prior
probability distribution.
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With the EC prior, we find for some cosmological pa-
rameters that the MAP values are not lying within the
68%-credible intervals: for example, we find shifts of
∼ 2σ on ln(1010As), σ8, or S8. With the WC prior,
we find that the MAP and the mean are consistent at
≲ 1.2σ for all cosmological parameters. These shifts are
particularly relevant when assessing the level of tension
with the σ8 and S8 measurements from Planck. While it
might appear that σ8 measured from EFTBOSS data are
systematically lower than those deduced from Planck un-
der ΛCDM, we find here that a large part of the apparent
tension comes from a projection effect that shift the σ8

value by 1.2σ and 2σ for the WC and EC prior respec-
tively compared to the MAP (and by a similar amount
for S8). In fact, the MAP we derived for both priors
(see Tab. I) is in very good agreement with the recon-
structed value from Planck TTTEEE+lowE+lensing un-
der ΛCDM, σ8 = 0.8111± 0.0060 [57].

Finding smaller prior volume projection effects with
the WC prior than with the EC prior is consistent with
the fact that the prior widths for the EFT parameters
are, in general, slightly more restrictive in the WC prior
than in the EC prior (see discussion in Section II).
To further demonstrate the prior volume effect, we
increasing the prior widths for the EFT parameters by a
factor of two. One can see from Fig. 2 and Tab. II that
the prior volume projection effects grow as expected:
the mean-to-MAP distances are now up to ∼ 1.3σ with
the WC prior and up to ∼ 2.7σ with the EC prior, with
σ8 suffering again from the largest projection effect.
A similar analysis was recently performed in Ref. [26]
in the context of ΛCDM and a model of dark energy
with a free-to-vary equation of state w and interaction
rate with dark matter. Working with the EC priors
defined above, they show that broadening the width of
the priors can strongly affect posteriors distributions of
cosmological parameters, in good agreement with our
findings. A more complete diagnosis would be to look at
the profile likelihoods, that are however computationally
challenging to obtain. We discuss this frequentist
approach in Sec. III B.

b. Prior weight effects. One simple way to quantify
the effect due to the prior weight is to consider the MAP
from the two prior choices, given in Tab. I. Indeed, these
are not affected by the projection effects discussed above,
which only occur when performing the marginalization
integrals over the EFT parameters (within their priors),
and therefore are mostly biased by the prior weight effect
(barring computational errors / inaccuracies).

In Tab. III, we quantify the consistency between the
most-likely values of all cosmological parameters X de-
rived with the two prior choices (EC or WC), by com-
puting the distance (XWC − XEC)/σ, where σ is taken
as the average of the 68%-CL error bars derived from

the two priors. 10 One can see that they are different at
≲ 1σ, with the largest difference being for ns. It is also
informative to compare the minχ2 values, in order to
check whether the fit is acceptable for both priors. From
Tab. I, we see that with the EC prior, the ΛCDM model
leads to a slight better minχ2 at ∆χ2 ∼ 9 than with the
WC prior, but also introduces 2 extra free parameters
per sky-cut. Assuming all data points and parameters to
be uncorrelated, we estimate that both prior choices lead
to a comparable goodness-of-fit, with a p−value ≃ 5%.
Finally, to further demonstrate the role of the prior

in informing the determination of the cosmological
parameters, we enlarge the allowed range for the EFT
parameters in both prior choices by a factor of two. 11

We now find that the minχ2 values are comparable:
336.0 and 336.4 from the WC and the EC prior, re-
spectively, with corresponding p-values ≃ 7%. More
importantly, the most-likely values of the cosmological
parameters are now compatible at ≲ 0.4σ (compared to
≲ 1σ before enlargement).

c. Summary: On the one hand, we have shown that
prior volume projection effects lead to shifts up to ∼ 1σ
and ∼ 2σ on the posterior means from the WC and EC
prior, respectively (see Tab. II). This effect is particu-
larly noticeable in shifting downward the mean value of
σ8, which lead to an apparent small tension with Planck
under ΛCDM (at 1.5σ and 2.5σ for the WC and EC
prior respectively), compared to the MAP that is in good
agreement with Planck at ≲ 0.5σ for all prior choices.
The prior weight effects, on the other hand, are respon-
sible for differences in the most-likely values up to ∼ 1σ
between the two prior choices. Additionally, the ΛCDM
model provides an acceptable description of the data re-
gardless of the prior. Let us stress that the effects from
the prior that we have found here are sizeable (with re-
spect to the error bars) only because current data are of
relatively small volume (and therefore larger statistical
errors). In the following, we argue that those effects be-
comes less relevant as soon as more data are added in the
cosmological analysis.

Before moving on, we make the following comment.
One may wonder if the present study allows us to draw
lesson on how to choose appropriately priors on the EFT
parameters. We have demonstrated that the two EFT
priors allow for the same maximal likelihood point once
enlarged enough. This is expected since we stress again
that the two parametrizations are equivalent, as they are

10 In principle, it would be more accurate to estimate the consis-
tency between the best-fits via a profile likelihood. We take the
68%-credible intervals obtained from the posterior distribution
as a simple proxy, although these are potentially affected by the
projection effects mentioned above.

11 For the WC prior, we also free c4 and cϵ,1 with range 4, and
add the next-to-next leading redshift-space counterterm c̃ as in
the EC prior, such that the two priors have equivalent sets of
associated theoretical predictions.
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related by a change of basis to each other: as such, once
the prior is large enough, the prior weight becomes neg-
ligible with respect to the likelihood of the data, and the
maximal likelihood point is recovered. Therefore, one
possible criteria to choose the prior is to require that the
size of the one-loop contribution stays smaller than the
tree-level, such that the perturbative nature of the the-
ory is preserved. Progress in this direction are ongoing.
Nevertheless, we anticipate than none of the choice for
the EFT parameters satisfying such criteria will be im-
mune to the prior volume projection effects given BOSS
data volume. We therefore now move on to look at the
situation given larger data volume.

B. How to beat the prior weights and volume
effects

a. Forthcoming surveys data: While we have es-
tablished that effects from the prior are of utmost
importance for BOSS, one may ask whether these will
still be important given a larger data volume, e.g., from
forthcoming surveys such as DESI [58] or Euclid [59].
To answer this question, following Ref. [1], we measure
effect from the prior by fitting synthetic data generated
with our prediction on the MAP of the data. The results
are presented in Fig. 3 for the WC prior as well as for
the EC prior. For the volume of BOSS, one can see as
expected that the prior effects are important, as the
posterior means are far away from the truth, namely a
≲ 1.2σ shift for the WC prior and a ≲ 2.0σ shift for
the EC prior. However, by re-scaling the covariance of
BOSS by 16, which corresponds roughly to the volume
of the forthcoming galaxy surveys, one can see that
the prior effects are less important: the shifts of the
mean to the truth are now ≲ 0.5σ for the WC prior and
≲ 0.7σ for the EC prior. There are several caveats to
this simple exercise. First, here we have simply rescaled
the covariance of BOSS, and used the synthetic data
generated from the MAP to BOSS data. These are far
from the specifications of forthcoming surveys in terms
of targeting, shot noise, redshifts, etc., although we
anticipate that this should not change the conclusions.
Maybe more importantly, keeping in mind that the
kmax is determined as the highest scale at which the
theory error remains under control with respect to the
statistical error, the kmax will presumably not be as high
for larger data volume. Therefore, the size of the error
bars seen in Fig. 3 are likely underestimated. This in
principle can allow for more effects from the prior, which
remain to be precisely quantified. We refer to App. C of
Ref. [45] as well as Ref. [48] for more realistic prospects
of the EFT analysis on a DESI-like surveys with the
WC prior. Finally, the forthcoming data will be cut
into very different redshift bins than the ones of BOSS.
If one assigns one set of EFT parameters per redshift
bin in the analysis, the thinner is the slicing, the bigger
the prior volume will get. If this becomes an issue, one

can imagine to be more informative, for example add
a correlation on the EFT parameters from one redshift
bin to another, given that one expects them to not
be so different. This effectively reduces the number
of EFT parameters to marginalize over, i.e., reduces
the prior volume and the associated projection ef-
fects. We refer to Ref. [1] for a practical implementation
of such correlated prior in an EFT analysis of BOSS data.

b. Combining with CMB: In Fig. 4, we show
the combination of the EFT analysis of BOSS power
spectrum, using either the WC or the EC prior, with
Planck TTTEEE+lowE+lensing data [57]. The inclu-
sion of Planck data brings the two analyses into good
agreement: we observe at most shifts ≲ 0.5σ on the
means, and the errors bars are similar at ≲ 5%. The
Planck data represents a considerable data volume with
respect to BOSS, such that it is not surprising that the
cosmological constraints are dominated by Planck. As
such, all prior effects observed earlier are then less prone
to bias the cosmological results.

c. Profile Likelihood: Although we have shown that
increasing the data volume, either from the survey or by
combining with CMB experiments, help to mitigate prior
effects, the question of how to extract reliable cosmologi-
cal summary statistics from smaller data volume remains.
One possibility is to go back to the frequentist approach:
instead of sampling the likelihood to obtain posteriors
that we then marginalize to get credible intervals, we can
simply look at the profile likelihoods and read the con-
fidence intervals. In the context of Planck CMB data,
Ref. [60] showed that the frequentist analysis yields sim-
ilar distribution as the Bayesian analysis within ΛCDM.
However, it as already been pointed out that this is
not necessarily the case for beyond-ΛCDM model, such
as Early Dark Energy [61–63]. As we have illustrated,
this can have several advantages over the Bayesian ap-
proach: one is free to choose very agnostic prior, i.e.,
broad prior ranges, thus avoiding potential bias from the
prior weight, without paying the price of being subject
to large prior volume projection effects, as the confidence
intervals are not derived upon marginalization. Some ef-
forts in this direction are in progress.

IV. COMPARISON OF BOSS MEASUREMENTS

On top of various EFT prior choices, there are var-
ious BOSS two-point function measurements (that can
be) used in full-shape analyses. Here, we present a de-
tailed comparison on the posteriors obtained from the
EFT analysis given various BOSS measurements. In par-
ticular, we ask what are the differences that can occur
given the various treatments of the window functions.
The characteristics of each measurements are listed in
Tab. IV, while a more in-depth description is available
in Sec. IVA. All analyses in this section are performed
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Prior effects in current and forthcoming data
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FIG. 3. ΛCDM results (1D and 2D credible intervals) from the same likelihood as Fig. 1, PyBird, but on noiseless synthetic
data generated with the EFT prediction close to the MAP of BOSS. In particular, we use the same covariance as for the BOSS
analysis, represented by VBOSS. We perform this analysis either with the WC prior or the EC prior. The vertical lines represent
the truth. For BOSS data volume, VBOSS, we observe shifts in the 1D posteriors from the prior effects up to ∼ 1.2σ for the WC
prior, and up to ∼ 2.0σ for the EC prior. For forthcoming survey-like data volume, ∼ 16×VBOSS, we see that the cosmological
parameters are instead recovered at ≲ 0.5σ with the WC prior and ≲ 0.7σ with the the EC prior.

using the same pipeline: same prior choice on the EFT
parameters, same scale cuts, and same number of multi-
poles, to ensure that we are only sensitive to differences
due to the various measurements under scrutiny.

A. Contenders

Here we compare four pre-reconstructed and two post-
reconstructed two-point function measurements from the
BOSS sample, summarized in Tab. IV:

• P
lz/cm
fkp : pre-reconstructed power spectrum mea-

sured for the full-shape analysis (abbreviated “FS”
analysis in the following) presented in Ref. [15].
The corresponding window functions were consis-

tently normalized with Q0(s → 0) ∼ 0.9 at van-
ishing separation, matching the measurements nor-
malization (see App. A of [27]).

• ξlz/cm: pre-reconstructed correlation function mea-
sured for the FS analysis presented in Ref. [15]. The
correlation function estimator is free from window
function effects.

• P
z1/z3
fkp : pre-reconstructed power spectrum mea-

sured in Ref. [68]. The corresponding window func-
tions were consistently normalized matching the
corresponding measurements normalization. We

analyze P
z1/z3
fkp by deconvolving the window func-

tions from the theory prediction by redefinition
of the data vector and covariances at the level of
the likelihood, as described in Ref. [68]. The win-
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WC vs EC prior in combination with Planck data
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FIG. 4. Once combined with Planck TT,TE,EE+lowE+lensing [57], the full-shape analysis of BOSS with the EC and WC
prior choices lead to similar results within ≲ 0.5σ on all cosmological parameters.

dow functions furthermore include the integral con-
straints [75].

• P
z1/z3
quad : pre-reconstructed power spectrum mea-

sured using the quadratic “Window-free” estimator
of [69].

• α
lz/cm
rec : BAO transverse and parallel parame-

ters measured in Ref. [12] from post-reconstructed
power spectrum measured in Ref. [70].

• α
z1/z3
rec : BAO transverse and parallel parameters

measured in this work (following methodology de-
scribed, e.g., in Ref. [71]) from post-reconstructed
power spectrum measured in Ref. [71].

P
lz/cm
fkp , ξlz/cm, and α

lz/cm
rec are cut into LOWZ and

CMASS redshift bins, 0.2 < z < 0.43 (zeff = 0.32),

0.43 < z < 0.7 (zeff = 0.57), respectively. P
z1/z3
fkp ,

P
z1/z3
quad and α

z1/z3
rec are cut into z1 and z3 redshift bins,

0.2 < z < 0.5 (zeff = 0.38) and 0.5 < z < 0.7 (zeff =
0.61), respectively. The scale cut for BOSS FS analysis
has been determined on large-volume high-fidelity HOD
simulations in Refs. [11, 12, 15, 45] and from a theory-
error estimate in Ref. [15] for LOWZ / CMASS split to
(kmin, kmax) = (0.01, 0.20/0.23)hMpc−1 in Fourier space
and (smin, smax) = (25/20, 200)Mpc/h in configuration
space. When the data are split into z1 and z3 instead,
we re-scale kmax, using eq. (40) of [9], in order to have
an equivalence with the LOWZ / CMASS separation.
Especially, since z3 is effectively slightly higher redshift
and with less data volume than CMASS, we re-scale the
associated kmax to kz3max = 0.25hMpc−1, while we keep
kz1max = 0.20hMpc−1. Finally, we precise that the recon-
structed BAO parameters are always combined with a FS

analysis of pre-reconstructed measurements. α
lz/cm
rec and

α
z1/z3
rec listed above for completeness will be compared in

the next section.
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Comparison of BOSS pre-reconstructed measurements
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FIG. 5. Comparison of ΛCDM results (1D and 2D credible intervals) from BOSS full-shape analyses of various pre-

reconstructed two-point function measurements (P
lz/cm
fkp , ξlz/cm, P

z1/z3
fkp , P

z1/z3
quad ). Details on the naming convention and relevant

information are summarized in Tab. IV. The grey bands on the 1D posteriors are centered on the results obtained with P
lz/cm
fkp .
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Pre-reconstructed measurements
Ref. Estimator Code Redshift split Window

Plz/cm
fkp [64] FKP Rusticoa[64] LOWZ / CMASS Inconsistent norm.

P
lz/cm
fkp [15] FKP PowSpecb [65] / nbodykitc [66] LOWZ / CMASS Consistent norm.

ξlz/cm [15] Landy & Slazay FCFCd [67] LOWZ / CMASS Window-free

P
z1/z3
fkp [68] e FKP – z1 / z3 Consistent norm.

P
z1/z3
quad [17] Quadratic Spectra without Windowsf [69] z1 / z3 Window-free

Post-reconstructed measurements
Ref. – – Redshift split Method

α
lz/cm
rec [70] – – LOWZ / CMASS [12]

α
z1/z3
rec [71] – – z1 / z3 [12]

β
z1/z3
rec [71] – – z1 / z3 [72]

a https://github.com/hectorgil/Rustico
b https://github.com/cheng-zhao/powspec
c https://github.com/bccp/nbodykit
d https://github.com/cheng-zhao/FCFC
e https://fbeutler.github.io/hub/deconv_paper.html
f https://github.com/oliverphilcox/Spectra-Without-Windows

TABLE IV. Comparison of pre-reconstructed and post-reconstructed BOSS two-point function measurements: reference, esti-
mator, code of the measurements, redshift split (LOWZ: 0.2 < z < 0.43 (zeff = 0.32), CMASS: 0.43 < z < 0.7 (zeff = 0.57); z1:
0.2 < z < 0.5 (zeff = 0.38), z3: 0.5 < z < 0.7 (zeff = 0.61)), and window function treatment. For the post-reconstructed mea-
surements, while we instead provide under “Method” the references presenting the algorithm used to extract the reconstructed
BAO parameters and how the cross-correlation with the pre-reconstructed measurements is performed, “Ref.” now refers to
the public post-reconstructed measurements used. The SDSS-III BOSS DR12 galaxy sample data are described in Refs. [8, 73].
The pre-reconstructed measurements are from BOSS catalogs DR12 (v5) combined CMASS-LOWZ g [74].

g https://data.sdss.org/sas/dr12/boss/lss/

B. The matchups

We now compare the cosmological results from a
FS analysis within ΛCDM of the various BOSS data
presented previously. Summary of the cosmological
results are given in Fig. 5.

We divide the contenders into the following matchups:

a. P
lz/cm
fkp vs. ξlz/cm ( i.e., the Fourier vs. config-

uration space matchup). Such matchup was already
presented in Ref. [15] but with varying neutrino masses.
Here we re-do the same comparison with one massive
neutrino fixed to minimal mass, finding similar conclu-
sions: the difference in the 1D posteriors is about ≲ 0.6σ
for all cosmological parameters. Importantly, as seen in
Fig. 6, the consistency is brought to better agreement

when the same reconstructed BAO parameters α
lz/cm
rec is

added to both: ≲ 0.2σ for all cosmological parameter,
except on σ8, S8, and ns, which are consistent at
about 0.3 − 0.5σ. Contrary to the other comparisons
made here, the cosmological information between the
two compared statistics is effectively quite different
due to two reasons. First, the BAO signal is fully
analyzed in configuration space, as it shows up as a
peak around 110Mpc/h, while the BAO wiggles in
Fourier space above the scale cut are not analyzed.
Second, the scale cuts are effectively different (see more
discussions in Ref. [15]). Therefore, the addition of

the same reconstructed BAO parameters effectively
bring closer the BAO information content between the
Fourier and configuration space analysis. However, we
still expect some level of differences on the posteriors
as the information content is not equivalent in the two
analyses. In particular, as the correlation function is free
from the window functions effect, such match between
the two analyses tells us that the effect from the window
function (normalization) is under relatively good con-

trol. P
lz/cm
fkp and ξlz/cm are thus declared both consistent.

b. P
lz/cm
fkp vs. P

z1/z3
fkp ( i.e., the LOWZ / CMASS vs

z1 / z3 redshift split matchup). We find that P
lz/cm
fkp

and P
z1/z3
fkp and their respective window functions

(consistently normalized), measured independently, are

rather consistent (≲ 0.3σ). Here P
z1/z3
fkp is analyzed by

deconvolving the window from the theory predictions
at the level of the likelihood as described in Ref. [68].

Furthermore, [68] adds to the window of P
z1/z3
fkp the

integral constraints [75]. Therefore, finding consistency

between P
lz/cm
fkp and P

z1/z3
fkp gives us several important

information: (i) it allows us to check the accuracy
of the deconvolution procedure on BOSS data; (ii) it
tells us that the integral constraints have minor effects
on the cosmological results from BOSS; and (iii) that
the LOWZ / CMASS and z1 / z3 splits (and their
respective scale cuts) lead to consistent cosmological

measurements. P
lz/cm
fkp vs. P

z1/z3
fkp are thus declared both

https://github.com/hectorgil/Rustico
https://github.com/cheng-zhao/powspec
https://github.com/bccp/nbodykit
https://github.com/cheng-zhao/FCFC
https://fbeutler.github.io/hub/deconv_paper.html
https://github.com/oliverphilcox/Spectra-Without-Windows
https://data.sdss.org/sas/dr12/boss/lss/
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consistent.

c. P
lz/cm
fkp vs. P

z1/z3
quad ( i.e., window vs. window-free

matchup). This comparison was initially performed in
Ref. [69] but using the CLASS-PT likelihood. Thanks to
the PyBird likelihood, we find similar trend using the

WC prior, with P
z1/z3
quad leading to differences of about

0.5 − 0.6σ on h, ωcdm, ln(1010As) and Ωm. Similarly,

P
z1/z3
fkp and P

z1/z3
quad are consistent at ≲ 0.6σ on all cosmo-

logical parameters. While Ref. [69] argues that the P
z1/z3
quad

analysis is “formally equivalent” to the P
z1/z3
fkp window-

deconvolved analysis, we observe that the inverse covari-
ance (schematicallyWT ·C−1 ·W , whereW is the window
function matrix, see again Ref. [68]) in the deconvolved
analysis is different than the inverse covariance built from
measurements using the window-free quadratic estima-

tor. Another potential difference is the fact that P
z1/z3
fkp

is shot-noise subtracted while P
z1/z3
quad is not. However,

putting a prior centered on 1 instead of 0 (in unit of

n̄−1) for the shot noise in the analysis P
z1/z3
quad only shifts

ln(1010As) by ∼ 0.2σ. Finally, we note that both P
lz/cm
fkp

and P
z1/z3
quad are consistent with ξlz/cm at ≲ 0.6σ.

C. Measurements comparison summary

All in all, all BOSS pre-reconstructed full-shape mea-
surements not affected by a window function normal-
ization issue (see App. A of [27] for a discussion about
this issue and its impact on the cosmological parame-

ters), namely P
lz/cm
fkp , ξlz/cm, P

z1/z3
fkp , and P

z1/z3
quad , mea-

sured from different estimators as figuring in Tab. IV,
lead to broadly consistent results at < 0.8σ on the 1D
posteriors for all cosmological parameters, and with sim-
ilar error bars within ≲ 10% (see Fig. 5). To be more pre-

cise, taking P
lz/cm
fkp as reference, the 1D posterior distri-

bution of parameters reconstructed from ξlz/cm, P
z1/z3
fkp ,

and P
z1/z3
quad are consistent at ≲ 0.6σ, 0.3σ, and 0.6σ, re-

spectively. The addition of the same post-reconstructed

BAO signal (by cross-correlation) to P
lz/cm
fkp and ξlz/cm

brings them in consistency at ≲ 0.2σ for all cosmolog-
ical parameters, with the exception of residual shifts of
∼ 0.3−0.5σ on σ8, S8, or ns, as it can be seen on Figs. 5.
To summarize, we list the differences seen at the level

of the posteriors (within ΛCDM), ordered from the most
to the least important one, and the respective choices of
measurements that they stem from:

• up to 0.6σ among all cosmological parameters
from the choice of the power spectrum estimators

(P
lz/cm
fkp vs. P

z1/z3
quad );

• about 0.3−0.5σ on σ8, S8, or ns, from the choice of
Fourier-space analysis or configuration-space anal-

ysis (P
lz/cm
fkp + α

lz/cm
rec vs. ξlz/cm + α

lz/cm
rec );

• ≲ 0.3σ on all cosmological parameters from the
choice of the redshift bin split in either LOWZ and

CMASS or z1 and z3 (P
lz/cm
fkp vs. P

z1/z3
fkp ), as defined

in Tab. IV.

Besides the effects mentioned here, there are subleading
ones affecting those comparisons that we have discussed
above: the addition of the integral constraints in the
analysis of FKP measurements or subtracting the shot
noise in the power spectrum measurements lead to shifts
of at most ≲ 0.2σ. We now turn to the comparisons of
reconstructed BAO parameters combined with the full-
shape analysis.

V. COMPARISON OF RECONSTRUCTED BAO

A. Inconsistency between post-reconstructed
measurements

We here compare the two BOSS post-reconstructed
measurements through the BAO parameters extracted
with the same methods, as defined in previous section

and in Tab. IV: α
lz/cm
rec vs. α

z1/z3
rec . The results of this

comparison are shown in Fig. 6. We find that adding

the reconstructed signals α
lz/cm
rec and α

z1/z3
rec to P

lz/cm
fkp

and P
z1/z3
fkp , respectively, lead to substantial differences

on the mean of h, at about 0.9σ. This is to be contrasted
with the consistency on h that was better than < 0.1σ

between P
lz/cm
fkp and P

z1/z3
fkp before the addition of the re-

constructed BAO parameters. Indeed, the addition of the
two reconstructed BAO measurements to the full-shape
analysis shift h in the opposite directions (see Fig. 6).
Given that the reconstruction algorithm used for both

reconstructed measurements is essentially the same, this
is an unexpected result. Exploring the reconstruction
algorithm is beyond the scope of this paper, and we leave
a careful scrutiny of the reconstructed measurements
to future work. We observe that full-shape analyses
combining the pre-reconstructed power spectrum either
with reconstructed signal from configuration space [14],
or with the bispectrum analyzed at one loop up to
kmax ∼ 0.23hMpc−1 (which comprises most of the
additional information brought by the reconstructed
signal) [1], find shifts in h in the same direction (and
by a similar amount) as what we obtain when we add

α
lz/cm
rec , rather than α

z1/z3
rec . Although the comparisons

are far from straightforward given differences in the
analysis setups, we take them as mild evidence that

α
lz/cm
rec is more consistent than α

z1/z3
rec with what one

should expect from the addition of the information from
the reconstructed measurements. We nevertheless warn
the reader that further studies are required to clarify
this discrepancy. We note that the addition of the
reconstructed BAO parameters also has an impact on

ns, since we have a shift of 0.6σ between P
lz/cm
fkp +α

lz/cm
rec

and P
z1/z3
fkp + α

z1/z3
rec , while the other parameters does
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Comparison of BOSS post-reconstructed measurements
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FIG. 6. Upper panel: same as the 1D posterior distributions of Fig. 5 but combined with various post-reconstructed BAO

parameters: α
lz/cm
rec , α

z1/z3
rec . The grey bands are centered on the results obtained with P

lz/cm
fkp + α

lz/cm
rec . Lower panel: 2D

posteriors from the full-shape analyses of BOSS power spectrum with two choices of redshift splits: P
lz/cm
fkp , P

z1/z3
fkp . We also

show their combinations with α
lz/cm
rec and α

z1/z3
rec , respectively. Details on the naming convention and relevant information are

summarized in Tab. IV. While the two choices of redshift split lead to consistent results at ≲ 0.1σ on h, the addition of the BAO
parameters, that extracted from the two available BOSS post-reconstructed measurements in Fourier space, lead to differences
on h of ∼ 0.9σ.



15

Comparison of BAO extraction methods
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FIG. 7. Comparison of ΛCDM results (1D credible intervals) from BOSS full-shape analyses using the PyBird likelihood or
the CLASS-PT likelihood. The differences between the two likelihoods consist in the choices of prior on the EFT parameters,

the number of multipoles analyzed and the value of kmax. For the same pre-reconstructed measurements P
z1/z3
quad , although

not analyzed with the same likelihood, one can see the differences from different BAO parameters, α
z1/z3
rec and β

z1/z3
rec , due to

different extraction methods, since they are from the same post-reconstructed measurements. Relevant information regarding
the measurements and their notations are summarized in Tab. IV.

not shift appreciably.

B. Comparison of extraction methods of
reconstructed BAO parameters

After comparing the two available BOSS post-
reconstructed measurements using the same BAO ex-

traction methods, α
lz/cm
rec and α

z1/z3
rec , we now com-

pare two sets of BAO parameters from the same post-

reconstructed measurements, α
z1/z3
rec and β

z1/z3
rec , but ex-

tracted from two different methods as defined in the fol-
lowing.

The reconstructed BAO parameters are not obtained
using the same methodology: in the PyBird likelihood,

the BAO parameters (α
lz/cm
rec or α

z1/z3
rec ) are obtained

following the standard method as described in, e.g.,
Ref. [71], while in the CLASS-PT likelihood, the BAO pa-

rameters (β
z1/z3
rec ) are obtained following the method put

forward in Ref. [72]. The two methods are similar in
spirit as they both focus on extracting the information
from the reconstructed signal using only knowledge of
“the position of BAO peak” through the Alcock-Paszinki
parameters, as the broadband shape (and the BAO am-
plitude with respect to the broadband) is marginalized
over. However, they differ slightly in their design. In
particular we note that in the CLASS-PT likelihood, some
nuisance parameters such as the shot noise are not in-

cluded in the model to fit the reconstructed power spec-
trum. Instead, an approximation for the theory error at
high k (where the shot noise contribution starts to be sig-
nificant) is added to the data covariance to account for,
among others, the shot noise contribution, which should
be equivalent to the procedure in used by PyBird likeli-
hood. 12

In Fig. 7, we can see the differences on the cosmological
parameters arising from the two extraction methods. We

compare α
z1/z3
rec with β

z1/z3
rec , that we remind that are from

the same post-reconstructed measurements, combined

with the same pre-reconstructed measurements P
z1/z3
quad ,

analyzed respectively with the PyBird or the CLASS-PT
likelihood. Here are the takeaways:

• The addition of β
z1/z3
rec to P

z1/z3
quad in the CLASS-PT

likelihood shifts h in the same direction as the ad-
dition of α

z1/z3
rec to P

z1/z3
quad in the PyBird likelihood,

of about 1/3 ·σ and 1/2 ·σ, respectively. This is ex-
pected, as the BAO parameters of β

z1/z3
rec and α

z1/z3
rec

are based on the same post-reconstructed measure-
ments obtained in Ref. [71] as seen in Tab. IV.

12 There is an additional difference in the methodology, however,

shown to be not relevant at the level of the constraints: β
z1/z3
rec

are obtained in Ref. [72] by marginalizing over the damping of

the BAO wiggles, while α
lz/cm
rec or α

z1/z3
rec are obtained follow-

ing [71] using a fixed damping amplitude parameter. As shown
in Ref. [72], this does not lead to significant differences in the
determination of the BAO parameters and their covariances.



16

• The error bar reduction from the addition of the
BAO parameters are quite comparable between
the PyBird likelihood and the CLASS-PT likeli-
hood. Indeed, taking the same pre-reconstructed

measurements, P
z1/z3
quad , we find that the errors on

h, ln(1010As), ns, Ωm and σ8 are reduced respec-
tively by 23%, 13%, 14%, 18%, and 12% in the

PyBird likelihood when adding α
z1/z3
rec , while they

are reduced by 22%, 3%, 7%, 16%, and 0% in the

CLASS-PT likelihood when adding β
z1/z3
rec . There-

fore, keeping in mind that α
z1/z3
rec ans β

z1/z3
rec are

based on the same post-reconstructed measure-
ments, we see that differences in the methods to ex-
tract and cross-correlate the BAO parameters lead
to similar error bars within ∼ 10%.

To conclude, given the same post-reconstructed mea-
surements, we do not find appreciable differences between
the two extraction methods of reconstructed BAO pa-
rameters.

VI. DISCUSSION AND CONCLUSIONS

The developments of the predictions for the galaxy
clustering statistics from the EFTofLSS have made
possible the study of BOSS data beyond the conven-
tional analyses dedicated to extracting BAO and RSD
information. The analyses available in the literature
lead to differences on the reconstructed cosmological
parameters that can be at the 1σ level. Given that
they all come from the same BOSS data, this may be
consider surprising and unsatisfactory. However, the
analyses vary at a number of levels: the EFT parameters
prior choices, the power spectrum estimator used for the
measurements, the reconstructed BAO algorithm, the
scale cut and the number of multipoles. In this paper,
we have identified the analyses choices that can impact
the cosmological constraints, and quantify the shifts in
the full-shape analysis of BOSS power spectrum within
ΛCDM. We summarize our findings below.

In Sec. II, we have looked at two choices of prior used in
previous BOSS full-shape analysis, the so-called “West-
coast” (WC) and “East-coast” (EC) priors, that have
been implemented in the PyBird and CLASSPT pipeline,
respectively. Most importantly, we have identified that
the prior assigned on the EFT parameters plays a non-
negligible role in the determination of the cosmological
parameters, for two reasons.

• First, in the Bayesian analysis, the marginalized
constraints of the cosmological parameters are sub-
ject to prior volume projection effects from the
marginalization over the EFT parameters, as the
resulting posteriors are non-Gaussian. We find that
that prior volume projection effects shift the poste-
rior mean from the MAP up to ∼ 1σ with the WC

prior and up to ∼ 2σ with the EC prior across all
cosmological parameters.

• Second, from a Frequentist perspective, we have
found that the prior weight shift the MAP between
the two analyses at ≲ 1σ, with the minχ2 differ-
ent at ∆χ2 ∼ 9. Once the prior range are enlarged
by two, the MAP become consistent at ≲ 0.4σ, and
the minχ2 are now comparable at ∆χ2 = 0.4. How-
ever, at the same time, the prior volume projection
effect increases by up to ∼ 33% depending on the
prior choice and the cosmological parameters.

• Nevertheless, we checked that when the pipelines
follow the same prescription, results are in agree-
ment at better than 0.2σ. We conclude that the
results between the two analyses are consistent, up
to the various level of prior volume projection ef-
fects and prior weight effect, resulting from their
respective choice of basis and more-or-less informa-
tive prior for the EFT parameters.

We have then suggested several ways to mitigate the
prior effects.

• First, one can simply abandon the Bayesian view
and come back to the Frequentist one, for which
the confidence intervals are not affected by prior
volume projection effects as they are derived from
profile likelihoods rather than from marginalized
posteriors.

• Setting aside the philosophical debate between
Bayesian and Frequentist, we have argued that for
forthcoming larger data volume, all those prior ef-
fects will eventually become less important (with
respect to the error bars). In fact, the prior effects
in the EFT analysis of BOSS have been realized
only recently [1] because in the past, most of the
validations, if not all, were performed with large-
volume simulations. 13

• Additionally, for the time being with BOSS, we
have shown that when combined with Planck, the
results are less sensitive to those prior effects and
the results are in good agreement.

13 Note one exception in Ref. [17], where a large-volume simula-
tion is analyzed with a covariance corresponding to BOSS total
volume. Here the shift to the truth, that represents a sum of
the theory error + prior effect, is find to be ≲ 0.4σ on all cos-
mological parameters. This is different than the shift we find in
Fig. 3, as in their case, there is only one sky, while in our case, we
keep four skies as for the real analysis of BOSS data, with four
independent sets of EFT parameters. When analyzing one-sky
of synthetic data with covariance corresponding to BOSS total
volume, we find < 1/5 · σ.
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For completeness, we have also scrutinized the impact
on the cosmological constraints given various BOSS mea-
surements. From the most significant to the least one, we
have found:

• a difference of about 0.9σ on h between the two
public BOSS pre-reconstructed measurements in

Fourier space (α
lz/cm
rec vs. α

z1/z3
rec ). This might con-

stitute a warning that one should not use recon-
structed measurements until this is clarified (see
Sec. V for more discussions);

• a difference of up to 0.6σ among all cosmological
parameters between the FKP and quadratic esti-

mators of the power spectrum (P
lz/cm
fkp vs. P

z1/z3
quad );

• a difference of about 0.3 − 0.5σ on σ8, S8, and
ns, between the Fourier-space analysis and the

configuration-space analysis (P
lz/cm
fkp + α

lz/cm
rec vs.

ξlz/cm + α
lz/cm
rec );

• Finally, a difference of ≲ 0.3σ on all cosmological
parameters between the choices of redshift bin split

in either LOWZ and CMASS or z1 and z3 (P
lz/cm
fkp

vs. P
z1/z3
fkp ).

Besides the former EFT analyses of BOSS power spec-
trum using the PyBird likelihood or CLASSPT likelihood,
let us also mention the work of Ref. [14] using another
likelihood based on yet another public code developed
independently, Velociraptor [76, 77]. Velociraptor
also implements predictions from a Lagrangian version
of the EFTofLSS, which is equivalent, up to higher-order
terms, to the Eulerian version of the EFTofLSS with IR-
resummation [4, 77]. It would also be interesting to per-
form comparison with the Velociraptor likelihood with
the prior choice used in the BOSS analysis of Ref. [14].
See some discussions in App. B, and more importantly
Ref. [78] that reaches similar conclusions as our cur-
rent work on the prior volume projection effects in the
EFT analysis within ΛCDM but with the Velociraptor
pipeline. Given that all analyses are equivalent in their
parametrization (i.e., provide equivalent sets of fitting
functions), all prior choices are equally motivated as long
as they encompass the physically-allowed region of the
EFT. For the current level of precision of the data, the
various prior choices lead to various level of prior projec-
tion volume effect, but the results, i.e., MAP or multidi-
mensional posteriors, are essentially the same.

We end the discussion with a closer look at S8 and
σ8 in light of the BOSS full-shape analysis. At face-
value, the 68%-credible interval on S8 and σ8 in this
work are systematically lower than the value measured
by Planck under ΛCDM, with a statistical significance
of ∼ 1.4σ (2.2σ) and ∼ 1.5σ (2.5σ) respectively for the
WC (EC) priors. However, we have argued that part
of this (small) discrepancy is due to a downwards shift
compared to the MAP due to prior volume projection ef-
fect. These are more important for the EC prior (∼ 2σ)

than the WC prior (∼ 1.2σ), and increase when doubling
the widths of the EFT priors. In fact, the MAP values
for S8 and σ8 (Tab. I) measured with both priors are in
good agreement with Planck under ΛCDM, which infers
σ8 = 0.8111 ± 0.006 [57] (see also [1, 79]). Neverthe-
less, the values reconstructed from our analyses are also
consistent with lower measurements of S8 from lensing
observations, see, e.g., [30, 31, 80]. In fact, the analysis
of BOSS data is done in the perturbative regime, i.e.,
we restrict the analysis at kmax ∼ 0.2hMpc−1 where the
EFTofLSS applies and in that sense, most of the cos-
mological information is from the large scales. In con-
trast, measurements of S8 from lensing experiments rely
on the modelling of small scales (way) beyond the nonlin-
ear scales, where our EFT approach does not apply. Our
reconstruction suggests that the deviation mostly occurs
on scales smaller than those probed by our analysis (or at
very low-z < 0.3), although because of large error bars, it
is still compatible with a relatively low-S8 on large scales,
as hinted by the cross-correlation of DES and CMB lens-
ing [81]. For more discussion on the scale-dependence of
the S8 tension, we refer to Refs. [32, 79].

Finally, we mention that we have performed similar
comparisons in the EDE model in a companion paper
[27] to assess the level of robustness of the constraints
on EDE. Although the detailed comparisons we have
performed in this series of papers helps quantifying at
some level the systematic uncertainties associated with
the measurements, we stress that we have not studied
those related to BOSS galaxy catalog itself, which would
require much more work. It will also be interesting to
perform similar analysis for the bispectrum [1, 17] as well
as the recent eBOSS datasets [82], that can provide in-
teresting additional constraining power on ΛCDM and
extensions.
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Appendix A: Impact of scale cut and multipoles

In this appendix, we look at the differences when we
change the scale cut and the number of multipoles ana-
lyzed. BOSS analyses using the PyBird likelihood usu-
ally include two multipoles, ℓ = 0, 2, with scale cut
kmax = 0.25(0.20)hMpc−1 for z3 (z1). The CLASS-PT
likelihood include three multipoles, ℓ = 0, 2, 4, with scale
cut kmax = 0.20hMpc−1 for both z1 and z3.
In Fig. 8 we present a comparison between the WC and

the EC prior, for the exact same data and configuration
(same kmax and same number of multipoles), now consid-
ering three galaxy power-spectrum multipoles. This fig-
ure can be compared with Fig. 1, where the same analysis
was performed when considering two multipoles. One can
see that, similar to Fig. 1, the results of the PyBird and
CLASS-PT likelihoods are in good agreement when using
the same prior, also when the hexadecapole is included
in the analysis.

Let us now look at how the results change when going
from one choice of scale cut or multipoles to another one,
for each prior choice. The results can be read from Fig. 9,
going from top to bottom, either looking in the upper
panel or the lower panel. We find that:

• with the WC prior, when either lowering the kmax

from 0.25hMpc−1 to 0.20hMpc−1 in z3, adding the
hexadecapole, or changing both, we find at most a
shift of ≲ 0.5σ on the cosmological 1D posteriors.

• with EC prior, we find shifts up to about 0.3σ, 0.9σ,
and 0.5σ, respectively, when increasing the kmax

from 0.20hMpc−1 to 0.25hMpc−1 in z3, going from
three to two multipoles, or changing both.

We stress that one does not expect the results between
those various analysis settings to be the same, given that
data are included (or removed). However, given that
the signal-to-noise ratio of the hexadecapole is very low
compared to the monopole and quadrupole, and that the
data added between k ∈ [0.20, 0.25]hMpc−1 are only a
few bins, we expect to see only relatively small shifts in
the posteriors. While this seems to be the case for the
WC prior, the shifts are slightly larger for the EC prior
when going from two to three multipoles. As explained
in previous section, the EC prior leads to larger prior
volume projection effects, which can explain why we see
larger differences in the current comparison.

Appendix B: PyBird vs CLASS-PT: direct
comparison

For completeness, we provide now a comparison keep-
ing all the analysis choices different in both likelihoods:
the pre- and post-reconstructed measurements, scale cut,

number of multipoles, and prior choices. This leads
to the differences on the 1D posteriors that we see

in Fig. 10. The differences between P
lz/cm
fkp + α

lz/cm
rec

analyzed using the PyBird likelihood, with P
z1/z3
quad +

β
z1/z3
rec analyzed using the CLASS-PT likelihood, are

about 0σ, 0.9σ, 1.2σ, 0.2σ, 1.3σ, 0.8σ and 0.3σ on
h, ωcdm, ln(1010As), ns, Ωm, σ8, and S8, respectively.
As discussed in this paper, we have found that those
differences are due to different prior choices, differences
in the measurements used, and the full-shape analysis
settings (kmax and number of multipoles). Therefore, if
the shifts between the two base analyses do not seem to
be that large in the end, ≲ 1.3σ, we understand that
there are cancellations arising from the different analysis
choices.
As an intermediate result, we can compare these two

likelihoods with the same dataset, i.e, by changing only
the prior choices and the analysis settings (kmax and the
number of multipoles). We find that the largest devia-
tions between the PyBird likelihood and the CLASS-PT

likelihood for P
z1/z3
quad are on ωcdm, ln(10

10As), Ωm, and
σ8, as seen in Fig. 7. Without reconstructed BAO, they
are about 0.6σ, 0.9σ, 0.6σ and 0.7σ, respectively. With
reconstructed BAO, the deviations tend to increase, since
they become equal to 0.9σ, 1.1σ, 0.9σ and 0.6σ, respec-
tively.

To close this study, we mention a few other BOSS full-
shape analyses using yet a different likelihood or mea-
surements. First, Ref. [14], that uses another prior choice
(note in particular that they fix ωb and ns, other re-
constructed measurements from configuration space [83],
and another methodology to analyze the reconstructed
signal), finds Ωm = 0.303 ± 0.008, h = 0.6923 ±
0.0077, ln(1010As) = 2.81 ± 0.12, which overall is closer

to P
lz/cm
fkp + α

lz/cm
rec than P

z1/z3
fkp + α

z1/z3
rec , especially on

h. It is actually also interesting to compare to their re-
sults without reconstructed signal, for which they obtain
Ωm = 0.305 ± 0.010, h = 0.685 ± 0.011, ln(1010As) =

2.84± 0.13. Here again, their results are closer to P
lz/cm
fkp

analyzed with WC prior, than, e.g., P
z1/z3
quad , analyzed ei-

ther with the WC or EC prior. Second, Ref. [84] put for-
ward another approach, dubbed ShapeFit, that extends
the traditional analysis BAO and redshift-space distor-
tion measurements with one additional compressed pa-
rameter. They obtain on BOSS data (fixing ωb and ns):
Ωm = 0.300 ± 0.006, h = 0.6816 ± 0.0067, ln(1010As) =
3.19 ± 0.08. Those results are also in better agreement

with P
lz/cm
fkp analyzed with the WC prior, than P

z1/z3
quad an-

alyzed either with the WC or EC prior. We warn that it is
not straightforward to interpret those comparisons given
that there are many differences in the analysis setup. In
particular, we have checked that fixing ωb instead of us-
ing a BBN prior, or fixing ns, can shift the posteriors of
the other cosmological parameters up to about 1σ.
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WC vs EC prior: Pℓ (ℓ = 0, 2, 4)
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FIG. 8. Comparison of ΛCDM results (1D and 2D credible intervals) from the full-shape analyses of BOSS power spectrum

using the PyBird likelihood or the CLASS-PT likelihood. Here we use the same data measurements, P
z1/z3
quad as specified in

Tab. IV, and same analysis configuration: we fit three multipoles, ℓ = 0, 2, 4, and use kmax = 0.20/0.25hMpc−1 for the z1/z3
redshift bins. Given the same prior choice, the EC prior, we reproduce from the PyBird likelihood the results from the CLASS-PT
likelihood to very good agreement (see blue and red posteriors): we obtain shifts ≲ 0.2σ on the means and the errors bars
similar at ≲ 10%. Given that the two pipelines have been developed independently, this comparison provides a validation check
of their implementation. In contrast, the WC and the EC prior choices lead to substantial differences on the 1D marginalized
posteriors (see black and blue posteriors). The grey bands on the 1D posteriors are centered on the results obtained with the
WC priors.
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FIG. 9. Comparison of ΛCDM results from BOSS full-shape analyses using the PyBird likelihood (WC prior) or the CLASS-PT
likelihood (EC prior), for various analysis settings: number of multipoles analyzed (ℓ = 0, 2 or ℓ = 0, 2, 4), and kmax of z3
(kz3

max = 0.20 or kz3
max = 0.25). kz1

max = 0.20 for all analyses here, while all kmax’s are given in hMpc−1. Here we use the

same data measurements, P
z1/z3
quad , as specified in Tab. IV. The native baseline configurations used in previous BOSS full-shape

analyses, highlighted by the grey bands, are ℓ = 0, 2, kz3
max = 0.25 for the PyBird likelihood, and ℓ = 0, 2, 4, kz3

max = 0.20 for the
CLASS-PT likelihood.



21

PyBird likelihood vs CLASS-PT likelihood
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FIG. 10. Comparison of ΛCDM results (1D credible intervals) from P
lz/cm
fkp +α

lz/cm
rec analyzed using the PyBird likelihood (i.e.,

the native data and configuration of PyBird), and P
z1/z3
quad +β

z1/z3
rec analyzed using the CLASS-PT likelihood (i.e., the native data

and configuration of CLASS-PT). Contrary to the analysis of Ref. [15] based on the PyBird likelihood, we fix the total neutrino
mass to minimal, and, we do not use Q0 or B0 as Ref. [17] in the CLASS-PT likelihood. The grey bands are centered on the
results from PyBird.
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