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Modeling the intrinsic alignment (IA) of galaxies poses a challenge to weak lensing analyses. Using the
Dark Energy Survey Year 3 shape catalog, we expect less impact from IAwhen we limit the sample to blue,
star-forming galaxies. The cosmological parameter constraints from this BLUE cosmic shear sample are
stable to IA model choice, unlike passive galaxies in the full DES Y3 sample, the goodness-of-fit is
improved and the Ωm and S8 better agree with the observations from Planck on the cosmic microwave
background. Mitigating IA with sample selection in DES, rather than flexible model choices, can reduce
uncertainty in S8 by a factor of 1.5.

DOI: 10.1103/wmp3-qc3p

I. INTRODUCTION

Cosmic shear probes the growth of structures and the
expansion of the Universe, providing a test of the standard
cosmological model, Λ cold dark matter (ΛCDM). It
measures the tiny distortions of the apparent shapes of
background galaxies due to the weak gravitational lensing
by foreground large- scale structure. Over the last two
decades, this technique has matured and produced high-
precision measurements of the amplitude of the matter
fluctuation spectrum, S8 ¼ σ8

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Ωm=0.3

p 1 [1–5]. These
constraints all show a preference for S8 to be lower than
that expected according to the best fit ΛCDM cosmology

derived from the cosmic microwave background Planck [6]
(for a discussion see [7]).
Recent weak lensing surveys have demonstrated that

their cosmological precision is limited by astrophysical
systematic uncertainties [1,8]. Specifically, the dominant
effects for cosmic shear are the modeling of the intrinsic
alignment of galaxies (see [9,10] for a review) and baryon
feedback (see, for example [11]). The Vera C. Rubin
Observatory’s Legacy Survey of Space and Time2

(LSST), ESA’s Euclid mission,3 and Roman Space
Telescope,4 [12–14] are expected to lead to dramatic
improvements in the statistical power of cosmic shear
measurements. It is therefore critical to study these sys-
tematics to reduce their uncertainty and ensure that they do
not bias cosmological inference [15].

*Contact author: jmccullough@princeton.edu
1Here σ8 is the root mean square linear amplitude of the matter

fluctuation spectrum in spheres of radius 8 h−1 Mpc h is the
universal expansion rate in km s−1 Mpc−1 scaled by a factor of
1=100 and Ωm is the present day matter density.

2https://www.lsst.org.
3https://www.euclid-ec.org.
4https://roman.gsfc.nasa.gov.
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Modern cosmic shear analyses commonly model intrin-
sic alignments using the nonlinear alignment model [NLA;
e.g., [16,17] ] and the Tidal Alignment and Tidal Torquing
model [TATT; [18] ]. NLA describes the linear tidal align-
ment of galaxies with the density field [17], including an
ad hoc nonlinear correction to the linear matter power
spectrum [16], and a redshift dependence (NLA-z, [19]).
TATT extends NLA with the inclusion of a tidal torquing
alignment mechanism. Critically, beyond a cost in preci-
sion, this IA model choice impacts the value of the reported
cosmological constraints by ∼0.5σ [1,5,8,20] because
uncertain IA model parameters are degenerate with cos-
mological parameters. As progress is made to build flexible
feedback models that allow for cosmic shear analyses to
utilize the full angular scale extent of measurements, IA
modeling, which is more uncertain at small scales, comes
into focus. This highlights the importance to distinguish
between IA models, or to devise new strategies to mitigate
their impact.
The NLA and TATT models provide good fits to direct

measurements of IA, which are constructed from weak
lensing data that overlaps with accurate galaxy distances,
such as spectroscopy [e.g., [21] ]. However, these mea-
surements are limited to larger scales than cosmic shear
analyses probe (6 Mpc=h and k ∼ 1 for NLA and 2 Mpc=h
and k ∼ 3 for TATT). We note that even though TATT
provides accuracy on smaller scales, it has been found that
cosmic shear data has a mild preference for the simpler
NLAmodel over TATT [5], though NLA breaks down from
observation more quickly at smaller scales [22]. To make
progress on our understanding of IA, there has been an
effort to develop more sophisticated models based
on the halo model [23] or other analytic approaches
[e.g., [24–29] ], however many of these incur additional
model parameters and exacerbate the precision cost [30].
Another avenue has been to test models in hydrodynamical
simulations, but these show a range of IA scenarios [31,32].
It has been established from direct IA measurements that

redder, elliptical galaxies at low redshift exhibit strong
intrinsic alignment that is well described by NLA on large
(≳10 h−1 Mpc) scales [33,34], and that the strength of this
alignment depends on galaxy luminosity [21,35]. Bluer,
star-forming galaxies have not been found to have any
intrinsic alignment—though direct measurements are lim-
ited [21,36,37]. Indeed, a limitation of the NLA model is
that it treats spiral galaxies and ellipticals equally, despite
the very different physical mechanisms by which tidal
forces may affect their shapes [38,39]. Previously, cosmic
shear data has been reanalyzed with separate IA model
parameters for star-forming (blue) and elliptical (red)
galaxies in order to study the color-dependence of IA
[within DES with [40] ], with progenitors in other surveys
[e.g., [41,42] ]. This analysis builds on this work but is
driven by IA mitigation in order to realize cosmological
posteriors that are stable to the IA model choice.

In this paper, to bridge the limitations of IA model
choice, model inaccuracies on small scales and precision-
loss due to uninformed model space, we test a new
approach to account for intrinsic alignments through
sample selection. We construct a high-purity sample of
star-forming galaxies from the Dark Energy Survey (DES)
Year 3 (Y3) lensing data, that a priori is expected to have
no or minimal IA consistent with presently uncertain direct
measurements, therefore circumventing the need for an IA
model in the cosmic shear analysis [43]. We calibrate this
data, measure the 2-point shear correlation functions and
analyze them to demonstrate a cosmic shear cosmology
result that is stable to the choice of IA model. Without the
additional concern of an accurate model on small angular
scales, we analyze the full measurements using a flexible
model for baryon feedback. We examine the remaining
mixed sample with a high fraction of passive, redder
elliptical galaxies to test the IA model suitability. In
Sec. II we present the methodology for selecting an IA-
clean sample and summarize the subsequent shear meas-
urement. In Sec. II B, we outline the model choices and
framework. The main results of this paper are contained in
Sec. III and we discuss the implications of our findings
in Sec. IV.

II. METHODOLOGY

This work expands upon the DES Y3 cosmic shear
analysis [1,5]. DES Y3 weak lensing data spans
4143 deg2 with riz photometry and METACALIBRATION

shapes [44] and is divided into four redshift bins [45]. For
each redshift bin, we select a high-purity star-forming
sample, BLUE, described in Sec. II A, leaving a predomi-
nantly elliptical sample, RED. We calibrate the redshift
distributions of the data (Fig. 1) following the SOMPZ

methodology, which hinges on deep fields with over-
lapping near-infrared observations [46] and survey char-
acterization with BALROG [47], used in a self-organizing
map (SOM) framework. We repeat the shear calibration
for the BLUE and RED samples [48], which is based upon
image simulations. This calibration and any customiza-
tion of the DES Y3 strategy is described further in
Appendix B. The selection, properties and calibration
parameters of the sample are quantified in Table I.
Measurements of the BLUE and RED shear 2-point func-
tions are presented in Sec. II C.

A. Selection of star-forming galaxies

For each of the four DES Y3 redshift bins [45], we select
on r − z color of a DES Y3 SOM cell, visualized in the
inset panels in Fig. 1. As we do not have measurements of
the intrinsic, rest-frame color for each galaxy, our observed
color bound increases with each tomographic bin, account-
ing for the apparent reddening of these galaxies in the
distant Universe. The selection is designed to maximize the
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purity of the BLUE sample and therefore minimize intrinsic
alignment. While for the vast majority of galaxies we have
only riz colors alongside their shapes, the deep-fields
contain a wealth of information in ugrizJHKs photometry
that can aid and characterize our fiducial selection. The
selection is tuned to produce sufficient statistics for cosmic
shear, and red galaxies are excluded with high fidelity using
three cross-checks informed by deep field inference of
passive galaxy fractions: (1) SED fitting with BAGPIPES

[49], which models the emission from galaxies and allows
us to select red galaxies with negligible star formation rates,
(2) SED fitting with EAZY [50], which allows for selection
on galaxies dominated by passive galaxy templates—
complementary to BAGPIPES as the selection is on template
coefficients and not derived galaxy properties, and
(3) observed color in the filters bracketing the Balmer
break at the inferred photometric redshift (for more detail,
see Appendix A). The r − z boundary that defines the BLUE

sample, the fraction of the sample per bin and the purity
estimated by each method is given in Table I. These
indicate that the BLUE sample is ≲3% contaminated with
red galaxies (as the Balmer break method overestimates the
total red fraction), and comprises 65 percent of the Y3
sample. We note that even the RED sample is estimated to be
only ∼20%–30% red.

Compared to previous work, our emphasis is on purity in
the BLUE sample to derive an IA-clean sample, rather than
have a well-defined red and blue split. Our sample selection
is improved and better controlled, aided by the 8-band deep
field information and the SOMPZ framework, without a
reliance on BPZ templates compared to optical-only
information.

B. Cosmic shear modeling

The cosmic shear measurements, ξ�, can be written as a
function of a convergence κ power spectrum, which results
from the 3D nonlinear matter power spectrum computed at
a given choice of cosmological parameters. For the model-
ing and analysis, we closely follow the DES Y3 choices
[1,5], detailed in Appendix C with salient updates sum-
marized as

(i) Following Ref. [8], we model the nonlinear power
spectrum using HMCODE [51] and we account for
baryon feedback by marginalizing over the log10
TAGN parameter. Following the model tests in
Ref. [11], we choose a flexible prior of 7.6–8.3 to
account for extreme feedback scenarios.

(ii) We analyze the full range of angular scales plotted in
Fig. 2. The DES Y3 scale cuts (defined in [1,5]) are

FIG. 1. The calibrated redshift distributions for the BLUE, RED, and FULL samples (black) for each DES Y3 redshift bin, where the
SOM selection is shown in the insets (cells not selected for the redshift bin are filled in black).

TABLE I. The statistics of the BLUE and RED galaxy subsamples of the DES Y3 data for each redshift bin, including the effective
number density neff (gal=arcmin2), the average per-component shape noise, hσei, the calibrated mean redshift, hzi, the uncertainty in the
mean redshift (adopted from [45]), Δz, and the shear calibration parameter,m. For each bin, the subsamples are divided by the cell r − z
selection value, tuned and characterized by the fraction of passive, red galaxies inferred from the optical and near-infrared deep field data
using three techniques (see Sec. II A).

Bin
r − z

Selection
No.

objects
Frac. of
DES Y3 neff hσei hzi

% Red
(BAGPIPES)

% Red
(EAzY)

% Red
(balmer) Δz m × 100

BLUE, 1 < 0.50 18031829 0.725 1.054 0.255 0.3556 1.14 1.51 4.77 0.018 −1.29� 0.91
BLUE, 2 < 0.75 16670470 0.660 0.988 0.282 0.5175 2.71 3.13 9.21 0.015 −1.80� 0.78
BLUE, 3 < 0.95 12233530 0.493 0.726 0.275 0.6994 2.81 2.94 7.79 0.011 −2.03� 0.76
BLUE, 4 < 1.30 18130765 0.718 1.073 0.325 0.8994 2.22 2.88 6.51 0.017 −3.56� 0.76

RED, 1 > 0.50 6850889 0.275 0.439 0.227 0.3025 18.14 19.20 36.20 0.018 −0.89� 0.91
RED, 2 > 0.75 8554173 0.340 0.548 0.246 0.5116 27.92 26.98 55.05 0.015 −1.78� 0.78
RED, 3 > 0.95 12597837 0.507 0.780 0.242 0.7757 25.63 21.77 46.75 0.011 −2.37� 0.76
RED, 4 > 1.30 7134533 0.282 0.418 0.294 0.9851 30.46 29.25 42.12 0.017 −3.15� 0.76
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primarily designed to mitigate the impact of baryon
feedback, however, even with conservative feedback
modeling, the fidelity of the NLA and TATT
intrinsic alignment models on small-scales is un-
certain. A key advantage of mitigating IA through
sample selection with a BLUE sample demonstrated
in this paper is the ability to safely exploit the small-
scale cosmic shear measurements.

(iii) We assume three neutrino species with two massless
states and one massive state and a mass of 0.06 eV,
which has been shown to have a negligible im-
pact [5,8,11].

Here we briefly describe the intrinsic alignments models.
The observed ellipticity of a galaxy, ϵobs, can be approx-
imately written as having linear contributions from cosmic
shear, γlens, the intrinsic alignment, γIA and its true shape,
ϵno IA: ϵobs ≈ ϵno IA þ γlens þ γIA. The orientation of ϵno IA is
uncorrelated between any two galaxies, but γlens and γIA are
spatially coherent, and correlated with one another, for pairs
of galaxies. Appendix C details how this propagates into our
measurements as a function of galaxy pair separation.
The TATT IA model [18], which was the fiducial choice

for the DES Y3 [1,5] and HSC Y3 [3,4] analyses, allows for
more complexity than the NLA, favored in [e.g., [2,8] ].
Within TATT, the responses to large-scale tidal fields are
encapsulated in three parameters: A1, A2, and A1δ. These

correspond to a linear response of galaxy shape to the tidal
field (tidal alignment), a quadratic response (tidal torqu-
ing), and a response to the product of the density and tidal
fields (density weighting)

γIAij ¼A1δðδ×sijÞþA1sijþA2

�X2
k¼0

sik skj−
1

3
δijs2

�
; ð1Þ

where δ and s describe the density and tidal fields,
respectively. The redshift evolution of A1 and A2 is
parametrized as a power law, governed by η1 and η2,
and given by,

A1δðzÞ ¼ btaA1ðzÞ; ð2Þ

A1ðzÞ ¼ −a1C̄1

ρm
DðzÞ

�
1þ z
1þ zp

�
η1
; ð3Þ

A2ðzÞ ¼ 5a2C̄1

ρm
DðzÞ2

�
1þ z
1þ zp

�
η2
; ð4Þ

where DðzÞ is the linear growth factor, ρm ¼ Ωmρcrit is the
matter density, C̄1 is a normalization constant by conven-
tion fixed at a value of 5 × 10−14M⊙ h−1 Mpc2 [52], and zp
is a pivot redshift, which we fix to the value 0.62 [53]. In
the absence of informative priors, the analysis marginalizes

FIG. 2. Cosmic shear two-point correlation measurements for each redshift bin pair, ξ�, for the BLUE and RED samples. The error bars
represent the square root of the diagonal of the analytic covariance matrix. The solid lines represent the best model fit forΛCDMwith no
intrinsic alignment, which is preferred by both selections, and the dashed lines represent the best fit for TATT, the most complex IA
model choice considered. Notable shifts are at small scales in the autocorrelation for bin 4—marked [4,4]. For residuals, see Fig. 10.
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over all five IA parameters that govern the amplitude and
redshift dependence of the signal, ða1; a2; η1; η2; btaÞ, with
noninformative flat priors summarized in Appendix C.
Other IA models are nested within the TATT framework,
where the simplest, single parameter model corresponds to
only a1 being varied (NLA). Uncertainty or mismodeling
of IA can also enter our analysis as shifts of the mean of the
redshift distributions, discussed further in Appendix C 4.

C. Cosmic shear measurements

We follow the DES Y3 methodology [1,5,54] to compute
the cosmic shear measurements and covariance for
the BLUE and RED samples. The shear two-point correlation
function is determined by averaging over galaxy
pairs, (1,2), separated by an angle, θ, for two redshift bins,
ði; jÞ, as

ξij�ðθÞ ¼
P

1;2w1w2½ϵitϵjt � ϵi×ϵ
j
×�P

1;2RaRbw1w2

; ð5Þ

in terms of their measured radial and tangential ellipticities,
ϵ× and ϵt, and where galaxy pairs are weighted by an
inverse variance of the shear information they contain, w,
and a metacalibration response, R, that corrects for biases
due to sample selection and shear measurement [44]. The
measurements are shown in Fig. 2 alongside their best-fit
models using TATT and no IA model.5

III. RESULTS AND DISCUSSION

We determine the posterior of cosmological and nui-
sance parameters by sampling the prior and likelihood
function. The 2D marginalized constraints on the matter
fluctuation amplitude S8, and matter density Ωm, for the
BLUE sample are summarized in Fig. 3. The mean values of
S8 and their 68% credible intervals for three IA model
variants are found to be

no IA∶S8 ¼ 0.822þ0.019
−0.020

NLA∶ S8 ¼ 0.820þ0.023
−0.024

TATT∶ S8 ¼ 0.793þ0.044
−0.030 ; ð6Þ

which are consistent within 0.5σ. Table II lists the con-
straints on S8 andΩm for all three samples. We compare our
proposed no IA blue sample cosmic shear analysis to the
results from the DES Y3 approach, which discarded small-
scale measurements (ΛCDM-optimized scale cuts) to limit

the impact of astrophysical systematics, primarily baryon
feedback, and used the TATT IA model. This has the added
value to minimizing the impact of IA, e.g., [1,5,8,53]. These
fiducial choices are shown in Fig. 3 alongside the same
scale-cuts with the popular NLA model. For reference, we
compare to the CMB constraint from Planck TTTEEE6

ΛCDM analysis [55]. Our approach to mitigate IA through
a pure blue selection and a flexible baryon model allows for
safe use of all angular scales of themeasurement. It produces
almost a factor of two improvement on the S8 constraint,
despite having lower statistical weight—due in part to the
advantage of fewermodel parameters.While the use of scale
cuts on the FULL sample does reduce the slight disagreement
inΩm between the FULL and BLUE samples, the S8 value falls
below the BLUE result by 1.3σ.
In Fig. 4 we contrast the cosmological constraints

derived from analyses of the BLUE and RED samples using
three IA model variants: no IA model, NLA and TATT.
The BLUE sample shows stability across IA model
choices, whereas the S8 values obtained for the RED in

FIG. 3. Marginalized posteriors for Ωm and S8 derived from
cosmic shear measurements using only BLUE galaxies, designed
to mitigate the effects of IA (blue). These are analyzed with a
flexible baryon feedback model, and compared to the FULL DES
Y3 sample using the same feedback model and the TATT IA
model (black line), producing a lower value for S8 and Ωm. We
also compare to the Y3 approach to exclude small-scale mea-
surements of FULL sample and model IA using TATT (gray filled)
and NLA (black dashed). At a cost of removing 35% galaxies, the
BLUE shear S8 constraint is 1.5× improved precision and shifts
1.5σ higher. The Planck TTTEEE constraints are shown in
orange [55].

5In the course of this work, we found the Y3 fiducial analysis
was performed with an outdated tomographic binning. As a
consequence of this, we created an updated full (unsplit by color)
data vector. This update slightly improves the χ2min and minutely
changes the cosmic shear cosmology. The FULL sample in this
analysis is not identical to the Y3 fiducial as a result; note the
updated catalog binning in https://des.ncsa.illinois.edu/releases/
y3a2/Y3key-catalogs.

6The high multipole likelihood attained from combining
the temperature power spectra (TT), temperature-polarization
E-mode cross spectra (TE) and polarization E-mode power
spectra (EE).
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FIG. 4. Marginalized posteriors for Ωm and S8 using the impure RED (left) and pure BLUE (right) samples. For each sample, we
consider an analysis with no intrinsic alignment model (filled), with the single parameter NLA model (dashed, unfilled) and the TATT
model (solid, unfilled). For reference, we show the Planck TTTEEE likelihood [orange, [55] ]. The inner and outer contours correspond
to 68% and 95% confidence levels, respectively.

TABLE II. Cosmological results for the FULL, RED, and BLUE samples as mean and maximum a posteriori (MAP) values, with the
goodness of fit, χ2red ¼ χ2min=ðNdata − NparÞ.Ndata ¼ 400 for the full scale extent of the measurements and 273 with scale cuts (noted as a),
and we estimate the effective number of free parameters as Npar ∼ ½5; 3; 2.5; 2� for [TATT, NLA-z, NLA and no IA], respectively, as per
Refs. [5,56]. The χ2min are substantially improved for the BLUE sample (lower than that for FULL, RED by ∼20, 40) and the BLUE

cosmological constraints are more stable across IA model choices. The Bayesian evidence ratio with respect to NLA shows that no IA
model is preferred for all samples. The differences compared to Planck [55] (Table 17, S8 ¼ 0.828ð16Þ,Ωm ¼ 0.3135ð81Þ updated from
Ref. [6]), δS8; δΩm, are smallest for the BLUE sample.

Model S8;mean Ωm;mean S8;MAP Ωm;MAP

Evid.
Ratio χ2min χ2red δS8 δΩm

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
δS28 þ δΩ2

m

p
FULL NLA (a1) 0.811þ0.016

−0.019 0.255þ0.031
−0.051 0.825 0.230 1.0 403.3 1.0 0.72 1.29 1.48

FULL NLA-z (a1, η1) 0.804þ0.023
−0.018 0.249þ0.029

−0.048 0.823 0.208 1.5 404.0 1.0 0.87 1.51 1.74

(2) FULLTATT 0.788þ0.033
−0.025 0.247þ0.030

−0.044 0.778 0.240 0.8 399.5 1.0 1.16 1.72 2.08

FULL No IA 0.811þ0.017
−0.019 0.255þ0.028

−0.042 0.826 0.228 20.4 403.9 1.0 0.72 1.53 1.69

FULL NLA-z, Y3 Scale Cutsa 0.793þ0.027
−0.019 0.267þ0.035

−0.059 0.801 0.250 299.8 1.1 1.21 0.92 1.52

(3)FULLTATT;Y3ScaleCutsa 0.777þ0.035
−0.024 0.273þ0.035

−0.052 0.776 0.308 293.1 1.1 1.42 0.90 1.68

RED NLA (a1) 0.822þ0.022
−0.022 0.218þ0.017

−0.045 0.868 0.161 1.0 426.4 1.1 0.24 2.40 2.41

RED NLA-z (a1, η1) 0.820þ0.021
−0.023 0.221þ0.020

−0.048 0.857 0.162 0.7 424.5 1.1 0.28 2.24 2.25

RED TATT 0.753þ0.050
−0.035 0.224þ0.022

−0.049 0.789 0.201 3.7 419.2 1.1 1.57 2.16 2.67

RED No IA 0.818þ0.019
−0.020 0.215þ0.017

−0.041 0.862 0.167 5.9 425.1 1.1 0.39 2.76 2.79

RED NLA-z, Y3 Scale Cutsa 0.792þ0.029
−0.028 0.238þ0.021

−0.061 0.826 0.182 302.8 1.1 1.07 1.43 1.79

RED TATT, Y3 Scale Cutsa 0.762þ0.049
−0.029 0.231þ0.023

−0.055 0.752 0.175 301.5 1.1 1.41 1.73 2.23

BLUE NLA (a1) 0.820þ0.023
−0.024 0.262þ0.035

−0.062 0.819 0.254 1.0 380.2 1.0 0.28 0.95 0.99

BLUE NLA-z (a1, η1) 0.811þ0.032
−0.024 0.260þ0.038

−0.071 0.821 0.238 1.6 380.6 1.0 0.49 0.91 1.04

BLUE TATT 0.793þ0.044
−0.030 0.266þ0.034

−0.064 0.813 0.269 0.6 375.4 1.0 0.79 0.87 1.18

(1)BLUENo IA 0.822þ0.019
−0.020 0.268þ0.031

−0.056 0.810 0.260 12.7 380.9 1.0 0.23 0.95 0.98

BLUE NLA-z, Y3 Scale Cutsa 0.770þ0.059
−0.025 0.274þ0.045

−0.070 0.696 0.181 259.0 1.0 1.10 0.64 1.27

BLUE TATT, Y3 Scale Cutsa 0.754þ0.070
−0.034 0.292þ0.044

−0.072 0.771 0.351 252.9 0.9 1.22 0.35 1.26
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the three IA model cases can vary by up to 1.4σ. The BLUE

shear analysis is also best described by the ΛCDMmodel,
with the goodness-of-fit for each sample and model
quantified in Table II. We approximately report χ2red based
upon the estimation of effective degrees of freedom in
Ref. [1,5], from the minimum χ2 in the chain. The BLUE

sample has p ≥ 0.70 across all model choices, while FULL

(p ≤ 0.43) and RED (p ≤ 0.20) are low in comparison,
indicating their data are less well described by any model
choice.
We compare our constraints on S8 and Ωm to the Planck

CMB [55] parameters and report shifts as δS8 and δΩm.
7

We find that BLUE is in moderately improved statistical
agreement with Planck compared to RED and FULL, in all IA
model cases. In particular, BLUE: no-IA has δS8 ¼ 0.23,
while the full has δS8 ¼ 0.72 and the impure RED sample
has δS8 ¼ 0.39. These improvements are mild until we
consider Ωm. Cosmic shear analyses that include the small-
scale measurements have reported low values of the matter
density parameter compared to Planck [e.g., [11,57] ],
which is stable to baryon feedback models [11]. The
BLUE Ωm constraint is consistent with Planck within 1σ.
For FULL and RED, where we expect galaxies to intrinsically
align, we find δΩm > 1.5σ; 2.1σ, with no improvement

when considering more complex IA models (see Table II).
Given that IA produces a scale dependent effect, and that
the IA models have not been sufficiently validated on the
scales that cosmic shear is most sensitive to, it is plausible
that IA mismodeling would result in a biased value of Ωm,
in addition to S8.
For all samples, Bayesian evidence ratios prefer no

intrinsic alignment. The strength of that model preference
depends on sample, and is weakest for the RED sample. In
the FULL and pure BLUE sample, it is strongly preferred
(with the latter yielding Bayes evidence ratio K ¼ 7.9�
1.2 over the second highest preference in NLA-z). This
strong model preference in the FULL sample was also seen
in the fiducial analysis [1,5].

A. Intrinsic alignment parameters

The constraints on the alignment amplitude for NLA are
shown in Fig. 5. The RED sample fits for a slightly positive
a1, though is consistent with zero at the level of 1-σ, and the
blue and full samples both infer no intrinsic alignment. The
TATT model parameters are shown in Fig. 6 for all three
samples. Again, the blue sample is consistent with zero IA;
a1, a2 ¼ 0 (dashed lines), where a2 is the physically
anticipated quadratic alignment mechanism for spirals. In
this more complex model, the RED sample also finds zero
alignment amplitude but prefers a negative tidal torquing
amplitude a2, with a very strong redshift evolution that

FIG. 5. Intrinsic alignment amplitudes for the single parameter
NLA model in the RED (shaded), BLUE (shaded), and FULL (black,
dashed) samples, with 1σ and 2σ contours plotted for each. We
find the all samples to be consistent with no IA; a1 ¼ 0.

FIG. 6. Constraints on the intrinsic alignment amplitudes, a1;2
and redshift evolution, η2, TATT model parameters using the RED,
BLUE, and FULL (black) samples, with (1σ and 2σ contours). We
find the BLUE sample is consistent with zero in both a1, a2, while
the RED sample prefers a negative, strongly redshift-evolving a2
amplitude with negligible a1.

7For simplicity, we quantify the shifts in the measured
values of S8 and Ωm between two analyses using δX ¼
ΔX=½ðσ1XÞ2 þ ðσ2XÞ2�1=2, where ΔX is the difference between
the respective mean values and σ1X,σ

2
X are the standard deviations

of the two constraints.
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becomes extreme at high redshift (z > 1.5) and does not
map well on to the constituent galaxy populations within
each bin. The extreme evolution term appears to be
preferred as it allows the model to fit the small-scale
behavior in the highest redshift bin autocorrelation while
fitting approximately no tidal torquing on all other lower
redshift measurements. This a1 ¼ 0 deviates from the
literature (e.g., [40]), although we note that the impure
RED selection we make differs from past work. We find a
degeneracy (1) in response to sign flips in a1=a2 (as seen in
Ref. [1,5]), as well as (2) between high alignment, low-S8
and low alignment, high-S8 models for the impure RED

sample specifically. No intrinsic alignment is only slightly
preferred for this sample according to the Bayesian
evidence ratios (K ¼ 1.3� 1.2 w.r.t. TATT), while it is
substantially preferred in the other samples (see Table II).

IV. CONCLUSIONS

The modeling of intrinsic alignments in weak lensing
studies is challenging: the model choice between NLA and
TATT tends to shift the cosmological constraints by >0.5σ
[e.g., [5,8,11,58] ]. Application of these models to cosmic
shear is challenging as they have thus far only been tested
against direct measurements on larger scales and lower
redshifts than cosmic shear measurements are sensitive to
(6 Mpc=h and k ∼ 1 for NLA and 2 Mpc=h and k ∼ 3 for
TATT). As progress is made to build flexible baryon
feedback models that allow for the analysis of the full
scale dependence of shear measurements, the uncertainty in
small scale IA modeling is more apparent. Furthermore, the
more accurate TATT model incurs additional model param-
eters that weaken cosmological precision. Newer models
[23–25,28,29] could exacerbate that cost.
Red and blue galaxy populations exhibit clear

differences in their IA properties. Motivated by the fact
that IA have not yet been detected for blue galaxies [e.g.,
[36] ], which dominate a weak lensing sample, we explore a
novel approach for IA mitigation: we select a BLUE IA clean
sample, which we assume is negligibly impacted by IA
based on current direct IA measurements. First, we assess
the stability of cosmological constraints with different IA
model choices when using the BLUE sample. Next, we
compare the cosmological constraints and goodness of fit
of three major analyses: (1) the proposed approach to use
all angular scales and a flexible feedback model, but
limiting to the BLUE galaxies to mitigate IA, (2) using
all angular scales of the DES Y3 FULL sample measurement
and a flexible feedback model, with the TATT model for
IA, and (3) the fiducial DES Y3 approach to cut the small-
scale shear measurements of the FULL sample and model IA
with the TATT model-–see Fig. 3 for the cosmological
results, alongside a popular alternative approach with scale-
cuts and the NLA model.
In summary, we extract and analyze a high purity

(≳97%) star-forming selection (BLUE) and the

complementary color selected sample containing a large
fraction (∼30%) of passive, quiescent galaxies (RED). To do
this, we repeat the DES Y3 data calibration and cosmic
shear analysis. We find that

(i) Restricting the analysis to the BLUE sample of star-
forming galaxies produces cosmological constraints
that are more stable to IA model choice (even with
use of all angular scales), varying by ∼0.5σ in S8. In
contrast, the impure RED sample has a best fit
cosmology that changes with choice of IA model
by ∼1.5σ in S8.

(ii) The χ2min are substantially improved for the BLUE

sample (lower than that for FULL, RED by ∼20, 40).
Specifically, the proposed BLUE analysis of (1), that
uses all angular scales of the measurement and does
not have free IA parameters gives a better fit to the
data compared to the FULL sample analyzed with
TATT, either with small scales (2) or without (3).
The RED sample has the highest χ2min for every
analysis variant.

(iii) The constraints from the BLUE analysis are in better
agreement with results from Planck CMB in both S8
and Ωm compared to the FULL sample analyses (2)
and (3). We find S8 ¼ 0.822þ0.019

−0.020 and Ωm ¼
0.268þ0.031

−0.056 as our 68% confidence regions, corre-
sponding to 0.23 in δS8. The corresponding full
analyses have δS8 ≳ 1.1 (see Table II).

(iv) Our proposed BLUE IA-mitigation strategy improves
the cosmological precision compared to the DES Y3
analysis using the FULL sample and TATT model by
a factor of 1.5. That is, the approach of (1) to safely
analyze the full angular scale extent with a flexible
feedback model and a BLUE sample, where the latter
circumvents the concern of IA model suitability,
results in a reduced S8 68% quantile compared to the
full sample with TATT, using a feedback model
(2) or scale cuts (3).

(v) The BLUE sample IA parameter constraints are
consistent with zero amplitude in both NLA and
TATT, and the analysis that neglects to model IA is
strongly preferred. Consistent with [5], we find this
preference for all three samples, although it is very
mild for the impure RED sample over TATT (evi-
dence ratio ≈1.3). When we do model alignment in
the RED sample, TATT finds strong tidal torquing
(a negative a2) with an unexpected, extreme redshift
evolution (high η2).

(vi) All alignment models for the RED sample prefer a
lowΩm and higher χ2 than the uncontaminated BLUE

sample, indicating that no model well describes the
alignment in this color-redshift space, and that use of
the full sample at affected scales—which contains
these poorly modeled contaminants—is ill-advised.

The next generation of weak lensing experiments has
arrived. The Vera Rubin [59], Euclid [60], and Roman [61]
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Observatories will provide unprecedented quantities of data
at unprecedented depth. Current weak lensing efforts have
unveiled a deep need to understand and model systematics,
among them IA as one of the chief confounding factors. A
BLUE cosmic shear analysis, as described here, is a reliable
way to account for our limited knowledge on IA. There are
promising avenues to progress intrinsic alignment model-
ing—for example, via direct measurements with spectro-
scopic surveys and shape measurement (e.g., [21,36,62]) or
more flexible models that reduce constraining power (e.g.,
[30]). However, given our present limited understanding
and the ambiguity in model choice, we suggest that
selection on blue galaxies allows us to perform precision
weak lensing analyses with our surveys as they exist today
while the ambiguity of model choice clarifies with obser-
vation. While we note that complete nonalignment in blue
galaxies is not yet measured for all the scales, masses, and
redshifts probed by weak lensing surveys, this blue shear
analysis serves as the simplest implementation of inform-
ative, observation-driven priors on alignment, taking into
account galaxy properties like color and redshift and laying
the groundwork for more complex exploration of the
galaxy sample selection and tailored priors on alignment
in the future.
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APPENDIX A: SELECTION AND PURITY OF
BLUE SAMPLE

As seen in Fig. 7, we can use template fits run in the deep
field from e.g., BAGPIPES and the BALROG transfer function
(see Ref. [47]) to describe how realizations of red galaxies
populate the lower-dimensional, riz color space where we
must perform our selection. The process of performing this
inference on fractional purity, or the probability of being
red pðrÞ, for a wide SOM color cell ĉ, that comprises part
of a tomographic bin, ĉ∈ b, follows as a function of deep
field SOM color cells c, and our overall selection in those
deep fields, ŝ, as

pðrjb; ŝÞ ¼
X
ĉ∈ b

X
c

pðrjc; ŝÞpðcjĉ; ŝÞpðĉjŝÞ; ðA1Þ

where we define

DARK ENERGY SURVEY YEAR 3: BLUE SHEAR PHYS. REV. D 113, 103509 (2026)

103509-11



(i) pðĉjŝÞ as the overall abundances of galaxies in a
given wide cell given our selection and can be
written in terms of cell occupancies,

(ii) pðcjĉ; ŝÞ as our transfer function from BALROG,
(iii) pðrjc; ŝÞ as the determination from deep field

photometry on how likely a galaxy in a given deep
color cell is to be passive, nonstar-forming, or red.

The latter term can be estimated several ways given high
resolution deep field data, and we presented three such
potential metrics in Table I. Our criteria for red contami-
nation in each case is defined below:

(i) BAGPIPES: Bayesian Analysis of Galaxies for Physi-
cal Inference and Parameter Estimation (BAGPIPES8)
is a Bayesian SED fitting code that models the
emission from galaxies in a broad range of wave-
lengths, fits these models to observational data, and
generates multivariate posterior distributions of
various galaxy physical properties (e.g., SSFR,
stellar mass). Its ability to recover realistic properties
has been studied comprehensively in simulations
[49]. We define our passive contamination by simply
taking the galaxies where the best fit specific star
formation rate, ssfr_best, is very low, i.e.,

log10ðSSFRÞ < −10: ðA2Þ

See the deep to wide mapping of this selection
in Fig. 7.

(ii) EAZY: As a SED fitting code for photo-z estimation,
EAZY [50] supplies coefficients for a suite of semi-
analytically modeled basis templates. We define our
red contamination as galaxies where the sum of best

fit coefficients At for the passive templates t∈P, is
dominant over all templates t. Our exact threshold
was chosen to naturally bisect the visible bimodal
distribution

X
t∈P

At ≥ 0.77
X
t

At: ðA3Þ

(iii) Balmer: As this inference framework is being done
where we have high confidence spectroscopic and
narrow band redshifts (i.e., a well defined color-
redshift relation), we can identify passive galaxies
by their anticipated large balmer break color. With
the deep SOM median redshift, we identify where
the Balmer break at ð1þ zÞ × 4000. We then
take the filters (in deep, from ugrizJHK) on either
side of the Balmer break (e.g., u − r, i − Y) as our
color BBc, where passive galaxies are liable to have
a steep slope and select on

BBc > 2.0: ðA4Þ

This particular method identifies a larger fraction of
“red” contaminants, but agrees with the prior two
methods on which cells are most contaminated.

APPENDIX B: DATA CALIBRATION

To perform a measurement on cosmic shear, we must
(1) understand the redshift distribution of the source
galaxies and (2) understand the statistical relationship
between a galaxy’s shape and the true shear. To tackle
(1), in Sec. B 1, we implement a hierarchical Bayesian
inference scheme that informs photometric redshifts with

FIG. 7. Depiction of the passive galaxy contamination of our selection, propagated from a cut on SSFR in the deep fields through the
SOMPZ transfer function generated with an injected BALROG sample. The contamination in our bin selections are described in Table I.

8https://bagpipes.readthedocs.io.
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well-known spectroscopic redshifts in limited fields. In
order to characterize (2), in Sec. B 2, we rely on a set of
image simulations that can inject true galaxy shapes from a
high-resolution imaging survey and apply shears to those
shapes, before remeasuring them as the original instrument
would. Due to blending, this results in small shifts of our
redshift distributions described in Sec. B 3. Lastly, we
estimate covariance in Sec. B 4.

1. Redshift calibration

We follow the SOMPZ procedure outlined in Ref. [63], as
implemented in Ref. [45] with a each tomographic bin split
into a RED and BLUE sample by their r − z color (SOM cell
assignment, see Fig. 1 inset panels). The redshift distribu-
tions for each original tomographic bin, as well as the splits
on color are seen in Fig. 1, following the same procedure
for redshift inference from the same sources as Ref. [45]
(see the fiducial SPC, PC, SC sample).
As demonstrated in Ref. [1], combining redshift infer-

ence from SOMPZ with clustering redshifts provided no
substantial shifts in cosmology. Therefore we simplify our
analysis with a single realization of the tomographic NðzÞ s
from SOMPZ (i.e., no use of many realizations in
HYPERRANK), and no addition of clustering redshifts
(WZ) or shear ratios (SR). As the pipeline was extensively
validated in DES Y3, we match the uncertainty on mean
redshift per bin developed in [45], and shift the mean
redshifts according to our new sample selection.

2. Shear calibration

We repeat in part the analysis in Ref. [48] for DES Y3
on the same suite of image simulations to provide correc-
tions in the form of a multiplicative bias on the
METACALIBRATION response. The simulations include cata-
logs with an applied constant shear (�g1;2) and an applied
shear in each of four bins of true redshift, or z-slice, with
bounds [0.0, 0.4, 0.7, 1.0, 3.0]. The latter allows for an
estimation of the effect of redshift-dependent shear bias,
which is largely believed to be the result of contributions from
blending. This enters our analysis as a modification of the

redshift distribution nγðzÞ, which will contribute per bin a
meanmultiplicative factor,m, anda shift inmean redshift,Δz̄.
We make use of a simplification of the alternative

tomographic binning technique (see Ref. [48] Sec. 3.7)
to marginalize over for the final reported multiplicative
bias. The two choices of binning are:

(i) Fiducial (fid): applies the same SOM cell-bin map-
ping as in the data analysis.

(ii) Abundance-weighting (weight): applies the same
mapping as with the fiducial, but accounts for
variation in the colors and distributions of galaxy
populations between the simulations and data. This
binning reweights contributions on a cell-by-cell
basis according to Ndata;c=Nsim;c (so-dubbed w-
match in Ref. [48]).

As we will apply an overly conservative shear bias in this
analysis, additional tomographic binning systems will not
be applied, nor will the near-neighbor reweighting (done to
approximate clustering in the simulation suite as was
computed for the DES Y3 gold sample analysis). This
simplified approach is feasible only because shear calibra-
tion is not the driving systematic in the DES Y3 cosmology
analysis. In lieu of these computations, we will simply
double our estimation for uncertainty in m and provide a
conservative high limit for our shear bias.

3. NeffðzÞ from shear calibration

Following the shear calibration analysis methodology
from DES Y3 in Ref. [48], we produce samples of fðzÞ and
gðzÞ from measurements in a suite of image simulations
that modify our tomographic redshift distributions NiðzÞ in
bin i to adjust for blending contributions according to a
prescription of

Ni
γðzÞ ¼ ð1þ fiðzÞÞNiðzÞ þ giðzÞ; ðB1Þ

where Ni
γ is the new effective redshift distribution taking

into account redshift dependent shear bias. We employed
the fiducial (fid.) functional forms of f and g in Ref. [48]
(i.e., their Sec. 5.5.1), alongside the alternative f(z) (alt.,

TABLE III. The calculated m priors in each bin from the image simulations (sim or reported in Ref. [1] as noz-
blend) and resulting final shear bias m, when the simulation calibration is applied to DES data.

FULL RED BLUE

m1;sim × 100 −1.362� 0.296 −1.006� 0.473 −1.156� 0.419
m2;sim × 100 −1.764� 0.359 −2.106� 0.460 −1.158� 0.623
m3;sim × 100 −2.488� 0.417 −2.369� 0.512 −2.277� 0.777
m4;sim × 100 −3.350� 0.513 −3.371� 0.989 −3.292� 0.722

m1;final × 100 −0.783� 0.361 −0.890� 0.339 −1.288� 0.329
m2;final × 100 −1.737� 0.329 −1.782� 0.309 −1.799� 0.388
m3;final × 100 −2.343� 0.262 −2.366� 0.277 −2.031� 0.680
m4;final × 100 −3.479� 0.285 −3.147� 0.577 −3.560� 0.363
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Student’s-t) and the smoothed g(z). We display results onmi
of applying these model fits to the simulations in Fig. 8 and
take the combined result for each tomographic bin as our
new prior centers for mi. The redshift distributions in Fig. 1
contain these small modifications due to blending. Table III
summarizes the final priors on shear bias for the color-
selected samples in each tomographic bin as used in the
cosmological analyses for this work.

4. Covariance

We follow our modeling of the analytic covariance
matrix from the analysis in Ref. [64] for DES Y3. The
calculations are carried out using CosmoCov [65] for our
split samples at the best-fit cosmology from the DES Y3
3 × 2pt analysis that combined cosmic shear, galaxy-
galaxy lensing, and clustering in Ref. [54]. This covariance
matrix was computed with tomographic effective number
densities and average per-component shape noise quoted in
Table I and calibrated redshift distributions for all samples:
FULL, BLUE, RED.

APPENDIX C: SAMPLING COSMOLOGY

1. Cosmic shear

We can model our two-point correlation functions in
shear by first beginning with the three dimensional
nonlinear matter power spectrum. This is written in
terms of the two-dimensional convergence power spec-
trum from lensing, Ci;j

κ , which can be defined at a given
angular wave number l as a decomposition into E-modes
and B-modes,

ξ�ðθÞ ¼
X
l

2lþ 1

4π
G�

l ðcos θÞðCij
κ;EEðlÞ � Cij

κ;BBðlÞÞ:

ðC1Þ

While weak lensing will not contribute to Cκ;BB, intrinsic
alignment can. Spherical harmonics in Ref. [66] provide

FIG. 8. The recalculated shear bias measurements for RED and BLUE galaxy splits following a simplified form of the analysis in
Ref. [48]. Our final shear priors on mi have the same width as the Y3 priors, but midpoints calculated as mfinal.

FIG. 9. Marginalized posteriors for Ωm and S8 using the FULL

sample, using all measured scales with the same models found in
Fig. 4.
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G�
l . For ease of computing, we implement the flat-sky and

Limber approximations [67], the latter of which is accurate
at high multipoles. With this, we can relate our convergence
power spectrum from lensing to the overall three-dimen-
sional matter power spectrum Pðk; zÞ

Cij
κ ðlÞ ¼

Z
χH

0

P

�
k ¼ lþ 0.5

χðzÞ ; z

�
WiðχÞWjðχÞ

χ2
dχ; ðC2Þ

where χ is the comoving angular diameter distance, z is the
redshift, and χH is the distance to the horizon. The power
spectrum is modulated by WiðχÞ, which describes how
efficiently it is picked up by lensing in a given tomographic
bin. We write these kernels for lensing efficiency as

WiðχÞ ¼
3H2

0Ωmχ

2c2aðχÞ
Z

χH

χ
niðχ0Þ

χ0 − χ

χ0
dχ0; ðC3Þ

where ni is the normalized effective number density of
galaxies, a is the scale factor, and both can be written as
functions of comoving distance χ.
We therefore have an expression that can relate our

observed measurements (shear two-point correlation) to
simulated, cosmologically dependent models of the full
nonlinear matter power spectrum.

2. Modeling IA

The direct quantities that intrinsic alignment models like
NLA and TATT must predict are in the space of the two-
point function, where our data vector lives. Galaxies can be
intrinsically correlated with their neighbors, but also anti-
correlated with background galaxies experiencing shear
from the massive structure the aligned galaxies share. We
can write the angular power spectrum between redshift bins
i, j in terms of these gravitational,G, and intrinsic, I, shears

hϵobs;iϵobs;ji ¼ hγiGγjGi þ hγiGγjIi þ hγiIγjGi þ hγiIγjIi; ðC4Þ

where any terms involving ϵ at nonzero separation average
to zero.

3. Calculation and sampling

When running cosmology chains we use the
COSMOSIS framework [68–71] and follow the optimal
sampler settings derived in Ref. [72], to use POLYCHORD

[73,74]. These settings were further confirmed in the joint
DES-KiDS analysis [8].
We use CAMB to calculate the linear component of the

matter power spectrum [75], and HMCODE2020 for the
nonlinear correction [51]. For simplicity, we fix two
massless neutrino species and a third with the lowest mass

TABLE IV. Summary of cosmological, observational and astrophysical parameters and priors used in the analysis.
In the case of flat priors, indicated by square bracketsm the prior bound to the range indicated in the value column.
Gaussian priors are indicated by brackets, and are described as (mean, 1-σ width).

Parameter Value

Cosmological
Ωm, Total matter density [0.1, 0.9]
Ωb, Baryon density [0.03, 0.07]
As, Scalar spectrum amplitude [0.5, 5.0] ×10−9

h, Hubble parameter [0.55, 0.91]
ns, Spectral index [0.87,1.07]

Baryon Feedback
log10ðTAGNÞ, Strength of AGN feedback [7.6, 8.3]

Intrinsic alignment
a1, Tidal alignment amplitude (NLA) ½−5; 5�
η1, Tidal alignment z-index ½−5; 5�
a2, Tidal torque amplitude ½−5; 5�
η2, Tidal torque z-index ½−5; 10�
bta, Tidal alignment bias [0, 2]

Observational BLUE RED

Δz1, Redshift calibration uncertainty 1 (0.0, 0.018) (0.0, 0.018)
Δz2, Redshift calibration uncertainty 2 (0.0, 0.015) (0.0, 0.015)
Δz3, Redshift calibration uncertainty 3 (0.0, 0.011) (0.0, 0.011)
Δz4, Redshift calibration uncertainty 4 (0.0, 0.017) (0.0, 0.017)
m1, Shear calibration uncertainty 1 (−0.013, 0.009) (−0.009, 0.009)
m2, Shear calibration uncertainty 2 (−0.018, 0.008) (−0.018, 0.008)
m3, Shear calibration uncertainty 3 (−0.020, 0.008) (−0.024, 0.008)
m4, Shear calibration uncertainty 4 (−0.036, 0.008) (−0.032, 0.008)
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permitted in oscillation experiments (mν ¼ 0.06 eV,
e.g., [76]).
We model the baryonic feedback effects according to a

wider, higher prior than in previous studies (see
Table IV), and with more large-scale impact than
accounted for in DES Y3 [7], by taking into account
more recent analyses that find the suppression of the
nonlinear power spectrum at small scales requires

stronger feedback [11,77]. We make use of a parameter
within HMCODE2020, ΘAGN, to model this contribution to
the correlation function [51]. As a result of this generous
prior, and our intention to study competing models of
intrinsic alignment, we examine all angular scales of the
correlation function.
In Table IV, we record priors on model the uncertainty

in mean redshift and the shear calibration for each

FIG. 10. Cosmic shear two-point correlation residuals between the measurements for the BLUE and RED samples compared to the no IA
best fit model. The shaded envelope represents the square root of the diagonal of the analytic covariance matrix. The solid and dashed
lines represent residuals computed with the best fit using the NLA and TATT IA models. The differences between the best fits using
different IA models are small and within the measurement uncertainty. The most notable shift compared to no IA is with the TATTmodel
in the highest redshift bin.

FIG. 11. Posterior distributions for our major samples (FULL, impure RED, pure BLUE) and alignment models (TATT, NLA, No IA) for
the mean redshift per tomographic bin. We do not see any major shifts in z̄i beyond 1-σ, indicating low degeneracy with IA.
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tomographic bin i as the free parameters Δzi andmi. We hit
prior boundaries in TATT parameter η2, and thus extend
that prior from [−5; 5] to [−5; 10], deviating from the
fiducial Y3 analysis in Refs. [1,5]. While the physical
implication of a redshift evolution term this high is unclear,
we expect this is likely a degenerate feature within the
TATT model as fitted to our data. We demonstrate residuals
of our model fits with respect to the preferred no intrinsic
alignment model in Fig. 10.
Our full results are recorded in Table V for all sampled

models, and are summarized in Fig. 12 for S8 and Ωm. The
all-scale FULL sample analog for Fig. 4 is depicted in Fig. 9
for comparison, showing overall lower Ωm than its scale-
cut or BLUE counterparts.

4. IA-photo-z interplay

Systematic uncertainty if not properly modeled and
understood can be absorbed in other nuisance parameters.
IA parameters can be degenerate with uncertain photo-
metric redshift calibration. The effects of this can be visible
in posterior distributions for shifts in the mean redshift of
each tomographic bin, and intrinsic alignment parameter
fits, as have been explored in Ref. [78].
We do not find any major shifts in mean redshift, as

depicted in Fig. 11, though the first redshift bin tends to
prefer a slightly low Δz̄1 in the RED sample and a slightly
high Δz̄1 in the BLUE, these shifts are cohesive independent
of IA model choice. We conclude that any interplay
between IA modeling and photo-z calibration is small.

TABLE V. Statistics for the comprehensive suite of Markov Chain Monte Carlo (MCMC) chains run with variations in model choice
and sample of galaxies for cosmic shear, a subset of this table is displayed in Table II, where we provide column definitions.

Model S8;mean Ωm;mean

Evid.
Ratio χ2min χ2red p δS8 δΩm

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
δS28 þ δΩ2

m

p
FULL NLA-z (a1) 0.811þ0.016

−0.019 0.255þ0.031
−0.051 1.0 403.3 1.01 0.4093 0.720 1.292 1.479

FULL NLA (a1, η1) 0.804þ0.023
−0.018 0.249þ0.029

−0.048 1.5 404.0 1.02 0.3934 0.866 1.511 1.742

(2) FULLTATT 0.788þ0.033
−0.025 0.247þ0.030

−0.044 0.8 399.5 1.01 0.4271 1.159 1.722 2.076

FULL TATT (bta ¼ 1.0) 0.788þ0.032
−0.027 0.251þ0.029

−0.045 0.9 399.4 1.01 0.4282 1.169 1.572 1.959

FULL No IA 0.811þ0.017
−0.019 0.255þ0.028

−0.042 20.4 403.9 1.01 0.4077 0.716 1.528 1.687

FULL NLA, No AGN Feedback 0.782þ0.018
−0.014 0.271þ0.039

−0.052 0.3 407.0 1.03 0.3535 1.931 0.887 2.125

FULL NLA, Y3 Scale Cutsa 0.793þ0.027
−0.019 0.267þ0.035

−0.059 1.0 299.8 1.11 0.1029 1.208 0.917 1.517

FULL No IA, Y3 Scale Cutsa 0.794þ0.018
−0.019 0.269þ0.034

−0.055 9.0 298.9 1.10 0.1172 1.374 0.965 1.679

(3)FULLTATT;Y3 Scale Cutsa 0.777þ0.035
−0.024 0.273þ0.035

−0.052 0.9 293.1 1.09 0.1399 1.418 0.900 1.680

RED NLA-z (a1) 0.822þ0.022
−0.022 0.218þ0.017

−0.045 1.0 426.4 1.07 0.1530 0.237 2.395 2.407

RED NLA (a1, η1) 0.820þ0.021
−0.023 0.221þ0.020

−0.048 0.7 424.5 1.07 0.1638 0.277 2.237 2.255

RED TATT 0.753þ0.050
−0.035 0.224þ0.022

−0.049 3.7 419.2 1.06 0.1926 1.574 2.163 2.675

RED TATT (bta ¼ 1.0) 0.747þ0.055
−0.036 0.222þ0.024

−0.051 2.9 418.6 1.06 0.1987 1.587 2.075 2.612

RED No IA 0.818þ0.019
−0.020 0.215þ0.017

−0.041 5.9 425.1 1.07 0.1673 0.393 2.759 2.787

RED NLA, No AGN Feedback 0.799þ0.020
−0.017 0.228þ0.023

−0.051 0.8 426.4 1.07 0.1487 1.169 1.977 2.297

RED NLA, Y3 Scale Cutsa 0.792þ0.029
−0.028 0.238þ0.021

−0.061 1.0 302.8 1.12 0.0830 1.071 1.433 1.789

RED No IA, Y3 Scale Cutsa 0.788þ0.027
−0.025 0.230þ0.021

−0.055 5.1 302.9 1.12 0.0891 1.344 1.788 2.236

RED TATT, Y3 Scale Cutsa 0.762þ0.049
−0.029 0.231þ0.023

−0.055 0.3 301.5 1.12 0.0781 1.414 1.728 2.232

BLUE NLA-z (a1) 0.820þ0.023
−0.024 0.262þ0.035

−0.062 1.0 380.2 0.96 0.7257 0.277 0.952 0.991

BLUE NLA (a1, η1) 0.811þ0.032
−0.024 0.260þ0.038

−0.071 1.6 380.6 0.96 0.7144 0.491 0.912 1.036

BLUE TATT 0.793þ0.044
−0.030 0.266þ0.034

−0.064 0.6 375.4 0.95 0.7540 0.788 0.872 1.175

BLUE TATT (bta ¼ 1.0) 0.790þ0.051
−0.026 0.267þ0.036

−0.063 0.5 375.9 0.95 0.7478 0.798 0.850 1.166

(1)BLUENoIA 0.822þ0.019
−0.020 0.268þ0.031

−0.056 12.7 380.9 0.96 0.7225 0.232 0.951 0.978

BLUE NLA, No AGN Feedback 0.791þ0.032
−0.018 0.277þ0.041

−0.069 1.1 381.6 0.96 0.7022 1.094 0.611 1.253

BLUE NLA, Y3 Scale Cutsa 0.770þ0.059
−0.025 0.274þ0.045

−0.070 1.0 259.0 0.96 0.6743 1.102 0.637 1.273

BLUE No IA, Y3 Scale Cutsa 0.796þ0.023
−0.022 0.289þ0.039

−0.062 6.7 259.5 0.96 0.6822 1.128 0.450 1.215

BLUE TATT, Y3 Scale Cutsa 0.754þ0.070
−0.034 0.292þ0.044

−0.072 1.1 252.9 0.94 0.7381 1.216 0.347 1.264

aChains with optimized Y3 scale cuts (defined in [1,5]) do not model AGN feedback to compare to prior results, Ndata ¼ 273.
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