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Abstract
We present forecasts for the EG statistic using redshift distributions of realistic mock galaxy samples from the upcoming Chinese 
Space Station Survey Telescope (CSST). The dominant uncertainty in EG stems from the redshift space distortion parameter β, 
whose precision limits the overall constraining power. Our analysis shows that CSST will nevertheless achieve EG constraints at 
the few-percent level (3%−9%) over 0 < z < 1.2, an improvement by a factor of several to an order of magnitude over current 
observations. Within the µ − Σ modified gravity framework, the parameter Σ0, associated with the effective gravitational 
constant of the Weyl potential, can be constrained to ∼ 5% precision. In a plausible scenario where, upcoming spectroscopic 
surveys determine β to 1% accuracy, EG constraints tighten to the percent level, and Σ0 becomes measurable at ∼ 1%. These 
results demonstrate that CSST will serve as a powerful facility for testing gravity and underscore the essential synergy between 
photometric weak lensing and spectroscopic surveys in probing cosmic acceleration.

1. Introduction
Since the discovery of the accelerated expansion of the Universe, understanding its physical origin has remained one of 
the most profound challenges in modern cosmology [1,2]. Although some observational tensions persist, the widely 
accepted ΛCDM model, which incorporates a cosmological constant to drive acceleration, agrees well with a broad range 
of observations [3-13]. However, the theoretical puzzles associated with the cosmological constant, most notably the fine-
tuning and coincidence problems motivate the exploration of alternative explanations [14,15]. These include dynamical dark 
energy models, which introduce a time-varying component, and modifications to General Relativity (GR) on cosmological 
scales [16,17]. Many of these models, however, lead to similar observational signatures, creating degeneracies that complicate 
their distinction through conventional cosmological probes alone [18-20]. In this context, tests of gravity on cosmological 
scales have become a central focus of next-generation surveys [21,22]. A particularly powerful probe is the EG statistic, 
first introduced by [23]. This quantity is constructed from a combination of galaxy-galaxy lensing and galaxy clustering 
measurements. Its key strength lies in its independence from galaxy bias and the amplitude of the matter power spectrum σ8 
on linear scales, while also benefiting from a partial cancellation of cosmic variance, since both observables trace the same 
underlying density field. This makes EG a robust, nearly model-independent diagnostic for deviations from GR, particularly 
sensitive to modifications in the relationship between the gravitational potentials and the matter distribution.

Current measurements of EG have relative uncertainties mostly in the range of 10% − 35%  with two outliers reaching 
∼ 56% and 78% [24-36]. While these results are generally consistent with GR, they are still limited by statistical power 
and systematic uncertainties. The next generation of wide-field imaging and spectroscopic surveys, such as Euclid  LSST, 
DESI  and PFS are designed to deliver order-of-magnitude improvements in data volume and depth [37-40]. In particular, 
China’s upcoming Chinese Space Station Survey Telescope (CSST) will perform a deep, multi-band photometric and slitless 
spectroscopic survey over approximately 17,500 deg2 [41]. Its unique combination of high-quality imaging and spectroscopic 
redshift measurements makes it exceptionally well suited for precise EG estimation, enabling tomographic gravity tests 
across a broad redshift range. In this work, we present forecasts for the constraining power of CSST on the EG statistic. We 
develop a harmonic-space covariance framework that fully accounts for correlations between galaxy-galaxy lensing and 
galaxy clustering observables, and we employ realistic mock galaxy samples to model the expected redshift distributions 
and number densities of the CSST photometric and spectroscopic surveys. Our analysis quantifies the statistical precision 
attainable on EG as a function of scale and redshift, identifies the dominant sources of uncertainty, and translates the forecasts 
into constraints on phenomenological modified gravity parameters within the widely used µ − Σ parametrization [42].
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The paper is organized as follows: Section 2 outlines the theoretical and observational definitions of EG, the error propagation 
methodology, and the modified gravity parameterization. Section 3 describes the survey specifications of CSST and the mock 
galaxy samples used in our forecasts. Section 4 presents the predicted EG measurements and their statistical uncertainties, 
as well as the resulting constraints on modified gravity parameters. Finally, Section 5 summarizes our conclusions and 
discusses future prospects.

2. Analysis Framework
The EG statistic combines cosmological weak lensing and galaxy clustering observations to probe the relationships between 
Bardeen potentials and the matter density fluctuation δ, where Bardeen potentials Ψ and Φ are potential perturbations in 
the perturbed Friedmann Robertson Walker (FRW) metric dτ2 = (1 + 2Ψ)dt2 − a2(1 − 2Φ)dx2. In Fourier space, the theoretical 
definition of EG can be expressed as [23]:
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In Fourier space, the theoretical definition of EG can be expressed as [23]:

EG(k, z) =
c2k2(Ψ− Φ)

3H2
0 (1 + z)θ(k)

, (2.1)

where H0 is the Hubble constant, and θ(k) is the divergence of the peculiar velocity field. On
linear scales, θ(k) = f(z)δ(k), with f(z) being the linear structure growth rate.

In the context of GR, Ψ = Φ, the theoretical expectation of EG can be simplified using
the Poisson equation, yielding:

EG(z) =
Ωm,0

f(z)
, (2.2)

where Ωm,0 is the density parameter of the matter at the present day, and f(z) ≈ [Ωm(z)]γ

with γ = 0.55 for GR [43].

2.1 Observational definition of EG

The next generation of weak lensing surveys will provide about ten times larger sky coverage
than current ones [41, 44, 45], which is ideal for harmonic-space statistics. This expansion,
combined with the growing maturity of accurate κ reconstruction methods for masked shear
catalog [46], enhances the practical benefits of power spectrum analysis, including easier
theoretical modeling and covariance estimation, among others. Consequently, we focus this
work on harmonic-space forecasts for EG.
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Cgκ
ℓ =

∫
dz fg(z)

H(z)

c
Wκ(z)χ

−2(z)Pδg

(
k =

ℓ+ 1/2

χ(z)
, z

)
, (2.3)

Cgg
ℓ =

∫
dz f2

g (z)
H(z)

c
χ−2(z)Pgg

(
k =

ℓ+ 1/2

χ(z)
, z

)
, (2.4)

where fg(z) is the galaxy redshift distribution, χ(z) is the comoving distance to redshift z,
and ℓ is the multipole moment. The lensing kernels is defined respectively as:

Wκ(z, zs) =
3H2

0Ωm,0

2c2
(1 + z)χ(z)

[
1− χ(z)

χ(zs)

]
, (2.5)

where zs is the source redshift, and dN/dz is the normalized redshift distribution of the
lens galaxies. The galaxy clustering traces the underlying matter distribution with a scale-
independent linear bias on large scales, such that: Pδg = bg Pδδ, Pgg = b2g Pδδ.

The observational definition of EG(ℓ) can then be expressed in Harmonic space as [47]:

ÊG(ℓ) = Γ(ℓ, z)
Cgκ
ℓ

β Cgg
ℓ

, (2.6)

where

Γ(ℓ, z) =
2c

3H0

[
fg(z)H(z)

Wκ(z)(1 + z)H0

]
(2.7)

is a scale-independent prefactor related to lensing efficiency and geometric factors. This
formulation allows for a scale-dependent and tomographic estimation of EG, suitable for the
joint galaxy-galaxy lensing and galaxy clustering analyses.

The redshift space distortion (RSD) parameter β is defined as β = f(z)/bg. At lin-
ear scales, bg and Pδδ consequently cancel out in equation (2.6), rendering the EG statistic
independent of both galaxy bias and the matter power spectrum amplitude. As a result,
measurements of (or marginalization over) bg and σ8, which are typically required in other
gravity probes, become unnecessary.

2.2 Error propagation and covariance estimation

In this study, we adopt a systematic error propagation framework to evaluate the measurement
uncertainties of the EG statistic. This framework is constructed based on the observed ratio
of angular power spectra, fully accounting for the statistical correlations between the galaxy-
convergence cross-power spectrum and the galaxy auto-power spectrum. It provides a reliable
foundation for uncertainty estimation of EG in cosmological interpretation.

We first define the observed ratio of angular power spectra as:

R(ℓ) ≡
Cgκ
ℓ

Cgg
ℓ

. (2.8)

A key advantage of the EG estimator is the cancellation of cosmic variance at large scales,
since both Cgκℓ and Cgg

ℓ are sourced by the same underlying density field. Despite this
benefit, their strong positive correlation complicates the covariance estimation. As shown
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ÊG(ℓ) = Γ(ℓ, z)
Cgκ
ℓ

β Cgg
ℓ

, (2.6)

where

Γ(ℓ, z) =
2c

3H0

[
fg(z)H(z)

Wκ(z)(1 + z)H0

]
(2.7)

is a scale-independent prefactor related to lensing efficiency and geometric factors. This
formulation allows for a scale-dependent and tomographic estimation of EG, suitable for the
joint galaxy-galaxy lensing and galaxy clustering analyses.

The redshift space distortion (RSD) parameter β is defined as β = f(z)/bg. At lin-
ear scales, bg and Pδδ consequently cancel out in equation (2.6), rendering the EG statistic
independent of both galaxy bias and the matter power spectrum amplitude. As a result,
measurements of (or marginalization over) bg and σ8, which are typically required in other
gravity probes, become unnecessary.

2.2 Error propagation and covariance estimation

In this study, we adopt a systematic error propagation framework to evaluate the measurement
uncertainties of the EG statistic. This framework is constructed based on the observed ratio
of angular power spectra, fully accounting for the statistical correlations between the galaxy-
convergence cross-power spectrum and the galaxy auto-power spectrum. It provides a reliable
foundation for uncertainty estimation of EG in cosmological interpretation.

We first define the observed ratio of angular power spectra as:

R(ℓ) ≡
Cgκ
ℓ

Cgg
ℓ

. (2.8)

A key advantage of the EG estimator is the cancellation of cosmic variance at large scales,
since both Cgκℓ and Cgg

ℓ are sourced by the same underlying density field. Despite this
benefit, their strong positive correlation complicates the covariance estimation. As shown

– 3 –

Under the Limber approximation, the angular power spectra of galaxy-galaxy lensing
(Cgκ

ℓ ) and galaxy clustering (Cgg
ℓ ) can be written as follows:

Cgκ
ℓ =

∫
dz fg(z)

H(z)

c
Wκ(z)χ

−2(z)Pδg

(
k =

ℓ+ 1/2

χ(z)
, z

)
, (2.3)

Cgg
ℓ =

∫
dz f2

g (z)
H(z)

c
χ−2(z)Pgg

(
k =

ℓ+ 1/2

χ(z)
, z

)
, (2.4)

where fg(z) is the galaxy redshift distribution, χ(z) is the comoving distance to redshift z,
and ℓ is the multipole moment. The lensing kernels is defined respectively as:

Wκ(z, zs) =
3H2

0Ωm,0

2c2
(1 + z)χ(z)

[
1− χ(z)

χ(zs)

]
, (2.5)

where zs is the source redshift, and dN/dz is the normalized redshift distribution of the
lens galaxies. The galaxy clustering traces the underlying matter distribution with a scale-
independent linear bias on large scales, such that: Pδg = bg Pδδ, Pgg = b2g Pδδ.

The observational definition of EG(ℓ) can then be expressed in Harmonic space as [47]:
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ℓ and Cgg

ℓ in our analysis, to
ensure accurate error propagation.

Based on this definition, the EG statistic in harmonic space can be reexpressed from
equation (2.6) as:

EG(ℓ) = R(ℓ)
Γ

β
, (2.9)

and its covariance approximately satisfies:

Cov[EG(ℓ)EG(ℓ
′)]

EG(ℓ)EG(ℓ′)
=

Cov[R(ℓ)R(ℓ′)]

R(ℓ)R(ℓ′)
+

σ2[β]

β2
, (2.10)

where R(ℓ) and β are assumed to have statistically independent errors. This relation shows
that the uncertainty in EG can be decomposed into two contributions: the measurement error
of the power-spectrum ratio and that of the RSD parameter.

Therefore, the construction of the covariance matrix of R(ℓ) is a key component of
the uncertainty analysis. Based on the theory of multivariate Gaussian random fields, and
including possible non-Gaussian correction terms, the full covariance expression is:
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In practice, the covariance between two angular power spectra can be expanded as:

Cov
[
CXY (ℓ), CZW (ℓ′)

]
=

δℓℓ′

(2ℓ+ 1)∆ℓfsky
[CXZ(ℓ)CYW (ℓ) + CXW (ℓ)CY Z(ℓ)] + CovcNG ,

(2.12)
where the first term represents the Gaussian cosmic variance contribution, fsky is the sky
coverage fraction, and ∆ℓ is the multipole bin width. The second term denotes the non-
Gaussian connected contribution, which becomes significant in the nonlinear regime.

The Gaussian covariance terms are given by
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Cov(G)[Cgg(ℓ), Cgg(ℓ)] =
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Cov(G)[Cgκ(ℓ), Cgg(ℓ)] =
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)
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where ng and ns are the angular number densities of lens and source galaxies, and σγ is
the intrinsic shape noise. The covariance is dominated by: (i) cosmic variance, ∝ [(2ℓ +
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where ng and ns are the angular number densities of lens and source galaxies, and σγ is the intrinsic shape noise. The covariance 
is dominated by: (i) cosmic variance, ∝ [(2ℓ + 1)∆ℓfsky]−1, at large scales – a contribution that is partially canceled in EG ; and 
(ii) shotnoise (∝ 1/ng) and shape noise (∝ σγ

2/ns) at small scales. The overall signal-to-noise of the EG estimator is therefore 
set by the sky fraction fsky , the shape noise σγ , and the galaxy densities ng and ns .

The non-Gaussian term arises from the non-Gaussian statistics of the matter density field and can be described by the 
connected trispectrum: 
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where χ is the comoving distance, WX(χ) is the weight function of probe X, and Tm(k1, k2, χ)
is the three-dimensional connected trispectrum of the matter power spectrum, characteriz-
ing the four-point correlations beyond the Gaussian approximation. We evaluate the non-
Gaussian covariance part via pyccl1 [48].

The full covariance matrix C = Cov[EG(ℓ), EG(ℓ
′)] enables a robust scale-dependent

analysis of EG(ℓ) for testing modified gravity theories. To obtain a single, scale-independent
constraint, we then combine the measurements across multipole bins using an inverse-variance
weighted estimator, yielding

σ2(EG) =
(
1T C−1 1

)−1
, (2.17)

where 1 is the unit vector with a length equal to the number of ℓ bins. This estimator
corresponds to a minimum-variance combination of the EG(ℓ) measurements, ensuring the
tightest possible EG constraint given the covariance.

The above methodological framework not only provides a solid statistical foundation for
the EG forecast from the CSST survey, but can also be extended to other next-generation
cosmological surveys. By fully accounting for the covariance structure among observables, we
can robustly assess the ability of the EG statistic to distinguish GR from modified gravity
theories, laying the methodological groundwork for future precision tests of gravity.

2.3 µ–Σ parameterization for modified gravity

In modified gravity frameworks, departures from GR can be parametrized through modifica-
tions of the two metric potentials Ψ and Φ using the functions µ(a, k) and Σ(a, k) [42]:

k2Ψ = −4πGa2 [1 + µ(k, z)] ρ δ, (2.18)

k2 (Ψ + Φ) = −8πGa2 [1 + Σ(k, z)] ρ δ. (2.19)

Here, µ modifies the Newtonian potential responsible for structure growth, while Σ determines
the amplitude of the Weyl potential directly probed by lensing.

Under this parametrization, the theoretical prediction of the EG statistic can be written
as :

EG(k, z) =
Ωm,0 [1 + Σ(k, z)]

2 f(k, z)
. (2.20)

In modified gravity scenarios, the linear growth rate f(k, z) is computed by integrating the
modified growth equation with the effective gravitational strength determined by µ(k, z) [48].
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In modified gravity scenarios, the linear growth rate f (k, z) is computed by integrating the modified growth equation with 
the effective gravitational strength determined by µ(k, z) [48].
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Figure 1. Left: Redshift distributions of galaxies in the CSST photometric survey. The distributions
are derived from a sub-set of the COSMOS catalog within 1.7 deg2. We adopt the σz = 0.025(1 + z)
sample in our analysis. Right: Galaxy redshift distribution for the CSST slitless spectroscopic (spec-
z) survey. The distribution is normalized following [51], and the comoving number density evolution
with redshift is also shown.

For simplicity, in this work we will ignore the scale dependence and adopt phenomeno-
logical late-time forms for µ and Σ:

µ(z) = µ0
ΩΛ(z)

ΩΛ(0)
, Σ(z) = Σ0

ΩΛ(z)

ΩΛ(0)
, (2.21)

which preserve early-universe constraints but allow deviations from GR at low redshift [e.g.,
49, 50].

By substituting the solution of the growth equation into equation (2.20), one obtains
the theoretical prediction Eth

G (z;µ0,Σ0), which can be directly compared to observations. By
assuming the EG measurements of different z are uncorrelated, the Gaussian likelihood is
given by

− lnL ∝ χ2(µ0,Σ0) =
∑
i

[
Eobs

G (zi)− Eth
G (zi;µ0,Σ0)

]2
σ2
EG(zi)

. (2.22)

The best-fit values and confidence intervals for (µ0,Σ0) can be obtained by minimizing χ2.

3 CSST surveys

CSST is a 2 meter space telescope for the Stage IV dark energy experiment. It will operate
in the same orbit as the China Space Station and is designed to perform a high resolution,
wide field photometric and spectroscopic survey covering approximately 17,500 deg2 of the
sky over a 10-year mission duration [41].

The CSST main focal plane is divided into 7 photometric imaging bands (NUV, u, g,
r, i, z, and y) and 3 slitless spectroscopic bands (GU, GV, and GI), covering the wavelength
range of 255–1000 nm with an average spectral resolution of R ≥ 200. The 17,500 deg2 slit-
less spectroscopic wide-field survey is performed simultaneously with the multi-color imaging
survey, achieving magnitude limits of not less than 22 mag for the GU band and not less than
23 mag for both the GV and GI bands. [41]
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Redshift range Vsurvey [h−3 Gpc3] ng [10−4 h3 Mpc−3] bg(z) σ(β)/β
0.0 < z < 0.3 1.03 121.93 (1283.6) 1.126 8.73%
0.3 < z < 0.6 5.41 40.18 (456.5) 1.378 4.02%
0.6 < z < 0.9 10.51 16.18 (262.0) 1.63 3.14%
0.9 < z < 1.2 14.64 3.01 (142.8) 1.882 3.28%
1.2 < z < 1.5 17.48 0.16 (57.64) 2.134 -¯

Table 1: Statistical Properties of the CSST Spec-z (Photo-z) Galaxy Surveys in Five Redshift Bins Over a Sky Coverage 
of 17,500 deg2. Values in Parentheses Refer to the Photo-z Sample. The Galaxy Bias is Modeled as bg(z) = 1+0.84z 
for both Surveys [52]. The Error Prediction of the β Parameter in the Lens Redshift Bin Comes from [53,54]. The 
Intrinsic Shape Noise σγ is Set to be 0.2
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Due to the large and overlapping sky coverage of the CSST photometric and spectroscopic surveys, it will be possible to 
jointly probe the growth and geometry of the Universe using multiple cosmological observables. These include weak 
gravitational lensing [51, 54, 55], cluster number counts [56, 57], the Alcock Paczynski (AP) effect [58], RSD effect [51, 59], 
baryon acoustic oscillations (BAO) [60, 61], among others. The CSST is therefore expected to serve as a powerful instrument 
for investigating both the expansion history of the Universe and the growth of cosmic structures. In particular, by combining 
various cosmological probes within the CSST survey, one can obtain more robust and precise constraints on fundamental 
cosmological parameters, effectively breaking degeneracies that arise when using individual probes alone [41, 51]. Similar to 
[62], in this work we make use of redshift distribution of the mock galaxy catalogs for the CSST surveys provided by [51, 63], 
which are based on the COSMOS galaxy catalog [64, 65] and the zCOSMOS spectroscopic samples [66, 67]. [63] constructed 
two photometric-redshift (photo-z, zp) samples using a sub-set (95% and 58%) of the COSMOS catalog, with photometric 
redshift uncertainties respectively being σzp = 0.025(1 + zp) and σzp = 0.05(1+zp). The left panel of figure 1 shows the redshift 
distributions of galaxies in the range 0 < z < 1.5 for these two photo-z samples, and in our analysis, we adopt the photo-z 
sample with σzp = 0.025(1 + zp) as the fiducial mock configuration.

We also consider the galaxy redshift distribution of the CSST slitless spectroscopic (spec-z, zs) survey. Following [62], we 
extract from zCOSMOS a sub-sample with robust redshift measurements, representing about 80 per cent of the full sample 
and covering 0 < z ≤ 1.5. Its normalized spectroscopic redshift distribution (right panel of figure 1) exhibits a steep decline
beyond z = 1.0. Moreover, we account for redshift uncertainties arising from the limited spectroscopic resolution of CSST 
slitless spectroscopy. Our baseline model incorporates the error parameterization σzs = 0.002(1 + zs) [68] and a redshift 
success rate of the form 
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Table 1. Statistical properties of the CSST spec-z (photo-z) galaxy surveys in five redshift bins over
a sky coverage of 17,500 deg2. Values in parentheses refer to the photo-z sample. The galaxy bias is
modeled as bg(z) = 1 + 0.84z for both surveys [52]. The error prediction of the β parameter in the
lens redshift bin comes from [53]. The intrinsic shape noise σγ is set to be 0.2 [54].

Due to the large and overlapping sky coverage of the CSST photometric and spectro-
scopic surveys, it will be possible to jointly probe the growth and geometry of the Universe
using multiple cosmological observables. These include weak gravitational lensing [51, 54, 55],
cluster number counts [56, 57], the Alcock Paczynski (AP) effect [58], RSD effect [51, 59],
baryon acoustic oscillations (BAO) [60, 61], among others. The CSST is therefore expected
to serve as a powerful instrument for investigating both the expansion history of the Universe
and the growth of cosmic structures. In particular, by combining various cosmological probes
within the CSST survey, one can obtain more robust and precise constraints on fundamental
cosmological parameters, effectively breaking degeneracies that arise when using individual
probes alone [41, 51].

Similar to [62], in this work we make use of redshift distribution of the mock galaxy
catalogs for the CSST surveys provided by [51, 63], which are based on the COSMOS galaxy
catalog [64, 65] and the zCOSMOS spectroscopic samples [66, 67]. [63] constructed two
photometric-redshift (photo-z, zp) samples using a sub-set (95% and 58%) of the COSMOS
catalog, with photometric redshift uncertainties respectively being σzp = 0.025(1 + zp) and
σzp = 0.05(1+zp). The left panel of figure 1 shows the redshift distributions of galaxies in the
range 0 < z < 1.5 for these two photo-z samples, and in our analysis, we adopt the photo-z
sample with σzp = 0.025(1 + zp) as the fiducial mock configuration.

We also consider the galaxy redshift distribution of the CSST slitless spectroscopic (spec-
z, zs) survey. Following [62], we extract from zCOSMOS a sub-sample with robust redshift
measurements, representing about 80 per cent of the full sample and covering 0 < z ≤ 1.5. Its
normalized spectroscopic redshift distribution (right panel of figure 1) exhibits a steep decline
beyond z = 1.0. Moreover, we account for redshift uncertainties arising from the limited
spectroscopic resolution of CSST slitless spectroscopy. Our baseline model incorporates the
error parameterization σzs = 0.002(1 + zs) [68] and a redshift success rate of the form f z

eff =
f0
eff(1 + zs) [69], where f0

eff denotes the success fraction at z = 0. We adopt f0
eff = 0.5 as our

fiducial choice and show the corresponding comoving volume number density of spec-z galaxy
as the solid line in the right panel of figure 1.

These photo-z and spec-z mock samples provide a consistent framework to evaluate
the CSST survey performance for weak lensing and galaxy clustering analyses. The red-
shift binning scheme, comoving survey volume, galaxy number density, galaxy bias and the
corresponding error prediction of β for each redshift bin are summarized in Table 1.
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photometric-redshift (photo-z, zp) samples using a sub-set (95% and 58%) of the COSMOS
catalog, with photometric redshift uncertainties respectively being σzp = 0.025(1 + zp) and
σzp = 0.05(1+zp). The left panel of figure 1 shows the redshift distributions of galaxies in the
range 0 < z < 1.5 for these two photo-z samples, and in our analysis, we adopt the photo-z
sample with σzp = 0.025(1 + zp) as the fiducial mock configuration.

We also consider the galaxy redshift distribution of the CSST slitless spectroscopic (spec-
z, zs) survey. Following [62], we extract from zCOSMOS a sub-sample with robust redshift
measurements, representing about 80 per cent of the full sample and covering 0 < z ≤ 1.5. Its
normalized spectroscopic redshift distribution (right panel of figure 1) exhibits a steep decline
beyond z = 1.0. Moreover, we account for redshift uncertainties arising from the limited
spectroscopic resolution of CSST slitless spectroscopy. Our baseline model incorporates the
error parameterization σzs = 0.002(1 + zs) [68] and a redshift success rate of the form f z
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eff = 0.5 as our

fiducial choice and show the corresponding comoving volume number density of spec-z galaxy
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These photo-z and spec-z mock samples provide a consistent framework to evaluate
the CSST survey performance for weak lensing and galaxy clustering analyses. The red-
shift binning scheme, comoving survey volume, galaxy number density, galaxy bias and the
corresponding error prediction of β for each redshift bin are summarized in Table 1.
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cluster number counts [56, 57], the Alcock Paczynski (AP) effect [58], RSD effect [51, 59],
baryon acoustic oscillations (BAO) [60, 61], among others. The CSST is therefore expected
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and the growth of cosmic structures. In particular, by combining various cosmological probes
within the CSST survey, one can obtain more robust and precise constraints on fundamental
cosmological parameters, effectively breaking degeneracies that arise when using individual
probes alone [41, 51].

Similar to [62], in this work we make use of redshift distribution of the mock galaxy
catalogs for the CSST surveys provided by [51, 63], which are based on the COSMOS galaxy
catalog [64, 65] and the zCOSMOS spectroscopic samples [66, 67]. [63] constructed two
photometric-redshift (photo-z, zp) samples using a sub-set (95% and 58%) of the COSMOS
catalog, with photometric redshift uncertainties respectively being σzp = 0.025(1 + zp) and
σzp = 0.05(1+zp). The left panel of figure 1 shows the redshift distributions of galaxies in the
range 0 < z < 1.5 for these two photo-z samples, and in our analysis, we adopt the photo-z
sample with σzp = 0.025(1 + zp) as the fiducial mock configuration.

We also consider the galaxy redshift distribution of the CSST slitless spectroscopic (spec-
z, zs) survey. Following [62], we extract from zCOSMOS a sub-sample with robust redshift
measurements, representing about 80 per cent of the full sample and covering 0 < z ≤ 1.5. Its
normalized spectroscopic redshift distribution (right panel of figure 1) exhibits a steep decline
beyond z = 1.0. Moreover, we account for redshift uncertainties arising from the limited
spectroscopic resolution of CSST slitless spectroscopy. Our baseline model incorporates the
error parameterization σzs = 0.002(1 + zs) [68] and a redshift success rate of the form f z
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f0
eff(1 + zs) [69], where f0
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eff = 0.5 as our

fiducial choice and show the corresponding comoving volume number density of spec-z galaxy
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These photo-z and spec-z mock samples provide a consistent framework to evaluate
the CSST survey performance for weak lensing and galaxy clustering analyses. The red-
shift binning scheme, comoving survey volume, galaxy number density, galaxy bias and the
corresponding error prediction of β for each redshift bin are summarized in Table 1.
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cluster number counts [56, 57], the Alcock Paczynski (AP) effect [58], RSD effect [51, 59],
baryon acoustic oscillations (BAO) [60, 61], among others. The CSST is therefore expected
to serve as a powerful instrument for investigating both the expansion history of the Universe
and the growth of cosmic structures. In particular, by combining various cosmological probes
within the CSST survey, one can obtain more robust and precise constraints on fundamental
cosmological parameters, effectively breaking degeneracies that arise when using individual
probes alone [41, 51].

Similar to [62], in this work we make use of redshift distribution of the mock galaxy
catalogs for the CSST surveys provided by [51, 63], which are based on the COSMOS galaxy
catalog [64, 65] and the zCOSMOS spectroscopic samples [66, 67]. [63] constructed two
photometric-redshift (photo-z, zp) samples using a sub-set (95% and 58%) of the COSMOS
catalog, with photometric redshift uncertainties respectively being σzp = 0.025(1 + zp) and
σzp = 0.05(1+zp). The left panel of figure 1 shows the redshift distributions of galaxies in the
range 0 < z < 1.5 for these two photo-z samples, and in our analysis, we adopt the photo-z
sample with σzp = 0.025(1 + zp) as the fiducial mock configuration.

We also consider the galaxy redshift distribution of the CSST slitless spectroscopic (spec-
z, zs) survey. Following [62], we extract from zCOSMOS a sub-sample with robust redshift
measurements, representing about 80 per cent of the full sample and covering 0 < z ≤ 1.5. Its
normalized spectroscopic redshift distribution (right panel of figure 1) exhibits a steep decline
beyond z = 1.0. Moreover, we account for redshift uncertainties arising from the limited
spectroscopic resolution of CSST slitless spectroscopy. Our baseline model incorporates the
error parameterization σzs = 0.002(1 + zs) [68] and a redshift success rate of the form f z

eff =
f0
eff(1 + zs) [69], where f0

eff denotes the success fraction at z = 0. We adopt f0
eff = 0.5 as our

fiducial choice and show the corresponding comoving volume number density of spec-z galaxy
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These photo-z and spec-z mock samples provide a consistent framework to evaluate
the CSST survey performance for weak lensing and galaxy clustering analyses. The red-
shift binning scheme, comoving survey volume, galaxy number density, galaxy bias and the
corresponding error prediction of β for each redshift bin are summarized in Table 1.
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fiducial choice and show the corresponding comoving volume number density of spec-z galaxy as the solid line in the right 
panel of figure 1.

These photo-z and spec-z mock samples provide a consistent framework to evaluate the CSST survey performance for weak 
lensing and galaxy clustering analyses. The redshift binning scheme, comoving survey volume, galaxy number density, galaxy 
bias and the corresponding error prediction of β for each redshift bin are summarized in Table 1.

Figure 2. Forecasted EG measurements in harmonic space. The upper panel shows EG(ℓ) for
different combinations of lens and source bins, with error bars denoting Gaussian uncertainties. The
lower panel presents the relative statistical uncertainty, σ(EG)/EG − 1, as a function of multipole ℓ.

4 Results

4.1 EG predictions

We present predictions for the EG statistic based on the mock CSST redshift distributions
detailed in Section 3. Figure 2 summarizes the results. The top left panels show EG(ℓ) for
various combinations of lens and source redshift bins, while the lower right panels display the
relative statistical uncertainty, σ(EG)/EG, as a function of multipole ℓ across 20 log-spaced
bins between ℓ = 10 and ℓ = 1000.

Our forecasts indicate that few-percent level precision on EG is achievable over a wide
range of angular scales and lens-source redshift pairs. The constraints exhibit a distinct scale
dependence: at large scales (ℓ < 100), cosmic variance dominates, leading to larger uncer-
tainties. At smaller scales (ℓ > 100), the precision improves significantly, with constraints
reaching ∼ 4% across various lens redshift bins. This scale-dependent behavior can be under-
stood by comparing with the β constraints in Table 1. At small scales, the EG constraints
are predominantly limited by the precision on β, which explains the flattening of the EG

uncertainty curves in this regime.
To obtain a scale-independent EG constraint, we combine the EG(ℓ) measurements across

different multipoles using equation (2.17). In this process, we adopt the simplifying assump-
tion that, for a given lens redshift bin, we treat all available source redshift bins as a single
combined source sample to maximize the lensing signal. The resulting integrated EG con-
straints as a function of the lens redshift are shown in the left panel of figure 3. The predicted
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Figure 2: Forecasted EG Measurements in Harmonic Space. The Upper Panel Shows EG(ℓ) for Different Combinations 
of Lens and Source Bins, with Error Bars Denoting Gaussian Uncertainties. The Lower Panel Presents the Relative 
Statistical Uncertainty, σ(EG)/EG −1, as a Function of Multipole ℓ.

4. Results
4.1. EG Predictions
We present predictions for the EG statistic based on the mock CSST redshift distributions detailed in Section 3. Figure 2 
summarizes the results. The top left panels show EG(ℓ) for various combinations of lens and source redshift bins, while the 
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lower right panels display the relative statistical uncertainty, σ(EG)/EG , as a function of multipole ℓ across 20 log-spaced bins 
between ℓ = 10 and ℓ = 1000. Our forecasts indicate that few-percent level precision on EG is achievable over a wide range of 
angular scales and lens-source redshift pairs. The constraints exhibit a distinct scale dependence: at large scales (ℓ < 100), 
cosmic variance dominates, leading to larger uncertainties. At smaller scales (ℓ > 100), the precision improves significantly, 
with constraints reaching ∼ 4% across various lens redshift bins. This scale-dependent behavior can be understood by 
comparing with the β constraints in Table 1. At small scales, the EG constraints are predominantly limited by the precision 
on β, which explains the flattening of the EG uncertainty curves in this regime.

To obtain a scale-independent EG constraint, we combine the EG(ℓ) measurements across different multipoles using equation 
(2.17). In this process, we adopt the simplifying assumption that, for a given lens redshift bin, we treat all available source 
redshift bins as a single combined source sample to maximize the lensing signal. The resulting integrated EG constraints as a 
function of the lens redshift are shown in the left panel of figure 3. The predicted.

Figure 3. Left: redshift evolution of the EG statistic after combining all source bins for each lens bin.
Blue points with error bars show the results assuming σ(β)/β = 1%. Percentile numbers beside data
points represent the fractional errors of EG. Data represented by hollow red squares show current
EG measurements from the literature collected in table 2. For clarity and compactness of the figure,
the data point at z = 1.5 in table 2 (EG = 0.30 ± 0.05 [35]) is not shown. Right: Fractional error
contributions to the EG estimator. The bars show the total statistical uncertainty, the error from the
measurement of the structure growth rate β, and the combined contributions from all other sources.

z EG Ref z EG Ref

0.21 0.38+0.052
−0.061 [28] 0.50 0.38± 0.07 [31]

0.25 0.43± 0.09 [25] 0.554 0.26± 0.07 [27]
0.25 0.43± 0.15 [31] 0.555 0.36+0.06

−0.05 [33]
0.267 0.43± 0.13 [27] 0.555 0.31+0.06

−0.05 [32]
0.27 0.40+0.046

−0.038 [28] 0.57 0.30± 0.07 [24]
0.305 0.27± 0.08 [27] 0.57 0.42± 0.056 [26]
0.315 0.392± 0.065 [29] 0.57 0.43± 0.10 [30]
0.316 0.40+0.11

−0.09 [33] 0.57 0.243± 0.073 [34]
0.316 0.49+0.14

−0.11 [32] 0.60 0.16± 0.09 [36]
0.32 0.48± 0.10 [24] 0.65 0.52± 0.11 [31]
0.32 0.45+0.080

−0.073 [28] 0.70 0.35± 0.06 [31]
0.35 0.56± 0.17 [31] 0.86 0.09± 0.07 [36]
0.35 0.45± 0.07 [25] 0.95 0.35± 0.07 [31]
0.45 0.33± 0.06 [25] 1.50 0.30± 0.05 [35]

Table 2. Compilation of EG measurements from the literature, ordered by redshift.

EG measurements can reach 3% − 9% over the lens redshift range 0 < z < 1.2 — a factor
of several to an order of magnitude improvement over current observations. These results
demonstrate that CSST will be a highly competitive facility for future EG studies across a
broad range of scales and redshifts [70–74].

As anticipated, the total uncertainty on EG is dominated by the limited precision in
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Figure 3: Left: Redshift Evolution of the EG Statistic after Combining all Source Bins for each Lens Bin. Blue Points 
with Error Bars Show the Results Assuming σ(β)/β = 1%. Percentile Numbers Beside Data Points Represent the 
Fractional Errors of EG. Data Represented by Hollow Red Squares Show Current EG Measurements from the Literature 
Collected in Table 2. For Clarity and Compactness of the Figure, the Data Point at z = 1.5 in Table 2 (EG = 0.30±0.05) 
is not Shown [35]. Right: Fractional Error Contributions to the EG Estimator. The Bars Show the Total Statistical 
Uncertainty, the Error from the Measurement of the Structure Growth Rate β, and the Combined Contributions from 
All Other Sources

z EG Ref z EG Ref
0.21 0.38+0.052−0.061 [28] 0.50 0.38 ± 0.07 [31]
0.25 0.43 ± 0.09 [25] 0.554 0.26 ± 0.07 [27]
0.25 0.43 ± 0.15 [31] 0.555 0.36+0.06−0.05 [33]

0.267 0.43 ± 0.13 [27] 0.555 0.31+0.06−0.05 [32]
0.27 0.40+0.046−0.038 [28] 0.57 0.30 ± 0.07 [24]

0.305 0.27 ± 0.08 [27] 0.57 0.42 ± 0.056 [26]
0.315 0.392 ± 0.065 [29] 0.57 0.43 ± 0.10 [30]
0.316 0.40+0.11−0.09 [33] 0.57 0.243 ± 0.073 [34]
0.316 0.49+0.14−0.11 [32] 0.60 0.16 ± 0.09 [36]
0.32 0.48 ± 0.10 [24] 0.65 0.52 ± 0.11 [31]
0.32 0.45+0.080−0.073 [28] 0.70 0.35 ± 0.06 [31]
0.35 0.56 ± 0.17 [31] 0.86 0.09 ± 0.07 [36]
0.35 0.45 ± 0.07 [25] 0.95 0.35 ± 0.07 [31]
0.45 0.33 ± 0.06 [25] 1.50 0.30 ± 0.05 [35]

Table 2:  Compilation of EG Measurements from the Literature, Ordered by Redshift
EG measurements can reach 3% − 9% over the lens redshift range 0 < z < 1.2 — a factor of several to an order of magnitude 
improvement over current observations. These results demonstrate that CSST will be a highly competitive facility for future 
EG studies across a broad range of scales and redshifts [70–74]. As anticipated, the total uncertainty on EG is dominated by 
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the limited precision in

Figure 4. χ2 confidence contours in the (µ0,Σ0) plane, derived from the forecasted EG measure-
ments. The contours represent the 68% and 95% joint confidence regions. Left: Baseline result.
µ0 = 0+0.483

−0.324,Σ0 = 0+0.064
−0.052. Right: The case where σ(β)/β is set to 1%. µ0 = 0+0.0908

−0.0921,Σ0 = 0+0.0177
−0.0184.

determining β through the RSD effect. This is explicitly demonstrated in the right panel
of figure 3, which compares the fractional error contributions from the ratio R = Cgκ/Cgg

and from β. Consequently, improving the overall EG precision hinges primarily on obtaining
tighter constraints on β. This conclusion holds true for the current EG detections as well,
and is supported by the findings of [75], who achieved 6 − 11.3% precision of EG measure-
ments by obtaining improved β constraints through a model-independent Gaussian process
reconstruction that combined multiple literature measurements. To illustrate the potential
gain, we also show in the left panel of figure 3 a forecast scenario where β is assumed to be
known with 1% precision at all redshifts. In this idealised case, percent-level precision on EG

becomes achievable across a wide redshift range.

4.2 Constraints on modified gravity

This redshift-dependent summary of EG predictions highlights the overall constraining power
of CSST across 0 < z < 1.5, and provides a convenient tomographic view of the EG statistic
for testing modified-gravity scenarios. To translate the forecasted EG measurements into
anticipated constraints on modified gravity, we evaluate the likelihood of the phenomenological
parameters (µ0,Σ0) entering the µ − Σ parametrization described in section 2.3. Figure 4
shows the resulting χ2 contours in the (µ0,Σ0) plane.

We first note a strong degeneracy between µ0 and Σ0, as expected from their respective
roles in the denominator and numerator of equation (2.20). The forecast constraints for
the CSST baseline configuration are shown in the left panel of figure 4. While µ0 can be
constrained at the level of 30− 50%, the precision on Σ0 is significantly higher, reaching 5%.
This indicates that EG is more sensitive to Σ0 than to µ0, likely because the dependence on
Σ0 in the numerator of equation (2.20) is direct and linear, whereas the dependence on µ0 in
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This redshift-dependent summary of EG predictions highlights the overall constraining power of CSST across 0 < z < 1.5, and 
provides a convenient tomographic view of the EG statistic for testing modified-gravity scenarios. To translate the forecasted 
EG measurements into anticipated constraints on modified gravity, we evaluate the likelihood of the phenomenological 
parameters (µ0 , Σ0) entering the µ − Σ parametrization described in section 2.3. Figure 4 shows the resulting χ2 contours in 
the (µ0 , Σ0) plane.

We first note a strong degeneracy between µ0 and Σ0, as expected from their respective roles in the denominator and 
numerator of equation (2.20). The forecast constraints for the CSST baseline configuration are shown in the left panel of 
figure 4. While µ0 can be constrained at the level of 30−50%, the precision on Σ0 is significantly higher, reaching 5%. This 
indicates that EG is more sensitive to Σ0 than to µ0, likely because the dependence on Σ0 in the numerator of equation (2.20) 
is direct and linear, whereas the dependence on µ0 in the denominator is indirect and nonlinear. These baseline forecasts 
suggest that CSST will deliver competitive constraints on modified gravity parameters [21, 22, 74, 76].

This potential is further underscored by an idealized scenario with σ(β)/β = 1% (right panel of figure 4), which yields 5 times 
tighter constraints on both parameters. In particular, by leveraging improved β measurements—anticipated at the percent 
level—from spectroscopic surveys like MUST  and WST  it becomes feasible to achieve percent-level constraints on Σ0, the 
parameter associated with the effective gravitational constant of the Weyl potential [76,77]. Such a measurement would 
provide a stringent direct test of the strength of gravity on cosmological scales, offering a critical benchmark to distinguish 
GR from modified gravity models.

5. Conclusion
In this study, we have systematically forecast the potential of the CSST survey to measure the EG statistic, a powerful multi-
tracer test of gravitational physics on cosmological scales. By adopting redshift distributions of realistic mock spectroscopic 
and photometric galaxy samples, we developed a comprehensive harmonic-space covariance framework that fully accounts 
for the cross-correlation between galaxy–galaxy lensing and galaxy clustering observables. Our analysis yields several key 
quantitative outcomes:

• CSST will achieve a few-percent level precision on EG over a wide range of angular scales, with constraints reaching ∼ 
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4% at ℓ > 100 across various lens redshift bins. By compressing information of various scales and source redshift bins, 
the predicted scale-independent EG measurements can reach 3% − 9% at 0 < z < 1.2 — a factor of several to an order of 
magnitude improvement over current observations.
• Within the µ − Σ parametrization of modified gravity, CSST can constrain Σ0—the parameter associated with the effective 
gravitational constant of the Weyl potential— to ∼ 5%, while µ0 is constrained at the 30 − 50% level.
• The dominant source of uncertainty in EG originates from the RSD parameter β, whose precision limits the overall 
constraining power. If future spectroscopic surveys improve β constraints to the 1% level, EG can be also measured at the 
percent-level over a wide redshift range, and both µ0 and Σ0 could be constrained about five times more tightly, with Σ0 
approaching percent-level precision.

These results confirm that CSST will serve as a highly competitive Stage-IV facility for tomographic tests of gravity. The EG 
statistic, benefiting from the inherent cancellation of cosmic variance and independence from galaxy bias and σ8, offers 
a robust and model-independent diagnostic for deviations from GR. Our forecasts further highlight the critical synergy 
between photometric weak lensing surveys and high-precision spectroscopic campaigns: improvements in β determination 
directly and substantially enhance the EG constraining power. Looking ahead, the methodology and baseline predictions 
presented here will provide a ready framework for the cosmological interpretation of real CSST data. Subsequent analyses 
will need to incorporate more realistic treatments of photometric redshift errors, intrinsic alignments, lensing magnification 
and higher-order systematics [22]. In combination with contemporaneous surveys such as Euclid, LSST, DESI, MUST and 
WST, CSST is poised to deliver transformative constraints on modified gravity models and advance our understanding of 
cosmic acceleration [37-39,76,77].
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