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        Outline of FORKLENS shear estimation architecture. The CNN part contains two branches, one fed with PSF and one fed with a galaxy image. The PSF branch has four convolutional layers, each with batch normalization and ReLU activation function. We adopted a 34-layer residual network to extract the information of galaxies where the image is larger and suffers from pixel noise. The two branches are then concatenated following two fully connected layers, where the effect of PSF is corrected. CNN then outputs the galaxy’s properties including size, magnitude, and ellipticities. A further NN calibrates the measured features biased by noise and outputs the final shear estimate. The NN part is in practice a committee of eight independent NNs and the 𝒢1 (𝒢2) is the average of the eight outputs.
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        Training and validation LOSS of CNN. 20 000 galaxy and PSF pairs were used in total with a 10% validation split, and the batch size is 200. The initial learning rate is 0.01 and is reduced by 0.1 times when the LOSS (Eq. (3)) has stopped improving. We take the model at the 600th epoch as our best one.
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        CSST simulation of example galaxy (top, half-light radius of 1.2 arcsec, 20 in magnitude, e1 = 0.4 and e1 = −0.4) and PSF in log scale (bottom, drawn from random positions on the CCD in simulation). Both shot noise and Gaussian noise are included in the observed galaxy. PSF is simulated based on the optical design model (Sect. 3.1).
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        Distribution of simulated CSST galaxies from which we randomly drew for training and testing sets (with different random seeds). Top: distributions of galaxy half-light radii and magnitude. Bottom: normalized distribution of measured and true galaxy S/N (Eq. (8)). Galaxies with S/N > 50 sit in bin ~50.
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        Structured data set to train the calibration NN with the MSB loss function (similar to Fig. 2 in Tewes et al. 2019). Each row corresponds to one case containing 2000 galaxies (i.e., 2000 columns), which differ only in the orientations sharing the same shear and PSF. 5000 cases (i.e., 5000 rows) in total are used to train the NN. Shape noise cancellation is adopted.
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        Residuals of CNN measurement on galaxy ellipticities and magnitude. Top panels: the ellipticities’ measurement residuals on 10 000 galaxies of CSST simulations. Colors denote the measured S/N of images, and those with S /N > 50 are shown as the same color as 50. The accuracy sees a strong dependence on the galaxies’ S/N. ρ ≃ 0.98 for S /N > 10 comparing p 0.71 for S/N < 10. Bottom panels: measurement residuals of galaxy magnitude in i band (left) and its histogram of truth and predictions (right). Measurements on faint sources (Mi > 24) are highly biased into being brighter, which propagates into the measured S/N leading to an overestimation.
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        Pearson coefficient of galaxy ellipticity measurements with three methods (CNN; REGAUSS, Rowe et al. 2015; model fitting, Sheldon 2015) as a function of the true magnitude and galaxy S/N. Gray histograms show the galaxy distributions. Galaxies with S/N > 50 sit in the bin of 45–50. The REGAUSS method exhibits failures in feature measurement (on highly noisy or highly elliptical sources), resulting in the rejection of approximately 55% of the sources. These galaxies are excluded from the ρ calculation in the “moments-based” method, while they are included in the “model-based” and “CNN” methods.
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        Galaxy shape measurements after PSF correction for eight example galaxies each with measured S/N labeled. The estimates of intrinsic ellipticity and disk half-light radius are shown as ellipses of which the sizes are increased by 12 times for illustration purposes. The white ellipses are ground-true, and the predicted results by CNN are shown in purple.
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        Shear measurement residuals after calibration and binned shear biases as a function of galaxy properties. Top: shear estimation on data described in Fig. 5 after NN calibration. Each point is one “case” with 2000 “realizations” sharing the same axis ratio, size, magnitude, PSF, and shear, but differing in orientation. Middle: multiplicative bias (shown in dark cyan) and additive bias (displayed in blue-violet) are presented as a function of the true galaxy magnitude. The data points from the top panels are categorized into six bins based on the magnitude and fit to a linear function. The y-axis is plotted on a logarithmic scale. The lighter shade corresponds to ±2 × 10−3, while the darker shade represents ±2 × 10−4. Bottom: similar to the middle panel; the m and c are shown as a function of the true galaxy S/N.
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        Final results of shear measurement for CSST with our FORKLENS approach. The first panel displays the shear residuals obtained after calibration using NNs, while the second panel shows the shear residuals after applying galaxy weighting. Both panels consist of measurements from the same set of 20 million galaxies. Each data point represents 100 000 galaxy and PSF pairs with varying properties, but sharing the same shear. Shape noise cancellation was not employed.
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        Shear weight distributions as function of measured galaxies’ properties. In the upper panel, we present the joint distribution of predicted galaxy weights by the NNs, considering the measured galaxy’s half-light radius and magnitude as variables. The lower panel illustrates the weights regarding the measured S/N Additionally, the medians of binned weights corresponding to different S/N values are depicted as blue-violet data points, accompanied by their associated 16 and 84% errors.
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        Shear measurement bias with METACALIBRATION and FORKLENS on CSST simulations. Left panel illustrates shear measurement bias m, while right panel represents bias c for both METACALIBRATION and FORKLENS methods on CSST simulation, as a function of the input shear range ([−0.02,0.02] uniformly for a shear of 0.02 and [−0.1,0.1] for a shear of 0.1). Shear biases for the first component are presented with solid error bars, and the second component is depicted with dashed errors. The findings for a shear of 0.02 are obtained from a dataset of 40 million stamps in total (prior to selection) utilizing SNC, and 10 m stamps for 0.1. The gray regions correspond to the requirements set for stage IV weak-lensing experiments, which are 2 × 10−3 and 2 × 10−4 for m and c, respectively.
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