




Extended Data Fig. 4 | Improved AET results for the amorphous SiGeSn 
nanoparticle using our workflow applied to simulated projections from 
ref. 28. a, Misalignment of projections from ref. 28, particularly along the y-axis. 
b, Common-line analysis indicating intensity mis-normalization. c, Projections 
realigned using the centre-of-mass method and normalized with the common-
line approach. d, 0.98 Å-thick central slice from the reconstruction reported in 

ref. 28. Scale bar, 2 nm. e, Corresponding slice from our RESIRE reconstruction.  
f, Ground-truth atomic species of the SiGeSn nanoparticle. g, Elemental 
classification of Si, Ge, and Sn as reported in ref. 28. h, Elemental classification 
obtained from our RESIRE reconstruction (e). Panels f and g are adapted from 
Figure 3b of ref. 28, Springer Nature Limited.
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Extended Data Fig. 5 | Projection misalignment and intensity mis-
normalization in simulated projections of an amorphous CoPdPt 
nanoparticle from ref. 28. a, Centre-of-mass analysis showing significant y- 
axis misalignment in the projections from ref. 28. b, Common-line analysis 
revealing inconsistent intensity normalization. c, Projections realigned using 

the centre-of-mass method and normalized with the common-line approach.  
d, 1 Å-thick central slice from the reconstruction reported in ref. 28. Scale bar, 
2 nm. e, Corresponding slice from our RESIRE reconstruction. f, Histogram of 
identified atoms generated by applying Busch et al.’s code to their reconstruction 
in (d). g, Histogram generated from our RESIRE reconstruction in (e).



Extended Data Fig. 6 | 3D atomic structure of the amorphous CoPdPt 
nanoparticle reconstructed with a random defocus range of ±3 nm using 
our AET workflow. a, Representative projection simulated at a dose of 1.7 × 104 
e−/Å2. Scale bar, 2 nm. b, Denoised and background-subtracted projection.  

c, Corresponding projection calculated from the RESIRE reconstruction.  
d, Histogram of traced atoms showing identification accuracies of 90.3% (Co), 
98.3% (Pd), and 99.9% (Pt), with an overall accuracy of 95%. e, 3D positional 
precisions of 40 pm (Co), 15 pm (Pd), and 7 pm (Pt); overall precision, 28 pm.
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Extended Data Fig. 7 | Quantitative comparison between RESIRE and an 
updated SIRT under experimentally realistic conditions. Reconstructions 
were performed using the same simulated noisy projections of the amorphous 
CoPdPt nanoparticle at a dose of 1.7 × 104 e−/Å2 as in Fig. 3. a, Angular refinement 
using RESIRE with experimental tilt angles (containing errors) as the initial input. 
RESIRE successfully refined all three tilt angles (ϕ, θ, and φ). b, Histogram of 
traced atoms from the RESIRE reconstruction showing identification accuracies 

and 3D positional precisions: 94.8 % and 30 pm for Co, 98.9 % and 12 pm for Pd, 
and 100 % and 7 pm for Pt. c, RESIRE reconstruction without angular correction, 
achieving 87.1 % and 42 pm for Co, 95.5 % and 17 pm for Pd, and 99.7 % and 9 pm for 
Pt. d, Updated SIRT reconstruction, achieving 85.8 % and 44 pm for Co, 95.7 % 
and 19 pm for Pd, and 99.7 % and 12 pm for Pt. The results in (c) and (d) were 
obtained under identical conditions except for the reconstruction algorithm 
used.



Extended Data Fig. 8 | 3D atomic structure and medium-range order of  
a 7,704-atom amorphous silica nanoparticle reconstructed by pAET  
(dose: 1.6 × 104 e−/Å2). a, Atom identification rates: 96.3% (Si), 85% (O), and 
88.8% (all atoms) for single-slice pAET; 100% (Si, O, and all atoms) for multislice 

pAET. Corresponding 3D positional precisions: 13 pm (Si), 22 pm (O), and 19 pm 
(all atoms) for single-slice; 5 pm (Si), 8 pm (O), and 7 pm (all atoms) for multislice.  
b, Heteroatomic ring-size distributions from the ground truth, single-slice, and 
multislice pAET.
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Extended Data Table 1 | Parameters used in multislice simulations and RESIRE reconstructions



Extended Data Table 2 | Parameters used in single- and multislice ptychographic reconstructions with the foldslice package




