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1. Application of the error reduction algorithm to the simulated

diffraction patterns

In our work, we proposed a refinement method for structure reconstruction from a

diffraction pattern and demonstrated it with simulated diffraction patterns. We found

that, with a good initial guess of structure, the present method could retrieve a phys-

ically meaningful density map from a low-intensity diffraction pattern lacking the

center of the image, while we could not reconstruct any physically reasonable density

maps with the standard phase retrieval (PR) algorithms. Here we report the typical

results of the application of the error reduction (ER) algorithm (Fienup, 1982) with

an initial guess of structure to the simulated diffraction patterns shown in Figure 3 of

the main text. Then we compare them to the reconstructed density map by using the

refinement method described in the main text.

1.1. Scheme of phase retrieval

We defined the density map at the n-th step of iteration by ρn(~r), where (~r) was

a coordinate in the real space. For updating ρn(~r) to ρn+1(~r), we took the following

updating loop:

1. Fourier transform: ψn = F [ρn(~r)](~q),
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2. constraint in the momentum space: ψ̃n = Pmom(ψn),

3. inverse Fourier transform: ρ̃n = F−1(ψ̃n),

4. constraint in the real space: ρn+1 = Preal(ρ̃n).

Here ~q was a coordinate in the Fourier space. Pmom was defined by

Pmom(ψn(~q)) =

{

√

|I(~q)|eargψn(~q) (~q ∈ S)
ψn(~q) (otherwise)

, (1)

where S was the region where the diffraction intensity I(~q) was known. Preal for the

ER algorithm was defined by

Preal(ρ̃n(~r)) =

{

Re(ρ̃n(~r)) (Re(ρ̃n(~r)) ≥ 0)
0 (otherwise)

, (2)

where Re was the operator which took the real part of a value. The trial of PR using

the ER algorithm starts from a projection of a uniformly dense sphere shown in Figure

2b of the main text. The number of iterations of the above update loop was set to 20.

1.2. Results of Phase retrieval

Figure 1 shows the electron density maps reconstructed from the simulated diffrac-

tion patterns shown in Figure 3 of the main text by using the combination of the ER

algorithm with the initial guess (Figure 2b of the main text). This combined algorithm

reconstructed density maps close to those from the present refinement method, which

is shown in Figure 4 of the main text. Figure 2 shows the differences of the electron

density maps shown in Figure 1 from the initial guess. From Figure 2, and Figure 5

of the main text, it was found that the present refinement method could retrieve the

density maps better than the combination of the ER algorithm and the initial guess

as the diffraction intensity got lower and the missing region got larger. By compar-

ing Figure 1 with Figure 4 of the main text, we found that the present method is

advantageous in the spatial resolution compared with the ER algorithm.
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Fig. 1. Electron density reconstructed from the simulation data by using the error
reduction algorithm. The density map shown in Figure 2b of the main text was
used as the initial guess. Each figure represents the reconstructed structure obtained
from the corresponding diffraction pattern in Figure 3 of the main text . The scale
bars are 100 nm.
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Fig. 2. The difference of the reconstructed electron density by the ER algorithm from
the initial guess. The initial electron density (Figure 2b of the main text) was
subtracted from the reconstructed results (Figure 1). The scale bars are 100 nm.

IUCr macros version 2.1.10: 2016/01/28


