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In the original version of this article, numbers for the beam current densities were incorrectly
given as 1.5, 2.0, and 2.5mA cm−2 in various locations, instead of the correct values 0.3, 0.4, and
0.5mA cm−2. This was owing to ameasurement error coming from the indirect correspondence
between the Faraday cup and the beam profile monitor (BPM) on the accelerator as the proton
beam traveling along the beamline resulted inmismatching between calculated values and real
beam currents, which were obtained by ex-situ calibration.

The following changes have been made in the correct version.
The eighth sentence of the Results, and the figure legend of Fig. 2j state ‘0.3, 0.4,

0.5mA cm−2’ in place of ‘1.5, 2.0, 2.5mAcm−2’.
The figure legend of Fig. 1j–l states ‘0.5, 0.4, 0.3mAcm−2’ in place of ‘2.5, 2.0, 1.5mAcm−2’.
Figure 1e states ‘0.5mAcm−2’ in placeof ‘2.5mA cm−2’, Fig. 1h states ‘0.4mAcm−2’ inplaceof

‘2.0mAcm−2’, and Fig. 1k states ‘0.3mA cm−2’ in place of ‘1.5mAcm−2’.
Figure 2c states ‘0.5mAcm−2’ in place of ‘2.5mA cm−2’, Fig. 2d states ‘0.4mA cm−2’ in place

of ‘2.0mA cm−2’, and Fig. 2e states ‘0.3mAcm−2’ in place of ‘1.5mA cm−2’.
Figure 2j and k states ‘0.3mA cm−2’, ‘0.4mA cm−2’, ‘0.5mA cm−2’ in place of ‘1.5mAcm−2,

‘2.0mAcm−2’, and ‘2.5mAcm−2’, respectively.
The figure legend of Fig. 3b states ‘0.4mAcm−2’ in place of ‘2.0mA cm−2’.
The figure legend of Supplementary Fig. 1 states ‘0.5mAcm−2’ in place of ‘2.5mA cm−2’.
This has been corrected in the PDF and HTML versions of the Article.

Additional information
Supplementary information The online version contains supplementary material available at
https://doi.org/10.1038/s41467-024-47902-4.
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