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Recovery of radiation induced defects via nanovoids in bulk pure Fe
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Positron annihilation lifetime spectra1 are collected at each positron energy and fitted via PALSFit2. They are presented as a function of depth and dose in Fig.1S.



Figure 1S: PALS measurements as a function of depth for all irradiation doses featuring lifetime of small and large clusters: (a) T1 as a function of implantation energy and mean depth; (b) T2 as a function of implantation energy and mean depth; (c) I1 as a function of implantation energy and mean depth; (d) I2 as a function of implantation energy and mean depth. 
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Figure 2S: TEM micrographs showing distribution of cavities in pristine films. Images exhibit cavity counters at various depths.
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Figure 3S: TEM micrographs showing distribution of cavities in 0.006 dpa irradiated films. Images exhibit cavity counters at various depths.
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Figure 4S: TEM micrographs showing distribution of cavities in 0.06 dpa irradiated films. Images exhibit cavity counters at various depths.
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Figure 5S: TEM micrographs showing distribution of cavities in 0.3 dpa irradiated films. Images exhibit cavity counters at various depths.
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Figure 6S: TEM micrographs showing distribution of cavities in 0.6 dpa irradiated films. Images exhibit cavity counters at various depths.
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Figure 7S: TEM measurements of cavities in both pristine and irradiated samples: (a) Average cavity density as a function of depth; (b) Average cavity diameter as a function of depth.














[image: ]Figure 8S: Trapping rates for pristine and irradiated samples as a function of implantation energy and mean depths, featuring (a) trapping rates for small clusters and (b) trapping rates for large clusters.
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Figure 9S: Defect densities for pristine and irradiated samples as a function of implantation energy and mean depths, featuring (a) trapping rates for small clusters and (b) trapping rates for large clusters. The black squares in (b) represent the pristine sample



Interstitial clusters in the MD simulations

In Fig. 10S (a) the evolution of number of different sized interstitial clusters are presented for the large simulations cell. In Fig 10S (b) the number of interstitials in different sized clusters is presented for the large cell. In both figures the solid lines represent the cells containing the 7 voids (void density of 1.1 x 1023 m-3) and the dotted lines the initially pristine cell. From the figures we can see that there are more large interstitial clusters in the initially pristine cell, and especially the number of interstitials in the large clusters are higher for the initially pristine sample. This is in line with the overall higher amount of retained defects in the pristine sample compared to the cells with pre-existing voids.
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Figure 10S: (a) Number of interstitial clusters in different size intervals for the large cell with voids (solid line) and in the pristine sample (dotted line). (b) Number of interstitials in clusters of certain size for the large cell with voids (solid line) and in the pristine sample (dotted line).




Results for the small cell

A smaller MD cell of the size 20 x 20 x 20 nm3, consisting of 686,000 atoms was subjected to 1500 5keV cascades. Three runs for a pristine sample, a cell with 1 2-nm void and 4 2-nm voids were conducted. The corresponding void densities are 1.25x1023 m-3 void density and 5x1023 m-3. The simulations were carried out in the same manner as the larger cell. In Fig. 11S the created defects as a function of initiated cascades is shown. It can be seen the adding one void will lower the defect amount and adding four voids will further decrease the number of created FPs. Both in line with the results for the larger cell. In Fig. 12S the evolution of the largest void in the pristine and 1 2-nm void cells are shown (a) and for the four largest voids in the pristine and cell containing 4 voids (b). In Fig. 13S the evolution of interstitial clusters in the 1-void sample (a) and 4-void sample are presented. In Fig. 14S the number of interstitials in clusters are shown for the 1-void sample (a) and 4-void sample (b). Figs 13S and 14S show the same trend as the large cell, where we can observe more large interstitial clusters and especially number of interstitials in large clusters in the initially pristine cell, compared to the cells with voids.
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Figure 11S: Number of created defects as a function of initiated 5keV PKAs in a pristine sample containing approx. 686,000 atoms, red line, and in same sized samples with one 2nm-void (1.25x1023 m-3 void density), black line, and four 2-nm voids (5x1023 m-3 void density), pink line.    
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Figure 12S: Evolution of the largest void in the pristine sample and in the cell with one void (1.25x1023 m-3 void density) in the smaller cell (a). (b) Average size of the four largest voids in the pristine sample and in the cell with four voids (5x1023 m-3 void density) in the smaller cell. The size is calculated by assuming a spherical shape, which is not be representative of planar voids/dislocation loop sizes.
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Figure 13S: (a) Number of interstitial clusters in different size intervals for the small cell with 1 void (solid line) and in the pristine sample (dotted line). (b) Number of interstitial clusters in different size intervals for the small cell with 4 voids (solid line) and in the pristine sample (dotted line).
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Figure 14S: (a) Number of interstitials in clusters of certain size for the small cell with 1 void (solid line) and in the pristine sample (dotted line). (b) Number of interstitials in clusters of certain size for the small cell with 4 voids (solid line) and in the pristine sample (dotted line).













Table-1S: Positron lifetimes for different vacancy sizes in Fe. The table is constructed from the previous calculations and reported values in references [3,4].
	Number of
Vacancies
	Positron Lifetime
(ps)

	1
	190

	2
	197

	3
	232

	4
	262

	6
	304

	10
	334

	15
	386

	20
	396

	25
	409

	30
	420

	40
	433
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