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- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy
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Population characteristics
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Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

The data generated in this study are provided in the Source data files. Additional data are available from the corresponding authors upon request.
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No statistical method was used to predetermine the sample size. For the experiments of cell imaging, we acquired images of several cells
from different areas of the 96-well plates and similar results were obtained among different areas. The whole experiment has been repeated
at least five times during our study. For the single-particle imaging, multiple sample slides were prepared, and single particles in different
areas of the slides showed similar imaging results and resolution enhancement effect. For the spectroscopy study, the results were collected
from different sample points and were averaged, which can reflected the overall luminescence properties of the studied samples. Data were
collected from three independent measurement.

No data are excluded from the analyses.

All attempts at replication were successful. The experiments were replicated at least five times independently and similar results were
obtained.

Randomization is not relevant to our study as there was no specific allocation to experimental groups in the study.

Blinding was not performed, since it is not applicable to this type of study. The cells were labeled by the samples and directly used for imaging
experiments.




