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Statistics

For all statistical  analyses,  confirm  that  the  following  items  are present  in the  figure  legend,  table  legend,  main  text,  or Methods  section.

n/a

€
[x

[x

[x

Confirmed

[g]rhe  exact  sample  size (n) for  each  experimental  group/condition,  given  as a discrete  number  and unit  of  measurement

0A  statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly
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[]A  description  of  all covariates  tested

[XA  description  of  any  assumptions  or corrections,  such as tests  of  normality  and adjustment  for  multiple  comparisons

€ A  full  description  of  the  statistical  parameters  including  central  tendency  (e.g. means)  or other  basic  estimates  (e.g. regression  coefficient)
AND  variation  (e.g. standard  deviation)  or  associated  estimates  of  uncertainty  (e.g. confidence  intervals)

[x @GFol%enPuvl@llhuyepsootsheexs0icsttveasltuienSgw, thheenetveesrtSsut,a,tbisletlc (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
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For Bayesian  analysis,  information  on the  choice  of  priors  and Markov  chain  Monte  Carlo  settings

For hierarchical  and complex  designs,  identification  of  the  appropriate  level  for  tests  and full  reporting  of  outcomes

Estimates  of effect  sizes (e.g. Cohen's  d, Pearson's  r), indicating  how  they  were  calculated
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Software  and code

Policy  information  about  availability  of computer  code

Data collection  n/a

Data analySiS  Pythün 3.7.3, PythOn SC:Py 1.2.1, PythOn matplOtlib  3.0.3, PythOn numpy  1.16.2,  OptiCal floW algorithm  frOm B. D. LuCaS, T. Kanadei and OtherS
"An iterative  image registration  technique  with an application  to stereo  vision,"  International  Joint Conference  on Artificial  Intelligence  (1981).

For manriscnpts  utilizmg  custom  algontfüns  or software  that  are centtal  to the  research  but  nok ytJ  desciibed  in publislied  litt"rahne,  software  musi  be made  available  to editors  and

reviewers  We sttonglli  encüui  age code  deposition  m a communikl  i epository  (ta g GitHub)  See tlie  Nature  Pürifolio  guidelines  für  submittinH  code & software kot +urther information

Data

Policy  infomiation  abobit  availability  of data

AII manuscripts  must  include  a data  availability  statement.  This statement  should  provide  the  following  information,  where  applicable:

- 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 p

The data and the codes that  support  the findings  of this study  are available  from  the corresponding  author  upon request.

Field-specific  reporting
Please select  the  one below  that  is the  best  fit  for  your  research.  If you are not  sure,  read  the  appropriate  sections  before  making  your  selection.
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Ecological,  evolutionary  & environmental  sciences  study  design

AII studies  must  disclose  On tl'iese  pomts  eVen  whet'i  the  disclosure  is negative

Study  description We  study  the  dynamic  properties  of  a dilute  granular  system  consisting  of  M&M  candies  under  lüw-gravity.

Flesearch  samole 96 ellipsüidal  M&M  candiesFlesearch  samole

Sampling  strategy N/A

Data  collection

Timing  and  spatial  scale

The  astronaut  in ISS Samantha  Cristoforetti  (one  of  the  authors)  used  a video  camera  to  take  footages  of  the  moving  particles.

ISS expedition  42/43

Data  exclusions 4 of  the  5 experiments  have  problems  of  minor  misplacement  and/or  unstable  positioning  of  the  sample  cell

under  the  camera  view,  which  prevent  us from  applying  image  processin(;  for  quantitative  analysis.

Reproducibility  n/a

Randomization  n/a

Blinding  n/a

Didthestudyinvolvefieldwork?  []'res  [XlSlo

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,  mdicate  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  selecfüig  a response.

Materials  & experimental  systems

n/a Involved in the study

[g] g  Antibüdies

[X 0  Eukaryotic cell lines

[X 0  Palaeontology and archaeology

[X 0  Animals and other organisms

[X @ Human research participants

[x @ Clinical data

IX @ Dual use research üf concern

Methods

n/a Involved in the study

[X €  ChlP-Se(l

[x 0  Flow cytometry

[x 0  MRl-based neuroimaging
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