This project has received financial
support from the European Union's
Horzon 2020 research and
innowvation program under the Marie
Skiodowska-Curie grant agreement
Mo. 721453 to the SUNDIALITN
network.

The one-dimensional Universe.
Investigating filaments in observations and simulations
with 1-DREAM,
from GAIA to the Cosmic Web.

M. Canducci?

P. Awad?, A. Taghribi?, M. Mohammadi?, M. Mastropietro3,
S. De Rijcke?, R. Peletier?, R. Smith?, K. Bunte?, P. Tino'

University of Birmingham, School of Computer Science, UK;
University of Groningen, Kapteyn Astronomical Institute, NL; SUNDIAL
University of Groningen, Bernoulli Institute, NL; 12020 Innovative Training Network
Ghent University, Department of Physics and Astronomy, BE;

Universidad Technica Frederico de Santa Maria, Santiago, CL.

uhkhwn e

UNIVERSITYOF Eﬂ%’ university of
G

BIRMINGHAM groningen

UNIVERSIDAD TECNICA
FEDERICO SANTA MARIA



Astronomical particle data sets

Simulated

- Dwarf galaxy in interaction
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Smoothed Particle Hydrodynamics
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1-DREAM

Noisy Data
Low-dimensional
noisy manifolds
with transverse
and background
noise, immersed
in & higher
dimensional
environment.
o - .
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LAAT EM3A Dimensionality Crawling Stream GTM
Ant-colony Transverse noise Idx Automatic Probabilistic
algorithm for reduction Assignment of retrieval of modellling of
backpround noise algorithm dimensionality low-dimensional individual
removal, inspired by index to each structures, manifolds. The
evaluating local ant-colomy point i the data Borders of the previously
density and systems. It set, taking into manifolds are discarded
alignment along enforces path account the eigen- determined by transverse noise is
coherent choice, by decomposition of walking along used to train the
structures collapeing points its loeal their loeal mapping function
Pheromane valos towards the mean | | neighborhood and tangent space, from umit interval
is used to filter curves of the smoothness of recovering the to high-
out less visited manifuolds, the parent corresponding dimensional
points retaiming making them structure. high dimensional embedding via
highly visited more easily Partitions data embedding of the mexirmm like-
ores. identifisble for set. unit interval. lihood estimation.
further analysis.

Orthonormal coordinate frames

Bi-dimensional profiles
Compact representation of the manifold’s properties,
constricted from local tangent space and cormesponding
perpendicular component. For each longitudinal hin
along menifold, the radial mesn of quantities is
computed over concentric cylindrical shalls.

Moving along the manifold, through its tangent bundla,
its properties are displayed over a local reference frame,
spanning the perpendicular component to the tangent
space of the manifold that is coherently propagated
throughout the manifold's elongation.
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1-DREAM

manifolds,
making them
more easily
identifisble fo
further analvgl.

_\‘:-

Crawling
Automatic
retrieval of
low-dimensional
Btructures.
Borders of the
manifolds are
determined by
walking along
their loeal
tangent space,
recovering the
corresponding
high dimensional
embedding of the
unit interval.

Stream GTM
Probabilistic
modellling of

individual
manifolds. The
previously
discarded
transverse noise is
used to train the
mapping function
from umit interval
to high-
dimensional
embedding via
maodrmrm like-
lihood estimation.

Bi-dimensional profiles
Compact representation of the manifold’s properties,
constricted from local tangent space and cormesponding
perpendicular component. For each longitudinal hin
along menifold, the radial mesn of quantities is
computed over concentric cylindrical shalls.
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Orthonormal coordinate frames

Moving along the manifold, through its tangent bundla,
its properties are displayed over a local reference frame,
spanning the perpendicular component to the tangent
space of the manifold that is coherently propagated

throughout the manifold's elongation.

1-DREAM:
1D Extraction and Analysis of Manifolds in noisy environments.
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1-DREAM: Dim Index

Dimensionality Index>

LAAT EM3A Dimensionality Crawling Stream GTM
Ant-colony Transverse noise Idx Automnatic Probabilistic
algorithm for reduction Assignment of retrieval of modellling of
backpround noise algorithm dimensionality low-dimensional individual
remonval, inspired by index to each structures. manifolds. The
evaluating local ant-colony point in the data Borders of the previously
density and systems. [t set, taling into manifolds are discarded
alignment along enforces path account the eigen- determined by transverse noise is
coherent choice, by decomposition of walking along used to train the
stroctures. collapsing points ita local their loeal mapping function
Pheromeone vale towards the mean neighborhood and tangent space, from umnit interval
is nsed to fleer curves of the smoothness of recovering the to high-
ot less visibed manifolds, the parent corresponding dimensional
points retaiming making them structure. high dimensional embedding via
highly visited more easily Partitions data embedding of the meaxirmum like-
ones. identifiable for \ set. / unit interval. lihood estimation.
further analysis.

Orthonormal coordinate frames

Bi-dimensional profiles
Compact representation of the manifold’s properties,
constricted from local tangent space and cormesponding
perpendicular component. For each longitudinal hin
along menifold, the radial mesn of quantities is
computed over concentric cylindrical shalls.

Moving along the manifold, through its tangent bundla,
its properties are displayed over a local reference frame,
spanning the perpendicular component to the tangent
space of the manifold that is coherently propagated
throughout the manifold's elongation.
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1-DREAM: Dim Index
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Orthonormal coordinate frames
Moving along the manifold, through its tangent bundla,
its properties are displayed over a local reference frame,
spanning the perpendicular component to the tangent
space of the manifold that is coherently propagated
throughout the manifold's elongation.
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- normalized eigenspectra (live on a standard simplex)
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evaluating loeal ant-colony point in the dat Borders of the previously
density and systems. [t set, taling into manifolds are discarded
alipnment along enforces path account the eigen determined by transverse noise is
coherent choice, by decomposition of walking along used to train the
structures. collapeing points its loeal their loeal mapping function
Pheromone valee towards the mean neighborhood and tangent space, from unit interval
is used to filter curves of the smoothness of recovering the to high-
out less visited manifolds, i i i

points retaiming making them

highly visited more easily
ones. identifisble for
further analysis.

Orthonormal coordinate frames

Bi-dimensional profiles Moving along the manifold, through its tangent bundle,
Compact representation of the manifold’s properties, its properties are displayed over a local reference frame,
constricted from local tangent space and cormesponding spanning the perpendicular component to the tangent
perpendicular component. For each longitudinal hin space of the manifold that is coherently propagated
along menifold, the radial mesn of quantities is throughout the manifold's elongation.

computed over concentric cylindrical shalls.
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1-DREAM: Visualization
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alignment along enforces path aceount the eigen- determined by transverse noise is
coherent choice, by decomposition of walking along used to train the
structures. collapeing points its loeal their loeal mapping function
Pheromone value towards the mean | | neighborhood and tangent space, from unit interval
is used to filter curves of the smoothness of recovering the to high-
out less visited manifolds, the parent corresponding dimensional
points retaiming making them BtrCture. high dimensional embedding via
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Bi-dimensional profiles
Compact representation of the manifold’s properties,
constricted from local tangent space and cormesponding
perpendicular component. For each longitudinal hin
s menifold, the radial mesn of quantities is
compuced, over concentric cylindrical shalls.
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Orthonormal coordinate frames
Moving along the manifold, through its tangent bundla,
its properties are displayed over a local reference frame,
spanning the perpendicular component to the tangent
space of the manifold that is coherently propagated
throughout the manifold's elongation.
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1-DREAM, visualization: Co-moving orthonormal frames
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1-DREAM, visualization: Co-moving orthonormal frames
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1-DREAM, visualization: Bi-dimensional profiles
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1-DREAM, visualization: Bi-dimensional profiles
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1-DREAM, application 1: GAIA, w,,, filament

Selection criteria in:
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al. Identification of the long stellar stream of
14 the prototypical massive globular cluster w
2 i . Centauri. Nat Astron 3, 667-672 (2019).
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1-DREAM, application 1: GAIA, w,,, filament
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1-DREAM, application 1: GAIA, w,,, filament
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1-DREAM, application 1: GAIA, w,,, filament

Signal to noise ratio, along filament with comoving background selection

Sky

i . ) i :::. / 1
. b .

CS tream

Sky

£ [deg]

14/03/2023, Bologna



1-DREAM, application 1: GAIA, w,,, filament

Signal to noise ratio, along filament with comoving background selection
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1-DREAM, application 1: GAIA, w,,, filament

Signal to noise ratio, along filament with comoving background selection
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1-DREAM, application 1: GAIA, w,,, filament

Signal to noise ratio, along filament with comoving background selection
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1-DREAM, application 1: Cosmic Web filament
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1-DREAM, application 1: Cosmic Web filament — Ex.1
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: Cosmic Web filament — Ex.2

1-DREAM, application 1
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1-DREAM, application 1: Cosmic Web filament — Ex.2

P. Awad, R. Peletier, M. Canducci, R. Smith, A. Taghribi, M. Mohammadi, J. Shin, P. Tifo, K. Bunte, Swarm-intelligence-based extraction and manifold

crawling along the Large-Scale Structure, Monthly Notices of the Royal Astronomical Society, Volume 520, Issue 3, April 2023, Pages 4517-

4539, https://doi.org/10.1093/mnras/stad428
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1-DREAM, application 1: Cosmic Web filament — Ex.2

P. Awad, R. Peletier, M. Canducci, R. Smith, A. Taghribi, M. Mohammadi, J. Shin, P. Tifo, K. Bunte, Swarm-intelligence-based extraction and manifold
crawling along the Large-Scale Structure, Monthly Notices of the Royal Astronomical Society, Volume 520, Issue 3, April 2023, Pages 4517~
4539, https://doi.org/10.1093/mnras/stad428
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1-DREAM, application 1: Cosmic Web filament — Ex.2

P. Awad, R. Peletier, M. Canducci, R. Smith, A. Taghribi, M. Mohammadi, J. Shin, P. Tifo, K. Bunte, Swarm-intelligence-based extraction and manifold
crawling along the Large-Scale Structure, Monthly Notices of the Royal Astronomical Society, Volume 520, Issue 3, April 2023, Pages 4517~
4539, https://doi.org/10.1093/mnras/stad428
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1-DREAM, application 1: Cosmic Web filament - stability

P. Awad, R. Peletier, M. Canducci, R. Smith, A. Taghribi, M. Mohammadi, J. Shin, P. Tifo, K. Bunte, Swarm-intelligence-based extraction and manifold
crawling along the Large-Scale Structure, Monthly Notices of the Royal Astronomical Society, Volume 520, Issue 3, April 2023, Pages 4517~
4539, https://doi.org/10.1093/mnras/stad428

[Mpc/h]

[Mpc/h]

0 EM3A<+ on 100% Filament

1o EM3A<+ on B0% Filament

1o EM3A<+ on 60% Filament

1.0

LI NN | T T T T T T
05 1 osf 1 osf .
0.0 ® 1 ool » 1 ool = .
—0.5 | {-osf 1-osf .
- Lo vv vt v v v v v PRI TR BT R ST AT R Cov v vt v v by v vy 0y
1'21.0 -0.5 0.0 0.5 1.0 1'21.0 -0.5 0.0 0.5 1.0 1'21.0 =-0.5 0.0 0.5
[Mpe/h] [Mpe/h] [Mpe/h]
DisPerSE on 100% Filament DisPerSE on 80% Filament DisPerSE on 60% Filament
1.0 e 1.0 e 1.8 e e
r
05 1 osf % 1 osf .
L X ] L x
ool x 1 ool £ 1 ool *« X ]
i * % * 1 %% %
i 1 I Kok 1 Tk Txx
L ] L x 4 L X x .
=0.5 : : =0.5 : -4 ] —0.5: ” »
- Lo vv vt v v vt v Cov v vt v vt v v Cov v vt v v by vy
1'21.0 =0.5 0.0 0.5 1.0 1'21.0 =0.5 0.0 0.5 1.0 1'21.0 =0.5 0.0 0.5
[Mpe/h] [Mpe/h] [Mpe/h]

1.0

D [Mpc/h)

D [Mpc/h]

Distance between 100% and 80% Axes

1.25

2

0.75

=
=1

=1
2
[T M 1T 1 .1 T 1 T 1

0.25

—_— EM3A+
— DisPersE
=== =015

"M"J

Distance between 100% and 60% Axes

1.25
1.00
0.75

0.50

0.25

0.00 T"&&eﬂc{‘ """

\

~ 18.2 [Mpc/h]

14/03/2023, Bologna


https://doi.org/10.1093/mnras/stad428

1-DREAM, future directions

Gitlab public repo: https://git.lwp.rug.nl/cs.projects/1DREAM

Upcoming studies (submitted):

- EAS 2023 (submitted): P. Awad — “Substructures within the Jhelum stream proper
motion space.” University of Groningen

- EAS 2023 (submitted): M.A. Raj— “Unravelling the Fornax-Eridanus supercluster:
detection, analysis and visualization of its filaments.” University of Groningen

Potential lines of work:

- Temporal analysis of galactic dynamics within cosmic web filaments ( how to model temporal evolution

of probabilistic models: Canducci, M. et al. (2021). Tracking the Temporal-Evolution of Supernova Bubbles in Numerical
Simulations. In:, et al. Intelligent Data Engineering and Automated Learning — IDEAL 2021. IDEAL 2021. Lecture Notes in Computer
Science(), vol 13113. Springer, Cham. https://doi.org/10.1007/978-3-030-91608-4 49)

- Filament detection in sparsely populated data sets, the potential of Probabilistic Hough
Transform

14/03/2023, Bologna
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THANK YOU

Contact:

Marco Canducci, University of Birmingham,
M.Canducci@bham.ac.uk

Gitlab public repo: https://git.lwp.rug.nl/cs.projects/1DREAM

| will be in office 3E3A the whole afternoon if
you are interested in our work and would like to
join forces!
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