
 
Summary
We have developed a new methodology to 
match simulations and observations non-
parametrically using deep convolutional 
neural networks. We extract robust physics 
that can radically speed up the 
interpretation of high-resolution ALMA 
observations. With machine learning we 
can down-select from large databases of 
synthetic images to a handful of matching 
candidates. This is particularly useful for 
binary and multiple systems with the end 
goal of inferring the underlying physics that 
drives protostellar evolution.

 

Simulated Analogues with non-parametric matching
Zoom-in simulations: Target binaries in a global model of a starforming region. 
Synthetic catalogue: Use RADMC-3D to produce thousands of images from 
different epochs and projections and compute physics (e.g. age, disk size, ...) [2]              
Machine learning: DCNNs are used to find best matches to observations, and 
transfer-learning trained on the catalogue predict physical parameters [3]

Synthetic observations
Left: Evolution of the bolometric 
temperature for orbital, primary, or 
secondary projections. Systematic 
differences are seen with face-on 
appearing more evolved. Secular 
changes are linked to larger 
system events, while the high 
frequency evolution is powered by 
episodic accretion at periastron [2]    
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Extracting Physics
Above: Using the best matches of the 
DCNN we can investigate how they 
clusters, and learn which predictions 
are robust. The vertical lines indicates 
best matches based on different 
molecular tracers (see also [1]). F.x. the 
simulation traces a period of 150 kyr, 
yet the best matches are clustered 
around 38, 51, and 57 kyr. Below: view 
points for synthetic images are chosen 
such that the projected sky distances 
matches the observations. 
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Left: in the center is shown 1.2 mm 
continuum ALMA observations of 
IRAS-2A on a 2,000 AU scale [1]. 
Around are the 8 best matches 
selected automatically from 70,000 
images using the Dense121 DCNN. 
The neural network is able to 
accurately find images that match the 
binary properties including the relative 
extent of dust around the primary and 
secondary stars and the larger-scale 
filaments and outflow cavities [3].
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conclusions about the physics that 
drives protostellar evolution

 
Summary
We have developed a new methodology to 
match simulations and observations non-
parametrically using deep convolutional 
neural networks. We extract robust physics 
that can radically speed up the 
interpretation of high-resolution ALMA 
observations. With machine learning we 
can down-select from large databases of 
synthetic images to a handful of matching 
candidates. This is particularly useful for 
binary and multiple systems with the end 
goal of inferring the underlying physics that 
drives protostellar evolution.

 

Simulated Analogues with non-parametric matching
Zoom-in simulations: Target binaries in a global model of a starforming region. 
Synthetic catalogue: Use RADMC-3D to produce thousands of images from 
different epochs and projections and compute physics (e.g. age, disk size, ...) [2]              
Machine learning: DCNNs are used to find best matches to observations, and 
transfer-learning trained on the catalogue predict physical parameters [3]

Synthetic observations
Left: Evolution of the bolometric 
temperature for orbital, primary, or 
secondary projections. Systematic 
differences are seen with face-on 
appearing more evolved. Secular 
changes are linked to larger 
system events, while the high 
frequency evolution is powered by 
episodic accretion at periastron [2]    

Simulated analogues: a new methodology for
non-parametric matching of models to observations
Vito Tuhtan(1), Rami Al-Belmpeisi(2), Troels Haugbølle(1), 
Rajika Kuruwita(3,1), Mikkel  Christensen(1)

(1)Niels Bohr Institute, University of Copenhagen, (2)DTU Compute, (3)Heidelberg Institute for Theoretical Studies 

Extracting Physics
Above: Using the best matches of the 
DCNN we can investigate how they 
clusters, and learn which predictions 
are robust. The vertical lines indicates 
best matches based on different 
molecular tracers (see also [1]). F.x. the 
simulation traces a period of 150 kyr, 
yet the best matches are clustered 
around 38, 51, and 57 kyr. Below: view 
points for synthetic images are chosen 
such that the projected sky distances 
matches the observations. 

Matching dust continuum of IRAS-2A observations 

primary
secondary
system

 

Left: in the center is shown 1.2 mm 
continuum ALMA observations of 
IRAS-2A on a 2,000 AU scale [1]. 
Around are the 8 best matches 
selected automatically from 70,000 
images using the Dense121 DCNN. 
The neural network is able to 
accurately find images that match the 
binary properties including the relative 
extent of dust around the primary and 
secondary stars and the larger-scale 
filaments and outflow cavities [3].

References
[1] Jørgensen+, Nature (2022) [2] Tuhtan+,
MNRAS (2024) [3] Al-Belmpeisi+, MNRAS (2024)

Key Points
Data science match models and 
observations of young protostars.    
Probabilistic evidence allows robust 
conclusions about the physics that 
drives protostellar evolution

 
Summary
We have developed a new methodology to 
match simulations and observations non-
parametrically using deep convolutional 
neural networks. We extract robust physics 
that can radically speed up the 
interpretation of high-resolution ALMA 
observations. With machine learning we 
can down-select from large databases of 
synthetic images to a handful of matching 
candidates. This is particularly useful for 
binary and multiple systems with the end 
goal of inferring the underlying physics that 
drives protostellar evolution.

 

Simulated Analogues with non-parametric matching
Zoom-in simulations: Target binaries in a global model of a starforming region. 
Synthetic catalogue: Use RADMC-3D to produce thousands of images from 
different epochs and projections and compute physics (e.g. age, disk size, ...) [2]              
Machine learning: DCNNs are used to find best matches to observations, and 
transfer-learning trained on the catalogue predict physical parameters [3]

Synthetic observations
Left: Evolution of the bolometric 
temperature for orbital, primary, or 
secondary projections. Systematic 
differences are seen with face-on 
appearing more evolved. Secular 
changes are linked to larger 
system events, while the high 
frequency evolution is powered by 
episodic accretion at periastron [2]    

Simulated analogues: a new methodology for
non-parametric matching of models to observations
Vito Tuhtan(1), Rami Al-Belmpeisi(2), Troels Haugbølle(1), 
Rajika Kuruwita(3,1), Mikkel  Christensen(1)

(1)Niels Bohr Institute, University of Copenhagen, (2)DTU Compute, (3)Heidelberg Institute for Theoretical Studies 

Extracting Physics
Above: Using the best matches of the 
DCNN we can investigate how they 
clusters, and learn which predictions 
are robust. The vertical lines indicates 
best matches based on different 
molecular tracers (see also [1]). F.x. the 
simulation traces a period of 150 kyr, 
yet the best matches are clustered 
around 38, 51, and 57 kyr. Below: view 
points for synthetic images are chosen 
such that the projected sky distances 
matches the observations. 

Matching dust continuum of IRAS-2A observations 

primary
secondary
system

 

Left: in the center is shown 1.2 mm 
continuum ALMA observations of 
IRAS-2A on a 2,000 AU scale [1]. 
Around are the 8 best matches 
selected automatically from 70,000 
images using the Dense121 DCNN. 
The neural network is able to 
accurately find images that match the 
binary properties including the relative 
extent of dust around the primary and 
secondary stars and the larger-scale 
filaments and outflow cavities [3].

References
[1] Jørgensen+, Nature (2022) [2] Tuhtan+,
MNRAS (2024) [3] Al-Belmpeisi+, MNRAS (2024)

Key Points
Data science match models and 
observations of young protostars.    
Probabilistic evidence allows robust 
conclusions about the physics that 
drives protostellar evolution

 
Summary
We have developed a new methodology to 
match simulations and observations non-
parametrically using deep convolutional 
neural networks. We extract robust physics 
that can radically speed up the 
interpretation of high-resolution ALMA 
observations. With machine learning we 
can down-select from large databases of 
synthetic images to a handful of matching 
candidates. This is particularly useful for 
binary and multiple systems with the end 
goal of inferring the underlying physics that 
drives protostellar evolution.

 

Simulated Analogues with non-parametric matching
Zoom-in simulations: Target binaries in a global model of a starforming region. 
Synthetic catalogue: Use RADMC-3D to produce thousands of images from 
different epochs and projections and compute physics (e.g. age, disk size, ...) [2]              
Machine learning: DCNNs are used to find best matches to observations, and 
transfer-learning trained on the catalogue predict physical parameters [3]

Synthetic observations
Left: Evolution of the bolometric 
temperature for orbital, primary, or 
secondary projections. Systematic 
differences are seen with face-on 
appearing more evolved. Secular 
changes are linked to larger 
system events, while the high 
frequency evolution is powered by 
episodic accretion at periastron [2]    

Simulated analogues: a new methodology for
non-parametric matching of models to observations
Vito Tuhtan(1), Rami Al-Belmpeisi(2), Troels Haugbølle(1), 
Rajika Kuruwita(3,1), Mikkel  Christensen(1)

(1)Niels Bohr Institute, University of Copenhagen, (2)DTU Compute, (3)Heidelberg Institute for Theoretical Studies 

Extracting Physics
Above: Using the best matches of the 
DCNN we can investigate how they 
clusters, and learn which predictions 
are robust. The vertical lines indicates 
best matches based on different 
molecular tracers (see also [1]). F.x. the 
simulation traces a period of 150 kyr, 
yet the best matches are clustered 
around 38, 51, and 57 kyr. Below: view 
points for synthetic images are chosen 
such that the projected sky distances 
matches the observations. 

Matching dust continuum of IRAS-2A observations 

primary
secondary
system

 

Left: in the center is shown 1.2 mm 
continuum ALMA observations of 
IRAS-2A on a 2,000 AU scale [1]. 
Around are the 8 best matches 
selected automatically from 70,000 
images using the Dense121 DCNN. 
The neural network is able to 
accurately find images that match the 
binary properties including the relative 
extent of dust around the primary and 
secondary stars and the larger-scale 
filaments and outflow cavities [3].

References
[1] Jørgensen+, Nature (2022) [2] Tuhtan+,
MNRAS (2024) [3] Al-Belmpeisi+, MNRAS (2024)

Key Points
Data science match models and 
observations of young protostars.    
Probabilistic evidence allows robust 
conclusions about the physics that 
drives protostellar evolution


