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• A set of techniques you can use to visualize your 
RAMSES/SHAMROCK/DYABLO data

- Particle renderings
- Volume renderings
- Iso-contouring
- 3D printing
- Streamlines

• Available softwares
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Why 3D renders?

• Easier to understand 3D structutres with 3D images…



The difficulties

• Most 3D rendering softwares work with point clouds or regular grids

• Most objects are embedded within continious spatial distributions of 
matter

• 3D rendering is RAM-heavy

• 3D renders are easier to understand when interactive: how does one 
make a publication-ready 3D figure?



I – Particle rendering

• Very easy to do
• Works well with:

- Tracer particles
- Cell center positions

• Problem: too many particles in simulations, might need to 
be selective



I – Particle rendering

Extract cells exceeding density 
threshold



I – Particle rendering



I – Particle rendering



II – Volume rendering

• Generates 2D image from 3D scalar field

• Allows for visualization of data without explicit extraction of 
geometrical surface

Downey+ 2000
Transfer function is applied (e.g., sigmoid, 
linear, logarithmic…)

Needs uniformly-spaced dataset



II – Volume rendering
Step 1: Create a uniformly-spaced grid

Subset of simulation domain
AMR2CUBE
Stacked set of slices
etc…

Step 2: Load data into software



II – Volume rendering
Step 1: Create a uniformly-spaced grid

Subset of simulation domain
AMR2CUBE
Stacked set of slices
etc…

Step 2: Load data into software

Step 3: Visualize



II – Volume rendering
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II – Volume rendering

Script run on cluster to 
produce animation frames

Ahmad+ 2025c (submitted)



≈ 0.02 AU

II – Volume rendering

Electric currentB field

Ahmad+ 2025b: Birth of a Brown Dwarf
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Collaboration with an Alex Andrix (Artist)



Collaboration with an Alex Andrix (Artist)



III – Iso-contouring

Laplace 
smoothing



III – 3D printing
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Turbulent eddies at 
protostellar surface

ℓ = 26

ℓ = 25

Current sheets



III – 3D printing



III – 3D printing



III – Streamlines
Interactive streamlines of magnetic vector field near brown dwarf

• Vector field instead 
of scalar field

• Requires quite a bit 
of fine-tuning to find 
good starting 
positions



III – Streamlines
Final publication-ready render

Ahmad+ 2025b

• Vector field instead 
of scalar field

• Requires quite a bit 
of fine-tuning to find 
good starting 
positions 𝐵r [G]
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III – Streamlines

• Vector field instead 
of scalar field

• Requires quite a bit 
of fine-tuning to find 
good starting 
positions

Static streamlines of velocity vector field in outflow



Some examples of 
combinations

Birth of a protostar and disk

Ahmad+ 2024



Tracer particles in outflow 
cavity

Some examples of 
combinations



Summary

• Lots of techniques available for 3D visulizations

• Play with low-resolution data locally

• Deploy pipelines on clusters


