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The Problem…

• Plasma Physics is complicated!

Lots of quantities

𝐸, 𝐵, 𝐽, 𝑞, 𝑚,
𝑛, 𝜌, 𝑢, 𝑝⃗, 𝑇, 𝛽,

𝑣!, 𝑣"#$%&', 𝑐()*'+, 
𝑢+,-$., 𝜎/, 𝑢0, 𝜎1, 𝑢2,
𝜈(,', 𝜅(, 𝜆4&56&, 𝜆7$8,

… 

Lots of operations
|𝑎⃗|, 𝑎⃗ $ 𝑏, 𝑎⃗×𝑏, 𝑎⃗ ⊥ 𝑏, 
!
!", 

!
!#, ∇𝑓, ∇ $ 𝑓, ∇×𝑓,

 𝐹𝐹𝑇(𝑓), interpolate, 
convolve, stats (min, 

mean, stddev, …),
arithmetic (+, -, ×, ÷, sin, 

cos, tan, log, 𝑒#, …), …

Lots of data sources
• Simulators with different physics 

(kinetic, multifluid, MHD, …)
• Observations (not yet implemented in 

PlasmaCalcs, but it should certainly be doable!)

• Different grids (2D, 3D, rectilinear, 
curvilinear, …)

• Curious researchers asking “what 
happens if I just change this 
parameter a bit?”

• Any arbitrary Dataset (e.g. many 
artifically-chosen parameters)
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The Solution:

Consistent Interface 
across all data sources

GAMERA
REMIX
Bifrost
EPPIC
…

cc=GameraCalculator(...)

cc=RemixCalculator(...)

cc=BifrostCalculator(...)

cc=EppicCalculator(...)

...

cc(‘log10_n’)

(or some other quantity!)

G
AM

ER
A

(remix units 
not yet 
implemented 
à arb. units 
here)

RE
M

IX
Bi

fro
st

EP
PI

CLots of operations available!
Lots of quantities available!
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import PlasmaCalcs as pc
rc = pc.mage.RemixCalculator(...)
rc(‘log10_n’) rc(‘log10_n’).pc.subplots().ani()

makes*:
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makes:

This is 4D data!
It is easy to plot using subplots()

*renders in-line in Jupyter notebook.
To save to file, use .save() instead.

Dimensions and coordinates are attached directly to the data (stored as xarray)!
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arr.pc.image()

* Fully implemented for GAMERA, Bifrost, EPPIC;
Not fully implemented in for REMIX yet

import PlasmaCalcs as pc
rc = pc.mage.RemixCalculator(...)
arr = rc(‘log10_n’, snap=8,
    theta=slice(40, None, 10),
    radius=slice(0.2, 0.7),
    hemisphere='NORTH')

pick just one snapshot
skip 40 angles & downsample by 10x

fractional indexing! 20% to 70%
just look at northern hemisphere makes:
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Slicing is easy! (And, for efficiency, applies before loading*)
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It is easy to combine lots of operations and to customize behavior!

import PlasmaCalcs as pc
ec = pc.EppicCalculator(...)
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ec(‘(n/mean_n)-1’).pc.subplots(vmin=-0.6, vmax=0.6)

= 𝐥𝐨𝐠𝟏𝟎 𝐅𝐅𝐓 𝒏
⟨𝒏⟩
	− 𝟏 	

arr=ec(‘log10_abs_radfft_((n/mean_n)-1)’, fft_keep=0.2)
keeps only the central
20% of the FFT output

(here, the rest is just noise)

shares auto-inferred 
vmin, vmax for all plots

arr.pc.subplots(cmap=‘vidiris’, share_vlims=‘all’)

=
𝒏
⟨𝒏⟩

	− 𝟏
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“u” (velocity) has vector components (x, y, z) à “component” dimension
and can be “u” for single fluid (MHD) or multiple species (as shown here) à “fluid” dimension

import PlasmaCalcs as pc
ec = pc.EppicCalculator(...)
arr = ec(‘u’, component=[‘x’, ‘y’])

arr.pc.subplots().ani()
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This is 5D data!
It is also easy to plot using subplots()
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The underlying grid does not need to be rectilinear!
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The grid is 3D along i, j, k

x, y, z coordinates vary across the grid
(e.g., x varies across i and j)

This grid happens to be  
azimuthally symmetric,

so we add extra coordinates:

𝑎𝑧𝑖𝑚𝑢𝑡ℎ = tan!"
𝑧
𝑦

𝑟#$% = 𝑦& + 𝑧&

import PlasmaCalcs as pc
gc = pc.mage.GameraCalculator(...)
gc.coords_units = ‘R_earth’
gc(‘n’)
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The underlying grid does not need to be rectilinear!
import PlasmaCalcs as pc
gc = pc.mage.GameraCalculator(...)
gc.coords_units = ‘R_earth’
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special syntax for 
GAMERA in particular,

to get “egg slice” at a 
given azimuth.

arr = gc(‘egg_log10_n’, eggzimuth=[0, np.pi/2])
arr.pc.subplots(share_vlims=‘all’).ani()

(Equatorial) (Meridional)

eggY = ±	𝒓𝒄𝒚𝒍 =	± 𝒚𝟐 + 𝒛𝟐

with sign = +1 in “top half”
-1 in “bottom half”

GAMERA-specific details are implemented 
in the gamera subpackage, so they only 
affect GAMERA-related parts of the code!

In equatorial slice, eggY = y 
In meridional slice, eggY = z

In general,
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• Internal implementation looks like physical equations!

• Has custom help systems to learn which options exist!

m and q might be constants 
or vary with fluid.

B might be constant or vary 
in space or time.

This code handles it all!
(xarray is very helpful!!!)
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(fft_keep option was used 
on a previous slide!)



Save Koontaweepunya (he/him)  ·  rakoon@bu.edu Samuel Evans (he/him)  ·  s7evans11@gmail.com  ·

• Great at quickly exploring & visualizing data, computing derived 
quantities, navigating many possible options and settings, 
inspecting intermediate values, and comparing across different 
data sources.
• Not centered around “push a button, output standardized plots.”
• But, if you build a pipeline like that using PlasmaCalcs, you get 

compatibility across many kinds of inputs for free!

• Aims for accuracy, crashes if anything is ambiguous.
• Highly modularized and object-oriented. Shared behaviors are 

inherited, unique quirks are handled directly where relevant. Built 
to grow & support many more kinds of inputs in the future!
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…is most helpful if you spend more time writing code than running code! 
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• Find PlasmaCalcs on PyPI, Zenodo, or GitLab
• Installing is easy! Just: pip install PlasmaCalcs
• Readthedocs pages available online
• Various example Jupyter notebooks available online, linked in README

• Reach out to us after the talk! Happy to discuss more potential 
use-cases and possible collaborations

• Join the PlasmaCalcs Slack! (Ask for link)
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How to get started or get involved?

Thank you for 
your time!!!

gitlab.com/Sevans7/plasmacalcs


