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@ SWIG, an Open -source Empirical Solar Wind Generator :

~ SWiG is an open- source- emplrloal solar wind generator based on a o —

PFSS+CS model of the coronal magnetlc field, and |nqudes both —1 V)

5 ’.WSAand DCHB models = , T N | Space Weather with
Quantified Uncertainty .

o | jI\/Iany WSA models exrst and some are avallable for runs on- request
at CCMC | |

o As part of an SWQU project, Iower hehospherlc solar W|nd boundary |
~conditions were needed and the prOJeot had an open source
requrrement -

 °, We therefore extraoted/adapted/updated the teohnlques/codes used |
~inthe CORHEL model surte Into a new open source oode paokage
;called SWlG | | |

’ .ycor;PfSS'_CS_pot‘3d—.p'y
. COmpUtes.PFSS+CS model

mag trace analysis.py
Performs field-line tracrngs

swig.py

eswim. 122 |
Calculates soIar wind modeI



) PFSS+CS Model for Coronal Magnetic Field 3

Maxwell equation: VXB=puyJ

CS:
Vid =0
with current sheet

!
l

Assume nocurrent: | J = \/ x B = ()

Source Surface:

Solution form Dlvergen_c_e—free B radial PESS: V2 — 0
condition
Inner
Heliospheric
\ / Boundary

Solar Surface

(V20 =0

Laplace equation




W . . POT3D y 4

o POT3D is a code that computes potential field =
approximations of the solar coronal magnetic field using

observations of the solar surface magnetic field as a

boundary conditon - B

o The code is pérallelized for usé on CPUs and GPUs
using MPI+OpenMP and Fortran Standard Parallelism

(do concurrent) =

o The HDF5 file format is used tfd'r_ input/putput .
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) DCHB and Expansion Factor

The empirical solar wind models in SWiG require the distance to coronal hole (open field)
boundaries (DCHB) and/or the expansion factor (from.RO to Rss)

Ay '1\" br_mpet (hek west)
5045 brro gy




o Important to have accurate field line
tracing B

o MapFL is a.Fortran code that traces
~ field lines through a 3D field defined on
a non-uniform spherical gird -

- o MapFL uses an adaptive tracing step
size with a 2nd-order predictor-
ccorrector scheme S

github.com/ | |
predsci/mapfl

F

Parallelized across multiple CPU.
- threads using OpenMP |

OpenMP




Empirical Solar Wind Mod

> With DCHB and Expansmn Factor compute Vr
hon script eswim.py does this using 3 models

Pyt
o Wit

N Vr, set emplrlcal density and tempgrature_. L P=

eIs (ESWIM)

max/(V,
= Pfast ( ( T)

" deg \ “*]
IS i Vast ©,
: Wsa : | . Vi = VlOW (1 4+ fexp)ol (1 Cs exp ( C,
S | Vr‘ — min [Vr, Vmax] : | | -
| B d Cy]
. Y . V=YV + Vtast, 1—Crexp |— @Beg
. wsaz : slow (1 4 fexp)cl Cg
L ‘- PGS . Vast — Vslow -@Ead - C.
| ; PS 1 (DCHB ) : . Vi = Vilow 5 1 + tanh c.




W Running SWiG: Process the Map! 8

o PREREQUISITE! Make sure to process the input map so structures *
are resolved for the resolution of the map
(if map is under-resolved, field line tracing may fail)

o An installation of our public Open-source Flux Transport (OFT)
(github.com/predsci/oft) includes map processing capabllltles
with the psi map _prep py Script
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Running SWIG ' 4

 swig.py [-h] :[-oidx .OIDX] [-rnum RNUM] [-rundir RUNDIR] [-np NP]
| " [-sw_model SW MODEL] [-sw model;params SW_MODEL PARAMS] '
[-rss RSS] [-r1 R1] - rO trace RO TRACE] [ noplot] |
input map A | |

swig run multiple maps.py [-h] [-outdir OUTDIR] i
. | S ° [-swig_path SWIG_PATH] [-np NP]
- [-sw model SW MODEL] |
| | Se - [-sw modeL;params SW__ MODEL PARAMS]
e . . [-rss RSS] [-rl R1] |
L T *”"  - [-x0 trace RO TRACE] [—noplot]-
. 1nput directory .

More optionslfeatures cah-be‘added (pull requestswelbome!)



SWiG: Example Outputs

OFM/CH@rO

180 0 180 0 180
Longitude (°) Longitude (°) Longitude (°)

180 ' ?30
Longitude (°

- =

180 0 180 0 ‘ 180
Longitude (°) Longitude (°) Longitude (°)




Summary

‘github.com/ -
predsci/swig

ﬂSWlG IS an open _source emplrloal solar W|nd generator
¥ 'based on a PFSS+CS model of the coronal magnetlo f"eld
| 'and moludes both WSA and DCHB models |

? Reqmres e
- - Python 3 with some reqwred packages @ pgth()ﬂ

| - s Fortran Compller R
-HDF5Library ~ Hg¥ -’ £
| *-I\/IPI f_lbrary ; .'-J- | al ._ B
| Works on L|nux Mac and Wlndows (W|th WSL) : %
- Canuse NVIDIA GPUs for potential field caIcuIatlons

- On a Laptop with a GeForce 4070 GPU, SWiG can run
. W|th 1 degree resolutlon in ~1OO seconds | |




