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What is a vortex? How do we identify it?

“A vortex consists in a multitude of
material particles rotating around

a common center” 4 1979
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What is a vortex? How do we identify it?

“A vortex consists in a multitude of
material particles rotating around

a common center” 4 1979

Two common strategies for vortex detection:

¢ Mathematical criteria (e.g. vorticity)
¢ Morphological methods (e.g. winding-angle)
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What is a vortex? How do we identify it?

Sharing is
encouraged

“A vortex consists in a multitude of
material particles rotating around

a common center” 4 1979
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We merge the two strategies into one: e — —————

Estimated Vortex Center (EVC) Method | ] /s

We estimate the center of rotation for every “rotating | r
particle” (grid-cell) using the Rortex criterion | |
(similar to vorticity) and the flow characteristics.

Vorylces can then be identified .by clusters of | ——vooo—u"> L—
Estimated Vortex Center (EVC) points.
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Automated vortex detection with EVC method
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Automated vortex detection with EVC method

Sharing is
encouraged
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Automated vortex detection with EVC method
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encouraged
0.0 0.5 1.0 0.0 0.5 1.0
10555555777 == N Y R i e e o e e
SELLE RGP pp b T TEPEFFNY g g« aawE FYVYYYYYY YT EEREEERRES 2 444 ANNRIRIRENSIRE L SN . .
Yy Yy YYYE Ty - W e TRERTE TRVl eV deirana fiaieil By ERTEAR r"'v-.,"‘\><<“
}}}}#tt“ﬂ““477vr>>~“;::«~-<“ ERsraaaga= > il drrpppelyqque - ‘ Use the Rortex Crlterlon
A;‘;“4<<w‘l“44777»;\“““.»4<< A))““<<“i“4177')54“““.r4<<
444;A44<v¥>l:::: I R R AAAA‘A4<V&¥:::::;;I-v»\““‘q« - . . .
- = - L -~ - A > .
S “Ageril iy NREEERE e PP RN EF et R RRER (Tian et al., 2018) to identify
“4““““‘:\\\§ ‘::::“ w~<44444“\‘:¢\* ({“VVV“"
- AR - - % %% { J . . .
TIIIIIIIIIENNN Znn i IIIIIIIIIIIINNN A curvature in local velocity field
SRS S S NS ONN ARG DB BRI R AN O
DS S \5‘5514,,,,,‘.‘.. SISIIBIREREREENEC S AN ek a2
¢¢¢‘$“‘*M\\\M«A44 a9 o oc ¢¢¢$*‘~‘*%\\\M*444 -« B
P o= ASSNSS S B R L DR SR AN S - <Pl | .
SIS ~ - w v v -~ SR PR “‘:‘i:‘ R ’ h ° ° h
v v P == N
i osfEaniIIrTTosSSSSSIRRIIILL g Use the Rortex criterion and the
A2 20 T S S DR PIPSPEPEPENE N 2 2 0 N
AR AR S5 B A NN RN °
; ARERRNN YL R i\ curvature ot the 1ocal ve OClty
AR RNy NBEE AL iplptRitay § X 4 AAA RN NNy
. “::::nh _,,,,,,,,,,,»“\\ NN . .
vy oy iy v~ R ERAN TN Y . A f ld E C
LSssst T FIHENSS S I TGS ield to estimate EVCs
R A ¥ Abryy vy R R I R IR IR AIfff//// Ad oy
R ER DD paeii ANV LA
@:::::::::::::i;; ;/ziiﬁﬁﬁﬁiﬁi ::::::::::::::::1//;;;;//44:t ..... . .
b4 A A i ] - AAA AAq . ogR® o
Ny S s A b * (Cl EVC h d-b d
RN i R e eas sy AR uster S with a grid-base
:::::::::;;-»-».»—7)71111111144»““V< :::::::::;;-»-»-»»::11///;;;41nx“~~4 t t. t t .
00 T i adaptation of the Clustering by
—40 -20 0 20 40 -80 -60 -40 -20 0 20 40 60 80

Rortex R Grid cardinality s FaSt SeaI'Ch and Find Of

0.0 0.5 1.0

Y e Density Peaks (CFSFDP)

VR Yy YR
R

Moo s e T oo Clusters algorithm (Rodriguez & Laio,
: Zlaae e

58\ qg ) ldentlfIEd 2 0 14)

/ with CFSFDP

from EVCs

T ST WA T
R 2 2 £ 4 AC
yerrry -

e
v rEraa

~<4ssaa<V)
AR P PPPPL R R A
AR D PPSEL S A

DRSS AN \\\

> a a4 4

AR DRSS S S
et eeewwRR e
DISIBIBIIISEREEE K\ \
<.<-<-<.-“<.<-<.«-_\\\N__«_‘ -
e~ % % et I I I N -« <
PR AR AR
0.5 l«=a== PISESESESENE S o o s
Ot 4 s s d e eI IIIITNNNN,

74

P AR )’114—4—?3:
S s, );114—‘4—4-"\\‘\\

Y s paslle v ﬁ-‘\‘
AR . x \

rv v x4

cr XX T TTAAAAM

e A AT A A
BRI AR A AR A A
4« 4 4 4 4 4«

.....
.......

4444444

N S Ak

A2 2 44

.......

FEEE
Yy Yy SR
Py
B e o o
-ttt it hr b 2 4 -

rr T I XA AAAAAA L (v v v~ ~ L
ot A AATAA A

0.0

José R. Canivete Cuissa

EG U gg;‘eer:latlly 2 O 2 2 jose.canivete@irsol.usi.ch
EGU22-5744


mailto:jose.canivete@irsol.usi.ch

Automated vortex detection with EVC method
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Application to numerical simulations

3D Radiative MHD numerical simulations of the solar atmosphere
(CO5BOLD code, Freytag et al., 2012)

¢ 9.6 x 9.6 x 2.8 Mm3 (960x960x280)
¢ Surface at z~1.2 Mm
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Application to numerical simulations

3D Radiative MHD numerical simulations of the solar atmosphere
(CO5BOLD code, Freytag et al., 2012)

*+ 9.6 x 9.6 x 2.8 Mm3 (960x960x280)
¢ Surface at z~1.2 Mm
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Canivete Cuissa & Steiner, 2022 (A&A submitted)
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Statistics

¢ Statistics over 30 snapshots covering 2h of
physical time show
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Statistics
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= _n! ] ¢ Statistics over 30 snapshots covering 2h of
S PSS, _5 physical time show

> More swirls ( ~ 1 Mm™ in the photosphere)
> Smaller radii ( ~ 50 km in the photosphere)
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Statistics

Sharing is

encouraged
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Conclusions

¢ The EVC method combines mathematical criteria and morphological
methods to accurately identify vortices from 2D velocity fields

¢ A publicly available Python implementation is available
https://github.com/jcanivete/swirl

¢ Application to CO5BOLD simulations of the solar atmosphere shows:

> More swirls with smaller radii than previous studies
> Perturbations in the magnetic field compatible with Alfvénic pulses

¢ For more details:
Canivete Cuissa & Steiner (2022), A&A, submitted
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