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Talk outline

* Therole of ambient SW in space weather forecasting

* Coronal magnetic field from image segmentation

* The Quasi-Radial Field Line Tracing (QRaFT) methodology
* Validating QRaFT using synthetic and real-life coronal data
* Conclusions and future work



Background SW conditions are crltlcal for space weather
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TABLE 2 Geometric and kinematic parameters of CMEs In late-March 2022 (from DONKI catalog for ENLIL simulation with results shown in Figures 3, 5.

Leading edge Latmjde Longitude Rmajor DONKI M2M catalog ID
at21.5Rs (deg) (deg) (kmls)

1 2022-03-28T17:19

2022-03-29T00:58

3 2022-03-30T21:49 0 15
14 2022-04-01T00:54 -3 48

2022-04-02T16:12 -15 54
6 2022-04-03T21:19 -4
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PUNCH images may revolutionize our understanding
of the background SW / IMF
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TSE visible light intensity (filtered)
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Segmenting coronal images ~ Openfield /TSE
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The Quasi-Radial Field Line Tracing (QRaFT) methodology

THE ASTROPHYSICAL JOURNAL, 896:57 (9pp), 2020 June 10 htps: / /doi.org /10.3847 /1538-4357 /ab8cbd
A @ 2020. The Amercan Aswonomical Society. All nghts reserved.
I(x.y) M LSO K- Kor / 2QJX6) May 27 . . . . .. . CrossMark
1000 s : Wb Improving Coronal Magnetic Field Models Using Image Optimization

1.2

Shaela 1. Jones , Vadim M. Urils;kyl‘2 , Joseph M. Davila', and Vladimir N. Truyan3
0.015 ! NASA Goddard Space Flight CenLer._)Cc:de 670, Greenbelt, MD 20771, USA; shaela.i.jonesmecholsky @ nasa.gov
_ ~Catholic University of America, USA
" Saint Petersburg State University, Russia

0.36

e
el 600 Received 2019 March 7; revised 2020 April 20; accepted 2020 April 22; published 2020 June 12
= 0.24 0.010
~ 400 N
. H - C Original PFSS Model Optimized PFSS Model
G5 01005 J=2 R ~ 0 T T T T P I T
200 / E I i,k m..tl + 7 £ E £ : g
=1 2 ] \ E
B Optimization Convergence g E E 3 é
.00 0:000 FIT T[T T T [T I T[T T T[T TT[TTT[TT T[T 1E = 1E =
0 200 400 600 800 1000 0 200 400 600 800 1000 L i g E 8 E
X, pixels X, pixels 51— _ E 3 E 3
L(r.@) x10° Detected features overplotted with I,(x,y) « | 7 Og_ —g Dg_ —g
o 2.50 0.020 e [ ] i E i E
: g 1 £ = :
| g | o e b 2. _ g f f E
. 30 ]L g 3 £ E
" 1.25 0015 % 7 £ 3 i S 3
“ [ T s [ , ] Bt ol bW i Ll Biiilipiii i man s sl iid
b o k3] r e 7 <@ =] 0 1 2 -2 -1
- _ c (— A -
5 ! 2 56 \
Z 0.00 -2 0.010 — —
3§ £ 2L \\ 1
= > g - B .
E o [ lL"L\ _ Before Optimization After Optimization
& Q "
1.25 0.005 - S s
20— e S =
—
: Eooa bvo b b a bya by Pig g 1
-2.50 0.000 0 o 4 & B 10 12 14
0 100 200 300 200 400 600 800 Computation Time (min)
Azimuthal angle, degrees X, pixels

V. Uritsky, GitHub / Zenode 2022, 10.5281/zenodo0.7410948
github.com/uritsky/QRaFT

2016-05-217T00:14:10.62

S. Jones et al., ApJ 2016, 2017, 2020


https://gcc02.safelinks.protection.outlook.com/?url=http%3A%2F%2Fgithub.com%2Furitsky%2FQRaFT&data=05%7C01%7Cshaela.i.jonesmecholsky%40nasa.gov%7C1372c11098ac482718e708dad8811bd0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638060346287665835%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=ytDk5Thojdmh5NKIKyZaotx4bSSwpvKcTNvExzEnoDs%3D&reserved=0

QRaFT 3.0 data processing pipeline p e o
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Performance tests and error analysis
MAS/FORWARD + STEREO/COR1

TSE on Aug-Sep 2017, CR 2194 s
CoaligneAd coronal observations
by STEREO/SECCHI/COR1
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MAS-based synthetic corona:

MAS model (PSI):
predicted polarized brightness

predicted magnetic field lines
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QRaFT processing of synthetic and observed corona
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Feature misalignment errors and their sources
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Conclusions

1. The Quasi-Radial Field-line Tracing (QRaFT) image analysis framework has been developed
for reconstructing the structure of open-flux coronal regions over a wide range of heliocentric
distances.

2. We presented the results of a quantitative testing of QRaFT using MAS global
magnetohydrodynamic simulations and the examples of its application to STEREO CORI pB
images.

3. The estimated error of QRaFT field line tracing of pB coronagraphic images is of the order of
7-12 degrees.

4. Validation results suggests that QRaAFT is capable of reconstructing the geometry of the
outermost solar corona and the young solar wind targeted by the upcoming PUNCH mission.

5. QRaAFT segmentation of PUNCH data could result in new quantitative metrics for measuring the
performance of global heliospheric models and improving space weather forecasts.
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