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Introduction

e A science question: how accurate are the static
tools that are currently used for a 3D
reconstruction of the dynamic magnetic field
from the photospheric vector boundary, namely
(i) m-disambiguation tools; (ii) preprocessing
tools; and (iii) 3D NLFFF reconstruction tools?

e Methodology: use the outcome of a full fledged
dynamic RMHD model to perform "voxel-by-
voxel" comparison of the restored magnetic field
and the true magnetic field in the 3D model
volume.



Plan of the Talk

Description of the Bifrost code (Gudiksen et al. 2011)
and the en024048 hion model used in our study
(Carlsson et al. 2016); defining three reference layer
used for the testing.

rn-disambiguation tools and their casting at the three
layers.

Preprocessing tools; assessment of their performance.

Optimization methods for NLFFF reconstruction:
weighted and full. Their performance for
reconstructions starting from photospheric and
chromospheric vector magnetograms. Critical
assessment of the preprocessing impact and its need in
the reconstruction techniques.

Concluding remarks.



The en024048 hion model
(Carlsson et al. 201
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Electron temperature Distribution of magnetic
as a function of height field with height

Snapshot t=3870 s Full cube:
Z from 0 Mm to 5Mm Z from - 2.4Mm to 14.4Mm




Height (Mm)

Force-freeness vs height

Plasma Beta Model
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The magnetic topology is defined by two

opposite polarity patches separated by 8
Mm with an average unsigned strength of
50 G in the photosphere, representing two
patches of quiet-Sun network.



Bz vs height for various resolutions
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Various resolutions and force-free
=T, Yy, orz metrics n=2, 3. 4,6, 7,9
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Force-free metrics depending on resolutions

Binning factor Volume above layer # 0° 05 fx 106

Nominal photosphere 0 19.23  48.60 568

1 [3-photosphere 17 17.21 18.65 158
chromosphere 42 16.23  5.59 107

Nominal photosphere 0 18.59 46.00 1573

2 [3-photosphere 8 16.65 18.57 401
chromosphere 21 15.55 5.97 245

Nominal photosphere 0 18.48 43.93 2594

3 [3-photosphere 6 16.32 14.70 609
chromosphere 14 15.37 6.41 410



TT-DISAMBIGUATION TESTS

Nominal photosphere
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Chromosphere B-photosphere
Pixel error, % Flux error, % Pixel error, %  Flux error, % Computation time
Bin SFQ ME AA SFQ ME AA SFQ ME AA SFQ ME AA SFQ ME
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4 0.03 0.013 4.6 | 0.006 00004 1.3 | 1.3 23 67| 04 071 27 |0.18s 2mlls
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Bx, ME
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Comparison of the disambiguation results of the ME (top row) and SFQ (bottom row) codes for the BIFROST
field with the binning factor 9 at the level of nominal photosphere. Pixels with the disambiguation errors are
indicated in the semitransparent red. Blue contours enclose regions with almost vertical magnetic field
(inclination angle < 15 degrees). Green contours enclose weak field regions where B < 50 G. Ticks on the
contours show the direction towards the lower values.
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Comparison of the disambiguation results of the ME (top row) and SFQ (bottom row) codes for
the BIFROST field with the binning factor 9 at the level of correct B photosphere. Pixels with the
disambiguation errors are indicated in the semitransparent red. Blue contours enclose regions
with almost vertical magnetic field (inclination angle < 15 degrees). Green contours enclose weak
field regions where B < 50 G. Ticks on the contours show the direction towards the lower values.



Preprocessing

- Model JF preprocessing TW preprocessing
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Preprocessing — tests

JF preprocessing

Level O Level +1
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Restored Bz, G Restored Bz, G

Restored Bz, G
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Extrapolations — tests
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Extrapolation error at a few levels: B,
starting from chromospheric level
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Extrapolation error at a few levels: B,
starting from chromospheric level

By, G at 2.14Mm
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Extrapolation error at a few levels: B,
starting from photospheric level

Bz, G at 1.00Mm
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Normalized residuals vs height; no

preprocessing

(a) IM chromo (b) AS chromo (¢) IM photo (d) AS photo
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Table 13. Normalized rms error after preprocessing at a given level for bin-factor 9.

Arms(B) Arme(Br) Apms(By) Arms(Bz)
JF W JF TW JF W JF W
Level, Mm | IM AS M AS IM AS IM AS M AS M AS M AS M AS

1.29 11.74 11.74 1852 1852 4935 40939 5001 50.91 53.00 5300 6280 6280 | 43.53 4353 56.00 56.00
1.71 10.20 1062 1588 16.19 | 57.55 6065 63.15 6746 | 58.04 7516 67.31 8191 | 4261 4057 4965 47.24
2.14 926 1165 1466 17.41 | 57.71 6322 6638 7256 | 63.11 11286 71.07 12883 | 4051 4227 47.20 5371
2.57 886 1226 1399 1846 | 5586 6228 6884 T148 | 6653 15749 T6.49 17411 3728 4230 4373 52.01
3.00 569 1249 1330 1831 5976 64.16 TI8T  67.36 | S6.77 21970 9908 24461 | 3686 4326 45.01 4572
3.43 879 1283 1271 1849 | 63.75 6747  TO.79 TLT4 | 11500 26400 123.13 205.16 | 4279 5830 54.18  5T.00
3.56 024 1201 1232 1834 | 6876 T6.11 8746 7434 | 11952 20952 12565 23825 | 4434 5869 57.04 56.78
4.29 981 1312 1195 1828 7717 S6.33 101.38 H4.83 | 11939 16658 12554 19268 | 4839 7824 5927 7825

71 10,40 1317 11.42 1837 9292 9820 12524 9505 | 12045 16699 128,14 193.75| 51.69 7526 57.60 71.12
514 11.06 13.13 1092 1817 | 86.43 105.57 11966 101.92 | 136.51 201.81 147.75 237.17| 5854 8258 5HA1 84.14
55T 11.84 13.23 1069 1836 | 82.65 117.65 116.60 112.03 [ 173.13 220095 17585 26830 | 7034 8636 64.69 80,18
6.00 12.71 1346 1075 1853 76.01 120.13 10949 11510 | 206.64 24149 20523 28548 | 7677 8502 6953 9258
6.43 13.74 13.87 11.15 19.07 | 7813 13396 106.72 12977 | 243.42 268.11 245,12 31253 | 7784 8920 T1.81 9507
6.56 14.67 1401 11.54 19.34 | 84.33 14648 10480 141.80 | 210.74 22394 204.64 263.12 | 7833 9722 7496 103.99
7.20 1573 1464 12325 2048 87.35 15828 10091 154.88 | 22533 22043 217.68 26684 | 70.19 10543 7485 113.87
7.71 16.96 1573 1323 21.95 ) 9234 169.14 10847 166.54 | 254.30 24345 251.71 28409 | 86.63 12239 77.93 13237
8.14 18,36 1689 1446 23.76 | 9586 179.78 111.08 179.02 T4.37 257.53 280.08 29948 | 101.12 14444 84.03 157.78
857 19.88 1820 1587 2553 ( 10020 190.13 113.97 189.64 | 287.52 26293 300.73 305.60 | 115.77 16248 0098 177.24
Q.00 21.59 1983 1745 27.68 | 106,53 20027 121.84 20094 | 306.10 28320 335,13 32794 | 116.86 16011 89.20 175.69
9.43 23.76  21.92 1941 30.11 | 11249 206.55 120009 208.11 | 328.16 31805 37439 367.12 [ 123.33 163.7T8  90.70 179.46
0.86 26.38 2433 21.73 33.08 | 11947 211.15 135.16 215.00 | 325.05 331.21 3R0.54 37002  143.46 18035 104.73 10804
10.29 2027 26.70 2418 35.67 | 127.75 21523 14372 22097 | 303.74 306.72 356.55 35054 | 168.32 19896 123.37 219.53
10.71 32.60 2016 27.12 38.61 | 136.22 22439 164.62 233.03 | 321.87 317.83 3R0.88 361.37 | 204.36 219.73 157.59 243.95
11.14 36.57 31.54 3078 41.03 | 15026 233.82 19681 246.27 | 33097 336.30 402.63 3820.18 | 248,03 24380 202.33 270.52
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Normalized residuals vs height; with
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Table 14. Normalized rms residual after preprocessing at a given level for hin-factor 9.

Arms(B) Arms(Br) Arms(By) Arms(Bz)
JF W JF W JF W JF W
Level, Mm | IM AS IM AS IM A5 IM AS IM AS IM AS IM AS IM AS
1.29 6.71 6.71 14.38 1438|1235 1235 15.86 15.86 | 12.07 12.07 1543 1543 | 256 256 631 6.31
1.71 647 656 1310 1264 | 75 719 T5H4  T.14 | 726 TAR 918 921 | 3.60 360 762 T4db6
2.14 643 656 1214 12.07 | 898 0920 928 KE4 | 091 1047 11.50 1254 | 442 469 916 9.21
2.57 6.60 6.57 11.31 11.37 | 10.28 1090 1050 10.51 | 12.41 1358 13.51 1535 | 496 543 948 073
3.00 6.84 6.64 1049 11.01|11.31 1206 11.11 11.00 | 14.28 15.62 15.28 17.54 | 547 6.05 941 990
3.43 7.21  6.79 9.66 1046 | 1257 1348 11.79 1198 | 15.76 17.38 17.16 1958 | 6.11 6.84 937 10.16
3.86 7.68 693 885 1026|1388 1530 1221 13.11|17.01 19.08 19.12 2204 | 6.70 747 0932 1044
4.29 819 713 810 1005|1508 1687 1243 1419 16.70 19.07 19.00 2231 | 7.39 839 9036 1091
4.71 B84 T34 T42 1014|1625 1925 1291 16.70 | 17.31 2047 1944 2389 | 816 913 951 1141
5.14 055 T.66 688 1021|1754 21.30 1347 18.79 | 19.23 2277 21.31 2623 | 881 1004 969 12.05
5.57 10.26 7.89 655 10.54 [ 1R.B0 23.77 14.02 21.51 | 2213 26.27 23.83 2070 | 9.29 10.72 9.86 12.50
6.00 11.08 823 650 10.74 [ 2037 26.06 14.80 23.87 | 2541 2023 26.63 3271 | 9.72 11.59 10.14 13.30
6.43 12.03 852 678 11.10( 2234 2870 1584 2658 | 2804 3192 2053 3556|1015 1240 10.56 14.08
6.86 13.02 HE84 737 1141 (2449 31.06 17.11 2890|3290 3365 32.79 3761|1058 13.39 11.09 15.05
7.29 14.04 006 821 1203 [ 26.38 33.33 1836 3135|3765 3644 37.07 4037 | 11.04 1425 11.65 16.07
7.71 1511 932 920 1265 (2795 3511 19.52 33.33 | 4228 3881 4149 4262|1164 1513 1223 17.11
H.14 16.19 949 1026 13.61 [ 2949 37.07 20.78 3569 | 47.00 41.23 4597 4462|1230 1572 12.62 1510
857 17.39 076 11.41 1455 (31.64 39.14 2249 3808 |51.25 4325 50.21 4646 | 13.06 1618 12.73 18.96
9.00 1892 1013 12.76 1580 ( 34.66 41.35 24.62 40.58 | 53.99 4398 5318 47.18 | 14.37 16.65 12.94 20.05
0.43 20,97 10.78 14.43 17.12 | 3838 4351 27.02 43.03 | 55.70 43.69 55.03 4694 | 1651 1747 13.53 21.37
0.86 23.62 11.68 16.47 1882 4274 4543 2065 4520 |57.09 4294 56.39 46.11 | 1958 1858 1457 23.21
10.29 26,86 12,83 18.91 20.27 | 47.67 4698 3254 47.25|58.092 4237 5811 4557|2365 2005 16.15 25.15
10.71 30.75 14.26 21.92 22,20 | 53.28 4830 35.83 40.05 | 61.39 41.95 60.32 45.00 | 2895 22.00 1844 2788
11.14 35.14 15.86 25.78 23.83 | 50.84 4027 3093 50.64 | 65.55 42.02 64.00 44.76 | 35.67 24.46 21.70 30.62




Conclusions

Here we have demonstrated that a realistic MHD model, in the presented case — a

‘en024048 _hion’ simulation (Carlsson et al. 2016) obtained with the Bifrost code (Gudiksen et
al. 2011), can be very efficiently utilized to cast various tools used for the coronal magnetic
field reconstruction. In particular, we have evaluated the performance of the n-
disambiguation codes, magnetogram preprocessing codes, and NLFFF extrapolation codes
developed following the optimization method (Wheatland et al. 2000).

We have found that the currently used m-disambiguation codes work pretty well at the AR
photosphere and chromosphere, but often fail at the quiet sun photosphere. This can become
important when a question of the magnetic field at the quiet sun is specifically addressed.
Here we are primarily interested in the performance of the reconstruction tools in ARs; thus,
we adopted that the m-ambiguity has been perfectly resolved.

Then, we have assessed the performance of two different preprocessing approaches aimed to
improve the bottom boundary condition toward force-freeness. Although the tested
preprocessing codes do produce a more force-free boundary, there is an unsolicited
byproduct of these preprocessings — the poorly controlled elevation of the magnetic field
components, which are different for the longitudinal and transverse field components. This
mismatch results in a poorly controlled systematic error in the height scale in the extrapolated
data cube.

On the other hand, comparison between the volumetric metrics of the magnetic data cubes
extrapolated from the photospheric level either with or without preprocessing are not much
different from each other, while extrapolation without preprocessing preserves the correct
height scale. From this perspective, we conclude that the use of NLFFF extrapolation from
the actual photospheric magnetogram (without any preprocessing but instead, perhaps,
with some sort of smoothing suppressing the noise in the original data) is preferable.
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