62 4 X X ¥ O Vol.62 No.4
20214E7H ACTA ASTRONOMICA SINICA Jul., 2021

doi: 10.15940/j.cnki.0001-5245.2021.04.008

F1| FA XA A 7 E B K PR 2k = R 3 W o
AI180° N EE M

B2 AHEMN mERME OEL2D o x] B FEA
(1 AL A 2 R X R AL 100875)

Q2 FEMFRLLLAXE B 210023)
(B FEMFEAAFHKE ZHH¥EK 6L 230026)

FTEZE b SR HHUER (Solar Orbiter, SO)IAEHUIZFT, APHRLHH MMHEN T XM
1 T8 W AR B AR 5K R A BH 32 PR SOCRR A W00 4 1 % S T A AR R 3 (TR L T 4R
T3 1 (R 4y &) 180° AN s MEHEAT T HEAL, B SRS T X AR AT AR A 300 4 1) 1 ORI AR WL
W, SR JEFIH “H 732 A% % (Helioseismic and Magnetic Imager, HMI)7E A [F]
P B 00 81 7 — A 224 B P i BRSSO A . O B 5 O — N i 37 g )
HI180° AN i 1, TEMLIN b R 7R B 55 /b —ANPAT T LR T 1n) 137 BRI O 1) 3% S0 0 )
Bh. FFHHMIK) #3255 75 30° 15K A1 B4 0IE50 GsBds i 1I180° Al
PE. TR TR A BARTE A R T S 5503 e, (R IR S AR M, 30° /2 4
PRI A1 IR 1% A SR 2 () e £ JHEAT 25 W0 A1 W A B 7 114 e P A

XHEIR MRER: B, UEE: WIRNE, KPA: HiA

FESES: P171; XEARIRAG: A

1 5§

R Ee B AL T 5 52 W 5 MR 2 R 2 B Tk b, R 5 1 1 2 K R R 1) 2 3
ST, TR P AL B T R RO R R R R i N R
B 18] R BRI, 44T S 2 K P A i 2 2 — A S SRR, KBRS K24+
Ti 4 27— B S IR R AL RS, BT T — A SR IS B TR S 3, 5
] 3 47 E BV L SR BE 8, BTSN T 09 T 370 2 Y o2 1 T DA
bR BBV ST . TR B 1R T AR FF i A 7K P L L4 30 (0224
FE 1) B0 Ak, R IBE T R R A T B A I 4, /S R O B RS RO R T K B
J2 R/ BB T AP R T RIS, KR RS OB G™ A T B A SR %, 3 £

2020-12-214% 2|55, 2021-02-231 EME fR
o E R A B AR W% 25 B & HI(XDA15017300. XDB41000000)F1 E %K B R B % X &
(NSFC41842037)35 H ¥ Bl
fjihs@pmo.ac.cn

tymwang@ustc.edu.cn



62 & X X %= K 4

PR T 9 T P 23 1) R AR, B 22 10 K I B 32 Tk 9 TR AL 1oF 759 K BH 4 B 5 i Ak ) 2
(MHD). 55T IRYE A2 MR A T A8 X

K BH Rl 37 i R IR SOK B R 2B AE H %, DRIk 8 iy (0 W 2 5 25 B f R . (]
& H B A IR M i 2, X — 5 T2 T H R RAIRES, 71—, HT HE e e
1, X A4S FRATTHE DA I B 1 R R A5 5 2ok B H Tk i — 2. FRATT AT Re TS 21 %
T B R 0 AR SR B 7E— @ MR R R K BH SR 43 O ERECE (3K) ) L 4h
e, XT H SR RN IE 5> R 8 T8 05 KB TC 1 S B & T2 1 2 2R ALY
MHD#E ATy HMHDA AL 5 UG I3 R E N WTa6 2 1F. Hith, 15 i 2% AR
K BHER TH A7 AR IC N B 2L H2, H AR BH k37 W 3= AR 8 2 28007 SR ' 1)
R, X AE A3 FRATTIC I & M I 5 1), BRI A7 TE A BT (1 “180° AN & 17 B9 Al
HRERIH — & MBS SR R U3 (1180 AN B e 1%, H RTHf & 13 7 I A 418 1 2 Bt /N B o
JE D) BB A 3 14 U 1) 5 #4335 AMIHE T A3 B R 3 2 TR e g B A X — R A7 AE
(1) R A S P AR B AT E VR RS A A V15 B X 1 P AR LA S, b T 2R B il TS 3l X
AR RERE, BT R 1AM H RS 5 SEBR i 2 [RAFEE AR R R 2. AW
fiff R 180° AN 38 M IR — AN BTV 72 2 A I, He mh B A 80 5 R R R 38 B A
K — T 3744 A [ B WL K BE AR 77 1 (3 100 gt R N g, B2, A — i 2
SR B B IE T, AR K, SR RAR R e, H Ptk 5 RE A A0 A WL B (1)
KB v] DLR PUIX — AN e D012,

“HH X RN E” (STEREO) T X SEBL T X A BH (XA fi WL i8], e % <3 H
BIESE” (Solar Orbiter, SO) I A Al Th iz 4704, K BHRE I 0 M IE =N T 2 41
FARLI S AR, “PR H B0 887 55 K BH B oN0.28 au, 5 K T8 T A 0A R 3, 75 AT
55 &5 SRR Ok 3034, kT S I BOUL D0 K BH P AR R H AR, BR H BUIE 35 A 10 30
i, ALFE6AN 1B U BE 5 B AN A SR AL A A, A B AR AT H R SR A (The
Polarimetric and Helioseismic Imager, SO/PHI)¥ #3B “Ff H PLiE 287 SL 8L a0 %Okt
S H AR B H BRE A WA T R 52 K BH B (7 IR R H RE BUR A 2 N 28k G
) 73 (8] 1 £ % K BH W 3% 10 5556 DN & 1 4, 2 A R BHA H 3R Z K SC &7 b <iE
v HP 2 B UE A (SOHO/MDI). “XKPFHS) 1% K &7 L TH 1 H 7B 2 FHE 2 ik
%A (SDO/HMI) LA K “H ™ T2 T i s 6 3% 84 (HINODE/SP)Fil“% 47
JEIE AR A (HINODE/NFI)6-191 g b j& 4k SOHO /MDI. K BHAK A5 72 3% 38 I {3
(SOHO/GOLF). “XPFH#R A 11 E Z R A (SOHO/VIRGO)HMISDO/HMI
G H R SRR A () BRI B A 1617, 2020 R s B, “ImARAN H E AL
A K 55 1R SR 77 170 i 25 1 LI 28 (P W00, A% 5 9 2 9 T T ) oA P AW [X i3
¥ F B T 55 1 43 A RO

TE“PRHUE SR IR, S T2 MR, R 12 s 13 22240 Rk
2% ) W 25 (25 2TVRI R THT 8 2% (2833 1 EAT 2 00 A DU (VTG & A A5 B b EERIE 1) 012 oy
1, BN 23 (8] 5 (ESA) % [TRGAL T “BLAFI R 73 8 AR /N, A IEAE e R 5 2 A %
G A AT AR .

TE 5 A 11 2% [ 60 e T U 00 62 % K 5 W 00 7 TR, AL 7 S AR5 1D O BR AN I 2 A8
ASC 5 1t B 82 P UL A A58 AT T KR FH LA 4 e T T W 4 180° AN Aff 5



62 & Je i 2 4 R P R T K B SR i 7 WL PR 180° AN 52 1k 4

K BH & ME— T BLEAT 22 A0 A LI PR LA, AR SR A 22 M A U006 205 o4 L K B 37 WL D e
(F1180° AN & My e B ZL I RL S H AR (R IEE T, PIE R Z KT £ K
AL e B R (EL AT FU I PR AR, 2k IR 8 RS0 HLM Y SE BRI AR UL T K BH 37
T URR 1 WL AR 5 I 180 AN 52 1. FRATIR H, MR T 1) SR e 37 A 180° ANRA 52 1
RAE I U 75 A5 2B s, R/ A i B AR T R0 2 1 137 1R D44 D R ) 2%
f, BUEJREATE LR, WELhIRATAT A ), T AR J7 17 PR T e, ALk
07 TR — AN R B W WL IIAZCE WS FR T B, HL2, 3X P RT RELE 8 2/ AR U 1] I 2 e
Wi A —FF, BATH LR BUE — AN IER A7 ). ME— A BE Ik R D02 =8 oW IR
Yy 3 ELT PSR T 160 BT O 1 i AR Ik, (ECKRE I DL AR A L, 245 R w37 vl
LAE I N A 2 A R

Satellite 1

satellite 2

/\
Ay
A B

.\ Bia
L// BL]

1 X —2BER, T e MLLRTT IR (T2 1) Frostil 2] KsE 1 32 BT A 180 AN E 18, R A 534h— 475

T (TR 2) MM EN AR R . B B RBANG 31 X L8 I B SE R K B, i TAEE180° e, AZ 7 Il (K

H G TR 1) WIS B R R B A AE A AT RS ERIORINE, SRR B, . AR BA R E T F ML T BT e 1T

TR, BB TE 53 b — NGy 16 (B B L 2) O (BT ) By A0 B ) AF FE AR R S5 T 236 A 1 i
BRI, BATHT A i 25 By . A — 3R, BRI AIR B L R AR [F — AT I

Fig.1 A sketch showing that, to correct the 180° ambiguity of the transverse magnetic field obtained
from one view point (satellite 1), it is sufficient if we make line-of-sight (LOS) magnetic field observation
from another view point (satellite 2). Let B to be a real magnetic field vector of a solar active region, due

to the existence of 180° ambiguity, observation from a single vantage point at satellite 1 generates two

different solutions: the real magnetic field vector, B and él, a false one. They will have two different
projections along the LOS of satellite 2 (]§L1 and Br, in the figure), if the magnetic field is not
perpendicular to the plane formed by the two lines of sight. With only measurement of LOS magnetic
field from satellite 2, we can easily remove the false one By. Tt is worth mentioning that lines and arrows

in the figure are not in a single plane.
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Fig. 2 Using a vector magnetogram generated with the analytical formula by Low!% | we simulate
observations of magnetic field from dual view points. Panel (a): Local horizontal and vertical magnetic
field on the Sun, with X and Y represent the length scale in two horizontal directions in relative unit.
Arrows represent the direction and strength of the horizontal magnetic field, and the contours are the
vertical magnetic field in direction Z; Panel (b): Measured vector magnetogram from one view point,

satellite 1. The bars on the panel show the transverse magnetic field with no directions. Panel (c):

Measured LOS magnetogram from another view point, satellite 2. Panel (d): With the information from
LOS magnetogram from satellite 2, the 180° ambiguity on the vector magnetogram in panel (b) has been

removed, which recovers the results given in panel (a).
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Fig.3 The figure gives two full disk LOS magnetograms observed on January 11 and 12 of 2016 by HMI,
where the arrows point to the magnetic field of the selected mature sunspot on the two days. The two

magnetograms are from the website https://www.solarmonitor.org/.
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Fig.4 Panel (a) gives a vector magnetogram observed at 00:00:00 UT by HMI on January 11 with
unknown directions for transverse magnetic fields, simulating observations from one view point. Abscissa
gives longitude while ordinate gives latitude. Panel (b) gives the same magnetogram as panel (a) with
directions of the transverse magnetic being determined by the principle of minimum energy. Panel (c)
gives the measured LOS magnetogram observed at 00:00:00 UT on January 12, simulating observations
from another view point. Panel (d) shows that, with the information from LOS magnetogram in panel
(b), we have removed the 180° ambiguity for the transverse magnetic field in panel (a). The strongest
LOS and transverse magnetic field are —2600 and 1700 Gs, respectively. Adjacent contours represent a
200 Gs increment in LOS magnetic field.
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Fig.5 Panels (a)—(c) give three sample scatter plots of the LOS magnetic field between 00:00:00 UT on
January 11 and three different times aftermath. Panel (d) shows the variation of the correlation

coefficient with the simulated separation angle.

3 THEFRZER

AL T SE BRI IR, B BATRT LAAG 4510 BELBREE BRI 5 17 1180° A
SETE, B T BB 2 A, FEWLIN_E R 53 Ah— N7 [ A I B B, PR, o
MDA 7 5 1F180° ANEA 5E 125 18, BATHT LUK AR 18 gt AT i) TR Bt

41-6



62 & Je i 2 4 R P R T K B SR i 7 WL PR 180° AN 52 1k 4

AL, 4 R 28t i 2 H L) TR, X0 — A A SR AR AT &, | T3 1 M Bk
T2 R EAL DT R I N, B & mT CLERREI1/3, il e 5 e i B R e 1) 23
TS 10 20 F KT 2RI RE, 35 fh 2 R P 45 21 Fr) ok P DL
ATRBL, PIARLLTT 1R 5K I A B RO T T LA T SRS . 0 T SERRALIIER U, 31X
Bk T T 7 R A8 B P A AR U RS 2. Dy 1 ] 25 A S S UL M 3o A v RE A R Bk 180° AN T
5€ VI 7 (0 P AN LR 7 180 R e /N SR A, BAMRIERII A 1T H i 2 5 — 2B 1
121U DN R 5 1R 11 H 2RI ORI R PG R AU S AR LI 2R PAIEI 4 (b) 45
I 5 AR bR, BT BLRE A 5K A B ERIBOR, R 218 R R 7 75 3
TIEFI UL, W6, BRI R e Bon TR — /. W BATAT UG H, 83775
171 73 21 1E B 2OE AR 3R 10 20 B AR BI0° I 50 % B T+ B12° & I80% 2 £ . {H I,
H1 T 2B LA A AR AR AL, AT AT BEAF B 100% M IER EE. FATR I, HMi T2
Z A B 5K A A 80 LA B, 5 2] A Ok & R i e EEITaa 218 BT R, X T
N, PR R 2 TA) S8 fA) 5K A B BE 6 6 A2 i IE R 180 AR E TE I 5 22, i/ N R T
T TN T T 2 2 R PR h TRVAE N385 G, i 25 8° 0L A BT 51 S AL 77 1] G 3 I AR 1 24
N4 Gs. X T 50 Gl A IGN R, XA 24 T 75 0 B 30° /24 IALA. R IIsKk M &R
SRRT LTSRS 55 37 X 180° AN E 1, (BRI Ch . BATHIBAUR I, B3
F 2RIt RI kst 4 PR 2 T 93002 — B A L. X BUEA—f
(2, ANTR] e a6 2 18] R A R AL A7 R R8I0 AT DARC 5 72 R 2 1 2% B 1 P B R 180° AN e 11,
EAN [R) B2t 858 2 161 [0 1 3 WO A A 25 28 SCRE b B T L, ) Y RIS (10 88 9% R AT 2 AL A WL
I AR FE — ARG, X I H A g R TR i — ML e, 534k, d ok A
A, DU WL 2 ) A2 AN RG22 R BE R B #E 3, Uk 51 iR 2 A 3 T 24
1180 AN € PERIFEMAEL R — 20 e W 7. SR, LR AN R A I A [F) e R
{19 A F 3 052k P2 37 (LA BRI s P45 8 (0 TP 2 ), AT iy b 2 75 B K B R 3 A i
FEGTE R BT M) (IR RE, 3R 2 SL AL S B 1) 573 b — /MRS BT EE .

100

90F

80F

70F

entage of de—ambiguity

60F

50

0 2 4 6 8 10 12 14
separation angle/*

K6 Bl H20165 1A 11 HZN 2 G M, B 7w e LA Tkt M . A4 (b)% i
TR 7T A bRAE, PSS BT R TT AN S B IR SUE R R A H

Fig.6 Abscissa is the angle traveled by the sunspot after 00:00:00 UT on January 11, 2016, simulating
the angle formed between two lines of sight from the assumed stereoscopic observations. Ordinate is the
percentage of pixels with right correction of the 180° ambiguity with respect to the transverse field in

Fig. 4 (b) which are taken as a standard.
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Using Observations of Solar Vector Magnetic Field
from Dual View Points to Remove the 180°
Ambiguity

ZHOU Ru-yun®?  WANG Yu-ming®  SU Ying-na?  BI Shao-lan’  LIU Rui®
JI Hai-sheng?
(1 Department of Astronomy, Beijing Normal University, Beijing 100875)

(2 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(8 School of Earth and Space Sciences, University of Science and Technology of China, Hefei 280026)

AsstracT With solar orbiter being put into successful operational observation, solar
magnetic observation has entered the era of remote sensing from dual view points. In
this paper, we carried out a simulation of correcting the 180° ambiguity of transverse
magnetic field with magnetograms from dual view points using analytical formula as well
as observations made by the Helioseismic and Magnetic Imager (HMI). Magnetograms
of a small mature sunspot at different times were used to simulate magnetograms from
dual view points. We find that, in order to correct the 180° ambiguity of the vector
magnetograms, it is sufficient to have a line-of-sight magnetogram from another view
point to help to judge the direction of the transverse magnetic field. For the measuring
accuracy of HMI, we estimate that a ~30° angle formed from two observational points
is the smallest angle to correct the 180° ambiguity around the place with the magnetic
field strength of < 50 Gs. Correction for weaker magnetic fields surely needs larger
separation angle, but considering projection effect, we propose that separation angles
of ~30° are the optimal angles for future space missions with the scientific aim of
correcting the 180° ambiguity of vector magnetograms.

Key words space vehicles: payloud, instrumentation: polarimeters, Sun: magnetic
field
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Fig.7 Native coordinate (é, 7, &), heliographic coordinate system ((13, X, 7) and HEEQ (Zs, Us, 2s)
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