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Abstract. In this paper, we came to the conclusion 
that there is a systematic error in SDO/HMI (Helioseis-
mic and Magnetic Imager aboard the Solar Dynamics 
Observatory) vector magnetic data, which reveals itself 
in a deviation from the radial direction of the knot mag-
netic fields manifesting themselves on magnetograms in 
the form of small grains in a strong magnetic field. This 
deviation demonstrates a dependence on the distance to 

the disk center, which cannot be a property of the mag-
netic field – it can only be artificially introduced into the 
data. We suggest a simple method for correcting vector 
magnetograms, which eliminates the detected systemat-
ic error.  
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INTRODUCTION 
Vector magnetic data from the SDO/HMI spacecraft 

represent a significant breakthrough in solar magneto-
graphy. Spatial resolution, quality of full disk vector 
magnetograms, regularity and high duty cadence of ob-
servations are unparalleled either in ground or in satel-
lite measurements. Also invaluable is the contribution 
that can be made in the near future by an ever-
expanding time series of continuous observations to 
space weather predictions and basic research into the 
magnetic nature of solar activity. In particular, we can 
expect a significant improvement in the reliability of the 
forecast of parameters of the solar wind and interplane-
tary magnetic field (IMF), specifically its polarity in 
near-Earth space due to the possibility of using new 
vector synoptic maps [Gusain et al., 2013].  

Only synoptic maps of the longitudinal field have 
been used for this purpose before. The advantage of the 
new vector synoptic maps is due to two factors. First, 
vector measurements allow us to extrapolate the field 
over the boundary field radial component (Neumann 
problem). From a physical point of view, this extrapola-
tion is more valid than the extrapolation over the longi-
tudinal component because real measurements are car-
ried out at a level where not only potential but also more 
general force-free approximation is inapplicable. 

Under these conditions, different boundary-value 
problems should inevitably give different extrapolation 
results, which in particular will also yield different radi-
al field components at the boundary. Second, we con-
struct a synoptic map of Br as a scalar value (unlike 
maps of the longitudinal magnetic component Blos). This 
is an important point since mapping of the synoptic dis-
tribution for a nonscalar value is not quite correct. 

For any large project that makes new physical in-
formation widely available, it is important to remove 
any significant errors of artificial or natural origin, if 
there are such errors and they can be detected, before 
using this information or at the initial stage of the pro-
ject. Our paper addresses this very kind of problem for 

new SDO/HMI data. We establish that there is a signifi-
cant systematic error in the data provided. We clearly 
find this error by analyzing measurements of knot mag-
netic fields concentrating in nodes of the network of 
convection cells of the quiet Sun. Knots appear on mag-
netograms in the form of fine grains of a strong magnetic 
field and result from raking of magnetic tubes by hori-
zontal motions of the surrounding plasma. This raking 
leads to a concentration of magnetic flux and subse-
quent radialization of the field. The compactness prop-
erty of knot fields and the significant excess of back-
ground values (>500 G) make it possible to identify 
them using a fairly simple algorithm. The radiality 
property inherent to knot fields is used as the main crite-
rion for testing magnetic field measurements. Section 1 
shows that any vector SDO/HMI magnetogram exhibits 
the same systematic deviation (up to 20°) of the knot 
field from the radial direction toward the limb, which 
depends on the distance to the solar disk center. Since 
the observational result should not depend on the posi-
tion of an observer, we conclude that this dependence 
can have only artificial cause, which cannot be eliminated 
by modern technologies for obtaining and processing 
Stokes parameters, used to derive final values of the vec-
tor magnetic field. In Section 2, we propose correcting 
original vector magnetograms, proceeding from the as-
sumption that the systematic deviation is in fact inde-
pendent of the measurement point on the solar disk and is 
caused by an error in measuring the field inclination an-
gle to the line of sight. Effects of this error in knot fields 
lead to its apparent dependence on the position on the 
solar disk. We show that our correction almost eliminates 
the effects of unnatural behavior of knot fields.  

 
1.  IDENTIFICATION AND ANALYSIS  
 OF KNOT FIELDS  
1.1. Selection and geometric interpretation 
 of knot magnetic fields 
Our analysis rests on the natural assumption of the 

radial character of isolated small-scale magnetic struc-
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tures with large amplitudes. Most of these structures 
represent knot magnetic fields, which concentrate in 
nodes of the network of convective cells of the quiet 
Sun. Identification of the structures of interest on mag-
netograms and their physical characteristics can be de-
scribed by the following selection algorithm (SA): 
• using the LABEL_REGION IDL procedure, chose a 
complete set of isolated regions with > 300 GB ; 
• take from the set only An regions with less than 35 
pixels and ( )max > 500 GnAB ; 

• find ( )max max, :n ni i ( ) ( )max max, maxn n
ni i A=B B  pixel 

for each An; 
• assign magnetic field values ( )max max,n n nB i i= B  and 

position radius vector ( )max max,n n nr r i i=  to each An. 
The Bnand rnvalues are used for further analysis. In 

the following, for simplicity, we omit the index n. 
Figure 1 gives a typical example of determining po-

sitions of centers of knot regions (red crosses). The iso-
lated knot regions are fairly evenly distributed through-
out the region of the quiet Sun, concentrating largely 
near active regions (green areas). 

To estimate the degree of radiality of the knot re-

gions, we use three knot parameters 
los
r ,

B

B
α, and β, 

where 

 
los

losr / ,
cos
BB
µ

= B
B

  (1) 

Blos=Bz is the projection of vector B along the line of 
sight; μ is the angle between the line of sight and the radius 
vector of the point position on the disk ( los

r rB B= = B  if 
the field is strictly radial); α is the angle between the radius 
vector of the observation point and the magnetic field 
component in the meridian plane given by the radius vector 
of the observation point and the Z axis of the line of sight 
(α>0 in the direction to the limb, α=0 if the field is strictly 
radial); β is the angle between the field line vector (we 
always assume that it is directed from the Sun) and the 
meridian plane (β=0 if the field is strictly radial). The ge-
ometry of the α and β angles is shown in Figure 2. 

It is important to note that no information is needed 
about the azimuthal field direction to derive los

r /B B , 
whereas deriving the angular knot parameters α and β 
requires procedure for eliminating the uncertainty of the 
Φ azimuth (unavoidable in measurements of the uncer-
tainty of the transverse field). In this paper, to eliminate 
the uncertainty, we adopt the method described in 
[Rudenko, Anfinogentov, 2014]. 

 
1.2. Distribution of HMI knot  
 characteristics over the disk 
We have examined the knot parameters that charac-

terize the deviation of knot fields from radiality for a 
sufficiently large set of 30 SDO/HMI magnetograms 
arbitrarily selected over a period 2012–2014. In all the 

 

Figure 1.SDO/HMI 2012-01-15 05:12:00 UT. Typical dis-
tribution of magnetic knots over the solar disk: > 300 GB
(green areas), knots (red crosses) 
 

 
Figure 2. Angular characteristics of the deviation of the 

magnetic field vector from radiality  
 

magnetograms, the 
los
r ,

B

B
α, and β parameters displayed 

almost identical behavior on the solar disk (Figure 1). 
Figure 3 indicates that only the β parameter shows 

the expected (in the absence of artifacts in the data) sta-
tistical behavior with an average zero value. 

The remaining 
los
rB

B
and α parameters demonstrate a 

clear dependence of their average values on the distance 
from the center of the solar disk. On the one hand, non-

zero
los
rB

B
and α contradict the hypothesis on radiality of 

knot fields. On the other hand, their dependence on the 
distance to the center of the solar disk indicates the 
presence of an artificial error. Indeed, even if we ex-
clude the radiality property from the chosen magnetic 
elements, there would be in principle no statistical rela-
tionship between the knot parameters and the distance to 
the solar disk center. The same magnetic elements can-
not give different values of the field, depending on their 
apparent position on the solar disk. It is also clear that the 
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Figure 3. Parameters of knot elements versus the distance to 
the solar disk center: a — los

r /B B ; b — α, c — β for the 

complete set of magnetograms (green areas) and for points of one 
SDO/HMI 2012-01-15 05:12:00 UT magnetogram (black dots) 
 
the error we detected cannot arise from the subsequent 
processing of initial magnetograms associated with the 
method for solving the π-uncertainty problem of the 
transverse magnetic component of measurements. In the 
presence of the error generated only by the method for 
solving the π-uncertainty problem, we would not ob-

serve any statistical relationship of 
los
rB

B
with distance, 

which does not depend on the method for solving the π-
problem. Notice that the maximum deviation of α of the 
order of 20° at mean distances and an almost twofold 

decrease in the ratio 
los
rB

B
 near the limb point to a sig-

nificant artificial error. 
Note the apparent simplicity of the relationship of 

los
rB

B
 with distance; this relationship in Figure 3, a is 

visually perceived as being close to linear. Write it in 
the form 

los
r 1 ,

B
kr⊥= −

B
 (2) 

wherer is the distance from the disk center in solar radii. 
From the complete set of magnetograms, we have ob-
tained a fitting value of the linear coefficient in Formula 
(2) equal to 

k=kfit=0.565. (3) 
The corresponding dependence is shown in Figure 3, 

a by the dashed line (the solid line in Figure 3, a and 
lines in Figure 3, b will be discussed later in the text). 

Note that the results presented in Figure 3 and (2) 
with coefficient (3) explain well Figure 4, b from [Leka 
et al., 2017], which shows the los

rB dependence on rB  
in the polar region. The statistical distribution of these 
values exhibits a clear, nearly twofold decrease in the 
former value relative to the latter (the same as in our 
case for r~1 (Figure 3, a). 

Thus, the presence of a significant systematic error in 
HMI/SDO data can be considered a well-established fact.  

 
2.  SYSTEMATIC ERROR  
 CORRECTION 
The very simple dependence of the knot parameter 

los
rB

B
 on distance r (Figure 3, a) gives rise to the possi-

bility of finding a correction method that can eliminate, 
at least formally, the observed statistical effects. Initially, 
we can suggest two approaches to the solution of this 
problem: the geometric approach – the correction de-
pends on the position of a measured element on the 
disk; the local approach – the correction depends only 
on measured values themselves and does not depend on 
the position of a measured element on the disk. The 
former approach proved to be rather problematic. We at 
least could not find an appropriate way of its implemen-
tation. Our correction, based on the second assumption, 
is quite simple and yields preliminary results which we 
consider quite reasonable. We hope that the new magne-
tograms that have no these shortcomings as compared to 
original ones may be more appropriate for further prac-
tical use both for developing the global corona model 
[Riley et al., 2006, 2014] and for nonlinear modeling of 
active magnetic regions [Sun et al. 2012; Thalmann et al., 
2012; Tadesse et al., 2013]. 

 
2.1. Method 
Introduce the following notations: ∗B  is the modu-

lus of the true (desired) magnetic field; γ* is the inclina-
tion of the true magnetic field; Φ* is the azimuth of the 
true transverse magnetic field; los cos γB∗ ∗= B  is the lon-
gitudinal component of the true magnetic field. 

Refer the corresponding notations without asterisks 
to initially measured field values. 

Assume the following identities to be true for meas-
urements at each point of the disk: 

Φ*≡Φ, (4) 
*
los loscos γ cos γ.B B** = ≡ =B B  (5)  

Suppose that the true field is radial. In this case, in 
Formula (2) for knots, we have 

r=sinγ*, (6)  
cosμ=cosγ*. (7) 

Using (1), (6), (7), Formula (2) can be rewritten in 
the following form: 

los
r cos γ cos γ 1 sin γ .

cos γ cos γ

B
k ∗

∗ ∗= = = −
B

B B
 (8) 
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Equation (8) gives a unique relationship between the 
true and measured values of the inclination. The γ*value 
can be found using the Newton algorithm. After finding 
γ* from (5) and (7), determine the true field modulus 

( )cos γ 1 sin γ .
cos γ

k∗ ∗
∗= = −B B B  (9) 

Formulas (4), (8), (9) allow us to uniquely determine the 
derived values of ∗B , γ*, and Φ* through their initial 
values and k. Extending these relationships to all points 
of the solar disk, we obtain a magnetogram with new 
values of the inclination and modulus of the field with 
preservation of the longitudinal component of the field 
and the azimuth of the transverse field. In this case, the 

average value of 
*los
rB
*B

 in knot regions should take on a 

value of 1 everywhere. It is important to note that the 
correction based on Formulas (4), (8), (9) does not de-
pend on the procedure for eliminating the π-uncertainty 
of the Φ azimuth of the transverse field and can be made 
before this procedure. 

 
2.2. Distribution of knot parameters  
 for a corrected magnetogram 
Let us first consider the result of correction with the 

value of k from (3) (Figure 4) for the knot regions pre-
viously isolated on uncorrected magnetograms. As ex-
pected, the distance dependence of the knot parameter

los
rB

B
 is quite well removed. 

Only variance of this quantity depends on the dis-
tance to the center of the solar disk. Furthermore, the 
dependence of the second knot parameter α on the dis-
tance to the solar disk center also disappears. Indeed, 
according to the definition of α, from (2) we can predict 
its behavior on the disk (before correction), setting β=0: 

( )( ) ( ) ( )( )22 2α=arccos 1 1 1 1 1 .kr r r kr r⊥ ⊥ ⊥ ⊥ ⊥− − − − − −  (10) 

Dependence (10) is shown in Figure 3, b by the 
dashed line for k=0.565. It is clear that with the disap-
pearance of dependence (2), the average α should be 
zero everywhere.  
The example given in Figure 4 is not entirely correct, 
despite the noticeable improvement in knot characteris-
tics. To select knot regions, in the SA procedure we use 
uncorrected (“incorrect”) values of the field modulus, 
which, as we have seen, changes significantly. The knot 
parameters obtained from the corrected magnetogram 
for k=0.565 yield a result with some residual statistical 
dependence on the distance near the limb (Figure 5).  

This result is quite natural since the k value obtained 
from the selection was determined from the set of “in-
correct” magnetograms. As a result of the selection, we 
have found the most appropriate value of k=0.4 (the 
solid line in Figure 3, a). Figure 6 indicates that the cor-
rection with the k value found practically eliminates the 

dependence of knot parameters on the distance to the 
solar disk center. Dependence (10) corresponding to this 
k is shown by the solid line in Figure 3, b. Naturally, the 
latter is somewhat offset from the mean values of the 
knot parameter α. 

 
Figure 4. Corrected dependence of knot parameters on 

the distance to the solar disk center (k=0.565): a — 
los
r /B B ; b —  α, c — β for the complete set of magneto-

grams (green areas) and for points of one SDO/HMI 2012-
01-15 05:12:00 UT magnetogram (black dots). SA uses an 
uncorrected magnetogram 

 
Figure 5. Corrected dependence of knot parameters on the 

distance to the solar disk center (k=0.565): a — los
r /B B ; 

b — α, c — β for the complete set of magnetograms (green 
areas) and for points of one SDO/HMI 2012-01-15 05:12:00 UT 
magnetogram (black dots). SA uses a corrected magnetogram 

6 
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So, we have magnetograms knot fields on which cor-
respond to the natural assumption of radiality. At any 
point of the magnetogram, inclination and modulus chang-
es depend only on the local value of γ according to Formu-
las (8), (9) for k=0.4. These changes appreciably alter in-
clinations and strength of the magnetic field (Figure 7). 

Appropriateness of this correction for magnetic 
quantities in active regions can be estimated later only 
from results of applied solutions of physical problems 
because in the general case we have no assumptions 
about the true orientation of the magnetic field. 

 
Figure 6. Corrected dependence of knot parameters on 

the distance to the solar disk center (k=0.5): a — los
r /B B ; 

b — α, c — β for the complete set of magnetograms (green areas) 
and for points of one SDO/HMI 2012-01-15 05:12:00 UT magne-
togram (black dots). SA uses a corrected magnetogram 

 
Figure 7. Changes in the inclination (a) and modulus of 

the field (b) after correction 

CONCLUSION 
We have shown that the SDO/HMI vector magnetic 

data provided by the SDO Helioseismic and Magnetic 
Imager have a significant error. It manifests itself in the 
fact that the magnetic field in small-scale magnetic ele-
ments with high field strength (magnetic knots) deviates 
from the radial direction toward the solar limb. The 
magnitude of this deviation depends on the distance to 
the center of the visible solar disk and reaches a maxi-
mum of ~20° at distances of about 0.4 R from the center 
of the disk. 

We have proposed a correction that eliminates this 
systematic error. This correction is tentative and re-
quires further testing in specific applied problems. It 
may be used to find causes of the systematic error in 
data and to eliminate this error on the hardware level.  
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