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Abstract 
 

Magnetic nulls referred to a region with vanishing 

magnetic fields play an essential role in energy conversion 

and particle acceleration during magnetic reconnections. 

Moreover, they are also useful tools to characterize the 

complex magnetic topologies and are essential in three-

dimensional (3D) magnetic reconnection. In this paper, we 

apply the linear interpolation methods to derive the null 

positions of the dayside reconnection Electron Diffusion 

Region (EDR) on 19 September 2015 using 

Magnetospheric Multiscale (MMS) mission spacecraft. 

The number of the signs of the real part of eigenvalues 

determines the magnetic field topology nearby this null. 

The change of the topology can be related to the occurrence 

of bifurcation or magnetic reconnection. Here, we report 

the first in situ measurement that the field topology of 

magnetic nulls changes from B type to A type at around 

07:43:30.4 associated with the reported EDR event. 

 

1 Introduction 
 

The magnetic nulls play an essential role in energy 

conversion and particle acceleration in space plasma [1, 2]. 

Observing this magnetic null is a useful tool to characterize 

3D magnetic topology, turbulences, and magnetic 

reconnection [1, 3-5]. Magnetic reconnection is essential in 

astrophysical and solar-terrestrial plasma such as Sun and 

Magnetosphere[6, 7]. The magnetic reconnection has been 

frequently observed in the Earth magnetosphere [8, 9], 

near, the Earth magnetopause. 

 

The magnetic reconnection is initiated and maintained in a 

small region called the electron dissipation/diffusion 

region (EDR), where electrons are demagnetized [10-12]. 

Inside this EDR, during magnetic reconnection, the 

magnetic field strength vanishes, disappears, and becomes 

zero. Therefore, nulls or magnetic nulls appear [5]. 

 

Several studies on magnetic nulls in the dayside EDR event 

using Magnetospheric Multiscale (MMS) Mission 

spacecraft have been reported. They report radial nulls and 

their associated X-line reconnection [5]. However, the in-

depth study of the magnetic nulls topology on the EDR 

event on 19 September 2015 is not discussed. Moreover, 

the study of the bifurcation [13, 14] has not been discussed. 

This study reports the “bifurcation” or magnetic 

reconnection by showing the change of magnetic field 

topology from B-type to A-type occurs from 07:43:30.39 

to 07:43:30.42. 

 

2 Methods 
 

2.1 Identify Magnetic Null Type  

 

Based on the three eigenvalues (λ1, λ2, λ3), the 3D nulls 

can be classified into A, B, As and Bs type[15], as shown 

in Table 1. Therefore, the magnetic field structure near the 

magnetic nulls can be determined.  This null type is derived 

from Jacobian ∇B  around the magnetic null as follow: 
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Table 1. The magnetic null type based on the eigenvalues 

λ1, λ2, λ3 derived from the tensor � ∙ � � � ≡ ��  � ��   � ��   �  �.[15, 16] 

 

λ1 λ2 λ3 Type Structure 

λ1 λ2 0 X 2D 

+iλ1 −iλ1 0 O 2D 

−λ1 −λ2 +(λ1+λ1) A 3D 

+λ1 +λ2 −(λ1+λ1) B 3D 

−λ1/2+iλ2 −λ1/2−iλ2 +λ1 As 3D 

+λ1/2+iλ2 +λ1/2−iλ2 −λ1 Bs 3D 

 

 

These eigenvalues cannot be all positive nor negative due 

to the solenoidal condition � ∙ � � � ≡ ��  �  ��   ���   �  �. Basically, the magnetic reconnection model is 

based on a nulls pair of A-B type [3, 15, 17]. Therefore, the 

3D radial nulls, A type (negative null) or B type (positive 

null), is important to be identified. Moreover, identifying 

the separator line is also essential because the 3D 

reconnection occurs on a separator line analogous to a 2D 



X-line. The separatrices, which are the legs of this line, 

correspond to fans (Σ-surfaces) bounded by spines (γ-lines) 

that emerge from the nulls[17, 18]. 

 

 

2.2 Determining null positions  

 
Using four MMS SCs, magnetic field data at a fixed time, 

we linearly interpolate the MMS tetrahedron’s magnetic 

field. For example, fixing the origin to MMS1, the linear 

magnetic field can be expressed as: 

 
� � s ���  �!" � #��$  �!" � %��&  �!" � �!       (2) 

 

where the subscript numbers 1, 2, 3, and 4 denote MMS1, 

2, 3, and 4, respectively, and the parameters s, t, and u 

satisfy 0 ( ), #, %, ) � # � % ( 1 . The magnetic null 

position can be found by setting B= 0. The null outside the 

MMS tetrahedron can also be identified by extending ), #,%, ) � # � %  values larger than one and less than zero.  

However, this extension must be careful because the linear 

interpolation is only valid near the null.   

 

 

3 MMS Data 
 

We analyze the EDR event detected by the four-tetrahedral 

Magnetospheric Multiscale (MMS) Mission on 19 

September 2015 with possible EDR time is at around 

07:43:30.3 – 07:43:30.4 as reported by Chen et al. [19]. 

Figure 1(a-d) shows the magnetic field data Bx, By, Bz, and 

Btotal from all MMS spacecraft on 19 September 2015 from 

07:43:29.8 to 07:43:31.02. The magnitude of Btotal from 

MMS3 is almost zero at around 07:43:30.4, as shown in 

fig.1(d). 

 

 

Figure 1. The magnetic field data components in GSM for 

all four MMS Spacecraft (DES with resolution 30 ms) on 

19 September 2015 from 07:43:29.8 to 07:43:31.02. (a) Bx, 

(b) By, (c), Bz, and (d) Btotal. 

4 Result 
 

Figure 2 shows the identified magnetic nulls on 19 

September from 07:43:29.8 to 07:43:31.02 by linear 

interpolation in eq. (2) with setting  0.95 ( ), #, %, ) �# � % ( 0.95 This setting is used to detect the null not only 

inside the tetrahedron but also outside the tetrahedron. We 

derived all magnetic null types: (1) B types at 07:43:29.85, 

(2) A types at 07:43:30.09, (3) B type from 07:43:30.27 to 

07:43:30.36, (4) A type from 07:43:30.72 to 07:43:31.02. 

The blue bar is the possible time of the EDR event. In this 

study, we only focus on the radial null, especially, the 

bifurcation indicated by field topology change from B type 

to A type. It seems there is a gap where no null exists from 

07:43:30.36 to 07:43:30.72 because we limit the distance 

of the magnetic nulls less than 50 km from the centre of 

MMS tetrahedron. 

 

Using linear interpolation, we derive more magnetic nulls 

in the gap between identified B type to A type (blue bar) in 

Figure 2. The result is shown in Figure 3 (d). The field 

topology changes from B type to A type at 07:43:30.4. 

Some of these magnetic nulls have 2D structures from 

07:43:30.15 to 07:43:30.63 since the value of one 

eigenvalue is smaller than the other two eigenvalues.  

 

As shown in Figure 3, this change of field topology at 

07:43:30.4 (Fig.3 (d)) is related to the EDR event. This 

event is indicated by a very high electron velocity Vx 

(MMS) at around 700 km/s and the reversal of Bx (MMS3) 

from negative to positive (Fig. 3 (a)). The electron density 

is low at around 20 cm-3 (Fig.3 (b)). The parallel 

temperature is around 50 eV, and the perpendicular one is 

around 60 eV (fig.3.c). 

 

   

 

Figure 2. The identified magnetic nulls on 19 September 

2015 from 07:43:29.8 to 07:43:31.02. The blue bar is the 

possible EDR event. 



 

Figure 3. The change of magnetic field topology from B 

type to A type occurs at 07:43:30.39 to 07:43:30.42. Near 

the EDR event, the 3D magnetic nulls are degenerated and 

become 2D X-point nulls as one of their three eigenvalues 

is almost zero. 

 

5 Conclusion 
 

The change Magnetic Field topology from B type to A type 

occurs between 07:43:30.39 and 07:43:30.42. At 

07:43:30.39 the magnetic null is B-type with the 

eigenvalues are 0.55893, -0.28168, and 0.0074051. At 

07:43:30.42 the magnetic null is A-type with the 

eigenvalues are 0.56412, -0.2787, and -0.014435. Both the 

third component of eigenvalues is almost zero, and the null 

is degenerated, which means the topology generated by 

these two nulls is two-dimensional. The identified 

magnetic nulls are simultaneously B type and then change 

to A type between  07:43:30.39 and 07:43:30.42. This field 

topology change is associated with the EDR event and can 

be related to the bifurcation or magnetic reconnection. 

 

Data availability 
 

The observation data are derived from the MMS data 

available at  https://lasp.colorado.edu/mms/sdc/public/).  

The magnetic field data are available at 

https://lasp.colorado.edu/mms/sdc/public/datasets/fields/, 

and the ion and electron velocity data are available at 

https://lasp.colorado.edu/mms/sdc/public/datasets/fpi/. 
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