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Absence of Spin Orbit Torques  

Domain Walls (DWs) having a chiral Néel structure stabilized by interfacial Dzyaloshinskii-Moriya 

interaction (DMI) can be driven by Spin-Orbit Torques (SOTs), arising from the Spin Hall Effect or from 

Rashba effects [1]. In order to exclude the contribution of SOTs to the DW dynamics in our system, we 

have carried out measurements aiming at establishing the nature of the DW structure. The domain 

wall dynamics was driven by an out-of-plane magnetic field, in the presence of a continuous 

longitudinal in plane field BX. The domain wall velocity in the direction of the in-plane field depends on 

the nature of the internal DW structure. On one hand, in the case of Bloch walls, the DW speed 

increases as a function of BX, and is the same for fields of opposite signs (i.e., the speed vs. BX curve is 

symmetric). On the other hand, the presence of DMI induces an asymmetry of the speed vs. BX curve, 

with a minimum speed when the BX field compensates the DMI field [2,3]. 

 
Examples of DW displacements in the absence and in the presence of an in-plane magnetic field of 400 

mT are shown in Figure S1 (a,b).  The white contrast in the Kerr images represents the displacement 
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of the DW during the field pulse. This displacement is isotropic in the presence of the in-plane field, 

which indicates the absence of DMI. The domain wall speed vs. Bx curve is shown in Figure S1 (c).   

 

Figure S1.  (a,b): Differential Kerr images showing the displacement of domain walls driven by an out-

of-plane magnetic field pulse, of around 400mT and 30ns (white contrast) in the absence (a) and in the 

presence (b) of an in-plane continuous magnetic field BX.  (c):  domain wall speed driven by BZ= 320 mT 

perpendicular field pulses, as a function of the in-plane field amplitude BX, for an up/down and a 

down/up domain wall. The symmetric curve confirms the presence of achiral domain walls.                         

 

 

 



 

 

Field and current driven domain wall dynamics 

Magnetisation dynamics in ferromagnetic materials is governed by the Landau-Lifshitz-Gilbert 

equation, with additional terms added to account for other interactions such as the STT. Following the 

description proposed by Thiaville et al. [4], the magnetisation dynamics is given by:  

𝜕𝒎

𝜕𝑡
= 𝛾0𝑯𝒆𝒇𝒇 × 𝒎 + 𝛼𝒎 ×

𝜕𝒎

𝜕𝑡
− (𝒖 · 𝛁)𝒎 + 𝛽𝒎 × [(𝒖 · 𝛁)𝒎] , (1) 

where 𝒎 is the unit vector along the local magnetisation, 𝛾0 = 𝛾𝜇0 where 𝛾 is the gyromagnetic ratio 

and 𝜇0  the vacuum permeability,  𝑯𝒆𝒇𝒇  is the micromagnetic effective field, and 𝛼  is the Gilbert 

damping constant. The spin-drift velocity 𝒖 is parallel to the electron flow direction, with  𝒖 =
𝑔𝜇𝐵

2𝑒𝑀𝑠
𝑃  

where 𝑔 ≈  2 is the free electron’s Landé factor, 𝜇𝐵  the Bohr magneton, 𝑒 the electron charge, 𝑃 the 

current polarisation factor and 𝑀𝑠 the spontaneous magnetisation. Finally, 𝛽 is the non-adiabatic term, 

representing a second-order term of the STT.  

 
Let us review now the DW dynamics features under an applied magnetic field and spin-polarized 

current using the 1D model. To describe the DW motion in the 1D model, two collective coordinates 

are chosen: the DW centre, 𝑞, and the tilt angle of the DW magnetisation out of the DW plane, 𝜑. The 

DW profile is described by the following ansatz:  

𝜃(𝑥, 𝑡) = 2 arctan exp (
𝑥 − 𝑞(𝑡)

Δ
) , (2𝑎) 

𝜙(𝑥, 𝑡) = 𝜑(𝑡) ,                                             (2𝑏) 
     
Where 𝒎 = (sin 𝜃 cos 𝜙 , sin 𝜃 sin 𝜙 , cos 𝜃). Using a Lagrangian approach [5,6] we can find the 

equations of motion under current (applied along +x) and magnetic field applied along the easy-axis 

z:  

 
1

Δ
𝑞̇ − 𝛼𝜑̇ =

𝑢

Δ
+

𝜇0𝛾𝐻𝐷

2
sin 2𝜙,                (3𝑎) 

𝜑̇ +
𝛼

Δ
𝑞̇    = 𝛽

𝑢

Δ
+ 𝜇0𝛾𝐻𝑎𝑝𝑝,                           (3𝑏) 

Here,  Δ(𝜑) = √
𝐴

Ku+KD(𝜑)
 is the DW width, where 𝐴  is the exchange stiffness, 𝐾𝑢  the uniaxial 

anisotropy, 𝐾𝐷 =
𝜇0𝑀𝑠

2

2
(𝑁𝑥 sin2 𝜑 + 𝑁𝑦 cos2 𝜑 − 𝑁𝑧) (𝑁𝑖  being the demagnetizing coefficients), and  

𝐻𝐷 =
2𝐾𝐷

𝜇0𝑀𝑠
 is the DW demagnetizing field [4]. 

  

When a DW is driven by a magnetic field, the DW moves in the steady regime with a constant value of 

𝜑 up to a field called the Walker field (𝐻𝑊). Above 𝐻𝑊, the DW moves by transforming continuously, 

i.e., 𝜑̇ ≠ 0  (from transverse to vortex DW for in-plane systems and from Bloch to Néel DW in out-of-

plane systems). This continuous transformation results in a drop of the velocity until it reaches a 

second linear v vs. H regime, with reduced mobility.  

When the DW is driven by a spin polarized current, in the adiabatic limit (𝛽 = 0) the DW moves 

continuously only when it can start precessing and align with the incoming spin polarisation. This 

occurs above a threshold critical current density 𝐽𝑐:  



 

 

𝐽𝑐 =
2𝑒

ℏ𝑃
Δ(𝜑)𝐾𝐷, (4) 

Through the dependence on KD, 𝐽𝑐 depends on the value of the spontaneous magnetisation and on the 

geometry of the film strip [8].  In systems with in-plane magnetisation, the transverse anisotropy 

constant is given by KD = |Kz − Ky| ≈ |Kz| =
1

2
μ0Ms

2 − Ku. On the other hand, in thin films with 

perpendicular magnetisation, the transverse anisotropy constant, which is related to the energy 

difference between a Bloch and a Néel DW, is given by KD = |Kx − Ky|. For a thin strip of thickness 𝑡 

and width 𝑤, the DW can be modeled as an ellipse and the demagnetizing factors can be approximated 

as Kx ≈
1

2
μ0Ms

2 (
t

t+πΔ
 ) , 

Ky ≈
1

2
μ0Ms

2 (
t

t+w
) [7]. Using the experimental Ms for a 1 µm wide and 10 nm thick Mn4N strip like in 

our experiments, we obtain KD ≈1.1 x 103 J/m3. This value is much lower than that obtained for a 

permalloy strip with the same geometry (KD ≈0.5 x 106 J/m3 ).  From Equation 4, using A=10pJ/m in 

the expression of the domain wall parameter, the critical current density for Mn4N is of the order of 

1.9 x 1010 A/m2 while the one for permalloy is at least a factor 100 larger. Note that the exchange 

stiffness (A) of Mn4N films has not been measured but it has been evaluated by scaling its Curie 

temperature to that of other nitrate compounds. Using A values between 4pJ/m and 30pJ/m (extreme 

values found for transition metal alloys) we obtain Jc between 1.35 and 3.25 x 1010 A/m2. The measured 

depinning current density can be extrapolated to be around 2-3  x 1011 A/m2 (see Figure 3) which is, 

for each value of A, much larger than the theoretical critical current corresponding to intrinsic pinning. 

 

In the adiabatic limit, for current densities above JC, the DW starts precessing and moves at a velocity 

given by:   

𝒗𝒑𝒓𝒆𝒄𝒆𝒔𝒔𝒊𝒐𝒏 =
1 

1 + 𝛼2
√𝒖𝟐 − 𝒖𝒄

𝟐  (5)    

where uc is the spin-drift velocity at the critical current density. When the critical current density is 

very small (as it is the case for systems with PMA), the latter expression can be approximated:  

𝒗𝒑𝒓𝒆𝒄𝒆𝒔𝒔𝒊𝒐𝒏 ≈
1 

1 + 𝛼2
|𝒖| =

1 

1 + 𝛼2 

𝑔𝜇𝐵

2𝑒𝑀𝑠
𝑃𝑱   (6)    

This expression then shows that the DW mobility in the precessional regime is proportional to the ratio 

between the spin polarisation and the spontaneous magnetization. Large mobilities are then expected 

for large polarisation and small MS.   

In order to confirm the different features predicted by the 1D model, we have performed 

micromagnetic simulations with the finite-difference software MuMax3 [9] in the pure adiabatic limit.  

In order to limit the calculation time, the strip width was fixed to 120nm and its thickness to 1nm. We 

have compared the case of an in-plane magnetized system ( 𝑀𝑠 = 1.4 · 106 𝐴/𝑚,  𝐾𝑢 = 9.75 ·

105 𝐽/𝑚^3 and Q=0.79 ) with an  out-of plane system (𝑀𝑠 = 1.4 · 106 𝐴/𝑚,  𝐾𝑢 = 1.95 · 106 𝐽/𝑚^3 

and Q = 1.51 ), where 𝑄 =
2𝐾𝑢

𝜇0𝑀𝑠
2  is the so-called quality factor. The obtained current-driven DW 

velocities are shown in Figure S2.  For Q=1.51 an overall agreement is obtained with the 1D model: the 

critical current density is of the order of 10 𝑢 ≈ 2 · 1010𝐴/𝑚2 so that the DWs start moving linearly 

starting from very low current densities. Slight differences with respect to the 1D model appear for 

very low values of 𝑢 (cf. inset of Fig. S2 ): the DW moves discontinuously because of extrinsic effects, 



 

 

but it can nevertheless be displaced over some distance by the application of a current larger than 𝐽𝑐. 

Moreover, for high values of 𝐽, some deviations from the linear regime are observed. These deviations 

are associated to the DW asymmetry [10,11] and to the constraints on the magnetisation dynamics 

introduced by the use of the ansatz in the 1D model. The 1D model considers only 2 collective 

coordinates (𝑞, 𝜑), whereas in a 2D extension of this model, the asymmetry is taken into account by 

considering an extra collective variable, 𝜒 [11].  

When 𝑄 < 1, for in-plane magnetized systems, the high dipolar cost for bringing the magnetisation 

out-of-the-plane and into precession traduces into a high critical current (about 300 𝑢 ≈ 8 ·

1012𝐴/𝑚2) as expected from Equation 4. The linear regime of motion is then obtained for much larger 

current densities.  

 

Figure S2. Micromagnetic simulations showing the DW velocity as a function of the spin-polarized 

current density, for two different values of 𝑄:  𝑄 = 1.51 (black squares) and 𝑄 = 0.79  (red dots). The 

red solid lines represents the 1D model velocity (Eq. 6). The inset shows the details for small values of 

the spin-drift velocity.  

 

Influence of the non-adiabatic torque and of the damping parameter on the 

current-induced DW motion 

Up to now we have neglected the effect of the non-adiabatic torque in the dynamics of DWs in PMA 

systems. While this term had to be considered to explain the DW motion observed experimentally in 

in-plane magnetized systems like permalloy strips below the intrinsic Jc, we have shown that the large 

DW velocities observed in our Mn4N stripes for low current densities can be explained by the adiabatic 

term alone.  It has been shown analytically that the non-adiabatic torque results in a steady regime 

motion with velocity  𝑣 =
𝛽

𝛼
𝑢 below the critical current 𝐽𝑐.  On the other hand, a term 

𝑎𝛽

1+𝑎2 𝑢 is added 

to the velocity in the precession regime [3]. However, since 𝛼 is much smaller than 1 in Mn4N (0.15 

according to time-resolved Kerr measurements) and 𝛽  is expected to be of the same order of 



 

 

amplitude as 𝛼 [12],  the non-adiabatic term contribution  should be negligible with respect to the 

adiabatic one.  

In order justify our choice to neglect the non-adiabatic torque, we performed micromagnetic 

simulations considering two extreme cases: 𝛽 = 2.5 𝛼 and = 0.5 𝛼 , with 𝛼 = 0.15.  The results are 

shown in Figure S3.  

When the non-adiabatic torque is taken into account, the DW moves in the steady regime until it 

reaches the Walker spin-drift velocity:  

𝑢𝑊 = 𝑢𝑐 ·
𝛼

|𝛽 − 𝛼|
        (6) 

as shown in Figure S3(a). Note that when the non-adiabatic torque is neglected, the Walker spin-drift 

velocity coincides with the critical spin-drift velocity. Beyond Jc, as described previously the DW starts 

moving linearly with J, in the precessional regime, and the DW mobility is practically independent from 

the value of 𝛽 (Figure S3 (b)).  

These results led us to conclude that the non-adiabatic torque is not necessary to explain the velocities 

obtained experimentally. Nevertheless, our experiments do not allow to exclude a priori the presence 

of the non-adiabatic term, because the regime where it expresses itself, below Jc, is hidden by the 

thermally activated regime.   

The Gilbert damping plays a critical role in the DW motion.  In order to evaluate the impact of the value 

of alpha to the DW mobility, we have carried out micromagnetic simulations for the case 𝛼 = 0.03 and 

𝛼 = 0.3 (either much smaller or much larger than that determined experimentally, 𝛼 = 0.15) and 

compared the results with the 1D model. The latter is the typical Gilbert damping value obtained for 

nm-thick Co layers deposited on high spin-orbit Pt layers. The results are shown in Figure S4. The 

difference in velocity for the maximum current density considered here is only about 6%. The larger 

damping also results into a larger 𝑢𝑐 but the difference is negligible (see inset of Figure S4).  



 

 

 

 

 

Figure S3. Results of micromagnetic simulations showing the DW velocity as a function of the spin-

polarized current for different values of 𝛽: 𝛽 = 2.5𝛼 (red circles),  𝛽 = 0.5𝛼  (blue triangles) and 𝛽 =

0 (black squares), for (a) low current and (b) large current densities. The red solid line represent the 

1D model velocity (Eq. 5).  

 



 

 

 

Figure S4. Results of micromagnetic simulations showing the DW velocity as a function of the spin-

drift-velocity  for two different values of 𝑎: 𝛼 = 0.03 (red circles),  𝛼 = 0.3  (black squares) . The solid 

lines represent the 1D model velocity (Eq. 5). 

 

Damping and non-adiabatic torque: the particular case for which α=β 

So far, we have divided the DW motion behaviour in two regimes: the steady regime below the Walker 

breakdown, and the precessional regime for currents above the Walker breakdown. Simulating the 

DW motion in the precessional regime, and modelling our system as a low-damping material (which 

implies that 𝑣𝑝𝑟𝑒𝑐𝑒𝑠𝑠𝑖𝑜𝑛 ≈ 𝑢)  has allowed us to reproduce the experimental DW velocities.  

However, when the Gilbert damping and the non-adiabatic torque compensate each other, i.e., in 

the hypothesis where 𝛼 = 𝛽,  the 1D model predicts that the Walker spin-drift velocity becomes 

infinite (Eq.6 ). In this particular case, the DW moves in the steady regime at a velocity equal to the 

spin-drift velocity 𝑣𝑠𝑡𝑒𝑎𝑑𝑦 = 𝑢,  whatever  the applied current density. In order to confirm this result, 

we have simulated a PMA strip with 𝑄 = 1.51, and 𝛼 = 𝛽 = 0.03. The results are shown in Figure S5 

(a) where they are compared with the case  𝛽 = 0. We can note that the velocities do not vary 

significantly between the two cases. On the other hand, the DW moves as expected in the 

precessional regime when 𝛽 = 0, while it moves in the steady flow regime when 𝛼 = 𝛽. This is 

confirmed by the temporal evolution of the averaged x- and y- components of the DW magnetisation 

that are plotted in Figure S5 (b-c).  

Note that an experimental evidence of a case where 𝛼 = 𝛽 has been reported [13,14]. Here, owing to 

the small difference between the DW velocity when the non-adiabatic and the damping torque are 

balanced  or unbalanced, we cannot distinguish experimentally between the two cases.  

 



 

 

 

Figure S5. Results of micromagnetic simulations showing (a): the DW velocity as a function of the 

spin-drift velocity for 𝛽 = 0 and 𝛽 = 𝛼 = 0.03. (b,c): the temporal evolution of the averaged x- and 

y- DW magnetic components:  𝛽 = 𝛼 = 0.03 (b)  and  𝛽 = 0 (c) for u=50.  

 

Simulations details 

We have performed micromagnetic simulations with the finite-difference software MuMax3 [9]. Zero-

temperature simulations were performed in a defect-free strip of 600012010 nm3 with a cell size of 

2.52.510 nm3.  For the study of the influence of 𝑄 =
2𝐾𝑢

𝜇0𝑀𝑠
2 on the DW motion, we set MS=1.4106 

A/m and we tuned KU. For the simulations of the experiments we set MS=7.1104 A/m and KU=0.16106 

J/m3. The rest of magnetic parameters were: A=10 pJ/m, P=0.7, =0.15, =0.  

In a first step, the DW configuration in equilibrium was found in the absence of a spin-polarized 

current.  In a second step, a current was applied along the positive x-axis, inducing an adiabatic 

torque resulting into the DW motion. We set up a post-step function that makes the simulation box 

"follow" the DW.  The DW velocity was calculated by fitting the DW position as a function of time, 25 

ns after the current was switched on, to ensure that all transient effects are damped out. 

 

Finally, the influence of the cell size, of the damping parameter, of the DW width, of the non-adiabatic 

torque, and of the geometry were also tested. It was concluded that in the precession regime, none of 

these parameters strongly affects the DW motion.  
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