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Abstract 

The skyrmion Hall effect[1] has been theoretically 

predicted to vanish for antiferromagnetic skyrmions be-

cause the fictitious magnetic field, proportional to net spin 

density, is zero[2].We experimentally confirmed this pre-

diction by observing current-driven transverse elongation 

of pinned ferrimagnetic bubbles in ferrimagnetic GdFeCo 

film[3].  

 

1. Introduction 

In magnetic skyrmion, an effective magnus force for po-

sition 𝑅, is given as 

 

 𝑭𝒈 = 𝑸�̇� × 𝑩 (1)  

 

This effective magnus force is defined by the topological 

charge 

  

 𝑸 ≡ ∫𝑑𝑥𝑑𝑦𝒏 ∙ (𝜕𝑥𝒏 × 𝜕𝑦𝒏)/4𝜋 (2)  

 

and the fictitious magnetic field  

 

 𝑩 = −4𝜋𝑠𝑛𝑒𝑡 �̂� (3)  

 

where 𝒏 is the spin order parameter, 𝑠𝑛𝑒𝑡  is the net spin 

density and �̂� is the normal vector to the film plane. For fer-

romagnetic skyrmions, both topological charge and spin den-

sity are finite so that the skyrmion Hall effect emerges. Even 

for antiferromagnetic skyrmions, the topological charge re-

mains finite because 𝒏 is defined by the Néel vector (not by 

alternating atomic spin), which is continuous in space. Thus, 

the theoretically predicted vanishing skyrmion Hall effect for 

antiferromagnetic skyrmions is entirely associated with zero 

𝑠𝑛𝑒𝑡  or, equivalently, zero fictitious magnetic field. This the-

oretical prediction has not yet been experimentally verified.  

 

2. Results and Discussions 

In this work, we experimentally demonstrate the vanish-

ing skyrmion Hall effect by using a rare earth (Gd) and tran-

sition metal (FeCo) ferrimagnetic compound where the rare 

earth and transition metal moments are antiferromagnetically 

coupled. Rare earth and transition metal elements have differ-

ent intra-atomic exchanges and thus exhibit different temper-

ature-dependent spin density changes. As a result, the 𝑠𝑛𝑒𝑡  
of GdFeCo ferrimagnets varies gradually with temperature 

and vanishes at a specific temperature below the Curie tem-

perature. The nature of magnetic dynamics, which is gov-

erned by the angular momentum and their commutation rela-

tions, becomes antiferromagnetic at this temperature, called 

the angular momentum compensation temperature (TA)[4]. 

This feature of GdFeCo ferrimagnets allows us to experimen-

tally test the relation of the fictitious magnetic field to the spin 

density and, in particular, the vanishing skyrmion Hall effect 

at TA. 

We measured current-driven transverse elongation of 

pinned ferrimagnetic bubbles in perpendicularly magnetized 

ferrimagnetic GdFeCo/Pt film by using MOKE(Fig. 1(a)). 

And we confirmed that the angle between the current and 
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bubble elongation directions, vanishes at the angular momen-

tum compensation temperature TA (=287±5 K) where the net 

spin density vanishes(Fig. 1(b)).  

 

 

 

Fig. 1 (a) MOKE image of the current driven elongation of the bub-

ble domain. (b) Elongation angle as a function of temperature (T) for 

each magnetization state[3]. 

 

To interpret these results, we developed a simple theory 

for the elongation of a pinned magnetic bubble driven by SOT. 

Specifically, we modelled an elongated bubble with one 

pinned end at the origin as a composite object that consisted 

of a half skyrmion(𝑄 = ±1 2⁄ ) at the free end and a straight 

rod that connected the two ends,  

 

 

 

Fig. 2 (a) Forces acting on a half skyrmion, for current-driven elon-

gation of a pinned ferrimagnet bubble. represented by the red solid 

circle. (b) Numerically obtained angle 𝜃 as a function of 𝑠𝑛𝑒𝑡  for 

the topological charges 𝑄 = ±1 2⁄ [3]. 

 

The state of the bubble can be described by two variables, 

the rod length 𝑙(𝑡) and the elongation angle 𝜃(𝑡) from the 

direction of the current density j. Their equations of motion 

can be obtained using the collective coordinate approach. 

Several forces act on the half skyrmion the SOT-induced 

force, 𝑭𝑗, the Magnus force, 𝑭𝑔, is proportional to both the 

spin density and the topological charge 𝑄 = ±1 2⁄ , the vis-

cous force, 𝑭𝑑, is rooted in the Gilbert damping, and the ten-

sion, 𝑭𝑇, is associated with the stretching of the rod. By bal-

ancing these forces and the associated torques on the bubble, 

we obtained the steady-state solution with uniform growth 

and a constant angle for sufficiently large currents, 𝑙(̇𝑡) = 𝑣 

and 𝜃(𝑡) = 𝜃𝑆𝑘𝐻 with 

 

 
𝜃𝑆𝑘𝐻 ≈ tan−1 (

2𝑠𝑛𝑒𝑡𝑄𝜆

𝛼𝑠𝑡𝑜𝑡𝑎𝑙𝑟
) 

(4)  

 

where 𝑠𝑡𝑜𝑡𝑎𝑙  is the sum of the sublattice spin density magni-

tudes, α is the Gilbert damping constant, λ is the domain wall 

width that forms the bubble boundary and 𝑟 is the radius of 

the half skyrmion. The elongation angle obtained for the bub-

ble is identical to the expression for the skyrmion Hall angle 

for an isolated skyrmion[2]. As the temperature approaches 

TA, 𝑠𝑛𝑒𝑡  goes to zero and, consequently, the elongation an-

gle 𝜃𝑆𝑘𝐻 goes to zero. This implies the skyrmion Hall effect 

vanishes at TA, as was experimentally observed. We also per-

formed numerical simulations based on the atomistic Lan-

dau–Lifshitz–Gilbert equation. Fig. 2(b) summarizes the nu-

merically obtained elongation angles as a function of 𝑠𝑛𝑒𝑡 . 
At 𝑠𝑛𝑒𝑡 = 0, the elongation angle is nearly zero, consistent 

with both experiment and theory.  

 

3. Conclusions 

We experimentally observed that the skyrmion Hall effect in 

an antiferromagnetically coupled ferrimagnet varies with 

temperature and vanishes at TA. Combined with theoretical 

and numerical support, this observation demonstrates that the 

fictitious magnetic field for magnetic skyrmions is propor-

tional to 𝑠𝑛𝑒𝑡 . This demonstration of a vanishing skyrmion 

Hall effect is of importance for realizing an efficient skyr-

mion racetrack memory without information loss. 
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