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Abstract 

The magnetization dynamics along a magnetic nanowire under a localized thermal gradient is 

investigated using the framework of the stochastic Landau-Lifshitz-Gilbert equation. Thermally 

induced Domain Wall displacement is compared in various cases. The laser width can affect the 

displacement of the DW inside a nanowire, which is shown here. Also, the distance between DW 

and laser width can influence DW movement which is compared in this study. These findings 

highlight the importance of optimizing thermal gradient parameters (e.g. spatial extent and 

proximity to the DW) for reliable control of DW motion in spintronics applications. The study 

also provides insights into the design of low-energy, thermally driven nanodevices, such as 

racetrack memories or logic gates, where precise DW manipulation is critical. Future work could 

explore temperature- dependent material properties, alternative nanostructures, and experimental 

validation to bridge theoretical predictions with practical implementations. 

 

Keywords: Magnetization Dynamics; Domain Wall Dynamics; Thermal Gradient; sLLG 
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1. Introduction 

Magnetization dynamics has feasible application in data storage technology [1] and logic gates [2]. 

Magnetization of magnetic nanoparticles must be manipulated in order to be exploited several driving 

factors are used to control magnetization dynamics in this scenario. A microwave field of constant 

frequency or variable frequency [3] and spin- polarized electric current [4–7] or spin orbit torque [8–

11] are utilized to produce fast magnetization dynamics with minimum energy along a magnetic 

nanowire to regulate magnetization dynamics. Reversing the magnetization of a single nanoparticle 

domain and driving the magnetic domain wall (DW) in a magnetic nanowire are two aspects of 

controlling magnetization dynamics. Magnetic fields [3], spin-polarized currents [4–7], and thermal 

gradients are examples of conventional driving factors that can affect DWs in magnetic 

nanostructures. All driving factors, on the other hand, have certain limitations. The energy 

dissipation rate is proportional to the DW speed when the DW is driven by a magnetic field [12, 

13]. In addition, rather than driving a sequence of DWs synchronously, the magnetic field prefers to 

eliminate undesirable domains and Dws [14–16]. When a spin polarized electric current [5, 17–

19] is used to induce DW motion, the DW travels by angular momentum transfer, pushing several 
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DWs in the same direction. However, in order to achieve a relevant DW speed, the electrical current 

density must be large, resulting in a joule heating issue [16, 20, 21]. To overcome these issues, the 

use of a thermal gradient as a DW control parameter has been proposed [9, 22–24]. Thermal gradient 

can induce fast DW motion while consuming low energy. The thermal gradient may be employed in 

both magnetic metals (conductors and semiconductors) [25–27] and magnetic insulators [28], unlike 

an electric current, which is exclusively relevant to metallic systems. Furthermore, the thermal 

gradient-generated spin current might be a potential way to harvest the heat that has been dissipated in 

electric circuits [29, 30]. 

We know according to theoretical perspective, the TG-driven DW dynamics has two theories from 

different origin. According to macroscopic thermodynamic theories [31, 32] to reduce the system’s free 

energy, a TG provides an entropy torque (ET) that constantly pushes the DW towards the hotter region. 

On the other hand, according to the microscopic theories [9, 10, 22, 23, 33], to form a magnonic spin 

current magnons produced in the hotter region diffuse to the colder region. The magnonic spin current 

exerts torques on the DW while crossing the DW by transferring spin angular momentum. As a 

result, magnons cause the DW to propagate in the opposite direction of the magnon current [9, 22, 24], 

toward the hotter region of the nanowire. Also, recent studies demonstrate that the DW can also 

propagate towards the cold part depending on magnons’ behavior [10]. If magnons are transmitted 

through the DW, then angular momentum transfer leads to DW motion towards the hot part (opposite 

the direction of magnon propagation), as predicted from Refs. [9, 22, 34]. On the other hand, if 

magnons are reflected, linear momentum transfer leads to DW motion towards the cold part (the 

same direction as magnon propagation), as shown in Refs. [8, 33, 35]. 

This study, inside a permalloy nanowire as shown in Figure 1 using the stochastic-LLG framework 

observed that the thermal gradient can drive the DW toward the hotter region for different cases. 

Therefore, this investigation focuses on exploring the physical reason why and under what conditions 

TG can drive the DW toward the hot region. The conclusions are based on micromagnetic simulations. 

This paper is structured as follows. Sect. 2 Analytical model and method. Sect. 3 Observations. 

Sect. 4 Conclusions. 

 

 
Figure 1. Schematic diagram of a nanowire with a head-to-head DW placed at the center 

under a localized Gaussian temperature gradient. 

 

2. Analytical Model and Method 

In this study, the dynamics of a head-to-head transverse DW (TDW) placed at the center along the 

x-axis (easy axis) in a Permalloy nanowire of length Lx = 4.096 µm and cross-sectional area S = 

Ly × Lz = 32 × 6 nm2. The DW width ∆ is larger than the dimension of Ly, Lz but much smaller 

than Lx. A localized thermal gradient (Gaussian shape) as a driving force is applied along the 

nanowire. The applied highest temperature is far below the Curie temperature Tc. The 

magnetization dynamics is governed by the stochastic Landau-Lifshitz-Gilbert (sLLG) equation 

[36–38], 

= −γm × (heff + hth) + αm ×                                                           (1) 
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where, m = M/Ms and Ms are respectively the magnetization direction and the saturation 

magnetization. α is the Gilbert damping constant and t is measured in the units of (|γ|Ms)
−1 in 

which γ is the gyromagnetic ratio. 

heff = Σσ + K  mxx̂ + hdipole is the effective field measured in the units of Ms, where A is the 

exchange constant, xσ ( σ = 1,2,3) denote Cartesian coordinates x, y, z, K  is the easy-axis anisotropy, 

and hdipole is the dipolar field. hth is the thermal stochastic field. 

The stochastic LLG equation is solved numerically by MUMAX3 package [38] in which adaptive 

Heun solver is used. The time step is chosen 10−14s for the cell size (2 × 4 × 6) nm3 and 10−15 s for 

unit cells smaller than (2 × 4 × 6) nm3. The saturation magnetization Ms = 8 × 105 A/m and 

exchange constant A = 13 × 10−12 J/m are used to mimic permalloy in this simulations. It is assumed 

that the saturation magnetization and exchange constant are temperature-independent. The thermal 

field follows the Gaussian process characterized by the following statistics 

⟨hth,ip(t) ⟩ = 0, 

⟨hth,ip(t)hth,iq(t+∆t) ⟩ = δij δpq δ(∆t),                                 (2) 

where, i and j denote the micromagnetic cells, and p, q represent the Cartesian components of the 

thermal field. Ti and αi are respectively the temperature and the Gilbert damping at cell i, and a is 

the cell size. kB is the Boltzmann constant [36]. The numerical results presented in this study are 

averaged over 15 random configurations (for DW velocity). 

The Gaussian temperature profile is given by, 

T(x) = T0 + TL exp [− ]                                         (3) 

where, T0 = 0 and TL is the laser temperature. XL is the laser spot position, and σL is the 

laser width. The temperature gradient profile is given by, 

∇xT(x) = [− ]               (4) 

 

3. Numerical Results 

3.1 DW displacement as a function of laser width 

Figure 2 illustrates the impact of varying laser widths on Domain Wall (DW) displacement in a 

magnetic nanowire under a localized thermal gradient, modeled via the stochastic Landau-

Lifshitz-Gilbert (LLG) equation. In this study, total length of the nanowire is 4096nm and total 

length is devided into 256 regions. Each region is 16nm. In the first case, temperature pick is given 

at 3064nm which is in 192 region. Temperature is given in total 5 regions by keeping 192 region 

in the middle. So, the length of laser width is 80nm in this case. The position of DW is in 

2648nm. The closest region of the DW from the edge of the laser width is 190. Here, the in 

between distance from the DW to the laser width is 416nm and in between distance from the DW 

to the edge of the laser width is 392nm. 

In the second case, temperature pick is given at 3192nm which is in 200 region. Temperature is given 

in total 21 regions by keeping 200 region in the middle. So, the length of laser width is 336nm in 

this case. The position of DW is in 2648nm. The closest region of the DW from the edge of the laser 

width is 190. Here, the in between distance from the DW to the laser width is 544nm and in between 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250239235 Volume 7, Issue 2, March-April 2025 4 

 

distance from the DW to the edge of the laser width is 392nm which is same as the first case. This 

figure shows that the DW displacement is high when temperature pick at 200 region; for the second 

case when the length of laser width is higher than the first case. So, we can conclude that DW 

displacement increases with the increasing laser width. Because, wider lasers create extended thermal 

gradients, generating stronger entropic forces that drive DW displacement. 

 

Figure 2. DW displacement as a function of Laser width. 

 

3.2 Fixed DW and Varying Laser Point 

Figure 3 highlights the displacement of the DW as a function of the distance between the distance of 

the DW and the laser point (d). The DW is placed in the middle of the nanowire, which is at 

DW=2048nm. The temperature is given in various regions, respectively, 253, 228, 203, 178, 153 

and 128. So, the in between distances become respectively d=1992nm, 1592nm, 1192nm, 792nm, 

392nm and -8nm. From this figure 3 we can see that as the in-between distance (d) decreases (from 

1992 nm to 392 nm), the DW displacement increases. This trend aligns with thermally driven DW 

motion mechanisms. A thermal gradient generates a magnonic spin current or a thermomagnetic force, 

propelling the DW toward the hotter region (higher temperature). The closer the DW is to the heat 

source, the steeper the thermal gradient, enhancing the driving force. This behavior is consistent with 

studies on spin-transfer torques induced by thermal gradients [39]. But when DW reaches very close 

to the laser point, for d=-8nm (DW very near or past the laser point) we see a random DW motion. 

This results from two factors. The first is thermal agitation: Near the laser, elevated temperatures 

amplify thermal fluctuations, which dominate over deterministic forces. The stochastic term in the 

sLLG equation becomes significant, leading to unpredictable DW dynamics. The second factor is 

the Gradient Instability: The negative d suggests that the DW has overshot the laser location, 

potentially encountering a reversed or unstable thermal profile, further disrupting coherent motion. 
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Figure 3. Fixed DW and varying laser point. 

 

3.3 Fixed laser point and moving DW closer to laser point 

Figure 4 highlights the DW displacement as a function of in between distance (d) of DW and laser point. 

Now the laser point is placed at the region 240 which is at 3832nm. The DW is placed in the various 

regions, respectively, 128, 153, 178, 203, 228 and 253. So that the in between distances become 

respectively d=1784nm, 1384nm, 984nm, 584nm, 184nm and -216nm. This figure 4 shows DW 

displacement increased very slowly with decreased in between distance(d). So that we can say, DW 

moves towards the hot region as the in between distance decreases. This aligns with the thermomagnetic 

effect, where the thermal gradient drives DW motion toward the hotter region (laser spot) due to entropy-

driven forces. For d=184nm and d=-216nm, the DW exhibits random motion. This stochastic behavior 

arises from enhanced thermal fluctuations near the laser, as modeled by the sLLG equation. At close 

proximity, the temperature gradient becomes extremely steep, destabilizing the DW dynamics and 

amplifying the effects of thermal noise. 

 

 
Figure 4. Fixed laser point and varying DW. 

 

4. Conclusions 

This study investigated the magnetization dynamics of a transverse domain wall (DW) in a Permalloy 

nanowire under a localized thermal gradient using micromagnetic simulations based on the stochastic 

Landau-Lifshitz-Gilbert (sLLG) equation. The displacement of the DW increases with the width of the 

applied thermal gradient (laser spot). Wider laser profiles generate extended thermal gradients, enhancing 
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the entropy-driven forces that propel the DW toward the hotter region. The DW displacement is highly 

sensitive to its initial distance from the laser spot. As the DW approaches the thermal gradient, its 

motion accelerates due to the steepening thermal gradient. However, when the DW is extremely close to 

or overlaps with the laser spot, thermal agitation dominates, leading to stochastic behavior and loss of 

directional coherence. The results align with macroscopic thermodynamic theories, where the DW 

migrates toward the hotter region to minimize free energy. This supports the role of entropy torque as a 

driving mechanism under moderate thermal gradients. At elevated temperatures near the laser spot, 

microscopic magnonic effects and thermal noise become significant, consistent with stochastic LLG 

dynamics. 
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