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Abstract 

We have calculated by Monte Carlo simulation (MC) the temperature variation of the ac-susceptibility of cobalt 
nanoclusters, located at the vertices of periodic lattices, and interacting via dipolar interactions. Our study focuses on 
the dimensionality effect, so one or two dimensional assemblies have been considered. Opposite effects on the peak 
height and location of the two ac-susceptibility components have been observed, depending on the easy axis is in the 
plane of the assembly or perpendicular to it. Furthermore, we have investigated the energy barrier distribution in the 
presence of dipolar interactions. 
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1. INTRODUCTION 

In recent years, ferromagnetic nanoclusters have received a great interest due to their potential applications 
especially in the field of high density magnetic recording. Indeed, thanks to their nanometer size, storage densities of 
about 1 Tbits/in² could be reached. In such assemblies, dipolar interactions (DI) cannot be neglected. In order to 
understand the role of DI, several models have been proposed sometimes leading to contradictory results. For example, 
the DBF model given by Dormann et al (1988) predicts an increase of the energy barrier, of the relaxation time and 
hence of the blocking temperature due to DI whereas in the MT model given by Morup et al (1994) the opposite effect 
is expected. These two models were strongly debated by Hansen et al (1998) and Dorman et al (1999) but most of the 
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experimental data are better explained by the DBF model. These contradictions arise from approximations made to 
simplify the problem, especially the mean field approach. Indeed, the dipolar field is not uniform and depends on time 
since it expression is given by equation (1).  
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Where 

ijm             magnetic moment of nanocluster j
rij               distance between nanocluster i and j

ij ij ije r r=
μ0              magnetic permeability of vacuum  

It is worth noting that experimental works do not allow to disentangle DI effect from others, such as the spatial 
distribution of nanoclusters, the size distribution, the orientation of the anisotropy axes and the damping (Masunga et 
al (2009), De Toro et al (2012) and Barbeta et al (2010)). As regards the analytical calculation, only weak DIs have 
been studied by Azzeggh et al (2007), Jönsson et al (2001), Kachkachi et al (2005), Kachkachi et al (2000). So, 
numerical investigations, such as those made by Anderson et al (1997) and Berkov et al (2001), are important tools 
since they allow to consider stronger DI. 
Here, we propose to investigate the DI effect on the ac-susceptibility using Monte Carlo (MC) simulations. Our study 
is focused on the dimensionality effect which may come from DI, and the distribution of energy barriers arising from 
DI due to the thermal  fluctuations of the magnetic moments. 

 2. MODEL AND SIMULATION 
      A. MODEL 

In our model we have considered self-organized assemblies, i.e. the nanoclusters are located at the vertices 
of a periodic lattice. Each nanocluster is assigned a common easy axis parallel to the z-axis. During the simulation, 
an oscillating field is applied at each temperature along the z-axis, H(l) = H0 cos(2π l/n) where l is the number of the 
MC step and n the total number of MC steps. The ac susceptibility χ = χ′ − i χ″ is given by : 
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Where 

( )M l              magnetization of the assembly at the MC step number l   
=2 fω π          pulsation of the applied field and f it’s frequency 
0tδ                  the physical time associated to one MC step

     B. SIMULATION TECHNIQUE 
In our work, we have used the MC method (Heermann (1990) and Binder et al (1990)). In this work, we have 

used a transition probability proportional to ))/(exp( TkE BΔ−  where ΔE is the energy barrier.
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3. RESULTS AND DISCUSSION 
     A. Study without dipolar interaction 
First, we investigated the magnetization reversal without DI. For good accuracy of our results, we have considered a 
large enough number of nanoclusters. Furthermore, we found that the ac-susceptibility curves (Fig. 1) depend strongly 
on the amplitude H0 of the applied field. We have to take care that H0 is large enough for a good accuracy, but small 
enough for a linear response, and this is in agreement with Anderson et al (1997). By comparison with analytical 
results of Ledue et al (2012), we found that the value of μ0H0 = 0.00521 T is the appropriate choice. Following this, 
we have deduced the time associated to one MC step: 

MCS

1t0 n f
δ = = 8.33×10−13 s 

Fig. 1: Comparison of simulated and analytical curves (f =104 Hz) of the ac-susceptibility without DI.

According to our model, the value of the prefactor 0τ of the relaxation time equals to ( )MC
t0
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The independence of 0τ on the temperature arises from the fact that we ignore the intra-well fluctuations. In the  

Brown model (1963), 0τ is given by B
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=  and it is equal to 4×10−13 s (for T = 9,5 K and 

λ = 10)  which is very close to our value.  

     B. Dipolar interactions effect 
     B. 1- 1D lattice parallel to the z-axis
Albeit the 1D lattice is not realistic, but we insist on it for its simplicity because DI effect is well understood in such

assembly. Indeed, DI tend to align the magnetic moments parallel to each other (ferromagnetic order) without 

frustration, thus increasing the response to an applied field (fig. 2) with a shift of the peaks of the in-phase component 

χ′ and the out-of-phase component χ″ of the ac susceptibility towards higher temperatures. This shift suggests that the 

relaxation time is increased in the presence of DI which should be due to an increase of the energy barriers. So, we 

have plotted the distribution of these energy barriers (fig 3). In the blocked state, the distribution exhibits mainly one 

peak and indicate that the energy barrier increases with the intensity of DI (fig 3-a). In the region in the vicinity of 

T’max and superparamagnetic states (fig 3-b) and (fig 3-c), other peaks appear in the presence of DI because of the 

fluctuations of the magnetic moments. 
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a.                                                                                    b. 

    
Fig. 2: Thermal variation of the ac susceptibility of the 1D lattice parallel to the z-axis for various strengths of the DI. 

(a): in-phase component. (b): out-of phase component  

                                                          

Fig. 3: Distribution of energy barriers in the 1D lattice parallel to the z-axis for various strengths of the DI. 
(a) blocked state; (b) in the vicinity of T’max; (c) superparamagnetic state. 

     B.2- 2D assemblies 

In this section, we have considered two cases: 2D assemblies parallel to the xy-plane for which the magnetic moments 

are perpendicular to the assembly, or 2D assemblies parallel to the yz-plane for which the magnetic moments are in 

the plane of the assembly. Let us remind that in these 2D assemblies DI bring about magnetic frustration. 

Assemblies parallel to the xy-plane 

In Fig. 4, we can see that the DI effect on the in-phase χ′ and out-of-phase χ″ components of the ac susceptibility is 

opposite to the 1D lattice parallel to the z-axis. Actually, in such lattice, DI favor antiferromagnetic order with 

frustration, thus decreasing the response to an applied field. The shift of the peaks of χ′ and χ″ towards lower 

temperatures suggests that the relaxation time decreases in the presence of DI. On the other hand, we have plotted the 

distribution of these energy barriers (fig 5). We found that, because of frustration, DIs broaden the energy barriers 

distributions.  
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a.     b. 

Fig. 4: Thermal variation of the ac susceptibility of the 2D lattice (xy plane) for various strengths of the DI. 
(a) in-phase component; (b) out-of phase component 

Fig. 5: Distribution of energy barriers in 1D lattice parallel to the z-axis for various strengths of the DI. 
(a) blocked state; (b) in the vicinity of T’max; (c) superparamagnetic state. 

Assemblies parallel to the yz-plane

In Fig. 6, we have plotted the thermal variation of the ac susceptibility for various intensities of the DI. The DI effects 

are qualitatively the same as for the 1D lattice parallel to the z-axis but less marked. This indicates that, in such 

assembly, DI play finally a magnetizing role.  

Fig. 6: Thermal variation of the ac susceptibility of the 2D lattice (yz plane) for various strengths of the DI. 
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(a) in-phase component; (b) out-of phase component 

 3. Conclusion   

In this work, we have evidenced opposite DI effect depending on the direction of the magnetic moments relatively to 

the sample plane. Our results shown that the peak shift of the imaginary component of the ac-susceptibility toward 

higher (lower) temperature, is related to the magnetizing (demagnetizing) nature of the DI also evidenced that the 

energy barrier distributions are not the same in the different states (blocked, in the vicinity of T’max and 

superparamagnetic state) because of the fluctuation of the magnetic moments. 
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