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Abstract   The recently derived Landau-Lifshitz-Bloch equation of motion for 
two-component magnetic systems, including ferri- ferro- and antiferromagnets, 
provides a framework to analyze species dependent ultra fast demagnetization 
rates. In agreement with reported experimental observations, we show that Gd 
sublattice demagnetizes slower then FeCo in GdFeCo. However, we predict that at 
high initial temperatures Gd should be faster than Fe, providing the possibility to 
control the polarity of the transient antiferromagnetic state.   Our results indicate 
that typically Fe should be slower than Ni in FeNi. The situation is opposite if Fe 
is 4 times stronger coupled to the electronic system than Ni. 

The element-specific synchrotron measurements, using X-ray circular magnetic 
dichroism, have opened the possibility to evaluate separately the ultra fast demag-
netization rates in multi-component magnetic alloys. Prominent examples are 
measurements in GdFeCo [1], where it was established that Gd sub-lattice is much 
slower than Fe. Differently, in NiFe the two sub-lattices have similar demagneti-
zation rates and the debate on which is faster is still going on [2-4].  It has been 
proposed that the ratio between the magnetic moment and the Curie temperature, 

materials [5]. Following this ratio, any rare earth material is clearly at least 3-5 
times slower than any transition metal. At the same time, recently it has been es-

the Curie temperature [6]. Thus, the question what is the relative demagnetization 
speed in each metal comprising a multi-component ferromagnet is not trivial.  

The Landau-Lifshitz-Bloch (LLB) equation, recently derived for a two-
component system [7], can help to elucidate this question. For pure longitudinal 
processes (when the sublattices magnetizations remain parallel) we write the LLB 
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TC, is a good figure of merit to establish the ultrafast demagnetization rates of 

tablished that a typical “fast” transition metal Ni can become “slow” approaching 



equation for each sublattice  and for the reduced magnetization  
in the form: 

 

Here  is the gyromagnetic ratio and are the equilibrium magnetization 
values. The longitudinal damping and the rate parameters are evaluated in the 
mean-field approximation. Namely, 

 

where  is the parameter representing the atomistic coupling to the heat bath 
(proportional to the scattering rate),  is the Boltzmann constant, T is the temper-
ature,  , ,  is the intra-sublattice exchange parameter 
and z is the average number of the neighbors of the same species,   is the inter-
sublattice exchange parameters and  is the average number of neighbors of the 
opposite species. The temperature-dependent rate parameters are expressed in 
terms of the longitudinal susceptibilities  as: 

 

 
Fig. 1. Atomistic simulations of longitudinal relaxation in disordered GdFeCo ferrimagnet with 
25% of Gd under a  heat pulse with initial temperature 300 K and final temperature 0.75TC=600 
K (left) and 0.975TC=780 K (right). The demagnetization curves are normalized to the value at 

2ps. The parameters of GdFeCo are taken from Ref.[9].  

 The longitudinal relaxation rates can be evaluated as the eigenvalues of 
the two coupled linearized LLB equations. This indicates that one cannot attribute 
a one-exponential decay to each of the sublattices. Nevertheless, for FeCoGd the 
analysis of the demagnetization rates shows that for temperatures not close to TC,  
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 and FeCo and Gd sublattices can be prac-
tically described by one eigenvalue. In this temperature region Gd is much slower 
than FeCo. Close to TC, however, the situation surprisingly changes and our model 
predicts that Gd becomes faster than FeCo. To confirm these predictions, we pre-
sent the corresponding atomistic simulations in Fig.1. One of the consequences of 
the change of relaxation rates is the possibility to observe the “inverted” transient 
ferromagnetic state at high temperatures [8], i.e. directed towards Fe instead of 
Gd. 

As for the relaxation in NiFe, our results show that since the two-sublattices Fe 
and Ni are strongly coupled, one cannot characterize their individual ultra fast dy-
namics in terms of one-exponential behavior. Nevertheless, following the common 
experimental practice, we fit the magnetization relaxation curves to one exponen-
tial decay.  Fig.2 presents the ratio between Ni and Fe demagnetization times as a 
function of their coupling to the bath parameters and the pulse temperature. Be-
cause Fe and Ni are similar transition metals, one can expect similar coupling to 
the bath parameters for both in their alloy. This indicates that in normal situation 
Ni is faster than Fe. However if one assumes that Fe is 4 times stronger coupled to 
the electronic system, as also discussed in Ref.[4], the situation is opposite. 

 
Fig. 2. The ration between Ni and Fe relaxation times in FeNi alloy, obtained from the LLB-

based simulations, as a function of the ratio of the coupling to the bath parameters and the maxi-
mum pulse temperature. 

Acknowledgments   The authors would like to acknowledge the Femtospin project from Euro-
pean Community and the Spanish grant  FIS2010-20979-C02-02 from Ministry of Science and 
Innovation. U.A. gratefully acknowledges support from Basque Country Government.  

References 

[1] I. Radu et. al., “Transient ferromagnetic-like state mediating ultrafast reversal of 
antiferromagnetically coupled spins” Nature  472, 205 (2011). 

[2] I. Radu et. al, submitted. 

Ultrafast Demagnetization Rates in Two-Component Magnetic Materials 253



[3] S. Mathias et. al., “Probing the timescale of the exchange interaction in a ferromagnetic al-
loy” Proc. Nat. Acad. Sci. USA 109, 4792 (2012). 

[4] A. J.Schellekens and B.Koopmans, “Microscopic model for ultrafast magnetization dynamics 
of multisublattice magnets” Phys. Rev. B 87, 020407 (R) (2013). 

[6] T. Roth, A. J. Schellekens, S. Alebrand, O. Schmitt, D. Steil, B. Koopmans, M. Cinchetti, 
and M. Aeschlimann, “Temperature Dependence of Laser-Induced Demagnetization in Ni: A 
Key for Identifying the Underlying Mechanism” Phys. Rev. X, 2, 021006 (2012). 

[7] U.Atxitia, P.Nieves and O.Chubykalo-Fesenko, “Landau-Lifshitz-Bloch equation for 
ferrimagnetic materials” Phys. Rev. B 86, 104414 (2012). 

[8] U.Atxitia et. al, submitted. 
[9] T. A. Ostler et. al.,  “Crystallographically amorphous ferrimagnetic alloys: Comparing a lo-

calized atomistic spin model with experiments” Phys. Rev.B 84, 024407 (2011). 

[5] B. Koopmans,  G. Malinowski, F. Dalla Longa, D. Steiauf, M. Fähnle, T. Roth, M. 
Cinchetti  & M. Aeschlimann, “Explaining the paradoxical diversity of ultrafast laserinduced
demagnetization”  Nature Mat.  9, 259  (2010). 


	78 Ultrafast Demagnetization Rates in Two-Component Magnetic Materials
	References




