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Abstract. In this paper, we present the calculation of thermal magnetic
viscosity based on numerical simulations of relaxation isotherms curves for a
Stoner-Wohlfarth ensemble. The Stoner—-Wohlfarth particles is described by two
equilibrium states and thermal activation is done by overcoming the energy
barrier. For simulations we have used a new Preisach type model for Patterned
Media, which takes into account the effects of time and temperature. The
magnetization of the system is treated using the Preisach Model for Patterned
Media with bimodal interactions field distributions. We have simulated relaxation
curves starting from different points on the negative region of the descending
branch of the major hysteresis loop and from the obtained data we evaluated the
thermal fluctuation field. The results obtained for the linear energy barrier were
compared with the non-linear energy barrier.

Keywords: Preisach Model for Patterned Media; Preisach — Néel model;
magnetization relaxation; thermal magnetic viscosity; linear energy barrier; non-
linear energy barrier.

*Corresponding author; e-mail: ilie.bodale@uaiasi.ro



10 Ana Cazacu et al.

1. Introduction

In the last years, a considerable effort was dedicated to the profound
understanding of relaxation effects in nanostructured materials due to their
technological applications.

The Classical Preisach Model (CPM) (Preisach, 1935) describes a static
magnetization process in which the effect of relaxation is neglected. To explain
the dependence of the magnetization on the value of the applied field, vectorial
magnetic phenomena, dynamic interaction, time and temperature effects, various
Preisach-type models have been developed.

The effect of time and temperature in the magnetization processes was
first described by Néel (Néel, 1949) and the model which he proposed can give
good results if interactions between the neighboring entities are neglected.

For explaining the magnetization process of interacting particles systems,
the Preisach-Néel model (PNM) was developed (Roshko and Viddal, 2004).

For systems with strong interactions distribution, a new Preisach-type
model was developed, i.e. the Preisach Model for Patterned Media (PM?) (Stancu
et al., 2005). The PM? combines ideas from the Generalized Preisach Model
(Mayergoyz, 2003) and Moving Preisach Model (Stancu et al., 2001) using a two
peaks interaction field distribution.

The evaluation of the energy in the PM?2for a particle is done in a similar
manner like in the Stoner — Wohlfarth (SW) (Stoner et al., 1948), where the
stable equilibrium position of the magnetization vector of each particle is
determined by minimizing the expression of the energy imposing the
equilibrium conditions.

The height of the energy barrier (3) is given by the difference between
the maximum energy corresponding to the unstable equilibrium position E(6m)
(1) and the energy corresponding to the stable equilibrium position of the
polarization vector E(6:) (2):

2

Ey = @(1 +72) = VR H + AEgy 1)
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Equation 3 describes the non-linear energy barrier of Stoner — Wohlfarth
system.

If the SW energy (4Esw = 0) is neglected (Mitchler et al., 1997), then the
energy barrier becomes linear (Fig. 1b):

AEL =VP,(Hy £ H) (4)
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The energy barrier can be overcome by a combination of an external
magnetic field (Ha) and an effective thermal viscosity field (Neel, 1949):

t

where Hy = If’—: is the thermal fluctuation field, t is the experimental time and the
70 1S the critical time for switching the magnetic moments of the domains which
is typically about 109+107? s,

2. The Model

The magnetic moment of particle in PM? is evaluated like in CPM, where
each particle is associated with a point in the Preisach plane, the coordinates being
the switching fields H,, Hz (Fig. 1a).
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Fig. 1 — The rectangular hysteresis loop for a single domain called hysteron (a), the
associated Stoner — Wohlfarth double well potential in non-linear barrier energy (b) and
linear barrier energy (c).

In the PNM, each particle/domain can exceed the energy barrier due to
the effects of time and temperature, even in a zero applied field (Fig. 1b and 1c).

In the Preisach Model for Patterned Media type model the magnetic
moment includes bimodal interactions field distributions with the amplitude
dependent on the magnetic state of the system (Cimpoesu et al., 2006).

In the CPM (Stancu et al., 2001) the magnetization is described by the
product of two statistically independent distributions (6) given by the coercive
(6°) and interaction field distribution, while in the PM? (Preisach, 1935) the
independent distribution has two peaks (6”).

The Preisach distributions in PM? are written using (hc, hi) reduced
coordinate system (Fig. 2), which is rotated 45° with respect to the (H,, Hp)
coordinates:

P(Ha, Hp)=pi(hy) - pe(he) (6)
hc_hc 2 ’
Po(he) = g exp [ 5] ()

1 (hi=hi)? (hi+hip)?
pi(Ha,Hﬁ) = e {exp [— _Zhgo ] + exp [— _Zhgo ]} +

(hi_h’i )2 (hi+hi )2 7
> &hw {exp _TZ:] —exp [— TZ:]} =pio(h) +m-pim(h) (67)

where h., are the standard deviations for coercive field, h;, are the standard
deviations for dynamic interaction effect, heo is the most probable coercive field
for dynamic interaction effect, hio the most probable interaction field and m is the
magnetization moment.
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The effect of dynamic interaction (Borcia et al., 2002) leads to an
increasing of the energy barrier height and he is a function of saturation
superparamagnetic moment of the sample mspm.

heo = h + Mspm * Ahgy (7)

cOstatic

where heo i IS the most probable value for the coercive distribution when the
dynamic interaction effect is neglected and 4hc is a positive constant
proportional with the strength of dynamic interactions.

The interaction field distribution is decreasing accordingly to the
equation below:

hiz = hiUstatic — Mspm * Ahig (8)

where hjg ... is the standard deviation for the static interaction and 4#;, is a
positive constant that for the maximum value of the (mgm-his) is very close to
zero.

The memory region of Preisach plan is divided into four regions (Fig. 2).
The particles from three of these regions are superparamagnetic (1, 2 and 3) and
the particles from region 4 remain blocked in their previous state. For example,
in Fig. 2, all domains from region 4 are blocked in the “+” state and they switch
if they are swept by the biincar €nergy barrier line or broniinear CUrve, respectively.
Instead, the region 1 remains superparamagnetic.

Fig. 2 — The 2D diagram of Preisach plane in (hc, hi) coordinate system, rotated 45°
with respect to the (H,, Hp) axis in a negative applied field (-ha). The particles from 1%,
2" and 3" regions are superparamagnetic and the particles from the 4" region are
blocked in the previously state. The two peaks of interaction field distribution, A; and
Ay, are represented in the demagnetization state.
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We extended the PM? taking into account the effects of time and
temperature (Néel, 1949), the Preisach - Néel Model for Patterned Media (PM?-
Néel Model). This model solves the effects of time and temperature, without
neglecting the strong interaction distribution.

The most important effect of time on magnetization phenomena is
magnetic viscosity (also, named magnetic aftereffect).

In this approach for evaluating the relaxation phenomena we have studied
the relaxation curves starting from points on the negative region of the descending
branch of the major hysteresis loop and from these data we have calculated the
thermal fluctuation using the procedure presented by Della Torre in 2002 and
extended by Roshko and Viddal in 2005. The relaxation curves were simulated
for different negative applied fields. We have also calculated the thermal
fluctuation field from numerical simulations of viscosity isotherms based on the
double well potential and the simulations obtained using a non-linear energy
barrier were compared with those obtained using a linear energy barrier.

3. Numerical Simulations

To determine the thermal viscosity, we have generated a numerical
simulation using the Preisach formalism with the magnetic moment dependent on
the magnetic state of the system. The magnetic relaxations in the PM?2-Néel
Model presented above were simulated for a Stoner — Wohlfarth system
characterized by bimodal interactions field distributions.
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Fig. 3 — The magnetic relaxation isotherms curves simulated for different applied fields
(520 Oe, 540 Oe, 560 Oe, 580 Oe and 600 Oe) at T=35 K for a non-linear energy
barrier system.
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The parameters used were: heg ... = 1000 Oe, he, = 200 Oe, hig g \i .=
200 Oe, hijp = 200 Oe and 44., = 300 Oe for both cases, linear and non-linear
energy barrier. We simulated the viscosity isotherms for a fixed time range (5 s
+ 3-10%s). Magnetic relaxation isotherms curves were simulated at T = 35 K for
a series of negative applied fields (—ha): 520 Oe, 540 Oe, 560 Oe, 580 Oe and 600
Oe and are presented in Fig. 3.

For each magnetic relaxation isotherms curve, the critical time of
m(t)=0 condition was calculated (Roshko and Viddal, 2005). The logarithmical
critical time of relaxation isotherms was plotted as a function on the negative
applied field.

The viscosity isotherms were analyzed as a function of temperature over
the 10 K < T < 175 K interval and universal curve was obtained for both cases,
linear and non-linear energy barrier (Fig. 4).

600 -
» linear energy barrier .

500 4 ¢ non-linear energy barrier
400 -
300 -

200

hp=kT'In(t, /7))

100

T T T T T T T T T
-1000 -800 -600 -400 -200 0

h4(Oe)

Fig. 4 — The universal curves of hr as a function of the applied field (-ha) from
numerical simulations of viscosity isotherms.

The thermal viscosity field (hr) as a function of temperature (T) was
simulated for both types of energy barriers. The simulations showed that the
maximum values are at 125 K, regardless of the type of barriers chosen (Fig. 5).
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Fig. 5 — The thermal viscosity field plotted as a function of temperature for simulation
of the relaxation curves in time range (5 + 3-10%s).

3. Conclusions

A new Preisach Model for Patterned Media type model that considers the
effects of time and temperature was developed to evaluate the thermal magnetic
viscosity. The advantage of this model is that it considers both static and dynamic
interactions from patterned media. The simulation shows that the viscosity
isotherms field depends non-linearly as a function of the applied field and
temperature.

In the two cases considered, particles switch faster in the case of the linear
barrier, which shows that the value of the thermal magnetic viscosity is lower.
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EFECTELE DE RELAXARE TN MODELUL PREISACH - NEEL DIN MEDIILE
NANOPARTICULATE

(Rezumat)

In aceasta lucrare este prezentat calculul vascozititii magnetice termice pe baza
simularilor numerice ale curbelor izotermelor de relaxare pentru un ansamblu Stoner —
Wohlfarth. Particulele Stoner — Wohlfarth sunt descrise prin doua stari de echilibru care
pot comuta prin activare termica. Pentru simulari s-a folosit un nou model de tip Preisach
pentru medii particulate (ordonate) care iau in considerare efectele timpului si
temperaturii. Magnetizarea sistemului este calculata utilizdnd modelul Preisach pentru
medii ordonate cu distributii bimodale de interactiuni de cdmp. Au fost simulate curbele
de relaxare magnetica din diferite puncte de pe regiunea negativa a ramurii descendente
a ciclului major de histerezis si din datele obtinute s-a evaluat cimpul de fluctuatie
termica. Rezultatele obtinute pentru bariera de energie liniara au fost comparate cu bariera
de energie neliniara.
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