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Abstract

We investigate the fluctuating domain walls in Co nanofilms during Barkhausen avalanche from direct time-resolved

observation of magnetic domains. By statistical analysis of repeated observations of domain wall configuration, we

generate the probability map of finding domain wall at a certain position. Interestingly enough, there clearly exists a

more probable region where domain wall prefers to be pinned but still with fluctuation. Our direct and quantitative

analysis enables us to determine the degree of reproducibility in avalanche with microscopic details.
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Barkhausen avalanche is mediated by successive

sudden magnetization jumps in ferromagnetic system

when an external magnetic field is applied. Interest in

Barkhausen avalanche has exploded, since it is a good

example of critical system, where the characteristic

length of the system doesn’t exist and scaling behavior

comes to appear [1]. One of the most important issues in

understanding of Barkhausen avalanche is to testify

whether an exact reproducibility exists in the critical

behavior or the critical system exhibits a completely

random dynamics. Numerous studies have been devoted

to clarify the reproducibility in Barkhausen avalanche

[2–5], where some expect the existence of an exact

reproducibility but others deny that possibility. None of

them has clearly resolved this controversy on the exact

reproducibility and thus, the underlying physics of

Barkhausen avalanche is still unclear.

Recently, we have developed a novel experimental

technique for direct full-field time-resolved observation
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of Barkhausen avalanche in thin films, using a magneto-

optical microscope magnetometer (MOMM) [6]. Using

this novel technique, we have found that Barkhausen

avalanche in Co thin film exhibits a scaling behavior,

which is understandable within the context of the model

originally proposed by Cizeau, Zapperi, Durin, and

Stanley [5,7]. In the present work, we provide the

quantitative statistical analysis on the fluctuating

domain walls during avalanche using MOMM. MOMM

basically consists of a polarizing optical microscope set

to visualize in-plane magnetic domain via magnetic

contrast utilizing longitudinal magneto-optical Kerr

effect (MOKE). Details of MOMM are described

elsewhere [6]. We repeat our observations at the same

area with the same experimental conditions and visualize

the microscopic behavior of fluctuating domain walls.

By superimposing these fluctuating domain walls of

each observation, we can generate the probability

map to find domain wall at a certain position, which

directly indicates how reproducible the avalanche

process at a position will be. We have prepared

25-nm Co films on glass substrates by dc-magnetron

sputtering. All samples exhibit in-plane magnetic aniso-

tropy judged from the square in-plane Kerr hysteresis

loop.
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Fig. 1. (a) Time-resolved domain patterns captured succes-

sively at the same area with identical experimental conditions.

Gray-level represents an elapsed time when magnetization

occurs. The sample magnetization was initially saturated

downward and then, constant field was applied upward. (b)

Domain walls determined via edge-finding image processing

technique.

Fig. 2. Probability map indicating spatial distribution of

probability to find a domain wall at each position. Gray-level

represents probability determined from 100 repeated observa-

tion.
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In Fig. 1(a), we demonstrate four representative

images of time-resolved domain evolution patterns

observed successively at the same area with identical

experimental conditions. Note that domain evolution

patterns in each picture clearly exhibit discrete and

sudden Barkhausen jumps and that domain configura-

tion is not exactly reproducible at each observation.

To quantitatively understand, we statistically analyze

the domain wall configurations from our repeated

observations. As a first step, we determine the domain

wall lines from the domain evolution patterns as

illustrated in Fig. 1(b). The images of domain wall lines

in Fig. 1(b) are determined from the corresponding

images of Fig. 1(a) via edge-finding image processing

technique. For 100 repeated observations, we super-

impose these images of domain wall lines, where we can

generate the probability map by counting how many

times the domain wall is found at a certain position.

Therefore, the map represents the spatial distribution of
probability of finding domain wall at the position as

vividly shown in Fig. 2. Interestingly enough, one can

clearly notice that there exists a more probable region

where the domain wall statistically prefers to exist.

We like to stress that our direct observation and

quantitative analysis reveal that Barkhausen avalanche

is neither completely reproducible nor completely

random. Fig. 2 implies that there are some pinning sites

possibly originated from the structural defect, which

produce the pinning potentials giving the reproducibility

to the avalanche process. However, it should be noted

that critical randomness still exists and the Barkhausen

avalanche proceeds via the critical fluctuation around

the statistically reproducible pinning site. Our direct

analysis enables us to quantitatively determine the

degree of reproducibility with microscopic details,

providing significant insight to the Barkhausen criti-

cality.
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