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CeIr3Si2 is the first three-dimensional uniform magnet in which the long-time variation in

magnetic structure was observed. To clarify the microscopic mechanism of this magnetic

structural change, time-resolved neutron scattering measurements have been reinvestigated.

Clear time variations in the line widths as well as the amplitudes of magnetic Bragg diffrac-

tions have been observed in this improved instrumentation. On the basis of this observation, a

nucleation-and-growth model of magnetic structural change has been presented. The numer-

ical calculation with this model reproduces well the observation.

1. Introduction

Until recently, we have not expected to observe the time evolution of magnetic struc-

tural changes in uniform three-dimensional magnets. Contrary to all expectations, a long-

time variation in magnetic structure was observed in CeIr3Si2 by time-resolved neutron scat-

tering experiments.1–3) On the basis of these experiments, a microscopic model of the time

variation was proposed.3) This model includes a nucleation-and-growth process, which is a

well-established concept describing first-order phase transitions.4) However, to the best of

our knowledge, no direct observation of this process in magnetic phase transitions has been

made.

In a previous work, we could not attain sufficient reciprocal-space (q) resolution because
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of the compromise with neutron counts sufficient to complete scans in a short time window.3)

Therefore, a clear time variation in the line widths of magnetic Bragg peaks, which would

directly support this nucleation-and-growth model, was not confirmed.

We have carried out a neutron scattering experiment of CeIr3Si2 utilizing an improved

instrumentation and succeeded in observing the time variations in the line width of magnetic

Bragg peaks. In this paper, we report the result of a new neutron scattering experiment of

CeIr3Si2 and present a microscopic model of magnetic structural change. On the basis of this

model, we calculate the time evolution of neutron scattering patterns.

In the following, we summarize the magnetic property and the time variation behav-

ior of CeIr3Si2 observed in previous macroscopic5, 6) and neutron scattering experiments.1–3)

CeIr3Si2 crystallizes in the orthorhombic ErRh3Si2-type structure. In this structure, magnetic

Ce atoms form zigzag chains along the a-axis. Magnetic susceptibility and specific heat

measurements indicated that CeIr3Si2 shows successive magnetic transitions at TN1=4.1 K

and TN2=3.3 K.5) The transition at TN2 is a first-order transition from an antiferromagnetic

intermediate-temperature (IT) phase to a ferrimagnetic low-temperature (LT) phase. In the

LT phase, it shows multistep metamagnetic transitions.5, 6) The magnetic structures in both

the LT and IT phases are of the stripe type.3) The magnetic propagation vectors in the LT and

IT phases are expressed as qL=2π(0, − 1
3b

,
1
3c

) and qI=2π(0, − 3
8b

,
3
8c

), respectively. Mag-

netic coupling within a zigzag chain is ferromagnetic, and zigzag chains form ferromagnetic

sheets perpendicular to the a-plane.

In the IT phase, ferromagnetic sheets of + and − moments are aligned with the sequence

· · · |+ − − + − + +−|· · · . In the LT phase, ferromagnetic sheets are aligned with the sequence

· · · |+ + −|· · · . The volumes of magnetic unit cells in the LT and IT phases are a×3b×3c

and a×8b×8c, respectively. When the sample is cooled to the LT phase from the IT phase,

magnetic Bragg peaks corresponding to the IT phase structure gradually decrease with time

and another group of peaks corresponding to the LT phase structure increase. For each signal,

the peak position does not move appreciably with time.

The time variation in the amplitude of each signal is well expressed by a simple ex-

ponential function including a temperature-dependent characteristic time. The temperature

variation in this characteristic time is well expressed in terms of the Arrhenius model. The

activation energy Ea was determined as Ea/kB=4.0±0.1 K. These results showed that the vol-

ume fractions of two distinct magnetic phases vary with time. We confirmed that the presence

of inevitable impurities or imperfections in a sample is not the main cause of the long-time

variation through the measurements of Ce0.98La0.02Ir3Si2.7)
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The format of this paper is as follows. In Sect. 2, the experimental procedure is described.

Experimental results and analysis are presented in Sect. 3. In Sect. 4, we present a micro-

scopic model of magnetic structural change. Then, we compare the time variation in observed

neutron scattering patterns with the calculations based on this model.

2. Experimental Procedure

The single-crystal sample used in this study is the identical piece used in previous mea-

surements.1–3) It was grown by the Czochralski pulling method using a tetra-arc furnace. The

size of the crystal is ∼2×2×3 mm3 with the longest direction parallel to the c-axis. Details of

the sample preparation and its characteristics are described in Ref. 6.

The present neutron scattering experiment was conducted using the HB-1 triple-axis spec-

trometer installed at the High Flux Isotope Reactor of Oak Ridge National Laboratory. Mea-

surements were made in a double-axis mode using pyrolytic graphite crystals for a monochro-

mator and a filter, which reduces higher-order neutrons. The wavelength of the incident neu-

tron and the horizontal beam collimation are 2.462 Å and 48′ − 20′ − 20′, respectively. Under

this condition, the q resolution of 0.0074 Å−1 (full width at half maximum, FWHM) was

attained along the k-direction around (0, 4/3, 2/3) and (0, 11/8, 5/8) together with sufficient

neutron counts. A typical q resolution in previous measurements was 0.04 Å−1. The sample

was mounted with the [100] direction vertical in a liquid 4He cryostat.

To measure the temperature variation in lattice parameters, nuclear Bragg diffraction pat-

terns were observed around the (040) and (002) Bragg points. Magnetic Bragg diffraction

patterns corresponding to the LT and IT phase structures were measured around the (0, 4/3,

2/3) and (0, 11/8, 5/8) reciprocal lattice points, respectively. Temperature variations of mag-

netic diffraction patterns were measured in the cooling and heating processes. In both cases,

scans were made along the k-direction (b∗-axis) after the sample temperature reached the

target value.

Time variations of magnetic Bragg diffraction patterns were measured after the sample

was rapidly cooled from T=10 K (paramagnetic phase) to 1.5 K. The time needed to stabilize

the sample temperature was ∼6 min. As soon as the sample reached the target temperature,

a series of scans across the magnetic Bragg peak was started. Scans were made along three

different directions across the magnetic Bragg peaks corresponding to the LT and IT phase

structures. These scans include (1) k-scan (scan along b∗-direction), (2) l-scan (scan along c∗-

direction), and (3) mixed scan (scan along the direction of k + l=2). The diffraction patterns

taken in scans (2) and (3) showed that the instrumental resolution was insufficient to resolve
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the magnetic Bragg patterns arising from the LT and IT phase structures. On the other hand,

the diffraction patterns taken in scan (1) resolved two kinds of magnetic diffraction signals.

Therefore, we concentrated the time variation measurements on the k-scans. Scans with var-

ious counting times were made depending on the elapsed time after cooling. For example,

for the measurements of the LT phase signal, in the short-time region, quick scans (10 s per

point) were repeatedly made up to ∼60 min. Then, the sample was heated to 10 K and the

process of cooling and measurements was repeated. These thermal cycles were repeated 15

times and the diffraction patterns corresponding to the same time window were numerically

added. By these measurements, we obtained the time variation in diffraction patterns with

good time resolution (∼4 min) and sufficient statistics. For the medium-time region of 60 to

180 min, measurements were made with a counting time of 30 s and the number of thermal

cycles was reduced to 3. For the time region longer than 180 min, two kinds of scans for LT

and IT phases with a counting time of 60 s were sequentially repeated up to ∼800 min.

3. Results and Analysis

3.1 Temperature variation

Figure 1 shows the temperature variations in the lattice parameters b and c determined

from the diffraction patterns of the (040) and (002) nuclear Bragg peaks. For both b and c, no

appreciable changes were observed around TN1 or TN2.

Figure 2 shows the neutron diffraction patterns across a magnetic Bragg peak correspond-

ing to the LT phase structure measured at representative temperatures. Scans were made along

the k-direction while keeping l=0.667. Measurements were made in (a) cooling and (b) heat-

ing processes. In both processes, the peak position does not move appreciably with tempera-

ture.

Figure 3 shows the neutron diffraction patterns across a magnetic Bragg peak correspond-

ing to the IT phase structure measured at representative temperatures. Scans were made along

the k-direction while keeping l=0.64. Measurements were made in (a) cooling and (b) heat-

ing processes. The temperature variation in the peak position was detected for the IT phase

structure.

Figure 4 shows the temperature variations in the k-value for the LT and IT phase struc-

tures. The k-value for the Bragg peak of the IT phase structure showed a clear temperature

variation with thermal hysteresis. However, note that the k-value of the Bragg peaks shown

in Fig. 4 is not necessarily the equilibrium value because of the presence of the time variation

effect described in the following subsection.
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Figure 5 shows the temperature variations in the integrated intensities of the IT and LT

phase signals. The upper and lower frames show the results for cooling and heating processes,

respectively. Clear thermal hysteresis was observed for both IT and LT phase signals. The

same as in the case of the peak position, the intensity in the present measurement is not

necessarily the equilibrium value because of the presence of the time variation effect.

3.2 Time variation

Figure 6 shows the neutron scattering patterns of the LT phase signal measured at various

elapse times t after cooling to T=1.5 K. Scans were made along the k-direction across the

magnetic Bragg point (0, 4/3, 2/3). Scattering patterns shown in (a) are the sum of 15 scans

corresponding to the same time windows taken in different thermal cycles. Patterns shown

in (b) are the sum of 3 scans corresponding to the same time windows taken in different

thermal cycles. Patterns shown in (c) were taken at one time. Since the scattering vector for

the magnetic Bragg point (0, 4/3, 2/3) corresponds to 1/3 of the scattering vector for the

nuclear Bragg point of (0, 4, 2), the nuclear Bragg peak due to the λ/3 component of incident

neutrons coexists with magnetic signal. To remove this component, we made the same scan

at T=10 K. The neutron counts shown in Fig. 6 are the results after the subtraction of the

counts taken at T=10 K. With increasing elapse time t, the scattering amplitude gradually

increases and the line width decreases, whereas the k-value of the peak position does not

move appreciably.

To analyze the time variation behavior of the scattering patterns, we fit the observed pat-

tern with a Gaussian scattering function as

S (k) = P exp
[
− (k − k0)2

2σ2

]
+ B.G. (3.1)

The peak amplitude (P), peak position (k0), and standard deviation (σ) were determined using

a standard least-squares fitting procedure including an instrumental resolution function. The

constant background (B. G.) was nearly equal to zero for the LT phase signal because of the

subtraction of the counts at T=10 K. The curves in the figure show the results of the fitting.

Figure 7 shows the neutron scattering patterns of the IT phase signal measured at var-

ious elapse times after cooling to T=1.5 K. Scans were made along the k-direction across

the magnetic Bragg point (0, 1.355, 0.64). Scattering amplitudes for different elapse times

are normalized to counts per 60 s. Analyses of the scattering patterns were made using the

scattering function (3.1). The curves in the figure show the results of the fitting. With increas-

ing elapse time t, the scattering amplitude gradually decreases and the line width increases,
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whereas the k-value of the peak position (k0) does not move appreciably.

Figure 8 shows the time variations in the integrated intensities of the LT and IT phase

signals derived from the measurements shown in Figs. 6 and 7. The integrated intensity was

obtained by the numerical sum of neutron counts through the scan after subtracting the back-

ground. The time variation in the integrated intensity of the LT phase signal, ALT (t), is fairly

well traced by the exponential function

ALT (t) = A0
LT

[
1 − exp(− t

t∗LT
)
]
, (3.2)

where A0
LT and t∗LT are the final value of the integrated intensity and the characteristic time

for the time variations, respectively. These values were determined by least-squares fitting

as A0
LT=3263±30 and t∗LT=200±3min. In Fig. 8(a), the solid curve represents the result of the

least-squares fitting and the dotted curve shows the result of the simulation, which will be

described in Sect. 4. We consider that the trace of amplitude near t=0 is due to the finite

cooling speed between TN2 and 1.5 K.

Similarly, the time variation in the integrated intensity of the IT phase signal, AIT (t), is

fairly well traced by the exponential function

AIT (t) = A0
IT exp(− t

t∗IT
) , (3.3)

where A0
IT and t∗IT are the initial value of the integrated intensity and the characteristic time

for the time variation, respectively. These values were determined by least-squares fitting as

A0
IT=3300±90 and t∗IT=105±5min. The solid curve in Fig. 8(b) shows the result of the least-

squares fitting. These time variations in the integrated intensities in the LT and IT phase

signals are basically the same as the results of previous measurements.3)

Figure 9 shows the time variations in the line widths (FWHMs) of the LT and IT phase

signals derived from the measurements at T=1.5 K shown in Figs. 6 and 7. The width due to

the instrumental resolution has been corrected. The line width of the LT phase signal, WLT,

decreases rapidly with time and approaches a constant value W∞
LT. The time variation in WLT

is expressed by the exponential function

WLT(t) = W∞
LT +W1

LT exp(− t
τ∗LT

) , (3.4)

where W∞
LT and W1

LT are numerical constants and τ∗LT is a characteristic time of varia-

tion. These values were determined by least-squares fitting as W∞
LT=0.0137±0.0004 Å−1,

W1
LT=0.0096±0.0012Å−1, and τ∗LT=81±16 min, respectively. Note that τ∗LT for the line width

is less than half of t∗LT for the amplitude.
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On the other hand, the line width of the IT phase signal, WIT, increases with time and is

expressed as

WIT(t) = W0
IT +W1

IT

[
1 − exp(− t

τ∗IT
)
]
, (3.5)

where W0
IT and W1

IT are numerical constants and τ∗IT is a characteristic time of vari-

ation. These values were determined by least-squares fitting as W0
IT=0.011±0.001 Å−1,

W1
IT=0.0042±0.0012Å−1, and τ∗IT=130±71 min, respectively. The τ∗IT value is nearly the same

as the t∗IT value for the amplitude. This contrasts with the case for the LT phase signal. The

solid curves in Figs. 9(a) and 9(b) represent the results of the least-squares fittings and the

dotted curve in (a) shows the result of the simulation, which will be described in Sect. 4.

We assume that the observed pattern is constructed from the scatterings of a large number

of spherical magnetic domains. Then, the average diameter of domains is given by d = 2π/W.

Figure 10 shows the time variations in the sizes of the LT and IT phase domains. The time

variation in the magnetic domain size of the LT phase, dLT(t), follows the exponential function

dLT(t) = d0
LT + d1

LT

[
1 − exp(− t

τ∗LT
)
]
, (3.6)

where d0
LT, d1

LT, and τ∗LT are the initial value, increment, and characteristic time of variation,

respectively. These values are derived from W∞
LT, W1

LT, and τ∗LT as d0
LT=270±16 Å, d1

LT=189±21

Å, and τ∗LT=81±16 min, respectively.

Similarly, the time variation in the IT phase domain size dIT(t) follows the exponential

function

dIT(t) = d0
IT − d1

IT

[
1 − exp(− t

τ∗IT
)
]
, (3.7)

where d0
IT, d1

IT, and τ∗IT are the initial value, decrement, and characteristic time of variation, re-

spectively. These values are derived from W0
IT, W1

IT, and τ∗IT as d0
IT=570±57Å, d1

IT=157±74Å,

and τ∗IT=130±71min, respectively. The curves in Fig. 10 show the calculations with these

parameters.

In the present measurements utilizing an improved instrumentation, we have succeeded

in observing clear time variations in the line width of magnetic Bragg peaks coming from

two different kinds of magnetic regions. Furthermore, it has been clarified that, for the LT

phase signal, the characteristic time for the variation in line width is much shorter than the

characteristic time for the variation in amplitude. As will be discussed in the next section, this

observation is very important for constructing a microscopic model of magnetic structural

change.
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4. Discussion: A Model of Magnetic Structural Change

In this study, we have succeeded in measuring the time variations in the line width of

magnetic scattering patterns from the LT and IT phases. On the basis of these new observa-

tions, we present a model of the time evolution of magnetic structural change in CeIr3Si2.

Neutron scattering patterns have shown that, when the sample is cooled below TN2, the entire

sample volume is divided into many magnetic domains having the IT phase structure. The

average size of these domains is ∼570 Å. These domains gradually transform to regions hav-

ing the LT phase structure. Moreover, as we describe in the following, the results have shown

that this transformation does not proceed uniformly in the sample. For the LT phase signal,

the characteristic time for the variation in line width is much shorter than the characteristic

time for the variation in amplitude. This observation indicates that the magnetic transition

proceeds as follows.

Immediately after the sample is cooled below TN2, the entire sample volume is divided

into small magnetic domains having the IT phase structure. Then, nuclei of the LT phase

structure are gradually formed. Once a nucleus of the LT structure is formed, its size increases

rapidly up to the final size of the domain (∼460 Å). The rate of nucleation, which nearly

corresponds to the increase rate of the amplitude of the LT phase signal, is much lower than

the growth rate of domain size. Therefore, the time variation in line width can be observed

only in the early stage where most of the LT phase domains are in the growing process

and only a small number of ”full-size” domains exist. After a certain number of ”full-size”

domains are formed, the scattering pattern is formed mainly with a narrow peak. Then, wide-

and-low wings coming from small domains are hardly resolved with this experimental setup.

The process of the structural change in this model is schematically shown in Fig. 11.

To demonstrate the feasibility of this scenario, we have made a model calculation of the

time variation in neutron scattering patterns from the LT phase structure. We assume that the

number of nuclei created between t + ∆t is expressed as

N(t)∆t = N0 exp
(
− t

t∗N

)
∆t, (4.1)

where t,N0, and t∗N are the elapse time after cooling, a numerical constant, and the charac-

teristic time of nucleation, respectively. We assume that the diameter of a spherical magnetic

domain at time t1 after its nucleation is expressed as

d(t1) = d0

[
1 − exp(− t1

t∗G
)
]
, (4.2)

where d0 and t∗G are the final size and the characteristic time of growth of domains, respec-
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tively. With these expressions, we can calculate the distributions of size and number of LT

phase domains at a given time as a function of parameters appearing in Eqs. (4.1) and (4.2).

Then, we can calculate scattering patterns as a sum of scattering contributions from magnetic

domains of various sizes.

We have found that a combination of parameters t∗N=80 min and t∗G= 30 min reasonably

reproduces the observed time variation in scattering patterns. In this calculation, we fixed d0

to the observed value of 450 Å. Time variations in the normalized nucleation rate N(t)/N0

and the diameter of domains at time t1 calculated with these parameters are shown in Fig.12.

Figure 13 shows the scattering patterns at representative elapsed times calculated with

these parameters. From these patterns, we can numerically obtain the time variations in the

line width of scattering patterns. The integrated intensity was obtained from the total volume

of the LT phase. The dotted curves appearing in Figs. 8(a) and 9(a) show the results of these

calculations. These curves well reproduce the observed time variations. On the basis of these

results, we conclude that this nucleation-and-growth model of magnetic structural change is

appropriate to account for the long-time variation in magnetic structure in CeIr3Si2.

The present measurements have shown that immediately after the sample is cooled below

TN2, the entire sample volume is divided into small magnetic domains of the IT phase struc-

ture. After the long-time transition, the average size of LT phase domains is slightly smaller

than the initial size of the IT phase domains. This observation strongly suggests that one IT

phase domain transforms into one LT phase domain while keeping the boundary with other

domains as depicted in Fig. 11. To test this hypothesis, we have to calculate the scattering

patterns from IT phase domains at various elapse times. At present, we skip this elaborate

work, which includes a complicated scattering function from a mixture of various shaped

vermiculated objects. However, the increase in the line width of the IT phase signal with

time indicates the decrease in the average size of IT phase regions and therefore supports this

scenario.

We have described a microscopic model of time evolution of magnetic structural change

in CeIr3Si2. In this model, the origin of the long-time variation is attributed to slow rates in

both nucleation and growth of the LT phase structure. Now, we consider the origin of slow

nucleation and growth rates observed in particular materials. In CeIr3Si2, the magnetic order

is formed by a regular stacking of ferromagnetic sheets. As described in Sect. 1, ferromagnetic

sheets of + and − moments are aligned with the sequence · · · |+ − − + − + +−|· · · in the IT

phase. In the LT phase, ferromagnetic sheets are aligned with the sequence · · · |+ + −|· · · .
Therefore, the transition from the IT phase structure to LT phase structure includes reversals
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of half of the magnetic sheets.

Simultaneous reversals of such a large number of magnetic sheets is impossible owing to

a large barrier energy. Therefore, we consider that the transition proceeds by a nucleation-

and-growth process in the following manner. In this model, a nucleus means a critical size

of the three-dimensional LT phase region, which can grow into a large magnetic domain.

Therefore, the formation of the nucleus includes reversals of magnetic moments within a

critical diameter in the same ferromagnetic sheet and in-phase reversals of magnetic moments

in several adjacent ferromagnetic sheets. Once a nucleus is formed, the volume of its region

is increased by the reversal of magnetic moments at the boundary in the same magnetic sheet

similar to the motion of magnetic domain walls in ferromagnetic materials. At the same time,

the extension to the perpendicular directions proceeds probably in a similar manner to the

formation of nuclei.

The activation energy for the nucleation was determined in a previous study as Ea/kB=4

K.3) We consider that this value is very large because of a peculiar magnetic structure in

CeIr3Si2. We speculate that the slow rate of the domain growth is also attributed to the stripe-

type magnetic structure. Note that PrCo2Si2 and TbNi2Si2, in which a long-time variation

in the magnetic structure was observed, have a stripe-type magnetic structure similarly to

CeIr3Si2.8)

Finally, we introduce two previous experiments on time-dependent phenomena in mag-

netic materials. The presence of a time-dependent magnetic transition in a three-dimensional

uniform magnet was found in erbium metal.9, 10) Erbium exhibits a sinusoidal magnetic struc-

ture below TN=84 K. Below Tt=54 K, it transforms to a cycloidal structure and finally it trans-

forms to a conical structure below TC=19 K. The transition at TC is of the first order accom-

panied by a discontinuous change of 0.38% in the lattice parameter c. The time-dependent

behavior across the transition temperature TC was investigated by the measurement of the lat-

tice parameter c by an X-ray diffraction technique. In this experiment, a long incubation time

for the development of a new magnetic structure was detected in both cooling and heating

processes.

The characteristics of the time-dependent transition observed in erbium are summarized

as follows. (1) It shows a long incubation time; however, the first-order transition itself pro-

ceeds in a short time. (2) The incubation time depends on the temperature difference from

TC. (3) The effect of the long-distance interaction of crystal strains plays an important role in

the transition. These characteristics show that the magnetic transition of erbium is similar to

the first-order phase transition with incubation time, which is widely observed in ferroelectric
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materials. Therefore, we consider that the transition of erbium is quite different from that of

CeIr3Si2.

Another example is the ordering process in the diluted magnet Rb2Co0.7Mg0.3F4.11) The

mother material of this sample, Rb2CoF4, crystalizes in the double perovskite structure. In this

structure, magnetic interactions between the c-layers are weak compared with the interactions

between Co atoms in the c-plane. Therefore, when the sample is rapidly cooled across the

transition temperature TN=101 K, only the two-dimensional antiferromagnetic order in the

c-planes develops.12)

Observation of the long-time transition to the three-dimensional magnetic order starting

from this quenched two-dimensional order state was made by Ikeda.11) He observed the time

variation in the magnetic scattering pattern from Rb2Co0.7Mg0.3F4. The dilution of magnetic

Co atoms was made to adjust the magnetic interaction energy, and thus, the time scale of

transition. The amplitude of the magnetic Bragg peak increased in proportion to t
1
2 in the

early stage. Then, the functional form of increase changed to log t. This functional form was

discussed in connection with the growth model of one-dimensional domains. As was shown

by this discussion, the observed ordering process in Rb2Co0.7Mg0.3F4 is none other than the

process from the disorder phase to the order phase in a one-dimensional system.

The present observation and calculation have shown that the long-time variations in the

magnetic structure of CeIr3Si2 and probably other materials proceed with a nucleation-and-

growth process. We speculate that the slow rates of the nucleation and growth in these mate-

rials originate from their peculiar magnetic structures.
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Fig. 1. (Color online) Temperature variations in the lattice parameters b and c of CeIr3Si2. Measurements

were carried out with cooling. Lines are visual guides.
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Fig. 2. (Color online) Neutron scattering patterns of the LT phase signal of CeIr3Si2 taken at various tem-

peratures. Measurements were carried out with (a) cooling and (b) heating. Curves represent the results of the

least-squares fitting described in the text.
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Fig. 3. (Color online) Neutron scattering patterns of the IT phase signal of CeIr3Si2 taken at various tem-

peratures. Measurements were carried out with (a) cooling and (b) heating. Curves represent the results of the

least-squares fitting described in the text.
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Fig. 4. (Color online) Temperature variations in the peak positions of the IT and LT phase signals of CeIr3Si2.

Measurements were carried out with cooling and heating. Curves are visual guides.
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Fig. 5. (Color online) Temperature variations in the integrated intensities of the IT and LT phase signals of

CeIr3Si2. Measurements were carried out with cooling and heating. Curves are visual guides.
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Fig. 6. (Color online) Neutron scattering patterns of the LT phase signal of CeIr3Si2 measured at representa-

tive elapse times t after cooling to T=1.5 K. Scans were made along the k-direction across the magnetic Bragg

point (0, 4/3, 2/3). Horizontal lines show the instrumental resolution at the peak position. Curves show the

results of the least-squares fitting described in the text.
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Fig. 7. (Color online) Neutron scattering patterns of the IT phase signal of CeIr3Si2 measured at representative

elapse times t after cooing to T=1.5 K. Scans were made along the k-direction across the magnetic Bragg point

(0, 1.355, 0.64). Horizontal lines show the instrumental resolution at the peak position. Curves show the results

of the least-squares fitting described in the text.
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Fig. 8. (Color online) Time variations in the integrated intensities of the LT and IT phase signals measured

after cooling to 1.5 K. Measurements were made with the scans along the k-direction across the magnetic Bragg

peaks. Solid curves represent the results of the least-squares fitting described in the text. The dotted curve shows

the result of the simulation described in Sect. 4.
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Fig. 9. (Color online) Time variations in the line widths (FWHMs) of the LT and IT phase signals measured

after cooling to 1.5 K. Measurements were made with the scans along the k-direction across the magnetic Bragg

peaks. The effect of the instrumental resolution has been corrected. Solid curves represent the results of the

least-squares fitting described in the text. The dotted curve shows the result of the simulation described in Sect.

4.
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Fig. 10. (Color online) Time variations in the diameters of the LT and IT phase domains. Curves show the

calculations described in the text.

19/??



J. Phys. Soc. Jpn.

Fig. 11. (Color online) Illustration of the time evolution of magnetic structural change of CeIr3Si2.
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Fig. 12. (Color online) Time variations in the normalized nucleation rate N(t)/N0 and the diameter of do-

mains.
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Fig. 13. (Color online) Time evolution of magnetic Bragg scattering pattern from the LT phase structure based

on the calculation described in the text.
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