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Abstract 

The use of synchrotron radiation in the study of ordering 
transitions is presented. The peak-profile measurements 
can be carried out with a resolution one order of mag- 
nitude better than with classical sources in all directions 
of the reciprocal lattice. In the case of Fe-A1 alloys, 
the small-angle scattering techniques can be transposed 
in the vicinity of a Bragg superstructure peak, which 
provides information on the antiphase configuration of 
the ordered alloys. Moreover, the high brilliance of the 
undulator of the ESRF ID10 beamline enables coher- 
ent scattering experiments. The conditions necessary to 
record holograms from an inhomogeneous sample are 
discussed and some results are presented. 

I. Introduction 

The transitions occurring in Fe(l_c)A1c alloys, 0.23 < 
c < 0.3, have been extensively studied (Taylor & Jones, 
1958; Morgand, Mouturat & Sainfort, 1968; Okamoto 
& Beck, 1971; Rimlinger, 1971; Swann, Duff & Fisher, 
1972; Oki, Hasaka & Eguchi, 1973; Allen & Cahn, 1975, 
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1976, 1979; Krster & Grdecke, 1980; Kubaschewski, 
1982; Anthony & Fultz, 1989; Inden & Pepperhoff, 
1990; Park, Stephenson, Ludwig & Allen, 1992). At high 
temperatures, this system is in the A2 phase, of b.c.c. 
structure, with a cubic cell of size a. With decreasing 
temperature, successively appear the B2 phase of sc 
(CsC1) structure and the D03 phase, of f.c.c, stucture, 
with a doubled unit-cell parameter (2a). 

In the units of the cubic cell (parameter a) of the A2 
phase, three types of Bragg peaks (hkl) can be distin- 
guished, which are used to characterize the ordering: 

h + k + 1 - 2n, h, k, l integers: fundamental peaks 
present in the three phases; 

h + k + 1 -- 2n + 1, h, k, l integers: superstructure 
peaks corresponding to both ordered phases; 

2h, 2k, 2l odd: characteristic of the D03 phase. 
The careful study of the profile of the superstructure 

peaks provides information on the size and distribution 
of the domains of the various phases (Warren, 1969; 
Cheary & Grimes, 1972). 

The transitions described here are essentially of 
second-order type, except close to the 24at.% com- 
position, where the convergence of the two transition 
lines and of the magnetic order leads to a complex phase 
diagram. Here, single crystals are used so that only the 
metastable coherent phase diagram has to be considered 
(Allen & Cahn, 1975). 
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We have studied the increase of the domain size of 
the two ordering structures for various annealing times 
of samples quenched from the disordered state. 

It will be shown that here the critical fluctuations are 
small. The kinetics of ordering of such alloys correspond 
to the antiphase surface reduction and to the increase of 
the characteristic length L of the ordered domains. 

Theoretical arguments and experimental evidence 
(English, 1966) give a t u2 increase of L. This is mainly 
due to the formal equivalence of this evolution with 
the model A of the dynamics of the phase transitions 
(Hohenberg & Halperin, 1977). In this model, with a 
non-conserved order parameter, no long-range transport 
is necessary for the increase of L. 

In this paper, we report very precise measurements 
using X-ray synchrotron radiation. We first discuss the 
high resolution in the reciprocal space (the q space), 
which can be achieved with a high-brilliance source 
and a simple instrument. The interpretation of the peak 
profiles measured is detailed using the well established 
formalism of small-angle scattering. The domain-size 
coarsening of the two ordered structures is studied and 
the interactions occurring between the dynamics of the 
two corresponding transitions are briefly discussed. 

We discuss the conditions of the coherent scatter- 
ing experiment in our case and we report preliminary 
measurements on one of our samples. 

II. Description of the experiments 

All experiments reported here have been done on the 
TROIKA (ID10) beam line at the ESRF (Griibel, Als- 
Nielsen & Freund, 1994). 

Source 

A high-intensity high-brilliance source is provided by 
the use of the third harmonic of an undulator. Slits 27 m 
from the source produce an effective source size of 
0.21 × 0.21 mm. 

collimation and one for analysis of the scattered intensity 
(diameters 5, 20, 66 or 500 lxm). The samples were 
placed at the centre of an Eulerian cradle, 8 cm after 
the first pinhole, and the second pinhole was placed on 
the 20 arm of the diffractometer, 1.2 m from the sample, 
just before the detector. An incoming beam monitor was 
located just after the first pinhole. 

Coherence of  the beam 

The transverse coherence length A of the beam at the 
sample is determined by the effective source size A = 
210 l.tm at a distance R -- 45 m (distance from the slits 
to the first pinhole). 

A = AR/2A = 11 ~tm. (1) 

This means that the incident beam was fully coherent 
when collimation pinholes smaller than 11 l.tm were 
used. This can be verified from the results of Fig. 1. 
In this latter figure, the first aperture is 41am and the 
5 l.tm pinhole has been used to scan across the beam. 
As the distance between the two pinholes was 1.4 m, 
the width of the diffraction was of the order of 40 ~tm, 
corresponding to an angle of 27 wad and about 20 
Fraunhofer fringes were observed. 

The longitudinal coherence is given by 

A2/2~A = 0.87 ~tm. (2) 

For coherent illumination of the sample, this must be 
larger than the optical path length difference: 

ZU_, = 2L $in2OB, (3) 

where L is the penetration length of the X-rays (15 ~m 
here) and 98 is the Bragg angle. For the (100) Bragg 
peak of Fe3A1, d Z  is lktm. One can consider that the 
condition is roughly fulfilled. 

At the highest resolution used, the coherent scattering 
can be observed. We report some attempts to use this 
property at the end of this paper. 

Optics 

The distance between the source and the sample is 
about 45 m. Monochromatization is achieved by means 
of an Si(220) crystal. An SiC mirror is used to limit 
harmonic contamination. The selected wavelength is 
1.05/~, just below the Lax absorption edge of Pt. The 
wavelength resolution AA/A is about 6 × 10 -5.  

Collimation of  the monochromatic beam 

The high resolution is obtained by the use of pin- 
holes of various diameters, produced by laser drilling of 
50 ktm-thick Pt sheets. These pinholes were developed 
for X-ray speckle experiments (Sutton et al., 1991). 

Two sets of pinholes have been used: one just before 
the sample (diameters 4 or 27 l.tm) for the incident-beam 
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Fig. 1. Fraunhofer fringes with a 4 ~tm pinhole at 1.4 m from the 
detector: analysing aperture of 5 lam, the fringes are spaced 40 I~m, 
i.e. 27 ~trad. 
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Table 1. Heat treatment of the samples studied in the 
experiment 

B2 (885 K) 

0 s 100 s 1800 s 
D03 
0s  M7 

25.5 at.%Al 10 s M5 
(801 K) 

100 s M~5 Mr7 
(801 K) (793 K) 

1800 s M9 
(803 K) 

24 at.%Al B2 Q1 Qt 1 Q" 1 
Os 2s  200s 

(843 4-20 K) (890 K) 

Samples and goniometry 

Single crystals have been grown by the horizontal 
Bridgrnann technique at Ecole des Mines de Saint- 
Etienne, France. The composition gradient in the height 
of the crystal is about 0.5%. The samples are slices about 
100 ~tm thick, spark cut from single crystals and mechan- 
ically polished. The disordering annealings were made at 
about 120K above the transition temperatures (1093 K 
for Fe-24 at.%A1 and 1173 K for Fe-25.5 at.%A1). The 
samples were then quenched in a liquid-metal bath at 
room temperature. This treatment gives an initial state 
with the smallest possible domain size. The subsequent 
annealings were done in a molten-salt bath and are given 
in Table 1. For short times such as 2 s, the nominal 
temperature was not reached and the given temperature 
is the mean 'plateau' temperature. Successive states of 
the same sample are denoted as / and " 

T h e  single crystals were mounted on an Eulerian 
cradle with high precision of angular positioning 
(0.001°). They were cut with surfaces parallel to (100) 
planes. Experiments were done in symetrical reflection 
position in the horizontal plane. As only the (200), (100), 
(111) and (½ ½ ½) Bragg scattering peaks were studied, 
the diffraction angles were small enough to neglect 
beam-polarization effects. 

In the experiments reported here, a very good resolu- 
tion is achieved in the three directions of the q space. 
For instance, with the 27 lxm aperture before the sample 
and the 66 l-tm pinhole after the sample, one can roughly 
estimate the q resolution (q = 47r sin 0/A, in/~-1)  close 
to a (100) Bragg position (08 "~ 0.18rad) as: 

4 × 10 - 4 / ~ - 1  in the q direction; 
• 6 × 10 - /~ -1  along the vertical axis; 
7 × 10 -5 /~ -1  along the second horizontal axis. 
This means that it is possible to study domains a 

few thousand A in size. Depending on the resolution 
needed, the set of pinholes has been changed in order 
that the experimental smearing is significantly smaller 
than the width of the peak profile. This is necessary 
because the intensities of the samples with the smallest 
domain sizes are fairly small. Fig. 2 shows typical results 
for a series of annealings of the same specimen. Owing 
to the very different domain sizes, the intensities are 
given on a logarithmic scale and the units are arbitrary 
(counts/monitor counts). Special attention has been paid 
to obtain precise data in the tail of the curves in order 
to discuss their asymptotic shape, 

III. Methods of interpretation of the experiments 

Theory 

Warren (1969) has given a formalism for the broad- 
ening of Bragg superstructure peaks. He has mainly 
developed the case of L12 superstructure for the Cu3Au 
alloy. In this alloy, four variants are present and the 
antiphase domain boundaries (APBs) are mainly of the 
first kind: they lie in a (100) plane with the antiphase 
vector in this plane. In such a case, no change of the 
order projected on a (001) axis of the crystal occurs 
when crossing an APB. Close to the corresponding (001) 
Bragg superstructure peak, the intensity has the shape 
of a flat disc and a sharp peak is observed along the 
[001] direction of the reciprocal lattice. Only in the 
perpendicular directions is observed the peak broad- 
ening corresponding to the finite size of the domains. 

Experimental resolution 

In studying large-angle diffraction, the usual diffrac- 
tometer equipment always has a direction of poor reso- 
lution in the reciprocal space (q space). For instance, 
for precise lattice-parameter determinations, only a very 
good resolution parallel to the q vector is necessary. 

In the case of rapidly varying scattering intensity, 
either in diffuse scattering experiments (Huang scatter- 
ing) or in peak-profile analysis for order domain size, 
strong experimental corrections are necessary, owing to 
the shape of the resolution volume in q space. This 
problem explains why peak-profile measurements are 
usually carried out by powder diffractometry (Poquette 
& Mikkola, 1969; Bley, Calvayrac & Fayard, 1974). 
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Fig. 2. Typical (100) peak profiles observed for the Feo.76Alo.24 sample. 

Notice the large FWHM dynamic of the experimental set-up. 
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Moreover, if the domains are  strongly faceted in the 
various (100) planes, the intensity has strong 1/q 2 streaks 
along the [100] and [010] directions. This means that the 
isointensity figure should be a flat star and not a flat disc. 

In our case, the intensity close to the superlattice point 
appears isotropic. For instance, for some experiments, 
the (100) and the (111) Bragg peaks have been measured. 
All the intensities have been studied along the direction 
of the Bragg vector. This provides a comparison of the 
changes of order when crossing an APB projected along 
the (100) and (111) directions in the lattice. Fig. 3 shows 
in the case of sample M5 that the shapes of the two peaks 
are the same in the total intensity range. This isotropy 
is also confirmed b y  transmission-electron-microscopy 
observations. 

Simplified model 
We use the following assumptions, which have to be 

discussed: 
(i) Each superstructure peak profile corresponds to 

the distribution of two variants of the ordered structure, 
separated by a unique kind of antiphase boundary. 

(ii) There is no prefered orientation of the APB. 
(iii) The APBs are gently curved. 
(iv) The APBs are sharp. 
(v) The fluctuations are neglected. 
The occupation of the sites in the ordered crystal can 

be written as: 

c(r) = m ( r ) e x p ( ' i G o -  r), (4) 

where m(r) = -t-rl and rl is the order parameter of the 
transition. As the intensities are not calibrated, the rl 
temperature dependence can be neglected (z/_~ 1). 

Go is equal to 27r/d(100) in the case of the A2---~B2 
transition and to Go = 7r/d(111) in the B2---~D03 tran- 

1 1  sition. Only the (100) and the (½77) Bragg positions 
are pertinent here. The other superstructure peaks are 
deduced from the lattice symmetry. 

In both cases, crossing the APB corresponds to a 
sudden change of the sign of m(r) 
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Fig. 3. C o m p a r i s o n  o f  the  ( I 0 0 )  and  the  (111). sca t ter ing o f  s a m p l e  

M5;  the peaks  are shif ted ver t ica l ly  to a l low c o m p a r i s o n  o f  the 
profi les .  

The intensity close to Go is 

I(K) = I f c(r) exp(iK, r) d3rl 2 
V 

= I f  m(r)exp[i(K - Go)" r] d3r 2. (5) 

If q = K - Go (Go is chosen as a new origin), the 
usual formulation can be given: 

I(q) = f e x p  ( iq-r)[m(r)  • m( - r ) ]  dar, (6) 
v 

where • means a convolution product. In this calculation, 
v is the coherence volume, as defined by (1) and (2). If 
the sample is significantly larger than this volume, an 
average over the intensities scattered by various regions 
of the sample is observed. The reverse case is briefly 
discussed at the end of this paper. 

Equation (4) is equivalent to the small-angle scattering 
of two interconnected phases each occupying half of the 
sample volume. 

One can then transpose the small-angle techniques 
(Guinier & Fournet, 1955) and define: 

a Guinier radius, 

Ra = - 3[01n I(q) / Oq21; (7) 

and an integrated intensity, 

f I(q) daq = f m(r) 2 dar = Vr/2. (8) 
y 

Here V is the sample volume. The convolution product, 
in the case of sharp interfaces and assuming isotropy of 
the sample, can be written 

m(r) • m ( - r )  ~_ r/2(V - Sr + . . . ) .  (9) 

S is the interface (APB) area in the sample. This gives 
Porod's law at large q values: 

I(K) " (vrl2/Tr2)(S/V)q -4 (10) 

and, without any calibration, the ratio V/S can give an 
estimation of the characteristic length: 

[ =  (V/S) = (4/Tr)fq2I(q)dq/ lim q41(q)~ (11) 
q---* cx~ 

The chord average length [ (Mrring & Tchoubar, 
1968; Porod, 1982) has an unambiguous meaning in the 
case of percolated sytems, in contrast to the Guinier 
radius, which can be interpreted as a gyration radius 
only in dilute systems. 

Experimental 
The measurements of the intensity have been carried 

out on both sides of the maximum (see Fig. 3) along 
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Table 2. Guinier (Re) and Porod (iv) radii, in A, of the studied samples: B2 from (100) or (111) Bragg peaks, D03 
11 from (½ ~ ~ ) Bragg peaks 

B2 D03 

Sample 
M5 
M'5 
M7 
M'7 
M9 

Q1 
Q'I 
Q'I 

t (s) RG iv t (s) RG iv 

0 300 (5) 348 (20) 10 197 (4) 225 (20) 
0 500 (7) 445 (15) 100 361 (5) 334 (30) 

100 960 (10) 870 (20) 0 10 (1) - 
100 881 (20) 720 (50) 100 146 (3) 208 (30) 

1800 4200 (500) Electron 1800 710 (10) 790 (100) 
microscopy 

0 78 (2) 
2 130 (5) 

200 800 (20) 

the q axis (i.e. 0-20 scans). The Guinier radius has 
been obtained from a least-squares fit of the measured 
intensity within the half-maximum region. Fig. 4 shows 
a ln(l) vs q2 plot (q positive or negative), classical in 
small-angle scattering. It is verified that the intensity in 
the central region is almost Gaussian, as assumed in the 
Guinier approach. In the figure, the Gaussian fit appears 
as a straight line at the top of the curve. Another length 
estimation can be obtained from the full width at half- 
maximum of the profile (Debye-Scherrer method). The 
results are the same since the central part of the curve 
is assumed to be Gaussian. 

The resolution of the experiment (e) has been mea- 
sured by means of a well aged sample (M9 in Table 
1) using the (100) peak. The Guinier radius has been 
corrected by the usual formula: 

--2 __ ~2. Rcorr = R~t 2 (12) 

This formula assumes classical convolutions between 
Gaussian curves. The resolution varies when the pin- 
holes are changed. The main correction arises when 
the 500~m pinhole after the sample is used: e = 
7 × 10-4A -1. Some measurements have been carried 
out with two pinholes in order to increase the counting 
rate in the tails of the curves. This gives a better precision 
in the determination of the Porod asymptotic limit. It has 
been verified that the corrected Re are independent of the 
resolution. This provides some tests of the validity of the 
approximations used. The corrections were in all cases 
less than 25%. 

The corrected Re are given in Table 2. However, from 
Fig. 4, the intensity is obviously not Gaussian at levels 
lower than 30% of the maximum. 

Fig. 5 shows a plot of lq 4 vs q for the same sample 
as in Fig. 4. The plot has the classical shape of a 
Porod plot in small-angle scattering experiments (Porod, 
1982): after some oscillations, a roughly constant limit 
is reached• This is the Porod limit (the arrows in Fig. 
5 correspond to qRc = 4.5). In practice, this limit has 
been calculated by a least-squares fit in the region of q 
where 4.5 < qR~ < 10. A small background correction 
has been necessary due to the noise of the detector, 

< 0.06 counts s -1, but the results, given in Table 2, are 
far less precise than Re. 

IV. Results and discussion 

Size increase and diffusion constant 

Table 2 summarizes the results obtained. In all ex- 
periments where reasonable estimations of the Porod 
behaviour can be given, the value of [ is close to 
the Guinier radius. One can then consider that Rc is 
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Fig. 4. Guinier plot close to the (100) superstructure peak (sample M5: 
RG = 300 A). 
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Fig. 5. Porod plot for the same sample as in Fig. 4: lq 4 vs q. 
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a reliable estimate of the characteristic length of the 
percolated sytem. It is thus assumed in the following 
that 1 -- R~. Contrary to small-angle experiments on 
percolated systems [FeCr (Bley, 1992)], no correlations 
appear between the opposite phases• In the system stud- 
ied here, no long-range diffusion is necessary to increase 
[ and no depleted zones appear in the vicinity of a phase• 
This depleted zone explains the repulsion between like 
phases revealed by the strongly oscillating small-angle 
intensity observed in the decomposition of alloys. On the 
other hand, a t 1/3 behaviour is generally considered as a 
normal size increase of precipitates in unmixing alloys 
(Livet & Bloch, 1985). 

Here, one assumes that the usual behaviour of non- 
conservative systems is valid: 

[=  [O(c,T)t] 1/z. ( 1 3 )  

The apparent diffusion constant D is temperature and 
concentration dependent• We use R6 for the calculation 
of D. From the results of Table 2, D can be estimated 
for the two transitions studied. For the A2 ~B2 transition 
(ageing at 885 or 890K), two significantly different 
values are obtained: 

D = 8.9 (1) x 10 -17 m 2 s -1 for the 25•5 at.% con- 
centration; 

D = 3 .2(1)x 10-17m2s - I  for the 24at.% concen- 
tration. 

This difference cannot be explained by the heat- 
treatment temperature variations. The second sample 
is closest to the A2---*B2 transition line. If the driving 
force for the time evolution given in (13) is the surface 
free energy, D should decrease close to a second-order 
transition line. This simple scheme has been contested 
(Allen & Cahn, 1979). 

Some uncertainty is borne here by the concentration 
gradient occurring in our samples: a 1% concentration 
difference leads to a 75 K change of transition tempera- 
ture. With such a sensitivity, the state of the system after 
quenching is difficult to reproduce. This can explain the 
observed decrease of the size of the B2 domains between 
the M7 and the Mr7 samples, though this decrease may 
be related to the following discussion. 

Interaction between the two transitions 

For the B2--*D03 transition, strong differences are 
observed between the M5-M~5 and the M'7-M9 heat 
treatments: 

D = 1.00 (5) x 10-17 m 2 s -  1 if the B2 phase is not 
developed; 

D = 0.21 (1) x 10 -17 m 2 s -1 if the sample has been 
aged in the B2 phase. 

The explanation of this result can be found in the dif- 
ference between the diffusion paths. If the D03 domains 
grow among large B2 domains, a second-neighbour com- 
plex diffusion process must occur. One then observes a 
strong decrease of the apparent D. 

The fluctuations 

For the D03 transition, the heat-treatment temperature 
is not too far from the critical temperature in the case 
of the 25.5 at.% composition, 0 ~ AT/Tc ~_ 0.03 and 
the width of the antiphase boundaries is of the order 
of the correlation length ~ _~ 2.50-" '-~ 25A. The 
constant 2.5 A is the first-neighbour distance and roughly 
corresponds to the unit scale length, and u _~ 0.63 is the 
usual critical exponent. To check how ~ interacts with 
the Porod behaviour, we have superimposed in Fig. 6 
the experimental points of the M5 sample using a curve 
corresponding to Porod's law and another corresponding 
to an estimation of the fluctuations. It is clear from 
this figure that the fluctuations can be neglected in the 
Porod-limit determination. 

The elastic interactions 

In alloys, the elastic interactions are responsible for 
phonon and displacement ('Huang') scattering. We dis- 
cuss here briefly why these are not observed. 

The phonon and Huang scattering both have a q-2 
behaviour. In the case considered, the experiments .are 
carried out at room temperature and results are ob- 
tained from the first Bragg peaks. Integrated in the first 
Brillouin zone, the Bragg intensity is dominant. It is 
assumed, however, that both contributions are of the 
same order of magnitude. The Bragg intensity is roughly 
1/([q 4) for q >>1/[ and the phonon-Huang scattering 
is 1/qzBq 2, where qZB is the size of the Brillouin 
zone, approximately 7r/a. The crossover between the 
two behaviours occurs at ql - - -  (Triad 1/2. This crossover 
decreases towards low q at a slower rate than q2 _ 
3/[, the region where the Porod behaviour becomes 
dominant. For instance, if [ = 100 A, the ratio between 
the two crossovers ql/q2 is close to 3, throwing the 
phonon-Huang contribution out of the q region where 
Porod analysis is performed. 

M5 (1/2 1/2 1/2) 

• measurements ff~. 
1 e-02 - Porod 
le-03 ..... Fluctuations , /  ~ / _.. ~" 
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f Ittl t  ii!111 

l e - 0 6  , I ! l  i l ,  I I , i , 7 I , ' 1  I l l  , 
-0.15 -0.10 -0.05 0.00 0.05 0.10 

q 
Fig. 6. The lower part of the (x_. 1_ 1~ intensity for the M5 sample. ~222  ~ 

The Porod term is compared with the diffuse scattering estimation 
(~ = 25/~,). 
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Scaling of the peak profiles 

In order to discuss the size distribution of the domains, 
the spectra have been plotted in a renormalized form 
in Fig. 7. The intensities have been divided by their 
maximum values and qRG gives the units of the hori- 
zontal axis. All curves are about the same for intensities 
larger than a few per cent of the maximum. At lower 
values, some discrepancies appear, but the strongest 
differences appear here between different pinholes on 
the same Bragg peak. Though in all results given the 
experimental smearing is small [less than 20% in (12)], 
the change of shape in the asymptotic region is great. 
Obviously, this is due to the poor resolution of the 
measurements in the asymptotic region. As we worked 
with point detectors, the only way to increase statistics in 
this part of the curves was to use larger pinholes. Further 
treatments (Fourier transform, size-distribution functions 
etc.) depend on the asymptotic part of the curves and 
must therefore use deconvolution techniques. 

Similar shapes are observed between the various (100) 
peak profiles. This means that the time evolution of the 
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Fig. 7. Normalized intensities versus qRG. The measured peak profiles 
have the same form: • (100) for sample M5, 500~tm aperture; 
[] (0.5 0.5 0.5) for sample M5, 500 Ixm aperture; 0 (100) for sample 
M7, 500 ~tm aperture; • (100) for sample M7, 66 lxm aperture; + (100) 
for sample M'5, 500 larn aperture; • (100) for sample M'5, 66 Ixm 
aperture. 
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Fig. 8. Typical 'speckle' profile: the (100) Bragg peak of the Q" 1 sample 
(24 at.%, aged 200 s at 990 K). 

system can be characterized with a unique length scale, 
which represents the distance between type 1 APBs 
separating the two interconnected B2 variants. 

The similarity with the (½ ½ ½) peak profiles has to be 
discussed. In the case of greatly different sizes o f  B 2 / O 0 3  
domains, the simplified model given can be applied: only 
two D03 variants in large BE domains (M'7 sample). 
This approximation is not valid in the case of the M'5 
sample: the BE domains have the same extension as the 
D03 domains and the four D03 variants contribute to the 
intensity profile. There is, nevertheless, no measurable 
difference in the shape of the peak profiles. 

V. Coherent scattering 

In the usual X-ray diffraction experiments, the sample 
is much larger than the coherence length of the beam. 
In such a case, the intensity observed in a typical 
experiment (for instance in Fig. 2) is an average over 
the intensities diffracted by the various parts of the 
sample. If the beam is coherent, the amplitude due to 
the whole sample interferes. Fig. 8 shows the resulting 
profile measured on the (1130) Bragg peak of the Q"I 
sample. The smallest pinholes have been used. 

This profile is qualitatively similar to a speckle 
diffraction pattern (Griibel, Als-Nielsen, Abemathy et 
al., 1994). The typical pseudo-period of the 'noise' 
is 401xm, corresponding to the 27 wad period of the 
Fraunhofer fringe pattern and the error bars show that 
this noise is significantly larger than the statistical errors. 
A simple theory can give the typical distribution of the 
speckle noise around an 'average curve' (i.e. curves 
like Fig. 2 or Fig. 6) if the beam is fully coherent. 
The measured intensity is the square modulus of the 

Fig. 9. Hologram of the ordered B2 domains in the Q"I sample from 
the (100) Bragg peak. 
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amplitude of  the Fourier transform of  m(r). One can 
consider that the two components  of  the complex 
amplitude have Gaussian distributions. In this case, 
the intensity distribution p(/)  can be written 

We have benefited from the pioneering work of  
this team. We have used their pinholes and other 
experimental  accessories, and we owe them a great 
debt for experimental  help. 

p(1) = ( I / ( I ) )  e x p ( - I / ( I ) ) .  

This is equivalent  to the theory of  G a u s s i a n  light 
(Siegert, 1943; Jakeman  & Pike, 1968). In this case, 
the second-order normalized cumulant  of  the intensity 
is 1. This is obviously not the case in Fig. 8. The results 
given are too partial to carry out a quantitative analysis, 
but the main explanation may be the poor achievement  of  
the longitudinal  coherence condit ions in this experiment  
[see (2) and (3)]. Much work has however  to be done in 
order to obtain a better understanding of  all the parasitic 
effects of  this type of  experiment.  This short discussion 
can also be illustrated by the photograph given in Fig. 
9 .  Diffuse speckles can be observed on the 40 I.tm scale 
(same sample). This photograph is a hologram of  the 
domains of  the sample. 

Vl. Concluding remarks 

This prel iminary experiment shows that synchrotron 
radiation gives a new insight in the study of  phase 
transitions. 

Close to Bragg peaks,  large domain sizes can be 
studied. The small-angle techniques can be used fo r  the 
interpretation of  the experiments. In the case studied, 
the dynamics of  the domain growth of  the D03 phase 
shows marked differences between large and small B2 
domains.  Changes in the growth kinetics of  B2 domains 
are observed, related to the proximity of  the critical line. 
This problem has to be dealt with from in s i tu dynamical  
studies of  ordering. 

The high brilliance of  the sources gives the possibili ty 
of  obtaining coherent  X-ray beams. A lot of  holographic 
X-ray techniques will now appear. This introduces new 
techniques for the study of  strongly fluctuating systems 
(Sutton et al. ,  1991). 

This experiment has been made possible by the help 
of  the team of  Mark Sutton and Brian Stephenson" 
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