
Asymmetry of the critical scattering of polarized neutrons 
and critical dynamics of ferromagnets subjected to a 
magnetic field above Tc 

A. I. Okorokov, A. G. Gukasov, V. V. Runov, V. E. Mikhanova, and M. Roth') 

B. P. Konstantinov Leningrad Institute of Nuclear Physics, Academy of Sciences of the USSR, Gatchino 
(Submitted 24 April 1981) 
Zh. Eksp. Teor. Fiz. 81, 1462-1474 (October 1981) 

The nature of the asymmetry of the critical scattering of polarized neutrons in ferromagnets subjected to a 
magnetic field above T, is elucidated. It is. shown that the asymmetry is due to triple dynamic spin 
correlations. The results obtained for iron are in qualitative agreement with the theoretical predictions 
deduced from the three-spin critical dynamics. 

PACS numbers: 75.25. + z, 75.50.Bb 

1. INTRODUCTION exhibited an angular asymmetry, i. e. , P,,(8) #P,,(-8). 
Therefore, in the subsequent analysis it was convenient 

Lazuta et al.' predicted that triple dynamic spin to  represent  i t  by a sum of two t e rms  P,(B)=P,(-8) 
correlations in the critical scattering of nonpolarized and PA(@) = -PA(@) representing the components sym- 
neutrons in a ferromagnet above the Curie point T, metr ic  and antisymmetric in respect of the angles: 
should give r i se  to polarization in the direction of the 
pseudovector k xk', i. e .  , perpendicular to the scatter-  P,(O) = [PI, (9)+Pll (-9)1'2, p ~ ( 9 )  = [PI, ( 0 ) -P , ,  ( - @ I  /2. (2)  
ing plane (here, k and k' a r e  the wave vectors of the 
incident and scattered neutrons). The scattering asym- 
metry of initially polarized neutrons, equivalent to the 
appearance of the polarization, was observed by Oko- 
rokov et a1. Their experiments were made using a 
beam of polarized neutrons with the wavelength X =  4 A. 
Measurements were made of the intensities I+(@) and 
I -(@) for different signs of the initial polarization Po 
relative to the kxk '  direction. The relative difference 
in the intensities of the scattering through an angle 0 

which may be called conveniently the polarization asym- 
metry of the scattering, amounted to - 10' for iron in 
the range T = ( T  - T,)/T, = (3-6) X in agreement 
with the theoretical estimate of Lazuta e t  al.' and i t  
had different signs for the scattering to the right and 
left, in accordance with reversal  of the sign of the vec- 
tor  product k xk' . 

When these experimentso were extended to a beam of 
cold neutrons with h= 13 A and a two-dimensional de- 
tector was used,3 i t  was found that the application of a 
magnetic field gave r i s e  to a similar  polarization asym- 
metry of P(0) also in the case of neutrons initially po- 
larized in the scattering plane. The two effects (for 
Po perpendicular and parallel to the scattering plane, 
denoted by P, and PI,, respectively) a r e  illustrated in 
Fig. I .  The detector field is shown for each curve and 
i t  is denoted by a square with a black sector in which 
the measured intensity was averaged over rings corre-  
sponding to a constant value of k0, and the arrow indi- 
cates the direction of the field H (and, consequently, 
also of Po). For  the results  in Fig. 1 the field H was 
20 Oe. An increase in the field caused PI, to r i s e  to a 
few percent, whereas the dependence PI , (@) was bell- 
shaped with a clear maximum in the region of p = k0 - (3. 5-4)x lo2 A-'. It is clear from Fig. 1 that PI,(@) 

Further experiments showed that the observed angu- 
l a r  asymmetry of the Pl,(8) curves appeared when the 
magnetization m of a sample (and, consequently, the 
internal field H and the polarization Po) had a com- 
ponent along k. Thus, in the case of a sample in the 
form of a thin plate, the demagnetization effects im- 
portant a t  temperatures sufficiently close to T, ensured 
that the magnetization in such a sample was directed 
mainly along its plane. When the sample was subjected 
to a horizontal field H l k  and rotated about a vertical 
axis, s o  a s  to a l te r  the angle between the direction H 
and the plane of the sample, there was a change in the 
projection of the magnetization onto the direction k. 
Figure 2 shows how the scattering asymmetry changed 
in the horizontal plane when the angle between the plane 
of the plate and the perpendicular to the vector k was 
varied. This figure includes also the values of P, and 

FIG. 1. Dependences of the polarization asymmetry of the 
scattering for Po perpendicular to the scattering plane (P,) and 
for Po lying in the scattering plane (p,,) on the quasielastic 
transferred momentum q= k0 in a field Hy= 20 Oe; T =  Tc+ 1" 
(0); T =  Tc+ 10" (a). The blackened sectors represent the de- 
tector area over which the results are averaged for rings 
with k0 = const. The arrows indicate the direction of the ap- 
plied field H. 
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FTG. 2. Dependences of Ps and PA on the angle of inclination 
of the plane of the sample cp relative to the perpendicular to k, 
obtained for T = 2 x 1 o ' ~  in a field H = 250 Oe. 

PA for a maximum of the angular dependence P(8) a t  a 
temperature r= 2X when a field of H = 250 Oe was 
applied to an iron sample. It is clear that PA exhibited 
an approximately sinusoidal dependence of cp,  whereas 
P, was independent of the angle cp. 

Lazuta et al. explained the observed P,, effect by 
showing that both components (P, and PA)  were of the 
same origin, and that in weak fields they were associ- 
ated with triple dynamic spin correlations. The es- 
sence of their theory is a s  follows. The intensity of 
the critical scattering of polarized neutrons in a mag- 
netic material subjected to a weak magnetic field i s  

where G"' and G'3' a r e  the pair and triple spin Green 
functions in the absence of the field; e =qq-'; q=k'  - k; 
h=HH-'; w =E' - E ( E  and E' a re  the energies of the in- 
cident and scattered neutrons); gp is the effective mag- 
netic moment of an atom. In the inelastic scattering 
case the integral of the second term in Eq. (3) differs 
from zero and the angular factor (e . h)(e. Po) makes it 
possible to identify the contribution of this term to the 
cross  section by altering the sign of Po. 

We shall now assume that in the scattering configura- 
tion shown in Fig. 3 the vectors Po, H, and q a re  in the 
same plane, whereas Po  is parallel o r  antiparallel to H. 
In this case the quantity (e - h)(e Po) can be written in 
the form 

We can thus see that i f  cp + O  al l  the terms differ from 
zero. Then, the first  two terms a r e  quadratic in re- 
spect of the components e,,,  and they represent the part 

FIG. 3. Kinematic scattering of polarized neutrons. 

of the scattering symmetric with respect to 8, whereas 
the other two e, occur linearly and they represent the 
scattering asymmetric with respect to 6 .  We can thus 
see that the final result can be represented by a sum of 
two terms P, and PA,  introduced earlier  in Eq. (2) and 
identified by arrows in Fig. 3: 

Lazuta et al. obtained theoretical expressions for P, 
and PA. The asymmetric PA effect was found to be 
stronger than P, by a factor 8"sin%cp, which may be of 
the order of 10 for cp = 45" and the angle 8 represents a 
few degrees. 

The agreement between the experimental and theoreti- 
cal results was qualitative. One should point out that 
the theory was developed simultaneously with the acqui- 
sition of the experimental results so  that the depen- 
dences shown in Figs. 1 and 2 were not obtained under 
conditions optimal in respect of cp and the demagneti- 
zation factor of a sample was not controlled. Most 
probably the maxima of PA in Fig. 2 occurred not a t  
cp - 45" but a t  cp = 30". We shall consider below the re -  
sults obtained when a sample was magnetized along the 
easy axis s o  that the demagnetization factor could be 
ignored. We shall discuss the dependences of PA on 
H, 7, and 8 when making a comparison with the theo- 
retical estimates. Since the spin-dependent part of the 
scattering cross section is proportional to the three- 
spin dynamic correlation function, an investigation of 
the P,, effect should make it possible to determine the 
three-spin critical dynamics and, in particular, to 
verify the predictions of the principle of merging of 
correlations enunciated by Polyakov5 and to decide 
between two variants of the critical dynamics in the 
dipole temperature range6s7 (for details see Ref. 4). 

2. EXPERIMENTAL METHOD 

The experiments were carried out in the fourth chan- 
nel of the VVR-M reactor. The experimental arrange- 
ment did not differ fundamentally from that selected 
earlier's3: a polarized neutron beam was incident on a 
sample and the intensities of the scattered neutrons 
I+(k8) and I-(kB) were determined a s  a function of the 
direction of polarization of the beam. A beam of cold 
neutrons with X =  10 A emerged from the reactor chan- 
nel. The apparatus consisted of an intrachannel 
polarizer 1 (Fig. 4) representing an assembly of four 
mi r ro r s  of 210 X 50 X 5 mm dimensions made of an 
Fe-Co alloy on Ti-Gd substratess subjected to a static 
magnetic field of the order of 100 Oe. Spin reversal 
was produced by an adiabatic high-frequency flipper 2 
a t  a frequency off -40 kHz; the flipper coil was wound 
on a drum of borated polyethylene, which also acted a s  
a collimator for the reflected polarized beam. A sam- 
ple 3 could be located a t  a distance of 4.5 m or  6 m 
from the reactor zone. The polarized beam parameters 
were a s  follows: the average wavelength was X = 10 
and the scatter was AX/X = 35%; the horizontal and ver- 
tical divergences of the beam were A@, - 5 X lom3 and 
A8,=2. 5X lo2 rad, respectively; the neutron flux a t  
the position of the sample was I, = 2 X  lo4 neutrons/cm2; 
the area of the useful beam cross section was 5 cm2; 
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FIG. 4. Experimental arrangement: 1) intrachannel polari- 
zer; 2) adiabatic rf flipper; 3) sample; 4) many-detector 
assembly. 

the polarization was P,=90%. Samples of polycrystal- 
line Armco iron of 13 X 80 X 4 mm and 13 X 80 X 1 mm 
dimensions were placed in a thermostat where a tem- 
perature was kept constant to within AT 50.02"C. This 
thermostat was located between the poles of an electro- 
magnet so  that measurements could be carried out in 
magnetic fields from 10 to 800 Oe. A sample in a ther- 
mostat could be rotated about i ts  long axis through any 
angle cp, and the long axis together with the thermostat 
and the magnet could be inclined by angle up to 20". The 
field could be parallel or perpendicular to the long axis 
in the plane of the sample. 

The scattered neutrons were recorded with a many- 
detector system comprising 20 helium counters of the 
SNM-50 type. The detector assembly was shielded by 
water and it had a device for rotating it about the inci- 
dent beam axis by 90 and 180". The sample-detector 
base could be varied from 1 to 3. 5 m. A special pro- 
cessor linked to a computer was used to control the 
flipper, set  the temperature, and switch the magnetic 
fields. The primary data were recorded on a magnetic 
tape and were subsequently analyzed on a computer. 

A typical measurement session consisted of 1-h 
series during which the flipper was switched every 3 
sec. The data on the ser ies  were subjected to a pre- 
liminary analysis in order to determine the scatter of 
the results relative to the statistical e r r o r  and they 
were then summed. 

The principal ser ies  of measurements was carried 
out on a sample of thickness 1 mm magnetized paral- 
lel to i ts  long side and rotated in a horizontal plane 
through an angle cp = 20". In this case the enhancement 
of the PA polarization was not maximal, but the con- 
struction of the electromagnet and thermostat prevented 
us from making measurements in the range cp >20°. 
The parallel alignment of the initial polarization Po to 
the applied magnetic field H was ensured by a selection 
of the main field between the electromagnet and the 
flipper. 

Measurements were made under these conditions a t  
the temperature intervals T - T ,  = 1, 2 ,  3 . 8 ,  and 7 .  2" 
in magnetic fields 10 <H < 600 Oe when the transferred 
momentum was ( 0 . 7 5  <kO <7) x .&-I. The maximum 
effect was P = ( 4 - 6 ) x l O "  for k 0 = 3 .  5x10-' A", 7 - 3 . 8  
X lo- ,  and H = 440 Oe. The data on P(k0)  and the ex- 
pressions in Eq. ( 2 )  were used to calculate the depen- 
dences P,(kO) and PA(kB) for each value of T and H. 
The Curie point was assumed to be the temperature a t  
which the scattering of neutrons through small angles 

had i t s  maximum value and the attenuation of the direc- 
tly transmitted beam was strongest. 

3. DETERMINATION OF THE CRITICAL FIELD H,, 

It was established that when the temperature was 
fixed and the magnetic field was increased, then in 
weak fields H (the criterion of weakness will be given 
later) the value of PA increased proportionally to H and 
then a t  some critical field H,, the r ise  slowed down. 

The value of H,, was determined accurately for 
T= const using the dependences PA(H) for five minimum 
transferred momenta k0; two such dependences a r e  
given by way of illustration in Fig. 5. (It was not pos- 
sible to use the data for kB > 3 . 5 x  1 0 - A  -' because 
the statistical accuracy of these results was insuffi- 
cient, particularly at high temperatures.) In the range 
of small values of H the dependence PA (H)  was approx- 
imated by a linear function (in agreement with the 
theory), whereas a t  high values of H use was made of a 
dependence of the type P(H)  EH 2'5 predicted for H >H,,. 
The point of interesection of these curves was assumed 
to be H,,. For all  five values of the transferred mo- 
menta the critical fields found for the same tempera- 
ture were identical within the limits of the experimen- 
tal  e r r o r  and, therefore, they were averaged on the 
assumption that H,, was independent of the scattering 
vector. 

In this way we obtained the values of H,, at  three 
temperatures: T - T,=  1, 2, and 3.8".  At T - T ,  
= 7 .  2" the critical field could not be determined be- 
cause right up to H = 500 Oe the value of PA rose pro- 
portionally to the applied field. 

The field H,, introduced here represented the cri-  
terion of a change from weak to strong fields defined, 
in accordance with Ref. 4 ,  by g p ~  << T , ( X U ) ~ ~ '  o r  
gpH >> T , ( % z ) ~ / ~ ,  where ~ , ( x a ) ~ ' ~  is the characteristic 
energy of the critical fluctuations, x is the reciprocal 
correlation radius, and a is a constant of the order of 
the interatomic distance. Thus, H,, is determined by 
the condition 

If we substitute in the above formula the well-known 
temperature dependence of the correlation radius 
H = U - ' T ~ ~ ~ ,  we find an expression for the critical field 
H,, in which there should be a change in the dependence 
PA(H) and which can be written in the form 

FIG. 5. Dependences of the asymmetry PA on the applied 
field H for T = 2x10-~ and k0 = 2 . 2 5 ~ 1 0 - ~  A-I (a) or k0 = 3.4 
x 10'~ (b). I 
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FIG. 6. Temperature dependence of the critical field H,, 
which obeys Hcr= HO'r", where p= 1.8f 0.2, Ho = 6 lo6 Oe. 

Figure 6 shows the experimental dependence H,,(T), 
which was found to be close to a power law with an ex- 
ponent 1 = 1 . 8  & 0.2, which agreed well (within the lim- 
i t s  of the experimental e r ro r )  with the theoretical value 
/ ~ = 1 . 6 7 .  The factor H, was found to be H0=6X1O6 Oe. 
Extrapolation of the experimental dependence (Fig. 6) 
to higher temperatures indicated that a t  T - T,= 7.2" 
the critical value should be He,= 1000 Oe. This esti- 
mate of H,, was in agreement with the experimental re- 
sults obtained a t  this temperature, because there were 
no deviations of PA(H) from linearity in fields up to 500 
Oe. 

We can thus conclude that the experimental results 
. a r e  in good agreement with the theoretical predictions 
of the behavior of the critical field with temperature. 
However, according to Eq. (6), gpHcr represents the 
characteristic energy of the critical fluctuations so that 
the experimental determination of H,, gives essentially 
a direct estimate of the critical fluctuation energy. 

4. VERIFICATION OF THE DIPOLE DYNAMICS 

An excellent opportunity for a qualitative comparison 
of the theoretical predictions with the experimental re- 
sults is provided by an analysis of the nature of the de- 
pendence Pll(9, 7) .  According to the theory of Lazuta 
et a1. ,4 both the form and nature of the temperature de- 
pendence Pl,(B, 7) are  governed by the nature of the 
characteristic energy of critical fluctuations in the di- 
pole region. We shall consider two variants of the di- 
pole dynamics. In the f i rs t  of them the energy of criti- 
cal fluctuations in the dipole region has the form 
52 = ~ , ( q , a ) ' ~ ~ ( ~ a ) ~  when q << x <<go, where q, 
= a - ' (w , /~ , ) '~~  is the dipole momentum, w, = 4npMo is 
the dipole energy, and M, is the saturation magnetiza- 
tion. This form of 52 is obtained in the first  order of 
perturbation theory7 and is called conventional. In 
another variant,O an allowance is made for the interac- 
tion of fluctuations with one another and the energy of 
critical fluctuations is found to be 51a ~ , ( q , a ) ~ ~ ~ x a .  
This is known a s  the hard dynamics variant, which is 
distinguished from the conventional case by a higher 

power of q, in the expression for 52 and i t  represents 
stronger freezing i f  the dynamics when the dipole mo- 
mentum q, obeys H. <<q,, i. e . ,  a harder spectrum of 
the critical fluctuations is predicted. 

The theoretical analysis of Lazuta et al. show that 
the dependence P,(kB) has a singularity which is en- 
tirely due to the hard dipole dynamics. This singu- 
larity represents the appearance of a maximum of 
P,(kB) a t  ke - x together with a maximum a t  kB - q,, 
where q, is the characteristic inelasticity momentum 
amounting to q, = 6 x  10" A-' in our case. Thus, the de- 
pendence P,(kB) should have a dip a t  kB -9,. Experi- 
mental detection of this dip o r ,  which is equivalent, of 
two maxima of P,(kO) would show unambiguously (with- 
out any additional analysis of the results) that the hard 
dynamics of the critical fluctuations applies. 

In the experiments there was a systematic tendency 
for P,(kB) to decrease a t  q -qo. Further measure- 
ments were made in order to improve the accuracy of 
P, and PA at  7 = l ~ l O - ~  f o r H = 1 6 O e .  This gave the 
results shown in Fig. 7. They were obtained in four 
measurement runs in which a detector was displaced 
relative to the direct beam by half the distance between 
the neighboring counters so  a s  to exclude the possible 
systematic e r r o r s  due to differences between the coun- 
ters.  The results showed that a dip of P, a t  kO=q, 
= 3.8 X lo-' A-' was clearly present in spite of the fact 
that the accuracy of the experimental results was not 
very high. The difference between the maximum of 
-P, and the dip a t  k0 = q, represented three standard 
e r ro r s .  With this accuracy, one could say that the ex- 
perimental results  agreed with the hard variant of the 
dipole dynamics. 

Another opportunity of determining the nature of the 
dipole dynamics was provided by a theoretical analysis 
of the temperature dependences of P, and PA for diffe- 
rent ranges of ke/x. One could distinguish three cases 
in which an analysis of the critical dynamics should 
give r ise  to different temperature dependences 

PA a i. e .  , different values of the power exponent 
0 :  the dynamics in the case of the exchange interac- 
tion alone, the conventional variant of the dipole dy- 
namics, and the hard dipole dynamics. In all cases 
the theoretical prediction for kB >> H. was the tempera- 
ture dependence PA a ?-I3. For other values of k0 the 
power exponent 0 depended on the relationships between 
ke, X, qO, and q,, where q, was the dipole momentum 
introduced earlier  and q, was the characteristic in- 
elasticity momentum deduced by equating the trans- 

FIG. 7. Angular dependences of the symmetric Ps and asym- 
metric PA effects for T =  H= 16 Oe, and H/H,=~. 8. 
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ferred energy w(q)  to the energy of the cri t ical  fluctua- 
tions Sl(q) a t  0 = 0: 

The theoretical values of the power exponent a corre-  
sponding to different ranges of k8 a r e  a s  follows. 

Exchange dynamics: 

a=-2, k%<q:/(xqi)"z; 
(O.s-t?) 

a=O, q,'/(xq,)% t k 0 <  x . 
(0.8-$71 , (0 1--1.1) 

Conventional dipole dynamics: 

Hard dipole dynamics: 

Finally, in al l  the variants 

It should be pointed out that these values apply under 
asymptotic conditions defined by the inequalities given 
above and in reality the various ranges overlap, be- 
cause k8, x ,  g,, and q, a r e  not veery different. (Esti- 
mated intervals, in units of 0.01 A-', investigated ex- 
perimentally a t  temperatures < T 6 7. 5 .  loq3 a r e  
given in parentheses below the inequalities.) For  this 
reason the theoretical dependences used in comparison 
with the experimental results  a r e  only approximate. 

The experimental temperature dependences of PA a r e  
plotted in Fig. 8. The statistical precision of the 
values of PA determined in different fields H were 
averaged with respect to H. For  example, in the 
range H <H,, the effect represented by PA was propor- 
tional to H, s o  that the results  were plotted a s  a de- 
pendence of the derivative dP,/dH on T. It is clear 
from Fig. 8 that the dependence dP,(r)/dH was close 
to the power law of the T - ~  type. The values of the ex- 
ponenta were+0.9*0.1 ,  +0.95*0.1, +1.1*0.1, and 
+ 1 . 2 ~ 0 . 1 f o r k ~ e q u a l  t o0 .75 ,  1 .5 ,  3.4, a n d 4 . 9 ( a l l  
in units of 10- A-'), respectively. 

It was not possible to find the temperature dependence 
of PA( r ) ,  i. e . ,  the changes in the exponent a for dif- 
ferent values of k0, from the experimental results. As 
pointed out ear l ie r ,  this was due to the fact that the 
experimental conditions were not asymptotic and also 
because of three factors: the considerable indeter- 
minacy in the experimental values of k0, the large 
width of the spectrum ( ~ h / h  =.O. 35), and the strong ver-  
tical divergence of the beam (AO, = 2 . 5  X lo-'). It was 
not possible to  include properly these corrections to 
PA(k8), but it was known that the indeterminacy in k0 
could reach A(k0) = (1-1. 5)x A - l .  Hence, we con- 
cluded from the experimental results  that the average 
value of the power exponent a in the investir fed ranges 
of kg and T was ;a) = 1 i O .  1. In the theoretical asymp- 
totes given above the value a = 1 corresponds to the 

FIG. 8 .  Temperature dependences dPA/dHo: T-u for four val- 
ues of the quasielastic momentum k B X  10': a) 0.75 A-'; 0)1.5 
A-'; A) 3.4 A-'; A) 4 . 9  A-'. The slope averaged over all the 
values of k9 is  (a) = 1 * 0.1. 

hard variant of the dipole dynamics. However, for  the 
reasons listed above, we cannot yet say definitely that 
the experiment and theory agree.  On the other hand, if 
we ignore" the contribution of very small  values k g  
<< 1 .  lo-' Am', the average value (a) = 1 cannot be ob- 
tained from other variants of the theoretical predic- 
tions and this supports the hypothesis of the hard dyna- 
mics.  

The experimental dependence PA T' was confirmed 
also by an analysis of the temperature dependence 
PA(7) 7' a t  H = H,,. In fact, if PA T' for  H = const in 
the region linear in H, then for H = H,,(T) we should 
have 

PA (r, H,,) K H ,  r-'aru~-'a~": (9) 

i. e . ,  8 =2/3. The relevant experimental results  a r e  
given in Fig. 9. The slopes of the dependences PA( r )  
plotted on a logarithmic scale can be seen to exhibit a 
scatter  from 0.57 to 0.73 for different values of k8 and 
the average value is ( P )  = 0.63 i 0.03, which is close to 
the expected value ,b = 2/3. This result ensures con- 
sistency between the temperature and field dependences 
of the observed effect. 

FIG. 9 .  Temperature dependence PA(7) = ArB in a field H= H, 
for different values of the quasielastic mome~tum k B X  10': 
1 . 5 A O f , p = o . 7 3 ; o ) 2 . 2 5 A - ' , D = C - ~ ;  - -', p = 0.63; 0) 
3.75 A-', p = 0.63; A) 4.5 A-', fl = 0.60. The slope averaged 
over all the values of kg is  @)= 0 .63 f  0.03; A =  6 x 1 0 ' ~  oe7. 
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It should be noted that in analyzing the experimental 
data we only allowed f o r  the statistical experimental 
e r r o r .  However, a systematic e r r o r  could occur be- 
cause of nuclear scattering (for example, by inhomo- 
geneities in a sample) and this could result  in apparent 
changes in the power exponents a and P .  Such nuclear 
scattering is independent of the spin but in the calcula- 
tion of P from Eq. (1) it would reduce the value of P by 
a factor o,,,/(a,, + a m )  compared with the true value (here, 
om and on a r e  the cross  sections for the magnetic and 
nuclear scattering processes,  respectively). This is 
particularly important a t  high values of 7, when a, is 
small ,  and i t  may result in an effective change of the 
total slope of the dependence PA(?) plotted on a loga- 
rithmic scale. Allowance for the nonmagnetic back- 
ground in the critical scattering is quite difficult to 
make without analyzing the polarization. However, 
using the data on the cross  sections a t  high tempera- 
tures  (T - T ,  = 100") we can estimate possible correc- 
tions for the nuclear process. Such an analysis was 
made and it was found that the relative value of the 
corrections did not exceed 7-1O0/0 tending to  reduce a 
and, consequently, to increase @. These corrections 
were compatible with the statistical e r r o r  and did not 
al ter  the proposed interpretation of the results ,  and 
there was no need to obtain exact quantitative values of 
the average power exponents (0 )  and (0) .  

5. VERIFICATION OF THE PRINCIPLE OF MERGING 
OF CORRELATIONS 

Polyakov formulated the principle of merging of cor-  
relations in the theory of statistical similarity: this 
principle governs the behavior of the scattering ampli- 
tude of the critical fluctuations under conditions when 
the fluctuation pulses differ greatly from one another. 
In spite of the fact that this principle plays an important 
role in the theory of strongly interacting fields, no di- 
rect  experimental verification has been attempted s o  
far .  Lazuta et al. analyzed theoretically and angular 
and temperature dependence P,,,(b', T) throughout the 
whole critical range k9 >> H. essentially by generalizing 
this principle to triple dynamic vertices, i. e .  , to the 
amplitudes of an inelastic interaction of three critical 
fluctuations. It was found that if kb' >> x, then irrespec- 
tive of the nature of the dynamics we should have P,,, 

7-13. Moreover, it follows from the theory of La- 
zuta et al. that if the principle applies, then the right- 
hand slope of PA (k0) in the range q, < k9 < q, should ex- 
hibit a plateau, i. e . ,  the value of PA(kO) should be 
practically constant in this range. Examination of Fig. 
7 shows that in the region of kb' = 5 X 1 0 " ~  -' the depen- 
dence P,(kb') does indeed have an anomaly which i s  not 
in qualitative conflict with the prediction of a plateau: 
an estimate for iron gives q, = 4 x 10- A-' and qi 
= 6X10-2 A' (for X =  10 A) .  An extended horizontal re-  
gion is not obtained in this interval only because the gap 
between q, and qi is small  and reliable conclusions can 
be obtained if this interval is extended by employing 
more energetic neutrons since q i a  A-"~. 

Our experimental temperature dependence P S 4 ( r )  is 
outside the range kb' >> x where, because of the above 
principle, we can expect P , , (T)~ 7*13. The difficulty 

encountered in such measurements i s  that in obtaining 
the dependence on T we have to investigate a sufficient- 
ly wide range of 7 and the condition kb' >> H. should be 
satisfied for the largest  values of n in this temperature 
range. At high values of kb' there is a steep fall of the 
critical scattering c ros s  section and measurements of 
this kind a r e  possible only in the case of high-flux r e -  
actors. Acquisition of reliable data a t  high values of 
k0 will be the main task of future experiments. 

6. CONCLUSIONS 

We shall now formulate briefly the results  of our in- 
vestigation. 

1. A high-speed system was assembled for investi- 
gating the scattering of polarized X  = 10 A neutrons and 
this system could be used to study the critical pheno- 
mena in magnetic materials a s  well a s  to investigate 
nonmagnetic materials. 

2. Experiments were carried out to  determine the 
nature of the symmetry of the scattering of polarized 
neutrons in iron above T,, which was detected by Oko- 
rokov et al. It was foundthat the asymmetry appeared 
in the presence of the magnetization components m, and 
for the initial neutron polarization Po, parallel to the 
initial neutron wave vector k. This effect was explained 
by Lazuta et ~ 1 . ~  by considering spin correlations in a 
magnetic field. The effect could be used, in particu- 
l a r ,  to study three-spin correlations. 

3. An investigation was made of the asymmetry of 
the scattering of polarized neutrons in iron in the 
ranges ? = ( I - 7 . 2 ) ~  lo3, 88 =(0.75-7)x 10" ti-', and 
H = 10- 500 Oe in order to compare the experimental 
results  with the theory of Lazuta et al. 

4. It was found that in weak fields the asymmetry PA 
increased proportionally to the applied field, but when 
H exceeded a certain critical value H,,, the r i s e  of the 
asymmetry slowed down. The experimental values of 
H,, found by extrapolation were the same (within the 
limits of the experimental e r r o r )  fyr  scattering vectors 
in the range k9 = (0.75-4.5) x A' and they depended 
on temperature a s  H,, = H,T'. The value of the exponent 
P = 1.8  i 0 . 2  was in good agreement with the theoretical 
value p = 5/3. The factor Ho was found to be H, = 6 x lo6 
Oe . 

5. The derivative &/dH found in the range H<H,, 
could be represented in the form  AT‘^. The values of 
the power exponent a obtained experimentally were 
within the range (0.9-1.2) i 0 . 1  for the scattering 
vectors kb' = ( l .  5 - 4 . 4 ) ~  10" ti-'. 

6. An experimental study of the three-spin correla-  
tions based on determination of the scattering asym- 
metry in a magnetic field was found to  have consider- 
able advantages over the method proposed ear l ie r  for  
investigating these correlations in zero magnetic field,' 
because the measured effect was P - lo2,  which was 
two orders  of magnitude greater  than the asymmetry in 
zero field. " 

7. This investigation demonstrated that i t  was realis-  
tic to expect to verify experimentally the predictions of 
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the principle of merging of correlat ions and to se lec t  
between the two variants  of the dipole c r i t i ca l  dynamics 
which could not be done a t  p resen t  by any o ther  meth- 
ods. Measurements  a r e  needed both in the range of 
very low values pf kB with a n  angular resolution of 
A0 - 1' (for h = 3 A )  and a t  low values of 7 right doyn to 
T &lo-*, a s  well a s  a t  high values of 12% = 0.1-0.2 A-I 

and 7 = 0 . 1 .  These  measurements  should be c a r r i e d  out 
using neutrons with a wide range of wavelengths (1  A 

s 15 A )  s o  a s  to  obtain different values of q , ,  and they 
should be made on different magnetic m a t e r i a l s  s o  a s  
t o  vary the dipole momentum q,. 
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"Laue-Langevin Institute, Grenoble , France. 
"In connection with the above effect occurring for Pollq, which 

is  called the parallel P,, effect, and i ts  large magnitude, we 
a r e  faced with the natural question whether the perpendicular 
effect P, observed by us  in Ref. 2 for Po  1 q i s  perhaps the 
projection of on a "skew " instrumental coordinate sys- 
tem.' F ~ r ~ e x a m p l e ,  it i s  clear from Fig. 1 that the P, effect 
for X = 13 A has a considerable symmetric component Ps 
which, in p r i n ~ i p l e , ~ m a y  be a manifestation of the PI, effect. 
However, for h = 4 A and the experimental conditions of Ref. 

2,  we find that various estimates indicate that a possible ad- 
mixture of the effect to P, cannot exceed the experimental 
e r r o r  in the observation of P,. However, if the observed P, 
effect i s  regarded a s  spurious, i t  i s  necessary to assume in 
Ref. 2 that the deviation of the longitudinal axis of the sample 
from the vertical i s  cp = 10-15" and that the detector system 
i s  inclined in the xy plane by 20-30". which i s  impossible be- 
cause a l l  the angles were se t  in Ref. 2 to  an accuracy a t  
least  10 t imes better. 
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