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This paper is a field theoretic description of the critical dynamics of spin systems with frozen
nonmagnetic impurities. For three-dimensional systems the dynamical critical exponent

is found directly by employing the three-loop approximation with the R&beel summation
technique. The results are compared with those obtained by calculating the dynamical

exponent for homogeneous systems in the four-loop approximation, and with the values obtained
by computer simulation of the critical dynamics by Monte Carlo methods. Calculations of

the dynamical exponent for the two-dimensional Ising model in the four-loop approximation are
also presented. €998 American Institute of Physids$1063-776198)01509-1

As is known, only for Ising magnetic materials do phasewhere¢(x,t) is then-componentorder paramet&f(x) is the
transitions in homogeneous spin systems change when rapetential of the random impurity field,~T—Tq:(p), with
domly distributed frozen nonmagnetic impurities are intro-To. the system’s critical temperature determined in the
duced into such systemsThe e-expansion method makes it mean-field theoryg, is a positive constant, and is the
possible to calculate the values of the critical exponents fonumber of dimensions of the system. We assume that the
dilute magnetic materiafHowever, the asymptotic conver- impurity potential is specified by a Gaussian distribution:
gence of thes-expansionseries in this case is even slower
than for homogeneous system$he renormalization group Py=Ay exp{ — (850)71f d¥x V2(x)
approach to the description of slightly disordered spin sys-

tems, applied directly to three-dimensional systems byynere A, is a normalization constant, angj is a positive

4’5 . - - . .. i . i .
Mayer et al,™ has made it possible to obtain static critical constant proportional to the impurity concentration and the
exponents in the four-loop approximation. However, no cal-sqyare of the impurity potential.

culations of equal accuracy exist for the description of the * The gynamical behavior of the system in the relaxation

dynamics of disordered systems, the reason being that thggime near the critical temperature can be described by the

computational load is extremely large even in the Iowesli_(.mge\,in transport equation for the order param@ter:

perturbation-theory orders.
The present paper is a field theoretic description of the (9_40_ “a ﬁ+ oh 5
critical dynamics of slightly disordered three-dimensional ot 98¢ ARNUL @

spin systems in the three-loop approximation. The adopted ) . ) .
model is a classical spin system with the nonmagnetic impuVNereXo is the transport coefficienty(x,t) is the Gaussian

rity atoms frozen at the lattice sites. The system Hamiltoniaff@ndom force, which is a measure of the effect of the heat
is reservoir and is specified by the distribution function

1 P =A ;{—m\ *1fdd dt |t
HZE; JipiP;S S, 7=A,exg —(4\) x dt P (x,t)

) . . with normalization constark,, , andh(t) is an external field
where S is ann-component spin variable}; are the cou-  thermodynamically conjugate to the order parameter. The
pling constants of the translation-invariant short-range fe”otemporal correlation functio(x,t) of the order parameter
magnetic interaction, ang; is a random variable described ¢5n pe found by solving Eq2) for ¢[ 5,h,V], with H[ ¢, V]
by the distribution function given by (1), averaging the result over the Gaussian random

N o B _ force n via P, and over the random potenti®l(x) of the
PP =pa(pi=1)+(1-p)dlpi) impurity field via Py,, and isolating the part of the solution
with p=1-c (here c is the concentration of the thatis linearinh(0),ie.,
nonmagnetic  impurity  atomis Thermodynamically

. . ; . é
this model is equivalent to the O(n)-symmetric G(X!t):—'<¢’(Xat)>imp|h=0-
Ginzburg—Landau—Wilson model, which has the Hamil- oh(0)
tonian where
_ a1 2 2 21, 90 4 1
Hle.V]= | d% 5[IVel*+roe™+ V)&l + 7 ¢, (1) (@(X,1))imp=B D{mD{V}e(x,t) P, Py,
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B= f D{7D{V}P,Py. / ﬁ i}
1 2 3 4
Significant difficulties are encountered when the stan-
dard renormalization group method is applied to this dy- .-~ . W® 6 """" @)
namical model. However, as shown by De Domirfidisr i ZNY i
inhomogeneous systems in the absence of disorder intrc \e/
duced by impurities, in describing the critical dynamics the 5 6-8 9 10

model based on the Langevin equation is equivalent to th

standard Lagrange systBmith the Lagrangian [___Z g @, ﬁ ‘

19¢ oH
= d -1.2 1io* 11;12 1314 15 16
L fd th()\o o tip*- ()\0 Ty 5¢>],

where we have introduced the auxiliary fialdf. Here the ﬁf\ a‘ ,7&> -
correlation functionG(x,t) of the order parameter for a ho- U <= : /7 @

mogeneous system is given by

17 18 19 20

G(X,t)=<¢(0,0)¢>(x,t)>

:QflJ» D D{¢* 0,0)- (X, t)exp(—L[ ¢, * , o - - S _&\‘_

{€}D{e"}¢(0,0)-@(x,t)exp(~ L[ ¢,¢"]) 22 32 %

where . I

0- [ Diglnetjexn- Liget . - 29 W
A generalization of the given field theoretic approach and the=ss™ 220N ) ..,.z::..\_n__
details of applying such an approach to the critical dynamic: et = R
of disordered spin systems with frozen point impurities anc 3 34 35
extended defects are discussed in the context of th -~ L TN T
g-expansion in a paper by one of the present authors. b = - e L

Instead of examining the correlation function proper, it 3¢ 37 38 39

IS convenient to StUdy Its vertex part, which in the context OfFIG 1. Diagrammatic representation of the contributions to the vertex func-

the Feynman diagram approach can be written in the thregg,, I'®(k,w)=G"1(k,w) in the three- Ioop approximation. The solid lines

loop approximation as follows: correspond taGo(k,w) = (ro+k?—iw/\y) "1, the solid lines with a circle
correspond toCy(K,w)=2\"1((ry+ k2)2+(w/)\0)2)’1, a four-leg vertex

i X corresponds t@,, and an impurity four-leg vertex—( corresponds to
(2)(k,w;roago,5o,)\o):ro+k2_)\—0_450[)1 8o8(w). P o P ’ - P
n+2 ’ 4(n+2) )
8 —5 9D+ —5— 3 009D 3—1655(D4+ Ds)

TV (k,@;r,g, 8\, ) =Z™T ™ (K, 0;:r 9,90, 50,\o) (4)

2, D

8 2
7 (n+2)(n+8) 3( ) 2(n+2) with the renormalized coupling constamgsand 6, tempera-

= 9 turer, and transport coefficient:
16(n+2) Go=n*"92,9, So=u*"9Z46,
X9050( z D-) T 0 g 0 S
ro:ﬂzzrr, )\071: /.LZZ)\)\il, (5)
39
X o ( 2 D, —646%( 2 D 3) vyhere the scallng.pararr.\etﬁrls introduced so tha:tz)the guan-
i=32 tities reduce to dimensionless form. In Ed), I''“’ corre-

sponds to the reciprocal correlation function of the order pa-
rameterG(k, ), andI'® corresponds to the four-leg vertex
nctionsT{Y and T’ for the coupling constantg and 5,
spectively; the-factors can be found from the requirement
that the renormalized vertex functions be regular, which is
expressed in the normalization conditions

The diagrams corresponding to tBg are depicted in Fig. 1.
The Feynman diagrams contairdimensional integrals with f
respect to momenta and are characterized near the critic?i
point by an ultraviolet divergence at high momektavith

pole singularities. To remove these poles one usually em
ploys a dimensional regularization scheme, which involves
introducing renormalized quantitié® We define the renor- Iar@(k)
malized order parameter gs=Z"Y?¢,. Then the renormal- Z————
ized vertex functions have the generalized form ok

4 _
=1, 2T —o= 1",
k2=0
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TABLE I. Values of the derivatives of the diagrams depicted in Fig)l’:(%+til/)\)|k:0,m:0'
D1/J —1.000 000 DIPAN —-0.032279 D}, J3 —0.666 667
DMAL —-0.130768 Dy J° 0.061515 D,y J3 0.584 625
D4/J? —0.666 667 D¢ J° 0.004 666 D,y J3 —0.092 766
DAL —2.000 000 D;/J® —0.333557 D4y J3 —0.074 202
Di/J? —1.000 000 D;dJ° 0.042 034 D4,/ 33 —0.194 407
Dyl J® —-0.104 778 D;dJ° —2.053 736 D4,/ 38 —2.053736
D433 —-0.032835 [DJAVAN —2.053736 D4y J3 —2.053736
Dy/J° —0.032835 D,/ 33 —1.142 275 D3/ J3 —1.000 000
D4/ J® —-0.519431 D,/ J° —0.396 553 D4gJ3 0.666 667
DiyJ3 —-0.519431 D3y J® —1.142 275 D4gJ3 0.666 667
D /33 —0.276 601 DJAN —0.396 553 D433 —2.053736
D; 38 —0.468 697 D J° —0.396 553 D4gJ3 —0.074 202
Di4J3 —0.032 279 Dy J° 0.226 932 D4y J3 0.000 000
ar'?(k, o) S . S .
TP —o=p*""%, Z—— =2t (® z=3 c¢gd, z,=> digd, ®
' A—iw) |2, 4 i=o if=o

This regularization of the vertex functions can be carried outvhere the unknown expansion coefficieats, b;; , c;;, and

in the three-loop approximation. To this end we write thed;; can be expressed in terms Af;, B;;, C;;, andD;; via
values of the vertex functions in the normalization conditionsthe normalization conditions.

as follows: The next step in the field theoretic approach amounts to
determining the scaling functiong8y(g,9), Bs(9,9),
¥:(9,9), v,(9,9), and y,(g,d) that specify the renormal-

3
(4) = RN
Iy |ki:0 gOiJE:O Aij9o %0’ ization group differential equation for the vertex functions:

3 J N J N J J PN Jd m
I¥lo=0= 8 3 Byad a0, W Paag T Pags Mg TIAGT g Ve
ij=0
; XTM(K, w;r,g,8,\,u)=0.
(2
a = 2 Cijgoi S, For the discussion of the dynamical behavior that follows we
K> K2—o =0 will need only the functiong8y and 35 and the dynamical
5 scaling functiony, determined by the following relation-
o o ships:
FTRPYINY = 2 Dyjgo' 80, ()
=i/, o, 1150 dlngZ dlngz
' 4—d+ B, 2+ Bs 2=0,
where the coefficients are sums of the corresponding dia- 99 96

grams or their derivatives at zero external momenta and fre-

: ) . , dln 6Z aln6Zg
quencies. For instance, the numerical values of the deriva- 4—d+ gy =

5 )
tives of the diagram¢Fig. 1), 7 70
dinz dinz
o= P N=Byg t By ©
e |, J

The explicit form of the functiong, and 8,5 in the four-loop

which comprise the coefficients;; and are obtained as a rgpresentation was obtained by Majesho introduced the
result of applying the calculation method adopted in Ref. 1lcoupling constants and u, related tog and & by v=(n

are listed in Table I, where +8)Jg/6 andu=—16J45. Next we specify the functiong
and vy, :

dq Sy (d d
JZJTN:?F E r 2—5 3 3
(q ) ’BUZU-ZO Bi(jv)vlu]’ ’BUZU-ZO ﬂi(jU)UIUJ!
is the one-loop integral witlsy=279%/(27)T (d/2); T'(x) b= hi=

is the gamma function. We write the expansiorygf &y, Z, 3 o
andz, in powers of the renormalization coupling constamts yxz__z yijo'ul; (10)
and s, =0
3 3 the values of the expansion coefficients for a three-
9029,2 aijgiéj’ 50:5‘2 bijgi5j' dimensional Isiljg modglr(=1) are listed in Tablg II. The
i7=0 ij=0 nature of the critical point for each value nfandd is fully
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TABLE II. Values of the coefficients in the expressions for the scaling M N K L -1
functions. [M,N/K,L]=2 D ao'ul| > D bppPud] .
o i=0j=0 p=0 4=0

(i.)) Bi(,uj) ﬂi(,vj) Vi

The resulting expansion foy, (v,u) in powers ofv andu in

E(l)'g; _11 31/2 70025 the three-loop approximation allows using approximants of
(0:1) 2/3 1 0 the form[1,1/1,1] and[2,2/1,1]. Application of the approxi-
(2,0) —95/216 —185/216 0.053 240 mants[ 1,1/1,7 corresponds to the description of the critical
(1,1) —50/81 —104/81 0.030 862 dynamics of disordered magnetic materials in the two-loop
(0.2) —92/729 —308/729 0.008 400 approximation’> and yields a dynamical exponerz2)
(30) 0.389 922 0.916 667 —004999% =2.169849. Using the approximart®,2/1,1] makes it pos-
(2,1) 0.857 363 2.132996 —0.152 964 . . - T
(1.2) 0.467 388 1.478 058 0,044 167 sible to obtain the exponeatin the form
(0,3) 0.090 448 0.351 069 —0.012 642
au B-1 ) )
z=2+ 74— 7 (Ut aguv + ay4v°)
. . . . 2B2—B+1 1
specified by the stable fixed point{,u*) for the coupling + ————(agu?v+ aguv?) — = | ayu+ = (ayu?
constants, which is fixed by the requirement that the func- B B B
tions B8 vanish, i.e., 1
B,(v* ,u*)=0, By(v*,u*)=0. + aguv + amv?) + E(a5u2v + aguv?) | JFo(1,18),
The order of the quantities* andu* is 4—d, so that the (13

€xpansion seres o andq for the scaling functions are where,Fy(1,1,8) is the confluent hypergeometric function,
asymptotically convergent fl= 3. and

These series are normally summed using the the Pade
Borel method> Numerical analysis of the equations for de- Y20  Y1.0Y30
termining the fixed points and of the stability conditons ~ %17 Y10:  *27 757 T3 T
shows that in contrast to the-expansion of Khmel'nitskf '
and Jayaprakash and Katfor d=3 there is no accidental _Y11 7Yo1Y03 _Yo.2
degeneracy of the fixed pointsat 1. Only two of the four R 3v02 =
fixed points are of interest here: the fixed point for homoge-
neous systemspf #0,u* =0), and the impurity fixed point Y21 Y11¥30_ Y20Y03

dg=—"—— H
(v*#0,u* #0), which specifies new critical properties of > 6 6v20 6702
disordered systems. The impurity fixed point is stable only if
n=1, while forn=2 the presence of disorder related to the o =212 Y11Y03 702¥30
presence of frozen-in impurities is unimportant for critical 6 6702 6720
behavior. The impurity fixed point for the three-dimensional
- . . S _ 730 Y03
Ising model in the three-loop approximation is givenddy B=pBu+tpBv, B1=-— 3y 2= "3
=2.256938 andi* = —0.728168. Y20 Yoz

By plugging the values of the coupling constants at the  Using the values of the coupling constants at the impu-
fixed point into the scaling functiory, (v,u) we can deter- rity fixed point,v* =2.256938 andi* = —0.728168, we ob-
mine the dynamical critical exponent which is the measure tain a dynamical exponent

of the critical retardation of relaxation processes, 3)
Zimp= 2.1653109. (14)

— * *
Z=2+y\(vT,uT). 1D The fact that the difference in the valueszgf,, calculated in

However, the expansion of, (v*,u*) in powers ofv* and the three- and two-loop approximations is small suggests that
u* atd=3 is asymptotically convergent at best, and sum-allowing for higher-order corrections can lead only to negli-
ming the series directly does not yield reasonable values. T8ible changes in this value. At the same time, the calcula-
sum the series one can employ the generalized Fdesl ~ tions in Ref. 13 using ar-expansion in the two-loop ap-
method, which amounts to applying the Borel transformatiorProximation yieldedz{?)=2.336, which justifies the use of

to the series the renormalization group procedure in describing the critical
behavior of dilute magnetic material for the case where
N d=3.
= viui= -t
7a(v,u) ,EJ: vijvd JO e Th(vt,undt, To establish the effect of impurities on dynamical criti-

cal behavior we must compare the valueg édr disordered
and homogeneous systems. As is knd\fluctuation correc-
tions to the mean-field value of the dynamical exponent
z®=2 emerge in homogeneous systems only in the two-
and using the PadeChisholm approximants loop approximation, while in disordered systems the dynami-

_ Yij i
DAY= 20 Gy XY™ (12)
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TABLE Ill. Values of the coefficients in the expressions for the vertex

= 9 0B 0w @ S

Coefficient d=3 d=2
: e w OSSO D
A, 1.222 2222 1.375 0699
As ~1.705 3479 ~2.305 4548 ﬁﬁz/ \9'/ %*_"16/ D
B, 0.005 4869 0.008 4916
B, —0.007 0112 —0.011 6591 m m
Bs 0.010 1430 0.017 9966 \e_/ N
C, 0.009 6865 0.015 2547 o7 2426 270
C, —0.012 6257 —0.021 3740
Cs 0.016 9420 0.035 2450 @ @ @
32-34 37-38

cal effects of scattering of magnetization fluctuations by im- @ @ @ @ @
purities show up by the first-order approximation.

The effectiveness of summation methods for asymptoti- 3940 42-44 46-48

Ca”y convergent series is Iargely determined by the numbel’—:IG 2. Four-loop diagrams contributing to the vertex funcid®(k, ).
of known terms in the series. Therefore, when the summation

methods are applied to the dynamical scaling function, the

accuracy of the three-loop approximation for the exporzent

of a disordered system can only correspond to the four-|ooﬂﬁserting the values of the coefficients listed in Table Il for
approximation fozin a homogeneous spin system. With this d=3 andn=1, we obtain

mind, we calculated_ the d_ynamica_tl critical exponent for ho- ¥,(v)=0.0083992—0.0000453+0.020423%.  (18)
mogeneous three-dimensional spin systems in the four-loop )

approximation. The expressions for the vertex functions infn accordance with Ref. 12,

(7) for homogeneous systems become much simpler, and i, )= — +y2—0.42249%3+0.351069 “— 0.3765275.

the four-loop approximation assume the form (19
r |ki:0=v0+Alvo+szo+A3vo, To calculate the values of the coupling constat at
the fixed point and the dynamical critical exponemtwe
or® 5 5 . used the PadeBorel summation method with the approxi-
K2 =1+Byvot+BavgtBsvo, mants[4/1] and[3/1], respectively. As a result, foil=3
k?=0 andn=1 we obtained
or@ _ (4)
i =1+ Cyv3+Cood+ Cavl, (15 0" =1.4299, Zpe=2.017,
k=0w=0 Comparison of the results revealed a significant difference

wherevy=(n+8)Jgy/6. The values of the coefficients at between the values of the dynamical exporefdr the ho-
n=1 are listed in Table Ill. The four-loop diagrams that mogeneous and disordered Ising models. This makes it pos-
producezx the coefficie; are shown in Fig. 2. Carrying sible to study the effect of impurities on the dynamical criti-
out the calculations, these diagrams split into 4@-fdld cal behavior in a real physical experiment and via Monte
integrals, whose numerical values are listed in Table IV. TaCarlo simulation.
describe the dynamical behavior we require only the func-  Let us compare our value of the dynamical expom%.ﬁt
tions B(v) and vy, (v): with computer simulations of the dynamical critical behavior
of a disordered Ising modéf°In Refs. 14 and 15, critical
dInZyv dIn ZA o . . )
magnetization relaxation was numerically simulated for a
system with dimensions of 4g&nd impurity concentrations
(18 g4<p=1. Janetall” combined the Monte Carlo method
The explicit form of the first function in the six-loop with the dynamical renormalization group method to deter-
approximation was obtained by Baket all?> By consis- mine the dynamical critical exponert The following val-
tently applying the above field theoretic approach, we weraies of the critical exponent were obtained for the homoge-
able to derive an expression for the dynamical scaling funcneous system and two slightly disordered systems with

Bw)=—(4—d)|————| , n(v)=B()

tion y,(v) in the four-loop approximation: =0.95 and 0.8:
vw(v)=—(4-d)v[2(B;—C4)+(3B,—3C,—4A;B; 2(1.0=1.97+0.08, z(0.95=2.19+0.07,
+4A,Cq)v+(4B3—4C3—9A,B,+9A,C, 2(0.8)=2.20+0.08,
+10A§51_10A§01_4A2|31+4A2C1 which are in good agreement with the numerical results.

. , Heuef® obtained the values afby analyzing the asymptotic
—8B;D;+6B1—2C7)v”]. (A7) properties of the dynamical autocorrelation function for a
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TABLE IV. Values of four-loop diagrams.

No. d=3 d=2 No.  d=3 d=2 No.  d=3 d=2

1 0104869 0165307 17 0001108 0004131 33 0002527  0.007 463
2 0004166 0009670 18  0.000923 0003307 34  0.014580  0.029449
3 0008180 0022921 19 0000932 0.003343 35 0039776 0.070254
4 0029674 0059714 20 0019410 0034609 36  0.002378  0.006421
5 0003264 0003943 21 0019189 0034135 37 0004691  0.012723
6 0015354 0010076 22 0004177 0011294 38 0003820  0.007 370
7 0014330 0028777 23 0001928 0004644 39 0011650 0.027311
8 0011627 0016314 24 0000706 0005891 40  0.005377  0.013297
9  -0002506 —0.006853 25 0003421 0010167 41  0.003981  0.007 464
10 0000823 0002744 26 0000862 0003535 42  0.003314  0.010303
11 0003444 0009238 27  0.000551 0002471 43  0.009470  0.023519
12 0003745 0010685 28 0.003898 0011209 44  0.003866 0.010905
13 -0004883 —0012280 29 0001077 0003405 45 0.023730  0.038420
14  -0004883 -0.012280 30 0003815 0011007 46  0.033485 0.062921
15 0007527 00171805 31 0007379 0012666 47  0.007121  0.021633
16 —0005471 -0014199 32 0004177 0009667 48  0.004760  0.011691

system that is in a state of equilibrium and exhibits strongperimental work in which the dynamical critical behavior of
magnetization fluctuations. For instance, it was found that slightly diluted Ising-like magnetic materials is studied.

2(1.0)= 2,095+ 0.008 _ The_ crltlca_l dynamlcs_ of a sllghtl_y dlsordered two-
dimensional Ising model in the relaxation regime does not
for the homogeneous system differ from the dynamics of the homogeneous mddeAn
2(0.95=2.16+0.01, 2(0.9)=2.232+0.004, anaIyS|s of the critical dynamics of the two-dimensional
Ising models shows that the valuesspan a broad range:
2(0.8)=2.38+0.01, 2.08<z=<2.24. For instancez=2.14+0.02 (Ref. 18, 2.13

+0.03 (Ref. 19, 2.076+0.005 (Ref. 20, 2.24+0.04 (Ref.
21), 2.24+0.07 (Ref. 22, and 2.16-0.04 (Ref. 23 in com-
2(0.6)=2.93+0.03 puter simulation;z=2.126 (Ref. 24 in the field theoretic
for a system withp=0.6. Believing that the fixed point of &PProach in the two-loop approximation with the interpola-
the critical behavior of a slightly disordered system, which ision Of the results of the % &- and 4-e-expansions; and

independent of the impurity concentration, is also such a 2-183=0.005(Ref. 23 in the same approach with interpo-

point for any impurity concentration, Hedérestimated the lation of the results of the hlg_h—temperature expansion.
asymptotic value of the dynamical exponento be 2.4 We calculated the dynamical exponerfor a homoge-
+0.1. The value of for a homogeneous system obtained byN€0US two-dimensional Ising model in the four-loop approxi-
Heuet® differs drastically from the results of the field theo- mation in the context of the fleld.theoret'lc approach. The
retic approach, while for a system with=0.95 the agree- corresponding values qf the coefficients in the expressions
ment is unexpectedly good. Our view on the universality 0f(15) for the_vertex functions and _the ngmerlcal values o_f the
the critical behavior of disordered systems has been eXf_our-loop diagrams for the two-dlmen5|_onal model are Il_sted
plained in Refs. 14 and 15, where we proposed separatin'é‘ Table_s Il and IV. As a result we arrived at the following
the universal critical behavior of slightly disordered systemgSxPressions for the scaling functions:
from that of highly disordered systems and hypothesized that
the critical exponents of three-dimensional disordered sys-
tems exhibit stepped universality. _ 2 3 4
The predictions of the theory concerning the effect of ~ A(v)=—v+v°~0.716174"+0.930766
impurities on the dynamical critical behavior of magnetic —1.5823885. (20)
materials (a higher value ofz,,(d=3) compared to the
value ofz,,{d=23)) can be corroborated by several experi- Summing by the PadeBorel method, we found the values of
mental methods: inelastic neutron scatteritise linewidth  the coupling constani* at the fixed point and of:
w,*|T—T|* at q=0 and w,xq* at T=T;), EPR and
NMR (the resonance linewidthA woc|T—T[(d=2F 727, v*=1.8836, z¥(d=2)=2.093.
where 7 is the Fisher exponentmeasurements of the dy-
namic susceptibility in an external high-frequency magnetidVe see that the exponenis at the lower edge of the range
field (y(w)*xw~ ""? at T=T,, wherey is the susceptibility mentioned earlier. The adopted procedure of calculating the
exponen), and ultrasound measuremefiise sound absorp- exponents is assumed to be the most accurate, so that we
tion coefficient a(w)x|T—T, ("2 w?g(w/|T—T,?)  expect the calculated values to be the benchmarks for com-
and the acoustic dispersion C%(w—C2(0)x|T puter simulations of homogeneous systems and to be used in
— T~ (!/|T—T¢*)). Unfortunately, we know of no ex- developing simulation methods for disordered systems.

for slightly disordered systems, and

v\ (v)=0.0270532—0.004184 3+ 0.0221304,
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