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We have analyzed recent results for the electron paramagnetic resonance linewidths,@alnO; and
related materials over the ranges@<1. In all cases studied, the linewidth away from magnetic and structural
transitions can be fitted to the expressforp(T)/x(T)]AH, (), where the first factor is the ratio of the
Curie susceptibilityxo(T) to the measured susceptibility(T) and the second factor is a temperature-
independent constant. Formally exact and approximate expressioasifps(«) are derived. In the case of
LaMnQ;, the linewidth in the distorted Ophase arises from the interplay of crystal fi¢sihgle ion anisot-
ropy and antisymmetri¢Dzialozhinsky-Moriya exchange together with isotropic superexchange. Above the
Jahn-Teller transition to the pseudocubic O phase, the single-ion anisotropy is much weaker and the linewidth
arises primarily from the antisymmetric interactions. Similar behavior is also found in both phases of the
less-distorted, oxygenated material LaMy@ In the case of CaMng) the distortions of the oxygen octahedra
are also small and the antisymmetric interactions are again dominant. In the intermediate regieri,0
AH, () decreases with increasing Cz., Mrf") concentration in contrast to the Curie-Weiss temperature,
which peaks neax=1/3, reflecting the importance of the double-exchange mechanism. It is proposed that the
absence of a signature of the double-exchange interaction in the infinite-temperature linewidth is a conse-
guence of the fact that the time scale associated with the changes in Mn valence arising from double exchange
is too long to affect the decay of the correlation functionAirl, ,(c«c) so that the linewidth is determined
primarily by the superexchange interactions between the Mn [@863-182609)08841-9

[. INTRODUCTION measurements have been carried out in a variety of samples
over a wide temperature range.

In recent years, lanthanum-based manganites with the In the EPR measurements, the parameters of primary in-
general formula La_ ,A,MnOj; and perovskite structure have terest are th@ factors and the linewidths. In the case of the
been extensively studied both for their intrinsic interest andnanganites, thg factors are nearly temperature independent
because of possible applications in magnetic recording. Théexcept possibly very close to ferromagnetic phase transi-
latter comes about because of trossalmagnetoresistance tions) and very nearly equal to the free electron value. In
(CMR) that appears when a fraction of the trivalent lantha-contrast, the linewidths show a wide variety of behaviors
num ions are replaced by divalent impurities such as Ca oflepending on both the temperature and concentration of di-
Sr. The high values for the magnetoresistance are associat¥glent ions. Outside the critical regions associated with the
with mobile e, electrons that introduce ferromagnetic corre-magnetic and structural transitions, however, the temperature
lations between the spins through the mechanism of doubldependence of the linewidths of many of the manganites has
exchangé:® The double-exchange interaction is in addition Peen found to be described by the simple formula
to the conventional superexchange coupling between fixed
(immaobile) spins. It should be noted that similar effects have AH(T)=[xo(T)/x(T)]JAH(x), (1)
also been observed in LaMpQ;.°

In studying the magnetic properties of these materials, iwvhereAH(T) denotes the linewidth at temperatdreyo(T)
is important to investigate the dynamics of the spins as welis the free spin(Curie) susceptibility [ xo(T)=T~*], and
as their static properties, especially because the double«(T) is the measured susceptibility. The symidii(«) is a
exchange mechanism is an intrinsically dynamical procesgemperature-independent constant. Sindd)— xo(T) as
There are two direct experimental probes of spin dynamicsT —, AH (%) is identified with the high-temperature limit
magnetic resonance and inelastic neutron scattering. Whilef the linewidth. AlthoughAH() is temperature indepen-
neutron scattering has provided much information about thelent, it does depend on the concentration of divalent ions and
magnetically ordered phases of the manganites, it has hate structural phase of the material.
limited use in probing the dynamics of the paramagnetic re- In Fig. 1, we summarize the results of recent measure-
gion. In contrast, electron paramagnetic resonati€eR) ments of the peak-to-peak linewidtAH, () in the
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IIl. THEORY
aom T T M T M T T T T T .
L~ ] In order to see how the exchange narrowing comes about,
S I = e N v ] we use a general expression for relaxation rate of the total
_ B ] spin given previously in an analysis of electron paramagnetic
2000 | 4 resonance in systems with unlike spfhk this approach,
) L J which is based on the memory function formalism developed
g o 4 by Mori,° the relaxation rate of the transverge the applied
\8«& field) componentsS* and S~ of the total spin, or I,, is
T 1000 - O given by the expression
500 | - 0 .
1rr2=(s+,s*)*1f0 dte 'eot
0 L n 1 1 i 1 1 n 1
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" -
% Mn™ y ds ds

exdgit(1— P)L](l—P)W,(l— P)W .

FIG. 1. AHpp(®) vs % Mrf* content for various manganite
compounds: () La; _,CaMnOs;, (V) Lag 7751 3Mn0;, and(O) @
LaMnO;, 5. In the case of LaMng the linewidth refers to the

high-temperature O phase. The dashed line is a guide to the eye In this equation, denotes the resonance frequeriys a

projection operator onto the low frequency modesydL is

the Liouville operator with the propert
calcium-doped material La,CaMnO;. In this figure, P property

AH, (=) is plotted against the M content. The value for _ ;

x=8pis the linewidth in the pseudocubic O phase. The A =exiditL JA(0). @
dashed line, drawn as a guide to the eye, shows the overafhe symbol(A,B) denotes the susceptibilitpr Kubo) inner
trend in the variation of the linewidth with M concentra- product defined by

tion. From the figure, it is evident that the valuelofi , (=)

for x=0.33, which corresponds to the highest value of the B

ferromagnetic ordering temperature, is quite close to the val- (A,B)= f d\(e*"Ae B)r— B(A)r(B)r,  (4)
ues in the undoped material, which orders antiferromagneti- 0

cally. For comparison, we also show the valueaéf; ,(«)

where B=1/kT and the angular brackets denote a thermal
for LaMnQO;, s and Lg ;SIp sMnO;. The corresponding nu- A g

average. Except very close to the ferromagnetic transition,

merlcal_values of the I|_neW|dth are given in Table I. where the magnetic properties are strongly affected by the

In this paper, we will analyze anq interpret the data forapplied field, we can usually evaluate E@) in the zero-
AH(e). We will show how Eq.(1) arises naturally from a Celd limit. At the same level of approximation, the projection
co_nS|_derat|0n of the dynamics of the fluctuatlo_ns of the tota perator can be eliminated leaving an expression of the
spin in an exchange-coupled system. We will demonstratg, 8
how the different values aAH() in the O and O phases
reflect the comparative importance of various anisotropy = (dS"(t) dS(0)
mechanisms. We will also show that the valuesAd («) 1/T2~(s+,s—)—1j dt( —) (5a)
for x=0.33 and 0.50 provide limits on the time scale of the 0 dt dt
polaron dynamics associated with tegelectrons. _ _ _ _

The organization of the paper is as follows. Section Il is Since the integrand is an even functiontpthe range of
devoted to an outline of the relevant theory. In Sec. I, weintegration can be extended te, at which point the above
analyze the results for the LaMg@nd CaMnQ, while in  integral can be rewritten as k) ! times the integral of the
Sec. IV, we consider the behavior of L3CaMnO, for 0  thermal average of the symmetrized prod{iB}=3(AB
<x<1. Section V contains a discussion of our findings.  +BA):°

TABLE I. AH,(«) and Curie-Weiss temperature for samples 1 +o ds*(t) dS (0)
with different percentage of M. 2~ m . dt Tdt | dt

Compound % MA" AH,,(*) (G) O (K) (5b)
LaMnOy 0 2600 220 Ref. 10 In the standard Heisenberg picture, the time derivatives in
LaMnO; o4 8 2600 210  Thiswork EQq.(5b) can be expressed in terms of the commutators of the
LaMnOs o7 14 2500 250  This work total spin with the Hamiltonian, i.e[S™,H] and[S™,H]. In
Lag 57Ca 3MnO;4 33 2400 370 Ref. 7 the zero-field limit we can divide the Hamiltonian into iso-
Lag 6:51 3qMNOs5 33 2700 470 Ref. 7 tropic (e.g., Heisenbepgand anisotropic partd s, andH s,
Lag sCay MNnOs; 50 1600 250  This work  respectively. The former, which are assumed to be dominant,
CaMnO, 100 1050 350 Ref 21 and are invariant under simultaneous rotation of all of the spins.

this work As a consequence, the isotropic part of the Hamiltonian com-
mutes withS* andS~, so that Eq(5b) becomes
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1 +20
T I

X({[S" Hanisl (D[ Hanis, S 1(0)})7 - (6)

Here we have identifiedS",S™) with 2x(T),x(T) being %) I
the isothermal, zero-field susceptibility, which we have taken ~ 20 |- o & -
to be isotropic. Consistent with the assumptteg.>H 4, g

the time evolution of the correlation function in E®) is to % ]
be calculated witiH;s, in place ofH. The exchange narrow- 1000 L g
ing comes about becauf8",H i does not commute with . _'_f_
the isotropic part of the Hamiltonian. As a result, the integral
decays rapidly, with a time scale set by the dominant isotro- ol
pic interaction. The EPR linewidth is thus much narrower R
than would be the case if there were no isotropic spin-spin Temperature (K)

interactions and the linewidth was expressed simply as the o
rms anisotropy field. In the Appendix to this paper, we make,_ F'C: 2 Linewidth of LaMn@.; for 5=0 (Oﬁ, and 0.04(+).
the connection between E¢6) and the more familiar form Jahn-Teller transition temperatures between thea@d O phases
for the linewidth that involves the spectral moments of the

line shape function. It should be noted that &9). can a!so Teller transition, where the linewidth decreases, one can in-
be obtained from the self-energy of the Greens function aS¢5r values ofAH (=). In the case of LaMng we have
ppAT/:

sociated with the operato®" andS™. ,
. . ; . .0 AH o(2)=3100 and 2600 G for the ‘Oand O phases,
p.p.
As emphasized in the Introduction, the EPR lmew'dthrespectivel 19 In contrast, in the case of LaMn@,

varies ag Tx(T)] ! over a wide temperature range. From . .
Eq. (6), it is evident that such behavior will arise when theAHp-p-(oo) is approximately the same for both phases and

) . ) ; . similar to the value found for the O phase in LaMpO
integral of the symmetrized correlation function appearing in
Eq. (6) is approximately temperature independent. This will
happen if a majority of the eigenstatesthf, which contrib-
ute significantly to the integral all have energies that are Our analysis is based on a calculation of the spectral mo-
much less tharkT. Assuming this to be the case, we canmentsM, appearing in the expression farH,,(«) dis-
express the parametdrH (=) appearing in Eq(1) directly  played in Eq.(8). As noted elsewher¥, the dipolar interac-

in terms of the integral. Noting that the peak-to-peak line-tion contributes only a few gauss to the linewidth. As a

are indicated.

A. Calculation of the moments

width is equal to (28394 (gugT,) ~*, we have result, it is necessary to analyze other contributions, particu-
larly those expected to be sensitive to the structural changes;
AH. () f+wdt as discussed in Ref. 10, these are the crystal field and anti-

p-p: 2V3gugkCh J = symmetric exchange interactions. In the following, we

present the expressions fok, andM, for both interactions.
X <{[S+vHanis](t)[HaniSvsi](o)}%c ’ (7)

whereC denotes the Curie constafite., xo(T)=C/T] and _ o .
the integral is to be evaluated in the high-temperature limit, "€ noncubic component of the crystal field interaction
In the Appendix, an approximate expression forbetween a Mn ion and its oxygen neighbors can be repre-

AH, (=), based on the moments of the line shape functiorsented by the second-order effective Hamiltonian

1. Crystal field

M, , is obtained by approximating the integral in E@) by A2 2 2
a Gaussian. We have Her=—DS,+E(S—S). )
AHp ()= (2W3)(hIgugT,) In the quasicubic local environment of the Mn ions found

in the orthorhombic structure of LaMn,,505 and the high-

=273 YA filgug)(M,)32/(M)Y2  (8)  temperature O phase of LaMBQ;, Hcr is expected to be
small, so we takd® =E=0. In the case of the Jahn-Teller-
distorted structure of LaMnQ s (O’ phasg, a simplified
picture follows by takinge =0, which is strictly valid when
the oxygen octahedra hawg,, symmetry, i.e., elongated

IIl. LaMnO 5 and CaMnO; with 1>m=s or oblate withl = m>s, wherel,m, ands refer
In this section, we analyze the EPR linewidth in both to the long, medium, and short Mn-O distances, respectively.

LaMnO, and CaMnQ. In Fig. 2, we display the linewidth as The distortion in the O phase can be characterized by a
a function of temperature for LaMnOand LaMnQ g, series of octahedra elongated alternately alongatlzad c

Shown on the graph are the temperatdFgsassociated with axes(orbital ordering.'? In this case, the total Hamiltonian
the Jahn-Teller(JT) transition from the low-temperature MaY e written as

In the following section, we will make use of E@8) to
analyze the linewidth in LaMn@and CaMnQ.

orthorhombic O to the high-temperature pseudo cubic O N/2 N/2
phase. By excluding data near the antiferromagnetic transi- Hoee= —D 2 _pS g2 10
tion, where the linewidth diverges, and just below the Jahn- cF izl Sy 12’1 20) (109
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where the indices andj represent alternate sites in tfex) V=8J2 +8J2
. ac b-
planes. Here we follow the notation of Ref. 13 for tAema
structure. Solovyevet all’ have made theoretical estimates of the

We have calculated, and M, assuming an isotropic ~contributions toDpyjx . Although different, all the values
Heisenberg exchange interaction between Mn ions on kitesobtained had the same order of magnitude. Thus, without
andl, i.e.,Hg,= —23,JuSc- S - In general, we may distin- losing generality, we may assume a common magnitude
guish two different exchange constantst,. describing the Dpy=|Dpuy| for all of them. In this case, the moments are
nearest-neighbor interaction within tae plane andl,,, the  given by
interplane nearest-neighbor interaction. The expressions ob-

tained are dependent on the relative orientation of the radio- M,~16[(2/9)S(S+1)]D3y, (143

frequency fieldh;, with respect to the crystal axes. Both

moments are isotropic whem is in the (ac) plane, and the M ,~464 (2/9)S(S+1)1?D3,,((I?)), (14b)

angular variation wheh; has a component along theaxis

is given by ! where((J?)) = (312 .+ 11402+ 400, J,,) 1464,
M,=(4S?+4S—3)D?(1+cog 6)/10, (11a B. Data analysis

_ ) ) We have analyzed thaH, (=) data for LaMnQ and

M ,=(24/5S(S+ 1)(4S%+4S—3)(1+cog 6)(J?), CaMnQ; displayed in Table | and have compared our values
(11b with the results of moment calculations based on experimen-

where(J%)=(2J2.+J2)/3 and# is the angle betweel, and tal values for the isotropic exchange interactions and esti-

theb axis. For a powder sample, we assume an average valiBates for the crystal field and DM parameters.
(1+cog 6)=4/3. For LaMnQ, all Mn ions are in a trivalent state arsl
=2. Using EQq.(8), one obtains the result
2. Antisymmetric exchange (Dzialozhinsky-Moriya interaction)
. . _— : gusAHp () =(27/3)"42.8D*
Antisymmetric contributions to the superexchange inter-

action between Mn ions are allowed when the oxygen ions +21.D3,,)%%(806.D%(J?)
that mediate the interaction occupy crystal sites that lack 5 1
inversion symmetry**° The tilting of the oxygen octahedra +824.Dp((I)) ™ (15

present in most perovsk|te_s _sh|fts_ the ap|cal_0xyge_n aWa¥ssuming additivity of the contributions to the moments from
from the [010] axis, thus giving rise to a Dzialozhinsky- e crystal field and DM interactions. As noted in Table I,
Moriya (DM) coupling between théac) planes. The JT dis- 5 () =3100 and 2600 G have been reported for the O
tortions within the(ac) planes give rise to additional contri- andpg phases, respectivéfiLikewise, sets of values fat
butions to the D.M c_oupling iU t_he Ophgse .Of LaMn@; 5. and J, have a{Iso been determined’. AboVg; (O phas%ac,
A general Hamiltonian for this interaction is LaMnO; has ferromagnetic nearest-neighbor interactions
with J,.=J,=9.6 K. Below T;; (O’ phase, the interplane
HDM:_E Dowmjk- (SX S). (12) exchange becomes antiferromagnetic dpd=6.6 K andJy,
i<k =—4.4K. From a neutron-scattering experiment at 4.2 K,
Moussaet al!® have inferred the valuB =1.92 K for the O
phase. As mentioned, we may assubre 0 for the O phase,
where the Mn-O distances are approximately edtialsing
Eqg. (15, we may then derive values f@p,,. We obtain
_ 2 2 2 Dpu=0.73K for T<T;r and Dpy=0.82K for T>Tj7.
M= (2/9)S(S+1)[4(Dpyx+ Dpmy+Dowmz) These results suggest that the antisymmetric exchange re-
2 2 mains essentially constant through the JT transition. This be-
*2(Dowrct Dowr2) ] (133 havior is compatible with the origin of the interactions being
the tilting of the octahedra, which has been found to be
present in both phas¢ge=15.2° at 573 K andp=13.6° at
) +VDpmxDowmrxls 798 K (Ref. 19]. ) . .
For CaMnQ, the symmetry is als®@nmauwith very little
(13b  distortion of the oxygen octahedra and a tilting aRrYle
=13.6° at 300 K, similar to the values found in LaMnO
We may then compare the measured linewitithH , , (=)
=1050 G with that obtained for LaMn{n the pseudocubic
O phase. If we assume the same valu®gf, in both com-

Following the calculations of Castner and Seefirae
derived expressions appropriate to fPremastructure of our
samples. For a homogeneous powder, we obtained

M ,= (4/81)S?(S+1)2[P(D3,,, + DZDMy)

2 2 2
+QDpm,+ R(Dpyx T Do,

whereDpyy, Dpmy, andDpy, refer to the components of
the intraplane interaction)py, and Dpy, to the inter-
plane interactions, and

P:983§C+ 12J§+8Jao]ba _pounds_ an(_j neglect any con_tribution from _the cr_ysta_ll field
interaction in CaMn@, the ratio of the linewidths is given
Q=822+ 1212+8J,.Jy, by

AH () IAH, (%) (mo=0.793 mo /I ,
R:12J§c+35~]§+8']ac']br p.p(®)cemo p.p(®) LMo 9Jimo /Iewmol
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v fected by double exchange. When this happens, the decay of
500 oy T T T the correlation function will be determined primarily by the
v superexchange interaction between the Mn ions.
In the preceding section, we inferred comparable values
400 - 7 for the magnitudes of the nearest-neighbor superexchange
o a interactions in CaMng{16K) and in the O phase of
LaMnO; (9.6K). Using the “rule of thumb” approxima-
tion that the magnitude of the superexchange interaction be-
o ] tween different spin species in the mixed system is the geo-
o o metric mean of the magnitudes of the superexchange
200 T interactions of the two components, we estimate that the
magnitude of the M# -Mn*" interaction is approximately
I , L 12 K. With these values of the interactions in the second and
0 20 40 60 80 100 fourth moments, together with the assumption that the DM
% Mn** interaction does not change significantly with increasing Ca
. . concentration, we obtain a variation ihH, ,() that is
FIG. 3. ©cy vs % Mrf" content for various manganite com- qualitatively consistent with the data displayed in Fig. 1.
pounds: () La,_,CaMnOs, (V) Lag7:Sl3Mn0; and (O) We can use the equations in the Appendix, together with
LaMnO;. 5. In the case of LaMn@ the linewidth refers to the  the results of the data analysis in Sec. Ill, to obtain an esti-
high-temperature O phase. mate of the characteristic time associated with the decay of
o ) ) . the correlation function imMAH, (). In the Gaussian ap-
for Mn** (S=3/2). _ [—(M4/2M,)t?] so that a measure of the characteristic time
CaMnQ; orders as aG-type antiferromagnét at Ty is provided by the ratio (®1,/M,)*2 Using the values of
=125K. The Curie-Weiss temperature, determined USinghe moments appropriate to the high_temperature 0O phase’
the data from Ref. 23, corrected for the Van Vleck contribu-ye gptain the result (&,/M,)°~0.20~2%x10 3s. As a
tion to the susceptibility; is ®cyw~350K. The difference consequence, we infer that any charge motion over a time

between® ¢\, andTy suggests that second-neighbor interac-interval on the order of 101s is not extensive enough to
tions need to be taken into account as in the case oOffect the decay of the correlation function.

LaMnO,.1" In a mean-field approximation, we derivaé
=-16(2)K and J@=—-4(1)K for nearest and second
neighbors, respectively. Using this value 3t for Jeygo in V. DISCUSSION

Eqg. (16), we obtained a ratio of 0.47, in excellent agreement There are a number of comments to be made about the

Ocw (K)
g

with the experimental ratio 0.40. analysis of the preceding sections. First, we emphasize that
the temperature dependence found for the linewidth,
V. Lal_xcaanO3: O<x<1l AHpp(T)%[Xo(T)/X(T)]AHpp(oc), doeS not h0|d |n the

vicinity of a strongly distortive Jahn-Teller transition or &s

As shown in Fig. 1,AH, () for La; ,CaMnO; de-  approaches a magnetic ordering transition. This is seen ex-
creases with increasing calciufie., Mrf*) concentration. plicitly in Fig. 2 for both types of transitions. In the case of
The behavior ofAH, ,() in the intermediate regionOx  the Jahn-Teller transition, the anomalous behavior of the
<1 is in contrast to the variation of the Curie-Weigx linewidth reflects the decrease in the crystal field anisotropy
paramagnetic Curjeemperaturéd . As is shown in Fig. asT,yis approached from the low-temperature side. Such an
3, with data listed in Table |, the Curie-Weiss temperatureinterpretation is also consistent with the observation that the
has a peak in the neighborhood»of 1/3, which is the con- oxygenated sample LaMn@, shows a much weaker effect.
centration associated with the highest Curie temperature. It iShis behavior is explained by the fact that the oxygen octa-
well established that the maxima @\, and the Curie tem- hedra in the O phase of LaMn@, are less distorted than in
perature are a consequence of the double-exchange mechbhe O phase of the stoichiometric compound. As a result,
nism. The question then arises as to why the doublethe linewidth belowT;; is dominated by the contribution
exchange mechanism does not have a similarly pronouncefdom the Dzialozhinsky-Moriya interaction, which remains
effect onAH, (). approximately constant through the transition. The increase

The most likely explanation for the apparent absence oin the linewidth in both samples below 200 K is an example
the influence of the double exchange®H , ,(~) liesinthe  of critical broadening® The correlation function appearing
nature of the double-exchange mechanism itself. In the paran the expression for the linewidth that is displayed in Ej.
magnetic phase, the double exchange arises from the hogrows in magnitude and decays more slowlyTas Ty, the
ping of theey electron and its associated lattice distortionordering temperature associated with the canted antiferro-
(or, equivalently, the hopping of thes; Jahn-Teller magnetic state.
polarorf®) between Mn ions. As is made clear in E), It is evident that in analyzing the temperature dependence
AH, () involves the time integral of the correlation func- of the EPR linewidth, one should remove the effects of the
tion of [S*, H,nid. If the correlation function decays rapidly thermodynamic factor[Tx(T)] ! by considering not
in comparison with the time scale for significant charge re-AH(T) alone, but rather the produiy(T)AH(T).?’ If this
distribution, then, to a first approximation, it will be unaf- is not done, one can be led to premature conclusions about
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the origin of the linewidth. In the case of the manganitesbased on moments of the line shape funcfibif.The start-
with x~1/3, the rapid decrease of the susceptibility abovang point is Eqg.(5a). The first step in the calculation is to
the ordering temperature results in quasilinear behavior iperform a Taylor series expansion of the integrand, i.e.,
AH(T), a characteristic that was originally interpreted as
indicating a spin-phonon mechanism for the linewitftr° dS"(t) dsS (0)

The analysis of the linewidths in LaMn@nd CaMnQ is dt ' dt
relatively straightforward in that conventional techniques
based on spectral moments can be utilized to calculate N E d3_5+ di
AH (). The main complication is to sort out the contri- 20 dt?  dt
butions from the crystal field and Dzialozhinsky-Moriya in-
teractions. The same cannot be said for the analysis of the The various terms on the right-hand side of E41) are
linewidth of La /Ca3MnO;z. Here the surprise is that directly related to the moments of the normalized line shape
while the double-exchange mechanism makes a significaftinction f(w), defined by
contribution tox(T), it does not seem to have an important
effect onAH, ,(). We attributed the apparent lack of an 1 T itres B
effect to the rapid decay of the correlation function appearing (@)= 27575 fo dte™'(S7(1),57(0)).
in Eq. (7). According to our interpretation, the distribution of ' (A2)
Mn®* and Mrf* ions appears “frozen” on the time scale of
10 s, which characterizes the decay of the correlatiorDenoting these moments ,,, whereM, is expressed as
function. As a consequence, the spin dynamics is similar to
that of a static random mixture of the two types of ions. +oo N

It is evident that further studies are needed to test this Mn:J:w do o"f(w), (A3)
hypothesis. If feasible, measurements of the EPR linewidth
in double-exchange systems that have metalliclike conduahe right-hand side of EQA1) becomes
tivity in the paramagnetic phase could reveal the influence of
the charge dynamics oAH, (=) if the change in valence t2 t4
took place on a time scale that was short in comparison with (S+,S){ Ma= 5 Mgt 77 Me=---1, (Ad)
the exchange frequencies associated with the superexchange '
interaction. where we have made use of the results that the odd moments

vanish since the integrand in E@\2) is an even function of
ACKNOWLEDGMENTS t so thatf becomes an even function ef

A simple approximation is obtained by assuming that the

ds" ds” . d?st ds .
dt ' dt dt® ' dt
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APPENDIX 1/T2: \/g(MZ)3/2(M4)1/2, (AS)

In this appendix, we establish the connection between the
linewidth calculation outlined in Sec. Il and the analysisin agreement with the results of Ref. 32.
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