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Well defined ferromagnetic spin waves were observed when the spin dynamicsMrfi,Oi;, the first
pyrochlore compound found to exhibit colossal magnetoresistance, was me@sWedynnet al, Phys. Rev.
Lett. 80, 4582(1998)], in stark contrast to the experimental results on the larger family of magnetoresistive
manganites with perovskite structure. In this work, we present our calculation for the spin wavgdimd,
which we described using the microscopic generic model proposed recently for this conj@oun®lentura
and M. A. Gusmao, Phys. Rev. B5, 14422 (2002]. We have employed a canonical transformation to
determine perturbatively the effective spin-wave Hamiltonian, obtaining therefrom the renormalization of the
ferromagnetic spin waves related to the localized*Mspins, due to their coupling with the conduction
electrons present. We have calculated the magnon dispersion relations along different paths in the first Brillouin
zone, comparing them with those which are obtained for an ideal isotropic ferromagnet. This comparison
evidences an agreement between the ferromagnetic magnons obtained from the generic model and the bare spin
waves, providing a simple explanation for the neutron scattering results.
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I. INTRODUCTION put into serious question if a common underlying mechanism

During the 8 years passed since the first discovery of cofor CMR could be present for perovskites and the pyro-
lossal magnetoresistan¢EMR) in a manganite compound chlores, where transport and magnetism seem to be primarily
with pyrochlore crystal structure, Mn,O,,22 increasing related to different electronic orbitals? coupled by hybrid-
evidence has been found of the many differences in physicatation. A series of theoretical proposals have been put for-
properties with respect to the much better known family ofward and explored in connection with these results in
CMR Mn-perovskited. Starting from the different crystal pyrochlores:®!8 In particular, the first microscopic model
structures, which in the pyrochlore case includes a tetrahestudied for T}Mn,O,; was an intermediate valence model
dral (instead of cubigarray of the MnQ octahedra, with the (IVM) (Ref. 15 based on the suggestibaf the possibility
possibility of the presence of magnetic frustration effectsof the presence of a smalk~0.01, related to the small
Also the larger bend in the Mn-O-Mn bond angdlE33° vs  number of carriensamount of internal doping of the type
170° in perovskiteswould tend to reduce the magnitude of TlngTI§+Mn‘2‘ﬁan§+O7. The IVM (Ref. 15 proved useful
any antiferromagneti¢AF) superexchange couplifigThe  for the description of the main magnetotransport measured
lack of Jahn-Teller distortions in the pyrochlores rules outcharacteristics and the initially puzzling Hall data. This was
the presence of MW,135 and therefore of the double- done through the temperature- and magnetic field-dependent
exchange mechanism proposed in connection with the perowhanges of the electronic structure, which in the ferromag-
skite Mn oxides. Another difference lies in the small spin-netic phase exhibited common features with the available
lattice correlation found in pyrochlores, where no abruptband structure calculatiod®?°including hybridization gaps
changes in the lattice parameters appear near the critical terim all bands except for the minority-spin carrier band. In the
perature T,~ 125 K (Refs. 1-3] being the Mn@ octahedra paramagnetic phase, all bands had developed spin-
almost temperature-independent while only varyingindependent gaps and the reduction in the number of effec-
smoothly their tilting angles inside the structdré large tive carriers could be explained placing the Fermi level
difference has been found early on, regarding the numbers afightly above the hybridization gdp Later, a generic model
carriers: while CMR in perovskites is found to be optimal for for TI,Mn,O, (Ref. 18 was put forward to explore a whole
about 30% doping, Hall experiments in,Mn,O; (Refs. 3 set of other proposals suggested for this
and 6 indicated only about T§—10° conduction electrons compound-3716.21.17This model includes a band of itinerant
per formula unit(with a one-third reduction abovE,). No  carriers hybridized with other strongly correlated electronic
anomalous Hall contribution is present in the pyrochloresorbitals. These appear forming a lattice of Mhocal mag-

We can also mention the opposite behaviorTgfupon the netic moments, as well as occupying a narrow band, coupled
application of pressuré® decreasing in the pyrochlores through a strong Hund interactidhA superexchange inter-
(even with a reversal of tendency at high pressures action between the M spins is also included. The elec-

The large amount of experimental evidence gathered, intronic structure was shown to share the main features of that
cluding also studies of compounds where the different comebtained previously with the IVM modé?, when using ap-
ponents of TIMn,O, have been doped by substitutidf;’*  propriate sets of parametéfs.
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In the present work, we address the problem of the StUd)&s:Vl(t):hS(t), which by direct integration yields:
of the spin excitations in FMn,0,, which were also found

to be in stark contrast to those observed in perovskite man-
ganites when measured in neutron scattering experiniénts. S=S(t=0) =lim lf dxVi(x). (4)
The excitations observed in ;NIn,O; are magnons charac- t-0 1

teristic of a soft three-dimensional isotropic ferromagnet,
softening at higher temperatures and appearing to collapse &sfollows that the effective Hamiltonian is quadratic in the
the critical temperature is approached, being the ferromagperturbation. The results so obtained are expected to be reli-
netic transition driven by thermal population of conventionalable provided terms iv® are negligible with respect thl,

spin waves. Here, we have calculated the spin wave dispebut, as is often the case, we shall find that their validity range
sion relations for TAMn,O; along different trajectories in the actually extends quite far beyond.

first Brillouin zone(BZ), using the generic modélwith pa- For the present problem, we consider the generic model
rameters in the ranges found useful before for the descriptiorecently proposéd to describe TIMn,O,, which includes

of the compound, assuming a ferromagnetic superexchanggund and superexchange couplings as well as hybridization
interaction to be present. In Sec. Il an outline is given of theeffects. Two kinds of electronic orbitals are present, as
method we have used to calculate the magnons in the genefigidely believed to be the case: one, directly related to the
model; basically, we employed a canonical transformation tgnagnetism of the compound, involving localized ¥Mmo-
determine perturbatively the renormalization of the ferro-ments and a narrow band strongly Hund-coupled to them.
magnetic spin waves related to the Miiocal moments, by  The other, corresponding to more extended electronic orbit-
their Hund coupling with the conduction electrons. In Sec.als, is related to the carriers which hybridize with the narrow
I1l, the general analytical expressions obtained in the previband. A superexchange coupling between the localized spins
ous section are evaluated for the specific case s¥ii}O,. is also present. The Hamiltonigreads:

A complete presentation and discussion of our results is in-

cluded. A comparison of the renormalized spin waves ob- H=Hc+Hg+Het+ Hs, (5)
tained from the generic model with the bare magnons, chak;here

acteristic of a three-dimensional isotropic ferromagnet and

alike to those measured in the available neutron scattering H.= _tcz (CiT(er(r+ H.c) ‘ME CiT(rCim

experimentg? evidences a good agreement. The generic (ijyo i

model is shown to provide a simple explanation for the ap-

pearance of plain ferromagnetic Heisenberg-type magnons in Hy= -t S (diTadjo-+ He)+(eg— ) S diTUdia"

t

—o0

the experiments. In Sec. IV a summary of our study and its (Do

conclusions are included, together with suggestions for new

experiments which could test some of our predictions for _ + +
other yet unexplored cases. Hog = tcd% (CigGio * diCio).

io

Il. EFFECTIVE SPIN-WAVE HAMILTONIAN Hs= —JHE S -59- JSZ S -S;. (6)
FOR TI,Mn,0, i ()

We will begin by outlining our general scheme of calcu- HereH, d_escribes the band associdtei the_weakly corre-

lation. The Hamiltonian as usual is split into noninteracting/at€d carriers present in ;JNn,O,, characterized by a hop-

(Ho) and interactingV) terms: ping parametet, between nearest neighbors, and creation
operators!_for electrons with spinr in the respective Wan-
H=Hy+V. (1)  nier orbital centered on site Hy describes the narrow band

associated to the strongly correlated orbitdlgjith hopping
ty(<ty), and creation operatod;{, for electrons with spinr
H=dSHe S, =g 2) in the Wannier orbital of_energyd (\_/vi_th respect tq the center
of the ¢ bande.=0) localized on sité. The chemical poten-
DevelopingH to second order of perturbations we arrive attial of the system is denoted hy, and is determined by the

Next we apply a unitary transformation yielding:

the following effective Hamiltonian: total electronic fillingn. The hybridizationH.q betweenc
. andd electron bands is assumed to be lo¢#d.denotes the
St - l in Hamiltonian, which includes the Hurdr Kondo-type
T H@ =y 4L + spin , yp
H~H Ho Z[S'V] oS, ® coupling, measured by, between a local magnetic moment

S, of magnitudeM =3/2 associated with a M¥i ion at sitei,
and the itinerant spis=1/2 denoted bysfd), corresponding
to thed electron orbitals related to Mgnybridized with Q in

whereS obeys:V+i[S,Hy]=0. This constraint is now used
to determine the appropriate canonical transformation, i.e
operatorSin this case. It is convenient to use the interaction-l-l M 18 - . : ;

. e _- . »,Mn,0,.*® A Heisenberg exchange term is also included in
representatior,(t) = e"o"* Oe"o'™), where the time evo- spin Hamiltonian to allow for the superexchange cou-

lution of operators is given byinO,(t)=[O,(t),Ho]. The  pling, measured by, effective between the local moments
constraint can then be rewritten in interaction representationf nearest neighbor M ions.
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Given this Hamiltonian5) we identify H, as follows:

Ho = HS+ HS,

t
:| qu'dQO'

0= > { 5c(Q)C;vao + [Ed(q)

q,0
+
+th(chr qzr dqaCQG)}

- 2 [EQ(J’ qaaqu + Eg(rﬁqaﬂqa]! (7)
where the bare tight binding energies reag(q)=

-t, 27,79 (with y=c,d, anda, denoting the vectors con-
necting a site with itz nearest neighboyswhile we have
introduced the electronic eigenbands:

£F = e(q) +€(Q) F V(e(q) —E(q))* + 42
Qo 2 ’
(TJHM

2 s

, t
COS7gy SN 7ge ) (aqg)
= sin7g, COS7g,/ \Bh,

€(q) = |:€d(q (8)

(&)

9

with
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erators asS=(S',S , ) =(v2Mb,, V2Mb/,M-bby), at low
temperatures. The superexchange terrigis then rewrit-
ten as

JMZzN

Ho=-
0 2

+ 2, wgbiby, (10

q
wherewy is the bare ferromagnetic magnon energy on a lat-
tice of N sites.

On the other handy is then identified as the Hund term
of the Hamiltonian, that is

v=- J@ [§5+3(sS+55)]=

V,+V,,

(11)
where the longitudinalV,) and transversalV,,) terms, re-
spectively, are
J
V,=-"H 2( ng - ng) + -0 I > o dl,doigeblibicp,

2N kpgo

12

M
‘]H _E (dETdk+ql bg + dIIidk+qu—q) . (13)
VoNeg

Here we employ the usual notation for Fermi number opera-
tors:nY, =y . % in this case withy=d.

To avoid divergences in E@4), we have redefinetig by
incorporating the first term ol/, as a correction to the

tan(27,,) = 2eq d-band energies, and continued working with the following
7 e(q) - E5(q) effective interaction:
We have assumed a ferromagnetic superexchange interac- V' =V, +Vy,, (19
tion, consistently with the experimental neutron scattering
dat&? indicating spin excitations characteristic of an isotro- ,_Jn S od d. bl
pic ferromagnet and with previous theoretical wéfk8 Us- V= 2N, 0 UkgUp+qolgDk-p- (19
ing the Holstein-Primakoff transformation the local moments pae
are expressed in terms of bosonic ferromagnetic magnon op- By usingV’ in Eq. (4), we obtain
|
S=§ +8S,, (16)
§=- iJn 5 { ak(,amq(, COS 7y COS Tpage Bl Borae SIN My SIN T . b Bprao COS My SIN Ty
2Nicpao = Bpeqo ¥ 0~ @p B~ Epraot @q~ 0kp B~ Epige* 09~ @kp
sin 7, COS
+ Bka’ﬁalﬁqaa ko np+qa':| bTbk_ (17)
Elo ~ Eprge T @q ~ @kp

Bmﬁmql Sin 7, SiN 74q Ly

T .
@ Birq) COS 7t SIN yrq)

LY { Qg V) COS 7y COS Mg

S(y_ i\/ﬁ kq

Ek+ql + (l)q Ea

- E/k3+qi t g

t .
Bkllgk+qT sin 7 sin Mkral , @ Bieqr COST SN Mgy

"
Bkw @rq) SIN 77 COS rq) ] bl + { Qy| Xrqr COS 7| COS Tyrgy

Ef — Eeq * g Bl = Biear ~

,3|< | Q) SIN 77| COS Myergy ] b
_q-

EX ~ Birqr ~ g

W—q

E Ek+qT W—q EIZ_EﬁqT_“’-q

(18
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Using Eq.(3), through a rather lengthy calculation we ¢
have obtained the following second order effective spin- 55|
wave Hamiltonian, after projection onto the fermion ground
state|Wg): ?

25
(19 = s

Fig\)/ = <WF|H<2)|\PF> = const. +2 Z{;qbgbq.
q

15 F

It is interesting to notice that this Hamiltonian is directly
diagonal in the original bare magnon operators, due to the
fact that the projection onto states with fixed numbers,Qf
and B,,-electrons turns out to eliminate any nondiagonal \
contributions. The renormalization of the magnon energies, o DN NS
originating from the coupling of the local Mh moments
with the itinerant electrons, has contributions due to both the
longitudinal and the transverse parts of the Hund coupling
term. Specifically, we have obtained the following “dressed”
spin wave energies:

Thy

05

>
L
e
>

5 L L L L
0 g1 X(=g2) M(=03) g4 0 Y M g5 L(=96) q7 0 z

FIG. 1. Spin wave dispersion relations along eight trajectories in
the s.c. first Brillouin zone: bare ferromagnetic magneudid line)

vs dressed magnons calculatgabinty. Energies in units ot;
origin: e.=0. Other parameters of the generic model foiMi,0:
€3=-0.7;13=0.1; t.4=0.3; n=1.07; J5=0.2; J4=-0.9. BZ points:
0=I'=(0,0,0, X=(=/a,0,0, Y=(0,w/a,0), Z=(0,0,7/a), M
=(m/a,w/a,0), andL=(x/a,n/a,w/a).

(20)

J2M
Z)q: q+mt(Q)+< ) |(CI)

where the transverse renormalization fact@y) could be
viewed as describing virtual one-electron scattering pro-
cesses with the creation or absorption of one magnon, deag spin excitations with the available experimental restits.
pending on the detailed filling of the different bare electron To evaluate the spin wave energies according to Egs.
spin subbands, and reads (20)«22), we need to perform sums over the first Brillouin
zone (BZ) of the crystal lattice. Here we have adopted a
simplification, assuming the lattice to be a simple cubic one,
as already done previousi¥}8 since the effect of the de-
tailed lattice structure is not central to the present discussion
as we are studying ferromagnetic spin waves and considering
a ferromagnetic superexchange interaction. This makes frus-
tration effects due to the pyrochlore structure irrelevant.
With this simplification, the bare magnon energies are
given by

t(q) = 2 |:(nkT nk+ql)cos’Z Ys cos Tk+ql
Bl ~ Biira * g

(nkT nk+ql)S|nZ M SIN 7erq)
E Ek+ql + g

(nkT nk+ql)C0§ 7 Sin? T+l
E Ekﬂ| | T g

(nkT nk+ql)S|n2 Tk cos Ttq)
E EkJrql + wy

wq=2JsM[(1 - cosq,a) + (1 - cosqgya) + (1 - cosg,a)],
(23

(21)

The longitudinal magnon renormalization factég), on the  wherea is the lattice parameter.

other hand, involves virtual one electron-one magnon scat- To perform the BZ summations on the simple cubic lattice
tering processes, also depending on the detailed electrame have used the Chadi-Cohen proc&géWe noticed that
band fillings, and is given by to obtain dressed magnons with the appropriate symmetry of
the lattice, it was not enough to use the basic wave vector set

Q= o Nko(1 _“g+qu)0052 Tk COS Mprge of the first BZ octant but that we needed to extend this set to
Kp.o >~ Eprgo T g~ @kp the full first Brillouin zone, through the appyscanon of all the
f(l v )sz T ST (48) symmetry operations qf th®y, groups We already _
o ptdo ko TTp+qo found good convergence using the third order of the Chadi-
El,— Eb o+ @g— ®cp Cohen BZ summation proce¥s?*
o (q _ 2 i In Fig. 1 we show the bare isotropic ferromagnetic mag-
+ Mo np+q,,)co ko SIT Tprgo non energies along eight paths in the s.c. first BZ at tempera-
ko E€+qg+ Wq ~ Wy ture T=100 K, which would correspond to the results of the
: neutron scattering measuremefftRegarding the dressed
n""(l 3 np+q(,)sm2 o COS "Tprqo (22) magnon energies, evaluated as described in the previous sec-
Elr ~ Eprgo T @q~ @p tion, the general trend is that the interaction of the local

moments with the conduction electrons causes a softening of
the ferromagnetic spin waves. The amplitude of the effect is
however very small, consistently with the experimental
In this section we apply the general analytical results dedata?? Of the two contributions to the renormalization, the
scribed above to the case obWIn,O,, comparing the result- longitudinal ondEq. (22)] is almost negligible, being at least

I1l. NUMERICAL RESULTS AND DISCUSSION
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8 . . - . . . . proportional to the magnitude of the coupling of the mag-

nons and conduction electrons, as expected. Since the mag-

non renormalization curves obtained for the different wave

vectors sampled always appear in the same relative order, in
the following we exhibit only those corresponding to the

2} 1 obtention of the maximunlabel g, in Fig. 1) and the mini-

) mum (gg) value of renormalization. In Fig.(B), the ratio of

the renormalized spin wave energy relative to its bare value

is plotted versus the ferromagnetic superexchahkgshow-

ing an opposite trend to that of Fig(a3. This can be easily

Eftc]

4l | understood. As the magnitude 8f grows with respect to
that of Jg, the local moment system interacts more strongly

] 1 with the itinerant electrons and the corresponding magnon
energy acquires a larger renormalization. Converselyg if

T x m o v w1 oz grows with respect tdy, the electronic effect on the mag-

o ) ) ) nons decreases, because the exchange energy now has the
FIG. 2. Bare electronic spin subband dispersion relations, alongnain role in determining the spin wave energy.

eight trajectories in the s.c. first Brillouin zor€,; (solid line); E,, Next, we address the effects of varying the electronic
(long dasheg Epg; (short dashes Eg (dotted. Fermi level:w/tc  pand parameters. Figuréc shows that the relative band-
=-1.47(horizontal ling. BZ points and parameters as in Fig. 1. \yidth ratio ty/t. can have a sizable effect on the magnon
renormalization, especially for wave vectors away from the
four orders of magnitude smaller than the bare energieBZ boundaries. This effect might perhaps be explored ex-
Therefore the renormalization seen in Fig. 1 is essentiallperimentally in neutron scattering measurements under pres-
due to the transverse contributiofiSqg. (21)]. It is worth  sure. We found that the magnon renormalization is much less
mentioning that in Fig. 1 we are extending our perturbationsensitive to the hybridization magnitude: a slight renormal-
calculation well beyond its expected range of convergencezation decrease appears for largigr In Fig. 3d) we exhibit
because we have chosgp/J4 > 1 as was found appropriate the effect of electron fillingeven quite far above the ranges
for TI,Mn,0-.* This yields an unphysical magnon softening appropriate for the description of ;NIn,O, (Refs. 15 and
in a narrow range nea=0, where the bare magnon energies18)]. As one would expect, the dressed magnon energies are
are smaller than the negative renormalization contributionquite sensitive to the electron filling with the possibility of
Away from =0, we find a remarkable overall agreement inquite larger magnitudes of spin wave softenings, monoto-
the whole BZ between the dressed ferromagnetic magnonsously increasing with the number of electrons available for
calculated using the generic model and the bare spin wavesattering.
(such as found in experiments Two common features are present in the previous results:
This agreement we ascribe to the fact that an effectivelyne, that the renormalization generally results in a softening
small renormalization results because there are only few coref the spin excitations by their coupling with the electrons;
duction electrons present in this compotiaé®18and due to  the other, that its magnitude is larger for wave vectors away
the electronic structure particularities. In Fig. 2 we plot thefrom the Brillouin zone boundaries.
band energies and indicate the Fermi level. There we see that Our last figure(Fig. 4), was included to exhibit the effect
the up-spin subbands for bothand 3 electrons are always of a change of sign of the Hund couplidg on the renor-
higher in energy than their spin-down counterparts as exmalized magnons, in this case favoring FM alignment of the
pected from Eq(8) since we have used;<0. Also, theB  d-electron spins with the local spirti is worth mentioning
states are empty while the down-spirband is almost com- that the ground state of the generic model is symmetric with
pletely full. respect to such sign change if accompanied by a reversal of
It is interesting to mention that analyzing the effect of the relative spin orientations of the local moments and
temperature on the dressed magnons calculated, we verifiel-spins, as discussed in Ref.)18uch sign change reverses
that we obtain the same trend which has been observed in thiee relative order of the spin up and down electron eigen-
experiment$? namely, we do get a softening of the spin bands: the longitudinal magnon renormalization contribution
excitations as temperature increases though quantitativefEq. (22)] therefore changes sign; the transversal contribu-
our temperature effect is about one order of magnitudegion [see Eq.(21)], dominating the magnon renormalization
smaller than the measured one. as mentioned above, changes in a less obvious way under
Figure 3 has been included to allow a better understandsign reversal of the Hund coupling, leading to the dressed
ing of the influence of the different parameters of the generienagnons depicted in Fig. 4. Here a hardening of the mag-
model on the spin wave renormalization. We plot the result:ions away from the long wavelengths’ region is visible, con-
for a subset of nonequivalent typical wave vectors to allowtrary to the softening observed on the whole BZ when the
visualization of theg-dependence of the renormalization, asHund coupling favours antiparallel alignment of the
well. In Fig. 3a) we show the ratio of the renormalized spin d-electron spins with respect to the local spins. This is an
wave energy relative to its bare value versus the Hund counteresting prediction, being the discussion of the sign of
pling Jy, for seven nonequivalent wave vectors selected irsuch Hund coupling in TMn,O; a nonsettled matteie.g.,
the BZ. A monotonous renormalization behavior is obtainedjn Refs. 21 and 6 an antiparallel alignment due to the Hund

184409-5



C. I. VENTURA AND M. ACQUARONE PHYSICAL REVIEW B70, 184409(2004)

qt — @ —
 — o . . .
0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1 0 0.5 1 15 2

0.1
(b) = (@) :

0.7 1 L 1 L L ) 1

FIG. 3. Magnon renormalization factGrw,/ wg) dependence on various parameters of the generic model, for typical nonequivalent wave
vectors(indicated as);—q along the abcissa of Fig).1Parameters not explicitly specified here, as in Figallw,/ w, vs magnitude of the
Hund coupling, 3y, for Js=0.1.(b) w4/ wq Vs superexchange coupling, for J;=-0.8.(c) g/ wq vs bandwidth ratioty/t, and in(d) vs
total electron filling,n. Js=0.1; J4=-0.8.

coupling is mentioned, while e.g., in Refs. 16 and 26 theformed in the yet unexplored shorter wavelengths’ region of
opposite case is propoSeds it would provide a tool to the BZ.
determine experimentally such sign by measuring the mag-
nons with neutron scattering experiments opMIi,O, per-
IV. SUMMARY

In the present work, we have addressed the problem of the
spin excitations measured in ;Mn,0,,?? found to exhibit
features characteristic of isotropic ferromagnets and contrast-
ing starkly with the results in CMR perovskites. Using the
generic modéf to describe the compound, assuming a fer-
romagnetic superexchange interaction between theé*Mn
spins, we have employed a perturbative approach to calculate
the magnon dispersion relation along different paths in the
first Brillouin zone. In such way, we were able to describe
qualitatively the available experimental results, using param-
eters for the generic model in the ranges found appropriate
for the description of TMn,0; before!®

Even though in the present work we are extending our
perturbative calculation well beyond its expected range of

FIG. 4. Spin wave dispersion relations along eight trajectories irconvergence by the magnetic coupling parameters used, a
the s.c. first BZ: bare ferromagnetic magnesslid line) vs dressed  remarkable overall agreement along the Brillouin zone is
magnons calculategboints. J; = +0.8;J5=0.4; other parameters as evident between the dressed ferromagnetic magnons ob-
in Fig. 1. tained from the generic model and the bare spin wéviear-
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acteristic of an ideal isotropic ferromagnet, such as found irstudy magnon damping effects in the context of the generic
experiment® ) except for a small region near=0. The model. The effective second order Hamiltonian obtained
electronic structure particularities and the small number ofrom Eq.(3), prior to its projection onto the fermion ground
effective carriers in TMn,0O; (Refs. 3, 15, 6, and )8ead to  state, contains a whole series of magnon-electron scattering
an effectively small renormalization of the ferromagneticterms(as mentioned when the transversal and longitudinal
magnons by their coupling with the conduction electrons, thanagnon renormalization coefficients were describé&tiese
generic model thus providing a simple explanation for thescattering terms, determining the magnon lifetime, are char-
appearance of conventional ferromagnetic spin waves in newcteristic of the generic model and differ from the damping
tron scattering experiments. A measurement of the magnoprocesses in a Heisenberg ferromagnet.
dispersion relations at smaller wavelengths, should allow to
d|st|ng_U|sh if the Hund coupl_lng favours parallel or antipar- ACKNOWLEDGMENTS
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