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Absmract

The iy of spin ocho from *“Cr noclei in fernomageete semiconductors O, AR Cry5e: with spinel sbrecbarns i
investigaled at the temperature T = 4.2 K. The transverse relanation rate Ty 4 e snadhied in multidomain polverystalliss
samples. The dependence of the relaxstica rate on the resonance lreguency and on 1he coneendration of silver &
delermined. The iransverse relaxation rave is sepazuled into solreges and anisotrapic parta Darectianal Ructustions of
ihe magnetimison are shown bo he the source of the T3 ' assstropy. The eloctron exchanps hetwesn the Cr® ° impurity
wos with a swroag spin-orkit compling and the valence band is proposed as a possible origin of such foc
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1. Intreduction

An Imporiant pracical application of noclear
magmnetic resomance (MMR) i magnetically of-
dered substancss: is a study of the dynamic
procasss i Al elseron dpan system with exchangs
interactions The relaxaton charscteristics of mu-
clear paramagnetss span systems are traditionally
used for such investigaons. The source af the
transverse relaration in paraispoetic spin systems

* Comreipoading author, E-mail ro omiocs seorifes Ui

is the lengsodinal magnetic lield companent flec-
tantions [ 1,2] In magnetically ordered substances
thee presence of hyperfine interaciions ae well a8
cxchange imteraciions in clectron spin sysiems re-
suliz in the appearance of strong magneis: fickds on
the nscei [3]. It has been shown bt the dynamic
processes in electron spin systems can resull i
direct Auctuations of lengiodinal hyperfing field
compnents and cause a transverse magnelic relas-
ation of nuclzar spins [4]

A special case is represented by the nucle of ions
im latis: positions with a noncabsc envircnmeni. In
axial symmetry, the hyperfine field is more or less
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ansetropic, depending on the orbital ground stabe.
The directional fluctusiions of the magnetization
result in fluctaations of the lengitudinal component
ol the magnetic feld on o nuclews. The trunsyerse
refanation cansed by swch magnetization fuctus
alwms has been investigated in Bel. [5] on *7Fe
nuecden which have no elsctingal quadrepole mao-
mil.

I the presen work. th iransverss magmcln:
refaxation of the **Cr auclei with spin J = 4 in the
syaben ol silver-doped Terromapistic chaleogemide
spnels CdCra%e, w o mvestigated. For nucla wath
spn o= Lotk magneli@anon oremanon does ol
only affeer the resomanwe frequency, but alse the
MME guadnapale splining. The influence of ori-
eniation Muctuntions on the nucler trarssverse
magnetic relasadion is aken inta account within
the framewoerk of the spectral diffusion medel pro-
posed for noneers quadropole necles in Rel, [&).
Only the componem of transverse relaxsation rate
which depends on frequency is analyead.

L. Experimendal resulis and discussion

The eupeniments have been Sirred oul, an 42 K
ot ferromagnetic  polyerssialline amples  of
Ciy AR CraSes with = 00 QU0 S 00135,
amal D030, A broadband incohercm pulse NME
sprctpombelier s Been used lor the study of *'Cr
spit-cehao signals

The imvestigaied samphes have the spanel siroc-
ture, in which cadmium and silver wors oooupy
retrahiedral | A sites. The chrominm jens ooupying
cctabedrnl (H) sites are responsible for the fer-
romagnetic ordering. The lecal symmetry of the
octabedral sites is trigenal The axis of symmetry
coincides with one of the <1 1 1% lattice directicns
of the cubic spimel structure, resulting in foar mag-
netically noneguivalent sives

The muclei of **Cr huve spin I = § and, as a con-
seqquenie. a mienzers clectncal quadrupede momeni
The NME spectrum af **Cr nuclei is represenied
b a trplet consisting of a central amd two satellive
limes. In trigonal symmetry, the resenance fre-
gquenicnes dleperml on the amgle ¥ helween the
meagnetization amd e local symmetry ass The
frequencies of the central and =atellive lines are

given, in first order, respoctively, by Lhe expressions
v vy = el 3 cos® 0 — 1), i
Wity = {1y T g3 oast 0 — 1) 12

Here vy is the metropic component of the NMEB
[requency. v, 18 the amsoiropic pan af the reson-
ame froqueney and vy is the valee of the qua-
drupole splining of the MMEB specirum. For the
ey pockel a0 eadmivm sekenochromile  valises
of vy = 4405 MHE vy = — 055 MHz and vy =

92 M Hz have been obdaimed for un oriended
single crvseal ina magneti Tkl The comparson of
BME spectra of doped and umdoped palyerysial-
lime samniples shaws that those valees do not depend
mn the silver concentration at T = 4.2 K.

The MMRE specira have been measured by re-
carding the dependence of an echo agnal anpls-
tude I, on the frequency of BF exeitivg pulses. The
BMAME spoctrum of *'Cr nuclel m Od; o AgCraSey
with x = 0015 is shown in Fig | a3 an cxample
For all oiher imvestigabed samples the NME
spectra are similar 16 1his one.

The cadmium selenshmomile = a Rrromagneg
with very weak cubse aniscoropy, therefore dhis
ferromagnet his magnedic domaoins with magne-
teateon oriemied abong differsnt Laiice directions
(isapeetc heterogeneityl [T], Yertical bars in Fig. |
schemaically represent positions of spectral lines,
which correpomnd 1o quadrupole splintings for
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dilferend orientations of the mapnetization. The
number of noneguivalent sites = redocwd b bws
when the magnetization s ariemled along €111

amd <L 107 directions. The angle 0 13 egual to
a magic anghe .., e e W= 4 far < 000
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Ihe conlormmty BeErwsen the resoimmee g eney
detemmimed by BEgs, (1 ard |11
Thae lene sk Is2 MR spectra was Bogingd to
depend on the fime miErvii Neiwnen ihe exoling
pulses. This [nct reflects o frequency dependence of
the trupsverse relaxation tme. The cxpenmemdal
1l amplitude V' decreases exponentially as
mterval T imorease=. F iz prvenm by ihe

amd e amgle &

oono s1g
the pulse

relution

Fiiel = Vil expi — 227,41 i

where T, i the imnsverse relacation time. The
Ty values are [oumd 1o depend on regoeney and
ume prvem by cargles o P 2, Bessdes, anoincreass o
Ll SalVeq o0 S IIT e resilis o an mcrease in the
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I uhee special ¢ase of the magic .|'|!.'|l\.' [ - iha
quadiupale splictings wamnish, -\.~.||'.I!'||_.' m & :-.II:_E:I\.'
liese of frespuency vy For the angles @ in the vicinity
W the magic anghe the largest irensverse relaxation
FibE 15 abservod

I'raditiomally it = sopposocd that the Iransverse
nackear relasaimen i caused by puclear auclenr m-
leractions [87]. The decay
signal mn the
dipole dipale imleractions and nteracisas of nu-
clear spims due to virtual magnons m Lhe ket
span. system with ewchange micractions {sulbl
Makumura interacticns) 18 theereneally comsslered
in Bed. [97. An expansiand of (e b 5 Ik fig
i PEMWOT SCMCE Im dio=s a0 COmtain any ierms
 are of odkd degres in ©. Cn the siber hand, an
5 il 1he

ol Lhe pwo-pislse echd

MECECUT s syalom welh i gt

caponent in Eq. (3 as o pasear
serics it ks verms of oudd degrer in @ which wre
wqual to zero. Thus, it is obvieus
af nuclesr muclear inferactions

withaw mieroscopic inhomogeneity cannol be ad
g Tow ahe analysis of experimental resulis
We nssume that the oricntivsmn of the magnels-

FalHHY vecior im o osample can s amy o U

rossable values. In this case un ccho sigmal at cach
of ihe specirum freguencees: m Fig 118 &
nuclar spins with the angle § delerm
Egs. (1) and (2 The dependends of the relaxution
rale om [roguency reflic

hé depeniedsa: ol T, ol
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In Ref. [57. the attenuation of the twa-pulse spin-
echo sigmal from zero quadrupobs nuclei of * Fe in
mienocryslal lilms ol imon-yiiriom garnet is soodied.
It 15 shown that 1be longes) time of attenuation of
Lhe ochar sipmals i ohserved near the magic angle d
The modlel of spectral dilfusion = wsed for the
ancilyem of experimental resulis in Rel [5] The
darectional foctoations of the magnetization aro
comsidened & rthe sourc of Huctuations of kecal
meagictic ficlds on msder 0 latlice siles with
unlansal symmetry, The advarced approach in Ref.
[4] is nsed for vhe analyais of the requency depend-
ence of N0 nucke transverse relaxation time in
Ag-doped CdCr Se,,

Ihe recording of MME specirs by measaring the
freyuency dependence of the sche signal amplionde
15 accompanied by the selective exvanatsn ol o spec-
tral line. Mot all of the sample nuclear spins are
excitod, Lhe exvcilaison is observed only for the spins
with resenance frequencies near the excitation fre-
quency. This case af the transverse relaxation pro-
cesses Ror guadrapole noclei hos theoretscally besn
analyred within the Framework of the spectral dilfu-
s mandel m Bel, [6].

Andlymng the expenmental nesulis, we azsume
that the transverse relasation tme Ty has soirepic
Vo and anisotrapic T parts

Ti'=Ty" + Ty £

The frequency deperdence of T & due W the
anisotropic part enly, We consider the dynamic
inhamogeneity of magnetizaiion oricmanion as the
souree of the koeal field fluctuations an nuclel, This
approach follows the one presented in Bel, [ 5] For
a change di in the angle berween the magneiimiion
ardd the kecal symmeiry, the resomance frequency
chanpes by

di = — Fx gin( 24} d4, 3

where 2 = v, for the ceniral Iransilion amd x =
ra, = vl For the gumsdrupole satellites. Eq. (5) is
chramid by derect dalferentzsaien of Egs. (1pand (23
wirh pespeet 1o d,

If the magretization forms an angle & with the
lozal symimery axis and chis angle Buctuates m abe
ramge 0 = i, it resulis in Bugtuanions of rescnance
frequencies, The line width of NME frequency Tuc-

tuations aceording o Eq. (5) is.
& = |3z @il 28} dp]. 14

Usimg the expressions for the nitenuation of
a twospulse echo sipnal obtained in el [§], we find
that the expomential decay of echo agnals with
a parameter depending on the lme width o takes
place for the fast Lorenlzmn proces

Tia = 20 = Kyx sanl 200y 17
and For the (nst (inussian process
Ty = 2o'r, = Kga® sin(2ifL 18]

whene v, s the cormelation time for mondom process,
factor K = 630 and lucwr Ky = 18007

In comparing the calculated dependences with
the experimental anes the fallowing procedune wias
g, Freguencies m the range $1-07 M wene
selected in successive sleps. According 10 the above
mentioned valwes af paramebers v, v, and v ihe
witlue of the anghe 7 was determined using Egs. (1)
ared 1210 The transverse relaxation time for the cor-
respomdding froquency was calcubaed using he
value of the angle ¢ abtamed and Egs. (7] and (3)
The calculations were camnied ot wsing an TEM
PC The Ty Ke amd Ky values resulting from
virsias ums of the progrim wene selected si as 1o
praside Lhe best agreement of calculated depend-
ences with experimental data

O the bisis of this compatation i is eoncluded
that the Gaussian process describes the experimen
ketter tham the Loventaan ane. The dobied lines m
Fig. 1 show colculnted dependences obiained for
Ty o= G ps el Ky o= 1600 007 ™", Ling
| corresponds to the central transition + %+ F &
The lines 2 and } correspond 1o the quadrmpole
sabellibes with 7 = v, £ v, [iransilims + 4 — £ 4
Thez besl approximation of the experimental results
is abhlained with identical values of the isolropic
pamt Ty hath for the ceniral and sateflive lines.

It = of interest to consider the most probable
mechanisms of the directaenal Tuciuations of mag-
nelzavtson. Daping of the cadndum selenochromne
wilh silver produces, a5 o resalt of charge compen-
sation, (e Or* " imparities with i3, confguration,
The spin-orbln coupling of thess lons showhd in-
crease the magnel amisolrepy. We assume that the
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