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We have performed inelastic magnetic neutron scattering experiments pon_L&rNd,CuQ, (0=<x
<0.2 and 0.£y=<0.6) in order to study the Nd f4spin dynamics at low energieg =<1 meV). In all
samples we find at high temperatures a quasielastic(lineentzian with a linewidth which decreases on
lowering the temperature. The temperature dependence of the quasielastic linéigidth can be explained
with an Orbach process, i.e., a relaxation via the coupling between crystal field excitations and phonons. At
low temperatures the Ndfdmagnetic responss(Q,w) correlates with the electronic properties of the GuO
layers. In the insulator La ,Nd,CuQ, (y=0.1,0.3) the quasielastic line vanishes below 80 K and an inelastic
excitation occurs. This directly indicates the splitting of the*Nd@jround state Kramers doublet due to the
static antiferromagnetic order of the Cu moments. In; LaSr,Nd,CuQ, with x=0.12,0.15 and
La; 4 St Nd, CuO, with x=0.1,0.12,0.15,0.18 superconductivity is strongly suppressed. In these compounds
we observe a temperature independent broad quasielastic line of Gaussian shap&-b8viK. This sug-
gests a distribution of various internal fields on different Nd sites and is interpreted in the frame of the stripe
model. In Lg g Sty ,Nd,CuO, (y=0.3,0.6) such a quasielastic broadening is not observed even at lowest
temperature[S0163-18209)04537-3

I. INTRODUCTION rate peaks have also been observed in superconducting
YBa,Cu;05 ¢ (Ref. 5 giving rise to the question whether
In the highT . superconductors a close interplay betweenstripes are a general feature of cuprate based hjgbuper-
superconductivity and magnetism exists. The parent comeonductors.
pounds of the cuprates are antiferromagnetic insulators. Dop- In addition to the investigation of the Cu subsystem, the
ing with holes or electrons destroys the long range order buynamics of the Nd spins in Nd,CeCuQO, (NCCO, T’
antiferromagnetic correlations persist even in the supercorphasé has been examined extensively by several gréups.
ducting regionlnelasticincommensurate magnetic peaks in Henggeleret al 1% performed neutron scattering experiments
superconducting La ,Sr,CuQ, (LSCO) show that super- to examine the spin excitation spectrum at low temperatures.
conductivity and magnetic correlations coeXisthis phe- The same group explained the heavy-fermion-like lagge
nomenon has regained attraction since in 16BSticpeaks  coefficient in low temperature specific heat measurements
at the same incommensurate positions were found imf NCCO by the shift of spectral weight of the Nd modes to
Lay 455t 1Ndy ,CUO,. These elastic peaks are interpreted inlower energies with increasing number of charge carffers.
terms of hole-rich and spin-rich domains in the Gu@yers,  Specific heat measurements show a Schottky anomaly in the
i.e., the well known stripe pictureln LSCO (T phas¢ dop-  parent compound N€CuQ,.™® This is explained by the pres-
ing with Nd induces a further low temperature phase transience of Nd-Cu interactions being responsible for the splitting
tion for Nd=0.18. Forx=0 there is a transition from the low of the N* ground state Kramers doublet as, e.g., observed
temperature orthorhombic LTO to the less orthorhombidn Raman and neutron scattering experimefits! At higher
Pccn phastwhereas fox=0.1 the transition is to the tetrag- temperatures in neutron scattering experiments on powder
onal LTT phase. In the latter superconductivity is stronglysamples of NCCO(Ref. 19 and on a single crystal of
suppressed for certain Sr concentratibms.the LTT phase Nd,CuO, (Ref. § a quasielasti¢QE) Lorentzian is observed
the tilt of the CuQ octahedra can serve as pinning potentialwith a linewidth that increases almost linearly with increas-
for the dynamical stripe correlations. Hence, the inelastidng temperature. At lower temperatures the line shape turns
peaks become elastic indicating a formation stétic an-  into a Gaussian with an almost constant linewidth. Similar
tiphase antiferromagnetic domains in the Gutanes which ~ features have been presented for NgB&O,_ 5.8 In this
are separated by gquasi-one-dimensional stripes containimgpmpound the QE Gaussian and the Lorentzian coexist.
the doped charge carriers. Recently, inelastic incommensu- In the present work we report on inelastic magnetic neu-
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tron scattering experiments on 43, ,Sr,Nd,Cu0, at vari-
ous temperatures. We have investigated thenégnetic re-
sponse for samples with Sr concentratiossx3<0.2 and Nd
concentrations 0Zfy<0.6 at low energies (typically
~1 meV) in order to obtain information about the Cu mag-
netism in the Cu@ layers via the Nd-Cu interaction. The
paper is organized as follows. The next section describes th—~
experimental technique. The presentation of our results an§
their discussion follows in Sec. Ill which is divided into two ®
parts as justified by our experimental findings. In Sec. IV wetr
will give a brief summary.
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Il. EXPERIMENTAL

We performed temperature dependent studies or
La; Ndp 1Cu0y, Lay 7-4SrNdy :Cu0, (x=0,0.12,0.15,0.2),
and Lg 4 ,SrNdy gCuO, (x=0.1,0.12,0.15,0.18,0.2) using
the time-of-flight(TOF) spectrometers V3 NEATRef. 19
(HMI Berlin), G6.2 MIBEMOL (LLB Saclay), and IN5(ILL
Grenoblg. All spectrometers are located at cold neutron
beam lines and use chopper systems for monochromatizatio
which give very sharp and clean resolution functions. The
energy chosen for the incident neutrons ranges fiem
=3.15 meV 5.1 A) to E;=1.28 meV &8 A) re-
sulting in energy resolutions betweehE~50 weV and
AE~20 pneV (HWHM), respectively. Additionally,
Lay 4551p.1Ndg ,CuO, was measured at the INGILL,
Grenoble with E;=3.15 meV (AE~45 ueV)?° This
spectrometer uses Bragg diffraction on single crystals to
monochromize the neutron beam. In all cases a Vanadiu
standard for calibration and an empty_ can measurgment elastic scattering. The magnetic contributi@@E Lorentzian con-
the Al flat platg for background correction Were,camed Out'volved with the instrumental resolution functjois illustrated by
For the experlments we used well characterized pOWde{he shaded area. The inset shows the overall elastic scattering.
sample$' of typically m=20 g and a standard cryostat for
cooling. Details of the data analysis are describedegion. Since the coherent and incoherent elastic scattering
elsewheré? Since we could not find an@) dependence of intensity should be almost temperature independent for each
the magnetic signal§(Q,w) is averaged over a broa@Q sample we can conclude that this additional intensity origi-
window for all spectra to obtain a better statistics. nates from magnetic scattering. If the fit for the QE Lorent-
zian yielded a value smaller than half of the resolution
(HWHM) we fixed the linewidth af'/2=0 for this tempera-
ture.
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FIG. 1. Background corrected spectra of; babry 1gNdy (CuO,
g}NS). The full line is the best fit including the nuclear incoherent

Ill. RESULTS AND DISCUSSION

A. 4f spin relaxation due to coupling of phonons and crystal

1.50 ——————————

field excitations B x=0 ]
In all samples a quasielastic line of Lorentzian shape is 125} © X= 0-15} La,;,8rNd,,CuO, -
observed at high temperatures. This is illustrated in Fig. 1 & x=02 ]
showing spectra of La:sSt, 1dNdy {CuO, for two different oL ¥ LrasShossNd, ,CuO, i
temperatures. The linewidth/2(T) of the Lorentzian de- < © L&y 581, xNd, ,CuO,
creases with decreasing temperature and showssainee g [ |
temperature dependencesth compounds within experimen- =

tal error. In Fig. 2 the temperature dependence of the QE_
linewidth for samples with different Sr and Nd concentra-
tions is plotted. Above about 100 K the linewidth increases
almost linearly with increasing temperature. Below this tem-
perature the slope is drastically reduced although the line-
width decreases furthermore on lowering the temperature
The residual linewidth fof—0 K is below the resolution
limit even in the experiments when an energy resolution of
20 peV (HWHM) was chosen. Generally, it is hard to de-
tect the QE Lorentzian fof<20 K. However, when we do
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FIG. 2. Quasielastic linewidths of La ,SrNd, ;Cu0, with x
=0,0.15,0.2

(IN6), and

not include a QE Lorentzian in our fitting procedure we ob-La, ,:Sr, ;4Nd, (CuQ, (IN5). The full line is a function according to
serve an increase of the elastic intensity in this temperaturEg. (1) with a mean value for parametern(see text
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We fit this function to the experimental data of many differ-
ent samples and obtained values around 200 KAXgE.
d> FExcited Since the energy of the excited CF state should not differ
CF state at much between our samples, we took a mean valua gf
energy A =200 K in the following. Unfortunately, the crystal field
scheme for Nd doped LSCO has yet not been evaluated.
of phonon However,A =200 K coincides roughly with the energy of
[\[v' the first excited stateNcr=173 K) in Nd,CuQ,.*°
(\f\) A fit with Eq. (1) revealsc=1.54x10 7" meV/K® andc
Emission =1.93x10 7 meV/K® for Lay »SrNdyCUO, and
of phonon Lay Sty Ndy sCuQ;, respectively. A residual linewidth of
I'p/2=10 peV has also been taken into account but does not
|b> CF ground .
la>  state influence the other parameters marketiirhe values forc
are in the expected ranfeand are in good agreement with
FIG. 3. Schematic diagram of the Orbach relaxation prodess. the reported value for LSCO probed With3l’£rspins.32
and|b) denote the two states of the CF ground statpand|d) of We now turn to a discussion of the relevance of the Or-
an excited state, respectiveffor a Kramers ion likeNd"). The  50n relaxation process in other systems. A comparison of
arrows indicate a possible transition with involvement of a phonon,[he QE linewidths in LQ_X_ySrXNdyCuO4 with the reported
The QE linewidth is related to the spin fluctuation fre- values in NgCuQ, (Refs. 8,17 and NdBaCusO;., (Ref.
quency vial'/2=#/7. Thus the decrease of the linewidth 18) shows thaF the gbsolute values Iof2 are of the same
with decreasing temperature is a direct evidence for the loworder of magnitude in all compounds. For J@LO, only a
ering of the £-spin fluctuation frequency. few data points of the QE linewidth exist. The agreement
The observation of a magnetic QE line in high-super- between the data of Casalé al. for a single crystal and

conductors and related materials has been a subject for disoewenhaupet al. for a powder sample is rather poor. A fit
cussion for over a decad&823-2"During this time two at- with the above function yield$'(/2=0.24 meV, c=1.42

—7 3 — — —8
tempts to describe the f4 spin relaxation, ie., the <10 ° meV/K® and I'(2=0.17 meV, c=85x10
temperature dependence of the QE linewidth, were sugn€V/K® for the data of Loewenhaupgtal. and Casalta
gested:(i) via the interaction of # spins with conduction €t &l respectively Ace was fixed at 175 K Note that in
electron spins andii) by exchange interaction betweer 4 both cases a large residual linewidth is obtained from the fit.
spins themselves. In the first case the linewidth should in] 1S Proad Lorentzian line is probably masked by the broad
crease linearly with temperature a825[N(ep)-JoJ?- T Gaussian line. A large value %,/2 was directly observed in

18 . .
(Korringa law with N(e) the density of electron states at NdB&CUsO7— 5. '_A‘ fit of th§8data OnsNdBﬁc%oﬁ with
the Fermi energy and,, the exchange integral betweef-4 Eq' (1) reveals c=3.35<10 @ meV/K . (I'o/2 and ,ACF
and conduction electron spiR&Such a temperature depen- fix€d at 0.235 meV and 410 K, respectively. Two things

dence was often found in intermetallic systethin the sec- ~ &ré worth mentioning. First, the choice of 410 K g has
ond case a power law is expectéd. the consequence that the increase of the linewidth is sup-

From our data we can exclude both cases. since we ofRreéssed up to higher temperatures. This is indeed observed in
serve the same temperature dependencelt#(T) in NdBa,Cu;0; - ;.** Second,c is roughly an order of magni-
samples with x>0) and without charge carriers¢0)  tude smaller than in La,_,SiNd,Cu0,. This is in agree-
which rules out scenaridi). Again, the same temperature Ment with the observanog of Shimiet al. for an EF* spin
dependence df/2(T) is obtained for samples with high Nd probe in LSCO and YBC .The broad residual linewidth in
content §/=0.6) and low Nd contenty=0.1). For a small the concentrate_d syste_ms might be caused by a strongly en-
Nd concentration the Nd-Nd exchange interaction should b&anced Nd-Nd interaction. _
weak, which rules out scenarid). After a detailed analysis A QE Lorentzian was also obsezrsved in B ThCusOg
of our data we found that the relaxation of thé gpins can ~ (Ref- 34 and PbSr T, :Ca :Cu;Og.” In both compounds
be well described with a two-phonon Orbach proéess- Tb has a quasidoublet ground state, i.e., two singlets sepa-
suming a coupling between crystal figldF) excitations and 'ated by only a few peV. It was found that in
phonons. The Orbach process is sketched in Fig. 3. In thigbzerTbO-ScaO-ECLbcis the temperature dependenceldfT)
relaxation process a Nd ion which is in stie can absorb OPeys a power law” with »=2.8 [t=(T—Ty)/Ty]. Con-

a phonon and hence is excited to stafe(or |d}). From this clusively the authors claimed that the rare-earth exchange
state it can fall down to stat@) by emitting a second pho- interaction might be the dominant process for thiesgin

non. The temperature dependence of the QE linewidth thefflaxation. The same group obtained similar results for
follows Yo0.0Tbg 1BaCu;O7.°° Since the concentration of Tb in this

compound is very low the above interpretation of a strong
L/2AT)=To/2+c-AdJ(e*cFT—1), (1) rare-earth exchange interactio_n seems rather unlikely. In con-
trast, a very recent reanalysis of the data showed that the
whereA ¢ is the energy of an excited crystal field state andtemperature dependence of the QE linewidth also follows the
c is a factor which among others considers the coupling ofwo-phonon Orbach proced%Taking all these facts into ac-
the CF ground state with the excited CF state. In@gonly  count it seems reasonable to assume that thepin relax-
for T> A the linewidth is proportional to the temperature. ation in highT. superconductors and related materials is

'y o>
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TR § Nd®* ground state Kramers doublet due to the internal ex-
9 change field of ordered Cu moments and shows the strong
! I interaction between the Cu and Nd subsystems. Although the
o ! i Cu ordering temperature is much higher, this excitation be-
' comes first detectable below 80 K since at higher tempera-
. . ture the linewidth is larger than the observed energy split-
" ting. We mention that this is in contrast to neutron scattering
05 04 03 02 -01 00 01 02 03 04 05 results on NdCuQ, where the magnetic signal remains QE
down to 5 K(Ref. 19 possibly due to Nd-Nd interactions.
For the sample with smaller Nd content, namely,
FIG. 4. Background corrected spectrum of; Had, sCuQ, at  Lay Ndy ;CuQ,, we find a similar behavior as fgr=0.3. In
T=71 K(MIBEMOL) andT=3.3 K (NEAT). The full line isthe  contrast toy=0.3 in this sample only a minority fraction of
best fit including the nuclear incoherent elastic scattering. The magabout 20% changes to ttigccn phasé®
netic contribution(INE Lorentzian is given by the shaded area. The temperature dependence of the energy splitting for
both compounds is plotted in Fig. 5. An increase of the split-
caused by CF transitions assisted by phonons rastdby  ting, i.e., of the internal exchange field at the Nd site, is
interaction with conduction electrons. Moreover, the inter-clearly visible. Our findings agree roughly with the data of
pretation of the deviation from a linear temperature depenChouet al**who measured the internal field at the La site in
dence of I'/2(T) as opening of a gap has to be LaCuO, with *%a NQR. According to their results the
reexamined’ 8 temperature dependence of the internal field can be described
To conclude this section we want to mention that a couwith a power law (+T/Ty)? (Ty=250 K andB=0.41).
pling between these two elementary excitations was alreadyhis means an increase of about 17% from 8BtK and
reported in Raman scattering studies on several fighu-  agrees roughly with our results in LgNd, ;CuG;. It is ob-
perconductors and related compouft$urthermore, ESR vious that the exchange field at the Nd site is influenced by
data have been discussed in terms of an Orbach prc’)%é%s. both, the staggered magnetization and the direction of the Cu
These data are consistent with our interpretation of the temspins. In Lg ;Nd, s.CuQ, the structural transition from LTO
perature dependence of the QE linewidéiee also our pre- — Pccnis accompanied by a Cu spin reorientatfdi Thus,
vious work™). the enhanced splitting ig=0.3 compared toy=0.1 for T
—0 K might be due to the difference in the direction of the
Cu spins. Finally, we want to mention that the valueAdt
coincides with that derived from the Schottky anomaly found
In contrast to the above described behavior themtg-  in low temperature specific heat measureméhts.
netic response at low temperatures correlates with the elec-
tronic properties of the CufQayers. Depending on the dop- 2. x=0.12
ant concentration we find different features of the magnetic
response which we will now discuss in detalil.

1000 |-

500 | .

energy transfer ( meV)

B. Magnetic response due to Nd-Cu interaction

Static ordering of charges and spins was first reported in
Lay 4eST 1 Ndy ,CuO,.2 Similar results are obtained fox
=0.15 (Ref. 47 where magnetic order has also been ob-
served with w"SR experimenf§ and Massbauer

In insulating Lg —yNd,CuQ, with y=0.1,0.3 the 4 mag- experiment$?
netic response changes from a QE Lorentzian to an inelastic We performed measurements on several compounds re-
(INE) excitation below about 80 KRef. 42 (see Fig. 4. lated to this composition and found similar properties at low
This INE excitation clearly indicates the splitting of the temperatures. As a representative sample we chose

1. x=0
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ian line. Closed squares symbolize Lorentzian linewidths.

200 ) a reduced zero temperature staggered magnetization in the
: CuQ, planes. This finding coincides with the:™SR
1000 |- / oy J experiment& on L& g5 yShy.19Nd,CuO, where a decrease of
_,#QELO - "*{,E the muon spin rotation frequency compared to
j CE G ] La; ;Nd, s.CuQ, (Ref. 50 was found. This was interpreted as
004 O P A a decrease of the average magnetic field at the muon site in

Sr doped compounds.
In Fig. 8 the intensities of the Lorentzian and Gaussian
FIG. 6. Background corrected  spectrum  of Signals are plotted versus temperature. Above 50 K the in-
Lay ST 1Ndo (CUO, (MIBEMOL). The full line is the best fitin-  tensity of the single Lorentzian line raises with decreasing
cluding the nuclear incoherent elastic scattering. The magnetic cof€mperature due to an increase in the thermal occupation of
tribution is illustrated by the shaded area. The dotted-dashed linthe ground statenot shown. Below this temperature firstly
shows the fit assuming a single Lorentzian. the intensity of the Lorentzian decreases linearly for
=10 K whereas the intensity of the Gaussian raises. This

Lay »6S1 1Ndo {CUO, to explain the general features that are ¢an be interpreted as a decrease in the number of paramag-
observed when the type of ordering changes from the welletic Nd ions(i.e., with a splitting smaller than the Lorentz-
known spin structure forx=0 into an antiferromagnetic ian linewidth. ThIS'IS expecteq since the Lorentzian line-
stripe pattern of ordered spins and charges in the Qagp width decreases V\_/lth decreaslng temperature an_d therefore
ers. Above the antiferromagnetic ordering temperatiig ( the number of Nd ions for which the above cond|t|_0n holds_
~30 K) asingle QE Lorentzian line is found as discussed inféduces. Secondly, between 10 and 3 K, a plateaulike level is
Sec. Il A. When the temperature is further lowered below'®ached. Fof<10 K the Lorentzian linewidth is well be-
Ty the linewidth does not become smaller as expected from
the two-phonon Orbach process. Instead, a broad magneti
response of almost constant width centered around the elasti ﬂ %
peak is visiblesee Fig. 6. The analysis of our results shows 8 % ’I‘ {‘ 7
that in addition to the Lorentzian a Gaussian line is necessar__
to accurately describe the data. The width of this Gaussian i<€ | 1
almost temperature independehig ssiai2~0.13 meV, see
Fig. 7). .
The observation of a broad QE Gaussian line instead of ¢
well resolved INE excitation as for=0 infers a distribution

energy transfer ( meV )

Intensity ( b
-
|—.I—|
H—EH
o
HERH
—a—
——
1

of different energy splittings on different Nd sites. This is a (} t}

direct hint on spatial inhomogeneities in the Guidanes and oL % i
is probably caused by the formation of stripes. In this picture L 1
the Kramers doublet of a Nd ion, which is located “near” T
a charge stripe and thus is not split up, contributes to the 0  w% =

Lorentzian signal which is still observablat least the split-
ting must be small compared to the width of this Lorentzian
The comparison of the width of the Gaussian linexn FIG. 8. Intensity of Gaussiatiopen circles and Lorentzian
=0.12 with the energy excitation of the inelastic ling ( (closed squaredine in Lay 5St, 1/Ndy CUO,. The asterisks are the
=0) reveals a reducd@verage splitting, which is related to  overall magnetic intensity.
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The solid line is a guide to the eye. For comparison the INE energy FIG. 10. Background corrected spectrum of b8, ;Nd, CuQ,
splitting of La; Ndy CuQy at 3.3 K is also plottedclosed squaje  at 1.6 K. The magnetic contributidi®E Lorentzianis given by the

shaded area. The open circles represent the magnetic response
low the resolution limit and so small that we cannot distin-which is found in La St 1Nd CUQ, at the same temperature.
guish between a Lorentzian line and the elastic line. FinallyWe compare these samples since both were measured on the same
belov 3 K a strong increase of the Lorentzian intensity spectrometefMIBEMOL ). Due to the Bose factor the spectral
(which we cannot distinguish from an increase of the elastigveight is shifted asymmetrically to the neutron energy loss side.
intensity) is observed. At a similar temperature a pronounce
increase of the magnetic intensity due to ordering of the N
moments was reported in LgSr 1Ndg ,Cu0,.2

ound is closest to thBccn phase.

We could not detect any QE broadening in
Lay g ySip Nd,CuQ, with y=0.3 and 0.6 at lowest tempera-
ture (see Fig. 10 Fory=0.3 this behavior is expected since
this compound is a bulk superconductor beldw~25 K

In addition to the abovementioned two Sr concentrationsand hence no magnetic order in the Guflanes is expected.
x=0 (with y=0.1, 0.3 andx=0.12 (with y=0.6) experi- Indeed, in a superconductor with even higher Nd concentra-
ments with varying Sr compositions were carried out ontion (La; ,Sry oNdy JCuQ,) Nachumiet al. could not find any
La; 7 «SrNd, .Cu0, with x=0.12,0.15,0.2 and hints for magnetic order in a receptSR experiment?! In
La; 4 4SrNdy CuO, with x=0.1,0.15,0.18,0.2. For clarity contrast to this, the absence of a QE broadening is surprising
the data of the series with=0.3 are not shown since the in the compound withy=0.6 because superconductivity is
observations in these compounds are similar to the findingstrongly suppressed and hence a broad magnetic response is
in the related samples with=0.6. expected. Our sample has also been studied in a recent

To study the Sr dependence of the magnetic signal at loyuSR* experiment which shows magnetic order below about
temperatures in detail we extended our measurements tth K.>2 This finding seems to contradict our neutron scatter-
samples with a Nd content gf=0.6 with 0.2=x<0.2. In  ing results. There might be two reasons why a broadening is
contrast to La; ,SrNdysCuQ, all of these samples lie in  not observable in the present neutron scattering experiment:
the region of the phase diagram where superconductivity i§) the splitting of the Nd Kramers ground state is too small
strongly suppressédnd thus a broad magnetic response aor (ii) the intensity of the QE Gaussian is too low. From the
low temperatures is expected. Such a response was found é@mergy resolution chosen in our experiment we can conclude
all samples except for L4aSr, JNd, (CuO,. The linewidths that a possible average splitting of the Nd ground state must
of the QE Gaussians are plotted in Fig(tBese data points be below~20 ueV if case(i) were true. This contradicts the
are fits under the assumption tHag, ssiaf2 iS temperature value which is obtained by extrapolating the Gaussian widths
independent for each compoyndhe decrease of the line- of Fig. 9 tox=0.2. Indeed, scenari@) is more likely since
width with increasing Sr content is related to a reduction ofwe observe a drastic drop of the intensity of the QE Gaussian
the average staggered magnetization in the £p@nes. in y=0.18 compared ty=0.15 at lowest temperature. At
This observation is consistent with the findings in present we have no interpretation for this drop of the inten-
Lay 5 Sr,Ndy ,CuQ, with x=0.12, 0.15, and 0.2’ sity. Further combined neutron andSR studies are neces-

Unfortunately the spectra of LaSr, ;Nd, (CuO, showed sary in order to investigate and understand this pronounced
strongly enhanced background probably due the diffusion o€oncentration dependence of the intensity.
air into the neutron flight path. Nevertheless, the analysis
showed that a QE Gaussian is not consistent with the data in IV. SUMMARY
the whole temperature range 1.8—30 K although it is accurate
enough at certain temperatures. A better agreement is ob- To summarize, we have presented inelastic magnetic neu-
tained when we use an INE Gaussian line. This might reflectron scattering experiments on Nd doped, LgSr,CuQ,. In
a mixture of both types of signals which we observe in Oall samples at higher temperatures a quasielastic line of
<x=0.1<0.12,0.15,0.18, i.e., an INE excitation and QE Lorentzian shape is observed with a linewidth which de-
Gaussian, respectively. Furthermore we note that this conereases with decreasing temperature. The temperature depen-

3. Sr dependence of the magnetic response
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dence of this width, i.e., the relaxation of the N6#oments K. The width of this Gaussian is almost temperature inde-
is dominated by the Orbach relaxation process via the coupendent and decreases with increasing Sr concentration. The
pling of phonons and CF excitations and does not depend oabservation of a Gaussian line infers a distribution of various
the charge carrier concentration in the Gu@lanes. The Cu exchange fields on different Nd sites and is interpreted in
low-temperature behavior of the magnetic response clearlterms of the stripe model. In Lg ,Sr Nd,Cu0, (y
correlates with the electronic properties of the Gu&yers. =0.3,0.6) no indication for a Nd-Cu interaction has been
In the undoped samples£0) below about 80 K an inelas- found, i.e., a single quasielastic Lorentzian is observed.

tic excitation occurs which shows the splitting of theNd

Kramers doublet ground state due to the Cu exchange field at

the Nd site. In La;_,Sr,Ndy:Cu0O, with x=0.12,0.15 and ACKNOWLEDGMENTS
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