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INTRODUCTION 

The discovery of high temperature superconductivity (HTS) 
in metal-oxide compounds has challenged a great number of phy­
sicists, both experimentalists and theoreticians,to work on un­
derstanding of this phenomenon/I/ • Despit.e the avalanche of 
papers published so far, we are still lacking a comprehensive 
explanation of the mechanism that leads to HTS. At the moment 
it seems that systematic investigations through purposefully 
planned experiments is one of the ways to achieve the goal. 

Temperature dependence of the phonon density of states (DOS) 
is of decisive importance as to the role of phonons in the 
mechanism of superconductivi ty/2/. This is why a systematic 
study of the phonon DOS in lanthanum ceramics, with full in­
formation on the phase situation, is so important. 

Such a study, via INS, in the La2_XSrXCu04 system for x = 
0.0, and x = 0.15, at temperatures ranginJ from 6 to 300 K, 

has already been reported /3- 7/. Except forI I, all experiments 
reported were carried out on time-of-flight conventional geo­
metry spectrometers and thus were subjected to their well­
known restrictions: one had either to combine data obtained 
at different energies Eo of incident neutrons or to accept 
a lower limit on temperatures accessible for the measure­
ment/6 ,7/. 

On the contrary, the inverted geometry KDSOG-M spectrome­
ter lSI is free from such limitations. For INS, it operates 
with the energy loss of incident neutrons. Hence the opportu­
nity of covering a wide range of energy transfer at temperatu­
res unlimited from below. This instrument has been applied to 
measure INS on samples of La2Cu04_8 as well as La1.eSro.2CU04_0. 
The magnetic excitation at about 6 meV could then be easily 
detected when examining the temperature dependence of the ob­
tained spectra/9/ • Possible existence of such an excitation 
in La2Cu04 (in the same energy region) has also been sugges­
ted in/5 - 7/ • 

Here we report the results of systematic investigation of 
the INS spectra of La2-XSrXCu04-0 (x = 0.0,0.1,0.2,0.3) 
at 10, 77, and 290K. The phase diagram of the system under 
study, as a function of temperature (T) and Sr concentration·--"'"' . i'1;I'~ _..' " .. 
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(x)/IOI, comprises the regions of the following phases: tet­
ragonal, orthorhombic, antiferromagnetic, and superconducting. 
We have chosen the values of x and T so as to represent all 
possible combinations from the phase diagram. 

EXPERIMENTAL 

It is well known that the quality of metal-oxide ceramics, 
and their superconducting propert , in particular, are ex­
tremely sensitive to the procedure of preparation. The samp­
les used for the present study were synthesized in the follo­
wing way: Stoichiometric amounts of powdered components: 
La203, SrC03. and CuO were carefully grinded, mixed together, 
and sintered at I 100°C. The specimens were then grinded again, 
cold-pressed into pellets, annealed at 1100oC, and finally 
quenched by means of fast pressing between massive copper 
slabs. Quenching was proved necessary for obtaining single­
phased compounds. 

During the whole manufacturing process the phase composition 
of the material was monitored with X-ray diffraction, using 
the DRON-3M diffractometer. The samples with x = 0.0, x = 0.1, 
and x = 0.2 were single-phased, while in that with x = 0.3 
a small admixture of another phase has been detected. The neut­
ron activation analysis/ lli was applied to check the chemical 
composition of the compounds (except for oxygen). It was found 
that the total amount of impurities never exceeded 0.5 at. %, 
and the strontium concentration was within ±10% that of the 
assumed chemical formula. 

Superconducting properties were examined by means of elect­
rical resistivity and magnetic susceptibility measurements. 
The onset of the superconducting transition has been found at 
16 and 20K for x = 0.1 and x = 0.2, respectively. Such low va­
lues of transition temperature ~oint to the oxygen deficiency 
in the investigated materials/l I. For the samples with x=O.O 
and x = 0.3 the temperature dependence of electrical resisti­
vity was much like that for semiconductors (R steeply rises 
when T < lOOK). 

Neutron scattering experiments were carried out on KDSOG-M, 
the time-of-flight inverted geometry spectrometer at the high 
flux pulsed reactor IBR-2/13/. Here are the main characteris­
tics of KDSOG-M: The reactor-scatterer flight path is 29.7m. 
The sample is irradiated with the full spectrum of neutrons 
as leaving the moderator. The incident neutron energy is ful­
ly determined by the reactor-detector time of flight since 
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the energy of scattered neutrons is selected by Bragg reflec­
tion from the pyrolytic g~aphite analysers, mounted behind the 
beryllium filters. In such an experimental setup one works 
with rather low energy of scattered neutrons (Ef = 4.82 meV), 
looking mainly at processes with the neutron energy loss, or 
with creation of elementary excitations. The opportunity of 
simultaneous recording the INS spectra and time-of-flight dif­
fraction patterns is the unique facility of KDSOG-M. 

The samples (about 100 g of the material) were put into 
a liquid helium cryostat. INS was measured for the scattering 
angles of 30°, 50°, 70°, 90° in transmission geometry and 80°, 
100°, 120°, 140° in reflection. During each measurement data 
were being collected for about 20 hours. Analogous experiments 
were performed for the cryostat with an empty sample holder and 
the resulting b;ckground was subtracted from the correspon­
ding data. The INS spectra were then summed up with respect 
to the scattering angles. 

Time-of-flight diffraction patterns were simultaneously 
measurerl for scattering angles 20 = 280, 480, 680, 880. They 
were normalized with respect to the total incident flux (as 
given by the monitoring counter) and then with respect to the 
incident flux wavelength distribution (as obtained by elastic 
scattering using a standard vanadium scatterer). 

RESULTS AND DISCUSSION 

According to the X-rays (T = 300K) and neutron diffraction 
results (T = 290, 77, 10K), La2Cu04 remained in the orthorhom­
bic phase (Bmab); and the strontium doped compounds with x = 

0.2 and x = 0.3, in tetragonal phase (14/mmm). 
La1'9SrO'1Cu04-6 at a room temperature was in tetragonal phase; 
whereas at 77 and 10K, in orthorhombic one. The obtained unit 
cell constants were identical to those previously publi­
shed/ JO ,14/. 

Fig. I shows ND spectra for all samples at 10K. The presence 
of the (100) peak in the ND spectrum of La2Cu04-0 at 77K and 
the fact that it gains intensity with decreasing t~mperature 
indicate that the sample developes antiferromagnetic proper­
ties/151 , According to/12/, this is connected with oxygen de­
ficiency. Taking this into account as well as low superconduc­
ting transition temperatures for samples with x = 0.1 and x = 
= 0.2 one can infer that all samples under investigation exhi­
bit similar oxygen deficiency ~. (All specimens were prepared 
in identical conditions). ND spectra of strontium doped com­
pounds have shown no trace of anti ferromagnetic ordering. 
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Fig. 1. Neutron diffraction spectra of La2-xSr~cuOQ-O 
at T = 10K for scattering angles 28 - 28° and 88°. 
N ­ channel number (its time width: 64 ~sec). 

In the ND spectra measured at 10K (see Fig. I), orthorhombic 
phase of La2CuOQ-O can be easily distinguished from the tetra­
gonal one of La1oaSro.2CUOQ-O. In the former, the (020)-(200) 
and (022)-(202) peaks are apparently splitted and the (012) 
and (014) reflections appear, which are forbidden in the lat­
ter. With the increasing temperature or decr~asing Sr concent­
ration orthorhombic distortion becomes less pronounced so that 
the above splitting is no longer visible within the resolution 
of our instrument. However, the orthorhombic symmetry for x = 
= 0.0 at 290K and for x = 0.1 at 77K can still be easily detec­
ted due to the presence of (012) and (014) reflections. 
La1'7SrOo3CuOQ-O is tetragonal within the temperature range 
of 10K - 300K, but the sample is not single phased: in Fig.1 
weak reflections due to the second phase are labelled with as­
terisks. 

The INS spectra of La2_ XSrXCuOQ-O measured at 290K and 10K 
are shown (as they change with x) in figures 2a and 2b, res­
pectively. Positions of peculiarities within the room tempera­
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Fig.2a. INS spectra 
of La2-xSrXCuOQ-O 
at T = 290K.l: x=O.O; 
2: x = 0.1; 3: x 
=O. ' 4: x =0.3. 
Abscissae: t, - nf;lut­
rom wavelength [A] ; 
£ - energy transfer 
[meV]. Ordinate: 
Scattering intensity 
nOPmalized to monito­
ring detector counts 
of 107 (corresponds 
to about 10 hours). 

Fig.2b. INS spectra 
of La2- XSY'XCuOQ_O 
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Fig. 3. Results of fitting the 
ture (RT) spectra remain in good agreement with the other re­ model scatte~ing law (1) to the 
sults /3- 7/ (x = 0.0, 0.15). They practically do not depend INS (T = 10K and 77K). £0­
upon the strontium concentration. we~ solid cu~ve: the 6 meV line 

On the contrary, as temperature decreases, the INS spectra without the Debye backg~ound; 
become sensitive to x (cf. Fig.2b), especially in the low ener­ N - time channe l numbe~ 
gy part (below 20 meV). A new line emerges for the energy (x 128 ~sec); s - ene~gy t~ans­
transfer s =6 meV whose intensity decreases with the increa­ fe~ [meV]. 
sing dopant concentration. The peculiarity at E: ~ 12 meV appa­
rently splits up for x = 0.0 and x = O. I, i.e. for the ortho- The very presence of an ine­
rhombic phases.The shape of INS spectra in the region of high , lastic peak of a magnetic origin 
energy transfer remains almost insensitive to both temperature i was somewhat surprising in the 
and x. spectra of these compounds. Its 

The 6 meV peculiarity has been examined with respect to its position (cf. the Table) is al ­
dependence upon the momentum transfer Q. This was accomplished most temperature-independent and 
by comparing the INS spectra measured at different scattering does not change with the Sr con­
angles: 30° to 140°. For E::: 6 meV this covers the range of centration, while intensity 

0-1 0"'1 	 . leo 200 lao zoo strongly depends upon both va­N ~1?S }lSEtCIA < Q < 4A • It has been established that the peak inten­
riables. Less pronounced, al ­sity monotonously decreases with the increasing Q. Now if we 
thoug evident is the dependencerecall that it grows with the decreasing temperature/91 we are 
of Gaussian's FWHM on x.provided with clear evidence for the magnetic nature of the 

corresponding excitation. 
For the quantitative analysis of a low energy part of the 

INS spectra (F < 10 meV) we have applied the following formula 
for the neutron scattering law: Table 

e: -1 B 2 
S(Q,f, 	T) A * [1 - exp(- kT)] * £ * L: Qj

j =1 5 a m D 1 e 

(I) 

/ ET - e: 	 2 La,:.Clj.'?4_6+ BT *..; 2ln2 * --'-- * exp [-4 ln2 ( ) ]. 

f'ea.~ ODS. Inteqral FWHM 
T 'e Intensltl,l 'Y

TT 

[f ) [1l1{3\)] l 2iF b .. ur,. J [ mE:.-~lJ 

1ill ~,. 4..:::t V'.5 1 . - ± i::J.5 1. 12:.:!:ib.I.:I::, 

n IT IT 	 77 6 .. : :t 0. 1 1:;.0 '! 0.5 1. :: :!: 0. 1 

ll,) c, .. a ~ 0.1 lb. ~l ::I: ill.:,The first component of the sum is the Debye approximation 	 .. ::I: 0. 1Ii IL., ••5rL ,C.O'_6 	
~ 

of the phonon spectrum. An account is made for the temperatu­	 . 77 b.b :t 0.: 6.4 :t 1.0 1.1 .± 0. =,re dependence of the phonon occupation number. The j index 
runs over the scattering angles. The second term is a normali­ 10 6.7 :t G.::: 13.8 :t 0.7 1.8:!:L0.1 
zed Gaussian, IT being its full width at half maximum (FWHM). La 1• S 5r0 • 

A and BT are multiplicative factors for the phonon and magne­ 77 <: _ + 1...... J6.~ :!: 0.::::: 1;:•• 0 1.6 :!: fLS 
tic terms, respectively. The model (1) has therefore four free 
parameters: A, BT, IT, and E:T which were least-squares abjus­ lei b.7 ::t (J.:' 12.0 :!: LIZ) :::.0 :!: oil.:,
ted by fitting a convo}ution of (I) with the spectrometer re­ L"'l. • :;LuD

solution function/8 ,16 to the experimental data. The results 
.l_ 6 

77 6.7 ± 0.3 5 .. 4 :t 1.5 1-3.0 ± 0.5 
are shown in Fig.3, and the best-fitting values of the Gaus­ I 
sians parameters are summarized in the Table. 
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Such excitation could also arise due to INS on anti ferro­
In the first study of phonon density of states in magnetic spin waves. If it were the case the spectrum of mag­

La1'8ssro'1iCuOq (carried out on the High Flux Reactor in netic excitations should have a gap of about 6 meV and a very
Brookhaven) 3/ it was concluded that in order to reproduce small dispersion (about 1 meV), since the peak position is in­
the temperature dependence of the specific heat (known from dependent of Q and is pretty narrow. Such a spectrum for an 
calorimetric measurements) with that derived from the neutron antiferromagnet does not seem likely. The more so tha~ i~ fol­
scattering data, one had to assume the existence of an additio­ lows from the INS study of the La2CUOq single crystal/171 that 
nal low frequency mode at about 4 meV. However, the resolution the magnetic branch exhibits a very large dispersion.
of the experiment was too poor to detect such a mode. Recent­ In order to understand the origin of a low frequency magne­
ly/7/, a careful examination of low frequency excitations in tic excitation it seems necessary to measure INS on single
La2-X SrxCuOq (x = 0.0, and 0.15) was carried out on the IN6 • crystal samples with the analysis of neutron polarization.
spectrometer at HFR-ILL, Grenoble (scattering with energy gain For the nearest future we are planning to investigate the Q-de­
of the 3.07 meV incident neutrons).By comparing the results pendence of low frequency dynamics of La2_XSrXCUOqon materials 
obtained for different Q values the authors have found a mag­ ... with good superconducting properties, synthesized in oxygen
netic contribution to INS within the energy transfer range atmosphere.
of 5-8 meV at lOOK in La2CUOq. The effect vanished with the 
decreasing temperature, probably due to the fall of the occupa­ The authors are deeply grateful to v.V.Sikolenko, S.I.Kras­
tion number of the excited state. Additional neutron scatte­ nosvobodtsev,S.F.Gundorina, and V.P.Chinayeva for their help
ring intensity below 8 meV for L~2CUOq has also been noticed in sample testing. Technical assistance of S.I.Bragin, J.Bran­
in/5/. kowski, and W.lwanski is greatly appreciated. The authors are 

There seems to be no clear idea as to the physical mecha­ sincerely thankful to V.L.Aksenov and Yu.M.Ostanevich for sti­
nism that would lead to the discussed peculiarity. One can mulating discussions. 
for example assume that it is due to magnetic Rare Earth (RE) 
impurities in which INS can excite transitions between levels 
of the ground state split by interaction with the electric REFERENCES 
crystal field (CF). The neutron activation analysis, however, 
has not detected enough amount of magnetic RE impuruity. More­ I. Proc. Int. Conf. High Temperature Superconductors. Mate­
over, if it were the right mechanism, the line intensity rials and Mechanism of Superconductivity. Physica, 153C 
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BenymKi-U1 A. B. H ,o;p. 	 E 14-88-429 
HefiTpoHHble Hccne,o;OBaHHH TeMIIepaTYPHofi 
3aBHCKNOCTH ,o;HHaMHKH H CTPYKTYPhl CBepxnpOBo,o;H~X 
KepaMHK La2_xSrxCuO~_o 

Ha BpeMRnponeTHOM cneKTpOMeTpe KnCOr-M Ha peaKTope 
HBP-2 o,o;HOBpeMeHHO H3MepeHhl cneKTphl Heynpyroro pacceHHHH 
HeHTpOHoB /HPHI H ,o;H~paK~HH HefiTpoHoB /c ~enhID nonyqeHHR 
HH~opMa~ 0 CTPYKTypHhlX H3MeHeHHRx/ Ha o6pa3~ax 
La2_xSrxCuO~_o Ix = 0,0; 0,1; 0,2; 0.3/ AnH TeMIIepaTYP 
290. 77 H 10K. HOBaR oco6eHHocTh B cneKTpax HPH npH nepe­
,o;aHHoH 3HeprHH 6 M3B 6~a o6Hap~eHa npH 80 H 10K. 3aBHCH­
MOCTh HHTeHCHBHOCTH 3TOH nHHHH OT BenHqHHhl nepe,o;aHHoro HM­
nynhca H OT TeMnepaTYPhl YKa3blBaeT Ha MarHHTHbIH xapaKTep 
COOTBeTCTBYID~ero B036~eHHH. HHTeHCHBHOCTh nHHHH TaK~e 
3aBHCHT OT KOH~eHTpa~HH CTpOH~HR. 

Pa60Ta BbInOnHeHa B lla6opaTopHH HeHTpoHHOH ~H9HKH omm. 
()peDpIIHT 06:t.e,IUIHeHHoro HHCTHTyTa MepHWJ: Hccnei\oBamdi . .lly6Ha 1988 

Belushkin A.V. et al. 	 EI4-88-429 
Neutron Scattering Investigations of Lattice 
Dynamics and Structure of Superconducting 
Ceramics La2-xSrxCu04-o at Different Temp£ratures 

Inelastic neutron scattering (INS) together ~h neut­
ron d.iffraction (simultaneous information on the structure 
behaviour) were measured for La2_:<SrxCu04_o (x=O.O. 0 ....1. 
0.2, 0.3) at temperatures: 290, 77, and toK using KDSOG-M 
- ~e time-of-flight spectrometer at the IBR-2 pulsed re­
actor. A new line near the energy transfer of 6 meV has 
been detected in the INS spectra at 77 and 10 K. The in­
tensity of this line depends on both momentum transfer and 
temperature. That points to the magnetic nature of the 
corresponding excitation. It also veries with strontium 
conce1'l.tration. 

The investigation has been performed at the Laboratory 
of Neutron Physits, JINR • 
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