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Intermetallic compound Ce/»‘\l3 is one of the most representative members of the

fast enriching class of heavy fermion systems. These systems are characterized by
a large effective mass of conduction electrons near the Fermi level/l/.

In this work we present the results of measurements of inelastic scattering of
thermal neutrons (INS) on the CeAlB, Ce0.97Pro.03A13 and LaAl3 compounds, using the
time-of-flight spectrometer in inverted geometry with beryllium filter and pyrollitic
graphite (as monochromator) in front of the detector at the IBR-2 pulsed reactor/z’.

The resolution on the elastic line was 0.6 meV;and the regime of measurements,

energy loss due to the scattering process. g—
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The neutron scattering spectra for CeAl3, at 10 K, 77 K, together with those for

LaAlj at 77 K are shown in fig. 1. The measurements on LaAl, have been performed to

3

estimate the phonon contribution to the CeAl3 spectrum. Two isostructural compounds

have similar values of lattice parameters, but La bas no magnetoactive 4f electrons.
The lanthanum phonon cross section is three times larger than that of cerium, so
that the LaAl3 spectra (measured under the same conditions as those of CeAlB) cave

us an upper limit estimation of the phonon contribution in CeAl Comparing CeAl

3" 3
and LaAl3 spectra which are shown in fig. 1 and also considering the observed tem-

perature behaviour of intensity in CeA13 (it is increasing vith decreasing tem-
perature for an energy transfer greater than 5 meV), we may confirm the existence
of a strong magnetic scattering up to 60 meV erergy transfer. As is seen in the
same figure, the CeAl3 spectrum at 10 K contains a well-defined inelastic peak at
the energy transfer’~ 8 meV.

The double differential cross section (DDCS) for the paramagnetic scattering
of unpolarized neutrons envolving the 4f-electran-crystalline electric field (CEF)

/3/

interaction has the form :
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wvhere k; and k1 are the wave vectors of incident and scattered neutrons, res-
mn

m
pectively; F(Q) - the magnetic form fantor‘ ){ and )(VV
mn (E Amw 5 ﬂ"n )
with the half-width at half-maximum [w,w ; .Amn the energy distance between
the levels of the splitted ground multiplet in CEF.

The 4f-electrons-CEF interaction of Ce3f ion in the hexagonal point symmetry

the Curie and Van

Vleck susceptibility; the normalized to unity Lorentzian

case, splits the 2F5/2 ground multiplet in three doublets between which the two
transitions are possible observable at low temperature (T <& Amw ) by INS in
#the doun scattering regime, if the ground level is ré |x 3/2> . In the above
mentioned way the neutron scattering measurements were interpreted 1n/4/. There the
data were prelucrated by decompositicn of the spectrum into two Lorentzians and were
established in addition to the inelastic peak at 7.6 meV the presence of a magnetic
peak at 5.2 meV corresponding to the Ig [£3/2) -+ Jglx5/2) transition. In our INS
spectra ve did not find such a line neither visually, nor by decomposition of the
spectra in separated ‘components, although the energy resolution was about two times
better in this energy transfer range,

The solid line in fig. 2 was obtained by means of the least square fit of the

at 10 K and 77 K by using the relation (1) and by
/5/

experimental spectra of CeAl

taking into account the resolition function of the spectrometer . For this there
vas assumed the existence of two quasielastic lines (dotted line 1,2 in fig.2) and
one inelastic (dotted line 3 in fig.2) since only in this way we could obtain a sa-
tisfactory description of measured spectra. In order to get a quantltatlve estima-
tion of the observed spectral component intensity ( /y;

of magnetic response function of CeAl} ve have performed the INS measurement on

Fig. 2.

INS spectra of CeAl.(points). Solid curves were
< obtained by convolu%ion of expression (1) with
the instrumental resolution using intensities,
positions and widths of separate spectral com-
ponents given in the table. Dotted 1,2 -~ qua-

trum. The notations are the same as in fig. 1.

on Ceq 7PTg g3P3

as for CeAl3

on ﬁ -’fk transition of Pr+3 ion in CEF.

.and ,*ﬁﬁ/ in relation (1))

sielastic, 3 -- inelastic component of the spec-
The insert shows a fragment of inelastic spectrum
at Tz10 K. The solid line was

calculated with the same spectral characteristics
and inelastic line due to scattering

CeD.97PrD.03Al3 compound at T=10 K. A fragment of the INS spectra on CPO 97 Iy, 03 3

sample is displayed in the insert of fig.2, There is the inelastic peak at the energy

4.31 meV, which corresponds to the ﬂ '7l;
/6/

transfer A L=k = transition of

the ground multiplet 314 of Pr+3 ion splitted by CEF
lastic line is proportlonal to Van Vleck susceptihility of the system of r--— lé
levels and yields : ;(VV'_ = 6.4x 1072 EE

ol * If all the factors entering the
expression for DDCS (1) are taken into account, then one may use the Van Vleck

. The intensity of this ine~

susceptibility of the f{—>!; transition and its corresponding intensity in the

CeD.97PrD.O3A13 spectrum to normalize the spectral component intensity of CeA13<

The magnetic response function characteristics of the CeAl compound determined

3
by the above mentioned procedure are summarized in the table. In the same table there
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/7’8/. The magnitudes of the to-

are also listed the measured bulk susceptibility
tal static susceptibility deternined by INS on CeAl ( )( ) are in good agreement
vith those obtained by magnetic measurements ( )( bulk . The fact indicates that the
used analysis of data is adequate.

Unexpected for the magnetic response function parameter values in CeAl3 are the
two facts. Firstly : the existence of a single inelastic peak only. This contradicts
with the widespread assertion that the ground state of 2F5/2 multiplet in CEF of
CeAl, is a doublet f; li}/2>/4’8~ll/, because there becomes possible one transition
to the level [g |+3/2) only if the ground level is Iz |+1/i? In the framework of

the standardrpEF ~-theory, the Van Vleck susceptibility for the f} —-ig transition
yields: V; 9 - 0.83 x 10 _2 ;gi which is two times-larger than those

measured by the INS at T=10 K.This divergence suggests possible that strong interac-
tion in CeAl3 of 4f localized electrons with the conduction electrons modifies the
vave functions of 4f electrons in CEF and the usual CEF theory cannot be applied for
to calculate the observed intensity of inelastic magnetic scattering.

The second peculiarity of the magnetic response function characteristics in
CeAl3 is the existence of two quasielastic components with a difference between

their linewidths by an order of magnitude. Heavy fermion systems are characterized

by anomalously large values of the electronic specific heat coefficient and
of the magnetic susceptibility at T-+0 (for CeAl, Y'(o) = 1.62 ——%%12/12/
X0 = 3.6« 1072 —%%%/12/) what corresponds to the resonance width near Fermi

/13/

level of.about 1 meV. The INS measurements on CeAl3 and CeCué/la/ samples, per-

formed with a high resolution, but limited to a short energy transfer range (+2.5meV),



pointed out that the quasielastic peak width had the value of 0.5 meV for T-»0 FOPEMMT‘IKHH E.A. u ap. E14~87_278
vhich was in agreement with the estimation of the scale width on the basis of speci- Heynpyroe marHuTHOe paccesiHHe TeIlJIOBHIX HeHTPOHOB

. M -1
ﬁch%tdmu(’TT9®¢¢ﬁv) ~ 1 meV). Ha cucrteMme C TaxensmMH dbepMHOHaAMU CeA13

In our experiments the magnetic quasielastic scattering with a width of about B SKCHepUMEeHTAaX 10 HEeYIPYrOMY DACCESHHI TeINIOBbX Hei—

TPOHOB Ha cHCTeMe C TsakesbMH depMuoHamu CeAls3 Ha6mopanacek
HeoOryHan dopma MarHUTHOH dyHKIIMM OTKNHMKAa. HapsOoy ¢ oco6eHA
i HOCTBI0 IIpH mepepnaude sHepruu = 8 MsB, 06ycCIOBIEHHOH mepexo—
OOM MexOy YPOBHAMH pacCHelJIEHHOI'O0 KPHCTAJUIHYECKHM OSJIEKTpU-

1 meV at I = 10 K was also observed. At the same time in the INS experiments on

/16/)

heavy ferimion systems based on uranium (UBelj/ls/, UPtB
correlation between the x‘(c) magnitude and the quasielastic response width, the

latter being by an order greater than expected and coincides with the width of the

there is not found a

second quasielastic peak found in this work for CeAl
o

The possible explanation for the presence of two quasielastic peaks in INS

5 , +3
The presence of the two quasielastic components in magnetic response function in YeCKHM NOJIEM OCHOBHOIO MyJIbTHIUIETa HOHa Ce ’ 06Hi1py>KeH0
CeAly, permits to assume the existence of the tuo types of magnetic Fluctuations HMHTECHOBHOe MarHuTHOe paccesiHHe IO Hepegau sHepruii =60 MsB.
(slov and fast) with characteristic relaxation times differeing by an order of
magnitude. . ] Pa6ora BrmomHeHa B JlaGopaTopuu HelTpoHHOM ¢usuxu OUSH.
}

spectra of CEAl3 could be the neutron scattering on 4f localized moments of the

3 . .
te*” ions and on'compensating conduction electron spin clouds". Of course such a
supposition needs further experimental study (INS experiments with other heavy fermi- . IIpenpunT O6venmmensoro HHCTHTYTa ANIEPHBIX UCCIENOBAHNH. leGHa 1987

on systems in a larger energy transfer range) and detailed theoreticel consideration.
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. = 100 meV) has revealed an unusual aspect of the magnetic
response function.Besides the peculiarity at the energy
transfer of =8 meV due to crystal level transition within
the ground multiplet of the Ce*3 ion in the crystalline
electric field, strong magnetic scattering up to 60 meV
energy was observed.

P

The investigation has been performed at the Laboratory
of Neutron Physics, JINR.

Received by Publishing Department
on April 22, 1987.

T i | . N =

Preprint of the Joint Institute for Nuclear Research. Dubna 1987

4

b S s, s v ———— T —— —— e,



