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5Mn NQR/NMR studies of the magnetic properties of YMn, under pressure
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We report magnetic properties of the antiferromagnet YMs functions of pressure and temperat(ire
obtained from the®®Mn spin-lattice relaxation rate and the Knight shift. An energy-band narrowing due to
electron correlation is indicated by the Knight shift measurement and the application of pressure is found to
enhance the conduction electron bandwidth. In the pressure-induced paramagnetic state, the system undergoes
a crossover from an itinerant spin fluctuati@®F regime at lowT to a local SF regime at high. It is pointed
out that this magnetic crossover of SF resembles that of high-temperature superconductors.
[S0163-182609)06921-0

Spin fluctuationdSF’s) in metals close to a magnetic in- prates. The ratid\/y?, whereA is the coefficient of the qua-
stability (MI) have been studied extensively over the pasiratic contribution to the electric resistivity, is also close to
two decades or so. In recent years, the subject of itineranhat for heavy fermionst
electron magnetism in transition-metal compounds has at- |n this paper we report an investigation of the magnetic
tracted new attention in connection with high-temperatureproperties of YMn using nuclear quadrupole resonance
superconducting Cu oxidefhigh-T. cupratey and heavy- (NQR) and NMR measurements under pressure up to 12
fermion (HF) systems. HighF. superconductivity occurs in kbar. The main advantage of applying hydrostatic pressure is
the vicinity of magnetically ordered state and the antiferro-that it does not bring about crystal disorder or randomness
magnetic(AF) spin fluctuation of Cu spins plays a central which may complicate the investigation. It is also beneficial
role in determining the anomalous properties in the normain that it is possible to finely tune the SF spectrum by vary-
state! Such AF spin fluctuations may also play an importanting the applied pressure. The polycrystal sample was pre-
part in the occurrence of superconductiifyNuclear mag-  Pared by an arc-melting method described elsewtfere.
netic resonancéNMR) measurements in the cuprates near arfl@mped piston-cylinder dey|ce3Wh|ch was used in the previ-
optimal doping show that the high@, is accompanied by a ©US study of highF, ma;enal& was adopted to generate
larger characteristic energy of AF spin fluctuation with aPressure, which was calibrated by measuring the supercon-

substantial magnetic correlation lendth the 4f or 5f HF ducting transition temperature of tin. The pressure inhomo-

systems, superconductivity is also found when the AF Or_geneity determined from the broadening of NQR spectrum of

dered state is suppressed by presél]?laese properties sug- Cu,0 (Ref. 14 and CngGe?. (Ref. 13 1S about'
gest that the interplay between spin fluctuations and supe}—ho'10 kbar. The rate Th was _unlquely determined by fit-
L 7 : ) ._ting the nuclear magnetization recovery curve to the
conductivity may exist in wide classes of materials. It 'SequatioﬁG
therefore interesting to investigate the SF spectrum near the
MI in materials besides the abovementioned ones.

YMn, is one of the candidate systems for this study. It M=§ %_i + iex;{ — E)
crystallizes in the cubic C15 Laves phase structure where the M) 7 T, 7 Ty
Mn atoms form a sublattice of corner sharing tetrahedra
while the Y atoms form the diamond sublattice. At ambient We first remark on the transition from the AF ordered
pressure, there is a first-order AF transitionTat=100 K°®  state to the paramagnetic state. At ambient pressure, the
The AF order is easily suppressed by applying hydrostatitNMR spectrum has a well-resolved structure due to the qua-
pressure or by chemical substitution at the Y sitdgemical  drupolar interactionTy is ~50 and~85 K in the cooling
pressurg Neutron scattering measurements on a Scand heating process, respectively. Beldy, it abruptly
substituted powder sample have found a magnetic responggoadens and eventually disappears because of the internal
around the AF wave vect@®=1.5 A~1.” A recent neutron magnetic field that develops. AP=4.0 kbar, the well-
experiment on a Y95 odVIn, single crystal has revealed a resolved NMR spectrum remained down to 4.2 K, the lowest
wave-vector-dependent SF in the paramagnetic staf€ at temperature at which the experiments were done. Moreover,
=10 K& Also, YMn, shows heavy-fermion-like behavior. the NQR signal was observed at 4.2 K, indicating that the
Its electronic specific heat coefficient y is  systemis in the pressure-induced paramagnetic §PARS.
140 mJK 2 mol! in Sc-substituted materfaland under At P=3.3 kbar, we found a coexistence of the AF ordered
pressuré? which is larger by one order of magnitude than state and the PIPS. The AF state was confirmed by the sud-
that of ordinaryd-electron systems including high: cu-  den broadening of the NMR spectrum beldy shown in
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z & — Xdia— Xorp=0.80<10"% emu/(mol YMn) at T=110 K
0 5 4 6 8 10 12 14 at ambient pressure. Here we have ugggl of Ref. 7, A,

=390 kOelss (Ref. 20 and  yga=—0.125
X102 emu/mol?! The obtainedA, and K, are compa-
FIG. 1. (8 *Mn NMR spectra in YMg above and below,  rable to those for liquid mangane%eBy the relation of
with increasingT. (b) An example of the®™Mn NQR spectrum of  N(Eg) = xM"/2u3, the density of stateDOS) at the Fermi
the £3/2— *=5/2 transition at 4.2 K(c) Relative NQR intensity |evel N(Eg) was calculated as 12.4 stat@y/ YMn, spin).
after T, correction vs pressure. This value is larger by a factor of 5 than that of the band
calculation!® which indicates band narrowing by electron
Fig. 1(@). The PIPS was identified by the observation of thecorrelations. The larghi(Eg) accounts partially for the large
NQR signal afT=4.2 K [Fig. 1(b)] and above. As seen in y of this system. As seen in Fig. 2, upon increasing the
Fig. 1c), the NQR intensity was reduced belo®  pressure the Knight shift is increased, which indicates a de-
=4.0 kbar, suggesting that the AF state and the PIPS coexrease ofyM" because the hyperfine coupling constant is
ist in a wide pressure range which cannot be ascribed to thﬁegaﬁve_ This shows that theressure increases the band

pressure imhomogeneity. The volume fraction of the PIPS ajidth. Since the lattice expands upon heatfrthe T depen-
P=23.3 kbar is estimated to be 10% of the total from thedence ofK above T=130 K can also be attributed to a
NQR intensity andTy of the remaining AF state aP change in bandwidth.
=3.3 kbar does not change from that at ambient pressure. we next turn to the character of SF in the PIPS. Figure 3
The lack of change iiTy and the coexistence of the AF and shows that T, increases with increasing, but then be-
PIPS suggest strongly that the pressure-induced phase tragbmes almost independent &fat high T. Let us compare
sition is of the first order. This result also seems to explainhjs characteristic SF with that found in the neutron scatter-
why the critical pressure reported from different experimentsng experiment for ¥ ¢:Sg oMn, at T=10 K. Ballouet al®
is so widely scattered from 2.7 to 3.7 kiar"*® found that the SF in this alloy is highly anisotropic because
The static properties are shown by tiiedependence of  of frustration associated with the tetrahedral coordination of
the >Mn Knight shift K for P=1 bar, 3.3 kbar, and 8.5 the Mn atoms. The Mn spin correlation lengitis 2.86 A,
kbar in Fig. 2. In generalk =K+ Ko=Aonxom™Asxa,  which is about the distance between the nearest Mn atoms
whereKg is the spin partK,y, is the orbital partyip and  along [110] direction, while £ is only 1.72 A along the
X" are the Mn orbital and spin susceptibility, respectively,[001] direction. Lacroixet al?* have developed an extended
andA, s are the hyperfine coupling constants. The observe®CR theory to explain the loW-SF character found by the
susceptibility can be decomposed agp=xM"+xM  neutron experiment and predicted thaf IV should vary as
+ xgia» Where xqia is the diamagnetic susceptibility due to X%M where xq is the staggered susceptibility at AF wave
closed shells of Y and Mn. We ignore other contributionsvectorQ. One may think this prediction as a consequence of
from yttrium which are much smaller compared to ¥Mn. the decrease in the dimensionality, since in three-
From the good fit oK vs y seen in the inset of Fig. 2, we dimensional(3D) systems IVlTocxgz and in 2D systems

obtain A;=—194 kOefug, Kop=1.23%, andx¥"= xops 1f|'1To<XQ,3 In the case of strong AF spin fluctuationT1/is

P (kbar)
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FIG. 3. Temperature dependence of {Lfor >Mn in YMn, at
four pressures. The solid curve is a fit of tRe=3.3 kbar data to
the theory of itinerant spin fluctuations amg is the temperature at
which it ceases to fit the data.

with S being the effective spin moment ang, the correla-
tion frequency’* A possible origin of the seemingly local-
ized moment may be that th&dependent mean squared
local amplitude of the spin densitys?) is saturated at high

dominated byxq, which follows the Curie-Weiss typ&@ temperatures. Such a thermally induced local moment has
dependencd therefore 1T, Toc 3% 1/(T+ 6)%. However, been argued theoreticafR?3 and experimental support was
we found that no single curve of the predicted form can fitalso reported® Note that the magnitude of the saturate®;1/
the data of thavhole Trange, nor a 3D function. The curve at highT decreases with increasing pressure. This may be
in Fig. 3 is a fit of the data aP=3.3 kbar below 40 K to attributed to the reduction ¢?) by pressure. It is probably
Lacroix’s equation. One finds that the highdata cannot be because the itinerancy dfelectrons is increased by the mix-
described by the theoretical curve. This deviation from theng between thel ands electrons and/or by the direct over-
itinerant spin fluctuatiollSF) model is better seen in Fig. 4 lapping of d electrons. This is consistent with the Knight
where (T;T)*3is plotted vsT and the solid lines indicate the shift result that indicates the bandwidth enhancement by the
relation of (T;T)*3«T+ ¢. The data deviates from the theo- pressure. It is also consistent with resistivity) (measure-
retical line aroundr <40 K, for all four pressures. We pro- ment wherep becomes constant at highand its magnitude
pose that I, in the highT region is dominated by localized decreases as pressure incred$ésom the lowT behavior
moments, where T} is given by of 1/T,, we find the parametef to be —113, —117, —126,

and —133 K for P=3.3, 4.0, 8.5, and 12 kbar, respectively,
by fitting the data of Fig. 4 below 40 K to the ISF equation.
This is consistent with the system being moved away from
the MI when pressure is increased. Lacrebal?® have dis-
cussed the proximity of (Yo75 02 Mn, to the MI, based on
the neutron data. They estimatédo be 170 K. The smaller

¢ found in the present study suggests that the pure system
even at P=12 kbar is still closer to the MI than
(Y0.9/5G.09Mn; is, although the quadrupole frequeney

for Yo95¢ 0Mn, (Ref. 27 is close tovg=5.42 MHz at
P=4.0 kbar of the pure system which increases at a rate of
9.8 kHz/kbar.

Thus, we find thathe PIPS ofYMn, undergoes a cross-
over from the itinerant SF regime at low T to a different
regime at high T which appears to be governed by localized
SF. We define the crossover temperatdrg at which the
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FIG. 4. (T,T)*® plotted versusT. The solid lines indicate the
(T,T)*3< T+ ¢ relation. The symbols are the same as for Fig. 3.
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data deviates from the theoretical line. As seen in the phase
diagram of Fig. 57T, is not so sensitive to pressure. A com-
parison of the crossover in tHedependence of T} with the
resistivity under pressure shows a characteristic temperature
T4, below which the resistivity exhibits & variation? T

was found to be about 22 K at a pressure of 4.2 kbar, which
is quite close tol ;=30 K at 4.0 kbar found in this study.
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We believe that these two characteristic temperatures are revith a largeré favors a highefT .23 According to this pro-
lated to the common crossover temperature of SF found her@osal, YMn, is unfavorable for superconductivity compared
The crossover in thezeglectronic state of YMresembles  to the cuprates. Nevertheless, it is worthwhile to search for
that of highT cuprate$®*°and the heavy fermion¥.In the  superconductivity through tuning SF by varying pressure so
latter system a similar crossover from an ISF regime to &s to increase the band width while keepihginite.
localized SF regime also takes pladg, in the present ma-  |n summary, we have studied the magnetic properties of
terial is on the same order as that in HF systems but is lowey\,, as functions of pressure and temperature %yin
than that in the cuprates by one order of magnitude. FONQR/NMR techniques. From the Knight shift, it was pro-

instance, in La ,SKCuQ, (x<0.15), 1M T follows &  ,qgeq that the energy band is narrowed due to electron cor-
Curie-Weiss typel dependence below 300 #Ref. 28 but o a4i0n and the effect of pressure is to enhance the itiner-

LT, saturates at high temperatufédhe stronger localized ancy of Mnd electrons, resulting in the increase of the band

character of YMg than the cuprates can be afctrlbuted 10 1S\ idth. In the pressure-induced paramagnetic state, the sys-
narrow band and the short magnetic correlation length. W . . !
em undergoes a crossover from an itinerant spin fluctuation

estimate that the band width in YMns approximately by (SP regime at lowT to a seemingly local SF regime at high

one order of magnitude smaller than that of the higheu- . d
prates based upon the DOS at the Fermi surface. On the oth%k The magnetic crossover of SF in YMresembles that of

hand, the magnetic correlation lengthn YMn, is less than igh-Te cuprates.
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