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Abstract

We investigated ground state properties of a heavy-fermion antiferromagsii;Ceder hydrostatic pressures and magnetic fields. This
compound undergoes two antiferromagnetic phase transitidRg atl.9 K andly, = 0.7 K. BelowTy;, a spin-density-wave (SDW) develops.
Upon applying rather weak pressure 0.39 GPg,shothTy; andTy; vanish, and non-Fermi liquid behavior appears in the specific heat and
magnetic susceptibility. The enhancement of residual resistivity along thas nearP. is attributed to the increased spin fluctuations
along thea axis. By applying fieldsB along thec axis, Ty is suppressed and vanishes at 0.3 T. Magnetoresistance, specific-heat, and
magnetization measurements revealed another field-induced magnetic (FIM) phase in thejlegidh 7 T andr’'< 0.5 K. Neutron diffraction
experiments indicate that the magnetic unit cell in ¢hglane for the FIM phase is treble that of the chemical unit cell. Moreover, this
magnetic reflection intensity remains even in the region between the FIM phase and SDW phase. This observation indicates the presence of
large spin fluctuations in the-plane associated with the magnetic frustration, which should be responsible for the magnetic instability of
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction interestingly, heavy-fermion superconductivity appears in
the vicinity of the pressure-induced magnetic—non-magnetic
In recent years, various deviations from conventional phase boundar?].
Fermi-liquid behavior have been found for some cerium Onthe other hand, the interesting physics provided by geo-
(Ce)- and uranium-based compounds near an antiferromag-metrically frustrated systems is also under active discussion.
netic quantum critical point. The deviations are character- The geometrical frustration can occur in triangular, kagome,
ized by anomalous temperature dependencies of the specifidcc, and pyrochlore lattices where nearest-neighbor interac-
heatC, magnetic susceptibility, and electrical resistivity; tions compete. The frustration in insulating materials leads to
CITox—InT, xoc1—T79% andp o T [1]. The breakdown  multiple phase transitions and novel field-induced magnetic
of the Fermi-liquid behavior can be tuned by alloying or by phase$3]. When the frustration affects an itinerant magnet,
applying a hydrostatic pressure or a magnetic fig]JdMost unusual physical properties have been observed, e.g., spin-
liquid behavior in Y¥5.97S@.03Mn2 (C15 cubic Laves phase)
[4]. However, there have been few studies on geometrically
* Corresponding author. frustrated Ce compounds. In CePdAl with the quasikagome
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in the antiferromagnetically ordered state belByw=2.7 K axis. ForB || ¢>0.7 T, another field-induced magnetic (FIM)
[5,6]. phase appears below 0.5K, which was found by magne-
A heavy-fermion antiferromagnet @Mdiz possesses toresistance, specific-heat, and magnetization measurements
above two features. GHli3 crystallizes in the hexagonal [13]. The findings of a small entropy gain of ®Ih2 and
ThyFes-type structure having three non-equivalent Ce sites; the very small increase of magnetization of 0.p@bat the
1Ce I, 3Ce Il, and 3Ce lll. As shown ifig. 1, the Ce phase boundary suggested that the FIM transition is associ-
I and Ce lll atoms form a hexahedron. The hexahedrons ated with the ordering of the small moment of @d on Ce
are stacked in chains along theaxis, which resemble the Ill. The separation of the FIM phase from the SDW phase
arrangement of Mn atoms in geometrically frustrated RMn was attributed to large spin fluctuations originated from a
(R, rare earth) compounds crystallizing in the hexagonal C14 geometrical frustration in the hexahedron made of Ce | and
Laves structurg’]. Ce;Niz undergoes two magnetic transi- Ce Ill atoms in CeNis. In aiming at determining the mag-
tionsatry1 = 1.9 Kandr'n2 = 0.7 K[8]. A neutron-diffraction netic structure of the FIM phase, we have performed neutron
study showed that the magnetic structure belpwis a spin- diffraction study on a single crystal sample in a temperature
density wave (SDW) with a modulation vector 0.22¢ [9]. range 0.0& T<1Kand afieldrange @ B<5T.
With application of pressure, botfiys and Tny decrease
and vanish atP.=0.39 GPa, and non-Fermi liquid behav-
iors, CITox—InT, andx oc (1 — 7% appear[10,11] On 2. Experimental procedures
cooling below 0.5K, theC/T curve nearP; deviates from
—InT dependence, and exhibits a broad maximum around A single crystal of CeNiz was grown by a Czochralsky
0.15K[11]. These observations indicate thattHe T depen- pulling method using a radio-frequency induction furnace
dence inC/T between 0.5 and 6 K is a crossover phenomenon with a hot tungsten crucible. In order to decrease defects,
to a Fermi-liquid ground state, and is consistent with the strains, and impurity ions, the as-grown crystal was heat-
result predicted by the self-consistent-renormarization (SCR) treated by the technique of the solid-state electrotransport
theory of spin fluctuationd 2]. In order to study the spinfluc-  in a high vacuum. The electrical resistivity under pressure
tuations in CeNigrelevantto the pressure induced non-Fermi at low temperatures (8 P < 0.7 GPa and 0.05E< 300K)
liquid behavior, we have measured the electrical resistivity was measured by a four terminal ac method by using a
along thez andc axis, pz andpc, under pressure upto 0.7 GPa clamp-type piston—cylinder pressure cell. The pressure was
at temperatures down to 0.05K. determined by the measurement of the superconducting tran-
The geometrical frustration mentioned above may lead sition of Pb. Daffne oil was used as a pressure-transmitting
to anomalous magnetic behavior under magnetic fields. In medium. The magnetization measurements in the tempera-
fact, both7Tyn1 and T2 vanish above 0.3 T when the mag- ture range 0.05 T <1.3K were performed by a Faraday
netic field B is applied along the axis, the magnetic easy method using a high-resolution capacitive magnetometer
[14]. Neutron diffraction experiments were performed using
triple-axis spectrometer 4G-GPTAS installed at JRR-3M in
JAERI (Tokai). Neutron energy was fixed at 30.5meV. The
sample was cooled down to 0.04 K by’He—*He dilution
refrigerator, and magnetic fields up to 5T were applied by a
superconducting solenoid.

3. Pressure effect on the resistivity

Fig. 2 displays the temperature dependence of the elec-
trical resistivity along thex and ¢ axis, p5 and p¢, under
pressures. FaP =0, there is very weak anomaly A1 and
a maxima atf2. At P=0.27 GPalys is recognized as an
upturn inpg and a drop irnp¢, butTnz2 goes below 0.05K, the
lowest measured temperature. This observaticfyatsug-
gests the formation of an energy gap alongthgis due to the
SDW with a modulation vector along thexis. Itis notewor-
thy thatat 0.27 GPa, the value@f(T) for T< 0.1 Kis slightly
larger than that af =0, whereag¢(7) is reduced to the half
of the value aP = 0. This finding suggests that the spin fluc-
tuation along the axis remains at 0.27 GPa% =0.39 GPa.
Fig. 1. Crystal structure of Gliz. Two Ce | atoms and three Ce Il atoms 1€ spin fluctuations along theaxis may lead to the non-
form a hexahedron stacking along thaxis. Fermi liquid behavior inC and x as mentioned in Sectidh
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Fig. 3. Magnetic field vs. temperature phase diagram gNGgefor B|| c.
The short-range order (SRO) is found by the present neutron diffraction
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Fig. 2. Temperature dependence of the electrical resistivity gfiiGelong é
thea andc axis under various pressures.
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With increasing pressure up to 0.7 GPa, bpihand p. are
suppressed strongly and the anisotropy betwegi) and

pc(T) becomes quite small. This implies that the spin fluc-
tuations along both the andc axis are totally quenched by 3004F
applying pressure above 0.7 GPa.
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4. Field-induced magnetic phase

We summarize the magnetic field (B)-temperatufe (  Fig. 4. Temperature dependence of the scan albh@) line around: = 1/3
phase diagrams of GHli3 for B|| ¢ in Fig. 3. Both Ty1 and in Ce7Niz at the magnetic field of 3 T applied along theaxis.
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6 T T T T T T T T T T T s. Summary
Bllc=15T T T ' ! T

We have reported the results of the electrical resistiv-
1 ity under hydrostatic pressure and neutron diffraction study
under magnetic field for a heavy-fermion antiferromagnet
CerNi3. The enhancement of the residual resistivity along
7 thea axis at 0.27 GPa near the critical presst¢e 0.39 GPa
is attributed to the spin fluctuations along theaxis. For
B||¢>0.3T, the magnetic unit cell in theplane is treble
8 that of the chemical unit cell. The (1/3 1/3 0) magnetic reflec-
tion remains even in the field range 0.B{¢<0.7T and
temperature rang&< 1 K. These results suggest that large
L spin fluctuations in the-plane are responsible for both the

B (T) non-Fermi liquid behavior under pressure and the anomalous
magnetic phase diagram f@r|| c. The pressure- and field-
Ce,Ni, . induced magnetic instability of GBliz should be explained
(4/31/30) by taking account of the dependence of the spin fluctuations
on pressure and magnetic field. To make clear this point,

further microscopic study, neutron diffraction measurements
0 0.2 0.4 0.6 0.8 1.0 1.2 . .
T (K) under pressure are highly desirable.

(4/31/3 0)
T=50mK -

Int. (104 counts/10s)

Int. (10* counts/30s)

Fig. 5. Temperature dependence of the intensity of magnetic reflection at
(4/31/30) of CeNis in various fields applied along theaxis. The inset Acknowledgements
shows the field dependence of the intensit§ at50 mK.
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Tn2 vanish at 0.3 T. Upon increasing|| ¢ above 0.7T, a
field-induced magnetic (FIM) phase appears and its boun
ary closes aB || ¢c=10.5T. Furthermore, a short-range order
(SRO) is found in the range 08B < 0.7 T by the present
neutron diffraction study as shown below.

Atfirst, we scanned along a (Q)Xine. No magnetic reflec-
tion at (0 0l) for 0< [ < 1 was detected dt=50 mK when the
field B || c was increased to 5 T. By the scan along tha @) [1] G.R. Stewart, Rev. Mod. Phys. 73 (2001) 797.
lines, magnetic reflections were observed at (1/31/30) inthe [2] |.R. Walker, et al., Phys. C 282-287 (1997) 303;
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