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Ga NQR measurements have been carried out for 5 f-antiferromagnet,
UPtGas.The zero-applied-field NQR spectrum in the antiferromagnetic
state can be explained as the resonance lines of a Ga nuclei, which is af-
fected by the Zeeman interaction with the internal field from the uranium
magnetic moments, as well as the quadrupole interaction. The hyperfine
coupling constant in the antiferromagnetic state is evaluated.

PACS numbers: 76.60.-k, 75.50.Ee

In recent years, unconventional superconductivity has been found in
HoCoGas-type compounds such as CeT'Ins (T' = Co, Rh, Ir) [1-3]. In this
context, magnetic properties of the same type of uranium compounds at-
tract much interest. UPtGag belongs to a large family of UTGas compounds
(T = ion group) and crystallizes in the HoCoGas-type structure [4]. There
are two crystallographically inequivalent Ga sites, namely, Ga(l) at (1/2,
1/2,0) and Ga(2) at (1/2, 0, u) with u ~ 0.292 [5]. UPtGas is a 5f-itinerant
antiferromagnet with Néel temperature Ty = 26 K and an electronic specific
coefficient v = 57 mJ/mol K2 [6]. We have previously reported the NMR,
measurements in the paramagnetic region, and have clarified the hyperfine
parameters of Ga and Pt in UPtGas [7]. However, in the previous NMR
measurements with the external field applied, we could not find any reso-
nance signals below Tx. In this paper, 7'Ga NQR measurements with zero

* Presented at the International Conference on Strongly Correlated Electron Systems,
(SCES 02), Cracow, Poland, July 10-13, 2002.

(1063)



1064 H. KATO ET AL.

applied field are reported. We have observed the Ga resonance lines both
in the paramagnetic and antiferromagnetic states; the resonance frequencies
in the antiferromagnetic state enable us to estimate the transferred field at
Ga(2), which come from the uranium magnetic moments. The hyperfine
coupling constant in the antiferromagnetic state is evaluated.

In general, a nucleus with the spin moment I > 1/2 in a noncubic envi-
ronments is affected by quadrupole interactions, as well as Zeeman interac-
tions under magnetic fields. The Hamiltonian can be written as,

hv,
H = —yh(Hy + Hi) L, + TQ (312 - I +q(12 - 12)}. (1)

Here, 2’ is the magnetic field direction. The axes x, y, z are the principal axes
of the electrical field gradient (EFG) tensor V;, so that |V,.| > |Vyy| > [Vl
v is the gyromagnetic ratio; Hy is the external magnetic field, and Hjy; is
the internal field at the nuclear site; v is defined as 3e%qQ/2I(2I — 1)h,
where eq is the nuclear quadruple moment, and eQ) = V,,. The asymmetry
parameter 7 denotes (Vyz — Viyy)/Vss.

The eigenvalues of the Hamiltonian express the energy of the nuclear
level. When the quadrupoler parameters (vg, ) and the magnitude and
the direction of the magnetic field (Hy, Hins, 0, ¢) are given, the resonance
frequency v in a NMR measurement can be deduced by solving the matrix
elements numerically. It should be noted that six resonance lines are ex-
pected for each isotope of Ga (5%7'Ga; I — 3/2); transitions between any
two of four levels are permitted because of the non-diagonal components
come from the quadrupole interaction.

A polycrystalline sample of UPtGas synthesized by arc-melting method
[5] was used. All the measurements were performed by a conventional pulsed
NQR spectrometer under zero applied field (Hy = 0). In the paramagnetic
region, a NQR line of Ga is expected to appear at the frequency |vg|(1 +
n/ 3)1/ 2 since Hiyy — 0. In fact, we succeeded to observe resonance lines of
9Ga(2), "Ga(2) and *Ga(1) at 27.53 MHz, 17.35 MHz, and 14.5 MHz,
respectively. The observed resonance frequencies are consistent with the
previous reported value of vg and 7 [7]. Although the NQR line of "*Ga(1)
is expected to appear at about 9.1 MHz, we could not observe this resonance,
probably because of its weak intensity.

The zero-applied-field NQR spectrum in the antiferromagnetic state is
shown in Fig. 1. Since the v and 7 values have been evaluated [7], it is
possible to discuss the internal field from the observed resonance peak posi-
tion. That is, we calcurate the resonance frequcencies with Hjy; an explicit
parameter at first, and then compare them with the observed frequencies.
Here, let us focus on Ga(2). According to the neutron diffraction study [5],
the magnetic structure of UPtGas reserves a Cy, symmetry at the Ga(2) site.
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Fig.1. Zero-applied-field NQR spectrum in the ordered state. The open and closed
circles indicate the resonance lines come from %°Ga(2) and " Ga(2), respectively.
Peaks indexed by open square come from Ga(1).

From consideration of symmetry [8], it is found that the induced field by the
magnetic moments cannot break the C,, symmetry at Ga(2). Therefore,
Hipnt at the Ga(2) site should be parallel to the [001] direction of the crystal,
which coincides with the EFG z-axis of Ga(2) |7]. Under this constraint of
the internal field direction, the adjustable parameter is only Hiy:. The good
agreement between the calcurated and observed frequencies is shown with
regard to Ga(2). Here, Hi,y = 5.9 kOe is given at 4.2 K.

Unfortunately, we could not find all of the Ga(1) lines due to their weak
signal intensities; most of the resonance lines of Ga(1l) are suspected to be
hidden by the strong resonance peaks of Ga(2). There appear fewer signals
of Ga(1), so that they could not be analyzed in a similar way to the Ga(2)
lines. Hence, Hiy for Ga(1l) could not be evaluated in this measurements.

The temperature dependence of Hiy; is shown in Fig. 2. For comparison,
we also plotted a square root \/Imag of the magnetic Bragg peak intensity in
the previous neutron diffraction study [5|. It is noted that /I, is propor-
tional to the amplitude of the ordered moments. As shown in Fig. 2, Hint
and /Imag show a similar temperature dependence. This clearly indicates
that Hipt is the transferred hyperfine field come from the magnetic moments
at the uranium site; the relation of Hin, = ALY x (m) is realized. Here, (m)
is the magnitude of the ordered moments, and AﬁfF denotes the hyperfine
coupling constant in the antiferromagnetic state. Since (m) is estimated to
be 0.24 up at the lowest temperature [5], we can evaluate A of Ga(2)
to be £ 24.6 kOe/up. The magnitude of AﬁfF is rather larger than that
of the hyperfine coupling constant AE?M in the paramagenetic state, which
has been estimated to be a few kOe/up |7]. At present, we have no defi-
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Fig.2. Temperature dependence of Hj,;. For comparison, the square root y/Imag
of the magnetic Bragg peak intensity are shown.

nite explanation for the change of the hyperfine coupling constant. Further
discussions are mentioned in the forthcoming reports.

In summary, we have carried out the zero-applied-field NQR measure-
ments for UPtGas. From the spectrum in the antiferromagnetic state, we
succeeded in evaluating the magnitude of the internal field at Ga(2). The
hyperfine coupling constant in the antiferromagnetic state is evaluated.
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