
磁歪測定を用いたUTe2のメタ磁性研究
スピン三重項超伝導体として注目を集めている
UTe2に対して、三宅厚志助教らが55Tまでのパル
ス磁場下における高精度な磁歪測定を行いました。
その結果はメタ磁性転移後の異方的格子歪の存在
を捉えており、この転移による超伝導の消失・発
現の起源を知る重要な手がかりになります。
三宅氏が4月18日に投稿した論文は、5月17日に
出版され、JPSJのEditors’ Choiceにも選定され
ています。
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詳細は以下をご参照ください。
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The link between the metamagnetic transition and novel spin-triplet superconductivity of UTe2 was discussed
thermodynamically through magnetostriction measurements in a pulsed-magnetic field. We revealed a discontinuous
magnetostriction across the metamagnetic transition at μ0Hm ≈ 35T for the applied magnetic fields along the
crystallographic b axis in the orthorhombic structure. The resultant volume magnetostriction of ΔV=V ≈ −5.9 × 10-4

gives the initial pressure dependence of Hm by employing the Clausius–Clapeyron’s equation, which agrees with
previous pressure experiments. Further, significant anisotropic magnetostriction (AMS), derived by subtracting the
averaged linear magnetostriction, was revealed. Contrary to the weakly field-dependent AMS along the a axis, those
along the b and c axes show strong field dependences with a similar magnitude but with opposite signs, indicating its
lattice instability. The relationship between characteristic energy scales of magnetic fields and temperatures was
discussed in terms of the Grüneisen parameters compared to the other f-electron systems. The volume shrinkage in UTe2
at Hm, contrary to the volume expansion in typical heavy fermion metamagnets, pushes to invoke the link with the
valence instability related to the itinerant-localized dual nature of the U magnetism.

Unconventional superconductivity of UTe2 (space group:
Immm) below Tsc ¼ 1:6{2:0K is a promising candidate for
a spin-triplet state.1–3) Since its discovery few years ago, a
number of experimental and theoretical works have been
intensively conducted.4) For instance, puzzling magnetic-field
(H) effects have been reported from the early stage. A first-
order metamagnetic transition takes place at !0Hm " 35T,
when the field is applied along the b axis5–9) [see Fig. 1(a)].
Notable features appear in its superconducting (SC) phase
diagrams, which are significantly sensitive to the field and
its applied direction. For H k b, Tsc decreases to ∼15 T,
followed by a gradual increase and a sudden suppression at
Hm.7,8,10) More strikingly, another SC phase is induced above
Hm for a magnetic field along specific directions near the
[011] direction.7,8) Such reinforcement=reentrant behaviors of
SC transition are reminiscent of spin-triplet ferromagnetic
(FM) superconductors of URhGe and UCoGe.11–15) How-
ever, UTe2 does not order magnetically.16–18) The spin
fluctuations have been investigated microscopically by
NMR19) and μSR.16) Direct antiferromagnetic (AFM) corre-
lations are detected using inelastic neutron scattering experi-
ments,20,21) while FM correlations have not yet been observed
experimentally up to date. These AFM and FM fluctuations
may compete for the choice of SC order parameters.22,23)

Although it is evident that the first-order metamagnetic
transition influences the SC phases, the relation between
them, particularly the origin of metamagnetism, leaves many
mysteries. For H k b, a steep increase in magnetization from
M " 0:5!B=U to 1.0 !B=U at Hm [see Fig. 1(a)] accompa-
nied by approximately five times enhancement of the
resistivity with a clear H-hysteresis at low temperatures is
observed.5,6,8,9) Through magnetization and specific heat
measurements, we revealed a significant effective mass
enhancement on approaching Hm.6,9,24) A similar mass

Fig. 1. (Color online) Magnetic field dependence of (a) magnetization,
(b) linear and volume (V ) magnetostriction, and (c) anisotropic linear
magnetostriction of UTe2 at Tini ¼ 1:4K for H k b. The volume magneto-
striction is determined by a summation of the linear magnetostriction,
!V=V ¼

P
i¼a;b;cð!Li=LiÞ. Lavg is an average of the volume (lattice)

magnetostriction determined by !V
3V . The anisotropic magnetostriction is

evaluated by !LAMS
i =Li ¼ !Li=Li %!V=ð3VÞ. The MðHÞ curve is taken

from Refs. 6 and 9.
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