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Despite intense experimental efforts, the nature of the unconventional superconducting order
parameter of UTe2 remains elusive. This puzzle stems from reports of either a single or a double
superconducting transition at ambient pressure as well as a complex pressure-temperature phase
diagram. To address this issue, we measured the heat capacity and electrical resistivity of UTe2 under
compressive uniaxial stress, σ, applied along different crystallographic directions. We find that the
critical temperature Tc of the single observed bulk superconducting transition decreases with σ
along [100] and [110] but increases with σ along [001]. Aside from its effect on Tc, c-axis stress
leads to a significant piezoresistivity. Importantly, an in-plane shear stress σxy does not induce
any observable splitting of the superconducting transition over a stress range of σxy ≈ 0.17 GPa.
This result suggests that the superconducting order parameter of UTe2 may be single-component
at ambient pressure.

Unconventional superconductor UTe2 is a promising
candidate for spin-triplet pairing and topological super-
conductivity [1]. Yet, despite intense experimental efforts
(see Ref. [2]), the nature of the superconducting order pa-
rameter (OP) of UTe2 remains elusive. UTe2 is believed
to host multiple superconducting phases as a function of
hydrostatic pressure [3–7] and magnetic field [5–9], but
the number of superconducting transitions at ambient
conditions is a matter of contention [2].

At zero field and ambient pressure, several studies sug-
gest that UTe2 is a chiral superconductor based on the
observation of chiral surface states [10, 11], a gap struc-
ture with point nodes [12], and a broken time reversal
symmetry (TRS) in the superconducting state [13, 14].
Due to the presence of two distinct thermodynamic su-
perconducting anomalies in some samples [13], UTe2 is
proposed to possess two superconducting OPs. Addi-
tionally, the trainability of the polar Kerr signal with
magnetic field along the crystallographic c axis suggests
that the product of these two superconducting OPs trans-
forms as the B1g irreducible representation (irrep) of the
orthorhombic point group D2h [13, 14]. Importantly, be-
cause this point group has no multi-dimensional irreps, a
description in terms of a two-component gap necessarily
requires near-degenerate superconducting instabilities.

Although some samples display two features in the
specific heat across the superconducting transition,
UTe2 crystals that display an optimal superconducting
transition temperature Tc = 2 K and large residual re-
sistivity ratios host a single thermodynamic supercon-
ducting transition, as manifested by a single jump in the
specific heat [15, 16]. This could be either an indication
that the two OPs condense at very similar temperatures
that cannot be resolved in the specific heat or that higher
Tc samples display only one superconducting OP. There
has been no report of broken TRS in the superconduct-

ing phase of single-transition samples, and therefore the
nature of the superconducting OP is still unclear.

In samples with a single superconducting transition
(i.e., one jump in the specific heat), pressure splits the
transition into two thermodynamic anomalies that have
opposite pressure dependence above 0.3 GPa [3]. For
samples with two peaks in the specific heat at ambi-
ent pressure, four peaks are observed above 0.3 GPa
[4]. Upon further increasing pressure, an antiferromag-
netic phase is argued to emerge [3, 4], in contrast with
the ferromagnetic fluctuations initially expected at am-
bient pressure [1, 17]. The connection between pressure-
induced magnetic fluctuations and the splitting of the
superconducting transitions at low pressure remains un-
clear [18].

Uniaxial stress has proved to be a powerful tool to
study multi-component superconductors. This technique
has been used extensively to study the phase diagram
and the OP of Sr2RuO4 [19, 20]. While this material
was initially thought to display spin-triplet pairing [21],
recent NMR data performed under strain demonstrated
it to be actually a singlet superconductor [22].

Here we investigate the nature of the superconducting
OP of UTe2 by measuring the low temperature ac heat
capacity and the electrical resistivity of single crystals
under compressive uniaxial stress σ100, σ110 and σ001 re-
spectively applied along the [100], [110] and [001] crystal-
lographic directions (see methods in S.M. Section A [23]).
Our unstressed samples display a single transition ac-
cording to the specific heat. We report that the Tc value
extracted from calorimetry decreases with compressive
σ100 and σ110 but increases with compressive σ001. Most
importantly, we show that a symmetry-breaking in-plane
shear stress σxy does not induce any observable splitting
of the superconducting transition. In addition, c-axis
stress induces a significant piezoresistivity, presumably



2

(a)

(d)

(b)

(e)

(c)

(f)

a

b

c

FIG. 1. Temperature dependence of the heat capacity C/T (top panels) and electrical resistivity (bottom panels) along
the indicated crystal directions (ρ100, ρ110 and ρ001), uniaxial stress values, and orientations [(a), (d): σ100; (b), (e): σ110;
(c), (f): σ001]. For each stress value, the dashed lines mark the average temperature of the sharp rise in C/T at Tc,ac or the
temperature Tc,ρ below ρ is zero. Colored arrows show the trends of Tc,ac(σ) and Tc,ρ(σ) upon increasing the compressive stress.
Black arrows on the top panels show the onset [(a), (b)] and end [(c)] of the heat capacity jump of the lowest stress curve
(black lines). The sketches show the direction of applied stress. ρ110 and ρ001 are scaled as indicated for clarity. The difference
between the resistivity curves at the two lowest σ110 values is due to a crack in the sample, not to reversible piezoresistivity.

caused by the reduction of the energy scale correspond-
ing to the feature observed at T ? ≈ 15 K, attributed ei-
ther to the onset of short-range magnetic correlations or
anisotropic Kondo coherence [29–31].

Figures 1 (a) - (c) show the temperature dependence
of the heat capacity plotted as C/T of three samples at
the indicated σ100, σ110 and σ001 uniaxial stress values.
In our convention, positive σ means compressive stress,
whereas negative means tensile. The curves at the low-
est stress show a single and sharp transition at the ther-
modynamic superconducting critical temperature Tc,ac,
defined as the middle of the sharp rise in C/T that oc-
curs when most of the sample becomes superconducting
(dashed vertical lines). A single transition is in agree-
ment with the characterization data of the unstressed
samples (see S.M. Section A [23]) and with the results of
Refs. [15, 16].

Figures 1 (d) - (f) show the temperature evolution of
the electrical resistivity, ρ, with current along the ap-
plied stress direction. These measurements were carried
out simultaneously with ac calorimetry. For ρ100, ρ110,
the resistivity at the lowest stress value displays a sharp
transition to the superconducting state at a resistive crit-
ical temperature Tc,ρ (below which ρ = 0) that is in good
agreement with the one extracted from heat capacity. For
ρ001, there is a slight difference between Tc,ac and Tc,ρ
that may be related to the slower cooling rate that was
used at the end of the sample growth (see Ref. [15]).

We observe two main effects upon application of com-

pressive uniaxial stress. First, Tc,ac changes monotoni-
cally upon applying stress along all directions. For σ100
and σ110, Tc,ac decreases with increasing stress, whereas
Tc,ac increases with increasing σ001. The evolution of
Tc,ac and Tc,ρ with σ100, σ110 and σ001 is summarized
in the phase diagram shown in Fig. 2 (a). As expected,
the stress evolution of Tc,ρ tracks that of Tc,ac for most
stress values. The difference between Tc,ac and Tc,ρ for
σ100 > 0.250 GPa will be discussed later.

The opposite trend of Tc,ac with σ100 (and σ110) as
compared to σ001 is in agreement with a previous ther-
mal expansion study [32] that reported a negative jump
at Tc in the linear thermal expansion coefficient along
[100] (and [010]), but a positive jump for the coefficient
along the [001] direction. This suggests that the super-
conducting state observed at ambient pressure is favored
by a smaller c-axis length and larger a-axis length. Be-
cause the U-U dimer (shortest distance between U ions)
in the crystal structure of UTe2 is along the c axis, and
uranium chains run along the a axis, our results support
theoretical arguments that the c-axis dimer is key to the
formation of the superconducting state in UTe2 [33, 34].

The second effect of applied uniaxial stress is the ap-
pearance of a foot above Tc,ac for σ100 and σ110 and a
shoulder below Tc,ac for σ001 [see Figs. 1 (a) - (b) and
Fig. 1 (c), respectively]. As the number of supercon-
ducting transitions in UTe2 remains a central question
[13, 16], the origin of these features must be understood.



3

(a) (b) (c)

FIG. 2. (a) Superconducting transition temperatures Tc,ρ (circles) and Tc,ac (crosses) versus uniaxial stress. Full symbols
correspond to data from Fig. 1 and open symbols from panel (c) at higher σ001 values. Dashed lines are linear fits to Tc,ac(σ).
(b), (c) Temperature dependence of the c-axis resistivity ρ001 at different σ001. (b) ρ001 below 5 K versus T 2 together with
ρ001 = ρ0 + AT 2 fits to the data between 2.6 K and 4.2 K (dashed lines). The inset shows σ001 dependance of ρ0 and A. (c)
Stress evolution of the peak at T ? ≈ 15 K (colored arrows). The inset shows higher-temperature data at σ001 = −0.030 GPa.

It is clear from Figs. 1 (a) - (b) that the foot above Tc,ac
for all σ100 and σ110 values coincides with the onset tem-
perature of the superconducting anomaly of the lowest
stress curve. For σ001, the shoulder for all stress values
extends above the temperature of the C/T jump at Tc,ac
of the lowest stress curve, as shown in Fig. 1 (c). To
demonstrate that these features are due to an inhomoge-
neous stress, especially in regions of the sample that ex-
tend underneath the mounting plates of the stress cell, we
probed a smaller, more homogeneously stressed volume of
the samples by increasing the ac calorimetry excitation
frequency [19]. The results for σ100 = 0.050 GPa and
σ001 = 0.200 GPa are shown in S.M. Section B [23]. As
expected when probing a more homogeneously stressed
part of the sample, the position of the main heat ca-
pacity jump at Tc,ac remains essentially unchanged while
the shoulder and foot onset temperatures progressively
merge with Tc,ac. This shows that stress inhomogeneity
is responsible for these two artifacts and that there is a
single heat capacity jump related to bulk superconduc-
tivity at the indicated stress levels. As pointed out in
Ref. [16], the presence of two superconducting anomalies
in some unstressed samples could be related to a lower
sample quality.

Our main finding is the absence of splitting in the su-
perconducting transition for σ100, σ110 and σ001, as seen
in Figs. 1 (a) - (c). This is especially meaningful for
σ110, which unlike σ100 and σ001, breaks the orthorhom-
bic symmetry to monoclinic by lowering the point group
symmetry from D2h to C2h. By expressing the [110]
stress vector into the basis of the main crystallographic
axes, one finds that it has components along [100] and
[010] in addition to a pure shear stress contribution σxy

in the ab plane whose amplitude is equal to 0.47 × σ110
(see details in S.M. Section A [23]). Because the resulting
shear strain εxy transforms as the B1g irrep of D2h, it is
expected to split the transition temperatures of the two
proposed nearly-degenerate OPs [13] because their prod-
uct also transforms as B1g. The temperature difference
between the two nearly-degenerate transitions, ∆Tc, is
expected to follow (to leading order in the applied strain):

∆Tc =
√

∆T 2
c(εxy=0) + λ2ε2xy,

where ∆Tc(εxy=0) is the unstressed splitting of the su-
perconducting transition temperatures (∆Tc(εxy=0) ≈ 0
in our case) and λ is a coupling constant (see details in
S.M. section E [23]).

The absence of a detectable splitting in Tc upon appli-
cation of σ110 [see Fig. 1 (b)] may be explained by differ-
ent scenarios. One possibility is that the OP is different
from the one proposed previously, either because there is
only a single superconducting OP or because the nearly-
degenerate OPs belong to symmetry channels that would
not allow for a coupling that is linear in εxy. Another pos-
sible explanation for the absence of detectable splitting
of the superconducting transition induced by σ110 would
be a λ value too small to cause any appreciable splitting
for σ110 < 0.355 GPa. Using the elastic tensor obtained
from density functional theory (DFT) (see S.M. section
D [23]), we find that at σ110 = 0.355 GPa, the induced
εxy ≈ −0.6% would not lead to a ∆Tc greater than 0.1 K
for λ < 16 K.

If UTe2 hosts a single superconducting OP, regardless
of its symmetry, one expects Tc to evolve quadratically

with shear strain Tc = T
(εxy=0)
c + λε2xy. From Fig. 2 (a),
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Tc,ac evolves linearly with σ110, which implies that the
σ110 response is dominated by the symmetry-preserving
stress along the main axes, σ100 and σ010, rather than
the symmetry-breaking stress σxy. From symmetry ar-
guments, Tc should be linear under σ100 and σ010.

From Fig. 2 (a), we determine
dTc,ac

dσ100
≈ −0.87 K/GPa

and
dTc,ac

dσ001
≈ +0.56 K/GPa, whose sum is −0.31 K/GPa.

Upon comparison with both hydrostatic pressure stud-
ies [3, 4] (dTc

dP ≈ −0.5 K/GPa) and thermal expansion

and specific heat using Erhenfest’s relation [32] (dTc

dP ≈
−0.49 K/GPa), this result suggests that the evolution of
Tc under applied σ010 has a negative slope that is smaller
than that of the two other axes. Using the elastic tensor
calculated by DFT we find that the evolution of Tc with
σ100 and σ001 cannot be explained in terms of strain along
a single direction through Poisson effects. This suggests
that there is no dominant strain direction controlling Tc
in UTe2.

Under hydrostatic pressure, the superconducting tran-
sition splits into two above 0.3 GPa, leading to a slight
slope change of the lower Tc(P ) and an initial enhance-
ment of the higher Tc(P ). The latter undergoes a drastic
suppression for P > 1.2 GPa [3, 4] due to the emergence
of a magnetic ground state. Here, the absence of split-
ting of the superconducting transition and the linear evo-
lution of Tc,ac with uniaxial stress approaching 0.3 GPa
(σ001) or exceeding this value (σ100 and σ110) suggests
that higher stress levels would be required to drive the
system to a regime with a different ground state. How-
ever, for σ100 > 0.250 GPa, Tc,ρ starts to increase with
increasing stress, in contrast to the behavior of Tc,ac [see
Fig. 2 (a)]. In addition, the resistive superconducting
transition shows substantial broadening upon application
of σ100 whereas its width barely increases with σ110 and
σ001, as shown in Figs. 1 (d) - (f). This behavior was
verified in another sample with applied σ100 (see S.M.
Section C [23]).

For hydrostatic pressures above 0.3 GPa, the emerg-
ing superconducting transition that splits from the main
Tc(P ) curve displays a positive dTc/dP , an initially small
signature in heat capacity, and a significant broadening
in resistivity [3, 4]. A similar scenario could thus take
place under σ100 based on the analogous resistive behav-
ior. In this case, a stress value of σ100 ≈ 0.3 GPa could
be just enough to drive the system towards the regime in
which a split superconducting transition emerges. This
would mean that shorter U-U distance in the chains along
the a axis could be a key ingredient for the enhancement
of the second superconducting phase observed at high
pressures. Alternatively, this effect may also be caused
by the presence of filamentary or surface superconduc-
tivity. The application of higher stress will be useful to
distinguish between the two scenarios.

Finally, we turn to the pronounced piezoresistivity ob-
served above Tc,ρ for stress and current along the c axis

[see Fig. 1 (f)], which was not observed for stress along
other crystal directions [Figs. 1 (d) and (e)]. By fit-
ting the normal-state ρ001 over the temperature range
shown in Fig. 2 (b) to ρ001 = ρ0 + AT 2, we observe
an enhancement of both the coefficient associated with
electron-electron scattering, A, and the residual resistiv-
ity, ρ0, upon increasing compressive σ001. The observed
enhancement of A over a stress range of about 0.5 GPa is
significant (30%) but smaller than the factor of two in-
crease in A with applied hydrostatic pressure of 0.56 GPa
[3] and much smaller than the ∼ 1000% increase in A at
a metamagnetic transition near 32 T for magnetic fields
applied close to the b axis at atmospheric pressure [35].
These comparisons suggest that at σ001 ≈ 0.5 GPa, the
system is still away from a hypothethical quantum criti-
cal point. It would be interesting to apply higher c-axis
stress, which also seems to be tuning the system in a
different direction than hydrostatic pressure [3, 4]. Addi-
tionally, we find that the peak in ρ001 around T ? ≈ 15 K
that was previously reported in Ref. [31], shifts towards
lower temperatures as σ001 increases, as displayed in
Fig. 2 (c). This peak has been attributed to either an
anisotropic Kondo energy scale [30] or to the onset of
short-range magnetic correlations [29].

In conclusion, our measurements under uniaxial stress
show that the single bulk thermodynamic superconduct-
ing transition at Tc,ac in UTe2 has opposite evolution un-

der applied compressive stress σ100, σ110 (
dTc,ac

dσ100
,
dTc,ac

dσ110
<

0) and σ001 (
dTc,ac

dσ001
> 0). This suggests that supercon-

ductivity in UTe2 is favored by a smaller c-axis length
and larger a-axis length. Notably, through the appli-
cation of a symmetry-breaking shear stress, σxy, we do
not observe the expected Tc splitting for the case of two
nearly-degenerate superconducting OPs whose product
transforms as B1g. This implies either that the coupling
between shear strain and the OPs is very small or that
the superconducting OP of UTe2 is different from the
one proposed previously. In the latter scenario, TRS
breaking might be explained by the condensation of a
sub-leading superconducting instability near dislocations
and other lattice defects, similarly to what has been re-
cently proposed in Sr2RuO4 [36]. To disentangle these
different scenarios, Kerr effect measurements are needed
on crystals showing a single superconducting transition.
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