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temperature, in stark contrast to the case of in-plane field
rotation. Collectively, these provide compelling evidence
for the nematic origin of the phase shift observed upon
in-plane rotation.
Similarly, we also studied the in-plane angular evo-

lution of the magnetic torque in underdoped (x=0.18,
Tc=21 K) and nearly optimally-doped (x=0.2, Tc=29
K) samples. Similar phase shifts were also observed in
these two doping levels, although at much lower temper-
atures. The onset temperatures for the nematic phase,
T ∗, were identified as ∼140 K and ∼100 K, respectively
(see SI). Although T ∗ for the optimally-doped sample re-
mains high, the relative phase shift below T ∗ gets much
smaller, indicative of the weak nematicity.
We next consider an overdoped sample (x=0.24, de-

termined from EDX, see SI) whose resistivity, Fig. 2(e),
starts an incipient dip at ∼20 K and a quick drop below
∼14 K but non-zero resistivity is observed down to 2.5
K, indicating either sample inhomogenity or strong inter-
nal field induced by Eu2+ FM ordering on the overdoped
side[17, 19]. Angular torque in the normal state (Fig. 2
(a) and (b)) is sinusoidal and maintains the same phase
all the way down to the superconducting (fluctuation)
temperature, below which a substantial 4-fold compo-
nent develops (see SI for the torque in the superconduct-
ing state). It is noted that this 4-fold symmetry torque
sets in about 10∼20 K above Tc, similar to what was
observed in x=0.18 and x=0.2 samples. We attribute
this to the superconducting fluctuations which have the
same effects on the torque as the Eu2+ order in the par-
ent compound. Overall, this locking of the torque phase
with temperature is vividly captured in the contour plot,
Fig. 2 (d). On the other hand, the temperature depen-
dence of the amplitude, A(T ) in Fig. 2 (c), evolves in a
smooth manner in the normal state.
Figure 3 shows the revised phase diagram of

EuFe2(As1−xPx)2 revealed from our torque measure-
ments. In addition to the phases uncovered thus far by
other measurements, we have found a rather broad region
above the structural and magnetic transitions where the
electrons in the FeAs plane start to develop a novel, ori-
entational order that breaks the rotational invariance of
the underlying tetragonal lattice and reduce the symme-
try from C 4 to C 2[4]. This nematic phase is found to
extend all the way up to the optimal doping where the
structural and magnetic transitions are believed to be
completely suppressed. On the overdoped side, however,
no nematic phase can be revealed above the supercon-
ducting transition, in contrast to the phase diagram of
BaFe2(As1−xPx)2 where nematicity clearly survives in
the very overdoped region[6]. This indicates that the
phase diagram associated with the nematic order is not
universal, even within the 122-family.
We note that the electronic anisotropy above the struc-

tural and magnetic transitions has also been investigated
by a thermoelectric power (TEP) study in three spec-

FIG. 3: (Color online) The resultant phase diagram of
EuFe2(As1−xPx)2 as derived collectively from our measure-
ments and the previous studies. For simplicity, we neglect the
fine spin structure of Eu2+, including that in the supercon-
ducting state, which were recently uncovered in Ref. [21, 22].

imens of EuFe2(As1−xPx)2, two non-superconducting
samples (x=0.05 and 0.09) and one overdoped sample
(x=0.23)[23]. Similarly, the nematic phase had only been
detected in the x=0.05 and x=0.9 samples, no anisotropy
being observed in the overdoped x=0.23 sample. Re-
markably, for x=0.05, the anisotropy in the TEP ap-
pears to develop even above ∼250 K, a temperature we
assigned as T ∗ for the onset temperature of the nematic-
ity in the parent compound (Note that the TEP was
performed under a uniaxial stress clamp. It may effec-
tively enhance the nematicity[23]). Consistently, on the
overdoped side, no nematic order can be detected in the
TEP measurements nor our magnetic torque study. For
the TEP measurements, it is difficult to define the onset
temperature T ∗ since the uniaxial pressure is necessary
to detwin the sample. However, thanks to the unbal-
anced twin-domain volumes, torque measurements prove
to be an effective approach to study any anisotropy in a
stress-free sample[6].

It is unlikely that the absence of the nematicity on the
overdoped side is due to the sample inhomogeneity. First,
the non-zero resistivity below Tc in our sample does not
necessarily imply the sample inhomogeneity as the inter-
nal field induced by Eu2+ FM order in overdoped sample
may be comparable to the upper critical field. Second, no
nematicity has either been detected by the TEP study in
the overdoped sample, whose sample homogeneity is not
a serious issue there[23]. Moreover, it is noteworthy that
even under the uniaxial stress, no resistivity anisotropy
has been observed in the overdoped 122 samples, includ-
ing Co and Ni doped BaFe2As2[8].

A natural question raised by our study concerns the
relation between these various transitions in the phase
diagram and the microscopic origin of the nematicity.


