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Electrical resistivity, specific heat, and magnetization measurements on URu2−xFexSi2 reveal a two-fold
enhancement of the “hidden order” (HO)/large moment antiferromagnetic (LMAFM) phase boundaryT0(x).
TheT0(Pch) curve, obtained by convertingx to ”chemical pressure”Pch, is strikingly similar to theT0(P )
curve, whereP is applied pressure, for URu2Si2 − both exhibit a “kink” at 1.5 GPa and a maximum at∼ 7 GPa.
This similarity suggests that the HO-LMAFM transition at 1.5 GPa in URu2Si2 occurs atx ≈ 0.2 (Pch ≈ 1.5
GPa) in URu2−xFexSi2. URu2−xFexSi2 provides an opportunity for studying the HO and LMAFM phases
with methods that probe the electronic structure (e.g. STM,ARPES, PCS) but cannot be used under pressure.

PACS numbers: 71.10.Hf, 71.27.+a, 74.70.Tx

I. INTRODUCTION

The strong electronic correlations that arise from the hy-
bridization of localizedd- or f -electron and conduction elec-
tron states in compounds containing transition metal, lan-
thanide, or actinide ions with partially-filledd- or f -electron
shells often lead to the emergence of novel electronic ground
states such as heavy fermion metals, complex magnetic or-
der, quadrupolar order, non-Fermi-liquid (NFL) behavior and
unconventional superconductivity (SC).1 A prime example of
such emergent behavior is the “hidden order” (HO) phase
in the heavy fermion compound URu2Si2 that occurs below
T0 = 17.5 K and coexists with SC belowTc = 1.5 K.2–4

The specific-heat anomaly that accompanies the HO phase
transition is reminiscent of a second order BCS-like mean
field transition that opens a gap∆ ≈ 130 K over about 40
% of the Fermi surface(FS) due to a charge or spin density
wave.3 Howeve r, the small antiferromagnetic magnetic mo-
ment of only∼ 0.03µB/U derived from neutron scattering
experiments5,6 cannot account for the entropy of∼ 0.2Rln(2)
associated with the specific-heat anomaly.5 The terminology
HO7 refers to the ordered phase responsible for the striking
specific heat anomaly whose order parameter (OP) has eluded
identification for nearly three decades.

The search for the OP of the HO phase has attracted an
enormous amount of attention. A multitude of models for the
HO have been proposed, which can be roughly divided into
two groups, one based on a local OP and another involving
order that occurs in momentum space (see Ref. 8 and refer-
ences therein). ARPES,9 STM10,11 and PCS12 studies show
that upon cooling into the HO phase, the electronic structure
is reorganized and a heavy quasiparticle band shifts below the
Fermi level, where the crossing with a light hole-like band at
Q∗ = ±0.3π/a leads to the formation of a hybridization gap
∆Q∗ = 5 meV. It was suggested that the HO may be a hy-
bridization wave where∆Q∗ is the corresponding OP.8,13 The
recent proposal of a modulated spin liquid lies between the
extremes of local and itinerant OPs.14

The hybridization between localizedf and conduction elec-
tron states may be tuned by varying a control parameter such
as compositionx, pressureP or magnetic fieldH , allow-

ing information about the electronic ground state to be ex-
tracted from various measurements. This approach has been
applied extensively to URu2Si2, revealing richT vs. x, P ,
andH phase diagrams with a plethora of competing electronic
ground states. Through the application of pressure, it has been
shown that the magnetic structure in the HO phase is identi-
cal to that of a larger moment antiferromagnetic (LMAFM)
phase that emerges at critical pressuresPc ≥ 0.5-1.5 GPa15

(see also Ref. 16 and references therein). There is strong evi-
dence that the HO-LMAFM phase transition is of first order,17

leading to the widely held view that the magnetic structure in
the HO phase is due to a small amount of the LMAFM phase
induced by strain.6 H owever, other researchers believe that
the small magnetic moment in the HO phase is intrinsic since
its onset temperature coincides with that of the HO, and it
is present in samples with residual resistivities that varyby
as much as two orders of magnitude.18 In fact, some mod-
els predict that antiferromagnetic order in the HO phase is
intrinsic.19 Tuning withH revealed several high field quan-
tum phases that exhibit NFL behavior.20 Finally, substitution
of other transition metals for Ru generally leads to suppres-
sion of the HO,21 and, for example, yields a LMAFM phase
for Rh substitution22 and an itinerant ferromagnetic phase for
Mn, Tc, or Re substitutions,23,24accompanied by NFL behav-
ior deep in the ferromagnetic state for Re.25,26

In this paper, we demonstrate that substitution of the
smaller Fe ions for Ru ions in URu2Si2 provides a new ap-
proach for studying the properties of the HO phase. Mea-
surements of electrical resistivityρ, specific heatC, and
magnetizationM on a series of polycrystalline samples of
URu2−xFexSi2 with Fe concentrationsx ranging fromx = 0
to 2 reveal a remarkable phase diagram. The most salient char-
acteristics of this phase diagram are (1) the striking shapeof
theT − x phase boundaryT0(x) separating the paramagnetic
phase from the ordered phases (HO and/or LMAFM) with a
more than two-fold enhancement ofT0; (2) features inT0(x),
similar to those in theT −P phase diagram of pure URu2Si2,
that appear to be generated by “chemical pressure” (reduction
in the unit cell volume) arising from the substitution of the
smaller isoelectronic Fe ions for Ru ions, particularly thekink
atx= 0.2 that maybe related to a HO-LMAFM transition; (3)
increase of the energy gap∆ of the HO phase and the amount
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of the FS gapped by the HO phase with increasingx, inferred
from fits of a theoretical model with gapped excitations to the
low temperature electrical resistivity and specific heat; (4) co-
existence of SC and HO forx . 0.075; and (5) the possible
existence of a quantum critical point atx ≈ 1.3 where the HO
and/or LMAFM are suppressed to 0 K. This phase diagram
may provide new opportunities for establishing the identity of
the OP of the HO phase.

II. EXPERIMENTAL METHODS

Polycrystalline samples of URu2−xFexSi2 (0 ≤ x ≤ 2)
were prepared by arc melting high-purity starting materials
(U, 99.9%; Ru, 99.95%; Fe, 99.99%; Si, 99.9999%) on a
water-cooled copper hearth in a zirconium gettered argon at-
mosphere. After arc melting, each sample was flipped over
and remelted. This process was repeated five times in or-
der to ensure homogeneous mixing of the starting materi-
als. This was followed by annealing in vacuum at 900 °C
for 5 days. The crystal structure was verified by means of x-
ray powder diffraction (XRD) using a Bruker D8 Discover
x-ray diffractometer with Cu-Kα radiation. The resulting
XRD patterns were fitted via Rietveld refinement27 using the
GSAS+EXPGUI software package.28,29The chemical compo-
sition was investigated by means of energy dispersive x-rays
(EDX) using a FEI Quanta 600 scanning electron microscope
equipped with an INCA EDX detector from Oxford instru-
ments. Electrical resistivity measurements were performed
using a home-built probe in a liquid4He dewar for temper-
atures 1 K6 T 6 300 K by means of a standard four-wire
technique at∼ 16 Hz using a Linear Research LR700 AC re-
sistance bridge. For selected samples,ρ(T ) was also mea-
sured down toT = 0.05 K in an Oxford Kelvinox-3003He-
4He dilution refrigerator. Magnetization measurements were
made fo r 2 K≤ T ≤ 300 K and in magnetic fieldsH = 0.1
T using a Quantum Design SQUID magnetometer. Specific
heat measurements were performed for 1.8 K6 T 6 50 K
in a Quantum Design Physical Property Measurement System
semiadiabatic calorimeter using a heat-pulse technique.

III. RESULTS

A. Crystal structure and sample quality

UFe2Si2 is isostructural with URu2Si2 (space group
I4/mmm) and, correspondingly, we find that samples for
the entire range of Fe substitutions0 ≤ x ≤ 2 can be de-
scribed in the same space group and there are no indications
of misability gaps. The typical goodness of fit extracted from
the Rietveld refinement indicated byχ2 ranged from 4 to 10;
Fig. 1(a) illustrates the quality of the refinement that was typ-
ically achieved. As shown in Fig. 1(b), the lattice parameters
a andc decrease with increasing Fe concentration, although
the decrease ofc is much smaller. Overall, the unit cell vol-
ume of URu2−xFexSi2 decreases linearly withx (Fig. 1(c)),
as expected from the smaller size of Fe relative to Ru ions.
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FIG. 1: Results of the Rietveld refinement and EDX analysis. (a)
X-ray diffraction pattern for URu2−xFexSi2 with Fe concentrationx
= 0.1. Black dots represent the data, and the red solid line isthe fit to
the data. (b) Lattice parametersa andc vs. nominal Fe concentration
x. (c) Unit cell volumeV vs.x. For the axis on the right side the unit
cell volume was converted to chemical pressure (see text, section IV)
(d) Fe concentrationxmeas, determined from EDX measurements,
vs. x. The shaded region is the error inxmeas due the accuracy of
the EDX measurement.

Furthermore, the combined EDX/XRD refinement indicated
correct composition within the accuracy of the measurement
(see Fig. 1(d)) and no evidence of impurities, except for sam-
ples withx = 0.70, 0.80, and 1.00, where we identified a small
amount of UO impurity phase of only a few percent.

B. Electrical resistivity

The measurements of the electrical resistivityρ further em-
phasize that polycrystalline samples of high quality have been
obtained. The residual resistivity ratio (RRR), defined as
ρ(300 K)/ρ(2 K), for the pure URu2Si2 and UFe2Si2 samples
are 100 and 220, respectively. For increasing Fe concentration
x, however, theRRR drops rapidly to approximately 5, pre-
sumably due to the disorder introduced by the Fe substitution.

The superconducting critical temperatureTc is rapidly
suppressed by Fe substitution and SC is not observed for
x & 0.075 down to 50 mK. As illustrated in Fig. 2, the tran-
sition atT0(x) into the HO in URu2−xFexSi2 is visible as
a small peak inρ(T ) or, alternatively, an inflection point in
dρ/dT . T0(x) increases withx from 17.5 K atx = 0 to a
maximum value of 42 K atx ≈ 0.8. We note, that, as will
be discussed in more detail in section IV of the manuscript,
our data indicates a phase transition from the HO into the
LMAFM phase atx ≈ 0.2. Forx > 0.8, T0(x) decreases
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with x and disappears atx ≈ 1.3. Additionally, starting from
x = 0.075, the peak inρ(T ) that we associate withT0 be-
gins to broaden significantly. This broadening is more clearly
visible in dρ/dT as shown in Fig. 2(e). We have identified
the onset of the transition to the HO phase,T ′

0, as the upper
inflection point indρ/dT as marked with the empty arrows.
Starting fromx = 0.8,ρ(T ) also develops a lowT minimum
that “tracks”T0, where the corresponding lowT upturn ofρ
is most pronounced forx = 1 and disappears whenT0 is sup-
pressed to zero forx→ 1.3 [Fig. 2(c+f)].

C. Magnetization

The HO transition inM(T ) is manifested as a change of
slope [Fig. 3(a)] that closely tracksT0(x), as observed in
ρ(T ). Alternatively, the HO transition can be identified as a
peak indM/dT [Fig. 3(b)]. The signature of the onset of the
HO atT ′

0
in M(T ) is weak and only discernible forx = 0.60

as a small kink that appears as an inflection point indM/dT .
A low T upturn is observed inM(T ) for x≤ 1.0 andT < 5 K,
which becomes more pronounced forx ≥ 1.0 as it moves to
higherT .

D. Specific heat

In Fig. 4, we show the electronic specific heatCe(T ) that
was determined for allx by subtracting the phonon contribu-
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FIG. 2: (a-c) Electrical resistivityρ vs. temperatureT for
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tion Cph(T ) of UFe2Si2. This method should yield a good
estimate of the phonon contribution for all values ofx, since
the end member compounds are isostructural, and UFe2Si2
is reported to be a Pauli paramagnet down to 0.2 K.30 Using
only a Debye function, we were not able to account correctly
for the phonon contribution over the entireT -range measured.
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ary T0(x) (solid black line) separates the ordered phases (HO and
LMAFM) from the paramagnetic phase. The superconducting criti-
cal temperatureTc and the transition temperatureT0 and onset tem-
peratureT ′

0(see text) of the ordered phases are denoted by blue
squares, black circles, and red diamonds, respectively. The dashed
bold line is an extrapolation ofT0(x) to emphasize the kink at
x ≈ 0.2. The Fe concentrationx was converted to “chemical pres-
sure” Pch on the top horizontal axis (see text). The thin dashed
line is the HO-LMAFM transition in URu2Si2 as observed under
pressure.16 The inset highlights the region around the superconduct-
ing phase. (b) Residual resist ivity ratioRRR, defined asρ(300
K)/ρ(2 K), vs.x.

For URu2Si2, the HO transition appears inCe(T )/T as a
jump atT0 whose shape is reminiscent of a second-order BCS-
type mean-field transition. With increasingx, this anomaly
moves to higher temperatures, while the size of the jump
∆Ce/T decreases and disappears atx ≈ 0.8. In agreement
with ρ(T ) andM(T ) results, the transition broadens signifi-
cantly, leading to a shoulder in theC(T ) peak for x≥ 0.075.
Here, we define the shoulder atT ′

0
as the onset of the transition

to the HO and LMAFM phases, respectively.

IV. DISCUSSION

A. Phase diagram and HO-LMAFM phase transition

In Fig. 5(a), we have summarized the results of theρ(T ),
M(T ), andC(T ) measurements discussed in the previous
section in a phase diagram showing the HO transition tem-
peratureT0 vs. Fe concentrationx. T0(x) increases linearly
with x from 17.5 K atx = 0 to 21 K atx ≈ 0.2, exhibits

a kink atx ≈ 0.2, and then increases linearly with a larger
slope to a maximum value of 42 K atx ≈ 0.8; thereafter,
T0(x) decreases withx and vanishes atx ≈ 1.3. This be-
havior is quite reminiscent of theT vs P phase diagram ob-
served for URu2Si2. Due to the differences in the atomic
radii, substitution of isoelectronic ions often induces a change
in the unit cell volume that may be interpreted as a “chem-
ical pressure”Pch. The linear decrease of the unit cell vol-
ume of URu2−xFexSi2 with increasing Fe concentrationx
[see Fig. 1(c)] established by our XRD analysis is consistent
with th at view. We have therefore used the variation of the
unit cell volume withx to estimate the value ofPch corre-
sponding to each concentrationx according to the isothermal
compressibilityκT = 5.2·10−3 GPa−1 of URu2Si2 reported
in Ref. 31 [see right axis of Fig. 1(c) and top horizontal axisin
Fig. 5(a)]. We note, however, that the conversion depends on
the value chosen forκT , and that literature values vary from
2·10−3 GPa−1 (Ref. 15) to 7.3·10−3 GPa−1(see references in
Ref. 31). It is interesting that the kink in theT − Pch phase
boundaryT0(Pch) at 1.5 GPa and the slopes ofT0(Pch) of 2.1
K/GPa and 3.9 K/GPa below and above the kink are consistent
with the values of theT − P phase boundaryT0(P ) of pure
URu2Si2 (1.3 and 3.8 K/GPa, respectively), where the kink
occurs at the t ransition between the HO and LMAFM phases.
This similarity suggests that the kink inT0(Pch) (and, in turn,
T0(x)) is associated with a transition from the HO to the
LMAFM phase as indicated by the thin dashed line in Fig. 5(a)
that marks the HO-LMAFM transition in URu2Si2, according
to recent neutron scattering studies under pressure.16 In ad-
dition, the chemical pressurePch ≈ 0.8 GPa at which SC is
suppressed to zero agrees well with previous high pressure
studies,16 while the maximum value ofT0 ≈ 42 K and the
value ofPch ≈ 7-8 GPa at which it occurs, are consistent with
the high pressure study of URu2Si2 by Iki et al.32

The low T upturns that are observed inρ(T ) andM(T )
for x → 1.3 whereT0 is suppressed to zero [Fig. 2(c+f) and
Fig. 3] are reminiscent of the quantum critical scenario re-
cently reported for chromium where spin density wave order
breaks down at the critical pressurePc = 9.71 GPa.33 This sug-
gests that a quantum critical point (QCP) may be located at
x ≈ 1.3 in URu2−xFexSi2 due to suppression of the LMAFM
phase.

The establishedT vs. Pch phase diagram also offers an
explanation for the broadening of the HO transition that is
mainly manifested in theρ(T ) andCe(T ) data. We believe
that the broadening of the transition is due to small Fe con-
centration inhomogeneities that may generate appreciablein-
ternal strain. From high pressure studies on URu2Si2, it is
known that the HO transition is very sensitive to strain.6,16

This scenario is corroborated by the residual resistivity ra-
tio RRR that drops rapidly with increasingx from 100 at
x = 0, and then levels off atx = 0.075 where the broaden-
ing of the HO transition first appears, indicating additional
scattering due to disorder [Fig. 5(b)]. It is noteworthy that the
value ofT ′

0 saturates rapidly at∼42 K corresponding to the
maximum ofT0(x). Accordingly, the width of the transition
again decreases whenT0 reaches its maximum atx = 0.8.
The wea k signature of the onset of the HO/LMAFM phases,



5

0

0.5

1.0

1.5

2.0

0

1

2

3

0 10
0

0.5

1.0

0

0.2

0.4

0

0.2

0.4

     10 15 20
0

0.2

0.4

x = 0

a

c

b

 (
10

-2
-c

m
)

x = 0.05

T (K)

x = 0.075

d

x = 0

e

C
e
 /
T

 (
J/

(m
ol

-K
2 )

x = 0.05

f

 T (K)

x = 0.075

20

FIG. 6: Fits of the low temperature electrical resistivityρ(T ) and
electronic specific heatCe(T ) to a theoretical model with gapped
magnetic excitations (see text) for several Fe concentrationsx. In
the hidden order (HO) phase, theρ(T ) data have been fitted using
Eq. 2 (a-c), whereas theCe(T ) data have been fitted using Eq. 3 (d-
f). Black circles represent the data, red solid lines the resulting fits,
and arrows the fitting ranges.

T ′
0, in theM(T ) measurements indicates that the inhomoge-

neous regions occupy only a small volume fraction, as further
corroborated by XRD and EDX measurements, which show
that the samples are formed with the correct composition. We
therefore attribute the broadening of the transition to theex-
treme sensitivity of URu2Si2 to strain.6,16 Preliminary results
on single crystals of URu2−xFexSi2 show no broadening of
the transition, supporting this interpretation.

B. Stabilization of the HO phase

In order to investigate the stabilization of the HO phase by
the substitution of Fe with Ru, manifested in the increase of
T0 with x, in more detail, we have performed fits of relevant
theoretical models to the features inρ(T ) andCe(T ) that char-
acterize the HO phase. As demonstrated for URu2Si2 at am-
bient pressure,34 under pressure,35 and substituted with other
elements,36 ρ(T ) in the HO phase is well described by the
expression

ρ(T ) = ρ0 +AT 2 +B∆T

(

1 + 2
T

∆

)

e−
∆

T , (1)

which includes the residual resistivityρ0, a Fermi liquid term
AT 2, and an electron-magnon scattering contribution due to
spin excitations with an energy gap∆. We note, however,
that some ambiguity about the expression used to describe
the electrical resistivity in the HO phase exists in the lit-
erature. Eq. 1 was originally derived to describe electron-
magnon scattering due to ferromagnetic magnons.37 However,
the magnons observed in URu2Si2 are of antiferromagnetic
nature and the following expression should, in principle, be
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used to fit the electrical resistivity:37,38
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The resulting fits ofρ(T ) using Eq. 2 are shown in Fig. 6(a-
c). The differences in the values extracted for∆ via fits to the
low temperatureρ(T ) data of Eqs. 1 and 2, respectively, are
small because the exponential term that contains the gap∆ is
the dominant term in both expressions, and thus qualitatively
identical behavior is observed. In order to facilitate the com-
parison to previously published data, we provide the valuesof
∆ derived from both expressions in Fig. 7(a). We emphasize
that the values for∆ extracted by means of Eq. 2 also match
much better with the values for the gap obtained from fits of
the low temperature specific heat [see below and Fig. 7(a)].
Since forx > 0.1, the low temperature electrical resistivity
flattens considerably, it becomes unreasonable to describethe
ρ(T ) data with both th e Fermi liquid and exponential contri-
butions; therefore, we have limited the fits to theρ(T ) data for
x ≤ 0.1. The extracted size of the HO gap increases moder-
ately with increasingx up tox = 0.075, after which it satu-
rates again [Fig. 7(a)], suggesting that the HO phase is at least
initially stabilized by introducing Fe into URu2Si2.

Below the HO transition, theCe(T ) data can be described
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FIG. 8: The difference in entropy between the normal state and the
hidden order state∆S vs. Fe concentrationx.

by the expresssion

Ce(T ) = A exp(−∆/T ), (3)

where∆ is the gap that opens over the FS (Ref. 3). The fits of
Eq. 3 to theCe(T ) data are displayed in Fig. 6(d-f) in the form
of Ce(T )/T vs. T plots. Since the shape of the HO anomaly
in C/T deviates increasingly from a BCS form with increas-
ing x, we have limited this analysis tox ≤ 0.1, as well. As
indicated in Fig. 7(a), the size of∆ increases with increasing
x. At the same time, the jump inCe at the transition to the
HO phase divided byT0 remains approximately constant with
increasingx and only decreases significantly forx ≥ 0.1. In
order to approximate the fraction of the FS that is gapped, we
have estimated the electronic specific-heat coefficientγn by
linearly extrapolatingCe/T from aboveT0 andT ′

0
to T = 0,

and, accordingly,γ0 for the gapped FS by linearly extrapolat-
ing theCe/T data from below the transition toT = 0, follo
wing the method described in Ref. 3. In Fig. 7(c), bothγn and
γ0 are compared toγe− for the ungapped state, calculated for
conduction electrons with the free electron mass. Atx = 0,
we find that 55% of the FS is gapped, in agreement with pre-
vious reports.3 With increasingx, γn increases, whereasγ0
decreases, leading to an increase of the fraction of the FS that
is gapped, which atx = 0.1 reaches a value of 0.8 [Fig. 7(d)].
It is noteworthy that the change of shape of the HO anomaly
occurs atx = 0.2, whereT0(x) exhibits a kink. In addition,
extrapolating the fraction of the FS that is gapped to higher
values ofx suggests that the FS will be entirely gapped at
x ≈ 0.2.

To further elucidate this point, we have calculated the en-
tropy for URu2−xFexSi2as a function ofx. Shown in Fig. 8 is
the difference of entropy between the normal state and the hid-
den order state∆S vs.x. Here, the entropy of the normal state
was estimated by linearly extrapolatingCe/T from above the
HO transition to zero and computing the area below that line,
whereas the entropy in the HO state was calculated by inte-

gratingCe/T up toT0. ∆S peaks atx = 0.2, demonstrating
that the largest amount of entropy is removed from the system
due to onset of the HO phase forx= 0.2, again indicating that
the HO state is stabilized with increasing Fe concentrationfor
0 ≤ x ≤ 0.2. The decrease in∆S for x > 0.2 provides fur-
ther support for the possibility of a transition from the HO to
LMAFM state atx = 0.2.

V. CONCLUDING REMARKS

In summary, we have established the phase diagram for
URu2−xFexSi2 over the entire range of Fe compositions from
x = 0 to 2 (Fig. 5). Particularly noteworthy is a more than
two-fold increase ofT0 from 17.5 K atx = 0 to 42 K at
x = 0.8. Here the striking similarities of the effect of “chem-
ical pressure” and external pressure on URu2Si2 suggest that
for x ≥ 0.2 (corresponding toPch = 1.5 GPa),T0(x) marks
the phase boundary to an ordered phase that is different from
the HO phase and is presumably similar to the LMAFM phase
identified in URu2Si2 for pressuresP ≥ 1.5 GPa. However,
in the experiments reported herein, it was not possible to de-
termine the phase boundary between the HO and LMAFM
phases in the ordered region of the phase diagram. This will
require neutron diffraction measurements that are able to de-
termine the magnetic structure and ordered magnetic moment
as a function of Fe concentrationx. Both the elec trical-
resistivity and the specific heat results demonstrate that,at
least up tox = 0.1, the HO is further stabilized as indicated
by the increasing size of both the HO gap and the fraction
of gapped FS. Furthermore, circumstantial evidence suggests
that the HO is stabilized against thermal fluctuations even up
to x ≈ 0.2: (1) the shape of theT0-anomaly in the specific
heat changes atx = 0.2, (2) the extrapolated gapped fraction
of the FS approaches 1 asx → 0.2, (3) the difference of en-
tropy between the normal state and the HO state∆S peaks
at x = 0.2, and (4) the similarity ofT0(Pch) andT0(P ), in
conjunction with the kink inT0(x) at x = 0.2, indicates that
the HO phase extends tox= 0.2. We note that the application
of “chemical pressure” to URu2Si2 extends the range of ex-
periments that may be used to study the HO to methods, such
as STM, ARPES and PCS, that are generally not available in
combination w ith applied pressure, but hold the promise of
new insights into the HO. In particular, this will be important
for testing models for the HO based on an itinerant OP such as
the recently proposed hybridization wave.8,13 We note, how-
ever, that high quality single crystals are required for these ex-
periments. Using single crystal samples will also mitigatethe
problem of disorder that is observed for increasing Fe concen-
trations, thereby reducing the broadening of the HO transition.
This has been verified with preliminary experiments on single
crystals of URu2−xFexSi2 that will be published elsewhere.
Finally, the apparent QCP that is indicated by low tempera-
ture divergences in the electrical resistivity and magnetization
atx = 1.3, whereT0 extrapolates to zero, may also shed some
light onto the delicate interplay between HO and the LMAFM
phase.
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