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We present a systematic115In NQR study on the heavy-fermion compounds CeRh1−xIrxIn5 (x=0.25, 0.35,
0.45, 0.5, 0.55, and 0.75). The results provide strong evidence for the microscopic coexistence of antiferro-
magnetic(AF) order and superconductivity(SC) in the range of 0.35øxø0.55. Specifically, forx=0.5,TN is
observed at 3 K with a subsequent onset of superconductivity atTc=0.9 K. Tc reaches a maximums0.94 Kd at
x=0.45 whereTN is found to be the highests4.0 Kd. Detailed analysis of the measured spectra indicate that the
same electrons participate in both SC and AF order. The nuclear spin-lattice relaxation rate 1/T1 shows a broad
peak atTN and follows aT3 variation belowTc, the latter property indicating unconventional SC as in CeIrIn5

sTc=0.4 Kd. We further find that, in the coexistence region, theT3 dependence of 1/T1 is replaced by aT-linear
variation belowT,0.4 K, with the valuesT1dTc

/ sT1dlow T increasing with decreasingx, likely due to low-lying
magnetic excitations associated with the coexisting magnetism.
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I. INTRODUCTION

Superconductivity and long-range magnetic order are two
outstanding quantum phenomena; however, these ground
states are not generally displayed by the same electrons si-
multaneously. This is because an internal magnetic field aris-
ing from magnetic order usually destroys superconductivity.
In the 1970’s, a number of materials were found to host both
superconductivity and magnetic order, but the two orders
were due to different electrons and occurred in spatially
separated regions.1 This is also true in the recently reported
ruthenatecuprate hybrid compound RuSr2RCu2O8 sR
=rare earthd where the RuO and CuO2 planes are responsible
for the magnetic order and superconductivity, respectively.2

An exceptional case is the heavy-fermion compound
UPd2Al3 in which magnetic order and superconductivity co-
exist homogeneously.3,4 In this system, however, it is be-
lieved that the multiple bands of uranium(U) electrons make
such coexistence possible. Namely, among three U-5f elec-
trons, the two with localized character are responsible for the
magnetism and the remaining one is responsible for
superconductivity.5,6 Such “duality” may also be at work in
other U-based heavy-fermion magnetosuperconductors.7–9 It
is therefore an outstanding question whether magnetic order
and superconductivity due to the same electrons can coexist
on a microscopic length scale. Although it has been proposed
theoretically that magnetism and superconductivity may be
viewed as two subcomponents of a unified group and that
they may coexist under certain conditions,10 accumulation of
convincing experimental evidence is important. The Ce-
based heavy-fermion compounds and high superconducting
transition-temperaturesTcd copper oxides are hosts of single-
band magnetism or/and superconductivity, and are therefore
good candidate materials for exploring this problem.

Recently, it has been suggested that in the layered
heavy-fermion compounds CesRh1−xIrxdIn5 (Ref. 11) and
CesRh1−xCoxdIn5 (Ref. 12) and also CeRhIn5 under

pressure,13,14 antiferromagnetism and superconductivity co-
exist. CeRhsIrdIn5 crystallizes in a tetragonal structure which
consists of CeIn3 layers separated by a RhsIrdIn2 block.
CeRhIn5 is an antiferromagnet withTN=3.7 K, but becomes
superconducting under pressures above 1.6 GPa.15 CeIrIn5 is
a superconductor at ambient pressure withTc=0.4 K (Ref.
16) and line nodes in the superconducting energy gap.17 It is
remarkable that the magnetic fluctuations exhibit quasi-two-
dimensional character as revealed by NQR(Ref. 17) and
neutron scattering18 measurements, probably reflecting the
layered crystal structure. Upon substituting Rh with Ir, super-
conductivity was found in CesRh1−xIrxdIn5 for x.0.3, while
magnetic order continued to be observed around 3.8 K in the
specific heat forxø0.5 (Ref. 11) and an internal magnetic
field was detected by muon spin rotation measurement.19

In this paper, we present results obtained from nuclear
quadrupole resonance (NQR) measurements on
CesRh1−xIrxdIn5 that strongly suggest that antiferromagnetic
(AF) order coexists microscopically with unconventional su-
perconductivity(SC). We find that upon replacing Rh with Ir
in the antiferromagnet CeRhIn5, the Neel temperatureTN in-
creases slightly with increasing Ir content up tox=0.45 then
decreases rapidly. Superconductivity sets in abovex,0.35
andTc reaches a maximum of 0.94 K atx=0.45. The nuclear
spin-lattice relaxation rate 1/T1 shows a broad peak atTN
and follows aT3 variation belowTc, the latter feature indi-
cating that the SC is unconventional as in CeIrIn5. In the
coexistence region, 1/T1 becomes proportional toT at very
low temperatures in the superconducting state and the value
T1sT=Tcd /T1 increases in the order ofx=0.55, 0.5, and 0.45,
which suggests the existence of low-lying magnetic excita-
tions in addition to the residual density of states(DOS) due
to the presence of disorder.

The rest of the paper is organized as follows. The experi-
mental details are described in Sec. II. In Sec. III, the NQR
spectroscopy that indicates the homogeneous alloying of the
samples is presented. The results of the nuclear spin lattice
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relaxation that evidence the coexistence of antiferromag-
netism and superconductivity are also presented in Sec. III,
along with evidence for the unconventional nature of the
superconductivity. We conclude in Sec. IV, following a brief
discussion of the phase diagram deduced from our NQR
measurements.

II. EXPERIMENTAL

Single crystals of CesRh1−xIrxdIn5 used in this study were
grown by the In-flux method.15 For NQR measurements, the
single crystals were crushed into a powder of moderate par-
ticle size to allow maximal penetration of the oscillating
magnetic fieldH1, used in the NQR measurements. The mea-
surements below 1.4 K were performed by using a3He/4He
dilution refrigerator. NQR experiments were performed us-
ing a home-built phase-coherent spectrometer. A standard
p /2-p-echo pulse sequence was used. A smallH1 was used
to avoid possible heating by the rf pulse below 1K; thep /2
pulse length is about 20 microseconds. A CuBe piston-
cylinder device,20 filled with Si-based organic liquid as a
pressure-transmitting medium, was used to generate high
pressure. The NQR coil was put inside a Teflon cell. To
calibrate the pressure at low temperatures, the reduction inTc
of Sn metal under pressure was monitored by resistivity
measurements.21 Tc of the samples was determined from the
ac susceptibility measured by using the NQR coil at a fre-
quency of,32 MHz, and from theT1 data(see below). 1 /T1
was measured by the saturation-recovery method. The value
of 1/T1 was unambiguously extracted from a good fitting of
the nuclear magnetization to the expected theoretical
curve22,23 (discussed in detail below).

III. RESULTS AND DISCUSSION

A. Evidence for homogeneous alloying from NQR spectra

There are two inequivalent crystallographic sites of In in
CesRh1−xIrxdIn5: the In(1) site in the CeIn3 plane and the
In(2) site in the RhsIrdIn2 block. The NQR spectra for the
In(1) site consist of four equally spaced transition lines sepa-
rated bynQ, while the In(2) spectra are composed of four
unequally separated lines between 30 and 72 MHz. The
spectra of CeIrIn5 (Ref. 17) is reproduced in Fig. 1(a). Here
nQ is defined as the parameter in the following Hamiltonian:

HQ =
hnQ

6
S3Iz

2 − IsI + 1d +
1

2
hsI+

2 + I−
2dD , s1d

where

nQ =
eQVzz

6Is2I + 1d
s2d

and

h =
Vxx − Vyy

Vzz
. s3d

A representative spectra for CeRh0.5Ir0.5In5 is shown in Fig.
1(b). Two effects due to alloying are readily seen in this

spectra. First, the transition lines for In(1) are broadened.
Second, each transition for In(2) is split into three lines. Al-
though naively this behavior might suggest phase segrega-
tion, we argue below by inspecting the Ir-concentration de-
pendence of the spectra, that there is no phase separation in
the alloyed sample; rather the sample is globally homoge-
neous.

Figure 2 shows the NQR line shape atT=4.2 K of the
2nQ transition at the In(1) site for various Ir contents. ThenQ
decreases monotonically from 6.78 MHzsx=0d24 to
6.065 MHzsx=1d,17 suggesting a smooth evolution of the
lattice upon alloying, in agreement with x-ray diffraction
measurements.11 It should be emphasized that no trace of
pure CeRhIn5 or CeIrIn5 is found in the alloyed samples
because no peaks corresponding tox=0 or x=1 were ob-
served.

Figure 3 shows the spectra corresponding to the lowest
transitionsm=±3/2↔±5/2d line of the In(2) site for various
Ir concentration ranging fromx=0.25 to 0.75. It is interest-
ing that the positions of the three peaks do not change with Ir
concentration[Fig. 4(a)], but the relative intensity distribu-
tion among these lines does[Fig. 4(b)]. Also, the left peak is
at the same position of them=±3/2↔±5/2 transition for
CeRhIn5, while the right peak is at the same position as the
corresponding transition for pure CeIrIn5. The central peak is
characterized bynQ=17.37 MHz andh=0.473.

Figure 4(c) depicts a quantity that is the relative intensity
shown in Fig. 4(b) multiplied by the corresponding peak po-
sition shown in Fig. 4(a). Most simply, this corresponds to
the “weighted peak position” or “averaged resonance fre-
quency” for them=±3/2↔±5/2 transition. Note that this
quantity increases smoothly with increasing Ir concentration.

FIG. 1. 115In NQR spectra atT=4.2 K for CeIrIn5 [upper panel
(Ref. 17)], and for CeRh0.5Ir0.5In5 (lower panel).
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The results shown in Fig. 4 can be interpreted as follows.
In(2) has two nearest-neighborM (Rh, Ir) sites. There arex
Ir atoms ands1−xd Rh atoms for a given alloy concentration
x. If the NQR frequency is sensitive to the local environ-
ment, there will be three resonance lines depending on the
nearest-neighbor configuration of a given In(2), namely,(Rh,

FIG. 4. (Color online) (a) Peak frequency of the three
±3/2↔±5/2 transition lines of the In(2) site of CeRh1−xIrxIn5 at
T=4.2 K. (b) Ir-content dependence of the relative intensity of the
three ±3/2↔±5/2 transition lines of the In(2) site of
CeRh1−xIrxIn5. (c) Ir-content dependence of the peak frequency
multiplied by the relative intensity for the three In(2) ±3/2↔±5/2
transition lines.

FIG. 2. (Color online) 115In NQR line shape(±3/2↔±5/2 tran-
sition) of the In(1) site in CeRh1−xIrxIn5 at T=4.2 K for various Ir
content. The horizontal line under each spectrum is the position of
zero intensity for that spectrum.

FIG. 3. (Color online) 115In NQR line shape(±3/2↔±5/2 tran-
sition) of the In(2) site of CeRh1−xIrxIn5 at T=4.2 K for various Ir
content. In this plot, the vertical axis was adjusted so that all
samples have the same height for the central peak(around
32.2 MHz). The signal around 35 MHz for lowx is from the second
lowest transition(±1/2↔±3/2 transition); also see Fig. 1(b).
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Rh), (Rh, Ir), or (Ir,Ir). The intensity of each peak will be
proportional to the probability that In(2) has a corresponding
nearest neighbor pair, namely,(Rh, Rh), (Rh, Ir), or (Ir,Ir).
Figure 4 strongly suggests that this is the case, with the cen-
tral transition corresponding to the case with(Rh,Ir) nearest
neighbors.

In such a scenario, one might then wonder why In(1) only
sees an averaged environment. This is probably because the
wave function mixing between In(1) and the M atom is

weaker than in the case of In(2), because In(1) is farther
away fromM. In addition, In(1) has eight nearest-neighbor
M atoms. The effect of having different nearest-neighbor pair
is thus further averaged out. As a result, each In(1) transition
is observed as a broadened line. This is in contrast to the
case of In(2) whosep-orbital directly mixes with those ofM.
Since nQ is dominated by the on-site electronic
configuration,25 the stronger coupling between In(2) and M
atoms gives rise to three distinct resonance lines in the al-
loyed samples rather than a broad “single” transition as in
the case of In(1). Although the In(2) transition is sensitive to
the local atomic configuration, it should be emphasized that
globally the electronic states are quite homogeneous, as evi-
denced by the results of spin-lattice relaxation measurements
described in the next subsection.

B. Nuclear spin lattice relaxation and the magnetic ordering

The 1/T1 measurements were performed at the peak of
the 2nQ transitionsm=±3/2↔ ±5/2d for the In(1) site and at
the central peak of the three lowest frequency transitionsm
=±3/2↔ ±5/2d lines for the In(2) site. Figure 5 shows the
decay curve of the nuclear magnetization forx=0.45 at three
typical temperatures above and belowTN and Tc. At T
=0.2 K we used a small tipping-angle pulse so that the mag-
netization is less saturated at small delay time. The decay
curve can be fitted by a single component ofT1 to the theo-
retical curve22

1 −
Mstd
M0

=
1

33
expS− 3

t

T1
D +

20

143
expS− 10

t

T1
D

+
4

165
expS− 21

t

T1
D +

576

715
expS− 36

t

T1
D . s4d

The same quality of data were obtained for all alloys and
also for the In(2) site, whose nuclear magnetization is fitted
to the theoretical curve23 with a single component ofT1.

FIG. 6. (Color online) Temperature dependence of 1/T1 at the
three ±3/2↔±5/2 transition lines of the In(2) site of
CeRh0.65Ir0.35In5. For clarity, 1 /T1 at the left peak was multiplied by
3, while that for the right peak was divided by 3.

FIG. 5. (Color online) Time dependence of the nuclear magnetization of the In(1) site at various temperatures in CeRh0.55Ir0.45In5. The
curves are fitting to Eq.(4) in the text.
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1 −
Mstd
M0

= 0.02421 expS− 2.93355
t

T1
D

+ 0.03961 expS− 8.30137
t

T1
D

+ 0.09771 expS− 16.30355
t

T1
D

+ 0.83847 expS− 29.75056
t

T1
D . s5d

The successful fitting of the nuclear magnetization to the
theoretical curve with a singleT1 component is a good indi-
cator of the homogeneous nature of the electronic state. Fig-
ure 6 shows the temperature dependence of 1/T1 measured at
the three peaks of In(2) for x=0.35. It can be seen that all
sites show a quite similarT dependence. Namely, there is a
peak aroundT=4 K, although the peak height is reduced as
compared tox=0.26 The absolute value is also very similar.
In the figure, the origin for the left and right peaks were
shifted for clarity. These results indicate that the three peaks
probe the same electronic state despite the fact that they arise
from different nearest-neighborM configurations.

Figure 7 shows the evolution of theT dependence of 1/T1
at the central In(2) transition for various Ir concentrations. It
is evident that the peak temperature and the peak height
change with the Ir concentration. We associate this peak with
the Néel ordering temperatureTN at which 1/T1 increases
due to critical slowing down.TN determined in this manner
correspond well with that inferred from the specific heat11

and msr measurements.19 Interestingly, TN first increases
gradually with increasing Ir content up tox=0.45 then de-
creases rapidly. Forx=0.5, TN is reduced to 3 K. Forx
=0.55, no feature is seen in theT dependence of 1/T1 (for
clarity of Fig. 7, data are not shown), thus it becomes diffi-
cult to identify TN.

TN inferred from the peak in 1/T1 is sensitive to exter-
nally applied hydrostatic pressure, as in pure CeRhIn5. In the

right panel of Fig. 7 is shown theT1 result under a pressure
of 1.02 GPa for thex=0.5 sample. The broad peak seen at
ambient pressure is suppressed, and instead a distinct de-
crease of 1/T1 is found at 2.5 K, which resembles the case of
pure CeRhIn5 in which the application of pressure reduces
the height of the peak atTN (Refs. 26–29) and eventually
suppresses the peak underP=1.7 GPa.28 Thus, as in pure
CeRhIn5, T1 can serve as a probe to determineTN.

Figure 8 shows typical data sets of 1/T1 measured at the
In(1) site. The anomaly atTN is also visible at the In(1) site,
although it is less clear presumably because the peak atTN at
this site is already rather weak, even in the undoped com-
pound.

The nonmonotonic change ofTN as a function ofx may be
attributed to the increase of exchange coupling between 4f
spins which is overcome by the increase of coupling between
4f spins and conduction electrons abovex=0.45, as inferred
from Doniach’s treatment of the Kondo necklace.30 This re-
sult also resembles the behavior of CeRhIn5 (Refs. 13 and
14) as a function of pressure and indicates that the substitu-
tion of Ir for Rh acts as chemical pressure in CeRhIn5.

Due to the broadening of the spectra upon alloying, it is
difficult to estimate precisely the internal magnetic field in
the ordered state. The Hamiltonion in the presence of mag-
netic field is given by

H = HQ + HZeeman, s6d

whereHQ is given by Eq.(1) and

HZeeman= − g"sHxIx + HyIy + HzIzd. s7d

In the present case,Vzz is along the crystalc axis. Assum-
ing an internal magnetic field in theab plane, which is the

FIG. 7. (Color online) Typical data sets of 1/T1 measured at the
central peak of the In(2) ±3/2↔±5/2 transition in CeRh1−xIrxIn5.

FIG. 8. (Color online) Typical data sets of115In 1/T1 measured
at the In(1) site of CeRh1−xIrxIn5. Data forx=1 and 0 are from Refs.
17, 26, and 27, respectively.
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case for CeRhIn5, the evolution of the resonance frequency
for each transition is calculated for the In(1) site [Fig. 9(a)]
and for the In(2) site[Fig. 9(b)]. Here, the field is assumed to
be along the x direction. Note that even them
=±3/2↔ ±5/2 transition for the In(2) site, which has a
FWHM of 0.26 MHz and is the sharpest among all transi-
tions in the alloyed samples, does not show an appreciable
change betweenT=4.2 K (aboveTN) and T=1.4 K (below
TN), see Fig. 10. This suggests that the internal magnetic
field at the In(2) site is less than 200 Oe forx=0.5, as in-
ferred from the expected splitting deduced from Fig. 9. Such
a small internal field, which is samller by a factor of 10 than
that in CeRhIn5,

24 could be due to a moderate reduction of
the ordered moment31 with a concomitant reduction of the
hyperfine coupling.32

C. Superconducting state

Next, we discuss the low temperature behavior of
CesRh1−xIrxdIn5 well below TN. Figure 11 shows 1/T1 for
both the In(1) and In(2) sites at low temperatures for thex
=0.5 sample. BelowTc=0.9 K, 1/T1 decreases sharply with
no coherence peak, following aT3 variation down toT

=0.45 K. The observation of theT3 behavior is strong evi-
dence for the existence of line nodes in the superconducting
gap function.17 For ans-wave gap, 1/T1 would show a co-
herence peak just belowTc followed by an exponential de-
crease upon further decreasingT. Because 1/T1 is measured
at the same transition for the entire measured temperature
range, our results suggest that antiferromagnetic order and
superconductivity are due to the same electronic state de-
rived from the Ce-4f1 electron. If the two ordered states
occurred in spatially separated regions, the nuclear-
magnetization decay curve would have been composed of
two components(two T1’s) below TN, contradicting the
single-component decay curve we observe. It is noteworthy

FIG. 10. (Color online) The central peak of the ±1/2↔±3/2
transition for CeRh0.5Ir0.5In5 at T=4.2 and 1.4 K. For clarity, the
horizon has been shifted.

FIG. 11. (Color online) The 1/T1 results at low temperatures for
CeRh0.5Ir0.5In5 measured at the In(1) at In(2) sites, respectively. The
two solid lines indicate theT3 andT-linear variations, respectively.

FIG. 9. (Color online) Calculated evolution of the NQR lines in
the presence of internal field along thea axis for In(1) site (a) and
In(2) site (b).
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that just aboveTc, 1 /T1 tends to be proportional toT, which
suggests that there remains a finite density of states(DOS) at
the Fermi levelsEFd in the magnetically ordered state, since
1/T1T is dominantly proportional to the square of the low-
energy DOS at such low-T [see below, Eq.(9)]. This sug-
gests that the gap opening due to the antiferromagnetic order
is incomplete, in contrast to the behavior observed in pure
CeRhIn5 where the gap is more fully developed, leading to a
stronger decrease of 1/T1 (see Fig. 8). This remnant of some
part of the Fermi surface may be important for superconduc-
tivity to set in even in the magnetically ordered state.

Finally, let us compare the superconducting behavior for
x=0.45, 0.5, and 0.55. Figure 12 shows the ac susceptibility
(ac-x) measured using our NQR coil. Although it is hard to
determine the onset temperature of the superconductivity
from ac-x, it can be seen that the midpoint of the transition
increases in the order ofx=0.55, 0.5, and 0.45.Tc deter-
mined from the point at which 1/T1 displays a distinct drop
is 0.8, 0.9, and 0.94 K forx=0.55, 0.5, and 0.45, respec-
tively. Figure 13 shows 1/T1 normalized by its value atTc
plotted against the reduced temperatureT/Tc for x=0.55,
0.5, and 0.45. Just belowTc, 1 /T1 shows identical behavior
for all samples, but at lower temperatures strong variation is
observed. In particular, belowT,0.4 K, 1/T1 becomes
again proportional toT, and the normalized value of 1/T1
increases in the orderx=0.55, 0.5, and 0.45.

The most straightforward explanation forT-linear 1/T1 at
low T would be the presence of disorder that produces a
finite DOS remaining atEF. By assuming a gap function with
line nodes

Dsud = D0 cossud s8d

and with a finite residual DOS,Nres (Ref. 33), we tried to fit
the data in the superconducting state to

T1sT = Tcd
T1

=
2

kBTc
E SNssEd

N0
D2

fsEdf1 − fsEdgdE, s9d

whereNssEd /N0=E/ÎE2−D2 with N0 being the DOS in the
normal state andfsEd being the Fermi function. The resulting
fitting parameters areNres/N0=0.32, 0.45, and 0.63 forx
=0.55, 0.5, and 0.45, respectively, withD0=2.5kBTc for all

samples. In such a case, however, one would expectNres to
be the same forx=0.55 and 0.45, because the amount of
disorder is expected to be similar. The much largerNres in-
ferred forx=0.45 thanx=0.55 suggests an additional mecha-
nism. We propose that this additionalNres comes from low-
lying magnetic excitations associated with the coexisting
magnetic ordering that is more well developed at lower val-
ues ofx. Similar Nres was seen in CeRhIn5 under a pressure
of 1.6 GPa where magnetism also coexists with supercon-
ductivity. In this case the observed behavior was interpreted
as due to a gaplessp-wave superconducting state,34 or due to
additional nodes in thed-wave order parameter.35

On the other hand, the largerNres for the In(2) site than for
In(1) site may be due to a larger disorder contribution for this
site. This is because the source of disorder in the present case
is in the RhsIrdIn2 block. The In(2) site is naturally more
sensitive to such disorder than the In(1) site which is farther
removed from this block. A similar case was seen in high-Tc
copper oxide superconductors. In Tl2Ba2Ca2Cu3O10 sTc

=117 Kd,36 disorder due to intersubstitution of Ca/Tl occurs
in the Ca layer. As a consequence, the Cus1d site sandwiched
by two Ca layers sees a largerNres than the Cus2d site which
is adjacent to only one of the Ca layers.

D. Phase diagram

The phase diagram shown in Fig. 14 summarizes our re-
sults. Upon doping with Ir, the system undergoes a quantum
phase transition from an antiferromagnetsx=0d to a super-
conductorsx=1d, with an intervening region where antifer-
romagnetic and superconducting orders coexist. Our results
show that this behavior, reported previously based on ther-
modynamic data,11 is confirmed microscopically.Tc reaches

FIG. 12. (Color online) The ac susceptibility for CeRh1−xIrxIn5 (
x=0.45, 0.5, and 0.55).

FIG. 13. (Color online) The normalizedT1 plotted against the
reduced temperature for CeRh1−xIrxIn5 at the In(1) site. The solid
curves are fits to the data as described in the text.Nr is for short of
Nres/N0.
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a maximum atx=0.45sTc=0.94 Kd, while TN is found to be
the highestsTN=4.0 Kd. The enhancement ofTc in the anti-
ferromagnetically ordered state is most interesting, suggest-
ing the importance of magnetism in producing the supercon-
ductivity. Recently, antiferromagnetism and
superconductivity was found to coexist also in CeRhIn5 un-
der external pressures,13,14 but the coexistent region is rather
narrow there. More importantly, in the present case super-
conductivity develops well inside the ordered state andTc
increases when approaching the maximum ofTN, whereasTc
reaches a maximum afterTN disappears in hydrostatically
pressurized CeRhIn5. The observed phase diagram may be
understood in the framework of SO(5) theory in which the
five-component superspin can be rotated by a chemical po-
tential from the subspace of antiferromagnetic order to the
subspace ofd-wave superconductivity and vice versa.10

However, a microscopic description of how the same 4f1

electron can display both magnetic order and superconduc-
tivity is still lacking.

IV. CONCLUSION

In conclusion, we have carried out an extensive115In
NQR study on CeRh1−xIrxIn5. We find that the substitution of
Ir for Rh in the antiferromagnet CeRhIn5 acts as chemical
pressure. With increasing Ir contentsxd, TN increases slightly
up to x=0.45, then decreases rapidly. The coexistence of
superconductivity with antiferromagnetism for 0.35øx
ø0.5 is observed in the temperature dependence of 1/T1
which displays a broad peak atTN and drops asT3 belowTc.
At x=0.5,TN is reduced to 3 K whileTc reaches 0.9 K. Our
results suggest that the coexisting antiferromagnetic order
and superconductivity are due to the same electronic state
derived from the Ce-4f1 electron. It is most interesting that
the superconducting transition temperatureTc is increased as
the system penetrates deeper inside the antiferromagnetically
ordered state.Tc for x=0.45 and 0.5 is more than double that
of CeIrIn5. In the coexistence region, 1/T1 shows aT-linear
dependence at low-T below T,0.4 K. We have argued that
this may arise from some magnetic excitations associated
with the coexisting magnetism, in addition to the presence of
crystal disorder that produces a residual density of states at
the Fermi level.
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