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We report on the electrical resistivity, thermal expansion, and x-ray diffraction measurements of single-
crystalline sample of the so-called Kondo semiconductor CeRhAs under pressures up to 3 GPa. This compound
undergoes successive structural phase transitions atT1=360,T2=235, andT3=165 K at ambient pressure. On
cooling below T1, the crystal structure changes from the hexagonal LiGaGe-type to the orthorhombic
«-TiNiSi-type with a 2b32c superlattice. By applying pressure up to 1.5 GPa,T1 increases with a ratio of 270
K/GPa, whereas bothT2 andT3 decrease with −100 K/GPa. The concurrent decrease of both thea parameter
and the energy gap along thea axis with increasing pressure contradict thec-f hybridization gap model in
which the gap is enlarged by the enhancement of hybridization between the 4f electrons and conduction band.
Instead, a sort of charge-density-wave transition atT1 is proposed for the origin of gap formation of this
compound. The semiconducting behavior in the resistivity vanishes when the phase with the 2b32c superlat-
tice decomposes into two orthorhombic phases below 100 K and above 1.5 GPa.
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I. INTRODUCTION

The ternary Ce compounds CeNiSn, CeRhSb, and
CeRhAs, crystallizing in the orthorhombic«-TiNiSi-type
structure have attracted considerable attention, as they pos-
sess an anisotropicspseudod energy gap near the Fermi
level.1,2 Anisotropic c-f hybridization between the conduc-
tion band and 4f electrons plays the central role in the gap
formation in CeNiSn and CeRhSb.3 Among these com-
pounds, only CeRhAs undergoes successive structural phase
transitions atT1=360 K, T2=235 K, andT3=165 K.4 With
elevating temperature aboveT1, the «-TiNiSi-type structure
with a superlattice of modulation vectorq1=s0 1/2 1/2d
changes to a hexagonal LiGaGe-type.5,6 This structural tran-
sition causes a large increase of the orthorhombica-axis pa-
rameter. On cooling belowT1 in reverse, the magnetic sus-
ceptibility along all of the principal axes strongly decreases,
which suggests the onset of gap formation.4 Below T2, two
other superlattice reflections appear atq2=s0 1/3 1/3d and
q3=s1/3 0 0d. BelowT3, the peak atq2 suddenly disappears.6

The rapid increase of electrical resistivity belowT3 indicates
the development of the gap. More recently, the analysis of
the Hall coefficient indicated that there exist two distinct
energy scales for the gap structure; 2000 K belowT1 and 300
K below T3.

5 These observations imply that the gap forma-
tion in CeRhAs is closely related to the lattice modulations,
that is, a charge-density-wavesCDWd transition. Further-
more, the excess heat capacity aboveT1 from the Dulong-
Petit’s value might originate from some sort of charge order-
ing in CeRhAs.5 On the other hand, the gap magnitude for
CeRhSb and CeRhAs derived from the photoemission and
electron-tunneling measurements can be scaled with the
Kondo temperatureTK=360 and 1500 K, respectively, which
were estimated by the relation ofTK,3Tm, whereTm is the
maximal temperature of the magnetic susceptibility.7,8 The

local Kondo coupling tuned by thec-f hybridization is es-
sential for the gap formation. A natural question, then, is the
structural phase transitions or thec-f hybridization govern
the gap formation in CeRhAs.

Since thec-f hybridization becomes stronger by applying
pressure, one expects that the hybridization gap is enlarged.
In fact, the magnitude of gap energy for CeRhSb increases
with increasing pressure.9 For polycrystalline CeRhAs, how-
ever, the gap was found to be suppressed with increasing
pressure above 1.5 GPa.2 This observation suggests that the
gap suppression results from the change of electronic state in
this compound. The relation between the structural transi-
tions and stability of the gap has been the issue to be clari-
fied. In this paper, we report the measurements of the resis-
tivity, thermal expansion and x-ray diffraction under
pressures for a single crystalline sample. In Sec. II, high
pressure techniques are described. In Sec. III, the pressure-
temperature phase diagram of CeRhAs is presented, and then
the detailed experimental results are described. In. Sec. IV,
experimental results will be discussed in relation to the struc-
tural phase transitions and gap formation. Finally, the sum-
mary and conclusions are given in Sec. V.

II. EXPERIMENTAL PROCEDURE

Single-crystal samples of CeRhAs were grown by the
Bridgman technique. The details of preparation and charac-
terization of the sample were described in the previous
paper.4 The electrical resistivity under pressures up to 3 GPa
was measured by a dc four-terminal method in the range
0.35øTø520 K. The thermal expansion was measured by a
strain gauge method in the ranges 4.2øTø300 K and 0
ø Pø2.2 GPa. A dummy gauge was glued on a Mo plate.
The pressure was generated by a clamp-type piston-cylinder
pressure cell by using Daphne oil as the pressure transmitting
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medium for the measurements below 300 K. The pressure at
room temperature was determined by the change in the re-
sistance of manganin wire, and that at low temperatures by
the change in superconducting transition temperature of Sn.
For the resistivity measurement above 300 K, silicone oil
was used as the transmitting medium, and the load was held
at a constant value in the whole temperature range. The x-ray
powder diffraction measurements up to 2.5 GPa was carried
out by using a diamond anvil cell in BL-10XU, SPring-8.

III. RESULTS

Before presenting the detailed experimental results, the
pressuresPd vs temperaturesTd phase diagram of CeRhAs is
summarized in Fig. 1sad. We call hereafter respective phase
as I sTùT1d, II sT1ùTùT2d, III sT2ùTùT3d, and IV sT3

ùTd. With increasing pressure up to 1.5 GPa, bothT2 andT3

decrease with a ratio of −100 K/GPa, whereasT1 increases
with a ratio of 270 K/GPa. This fact suggests that phase II,
where the unit cell of the«-TiNiSi-type structure is doubled
along theb andc axes, is stabilized by applying pressure. As
shown in Fig. 1sbd, the energy gapEg/kB, which is estimated
from the activated behavior in the electrical resistivity for
I ic in the range 60,T,100 K, also increases with pressure
up to 1 GPa at the initial ratio of 27 K/GPa. Therefore, the

gap along thec axis may be related to the superstructure in
the b-c plane. On the other hand,Eg/kB along thea axis
decreases with pressure. ForP.1.8 GPa, bothT2 and T3
vanish suddenly and give way to another phase, denoted by
phase V, belowT4,100 K. Furthermore, the gap energy for
both I ia andI ic is strongly suppressed at about 2 GPa. The
coincidence between the appearance of phase V and disap-
pearance of the gap suggests that the structural and/or elec-
tronic transition belowT4 leads to the suppression of the gap.

Now, we present the data of electrical resistivityrcsTd
along thec axis of CeRhAs forT.300 K at various pres-
sures in Fig. 2. The jump ofrc at T1 results from the gap
formation, as noted in the Introduction. The magnitude of the
jump slightly increases with pressures, which is consistent
with the increase ofEg/kB along thec axis for P,1 GPa in
Fig. 1sbd. As shown in the inset of Fig. 2, the maximal tem-
peratureTmax in rcsTd around 300 K shifts to higher tempera-
tures with a ratio of 110 K/GPa. The pressure dependence of
Tmax will be discussed below.

We move to the pressure dependence ofrasTd and rcsTd
below 300 K. In Fig. 3,ra at the lowest temperature hardly
changes up to 1.6 GPa, butra decreases by two orders of
magnitude on further increasing pressure from 1.6–3.1 GPa.
For P.2.3 GPa, the metallic behavior appears below 70 K.
On the other hand, the increase ofrc with P up to 1.6 GPa at
low temperatures suggests the development of gap along the
c axis. Above 1.9 GPa, however,rc decreases significantly
over the temperature range, and eventually exhibits a metal-
lic behavior at 3.0 GPa. As shown in the inset, a crossover
from ras1.5 Kd.rcs1.5 Kd to ras1.5 Kd,rcs1.5 Kd occurs
at 1.5 GPa, implying a significant change in the electronic
state of this compound.

In order to make clear the pressure dependence of theT2
and T3, the data ofrasTd and rcsTd in the range 50øT
ø250 K are represented in Fig. 4. Steplike anomalies at both
T2 and T3 in ra and rc shift to lower temperatures forP
ø1.6 GPa and become broader, and vanish at 1.6 GPa. For
Pù1.6 GPa, a weak anomaly appears at aboutT* ,230 K in
both ra and rc, and shifts to lower temperatures with pres-

FIG. 1. sColor onlined sad TemperaturesTd vs pressuresPd phase
diagram of CeRhAs. Solid lines are a guide to the eye. The phases
for TùT1, T1ùTùT2, T2ùTùT3, T3ùT, andT4ùT are denoted
by I, II, III, IV, and V, respectively.sbd Pressure dependence of the
energy gapEg/kB, which is estimated by the activated behavior for
60 K,T,100 K in the electrical resistivity forI ia and I ic.

FIG. 2. Electrical resistivityrcsTd along thec axis of CeRhAs
for T.300 K under pressures up to 0.51 GPa. Inset shows the
pressure dependence of the maximal temperatureTmax in rcsTd.
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sure. ForP.1.9 GPa, a sharp peak inra and a jump inrc
with hysteresis manifest themselves atT4,100 K, indicat-
ing a first-order phase transition. This transition shifts to
higher temperatures with pressure and fades away at 3 GPa.

The pressure-induced transitions found in CeRhAs are ex-
pected to be related to structural transitions. Then, we mea-
sured the lattice parameters under pressures up to 2.5 GPa by
powder x-ray diffraction. It is found that the orthorhombic
«-TiNiSi-type structure is sustained up to 2.5 GPa. Figure 5
shows the pressure dependence of lattice parameters and
relative volumeV/V0 of CeRhAs at 250 K. It is noteworthy
that the a parameter shrinks extremely with a ratio of
−0.108 Å/GPa, while theb and c parameters slightly in-
crease with the ratios of 0.0036 Å/GPa and 0.0093 Å/GPa,
respectively. This elongation ofb andc parameters by apply-
ing hydrostatic pressure is quite unusual and will be dis-
cussed later. By fitting Birch’s equation10 to the data ofV/V0
vs P, the bulk modulusB0 was estimated to be 70 GPa,
which is comparable with that reported for Ce based com-
pounds such as CeCu6 sB0=90 GPad.11

The lattice parameters under pressures as a function of
temperatures below 300 K was measured via the relative
length changeDLa/La and DLc/Lc along thea and c axes.
The results are displayed in Fig. 6. It should be noted that the
freezing of the pressure transmitting medium12 gives rise to

anomalies in bothDLa/La andDLc/Lc, as denoted by circles.
These anomalies become pronounced peaks with increasing
pressure, and shift to high temperatures with a ratio of 70
K/GPa as reported previously.12 By contrast, the intrinsic
anomalies atT2 in both DLa/La andDLc/Lc become broader
and shift to low temperatures with increasing pressure. On
the other hand, the anomaly inDLa/La at T3 slightly shifts to
high temperatures with increasing pressure up to 0.23 GPa
with a ratio of 60±20 K/GPa. This ratio agrees with 80
K/GPa which is estimated by Clausius-Clapeyron equation
dT/dP=DV/DS, using DLa/La= +0.2%, DLc/Lc=−0.06%,
and DLb/Lb=−0.06% from the previous x-ray diffraction
data,6 and DS=0.35 J/Kmol.5 For P^0.49 GPa, however,
thea parameter elongates andc parameter shrinks belowT3.
Furthermore, bothT2 and T3 decrease by applying pressure
with a ratio of −100 K/GPa. ForP^1.5 GPa, the steplike
anomaly atT3 vanishes suddenly. An upturn inDLa/La and
the associated decrease ofDLc/Lc appear at the temperature

FIG. 3. sColor onlined Temperature dependence of electrical re-
sistivity ra andrc of CeRhAs forI ia andI ic under pressures up to
3.1 GPa.

FIG. 4. sColor onlined Temperature dependence of electrical re-
sistivity ra andrc of CeRhAs for 50øTø300 K under pressures.
Data for each pressure are shifted by a constant value for clarity.
The inset of the upper panel shows up the bend inrasTd at T* .
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denoted byT* , which shifts to low temperatures. TheT* is
defined as the temperature where the thermal expansion
dL/dT has a local minimum along thea axis and maximum
along thec axis. ForP^1.9 GPa, another phase transition at
aboutT4,90 K appears suddenly, and shifts to higher tem-
perature with pressure.

The combination of the above results of electrical resis-
tivity and thermal expansion suggests that CeRhAs under-
goes phase transitions belowT* andT4 at pressure above 2
GPa. In order to directly observe the structural transitions,
we measured the temperature dependence of the powder
x-ray diffraction at a fixed pressure ofP=2.1 GPa. The
diffraction-pattern profiles recorded atT=300 and 50 Ksbe-
low T4d are compared in Fig. 7. At first glance, almost same
profiles suggest that neither structural type nor space group
change on cooling belowT4. Looking more carefully, one
notices some peaks split into two peaks with decreasing tem-
perature. In Fig. 8, below 150 K,T* , another peak of
s301dLT appears at the lower angle side of the high-
temperature peaks301dHT. Thes301dLT intensity grows in the
consumption of thes301dHT intensity with decreasing tem-
perature below 150 K. It means that the volume fraction of
the phase with largera parameter increases belowT* . Split-
ting of the peak was observed also fors400d, s411d, and
s512d. This splitting belowT* suggests the coexistence of
two orthorhombic phases with slightly differenta param-
eters.

IV. DISCUSSION

We now discuss the mechanism of the gap formation for
CeRhAs based on the experimental data of the present work.
So far, three scenarios have been proposed for the mecha-
nism: sad a charge ordering transition atT1,

5 sbd a gap origi-
nated from c-f hybridization effect,4,5,7,8 scd a charge-

FIG. 5. Pressure dependence of lattice parameters and relative
unit cell volume of CeRhAs at 250 K.

FIG. 6. sColor onlined Temperature dependence of rela-
tive length changeDLa/La and DLc/Lc along thea and c axis of
CeRhAs under pressures. Data for each pressure are shifted by a
constant value for clarity. The anomalies denoted by circles are due
to the freezing of the pressure transmitting mediumsRef. 12d.

FIG. 7. Powder x-ray diffraction profiles of CeRhAs at 300 K
and 50 K forP=2.1 GPa.
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density-wavesCDWd transition.6 Our data cannot distinguish
whether or not charge ordering occurs in CeRhAs. Therefore,
we consider the scenariossbd and scd. The c-f hybridization
model3 was applied to understand the pseudogap formation
in the isostructural compounds CeNiSn and CeRhSb. Ac-
cording to this model, the hybridization gapD is given by
D~TK=2zkBV2/D, wherezkB, V, andD are the renormaliza-
tion amplitude, hybridization matrix elements, and bare band
width of conduction electrons, respectively. With increasing
pressure, allzkB, V, and D may increase. However,V2/D
should be enlarged with pressure becauseV is more sensitive
to D. Therefore, the gap is expected to be enlarged with
pressure, and scaled byTK.3 For CeRhSb, both the Kondo

temperatureTK and the energy gapEg/kB increase with ratio
of d ln TK /dP=0.30 GPa−1 and dsEg/kBd /dP=5 K/GPa
with increasing pressure up to 3 GPa.9 For many Ce com-
pounds, the volume dependence ofTK, that is, Grüneisen
parameterG=−]ln TK /]ln V=B0] ln TK /]P whereB0 is bulk
modulus, is inversely proportional toTK.13 If the gap magni-
tude is increased by the enhancement ofc-f hybridization,
dsEg/kBd /dV should be proportional toG and thus inversely
proportional toTK. BecauseTK=1500 K of CeRhAs is much
larger than TK=360 K of CeRhSb, we expect that the
d ln TK /dP and dsEg/kBd /dP for CeRhAs is much smaller
than those for CeRhSb ifB0 is the same order for both com-
pounds. AssumingTK for CeRhAs to be proportional toTmax,
the maximal temperature ofrc ssee the inset of Fig. 2d, then
d ln Tmax/dP=d ln TK /dP=0.42 GPa−1. This value of
d ln TK /dP may be overestimated because therc nearTmax
,T1 is affected by not only Kondo effect but also the gap
opening at T1. However, the fact that the value of
dsEg/kBd /dP=27 K/GPa along thec axis of CeRhAs is
larger by a factor of 5 than that noted above for CeRhSb
strongly suggests the different origin of gap formation.

In the previous paper,4 it was argued that a reduction of
the a-axis lattice parameter on cooling belowT1 would en-
hance thec-f hybridization, which leads to the formation and
development of the gap in CeRhAs. This is an analogy with
the case of CeNiSn, where uniaxial-pressure applied along
the a axis enhances the hybridization and increases the gap
magnitude.14 For CeRhAs, however, the significant shrink
along thea axis under pressuressee Fig. 5d is associated with

FIG. 8. sColor onlined Temperature variations of powder x-ray
diffraction profiles of CeRhAs arounds103d and s301d lines for P
=2.1 GPa.

FIG. 9. Temperature dependence of electrical resistivityra and
rc and relative length changeDLa/La and DLc/Lc of CeRhAs at
about 1.1 GPa. The anomalies denoted by circles are due to the
freezing of the pressure transmitting mediumsRef. 12d.
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the decrease inEg/kB along thea axis ssee Fig. 1d. Another
discrepancy is noticed by the comparison between the elec-
trical resistivityra and thermal expansionDLa/La along the
a axis atP<1.1 GPa shown in Fig. 9. Note thatra increases
on cooling belowT2 and T3, regardless of the expansion
along thea axis. Therefore, the simple scenario based on the
c-f hybridization gap model seems to be not the case.

Second, we consider the CDW scenario. CDW gaps open
at the Fermi surface at those portions that satisfy the nesting
condition.15 Figure 1 showed that the increase of the gap
along thec axis of CeRhAs coincides with the increase ofT1
by applying pressure up to 0.5 GPa. We recall that the phase
II below T1 is characterized by the superlattice with modu-
lation vector ofq1=s0 1/2 1/2d. This modulation should be
related with the gap formation along thec axis. Nakajimaet
al. suggested that the lattice modulation is a result of a sort
of CDW transition atT1.

6 However, the transition tempera-
ture of conventional CDW materials decreases with pressure
by the following reason. The CDW is formed if the gain in
electronic energy resulting from the opening of the gaps ex-
ceeds the strain energy which increases with the formation of
superlattice. The electronic-energy gain increases with de-
creasing temperature because the Fermi surface becomes
sharper at low temperature. By applying pressure, the lattice
stiffens in most cases, which increases the strain energy and
destabilizes the CDW state. As a consequence, the CDW
transition temperature is lowered under pressure, as observed
in many cases. However, there are exceptions in which the
transition temperature increases with pressure, although the
reasons have remained unclear. The examples are a quasi-
one-dimensional compound ZrTe3,

16 a layered compound
h-Mo4O11,

17 and a filled skutterudite PrRu4P12.
18 The transi-

tion temperature can rise if the strain energy is reduced with
pressure. As shown in Fig. 5, the increase of bothb and c
parameters of CeRhAs with pressure indicates the softening
of the lattice in theb-c plane, which may reduce the strain
energy. To confirm this scenario, elastic constant measure-
ments under pressure are highly desirable.

Because CeRhAs is a three-dimensional compound, it
seems that the nesting of the Fermi surfaces is difficult. Fur-
thermore, the transition atT1 is of first order as evidenced
from the sharp peak in the specific heat of 90 J/mol K.5 Al-
though most of CDW systems are low dimensional, and un-
dergo a second order transition, a first-order CDW transition
was found in a few three-dimensional systems such as
Lu5Ir4Si10.

19 It was ascertained by a very narrow and huge
cusp in the specific heats150 J/mol Kd at Tc=80 K. Further-
more, the energy gapEg of 700 K for Lu5Ir4Si10 is much
larger than the value ofEg=3.53kBTc derived from the weak
coupling mean-field theory. This large gap was explained by
a strong coupling model proposed by McMillan.20 According
to this model, a short coherence length leads to significant
phonon softening, and eventually the relationEg.7kBTc is
obtained. As mentioned above, CeRhAs shows a rather large
cusp of 90 J/mol K in the specific heat atT1. Furthermore,
the value ofEg/kB=2000–4500 K estimated by the measure-
ment of Hall effectsRef. 5d and optical reflectivitysRef. 21d
corresponds to 5–13 times ofT1, being far above the weak
coupling value. These facts further support the conjecture
that the transition atT1 is a CDW transition of a strong

electron-phonon coupling. To make sure this scenario, mea-
surements of phonon dispersion by inelastic neutron scatter-
ing experiment are needed.

The transition of CeRhAs atT1 is characterized by forma-
tion of a simple commensurates2b32cd superlattice. This is
also unusual because an incommensurate lattice modulation
occurs in most of CDW compounds. The Hall coefficient of
1,2310−3 cm3/C for CeRhAs aboveT1 sRef. 5d is one
order of magnitude larger than the ordinary Hall coefficient
of metallic intermediate-valence compounds such as CeNi,
CeSn3, and CeRu2.

22 This suggests that the carrier concen-
tration aboveT1 is much smaller, that is, Fermi surfacesFSd
of CeRhAs is relatively small. In fact, the band structure
calculation reveals the small gap opening aboveT1.

23 In the
calculated band structure for hexagonal CeRhAs, a flat band
exists at the valence band topsG-A lined. The cylindrical FS
around theG point seems to be favorable for nesting relevant
to a CDW transition. But, this FS is not consistent with the
carrier concentration derived from the Hall coefficient
measurement.24 These features for the transition atT1 of
CeRhAs resembles the CDW transition in 1T-TiSe2, which
undergoes a commensurates23232d transition at TC

,200 K.25 The normal phase of TiSe2 aboveTC is semi-
metal with a smallG-point hole FS andL-point electron FS
in the hexagonal Brillouin zone.26 Because these FSs are
difficult to nest each other, TiSe2 does not fit into the con-
ventional FS nesting model. To explain the unconventional
CDW transition of this compound, a band Jahn-Teller
mechanism was proposed.27 Motizuki and co-workers devel-
oped a microscopic theory including the band Jahn-Teller
mechanism. It was shown that the electron-phonon interac-
tion as well as FS nesting plays an important role in the
CDW transition in TiSe2.

28 To make clear whether or not the
transition of CeRhAs atT1 is derived by the band Jahn-Teller
mechanism, detailed study for the band structure near FS
using an angle-resolved photoemission measurements is
needed.

Next, we discuss the pressure dependence ofT2 and T3
ssee Fig. 1d. The gradual decrease ofT2 andT3 with increas-
ing pressure above 0.2 GPa is consistent with that for the
canonical CDW transition as discussed above. BelowT2 and
T3, the development of the gap is related to the superlattice
formation withq3=s1/3 0 0d. Here, the strain energy associ-
ated with this modulation increases by the shrink of thea
parameter with pressure. Then, it is natural that the transition
temperatures are lowered and the gap along thea axis is
suppressed as shown in Fig. 1. However, the initial increase
of T3 for P,0.2 GPa contradicts this model. Probably, the
other modulation withq2=s0 1/3 1/3d plays a role. To ex-
amine the relation between the development of the gap and
lattice modulations, more detailed band structure calculation
including the lattice modulations ofq2 andq3 are necessary.

The most significant observation in the presence work is
the sudden suppression of the gap of CeRhAs above 1.5
GPa. According to the band structure calculation,23 the gap
magnitude continues to increase with decreasing thea pa-
rameter down to 7.13 Å. Experimentally, thea parameter at
1.5 GPa is still 7.3 Å as shown in Fig. 5. Thus, the gap
suppression cannot be explained by only a reduction of thea
parameter. Instead, the gap closure should be related to the
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appearance of the phase V belowT4. On going from the
phase IV to phase V, the significant change of the electronic
state is manifested in the reverse of anisotropy in the resis-
tivity at low temperature, as shown in the inset of Fig. 3. The
anomaly in resistivity atT4 vanishes above 2.8 GPa, and
then, the phase V seems to merge into the phase II. To ex-
amine the electronic state at high pressure above 3 GPa,
microscopic experiments are needed.

V. SUMMARY

In summary, we have determined temperature-pressure
phase diagram of “Kondo semiconductor” CeRhAs from re-
sistivity, thermal expansion, and x-ray diffraction measure-
ments using single crystalline samples. By applying pressure
up to 1.5 GPa,T1 increases with a ratio of 270 K/GPa,
whereas both T2 and T3 decrease with a ratio of
−100 K/GPa. The energy gap, which was estimated from the
activation energy in the resistivity along thec axis, increases
slightly with pressure up to 1 GPa, while that along thea
axis decreases. Both gap energies vanish at approximately 2

GPa. The orthorhombica parameter at 250 K decreases with
pressure up to 2.5 GPa, whileb and c parameters increase
slightly. These findings suggest that the gap formation in
CeRhAs is a result of a sort of CDW transition. The increase
of T1 under pressure may be explained by the strong-
coupling CDW model. The CDW scenario provides better
understanding of the unusual gap formation in CeRhAs, and
this scenario needs to be examined by further studies of
Fermi surfaces.
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