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CeRh,As, is an unconventional superconductor with multiple superconducting phases and
T.=0.26 K. When Hl|c, it shows a field-induced transition at pyH* =4 T from a low-field super-
conducting state SC1 to a high-field state SC2 with a large critical field of uyH ., = 14 T. In contrast, for
H1c,only the SC1 with ugH ., = 2 Tis observed. A simple model based on the crystal symmetry was able
to reproduce the phase diagrams and their anisotropy, identifying SC1 and SC2 with even and odd parity
superconducting states, respectively. However, additional orders were observed in the normal state which

might have an influence on the change of the superconducting state at H*. Here, we present a

comprehensive study of the angle dependence of the upper critical fields using magnetic ac susceptibility,
specific heat, and torque on single crystals of CeRh,As,. The experiments show that the state SC2 is
strongly suppressed when rotating the magnetic field away from the ¢ axis and it disappears for an angle of

35°. This behavior agrees perfectly with our extended model of a pseudospin triplet state with d vector in
the plane and hence allows us to conclude that SC2 is indeed the suggested odd-parity state.

DOI: 10.1103/PhysRevX.12.031001

I. INTRODUCTION

Odd-parity or (pseudo)spin triplet superconductivity is a
rare phenomenon in nature. Only a few materials are
promising candidates, including UPt; [1], the ferromag-
netic superconductors UCoGe, URhGe, UGe, [2], and
UTe, [3]. In these systems, important information on the
superconducting (SC) state has come from an investigation
of the angle dependence of the critical fields. Theoretically,
when spin-orbit coupling is strong, the angle dependence of
the Pauli-limiting field H p offers a way to identify possible
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triplet states since Hp should depend on the orientation of
the applied magnetic field with respect to the direction of
the spins of the Cooper pairs [4-6]. In experiment,
however, the observed angle dependencies of the upper
critical fields in the abovementioned systems seem to be
dominated by the orbital limit or by the interplay of
superconductivity and field-enhanced spin fluctuations
associated with an Ising quantum critical point [2,7].

Recently, CeRh,As, was discovered to have unique and
highly anisotropic superconducting critical field phase
diagrams [Figs. 4(a) and 4(f)], with a suggested field-
induced odd-parity state [8]. The aim of this study is to
investigate its angle dependence in detail in order to find
out more about the superconductivity itself and its relation
with the normal state.

CeRh,As; is a heavy-fermion compound with an electro-
nic specific heat coefficient close to 1 J/mol K? at 0.5 K. At
Ty~ 0.4 K, a phase transition to a suggested quadrupole-
density-wave (QDW) state occurs [9]. At T, = 0.26 K,
CeRh,As, enters a low-field superconducting state (SC1). A
magnetic field applied along the c axis induces a transition at
uoH* =~ 4 T into a second high-field superconducting state

Published by the American Physical Society
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SC2, with an upper critical field H,, = 14 T. T is sup-
pressed at approximately 4 T. For in-plane fields, only the
low-field state SC1 appears, with H., = 2 T. Ty increases
with field for this field direction. Furthermore, in zero field
within the SC state a broadening of the As(2) nuclear
quadrupole resonance line was interpreted as the onset of
antiferromagnetic (AFM) order [10]. However, no addi-
tional anomaly was detected in the bulk measurements such
as specific heat and thermal expansion [8,9].

The crystal structure of CeRh,As, is centrosymmetric,
but the inversion symmetry is broken locally at the Ce sites
enabling a Rashba spin-orbit coupling with alternating sign
on neighboring Ce layers [8]. Assuming dominant intra-
layer singlet SC pairing, a c-axis field transforms an even-
parity superconducting state with equal gap sign on both Ce
layers into an odd-parity one with alternating gap sign
[8,11]. The latter may be topological [12,13] and can be

described as a pseudospin triplet state with d vector in the
plane leading to the absence of a Pauli limit for H||c [8,14].

The unusual results for the field along the ¢ axis may also
have another origin. One possibility emerged from the
observation that the QDW state below T,=~0.4 K is
suppressed by a c-axis field of similar strength as H*
[8,9,15]. So, the SC1 phase is found to be embedded in the
QDW phase for both field directions, but the SC2 phase
would be outside the QDW phase. The presence of absence
of the QDW state might explain the difference of the
superconducting properties and in particular of H,,
between the SC1 and SC2 states [8]. Ignoring the QDW
and AFM phases, other possibilities have been suggested to
explain the origin of the SC1 and SC2 phases as a change
between different superconducting order parameters
[12,16,17]. There are scenarios which involve a field-driven
Fermi-surface Lifshitz transition [18] or the presence of a
field-induced quantum critical point [2,7]. Eventually,
because the normal state is also anisotropic, a study of
the angle dependence of the superconducting states is a
promising way to distinguish between those scenarios.

Hence, we study the superconducting phase diagram as a
function of magnetic field direction using thermodynamic
techniques. We find that the angle dependence supports the
picture that SC2 is an odd parity state with pseudospin d
vector in the plane. CeRh, As, seems to be the first compound
where the anisotropy of the Pauli limiting can be used to
reveal triplet superconductivity.

II. RESULTS

In the following, we show results of ac susceptibility y,,
magnetic torque 7, and specific heat C as a function of
temperature and magnetic field in different directions with
an angle 6 away from the ¢ axis. These probes were chosen
because they are sensitive to the bulk properties of the
material and they can detect the transition inside the
superconducting state [8]. Previously it was found that
the T, from resistivity is higher than the bulk 7. from

specific heat or low-frequency ac susceptibility [8]. It was
suggested that this is due to percolating strain-induced
superconductivity around impurities. Experimentally, the
resistive 7', follows the bulk 7', in a parallel fashion for
both H||c and H||a [9,19]. While the angle dependence of
the superconducting state could have been investigated by
resistivity as well, the transition at H* is invisible to this
probe [8,9,19].

Figure 1(a) shows the magnetic field dependence of y,. at
the temperature of 45 mK for different angles. Details on the
experimental methods can be found in Ref. [20]. We
measured from 6 = 0° (H||c) to 90° (HLc here named
H||ab). The in-plane field orientation was [110] for torque
but not defined for y,. and C/T. A small but clear signature
of the transition between SC1 and SC2 named H* appears
for angles below 35°. At 30° a small anomaly is visible at H*
in the derivative dy,./dH highlighted in the inset of
Fig. 1(a).

We define the upper critical field H ., at the onset of the
diamagnetic transition in order to be consistent with the
previous analysis [8] [horizontal dashed line in Fig. 1(a)] and
H* at the maximum of the small bump in the field
dependence of y,.. The torque z is shown in Figs. 1(b)
and 1(c). As expected, its field dependence depicted in the
insetof Fig. 1(b) is quadratic in field in the normal state. Since
we are interested in deviations from this behavior in the
superconducting state, we present data as 7/ H? and scaled by
sin (26)~!, which s the standard angle dependence of torque.
It displays a similar steplike feature at H*. The strong
hysteresis loop in the superconducting state was already
observed in the magnetization in CeRh, As, [8,20]. While the
hysteresis is counterclockwise at small angles [inset of
Fig. 1(b)], as in the magnetization, it changes to clockwise
at higher angles [Fig. 1(b)]. This is related to a change in the
magnetization anisotropy (see Ref. [20]). H, is defined in
the torque at the field where up and down sweep curves start
to separate. Since this happens rather smoothly for small
angles, there is a larger uncertainty on these points. Strictly
speaking, this is the so-called ‘“irreversibility field.” As
usually observed, it is slightly lower than H., from y,,
but it follows its angle dependence.

For fields near the in-plane direction, an additional
transition is observed at H,=~9 T [inset of Fig. 1(c)
and Ref. [20] ]. Previously, this transition was associated
with a change of the order below Ty [9]. H, increases when
the field is turned away from the ab plane toward the ¢ axis
until, for angles below 58°, this anomaly cannot be resolved
experimentally any more. As can be seen in the inset of
Fig. 1(c), it is strongly hysteretic indicating a first-order
transition, in agreement with results from resistivity and
magnetostriction [9]. No further transitions have been
detected for in-plane fields up to 36 T and c-axis fields
up to 26 T [20].

From these data we find the angle dependence of H,,
H*, and H_ shown in Fig. 2(a). Here, the upper critical
field H,, decreases rapidly as the angle is increased with
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FIG. 1. Magnetic field dependence of magnetic susceptibility
and torque for different field directions. (a) Magnitude of the ac
susceptibility y,. at 45 mK for different angles as indicated. 8 =
0° corresponds to uyH|lc. The bump labeled as H* is the
transition between SC1 and SC2. The inset shows the derivative
of the curve at 30°, indicating that H* is still present at that angle.
The dashed horizontal line indicates the value at which H, is
defined. (b) Magnetic torque divided by H?sin(26) at 40 mK.
The inset shows the torque for 2.5° and 4.6° where the hysteresis
of 7 at low angles is visible. Additionally, the red line gives the
expected B? dependence. (c) Torque divided by H? sin(26) for
angles close to the plane. The inset in (c) shows the additional
phase transition appearing at H.. = 9 T. In (b) and (c) curves are
shifted for clarity.

respect to the ¢ axis until it approaches the value of H* at
about 35°. From this point on, we only detect one super-
conducting state in which the H., slowly decreases with
angle until it reaches the expected value of ~2 T for H ||ab.

For different magnetic field angles, temperature-
dependent ac susceptibility (data in Ref. [20]) and specific
heat were measured in magnetic field. A selection of the
specific heat data is depicted in Fig. 3, where a nuclear
contribution has been removed. In this paper, these data are
used to extract the superconducting transition temperatures
and a qualitative behavior of T (see below). A more

detailed analysis of the specific heat and the angle
dependence of T, is the subject of future studies.

The superconducting critical field phase diagrams are
shown in Fig. 4, where data from the temperature sweeps in
Fig. 3 and from Ref. [20] and from the field sweeps in
Fig. 1 are included. Note that the discrepancy between the
critical field from specific heat and ac susceptibility at 20°
is ascribed to a difference in angle within the uncertainty
because in this angle region, H., changes strongly even
with only a few degrees. For all angles below 35°, a kink
appears in H.,(T) at a field that is close to H* obtained
from the field sweeps revealing that the H* line is almost
temperature independent for all angles. As already
observed for the high-symmetry directions [8], the phase
diagrams determined by ac susceptibility are fully consis-
tent with those obtained from the specific heat and hence
reveal the bulk properties.

The present torque and specific heat data also provide
some new information on the phase diagram of the phase
connected with 7y which was identified with a QDW order
[8,9]. An order of magnetic dipoles was ruled out since
magnetic probes like ac susceptibility or magnetization do
not display any signature at this transition [8]. On the other
hand, the small hump in the specific heat and a clear jump
in the thermal expansion reveal a bulk phase transition. The
electrical resistivity shows an increase below T, possibly
due to nesting. This indicates that itinerant f electrons
forming the bands at the Fermi energy are involved in the
T, order. The field dependence of T is extremely aniso-
tropic. For in-plane fields, an increase of T, is observed
[8.,9]. Since such an increase is typical for local quadrupolar
order in cubic systems, it was one of the signs that the 7,
order involves quadrupolar degrees of freedom of the
itinerant electrons that are induced by a Kondo mixing
with the crystal electric field doublets. This idea was
supported by calculations of the quadrupole moment for
such a system [9]. Furthermore, at yoH. =9 T, a first-
order transition to another state occurs. In contrast, for c-
axis fields, the T, order is suppressed at roughly H, =
(4 +£1) T, seemingly coincident with the transition inside
the superconducting state [8]. Both H, and H, present a
clear angle dependence. For 10° and 20°, the hump at T is
suppressed with field, but remains visible up to roughly 4 T
[Figs. 3(a) and 3(b)], similar to what was observed for H||c
[8]. For 45°, T\, stays approximately constant in applied
fields up to 10 T [Fig. 3(c)], far above the superconducting
critical field, similar to the behavior observed for H|lab
[8,9]. Therefore, H stays roughly constant at least up to
20° and then starts increasing strongly for angles between
20° and 45°. Furthermore, because H, shoots up for angles
from 90° to 58°, it might meet the H|, line in a tricritical
point in the range 30° < 6 < 60° and yyH > 15 T. Another
possibility is that the H, transition ends in a critical end
point, since the anomaly just disappears going from 58° to
50°. The absence of any further anomaly in the torque up to
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FIG. 2. Angle dependence of the critical fields at 45 mK. (a) Different symbols represent different experimental techniques as
indicated. H, indicates a transition between two ordered states I and II [9]. Since it shows a strong hysteresis, only the critical fields
from up sweeps are shown here. The critical fields from the down sweeps are typically around 1 T lower. (b) Angle dependence of the
upper critical fields of SC1 and SC2 as well as the orbital limit H,4, of SC1 obtained from the phase diagrams in Fig. 4 and a fit of it
using Eq. (1) (orange dashed line). Red and black lines are fits to Eq. (2) at 45 mK, and the violet line reflects the calculated H*, as

detailed in the main text and Ref. [20].

uoH =36 T for 8 = 89.4° (H||a) [20] indicates that the
phase forming at H > H_, is stable until very high field as
observed, e.g., for the quadrupolar phase II in CeBg in high
magnetic fields [21]. Further high-field studies are neces-
sary to determine the H, boundary. Notably, the angle
dependence of H, and H, are quite different from those of
H,, suggesting the interaction between this phase and
superconductivity to be weak. On the other hand, for low
angles, H, nearly coincides with H* up to 20°.

Let us now concentrate on the angle dependence of the
critical field of the state SC1. Previous analysis along the
two crystallographic directions showed that the orbital limit
H,, in CeRh,As, is large and strongly exceeds the
experimental critical fields of SC1. Therefore, this state
is strongly Pauli limited with enhanced Pauli fields com-
pared to the bare weak coupling value of ugHp = 1.84T . ~
0.5 T [22,23]. We now proceed with the determination of
the angle dependence of both the orbital limit H 4, and the
Pauli limit Hp. In the clean limit H,, is given by the slope

FIG. 3.
C/T in magnetic field at different angles. Here, a nuclear
contribution has been removed [20].

(a)—(c) Temperature dependence of the specific heat

of the critical field H.,(T) near T, as puoH (T = 0) =
—0.73T(dH /dT) |77, [24].

From the data in Fig. 4 we extract the values of the H .,
slopes near T, [20] and, hence, H 4, for all angles, which
are given in Fig. 2(b). We observe that T, varies slightly
even in zero field for different sample orientations, which
is probably due to the remanent magnetic field in the
superconducting magnet and slightly different shapes of
the ac susceptibility curves at different angles near the
onset of the transition where we define T'.. The values of
T. are listed in Ref. [20]. Note that the uncertainty of the
slope and hence H,,4 at each angle is quite large [error
bars in Fig. 2(b)].

The angle dependence of H,, behaves as expected for an
anisotropic bulk superconductor [25] according to

H¢,
C.
VIZsin@® + cos

H(0) = (1)

where the anisotropy parameter I' = H¢, /H). We find " =
HS,/HY =2.6 and uoHS, = 16.2 T as shown by the
dashed orange line in Fig. 2(b). For a fully gapped 3D
superconductor in the Bardeen-Cooper-Schrieffer theory,
this angle dependence reflects the anisotropy of the
normal state since pgHyp = @y/27E*(T) and £(0) =
0.18%vy/kpT,. Using vy = hkyp/m*, we find H,, /HY =
m:2/mim’ = m’/m’ = 2.6. This is comparable to the
weak anisotropy in the magnetization at 2 K, where the
in-plane value is a factor of 2 larger than the c-axis value [8].
It will be interesting to see if band-structure calculations
confirm this anisotropy in the future [9].
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FIG. 4. (a)—(f) Magnetic field-temperature phase diagrams of

CeRh,As, for different directions of the magnetic field. The
experimental points are from ac susceptibility and specific heat,
as indicated. The data shown in (a) and (f) were taken
from Ref. [8].

As a next step, the Pauli paramagnetic limit of SC1 is
investigated. Here, we consider the following expression
for the upper critical field of a spin-singlet superconductor
with both orbital and Pauli limiting,

/oo p <[1 —Fy +Fgcos(1§’:;’)} exp(ﬁg—:jﬁ) - 1>
u 9
0

sinhu

In(r) =

)

where g, is a field-angle-dependent g factor, t = T/T ., and
Fy = 1 quantifies the pair breaking due to Pauli limiting (as
discussed later, this takes a different form for a pseudospin-
triplet order parameter). (- - -) indicates an angular average
around the Fermi surface. Using the H,, values from the fit
of its angle dependence (in order to reduce the uncertainty
at each angle), we find that Hp/gy exhibits an anisotropy
similar to H ., (@), that has the angular dependence given by
Eq. (1) with anisotropy parameter I'j, = 2.8. For more
details about the fitting procedure, refer to Ref. [20].
Within error bars, there is no temperature dependence of
the H ., anisotropy for SCI.

Now let us turn to the critical field of SC2 with the aim to
understand what is causing the strong suppression of H .,
when fields are turned away from the ¢ axis and the
disappearance of SC2 at an angle of 35°. For H||c, the

temperature dependence of H ., follows qualitatively—and
even quantitatively, when a lower T, is assumed—very
well the expectations for a pure orbital limit [8] without
Pauli-limiting effect [20].

To first order, the orbital limit of SC2 should be similar to
the one of SCI1 given in Fig. 2(b) [26]. Therefore, we can
make the first statement that the angle dependence of the
orbital limit is not strong enough to describe the steep
decrease of the experimental critical field H ., with angle.
Hence, the decrease must be related to the Pauli limiting
kicking in when the field is tilted toward the ab plane. As
discussed in the context of SC1, one place where the Pauli
field introduces anisotropy is through the spin-orbit cou-
pling renormalized g factor g,. However, this anisotropy is
also too small to account for the steep decrease of the
experimental critical field H_, with angle since any
renormalized Hp for a spin-singlet state should have the
same anisotropy as the one observed in SC1. Consequently,
there must be another source of anisotropy due to Pauli
limiting. Indeed, this is exactly the behavior expected for

triplet superconductors with d vector in the plane (helical
state): an absence of Pauli limiting for H||c (infinite HS)
and presence of Pauli limiting for H||ab which is isotropic
in the plane. The latter is enhanced compared to the bare
value [8,27], when Rashba spin-orbit coupling is included.
Here, we consider such a helical triplet state subject to an
orbital critical field, for which the critical field is given by
the expression of Eq. (2) but now with Fy = |d - hy|?,
where dis d / |2 | and /1y is a unit vector that gives the direction
of the Zeeman field projected onto to the pseudospin basis
[8]. As long as the orbital field energy (goupH,yp) is smaller
than the spin-orbit coupling energy, this is the expression for
the odd-parity spin-singlet state in which the order parameter
has opposite sign on the two inequivalent Ce layers. In
Fig. 2(b), we show the calculated critical field for the state
SC2. In Ref. [20], we provide plots of the calculated H-T
phase diagrams for the different field angles. The agreement
with experiment is excellent. Note that even the angle above
which only one SC phase occurs is reproduced.

This leads us to the main conclusion of our paper: The
angle dependence of the superconducting critical field is
dominated by the huge anisotropy of the Pauli field of an
odd-parity state with d vector in the plane, in agreement
with the interpretation in Ref. [8] and in previous models of
locally noncentrosymmetric SC [14], although here the SC
state is a pseudospin-triplet state with staggered dominant
singlet intralayer pairing.

As a final point, we have also calculated H*, the first-
order transition between the SC1 and SC2 states. In the
previous study for H||c, the H* transition was found to be a
result of a competition between the Pauli-limited SC1 (with
Pauli field Hp ;) and the Pauli-limit-free SC2, so that H*
Hp; [8]. Here, we calculate the phase transition between
SC1 and SC2 for all magnetic field directions from the free
energies taking only the Pauli-limiting effect into account
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[violet line in Fig. 2(b)], with no additional parameters
beyond those calculated from the fitting procedure.
Neglecting the orbital limit leads to a slight overestimate
of the critical field [28], but the angular dependence is in
perfect agreement with experiment [20].

II1. DISCUSSION

We would like to emphasize that the simple model
established in Ref. [8] and extended here to intermediate
angles can reproduce all experimental observations based
on only 3 free parameters that cannot be measured
experimentally: the critical temperature of the supercon-
ducting state SC2 T ,, the in-plane Pauli limit Hp;, and
the strength of the Rashba spin-orbit coupling relative to the
interlayer hopping &. This model has the minimal number
of bands in this crystal symmetry and naturally contains
both even and odd parity superconducting states. Even
though CeRh,As, certainly contains multiple bands [9],
renormalized density functional theory calculations reveal
the bulk of the density of states to be on symmetry-related
Fermi surfaces near the zone boundary—which justifies the
single-band approach used here [9,29].

The angle dependence of the orbital limit of SCI1
corroborates a rather 3D Fermi surface in agreement with
the strongly warped cylinders calculated with renormalized
band-structure calculations [9]. Both the anisotropy of the
effective mass given by the anisotropy of H, as well as the
anisotropy of the ¢ factor (and the magnetic susceptibility)
are rather small. Furthermore, in quasi-2D systems such as
Sr,RuQ, [30], CeColns [31], or FeSe [32], the critical field
is usually larger for in-plane fields than for c-axis fields,
because orbital motion perpendicular to the layers is
hindered and almost no orbital limiting occurs with large
H,,, for in-plane fields. In the 2D limit a cusp is expected
for H,,, for fields close to the a axis as observed, for
example, in FeSe, K,Cr;As;, or in superlattices of
CeColns/YbColns [25,32-34], but not observed here. A
previous theoretical study found that going from a quasi-
two-dimensional Fermi surface to a three-dimensional
Fermi surface reduces the anisotropy of SCI1 due to
Rashba spin-orbit coupling, but should not affect qualita-
tively the anisotropy of SC2 for the suggested scenario here
[12]. However, they investigated a Fermi surface at the
Brillouin zone center and the situation may change for a
Fermi surface at the zone boundary where—due to the
nonsymmorphic structure and symmetry-imposed degen-
eracies—large values of the Rashba strength over interlayer
coupling are expected [29].

In ferromagnetic superconductors, which are the most
prominent candidates of spin-triplet superconductivity, the
critical fields are highly anisotropic [2,35], and the strong
enhancements observed along certain directions or in the
field-reentrant phases are related with strong Ising-type
spin fluctuations and quantum criticality influencing the
orbital limit [2,7]. Here, we find that this is not the case for

CeRh,As,, where the anisotropy is accounted for by a

pseudospin d that is oriented in the basal plane. An
interesting open issue is why the orbital critical field and
the Sommerfeld coefficient are so large for CeRh,As,. In
the noncentrosymmetric superconductors CePt;Si and
CeRhSij3, the origin of this was proposed to be antiferro-
magnetic quantum critical fluctuations that enhance the
electron effective mass [7,36-39]. This needs to be inves-
tigated further in CeRh,As,, where quadrupolar as well as
antiferromagnetic degrees of freedom are suggested to play a
role [9,10,40]. CelrSi;, CeRhSi;, and CeCoGe; show a
similar anisotropy of the superconducting state to CeRh,As,
with absence of Pauli limit for H ||c and strong but enhanced
Pauli limit for H||ab [37,41,42], but a full determination of
the angle dependence has not been possible yet because the
large anisotropy appears only under pressure, preventing an
easy angle-dependent measurement.

At this point, we would like to discuss the possibility that
the transition between the two superconducting states
might originate from the suppression of the 7 order
[9,15] or of the AFM order [10] by a field along the ¢
axis. In the former scenario, the suppression of the 7' order
is considered to be responsible for the H* transition line and
the superconducting order parameter remains the same in
the SC1 and SC2 states, i.e., below and above H*. Our
results indicate that whenever the superconducting state
coexists with the T, order, it is Pauli limited, but when 7'y is
suppressed for fields larger than ugH* ~4 T, the super-
conducting state is not any more, or much less, Pauli
limited. Knowing that the T, order probably causes a
nesting, i.e., partial gapping of the Fermi surface, it seems
natural that it might affect the superconducting state.
Accordingly, in order to wunderstand the observed
anisotropy of the superconducting state in this paper, the
Ty order would, at least, have to suppress the spin-orbit
coupling, for example, by gapping out parts of the Fermi
surface with large spin-orbit coupling. However, this seems
difficult to explain microscopically, as it would imply that
the bare spin-orbit coupling is significantly larger than
the already substantial spin-orbit coupling used to fit the
critical field data in Fig. 2. In the latter scenario, the AFM
order is considered to be responsible for the H* line. The
behavior of the AFM state with magnetic field and angle is
not known yet, besides a single nuclear magnetic resonance
measurement showing a line broadening starting between
0.2 and 0.3 K at 1.4 T along the ¢ axis (see Supplemental
Material of Ref. [10]). The AFM order is expected to be
suppressed by the magnetic field, and the angle dependence
of this suppression might be similar to the H* line.
However, with a transition temperature of 7y = 0.25 K
in zero field, it seems very unlikely that the suppression of
Ty would be responsible for the transition line at
uoH* =4 T. In fact, this would imply Ty to be almost
constant up to 4 T followed by a first-order phase transition.
While such behavior is unexpected, it has been observed,
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e.g., in systems which are near a ferromagnetic quantum
critical point and show field-induced tricritical points, like
Yb(Rh;_,Co,),Si, with x = 0.18 [43]: In this material the
zero-field AFM phase decreases only very little with field
along the ¢ axis, and then a first-order transition to a polarized
state occurs. However, the underlying physics of this system
is different, since it is antiferromagnetic but very close to a
ferromagnetic state with an extremely large magnetocrystal-
line anisotropy of ~10. In CeRh,As, the susceptibility is too
small to be close to ferromagnetism and the magnetocrystal-
line anisotropy is only S 2. So it is unlikely that similar
physics is at play in CeRh,As;.

Although the angle dependence cannot completely rule
out these scenarios, a transition between two superconduct-
ing states seems more natural, especially given how well it
fits the data.

IV. CONCLUSION

The excellent agreement of the model with the exper-
imental results strengthens the interpretation that the super-
conducting state changes from even to odd parity at H* and
that the strong anisotropy of the critical field is rooted in the
Pauli-limiting effect of a helical pseudospin d vector. Since
other orders are not included in this model and are not
needed to obtain the good agreement, their influence on the
superconducting phase diagram and especially on H*
appears to be small. However, this point can only be
resolved and other scenarios ruled out when more micro-
scopic information on the orders and on the pairing
mechanism are available in the future, so that their interplay
can be investigated and understood.
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