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  Materials with multiple superconducting phases are rare. Here, we report the 

discovery of two-phase unconventional superconductivity in CeRh 𝟐As 𝟐. Using 

thermodynamic probes, we establish that the superconducting critical field of its high-field 

phase is as high as 14 T, even though the transition temperature is only 0.26 K. Furthermore, 

a transition between two different superconducting phases is observed in a 𝒄-axis magnetic 

field. Local inversion-symmetry breaking at the Ce sites enables Rashba spin-orbit coupling 

alternating between the Ce sublayers. This introduces a layer degree of freedom to which the 

field-induced transition and high critical field seen in experiment is likely related. 

 

 

 

 

 

 

 

 

 

 
 

 



The vast majority of unconventional superconductors have simple, single-component 

phase diagrams. This is surprising because the nature of superfluidity in  3He (1) and the fact that 

degeneracies or near-degeneracies can be expected to result from many of the electronic 

mechanisms for unconventional superconductivity (2) suggest that a number of materials should 

feature temperature - magnetic field phase diagrams with transitions between different 

superconducting order parameters within the superconducting state. Until now, however, the 

only stoichiometric superconductor that has been well established to have such a phase diagram 

at ambient pressure is UPt 3 (3-5). 

Here we report the discovery of this type of phase diagram in the heavy-fermion material 

CeRh 2As 2. Experimentally, we show that it has extremely high superconducting critical fields of 

up to 14 T in spite of a superconducting transition temperature 𝑇𝑐 of only 0.26 K. Further, when 

the magnetic field is applied along the crystallographic 𝑐 -axis, the superconducting state 

contains a well-defined internal phase transition at approximately 4 T that we identify using 

several thermodynamic probes. We also show that these observations result from physics 

different to that at play in UPt 3; the key superconducting properties of CeRh 2As 2 are likely a 

manifestation of local inversion symmetry breaking and consequent Rashba spin-orbit coupling 

in an overall inversion-symmetric crystal structure (6- 13), a situation for which multi-phase 

superconductivity has been considered in the theoretical literature (13-15), but not observed in 

a material so far. Combined with intriguing normal state physics that likely also results from the 

unusual crystalline environment of Ce, our observations suggest that CeRh  2 As  2  will be a 

benchmark material in which to study the influence of spin-orbit coupling on electronic 

mechanisms for unconventional superconductivity. 



   

 

 

Heavy-fermion superconductivity in CeRh2As2  

 CeRh 2As 2  crystallizes in the centrosymmetric tetragonal CaBe 2Ge 2-type structure 

(16) (Fig. 1A) in which Ce is alternatively stacked with two different Rh-As blocks along the 𝑐-

axis; Rh(1) (As(1)) is tetrahedrally coordinated by As(2) (Rh(2)). There are two Ce atoms per unit 

cell. The Ce site lacks local inversion symmetry with the polar 𝐶4𝑣  point group. The lattice 

inversion center lies in the middle of the line connecting the two Ce atoms. We believe this 

intriguing structure feature plays a central role in the physics of the superconducting state. 

The high-temperature magnetization of single-crystalline CeRh  2 As  2  shows 

paramagnetic Curie-Weiss behavior with an effective moment of 2.56 𝜇B per Ce, corresponding 

to a Ce 3+ valence state (Fig. 1B). In the whole temperature range, the 𝑎𝑏-plane magnetization 

is larger than the 𝑐-axis one, by up to a factor of two at low temperature. The resistivity 𝜌(𝑇) 

depicted in Fig. 1C displays typical heavy-fermion behavior with increasing resistivity upon 

decreasing temperature owing to the Kondo effect. At temperatures below a characteristic local 

maximum at approximately 40 K, 𝜌(𝑇)  decreases when the heavy quasi-particle bands are 

formed by hybridization of local 4 𝑓  electrons with the conduction electrons. The large 

thermopower 𝑆(𝑇) is typical for a Kondo lattice system (Fig. 1D and (17)). Below 4 K the specific 

heat 𝐶(𝑇)/𝑇  in Fig. 1E (where the nuclear contribution has been removed (17)) increases 

towards low temperature following a power law with 𝐶/𝑇 ∝ 𝑇−0.6, suggesting non-Fermi liquid 

behavior and proximity to a quantum critical point (18). It reaches a large value of 1 J/mol-K 2 at 



𝑇 = 0.5 K. The Kondo temperature in CeRh 2As 2 is between 20 K and 40 K, as estimated from 

the magnetic entropy 𝑆𝑚𝑎𝑔(𝑇)  shown in Fig. 1F (17). Interestingly, 𝑆𝑚𝑎𝑔  monotonically 

increases to reach the value 𝑅 ln4  without a plateau at 𝑅 ln2 , where 𝑅  is the ideal gas 

constant, suggesting that the two low-lying doublets of the crystal electric field (CEF) are very 

close in energy. The estimated separation of ∼ 30 K that is comparable with the Kondo energy 

could lead to a possible quasi-quartet ground state (17, 19). This is a rare example among the 

tetragonal Ce systems which usually exhibit a separation of ≳ 100 K and again highlights the 

unusual local Ce environment in CeRh 2As 2. 

Below 1 K, two anomalies appear in the specific heat as shown in Fig. 1E and G. A small 

hump is visible at 𝑇0 ≈ 0.4 K where the data depart from the power-law behavior extrapolated 

from high temperatures which is depicted by the dashed line. It hints at a phase transition to an 

ordered state. The large jump below 0.3 K results from the transition to a superconducting state 

involving the 𝑓 electrons. An equal entropy analysis reveals 𝑇c = 0.26 K and a height of the 

jump at 𝑇𝑐 of Δ𝐶/𝐶|𝑇𝑐
≈ 1, similar to the Bardeen-Cooper-Schrieffer (BCS) value of 1.4. The 

residual Sommerfeld coefficient 𝛾 = 𝐶/𝑇  for 𝑇 → 0  is possibly a sign of impurities. The 

diamagnetic drop of the ac-susceptibility confirms entry to the superconducting state (Fig. 1H) at 

a similar 𝑇c for the transition midpoint but a slightly higher onset temperature; the first drop in 

resistivity takes place at 0.39 K (Fig. 1I). Although this is close to 𝑇0 in zero field, the increase of 

𝑇0 with in-plane fields (see the specific heat data at 8 T and 12 T in Fig. 2A) shows that 𝑇0 is not 

associated with superconductivity but likely signals some other kind of order. Its origin is yet to 

be determined, but the absence of an anomaly in the magnetic susceptibility at 𝑇0 suggests that 

it might have Ce-4𝑓 multipolar or nematic character. We ascribe the higher 𝑇𝑐 in the resistivity 



and susceptibility to inhomogeneity in the material as known from other heavy-fermion systems 

(20-22). As a summary of these first results, CeRh  2 As  2  is a heavy-fermion superconductor 

where the lowest CEF levels are separated by an energy of similar size as the Kondo temperature, 

both of the order of 30 K. Just before becoming superconducting at low temperature the system 

enters a state of unknown origin. For the remainder of this paper, we focus on the extraordinary 

superconducting properties as established experimentally using magnetic susceptibility and 

thermodynamic probes. 

In Fig. 2 we show the temperature dependence of the specific heat 𝐶/𝑇 (panels A and 

B) and the magnetic ac-susceptibility 𝜒𝑎𝑐
′  (panels C and D) for different magnetic fields between 

0 T and 14 T for 𝐻 ∥ 𝑎𝑏 (A and C) and 𝐻 ∥ 𝑐 (B and D). 𝑇c is defined via the equal entropy 

method in 𝐶/𝑇  and at the onset of the susceptibility transition (chosen arbitrarily by the 

temperature where 𝜒𝑎𝑐
′  has dropped to the value indicated by the dashed line). It shifts down 

with increasing field. In 𝜒𝑎𝑐
′  we observe a relatively strong shift of 𝑇c in a field of 0.1 T that is 

absent in the specific heat, again a sign of non-bulk superconductivity (Fig. S7 in (17)). Increasing 

the field further reduces 𝑇c  more slowly. The superconducting transition is completely 

suppressed down to 0.05 K at magnetic fields of 14 T for 𝐻 ∥ 𝑐 and 2 T for 𝐻 ∥ 𝑎𝑏. We note 

that, especially for 𝐻 ∥ 𝑐, these are remarkably large critical fields for a superconductor with at 

𝑇𝑐 of only 0.26 K. For 𝐻 ∥ 𝑐 the temperature sweeps (Fig. 2, B and D) imply a kink in the 𝑇c(𝐻) 

curve where above 4 T, the decrease of 𝑇c is slower than below this field. 

 

Two superconducting phases  

 



A pronounced kink in 𝑇𝑐(𝐻)  is suggestive of the existence of two superconducting 

phases. Indeed, this is confirmed by field sweeps of the ac-susceptibility and two separate 

thermodynamic probes, magnetization and magnetostriction (Fig. 3, A-C). Remarkably, all three 

provide striking evidence of a phase transition. Below 𝑇 = 0.2 K, pronounced kinks in all three 

observables are seen at a characteristic field, 𝐻⋆ = 3.9  T, that is almost temperature 

independent as it increases from 3.8 T at 0.05 K to 4.0 T at 0.17 K. As shown in Fig. 3A and the 

inset of Fig. 3B, diamagnetic shielding and zero resistivity persist throughout the entire region of 

interest, further proving that this is a phase transition within the superconducting state. In 

contrast, field-dependent data for 𝐻 ∥ 𝑎𝑏 show no sign of such a phase transition (Fig. S7 in 

(17)). 

Using the values of 𝑇𝑐, 𝐻𝑐2 (defined in 𝜒𝑎𝑐
′ (𝐻) at the onset in the same way as in the 

temperature sweeps) and 𝐻⋆ from our measurements, we show the superconducting phase 

diagrams of CeRh 2As 2 for out-of-plane and in-plane fields in Fig. 4, A and B, respectively. From 

these phase diagrams the superconducting critical field can be extrapolated to 𝐻𝑐2(0) ≈ 14 T 

for 𝐻 ∥ 𝑐  and 1.9 T for 𝐻 ∥ 𝑎𝑏. For 𝐻 ∥ 𝑐  two superconducting states appear, labelled as 

SC1 and SC2, separated by a line that intersects the strong kink in the 𝐻𝑐2(𝑇) curve in a multi-

critical point. 

It is useful to estimate the upper critical fields with the Werthamer-Helfand-Hohenberg 

(WHH) formula 𝐻𝑜𝑟𝑏 ≈ 0.693 𝑇𝑐 (−
𝑑𝐻𝑐2

𝑑𝑇
)𝑇𝑐

 which only uses parameters near 𝑇𝑐 where Pauli 

paramagnetic pair-breaking effects are parametrically suppressed (23). Using the large 

experimental slopes (−
𝑑𝐻𝑐2

𝑑𝑇
)𝑇𝑐

= 97 T/K for 𝐻 ∥ 𝑐 and (−
𝑑𝐻𝑐2

𝑑𝑇
)𝑇𝑐

= 45 T/K for 𝐻 ∥ 𝑎𝑏, this 

yields 𝐻𝑜𝑟𝑏 ≈ 17 T and 𝐻𝑜𝑟𝑏 ≈ 8 T, respectively. Their anisotropy of a factor of ≈ 2 reflects 



the anisotropy of the effective mass since 𝐻𝑜𝑟𝑏 ∝ 𝑚⋆ 2 (24). The corresponding BCS coherence 

lengths 𝜉 = √Φ0/2𝜋𝐻𝑐2(𝑇 = 0)  are accordingly small, lying below 100  Å. The 𝐻𝑜𝑟𝑏 

estimates suggest that the upper critical field of SC2 along the 𝑐 -axis is not Pauli-

paramagnetically suppressed. In contrast, we find that the superconducting state SC1 is strongly 

Pauli limited with Pauli critical fields that are enhanced compared to the Clogston-Chandrasekhar 

limit (𝐻𝑃 ≈ 0.5 T) and 3 times larger for 𝐻 ∥ 𝑐  than for 𝐻 ∥ 𝑎𝑏. This factor represents the 

scaling factor of the experimental critical field of SC1 for the two magnetic field directions. 

 

The role of spin-orbit coupling  

 We begin with a summary of our key results on the superconducting properties of 

CeRh 2As 2. These are: 

 i) A large anisotropy in the critical fields, with a 𝑐-axis critical field (14 T) far exceeding 

the in-plane critical field (1.9 T). Indeed 𝜇0𝐻𝑐2/𝑇𝑐 for 𝑐-axis fields achieves the highest value so 

far observed in heavy-fermion superconductors.  

ii) A superconducting state SC1 from which a second 𝑐 -axis-field-induced 

superconducting phase, SC2, appears.  

 iii) The critical fields of SC1 are Pauli limited, in contrast to the critical field for SC2 and  

𝐻 ∥ 𝑐, which far exceeds the Pauli field. 

 iv) The 𝑐-axis Pauli field (5 T) for SC1 is signficantly larger than the in-plane Pauli field 

(1.9 T).  

 

 Our first finding, the large anisotropy in the critical fields and large 𝑐-axis critical field is 



reminiscent of the non-centrosymmetric heavy-fermion superconductors CeCoGe 3, CeRhSi 3, 

and CeIrSi 3  (25-29) whose low crystal symmetry allows Rashba spin-orbit coupling (29, 30). 

Owing to the broken inversion symmetry in these materials, even-parity (spin-singlet) and odd-

parity (spin-triplet) superconducting states are not distinct and are in general mixed. These mixed 

states generically reveal no Pauli paramagnetic suppression for fields along the 𝑐-axis whereas 

they do for in-plane fields (29, 30). However, these materials exhibit two important differences 

with respect to CeRh 2As 2: the first is that they do not exhibit multiple superconducting phases; 

the second is that inversion symmetry is preserved in CeRh  2 As  2 . Remarkably, these two 

differences lead to an explanation for our observation ii. Although CeRh  2 As  2  is 

centrosymmetric, it is locally non-centrosymmetric, with an inversion symmetry linking two non-

centrosymmetric Ce-square lattices, each of which has a Rashba interaction. A key feature of the 

centrosymmetric structure is that even-parity (spin-singlet) and odd-parity (spin-triplet) Cooper 

pairs are not mixed, so that a phase transition between even- and odd- parity condensates can 

occur. We argue below that this is the case in CeRh  2 As  2  . Indeed, a conceptually similar 

situation has been considered in models of bilayer materials, where the interplay between an 

intralayer Rashba interaction and interlayer hopping can lead to a 𝑐-axis field driven transition 

between two superconducting phases (13- 15), similar to that observed here. Below we show 

that the structure of CeRh 2As 2 allows this bilayer physics to appear in a crystalline setting. 

To illustrate the relevance of spin-orbit coupling to determining the key physics of 

CeRh 2As 2 in spite of the presence of global inversion symmetry, we develop a model taking 

into account the unusual features of its structure. In particular, because Ce 4𝑓 electrons are key 

to the heavy quasi-particle bands that give rise to superconductivity, we consider Wannier 



functions for these bands that are centered on the Ce sites. The Ce atoms sit at sites with a local 

𝐶4𝑣 symmetry, for which electronic states belong to CEF doublets of either Γ6 or Γ7 symmetry. 

A symmetry-based tight binding Hamiltonian, which takes the same form for either two Γ6 or 

Γ7 doublets, is  

𝐻𝑁 = 𝑡1[cos(𝑘𝑥) + cos(𝑘𝑦)] − 𝜇 + 𝛼𝑅𝜏𝑧[sin(𝑘𝑥)𝜎𝑦 − sin(𝑘𝑦)𝜎𝑥] 

+𝑡𝑐,1𝜏𝑥cos(
𝑘𝑧

2
)cos(

𝑘𝑥

2
)cos(

𝑘𝑦

2
) + 𝑡𝑐,2𝜏𝑦sin(

𝑘𝑧

2
)cos(

𝑘𝑥

2
)cos(

𝑘𝑦

2
) 

+𝜆𝜏𝑧𝜎𝑧sin𝑘𝑧(cos𝑘𝑥 − cos𝑘𝑦)sin𝑘𝑥sin𝑘𝑦. (1) 

 Here, the 𝜎𝑖  Pauli matrices represent the two Kramer's spin-like degenerate states of the Γ6 

or Γ7 doublets and the 𝜏𝑖 Pauli matrices represent the two Ce site degrees of freedom in each 

unit cell. Importantly, given that these two Ce site degrees of freedom are related by inversion 

symmetry, the 𝜏𝑧  matrix is odd under inversion symmetry (this follows because this matrix 

changes sign when the two Ce sites are interchanged). Inspection of Eq. 1 shows that a Rashba-

like spin-orbit interaction, denoted by the constant 𝛼𝑅, is allowed by symmetry, with the odd 

inversion symmetry compensated by the 𝜏𝑧  operator. Equation 1 also reveals an additional 

Ising-like spin-orbit coupling term denoted by 𝜆, with a 𝜏𝑧𝜎𝑧  dependence. This term will be 

much smaller than 𝛼𝑅  because 𝛼𝑅  originates from nearest neighbor (𝑎, 0,0)-type hoppings 

whereas 𝜆 requires much longer range (𝑎, 2𝑎, 𝑐)-type hoppings; for this reason we will set 𝜆 =

0 in the following. The two parameters 𝑡𝑐,𝑖  correspond to 𝑐-axis (𝑎/2, 𝑎/2, 𝑐/2) hoppings 

between the two Ce sublattice sites. 

Now we turn to the superconducting state. Density functional theory (DFT) reveals that 

the band structure for the conduction electrons is quasi two-dimensional, so it is natural to 

assume that the quasi-particle interactions that give rise to superconductivity originate in the 



two-dimensional square Ce layers, which consist of only Ce sites from the same sublattice. So, in 

terms of 𝜏𝑖 operators, the Cooper pairs can  have only a 𝜏0 or a 𝜏𝑧 dependence. Formally, 

𝜏0 (𝜏𝑧) describes Cooper pair wavefunctions that have the same (opposite) sign on the two Ce 

sublattice sites. For simplicity, we will assume that each sublattice prefers a spin-singlet 𝑠-wave 

Cooper pair. This is not essential for the arguments presented below which rely on the 𝜏𝑖 

structure of the Cooper pairs; the analysis also applies to a 𝑑-wave state such as those commonly 

found in tetragonal Ce materials. Below we explicitly consider the even parity gap function Δ𝑒 =

Δ𝜏0 and the odd parity gap function Δ𝑜 = Δ𝜏𝑧. We note that similar gap functions have been 

discussed in three-dimensional Cu 𝑥Bi 2Se 3 (31) and, remarkably, Δ𝑜-type gap functions were 

originally proposed by P. W. Anderson as the generic form of odd-parity superconductivity in 

heavy-fermion materials (32). These results indicate that Δ𝑒  and Δ𝑜 -type gap functions are 

stable solutions in general and not only in the quasi two-dimensional limit we consider here. 

In (17) , we carry out a detailed analysis of Eq. 1 on the superconducting state by 

projecting onto a pseudospin basis. This analysis yields four generic results that apply to all 

superconducting states described in the previous paragraph. These are: i)  The pairing 

interactions for Δ𝑒  and Δ𝑜  have the same sign ( both are attractive); ii) Δ𝑒  has a higher 

transition temperature than Δ𝑜  in zero field; iii) Δ𝑒  is Pauli suppressed by a 𝑐 -axis field, 

whereas Δ𝑜  is not (note the suppression of Δ𝑒  by 𝐻𝑧  is generically weaker than the usual 

paramagnetic suppression, i.e. the Pauli limit is enhanced). A 𝑐-axis field will therefore induce a 

first-order phase transition from Δ𝑒 to Δ𝑜; iv) For in-plane fields both Δ𝑒 and Δ𝑜 are Pauli 

suppressed. These results naturally account for observations i) and ii). We then use a simplified 

model to fit the data, with the results shown in Fig. 4, C and D. These fits account for our 



observations i-iv and suggest that the situation in CeRh 2As 2 is in close correspondence with 

that described in earlier theoretical work on a model for which, until now, there were no 

candidate materials (14, 15). Although the core results that we present here are experimental, 

and we do not claim that our simple model is a unique explanation for our findings, it is notable 

that the model succeeds in accounting for all our key observations. 

As a final point, we look at the multi-critical point in the phase diagram for 𝐻 ∥ 𝑐. In 

general, thermodynamic considerations forbid that three second-order transition lines meet at a 

multi-critical point (33, 34). However, the phase diagram as experimentally determined here for 

𝐻 ∥ 𝑐  is thermodynamically possible if one of the lines is of first order (34), and the model 

suggests that it is the line inside the superconducting state. Several experimental observations 

point to this scenario as well; an analysis of the slopes of the transition lines and their relation 

with the size of the specific heat jumps near the multicritical point is consistent with it (Fig. S8 

and discussion in (17)). Furthermore, the dip in the magnetostriction at 𝐻⋆ corresponds to a 

step-like change of the sample length, and shows hysteresis of approximately 0.04 T (Fig. 3C and 

the inset). However, these experimental features are extremely small and not confirmed by any 

other probe, so the experimental evidence for the transition within the superconducting state 

being first order should not yet be regarded as conclusive. 

At present we cannot exclude the possibility that the phase diagram including the normal 

state is more complicated. The putative ordered state below 𝑇0 ≈ 0.4  K also seems to be 

suppressed near 𝐻 ≈ 4 T (Fig. 2B) and the transition line might join the multi-critical point as a 

fourth transition line. Thermodynamically, this would allow the transition within the 

superconducting state to be second order and it would place further constraints on the slopes of 



the lines and the ratios of the specific heat jumps. More generally, it is possible that the change 

of the superconducting state is influenced by a change in the normal state when the order below 

𝑇0 is suppressed. A more detailed study of the specific heat and the magnetocaloric effect would 

likely be able to resolve the issue.  

It is intriguing to compare our findings with recent developments in UTe 2 (35, 36). There, 

multi-phase superconductivity has been established in the 𝐻 − 𝑇  phase diagram under the 

application of hydrostatic pressure (37) and a splitting of Tc has been reported at ambient 

pressure (38). A substantial body of theoretical work has been done on UTe 2  (39-44). The 

majority opinion is that the relevant phases are all triplet, and spin fluctuations are thought to 

be the main driver of the relevant physics. Spin fluctuations are a possible mechanism for 

superconductivity in CeRh 2As 2 as well. Typically these fluctuations stabilize either even or odd-

parity states, but not both. However, in the unusual electronic environment of CeRh  2 As  2 , 

Rashba spin-orbit coupling allows both even and odd-parity states to be stabilized by the same 

underlying pairing interaction, opening up the possibility of an even to odd parity phase 

transition. 

 

 Outlook 

 

 Many open questions remain about the precise nature of the superconducting 

mechanism in CeRh 2As 2, including the possibility that the superconductivity in zero applied 

magnetic field condenses from a normal state that already includes unidentified order. Like the 

superconductivity, that 'hidden' order is probably rooted in the unusual Ce environment. 



CeRh  2 As  2  therefore highlights the importance of local symmetry breaking not just for  

superconductivity, but for metallic correlated electronic order as well. 
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Figure  1:  Crystal structure and heavy-fermion superconductivity in CeRh  𝟐 As  𝟐 . The 

magnetic field 𝜇0𝐻 = 0 unless indicated otherwise. (A) Crystal structure of CeRh  2 As 2 . (B) 

Inverse magnetic susceptibility 𝜒(𝑇)  (after subtracting a temperature ( 𝑇 )-independent 

contribution 𝜒0) in 𝜇0𝐻 = 1 T applied in the 𝑎𝑏-plane (blue points) and along the 𝑐-axis (red 

points). The dashed line denotes the linear slope for the effective moment of Ce3+. (C) The 

resistivity 𝜌(𝑇) with the current in the 𝑎𝑏-plane, normalised at 300 K. (D) The thermopower 

𝑆(𝑇) with a temperature gradient in the 𝑎𝑏-plane. (E) The specific heat (𝐶 − 𝐶𝑛)/𝑇(𝑇). A 

nuclear contribution 𝐶𝑛 was subtracted at low 𝑇 (17). The dotted line presents the LaRh 2As 2 

data used to subtract the phonon contribution. The dashed line represents the power-law 𝑇-

dependence. (F) The Ce magnetic entropy 𝑆𝑚𝑎𝑔(𝑇) . (G-I) Experimental signatures at the 

superconducting transition 𝑇𝑐 and at the transition 𝑇0, see the text for details. (G) Specific 

heat (𝐶 − 𝐶𝑛)/𝑇(𝑇) including the same dashed line as in (E) and transition temperatures as 

indicated. (H) Normalised ac-susceptibility 𝜒𝑎𝑐
′ . (I) The normalised electrical resistivity 𝜌(𝑇). 

  

   

Figure  2: Evolution of the superconducting transition with magnetic fields. Temperature 

dependence of the specific heat 𝐶/𝑇 (A) and the real part of the ac-susceptibility 𝜒′𝑎𝑐 (C), 

respectively, for 𝐻 ∥ 𝑎𝑏. (B) and (D) same for 𝐻 ∥ 𝑐. The dashed line in (C) and (D) indicates 

the value of 𝜒𝑎𝑐
′  where the onset temperature 𝑇𝑐 is defined. 

 

Figure  3: Phase transition inside the superconducting state for 𝑯 ∥ 𝒄. (A) Absolute value of 



the magnetic susceptibility 𝜒𝑎𝑐
′  for different temperatures as indicated. Inset: zoom on the 

transition at 𝐻⋆. (B) Magnetization 𝑀 at 0.1 K. Inset: Resistivity at 0.1 K. (C) Magnetostriction 

at 0.12 K. Inset: zoom on the transition at 𝐻⋆. The dashed line is a guide to the eye indicating 

the 𝐻⋆ transition at approximately 3.9 T. 

     

Figure  4: Superconducting phase diagrams for CeRh 𝟐As 𝟐 (A) for 𝐻 ∥ 𝑐 and (B) 𝐻 ∥ 𝑎𝑏. 

Different symbols are from different experimental probes, as indicated in (A). (C) Fits to the 

upper critical fields for even (dotted line) and odd parity (solid line) states and a fit to the first 

order phase boundary between an even and odd-parity state (solid blue line). (D) Fit to the 

upper critical field for an even parity state. For details of the fitting procedure see (17). 
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