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I. POSITIONS OF POINT NODES IN CHIRAL SPIN-TRIPLET SUPERCON-

DUCTING STATES

Here, we discuss the positions of point nodes in chiral superconducting states whose order

parameters consist of two components represented by two odd-parity irreducible represen-

tations (IRs). First, we consider the B3u+ iB1u state. From the basis functions summarized

in Table I in the main text, the vector order parameter d is written by

d = dB3u + idB1u =


c1kxkykz

c2kz

c3ky

+ i


c4ky

c5kx

c6kxkykz

 , (S1)

where c1 to c6 are real coefficients. We note that higher-order terms are neglected, which

do not change our discussions below as long as considering a spherical Fermi surface (FS)

around the Γ point. In the chiral spin-triplet state, the positions of point nodes in the order

parameter d = d1 + id2 are derived by the two conditions [S1]{
d1 · d2 = 0 (S2)

|d1| = |d2|. (S3)

By applying the above conditions to the order parameter in Eq. S1, the nodes appear atkz = 0

(c23 − c24)k
2
y = c25k

2
x

or

kx = 0

(c24 − c23)k
2
y = c22k

2
z

. (S4)

When |c3| > |c4| (|c3| < |c4|), the first (second) condition induces point nodes, and, with

the spherical FS, four point nodes appear on the kz = 0 (kx = 0) plane. Furthermore,

qualitatively speaking, when |dB1u| is much smaller than |dB3u| (|c3| ≫ |c4|, |c5|), point

nodes appear near the kx-axis (Fig. 1c), and when |dB1u| ≈ |dB3u| (|c3| ≈ |c4|), point nodes

appear near the ky-axis.

Next, we consider the B3u + iAu state. The order parameter d can be written as

d = dB3u + idAu =


c1kxkykz

c2kz

c3ky

+ i


c4kx

c5ky

c6kz

 . (S5)
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By applying Eqs. S2 and S3 to Eq. S5, we obtain the conditionsky = 0

(c22 − c26)k
2
z = c24k

2
x

and

kz = 0

(c23 − c25)k
2
y = c24k

2
x

. (S6)

In this case, several nodal structures become possible. First, when |c2| > |c6| and |c3| > |c5|,

four point nodes appear on both ky = 0 and kz = 0 planes, and thus eight point nodes

appear in total on the spherical FS. Next, when |c2| > |c6| and |c3| < |c5| (|c2| < |c6| and

|c3| > |c5|), four point nodes appear on the ky = 0 (kz = 0) plane. Finally, when |c2| < |c6|

and |c3| < |c5|, the superconducting state is fully gapped. Especially, when |dAu| is much

smaller than |dB3u| (|c2| ≫ |c4|, |c6| and |c3| ≫ |c4|, |c5|), point nodes are near the kx-axis

(Fig. 1d), and when |dAu| ≈ |dB3u| (|c2| ≈ |c6| and |c3| ≈ |c5|), point nodes may appear near

the ky- and kz-axes (Fig. 1e).

II. GAP STRUCTURES WITH TWO ODD-PARITY ORDER PARAMETERS

PRESERVING TIME-REVERSAL SYMMETRY

In this section, we discuss the gap structures of the order parameter d = d1+d2 preserving

time-reversal symmetry, where d1 and d2 belong to different IRs. When d1 and d2 are

represented by B3u and B1u symmetries, respectively, d can be written as

d = dB3u + dB1u =


c1kxkykz + c4ky

c2kz + c5kx

c3ky + c6kxkykz

 . (S7)

In this case, the positions of nodes are determined from the condition |d| = 0. Therefore,

point nodes satisfy the relations ky = 0

c2kz = −c5kx
, (S8)

meaning that two point nodes appear on the ky = 0 plane but off the high-symmetry axes

(Fig. S1c). As mentioned in the main text, because the original point nodes of the B3u

state is not split by adding the B1u component, the B3u +B1u state cannot account for our

experimental results.
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In the B3u + Au state, d can be represented by

d = dB3u + dAu =


c1kxkykz + c4kx

c2kz + c5ky

c3ky + c6kz

 . (S9)

For the emergence of the point nodes satisfying |d| = 0, the coefficients need to satisfy a

specific condition c2/c5 = c3/c6. When this condition is valid, the nodes appear in the points

represented by kx = 0

c2kz = −c5ky
, (S10)

and non-split nodes are located on the kx = 0 plane. Therefore, a fine-tuning of the coeffi-

cients is required for the emergence of nodes, and even if the coefficients satisfy the specific

condition, the B3u + Au state is inconsistent with our experimental results.

III. POSSIBILITY OF A GAP STRUCTURE WITH LINE NODES

The even-parity IRs of the point group of D2h are listed in Table S1. In the A1g state,

a fully-gapped state is realized, which is clearly inconsistent with our experimental results.

On the other hand, the B1g, B2g, and B3g states lead to gap structures with line nodes. As

mentioned in the main text, a line nodal structure can induce the exponent value 1 ≤ n ≤ 2

of the power-law fitting ∆λ ∝ T n because of nonmagnetic impurity scatterings [S2], quantum

criticality [S3, S4], and non-local effects [S5]. In the case of UTe2, although ferromagnetic

quantum criticality is expected [S6], the mass renormalization cannot account for the exper-

imental exponents na ≈ nb ≈ 2. Besides, the non-local effects are expected to be too weak

due to ξ/λ(0) ∼ 0.01. As for the impurity effect, we stress that crystal #A1 is picked up

from the same batch with the sample showing the residual resistivity ratio (RRR) of 1,000

in Ref. [S7]. Indeed, the observed Tc = 2.1K is the highest value ever reported, and from

the skin depth analyses, we can estimate the RRR of crystal #A1 as large as 200. Further-

more, we can exclude the presence of line nodes more quantitatively from the Ce/T data.

The T dependence of Ce/T in a disordered line nodal gap structure has been calculated
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in Ref. [S8]. In this previous paper, it has been shown that Ce/T at low temperatures is

always larger than 10% of the normal state value (γn) when ΓN = 0.01kBTc0, where ΓN is

the normal-state scattering time and Tc0 is the superconducting transition temperature in

the clean limit. These calculations contrast to our experimental data with the minimum

value of Ce/T ≈ 0.08γn (see Fig. 2e). Therefore, assuming a line-nodal gap structure, we

conclude ΓN < 0.01kBTc0 in crystal #A1. Then we examine the correspondence between

the ΓN/kBTc0 value and the exponent values obtained from the temperature dependence

of the superfluid density. Figure S2a shows the normalized superfluid density in disordered

d-wave superconductors with various ΓN/kBTc0 values. Figure S2b depicts the ΓN/kBTc0

dependence of the exponent values obtained from the power-law fitting to the superfluid

density data. From these calculations, we can find that the estimated ΓN < 0.01kBTc0 is

too small to change the low-temperature ∆λ(T ) behavior from T to T 2 dependence. Thus,

we can consider that crystal #A1 is in the clean limit, and the all ni values near 2 in #A1

data strongly indicate that the gap structure in UTe2 has point nodes. Furthermore, we

found a systematic trend in the evolution of the nc value, that is the increase of the nc value

aproaching 2 as Tc increases. This is clealy an opposite trend expected from the impurity

effect on line-nodal superconductors as discussed in the section IX.

We note that, in the presence of point nodes in the gap structure, the impurity scattering

can affect only the amplitude of the low-energy excitations, but does not change the exponent

value of ∆λ(T ) ∝ T 2 [S9, S10]. Moreover, in the case of UTe2, several physical properties,

such as Knight shift, upper critical field, and reentrant superconductivity, strongly suggest

the spin-triplet superconducting state. Considering that the spin-orbit interactions are im-

portant in UTe2 [S11], the spin-triplet state excludes the possibility of the presence of line

nodes [S12] (see Table I in the main text).

Next, we discuss mixed-parity states consisting of even-parity order parameter ψ(k) and

odd-parity order parameter d(k). We note that the mixed-parity state in UTe2 requires

the inversion symmetry breaking which is proposed in Ref. [S13] under hydrostatic pres-

sure. When the time-reversal symmetry is broken, because the gap size can be written as

∆gap(k) =
√
|ψ(k)|2 + |d(k)|2, the superconducting state is fully-gapped or has point nodes

on the high-symmetry axes. These states are inconsistent with our experimental results.

When the time-reversal symmetry is preserved, on the other hand, the spin split FSs

have a different gap size ∆±
gap(k) = ψ(k)± |d(k)|, leading to various gap structures. In this
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study, we focus on the mixed-parity states of the B1u or B3u and Ag states, the latter of

which is indeed proposed in Ref. [S13]. When the small Ag component is admixed with the

B3u component, the original point nodes on the kx-axis spread into the nodal rings around

the kx-axis (Fig. S3b). However, such a gap structure with line nodes is inconsistent with

our experiments as explained at the beginning of this section.

IV. NON-UNITARY PAIRING STATES

Non-unitary pairing states are defined by q(k) ≡ id(k)×d∗(k) ̸= 0 [S14]. In the B3u+iAu

state, q(k) can be written as

q(k) = id(k)× d∗(k) = −2idB3u(k)× dAu(k) = −2i


c2c6k

2
z − c3c5k

2
y

kxky(c3c4 − c1c6k
2
z)

kzkx(−c2c4 + c1c5k
2
y)

 . (S11)

Therefore, the B3u + iAu state is non-unitary. Physically, this q(k) corresponds to a spin

moment of a Cooper pair, and in the B3u+ iAu case, the average of q(k) in the FSs ⟨q(k)⟩FS
is parallel to x̂ which is the magnetic easy axis in the normal state [S6]. Usually, the non-

unitary state is energetically unstable except for the ferromagnetic superconductors [S15].

However, a previous theoretical study [S16] suggests that, when a material is close to a

ferromagnetic quantum critical point as in the case of UTe2 [S6], the non-unitary pairing

states can be stable even in a paramagnetic state. We note that, as stated in the main

text, while the nature of magnetic fluctuations are still controversial, the ferromagnetic

fluctuations may be related to the emergence of the B3u + iAu state. Therefore, our results

would promote further studies on the pairing mechanism.

V. SAMPLE CHARACTERIZATION

Single crystals of UTe2 #B1, #C1, and #C2 were grown by the chemical vapor transport

method with iodine as the transport agent. Crystal #A1 is grown by the molten salt

flux method [S7] and picked up from the same batch with the crystal showing the RRR

about 1,000. The shapes of crystals #A1, #B1, #C1, and #C2 are depicted in Figs. S4a-d,

respectively. Crystals #A1, #B1, and #C1 have a cuboid shape with dimensions 455 ×
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250× 95µm3, 260× 155× 210µm3, and 300× 250× 35µm3, respectively, while crystal #C2

has a more complicated shape. As described later, because the ∆λi(T ) analysis is based

on a cuboid shape, we focus on the data of crystals #A1, #B1, and #C1 in the ∆λi(T )

discussions below. We note that the data of ∆f(T ) providing the similar exponent values

for all the crystals in the power-law fittings, ∆f(T ) ∝ T n, imply that qualitatively similar

∆λi(T ) results with crystals #B1 and #C1 are also expected in crystal #C2 (Fig.S5).

Crystallographic orientations of the sample were determined using X-ray diffraction

with the monochromated Mo-Kα radiation using an imaging plate diffractometer (R-AXIS-

RAPID, Rigaku). An example of the diffraction image is shown in Fig. S6. Small bright

area with a cross at its center corresponds to the blind area near the direct incident beam.

Clear Bragg reflections are observed as black dots. The sharpness of the reflections ensures

small mosaicity of the present crystal. All the reflections are successfully indexed using the

UTe2 lattice parameters, where some of the indices are shown. The small splitting observed

in higher angles such as (3 -2 15) reflection is attributed to two narrowly separated incident

X-ray beam, Kα1 and Kα2. No twin component were identifieds. From the diffraction data,

the sample orientation relative to the sample stage is precisely obtained. Note also that un-

like conventional back-reflection Laue photographs, present measurement with transmission

geometry can examine fairly small samples used in the penetration depth measurements.

Figure S7a shows specific heat of crystal #C2 at zero field and under µ0H = 5T along

the a- and b-axes. The difference of Tc between H ∥ a and H ∥ b suggests a large anisotropy

of the upper critical field as already demonstrated in previous studies. Figure S7b depicts

the resistivity with the current direction of a-axis in crystal #R1 picked up from the same

ampoule as crystals #C1 and #C2. The resistivity shows maximum around 50K below

which Kondo hybridization yields coherent electronic states. The resistivity at low T is

shown in Fig. S7c. The onset of the superconducting transition temperature T on
c is about

1.89K, and the resistivity gets zero at T zero
c ≈ 1.77K. Compared with Tc ≈ 1.65K obtained

from a large change of ∆f(T ) and C/T , T on
c and T zero

c are relatively high, and T on
c is close to

the onset of the small diamagnetic signal in ∆f(T ) and the small jump of C/T (Fig. 2d). This

indicates that a superconducting path exists between the electrodes even above Tc ≈ 1.65K.
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VI. DERIVATION OF ANISOTROPIC PENETRATION DEPTH FROM FRE-

QUENCY SHIFT

The frequency shift of the oscillator ∆f(T ) ≡ f(T )− f(0) and ac magnetic susceptibility

shift ∆χ(T ) ≡ χ(T )− χ(0) satisfy the relation [S17],

∆f(T )

f0
= − Vs

2Vc(1−N)
∆χ(T ), (S12)

where f0 = 13.8MHz is the resonant frequency without the sample, Vs and Vc are the sample

and coil volumes, and N is the demagnetization factor calculated from the equation [S18]

1

1−N
= 1 +

4ab

3c(a+ b)
. (S13)

∆χi data for crystals #A1, #B1, and #C1 with the magnetic field along i-axis calculated

from the above equations are depicted in Figs. S8a-c, respectively. It is clearly seen that the

values of ∆χa(Tc) and ∆χb(Tc) are nearly equal to 1, while ∆χc(Tc) is much smaller than

1. This difference can be understood in consideration of the skin effect. The skin depth δ is

calculated by

δ =

√
ρ

πf0µrµ0

, (S14)

where ρ is the resistivity, f is the frequency of the ac magnetic field, and µ0 and µr are vacuum

and relative permeability, respectively. For example, in the data of #C1, by substituting

ρ = 30µΩcm (Fig. S7c) and µr = 1, we obtain δ = 75µm. When the magnetic field is

parallel to the a- or b-axes, the skin depth is larger than the sample thickness, and the skin

effect can be neglected. Then, the total shift of ∆χa(Tc) ≈ ∆χb(Tc) ≈ 1 are expected in

the perfect diamagnetic state. As shown in Fig. S6, ∆χa(Tc) ≈ ∆χb(Tc) ≈ 1.05 for crystal

#C1 and 0.9 for crystal #B1, from which we can evaluate that the errors of the calculated

N values are within 10%. On the other hand, when the magnetic field is parallel to the

c-axis, the skin effect expels the magnetic field even in the normal state, which reduces the

∆χc(Tc) value from unity as shown in Fig. S6. For crystal #C1, ∆χc(Tc) ≈ 0.8 is expected

for δ = 75µm, which is consistent with the experimental value obtained from crystal #R1

picked up from the same batch as crystals #C1 and #C2. For crystal #A1 and #B1, we

measured ∆χi(T ) up to 12K and 9K, respectively, (Fig. S8c). Since the skin depth becomes

longer and compatible to the sample thickness with increasing temperature, ∆χc reaches

almost the same value of ∆χa and ∆χb at higher temperatures as shown in Fig. S6c. These
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results indicate that our estimation of the demagnetization factors N is appropriate and

∆χ(T ) data are successfully derived from ∆f(T ) data in crystals #A1, #B1, and #C1. We

note that we measured ∆f(T ) in another crystal (#C2) (see Fig. S5), but the complicated

sample shape of crystal #C2 makes the quantitative analysis of ∆λi difficult. We have

carried out the same analysis for crystal #C2 as for other crystals. However, the values of

∆χa,b(Tc) for crystal #C2 are much larger than unity, indicating that the demagnetization

factor N for crystal #C2 is not properly obtained probably because of the complicated

sample shape. Hence, we did not carry out further analysis for crystal #C2.

In general, for a superconductor with anisotropic penetration depth components, χi can

be expressed by using λj and λk through the equations [S19],

1 + χa =
λb
Rc

a

+
λc
Rb

a

(S15)

1 + χb =
λc
Ra

b

+
λa
Rc

b

(S16)

1 + χc =
λa
Rb

c

+
λb
Ra

c

, (S17)

where Rj
i and R

k
i are the effective lengths when the magnetic field is applied along the i-axis.

The effective length R for a cylindrical shape with various aspect ratio is recently calcu-

lated in Ref. [S20]. Defining R = ηr, where r is the radius of the cylinder, η as a function of

the demagnetization factor N is approximately expressed as

η(N) =
a+ cN + eN2

1 + bN + dN2
, (S18)

where the coefficients are a = 0.504, b = −0.517, c = −0.710, d = −0.446, and e = 0.206.

Then, in the case of rectangular shape, we define the effctive length as Ri
k = 2ηki with the

ηk calculated by Eqs. (S13,S18) with the magnetic field along k-axis. We note that similar

results can be obtained by using R proposed in the Ref. [S17]. Also, we stress that the

robustness of our analyses against the errors of the effective dimensions has been confirmed

by changing the values by ±30% in section VIII.

From the above discussions, we can derive ∆λa, ∆λb, and ∆λc through the relations,

R∆λi = −R
j
kR

k
i

Ri
k

∆χi +
Ri

jR
j
kR

k
i

Ri
kR

j
i

∆χj +Rj
k∆χk, (S19)

where R = 1 + Ra
bR

b
cR

c
a/R

c
bR

b
aR

a
c . The calculated ∆λa/λa(0), ∆λb/λb(0), and ∆λc/λc(0)

data for crystal #A1, #B1, and #C1 are shown in Fig. 4 in the main text.

8



VII. FITTING-RANGE DEPENDENCE OF EXPONENT VALUES AND POSSI-

BILITY OF DEEP GAP MINIMA

We checked the fitting range Tmax dependence of the exponent values ni in crystals #A1,

#B1, and #C1 obtained by the power-law fitting, ∆λi ∝ T ni (see Fig. S9). We confirmed

that our discussions on the gap structure via ni values are not affected by the Tmax values.

We have excluded the possibility of a line node gap in UTe2 in section III. However, deep gap

minima can be possible, for example, if c2 and c6 are much larger than the other coefficients

in Eq. S5, but such a possibility can be ruled out by the following experimental facts. When

the size of the gap minima is comparable or larger than the experimental lowest temperature,

the exponent obtained from the power-law fitting becomes higher as the maximum value

Tmax of the fitting range gets lower [S21, S22]. In contrast, our experimental data do not

show such a fitting-range dependence as shown in Fig. S9, indicating that the gap minima, if

exist, should be really deep, much lower than the lowest temperature of our measurements.

Even in the case of such deep minima, one can get important information from the sample

dependence. In general, when the impurity scattering becomes large, the averaging effect

of gap anisotropy leads to the increase of minimum gap, which results in a larger exponent

value of low-temperature penetration depth. From the Tc values, we can consider that

crystal #A1 is cleaner than crystals #B1 and #C1. However, we observed lower exponents

in crystals #B1 and #C1 compared with those in crystal #A1 in the power-law analysis

of penetration depth especially for the c-axis data, which is the opposite to the expected

behavior of deep gap minima case. On the other hand, the observed tendency can be

explained by the differenct sensitivity of the order parameters to the impurity scattering in

our proposed chiral order parameter case as discussed in section IX.

VIII. ROBUSTNESS OF ANALYSES

It is known that the effective dimensions R3D (Eq. S18) have usually errors of ±20% even

in the isotropic case [S17]. Thus, we need to check the effect of the errors on our analyses,

especially on the exponent values obtained by the power-law fitting. To this end, we varied

the effective dimensions as Ra
b → rabR

a
b , R

a
c → racR

a
c , R

b
a → rbaR

b
a, R

b
c → rbcR

b
c, R

c
a → rcaR

c
a,

and Rc
b → rcbR

c
b for all crystals. The r dependence of the exponent values ni are summarized
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in Fig. S10. We emphasize here that, while the na and nb values in crystal #B1 are relatively

sensitive to the r values, other exponent values and especially the anisotropy of the exponent

n is quite stable againt r values. This result strongly confirms the conclusions in this study.

IX. INTERFERENCE EFFECT OF POINT NODES

In this section, we calculate ∆λi(T )/λi(0) with a simplified model for the B3u+ iAu state.

We consider the order parameter

d =


kxkykz + ikx

c2kz + iky

c3ky + ikz

 , (S20)

which is obtained from Eq. S5 for c1 = c4 = c5 = c6 = 1. The positions of the point nodes

are described by ky = 0

kx = ±
√
c22 − 1kz

and

kz = 0

kx = ±
√
c23 − 1ky

, (S21)

when c2 > 1 and c3 > 1. Here, we define the positions of point nodes by the angles θn and

ϕn where tan(θn) =
√
c22 − 1 and tan(ϕn) =

√
c23 − 1 (Figs. S11a,b). The superfluid density

along the a-, b-, and c-axes are calculated from
ρba = 1− 3

4πT

∫ 1

0

(1− z2)

∫ 2π

0

 cos2(ϕ)

sin2(ϕ)

∫ ∞

0

cosh−2

(√
ϵ2 +∆2

0(T )ĝ
2(θ, ϕ)

2T

)
dϵdθdϕ

ρc = 1− 3

4πT

∫ 1

0

z2
∫ 2π

0

∫ ∞

0

cosh−2

(√
ϵ2 +∆2

0(T )ĝ
2(θ, ϕ)

2T

)
dϵdθdϕ

,

(S22)

where z = cos(θ), ∆0(T ) is the T dependence of the gap size, and ĝ(θ, ϕ) is the angular

dependence of the gap function with a maximum value of unity [S23]. In this study, we used

an approximation [S24]

Ψ(t) =
πTce

−⟨Ω2ln|Ω|⟩

eγ
tanh

(
eγ

√
8(1− t)

7ζ(3)t

e⟨Ω2ln|Ω|⟩√
⟨Ω4⟩

)
(S23)

and ∆0(T )ĝ(θ, ϕ) = Ψ(T )Ω(θ, ϕ), where ⟨Ω2⟩ = 1, γ ≈ 0.577 is the Euler constant, and ⟨· · · ⟩

represents averaging over the Fermi surface. From ρi(T ), we can calculate the anisotropic

magnetic penetration depth ∆λi(T )/λ(0) = 1/
√
ρi(T )− 1.
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First, we examine the nodal position dependence of ∆λi(T ) in the B3u + iAu state by

changing the parameters c2 and c3 for the fixed parameters c1 = 0, c4 = 1, c5 = 1, and

c6 = 1. As an example, the calculated ∆λi(T )/λi(0) for θn = 20◦ and ϕn = 30◦ are depicted

in Fig. S12a. We obtained the exponent value nc as a function of θn, which reflects the

closeness of the nearby point nodes, by power-law fitting up to 0.3Tc (Fig. S12b). In this

calculation, we find that the exponent value nc approaches 1.6 as θn → 0, and nc < 2 is

robust when the node angle θn is less than 20◦. These results can be interpreted as an

interference effect due to nearby two point nodes, in which each point node can no longer

be treated as an individual. Thus, the observation of nc < 2 for crystals #B1 and #C1 is

indicative of the closeness of two point nodes.

Next, we investigate the temperature dependent exponent values by changing the param-

eters of B3u+ iAu state in Eq. S5. The gap structures change as shown in Fig. S13 when the

c4 value is varied (here, we fixed c1 = 0, c5 = 1, c6 = 1, c2 =
√
c26 + c24/tanh

2(π − θn), and

c3 =
√
c25 + c24/tanh

2(π − ϕn) for θn = 15◦ and ϕn = 30◦). The temperature dependence of

the exponents ni(T/Tc) can be calculated from

ni =
d [ln (∆λi(T/Tc))]

d [ln (T/Tc)]
(S24)

and the results are summarized in Figs. S14 and S15. We find that for all the parameters

we use, nc is smaller than 2 in the temperature range above ∼ 0.1Tc, where we can analyze

our experimental data, whereas it starts approaching 2 below ∼ 0.1Tc except for nc ∼ 1.5

at θn = 0◦ (Fig. S14b) where the dispersion of the gap function near the point nodes is not

linear but quadratic (Fig. S13d). This low-temperature recovery of the power of 2 is simply

because the nearby point nodes can be treated as individual nodes in the T → 0 limit. The

crossover energy from T 2 to lower exponent region is determined by the maximum gap size

between the nearby point nodes, and thus it depends on the locations of nodes and gap sizes

of the B3u and Au components.

In order to understand the sample dependence of the nc value, we compare the results of

crystals #A1, #B1, and #C1 with different Tcs. We find a trend that the nc value approachs

2 as Tc increases, which can be explained based on the chiral B3u + iAu state as follows. As

stated in the main text, we assume here that the B3u component is more suppressed by the

nonmagnetic impurity scattering than the Au component. Then, the Au component become

more dominant in lower-Tc samples. Considering the qualitative correspondence between
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relative size of the two order parameters and the position of point nodes (Table II), as the

Au component becomes dominant, the point nodes get closer to each other near the kz-

axis. Thus, we can expect that the interference effect of the point nodes tend to change the

exponent values in the lower-Tc samples. Furthermore, the above picture is also consistent

with the larger ∆λc(T )/λc(0) in the lower-Tc samples than in the higher-Tc sample. We

note that, while the impurity effect on the chiral superconducting state is complicated, the

expectation that the B3u component is more sensitive than the Au component is natural

because the B3u state is solely more anisotropic than the Au state.

We comment on the calculated na and nb values which are slightly different from the

observed na ≈ nb ≈ 2. The reason for this difference may be related to the FS geometry and

the gap size. As mentioned in the main text, while the quantum oscillation measurements

show quasi-two-dimensional (2D) FSs, the recent ARPES study [S25] shows a 3D FS around

the Z point and quasi-2D FSs. Then, we can expect that ∆λa(T )/λa(0) and ∆λb(T )/λb(0)

are mainly contributed from the point nodes on the quasi-2D FSs, while ∆λc(T )/λc(0) is

mainly contributed from the point nodes on the 3D FS. Therefore, our calculations based on

a spherical FS lead to the calculated na and nb values different from the experimental values.

On the other hand, the exponent values in the low-temperature limit are stable against the

FS geometries and the gap size because they are determined only by the shape of nodes and

the energy dispersion near the nodes. For example, point nodes with a linear dispersion give

the exponent value of 2, which is consistent with Fig. S14 and S15 in the low-temperature

limit. In particular, the specific heat jump at Tc is larger than the weak-coupling value,

suggesting the strong coupling nature in UTe2. In such cases, the thermal energy with

respect to the gap size is smaller in the experiments than in the calculations. Therefore, we

should compare the experimental exponents with the calculated ones in the low-temperature

region. Figure S14 and S15 show the exponent values near 2 in the low-temperature region

when the interference effects of point nodes are negligible, which is consistent with the

experimental values obtained in the ultraclean sample (#A1).
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X. ESTIMATION OF λ(0)

The λ(0) value can be usually estimated from the lower critical field Hc1 through the

equation, µ0Hc1 = (ϕ0/4πλ
2)(ln κ + 0.5), where ϕ0 is the magnetic flux quantum and κ is

the Ginzburg-Landau (GL) parameter. The Hc1 measurements are conducted in Ref. [S26],

showing an anomalous anisotropic enhancement of Hc1 for H ∥ b and H ∥ c. This result

indicates unusual additional contributions to the vortex line energy possibly related to the

Ising-like ferromagnetic fluctuations. While the origin of this enhancement is not estab-

lished, it is obvious that these anomalous contributions make the estimation of λ(0) from

the Hc1 value quite challenging. Therefore, to quantify the anisotropy of the quasiparticle

excitations, we need to estimate the anisotropy of λ(0) from another perspective.

Alternatively, we estimate the anisotropy in λi(0) from the anisotropy in ξi(Tc). The

anisotropy in ξi(Tc) is calculated from the initial slope in µ0Hc2(T ) obtained from specific

heat measurements on an ultra-clean sample picked up from the same batch with the sample

used in the de-Haas van-Alphen measurement in Ref. [S27] [S26]. In general, however, these

anisotropies are not the same in superconductors with an anisotropic gap structure. The

anisotropies of λ(0) and ξ(Tc) can be given by γ2λ(0) = λ2j(0)/λ
2
i (0) = ⟨v2F,i⟩/⟨v2F,j⟩ and

γ2ξ (Tc) = ξ2i (Tc)/ξ
2
j (Tc) = ⟨Ω2v2F,i⟩/⟨Ω2v2F,j⟩, respectively, where Ω describes the angular

dependence of the gap function [S28]. Thus, the anisotropy of λ(0) cannot be estimated

from the anisotropy of ξ(Tc) when the superconducting gap function has a strong momentum

dependence. However, the correction is not that large: In the recent calculations for the

gap structure with two point nodes (like the B3u state) on a spherical Fermi surface, the

ratio of γξ(Tc) to γλ(0) is as small as
√
2 [S24], which does not change the main results that

the a-axis quasiparticle excitations are significantly small compared with those along other

directions (see Fig. 4).

In this study, therefore, for simplicity we ignored the anisotropy of gap function for the

relation between the anisotropies of coherence length and penetration depth. As a result,

we obtained λa(0) ∼ λc(0) > λb(0), which is consistent with the band structure calculations

that the bands along the a- and c-axes consist of the d- and f -orbitals of U, while the band

along the b-axis consists of the p-orbitals of Te (see e.g., Refs. [S12, S13, S16, S29, S30]).

Note that this does not affect the exponent analysis of the low-temperature penetration

depth.
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If we consider the effect of gap anisotropy Ω in the proposed B3u + iAu case, we expect

that the ratio
⟨
Ω2v2F,i

⟩
/
⟨
v2F,i
⟩
is largest for a-axis, near which nodes are absent. This

immediately implies that in comparison with the isotropic approximation we use, the actual

ratio ξ2i (Tc)/λ
2
i (0) should be larger for a-axis, and thus the λa(0) value is expected to be even

larger. Then, the a-axis data ∆λa(T )/λa(0) should be even smaller, and thus the anisotropy

of low-energy quasiparticle excitations becomes more pronounced. From these reasons, we

argue that the results of this simple analysis are meaningful, and the conclusions obtained

are valid.
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Table S1. Basis functions and nodal types for even-parity order parameters in the point

group D2h.

IR Basis functions Nodes

A1g k2x, k
2
y, k

2
z None

B1g kxky Line

B2g kzkx Line

B3g kxky Line
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FIG. S1. Nodal positions induced by B3u and B1u states preserving time-reversal sym-

metry. a-c, Positions of the point nodes for the B3u (a), B1u (b), and B3u +B1u states (c).

a b

FIG. S2. Superfluid density in dirty d-wave superconductors. a, Superfluid density as a

function of the normalized temperature calculated with various ΓN/Tc0 values in the unitary limit.

b, The exponent values obtained from the power-law fitting to the superfluid density. Tmax is the

upper bound of the fitting range.
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FIG. S3. Nodal positions induced by B3u and Au states preserving time-reversal sym-

metry. a-c, Positions of the nodes for the B3u (a), B3u+εAg (b), and B1u+εAg states (c), where

ε is a small real number.

#C1 #C2

a b

a

b

b

a

c

a

c

#B1#A1

d

a

b

FIG. S4. Geometry of the UTe2 single crystals. a-d, Pictures of single crystals #A1 (a),

#B1 (b), #C1 (c), and #C2 (d).
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C2

a b

FIG. S5. Frequency shift for crystal #C2. a, Overall temperature dependence of the frequency

shift normalized by the value at 2K with the magnetic field along each crystallographic axis. b,

Low-T behavior of ∆f for crystal #C2. The black lines are fitting curves with the power-law

finction.

FIG. S6. Diffraction image of XRD measurement. An example of the diffraction image of

XRD measurement. Some reflection indices of the spots are shown in the figure.
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FIG. S7. Specific heat and resistivity. a, Specific heat of crystal #C1 at zero field and under

5T along the a- and b-axes. b,c, The resistivity of crystal #R1 with the current along the a-axis

in whole T range (b) and at low T (c).

a b c

FIG. S8. Magnetic susceptibility along three crystallographic axes. a-c, Magnetic sus-

ceptibility shift ∆χ ≡ χ(T )−χ(0) calculated from ∆f through Eq. S12 for crystals #A1 (a), #B1

(b), and #C1 (c).

22



a b c

FIG. S9. Fitting-range dependence of the exponent values. a-c, Exponent values ni for

crystals #A1 (a), #B1 (b), and #C1 (c) as a function of the maximum value of the fitting range

Tmax.

a b c

FIG. S10. Effective length dependence of the exponent values. a-c, Exponent values

obtained from the power-law fitting to ∆λi(T ) as a function of r in crystals #A1 (a), #B1 (b),

and #C1 (c).
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FIG. S11. Gap structure of the B3u + iAu state. a,b, Angular dependence of the B3u + iAu

gap function and definitions of θn (a) and ϕn (b), respectively.

a b

FIG. S12. Calculated anisotropic penetration depth and exponent values. a, Calculated

∆λi(T )/λi(0) along the i = a, b, and c axes with point nodes in the θn = 20◦ and ϕn = 30◦

directions. b, Exponent values obtained from the power-law fitting ∆λc(T )/λc(0) ∝ Tnc as a

function of θn.
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FIG. S13. c4 value dependence of the gap structure in the B3u + iAu state. a-c, Angular

dependence of the B3u + iAu gap function with c4 = 1.0 (a), c4 = 1.5 (b), and c4 = 2.0 (c,d).

The other parameters are fixed as c1 = 0, c5 = 1, c6 = 1, c2 =
√

c26 + c24/tanh
2(π − θn), and

c3 =
√

c25 + c24/tanh
2(π − ϕn) for θn = 15◦ and ϕn = 30◦. d, The same calculation with c4 = 2.0

and θn = 0.

a b

FIG. S14. Temperature dependent exponent values in the B3u + iAu state. a,b, Tem-

perature dependent exponents obtained by Eq. S24 by varying the c4 value while fixing the angles

θn = 20◦ and ϕn = 30◦ (a) and θn = 0◦ and ϕn = 30◦ (b).

25



a b

FIG. S15. c5 and c6 dependence of the exponent values. a,b, Temperature dependent

exponents obtained by Eq. S24 by varying the c5 and c6 value while fixing the angles θn = 20◦ and

ϕn = 30◦.
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