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Spin-triplet superconductivity in K2Cr3As3
Jie Yang1, Jun Luo1, Changjiang Yi1, Youguo Shi1, Yi Zhou1,2, Guo-qing Zheng3*

A spin-triplet superconductor can harbor Majorana bound states that can be used in topological quantum com-
puting. Recently, K2Cr3As3 and its variants with critical temperature Tc as high as 8 kelvin have emerged as a new 
class of superconductors with ferromagnetic spin fluctuations. Here, we report a discovery in K2Cr3As3 single crystal 
that the spin susceptibility measured by 75As Knight shift below Tc is unchanged with the magnetic field H0 ap-
plied in the ab plane but vanishes toward zero temperature when H0 is along the c axis, which unambiguously 
establishes this compound as a spin-triplet superconductor described by a vector order parameter    

→
 d    parallel to 

the c axis. Combining with point nodal gap, we show that K2Cr3As3 is a new platform for the study of topological 
superconductivity and its possible technical application.

INTRODUCTION
In conventional superconductors, the electron pairs (Cooper pairs) 
are bound by the electron-phonon interaction, which results in a 
superconducting state with symmetric (s-wave) orbital wave func-
tion and antisymmetric spin orientation (spin singlet, S = 0) (1). In 
the cuprate high-temperature superconductors, Cooper pairs are also 
in a spin-singlet state but with d-wave symmetry for the orbital wave 
function, which are believed to be mediated by antiferromagnetic 
spin fluctuations (2). In superfluid 3He, however, Cooper pairs are 
in spin-triplet state (S = 1) with p-wave orbital wave function that is 
antisymmetric about the origin (odd parity) (3). In this case, the spin- 
triplet state is favored by ferromagnetic (FM) spin fluctuations. 
Spin-triplet p-wave superfluid state is also believed to be realized in 
neutron stars (4). For a long time, a solid-state analog of 3He has 
been sought in strongly correlated electron systems (SCESs) 
where the superconducting transition temperature Tc is typically 
around 1 K (5–10), but unambiguous evidence is still lacking. The 
most promising SCES candidate had been Sr2RuO4 (5,  11), but 
recent experimental progress (12) has casted doubt on its pair-
ing symmetry.

The spin-triplet state that requires odd-parity for the orbital part 
of wave function is particularly fascinating and important from the 
topological point of view. This is because an odd-parity supercon-
ductor can be topological (13) and can host Majorana bound states 
in their vortex cores or chiral Majorana fermions on boundary (surface 
or edge) (14), which are robust against scattering. Thus, spin-triplet 
superconductors are of great interests and importance not only in 
fundamental physics (15) but also in applications as their edge or 
bound states can be used to implement topological quantum com-
puting based on non- Abelian statistics (16). Thus far, efforts of 
questing topological superconductivity have been devoted in two 
directions: One is via exploring bulk materials, and the other is 
through using surface states often induced by proximity effect. 
Physical probes aiming to identify such novel state can also be divided 
into two categories: bulk properties or edge states measurements. 
Although some progress has been made by surface-sensitive probes 

in looking for signatures of edge states due to superconducting 
proximity effect (17–20), searching for intrinsic topological super-
conductivity in bulk materials is highly desired. In addition to the 
case of odd parity, if a superconducting state breaks time reversal 
symmetry, then the superconductivity is topological (21). Su-
perconductivity in a crystal that breaks inversion symmetry has 
also a good chance to be topological (22).

Recently, a new superconducting family containing 3d transition 
metal element Cr, A2Cr3As3 (A = Na, K, Rb, and Cs) has been re-
ported (23–26), with a Tc as high as 8 K. Signatures for unconven-
tional superconductivity have been found (27–32). Nuclear magnetic 
resonance (NMR) measurements reveal point nodes in the super-
conducting gap function (27, 28) and FM spin fluctuation in the 
normal state that can be tuned by changing the alkali ion radius (28). 
Thus, A2Cr3As3 bears some similarities of superfluid 3He where FM 
fluctuation promotes spin-triplet pairing.

The spin susceptibility in the superconducting state is a bulk 
property, and that measured by the Knight shift is sensitive to spin 
pairing symmetry. In this work, through 75As Knight shift measure-
ments in a single crystal, we show that spin nematicity (broken rota-
tional symmetry) spontaneously emerges in the superconducting state 
of K2Cr3As3 with Tc = 6.5 K, which is a hallmark for a spin-triplet 
state. We identify the direction of the vector order parameter that 
describes the spin-triplet state and estimate the strength of the inter-
action that pinned the vector to a specific crystal axis. We show that 
A2Cr3As3 is a new route to studying topological superconductivity 
and future technical implementation using a topological spin-triplet 
superconductor at a high temperature.

RESULTS
NMR spectra and determination of the Knight shift
We performed 75As NMR measurements on a high-quality single- 
crystal K2Cr3As3 with the magnetic field H0 applied along different 
directions, covering both the superconducting and normal states. 
Figure 1 (A and B) shows representative frequency-swept 75As NMR 
spectra of the central transition (Iz = −1/2 ↔ +1/2) with H0 ∥ c axis 
and H0 ∥ ab plane, respectively. For axially symmetric electric field 
gradient (EFG), the transition frequency  of the central transition 
can be written as (33)

   = (1 + K )   H  0   +   
3   Q  2  
 ─  16(1 + K ) (  H  0  )    sin   2  (1 − 9  cos   2  )  (1)
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where K is the Knight shift, Q is the nuclear quadrupole resonance 
(NQR) frequency, and  is the angle between H0 and the principal 
axis of the EFG at the As nucleus position. For a complete and general 
expression in the presence of EFG asymmetry , see the Supple-
mentary Materials. First-principles calculation reveals that the prin-
cipal EFG axis lies in the ab plane but is along different directions 
for the six positions of As1 and As2 as shown in the inset of Fig. 1A 
(34). The obtained  is tiny ( = 0.004) so that the correction to Eq. 
1 is negligible (see the Supplementary Materials). In our measure-
ments,  = 90° when H0 ‖ c. For the measurements with H0 ‖ ab,  is 
also 90° when H0 is parallel to the mirror planes indexed by (2, −1, 0), 
(1, 1, 0), and (1, −2, 0). This field direction can also be described by 
the crystal direction indices of [1, 2, 0], [−1, 1, 0], and [2, 1, 0]. We 
obtain the Knight shift K by two different methods, and the results 
agree well. One is based on Eq. 1 with the Q(T) value obtained from 
NQR measurements (28, 29), and the other is by changing the mag-
netic field so that the obtained K does not depend on whether  is 
finite or not (see the Supplementary Materials for details). The 

temperature variation of Kc for H0 ‖ c axis and K⊥c for H0 ‖ ab (H0∥ 
[1, 2, 0] and equivalents) is shown in Fig. 1 (C and D), respectively.

Before proceeding further, we comment on some aspects of the 
spectra. Because of the crystal symmetry, the EFG principal axis dif-
fers by 60° between the six As positions in the plane, so the spectra 
with H0 ‖ ab should be sixfold rotation symmetric when H0 rotates 
in the ab plane. We have directly confirmed this property. Figure 2 
shows some representative spectra for different angles between H0 
and the a axis of the crystal. Because As2 site has a smaller Q com-
pared to As1 (34), the central transition has two peaks, and the left 
peak is assigned to the As2 site, while the right peak to the As1 site 
(Fig. 1, A and B). Because the As1 and As2 sites have different Q 
values, the central transition of 75As NMR spectrum with H0 ‖ ab 
will split into six peaks due to different  values for each As posi-
tion, which was observed as shown in Fig. 2A. When rotating H0 
within the ab plane, the angle dependence of the spectrum peak is 
sixfold symmetric, as shown in Fig.  2C. The observed peak posi-
tions are in good agreement with those calculated from Eq. 1, with 

A B

C D

Fig. 1. NMR spectra of K2Cr3As3 and the obtained temperature dependence of the Knight shift for the magnetic field applied along the c axis and in the ab plane. 
(A and B) The 75As NMR spectra for H0 ∥ c axis and H0 ∥ ab plane (H0∥ [1, 2, 0]) at representative temperatures. The inset in (A) is the top view of the crystal structure of 
K2Cr3As3. The green frame indicates the unit cell. There are two inequivalent As sites in the crystal lattice, i.e., As1 and As2. The principal axes of the EFG at As nuclei lie in 
the ab plane, which are indicated by the black bars. a.u., arbitrary units. (C and D) The temperature dependence of the Knight shift. The vertical arrows indicate Tc under 
various fields, and the horizontal arrows indicate the value of Knight shift due to orbital susceptibility. The error bar for K was estimated by assuming that the spec-
trum-peak uncertainty is equal to the point (frequency) interval in measuring the NMR spectra.
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Q value taken from (28, 29). The two sites As1 and As2 show basi-
cally the same properties as found in the previous NMR measure-
ments (27, 29) and also in the present work (see the Supplementary 
Materials for details). We therefore focus on the As2 site hereafter.

Electron correlations
We then discuss the properties of the electron correlations based on 
the results of 75As Knight shift and spin-lattice relaxation rate 1/T1. 
For both field orientations, the Knight shift K increases with de-
creasing temperature below T = 50 K. We also measured 1/T1 for 
the As2 site. Figure 3 shows 1/T1T above Tc as a function of tem-
perature. For each field orientation, 1/T1T increases upon cooling 
also below T = 50 K. These results demonstrate that FM spin fluctua-
tions develop at low temperatures, being consistent with the previ-
ous results obtained in polycrystalline samples (27, 28).

The absolute value of 1/T1T obtained by NQR is larger than that 
obtained in a single crystal with H0 ⊥ c (H0 ∥ [1, 2 ,0]) or H0 ∥ c. This 
is because in the NQR measurements, the effective H0 direction is 
along the principal axis, which is perpendicular to both the c axis 
and the [1, 2, 0] direction. As the hyperfine coupling is anisotropic 
in general, the absolute value of 1/T1T along different directions can 
be different. As we show below, however, the temperature depen-
dence of 1/T1T for all field directions is identical. In general, 1/T1T 
is proportional to the q-summed imaginary part of transverse dy-
namical susceptibility    ⊥  ″   divided by 

    1 ─  T  1   T   ∝  ∑ 
q
    A  (q)   2    

  ⊥  ″ (q, )
 ─      (2)

where A(q) is the hyperfine coupling tensor and  is Larmor 
frequency. When there is a peak in a specific q = Q due to electron 
correlations, 1/T1T may be decomposed into two parts

  1 /  T  1   T =  (1 /  T  1   T)  DOS   +  (1 /  T  1   T)  Q    (3)

The first term is due to noncorrelated electrons, being determined 
by the density of states (DOS) at the Fermi level, which is usually 
constant. The second term is due to the development of FM spin 
fluctuation in the present case (Q = 0). According to Moriya’s theo-
ry for a ferromagnetically correlated three-dimensional (3D) metal 
(35), 1/T1T follows a Curie-Weiss T dependence as

   (1 /  T  1   T)  Q   = b / (T + )  (4)

Figure 3 shows the fittings of 1/T1T to Eq. 3, which reveals that 
the single-crystal data can be fitted using   (1 /  T  1   T) DOS  c    =   (1 /  T  1   T ) DOS  ⊥c    
(H0 ∥ [1, 2, 0]) = 0.18 s−1 K−1, and with the same  ∼ 10 K obtained 
from the NQR data (28).

Separating various contributions to the Knight shift
Next, we discuss the various contributions to the Knight shift in the 
superconducting state. The Knight shift K consists of three parts, 
K = Ks + Korb + Kdia, where Ks is proportional to the spin suscepti-
bility s, Korb is the contribution from orbital susceptibility and is 
temperature independent, and Kdia arises from diamagnetism due 
to vortex lattice formation in the superconducting state. The Kdia is 

C

BA

Fig. 2. Angle-dependent 75As NMR spectra for H0 ‖ ab. (A) Angle dependence of the complete 75As NMR spectra for H0 ∥ ab. The peaks are marked by the arrows with 
six different colors, with the same color meaning that they come from the same As position. (B) Top view of the Cr-As chains of K2Cr3As3. The black bars indicate the di-
rections of the EFG principal axes of the As sites. (C) Angle dependence of the 75As central transition peak frequency. The curves are the theoretical calculation for the six 
As positions. The arrows indicate the sites and field directions at which the temperature dependence of the Knight shift was measured.
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calculated to be negligible in K2Cr3As3 because of a large penetra-
tion depth (see the Supplementary Materials). The Korb was deter-
mined by an analysis using the relationship between K and 1/T1T, 
and its value is respectively indicated by the horizontal arrow in 
Fig. 1 (C and D).

In the following, we elaborate how the Ks and Korb are separated. 
We first note that Ks can further be decomposed into two parts, with 
the first part KDOS due to noninteracting electrons and the second 
part due to d electrons,   K s  

int  , which is T dependent. As described 
above, the interacting d electrons are responsible for FM fluctuation 
and contribute to the Curie-Weiss behavior of 1/T1T, which is pro-
portional to (q = 0). In this FM spin fluctuation case,   K s  

int   is also 
proportional to (q = 0) (35). Figure 4 shows the K versus 1/T1T 
plots with H0 ‖ c for Tc(H) = 5.1 K ≤T≤ 200 K and with H0 ⊥ c (H0∥ 
[1, 2, 0]) for Tc(H) = 4.9 K ≤T≤ 25 K, respectively. In both cases, a 
fairly good linear relation is found, reflecting the relationship de-
scribed above. The vertical dashed line indicates the position of 
(1/T1T)DOS = 0.18 s−1 K−1 obtained from Fig. 3 (see the preceding 
subsection). The corresponding K indicated by the horizontal dotted 
line is then KDOS + Korb, Below, we separate KDOS and Korb.

(1/T1T)DOS and KDOS should obey the Korringa relation

    1 ─  ( T  1   T)  DOS     =   1 ─ S     4  k  B   ─ ħ     (        n   ─    e     )     
2
   K DOS  2    (5)

where n, e is the nuclear (electron) gyromagnetic ratio and S = 1 
in the original Korringa theory (36). From this, we obtained 
KDOS = 0.12%. There exist many sources that make S deviate from 1 
(37), including an anisotropy of g-factor that is expected to be 
small for Cr-based compounds though. Therefore, we estimate the 
uncertainty for KDOS by allowing a 20% uncertainty for S. If we 
adopt S = 1.2 or 0.8 to estimate the errors, then the upper and lower 
bound for   K DOS  c    are 0.14 and 0.11%, respectively. We thus obtain 

  K orb  c    = 0.27%(+0.01%/−0.02%). By the same manner,   K orb  ⊥c   = 0.09% 
(+0.01%/−0.02%) is obtained.

Spin susceptibility in the superconducting state
Now, we present the main findings of this work, namely, the spin 
susceptibility in the superconducting state. Detailed measurements 
reveal that   K s  

⊥c   for H0 ‖ ab and   K s  
c    for H0 ‖ c axis show very different 

behaviors in the superconducting state, in contrast to 1/T1 that 
drops clearly below Tc for both field directions (fig. S5). As shown 
in Fig. 5,   K s  

⊥c   does not decrease upon cooling through the supercon-
ducting transition down to the lowest temperature measured, while 
  K s  

c    is reduced significantly at low temperatures and vanishes toward 
T = 0. To appreciate more visibly the anisotropic variation of K, we 
show in Fig. 6 (A and B) the typical spectra in the superconducting 
state for H0 along the c axis and in the ab plane along the [1, 2, 0] 
(mirror plane) direction, respectively. There, it can be seen that the 
spectrum remains almost unchanged below Tc = 4.9 K for H0 ‖ ab 
but clearly shifts to a lower frequency below Tc = 5.1 K for H0 ‖ c 
axis. Notice that, for a spin-singlet superconductor, the spin suscep-
tibility decreases in all directions and vanishes at zero temperature 
and that even an inclusion of a strong spin-orbit coupling cannot 
account for the anisotropic reduction of the Knight shift (38). In 
addition, the invariant Knight shift for H0 ‖ ab cannot be attributed to 
a pair-breaking effect due to a magnetic field as the upper critical 
field is even larger for this field configuration. However, Cooper 
pairs with spin-triplet pairing have internal degrees of freedom, and 
the spin susceptibility below Tc can stay unchanged for some direc-
tions but is reduced along a certain direction.

DISCUSSION
The    

→
 d  (  

→
 k  )  vector is widely adopted to describe the order parameter 

of a spin-triplet superconducting state (5, 39), which is perpendicu-
lar to the spins that comprise a Cooper pair and behaves like a rota-
tion vector in spin space. For H0 ‖    → d  (  → k  ) , Ks is reduced below Tc, 
while it is unchanged for   H  0   ⊥   

→
 d  (  

→
 k  ) . In superfluid 3He, there is no 

crystal lattice; hence,    
→

 d  (  
→

 k  )  vector can rotate freely so that spin rota-
tion symmetry is preserved (3). In solid spin-triplet superconductors,    

→
 d  

(  
→

 k  )  vector is usually along a certain crystal axis so that spin rotation 
symmetry is spontaneously broken (spin nematicity emerges sponta-
neously). In the presence of crystal disorder and spin-orbit coupling,  
   
→

 d  (  → k  )  vector can further be pinned to a particular direction among 
multiple equivalent crystal axes (40).

Therefore, our results indicate that Cooper pairs in K2Cr3As3 are 
in a spin-triplet state, with the    

→
 d  (  

→
 k  )  vector along the c axis. This 

spin-triplet state has internal degrees of freedom and will provide a 
good opportunity to explore novel phenomena such as collective 
modes of the order parameter and half-quantum vortices. An exotic 
feature seen from Fig. 5B is that   K s  

c    starts to drop at a temperature 
T* that is lower than Tc. It is emphasized that both the NMR inten-
sity and 1/T1 drop sharply at Tc (figs. S4 and S5). In particular, the 
former quantity is measured under exactly the same condition as K, 
which assure that the measured Tc represents the intrinsic super-
conducting transition temperature. The temperature difference 
between T* and Tc increases with increasing magnetic field, and   K s  

c    
even shows no reduction for H0 = 16 T although this field is smaller 
than Hc2. Figure 7 shows T* and Tc(H) obtained under different 
fields. There is no evidence showing another phase transition in 
this temperature range from the electromagnetic, heat transport 

Fig. 3. Temperature dependence of 1/T1T for As2 site in the normal state. The 
1/T1T increases with decreasing temperature due to the development of FM spin 
fluctuations. The NQR data are taken from (28). The solid curves are fittings to 
1/T1T = (1/T1T)DOS + b/(T + ). The error bar for 1/T1T is the SD in fitting the nuclear 
magnetization recovery curve.
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measurements, or our NMR spectra. Therefore, the H − T phase 
diagram of Fig. 7 is ascribed to a unlocking of the    

→
 d  (  

→
 k  )  vector by the 

magnetic field. The curve shown by the broken lines represents the 
pinning force in terms of field (pinning field) H* above which Zeeman 
energy wins so that the    

→
 d  (  

→
 k  )  vector originally pinned to the c-axis 

direction is unlocked and rotates 90°. Recall that the    
→

 d  (  
→

 k  )  vector is 
perpendicular to the Cooper pair spins. H* is no larger than 13 T. In 
addition, note that this    

→
 d  (  

→
 k  )  vector depinning to gain Zeeman energy 

is different from the    
→

 d  (  
→

 k  )  vector rotation between two nearly de-
generate states (41).

In passing, we make two comments. First, a tiny change of the 
Knight shift was found below Tc along specific crystal directions of 
a strongly correlated material UPt3 (42), but the interpretation of the 
result is controversial (6), as the change is less than 1% of the total 
Knight shift. Second, inversion symmetry is broken in K2Cr3As3 so 
that parity mixing can occur. However, the band splitting due to 
inversion symmetry breaking is about 60 meV (43), which is comparable 
to all spin-singlet noncentrosymmetric superconductors including 
Li2Pd3B (44). Therefore, parity mixing should be small in the present 
case. If a parity mixing takes place, then it is the singlet component 

BA

Fig. 4. Determination of the Knight shift due to orbital susceptibility (Korb). (A and B) The plot of 75As Knight shift against 1/T1T for H0 ∥ c axis and H0 ⊥ c, respectively. 
The uncertainty for Korb is +0.01%/−0.02%.

A B

Fig. 5. Temperature dependence of the Knight shift in the superconducting state. (A) The temperature dependence of the Knight shift with the magnetic field in the 
ab plane (H0∥ [1, 2, 0]). (B) The Knight shift with H0 ∥ c axis. The solid arrows indicate Tc, and the dashed arrows point to the temperature T* below which the Knight shift 
starts to drop. The error bar for K was estimated by assuming that the spectrum-peak uncertainty is equal to the point (frequency) interval in measuring the NMR spectra.
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that is mixed. Then, one should see a certain decrease in the Knight 
shift even for H ∥ ab. However, we do not observe such behavior.

Last, we discuss the orbital wave function of the Cooper pairs in 
K2Cr3As3. Density function theory calculations show that there are 
three bands across the Fermi level, namely, two quasi-1D bands  
and , and one 3D band  (43). The  band makes the dominant 
contribution (75%) to the DOS. Previous spin relaxation rate study 
has revealed point nodes in the gap function (27, 28). For a 3D Fermi 
surface, the group theory analysis shows that in the spin-triplet 
pairing channel, gap functions with both point nodes and line nodes 
are allowed (see the Supplementary Materials). In the case of point 
nodal gap, all the point nodes are located at the two poles on the 
Fermi surface with kx = ky = 0, as listed in Table 1. Among them, 
only E′ states (px + ipy and px − ipy) are consistent with our Knight 
shift result with the quantum axis along the c-axis direction. Notice 
that, for all possible E′ states that are linear combinations of two basis 
functions, the two states listed in Table 1 are energetically favored, 
because the    

→
 d  (  

→
 k  )  vector is along the    → z    direction. (45, 46). Such a state 

breaks time reversal symmetry and is consistent with zero-field muon 
spin resonance (SR) measurement that revealed evidence for a spon-
taneous appearance of a weak internal magnetic field below Tc (32).

An E′ state is analogous to the A phase (or Anderson-Brinkman- 
Morel state) in superfluid 3He (3) and was initially proposed as a 
superconducting state for Sr2RuO4 (11) but not supported by the 
recent experiment (12). This state is topological; therefore, Majorana 
zero modes can be expected in vortex cores (47, 48). In particular, if 
a superconducting thin film of K2Cr3As3, with its thickness smaller 
than the superconducting coherence length, is available, then a 
single Majorana zero mode will be expected in the core of a half- 
quantum vortex.

Thus, our results demonstrate that K2Cr3As3 is a new platform 
for basic research of topological materials and possible technical ap-
plications of topological superconductivity. We also hope that our 
work will stimulate more precise measurements using single crys-
tals to look for novel phenomena arising from the internal degrees 
of freedom of spin-triplet pairing, including multiple phases and 
those aforementioned.

MATERIALS AND METHODS
Sample preparation
High-quality single-crystal K2Cr3As3 samples used in this work 
were grown by self-flux method as described in (23). First, the start-
ing materials KAs and CrAs were prepared by reacting K pieces, 

A

B

Fig. 6. Temperature dependence of the NMR spectra for K2Cr3As3 below Tc. 
(A and B) The 75As NMR spectra for As2 site at representative temperatures, with the 
magnetic field applied parallel to the c axis and in the ab plane (H0∥ [1, 2, 0]) direc-
tion, respectively. The solid curves are Gaussian function fittings to the spectra.

Fig. 7. The H-T phase diagram of K2Cr3As3 with magnetic field along the c axis. 
The upper critical field data are obtained by ac susceptibility in this work (red 
squares) and taken from (30) (red diamonds). T* is the temperature at which the 
Knight shift starts to drop. The error bar was estimated by assuming that the uncer-
tainty is equal to the point (temperature) interval around the position indicated by 
the broken arrow in Fig. 5B. The solid and dashed curves are guides to the eyes. 
Below the dashed curve, the    

→
 d  (  

→
 k  )  vector is parallel to the c axis. Between the solid 

and dashed curves, the    
→

 d  (  
→

 k  )  vector is ascribed to become perpendicular to c axis 
(see main text).

Table 1. All the possible superconducting gap functions that give rise 
to spin triplet and point nodes on a D3h lattice.  

 Spin-triplet    
→

 d  (k) 

Eʹ  ( p  x   ± i  p  y   )   → z   

A1ʹ   p  x    → x   +  p  y    → y   

A2ʺ   p  y    → x   −  p  x    → y   

Eʺ (  p  x    → x   −  p  y    → y   ,   p  y    → x   +  p  x    → y   )
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Cr powder, and As powder. The mixture of KAs and CrAs with a 
molar ratio of 6:1 was placed in an alumina crucible and sealed in 
evacuated Ta crucible and quartz tube. They were then sintered at 
1273 K for 24 hours, followed by cooling down at 1 K/hour. Extra 
flux was removed to obtain single crystals by centrifugation at 923 K. The 
single crystals are straight, thin, and needle-like, with a typical length 
of 5 mm and a diameter of tens of micrometers. The c axis of the 
crystal is easy to recognize, which is along the direction of the needle. 
The sample quality was checked by dc susceptibility, which shows 
Tc ≈ 6.5 K at zero field. During the NMR experiments, Tc was con-
firmed by measuring the inductance of the NMR coil. The sharp 
decrease in 1/T1 below Tc further ensures the high sample quality.

NMR measurements
For NMR measurements with the magnetic field parallel to the ab 
plane, only one needle was used. For NMR measurements along the 
c axis, several needles were selected and aligned together. Because 
the K2Cr3As3 sample is fragile and air sensitive, the sample handling 
was performed in an Ar-protected glove box. The 75As (nuclear spin 
I = 3/2 with nuclear gyromagnetic ratio  = 7.2919 MHz/T) NMR 
measurements were carried out using a phase-coherent spectrometer. 
The NMR spectra were obtained by scanning the frequency point 
by point and integrating the spin echo at a fixed magnetic field H0. 
The spin echo was observed using a standard /2 −  −  pulse 
sequence with /2 pulse length of 7 s and  = 40 s. An attocube 
piezo horizontal rotator was used for angle-variated NMR measure-
ments of H0 ∥ ab plane. The angle repeatability is 50 m° and the 
resolution is 6 m° for the rotator. Two orthogonal Hall bars were 
placed on the sample holder to check the field orientation and to 
ensure the rotation axis being perpendicular to the applied magnetic 
field. The spin-lattice relaxation rate 1/T1 was measured by the 
saturation-recovery method and determined by a good fitting of 
the nuclear magnetization to 1 − M(t)/M( ∞ ) = 0.1 exp(− t/T1) + 
0.9 exp(− 6t/T1), where M( ∞ ) and M(t) are the nuclear magnetiza-
tion in the thermal equilibrium and at a time t after the saturating 
pulse, respectively.

SUPPLEMENTARY MATERIALS
Supplementary material for this article is available at https://science.org/doi/10.1126/
sciadv.abl4432
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