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Abstract
A recent experiment on the transition metal dichalcogenide (TMD) 4Hb-TaS2
reveals an unusual time-reversal-symmetry-breaking superconducting state that
possesses a magnetic memory not manifest in the normal state. Here, we show
that the normal state possesses very small magnetization due to almost cancella-
tion of the spin and orbital parts. Based on the three-dimensional inversion sym-
metry and the material’s band structure, we propose a simple mechanism that
gives rise to the above unusual superconducting magnetic memory: magnetiza-
tion amplification due to interlayer superconductivity in one of the spin species.

Experimental observation
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reconstructed by the well-known   √ 
_

 13   ×  √ 
_

 13    charge density wave 
(CDW).

An ARPES intensity map at the Fermi level is shown in Fig. 1E. 
The intensity map reveals that within the alternate-stacking layered 
crystal, every layer retains its original electronic dispersion. The Fermi 
surface is a mixture of the Fermi surface of 2H-TaS2 with its familiar 
dog-bone–shaped pockets around the M points and the reconstructed 
1T-TaS2 bands contribution around the G point.

Figure 2A shows Ce/T versus T, where Ce is the electronic part of 
the specific heat after the removal of the phonon contribution 
(for details, see the Supplementary Materials). The transition into a 
superconducting state below Tc = 2.7 K is seen both in specific heat 
and resistance measurements (see inset in Fig. 2B), which is substantially  
enhanced compared to bulk 2H-TaS2 (Tc = 0.7 K). The enhancement 
is most likely the result of the 1T layers that create a buffer layer 
between the 1H and 1H′ layers. A similar enhancement was observed 
in 2H-TaS2 samples, where a buffer layer was intercalated (23, 24), 
and in 2D flakes (25, 26).

The heat capacity Ce(T) also exhibits a residual linear-in-T 
contribution observed below Tc (finite intersect in the T → 0 limit 
marked by the dotted line in Fig. 2A). This residual contribution is 
independent of magnetic field and amounts to 15% of the normal- 
state heat capacity (dashed line). Furthermore, it has been reproduced 
in samples from different growth batches showing the same magni-
tude, supporting that this residual contribution is an intrinsic effect 
relevant to the physics in 4Hb-TaS2.

After the subtraction of the residual heat capacity, we obtain a 
standard s-wave–like shape that decays exponentially to zero (Fig. 2B). 
The extracted gap D is found to be 0.4 ± 0.05 meV(see the Supple-

mentary Materials for more details), in good agreement with the 
transverse field muon spin rotation (mSR) results shown in the Sup-
plementary Materials. Thus far, the picture emerging is that of a 
fully gapped superconductor coexisting with a second phase with a 
constant density of states, at least down to an energy resolution 
equivalent to 300 mK.

In the inset of Fig. 2C, we show the critical field, Hc2, as a function 
of the angle q, between the applied field and the ab plane (q = 0 
denotes field aligned in the plane), measured at T = 30 mK. The 
magneto-resistance exhibits strong anisotropy, with   H c2  ∥   /  H c2  ⊥   > 17 . 
The angular dependence of Hc2, plotted in the inset, is consistent 
with the predictions of a highly anisotropic Ginzburg-Landau theory 
(see the Supplementary Materials), reflecting the quasi-2D nature 
of superconductivity in 4Hb-TaS2.

We also note that a naïve calculation of the Clogston-Chandrasekhar 
limit using the estimated minimal gap from the exponential decay 
of the specific heat (see the Supplementary Materials)   D 0  min  = 0.36  meV, 
yields a paramagnetic limit of Hp = 5 T, much smaller than the ob-
served   H c2  ∥   . Moreover, because of strong Ising spin-orbit coupling, 
we anticipate the critical Zeeman field to greatly exceed this value (27).
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Fig. 2. Specific heat and transport measurements. (A) The electronic contribution 
to the heat capacity divided by the temperature Ce/T is plotted as function of T. The 
dashed line represents the total electronic specific heat in the normal state, and the 
dotted line is a residual linear contribution coming from the 1T layers (see the main text 
for details). (B) The electronic-specific heat after the removal of the 1T contribution 
displaying a BCS-type behavior with D = 0.4 meV. Inset: Resistance versus tempera-
ture shows enhanced Tc. (C) Hc2 as a function of temperature for in-plane (red circles) 
and out-of-plane (blue triangles) field orientations. For better visibility,   H c2  ⊥    is multi-
plied by 10. Inset: The angular dependence of Hc2 showing strong anisotropy.
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Fig. 1. Structure of 4Hb-TaS2. (A) 3D schematic drawing of a unit cell of 4Hb-TaS2 
showing the alternate stacking of octahedral (T) and trigonal prismatic (H) layers. 
Top views of 1H and 1T layers are shown in (B) and (C), respectively. The top view 
of the 1H layer displays the in-plane broken mirror symmetry. (D) An ARPES detector 
image obtained at T = 15 K using 72 eV of photon energy reveals the electronic 
band structure along the G-M direction. (E) A Fermi surface mapping under the same 
conditions. The band structure is a combination of 2H-TaS2 and CDW reconstructed 
1T-TaS2, which was rigidly shifted toward the Fermi level [horizontal white dashed 
line in (D)]. The dashed line represents the 2H-TaS2 Fermi surface. D
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• Superconductivity at Tc = 2.7 K: Tc is accompanied with signatures of time-
reversal symmetry breaking (µSR experiments) [1];

• FC-ZFC cycle: spontaneous vortices in the superconducting state [2];
• Magnetization in the metallic normal state: M-H curve shows no hysteresis.

Tc = 2.7 K
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Modeling the normal state
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Starting point: a tight binding TMD Hamiltonian [3] with realistic parameters.
The model has 6 bands (dx2−y2 ,dxy,dz2 orbitals× spin σ =↑,↓), up to third-nearest
neighbor hopping, with onsite spin–orbit coupling Hsoc = λL̂zŜz. Spins ↑ and ↓
are decoupled. The two bands across EF have zero Chern number.

We calculate the total magnetization M = Mzẑ as a function of Zeeman field
B ∥ ẑ. In absence of the field, M for spin up and down cancel each other due to
time reversal symmetry. The spin up Mz

↑ is the sum of the following three terms:

(Mz
spin,↑,M

z
orb,itin.,↑,M

z
orb,loc.,↑) = (0.2362gs,−0.04168, 0.12318gA) µB/Ta,

where gs,A are the g factors for spin and orbital angular momentum, respectively.
Interestingly, the orbital magnetization almost cancels the spin magnetization.
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Summary: the applied field splits the spin degen-
eracy in the normal state. The magnetization can
still be arbitrarily small due to the cancellation of
orbital and spin moments, which potentially ac-
counts for the absence of hysteresis in the M-H
curve for the normal state.

Superconducting state: symmetry arguments
The Fermi surface location suggests two possible pairings

(↑,H,k) ↔ (↓,H,−k)︸                       ︷︷                       ︸
opposite spin, intralayer pairing

or (↑,H,k) ↔ (↑,H′,−k)︸                        ︷︷                        ︸
same spin, interlayer pairing

.

Due to the splitting of spin up and down bands, the spin up and down Fermi
surfaces are no longer of the same shape, suppressing intralayer pairing.

We notice that a symmetry classification of the gap function is possible [4]. Sym-
metry group is D6h which contains p, the 3D inversion centered on the 1T layer.
One may look for unconventional superconductivity in the “Eg” and “Eu” irreps
of the classification tables, which may inform the observation of Ref. [1].

In the following, we assume interlayer pairing c†↑,H,kc
†
↑,H′,−k. One immediate con-

sequence of this pairing is that it must break the 3D inversion p, since any such
term is odd under p. However, a modified 3D inversion of p′ can be preserved,
and can help stabilize the vortices as a normal p does.

BCS solution and magnetization
We solve the linearized gap equation

Δk = −
∫

d2k′

(2π)2V (k − k′)
(
⟨uk,↑,H |uk′,↑,H⟩

)2 tanh ( εk′,1
2T

)
2εk′,1︸                                                                ︷︷                                                                ︸

Mk,k′

Δk′ .

For simplicity, we assume a constant attractive interaction V (k) = V < 0. The
eigenvector corresponding to the maximum eigenvalue of the matrixMk,k′ gives
solution to the gap function. We further approximate the gap function by short-
range lattice interlayer pairings, as shown below. We emphasize that while the
(gauge noninvariant) gap function appears with a winding of 4π on the FSs the
gauge invariant quantity has zero winding. In this sense, the gap solution is “s-
wave” in nature, and the BdG Hamiltonian has zero winding.
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We note that the superconducting temperature Tc is a monotonous function of
chemical potential µ = 1

2µBgsσB. This means that a +ẑ (−ẑ) direction field favors
σ =↑ (σ =↓) BCS state. We postulate that only one spin flavor forms into interlayer
cooper pairs, while the other stays in the normal state.
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Next, we compute the magnetization in the BCS
state [5], assuming only one spin flavor forms
Cooper pairs. The magnetization is “amplified”
in the BCS state for a single spin; the hysteresis
and the magnitude of the magnetization are con-
sistent with the remnant field in the experiment.
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