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Monopole superconductivity

. Can arise in the weak-coupling regime when pairing occurs between two Fermi
surfaces with different Chern numbers in 3D system

pair) ~ [P ) @ [Vo 1)

Pair monopole charge: Ipair = (1/4m) ﬂdsk Qpair(K) = (C1 — Cy)/2

Murakami and Nagaosa, PRL 90, 057002 (2003)

dpair # 0 = U(1) phase of the single quasiparticle state and pairing
order follows a singular representation

. Pairing order is described by monopole harmonics classified by the pair monopole charge

Li and Haldane, PRL 120, 067003 (2018)
Wu and Yang, Nucl. Phys. B 107, 365 (1976) 2



Model of spinor superconductor (|q,|=1/2)
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Spinful c-fermions “Spinless” d-fermions Inter-FS Pairing
with Weyl SOC (C; =0) A(K) = (AT(k),Al(k))T
(Cc = il)

= Cooper pair acquires nontrivial pair monopole
charge |qp| =1/2 "

Tight-binding model:
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Fourier transform: Heoxz2(k) = 2i(2t cosk; — Asink;o;) —pic

Ue = g + Alsinkg|
Harxr(k) = ) 2t cosk; = g (me = my)
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Effective pairing order parameter

 Decompose into partial wave channels and project to Fermi surface: A(k) = z Aj,mj(k)
j,mj

POH, (k)P = z Ajm /Y o (0 v dT(=K) + h.c

jm; Apair=—7%;

» Regardless of pairing mechanism, the pairing order always exhibits half-integer charged
monopole pairing, following singular spinor representations

* Consider simplest attractive contact interaction,

V(K K) = Voby _x = AK) = (A, AT
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Single emergent BdG Weyl node in lattice model

Low energy effective Hamiltonian:

~

~

H(Kk - kp2) ~ - -
(k — kr2) (v”(kx—iky) vk,

Basis: ()(+ (k), d’ (—k))

Nontrivial example of a general statement that Nielsen-
Ninomiya theorem does not hold in lattice systems
when U(1) symmetry is broken

Surface modes:

Nontrivial pairing phase winding near gap node
exhibits local chiral p-wave symmetry and leads to
zero energy surface modes

Chiral surface modes originate from BdG Weyl node
and merge into unpaired Fermi surface
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Fractional Mermin-Ho relation

Spinor pairing

. (m@m\
order parameter: A(r) =A@ [eTn(r) n(r) = ( );77 n=1

n,(r)

i ity: =—ii1(A+VA—hc)
Superfluid velocity: s B .C.

h
=— (@ -ini@wmw) @@=ty
m W_/ - ~~ _J
Contribution from Contribution from
U(1) phase spatial texture of n

. : _h .
Curl of superfluid velocity: (VX vg); =—i m* €ijk0iMa0kNa (No singularities in ¢(r))
Hopf map (S3 - S?): Al = ntoly
: : : 1h caAabA A
Fractional Mermin-Ho relation: (VXvy); = g €abc€ijkN?0;N° 0 NC

= Nontrivial spatial texture of 7i(r) can lead to coreless vortices



3He-A Phase Spinor superconductor

Ayi(r) = 1A, (1) ]|e ™ d (1) (T’flj(r) + iﬁj(l‘)) A(r) = |A@)[eWn(r), 7n(r) = (ZIEB)

Vg =

m
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Contribution from

orbital texture

Contribution from
spinor texture

Orbital angular

A . ~ .'.
= f Pseudospin: n(r) = r)on(r
momentum: I(r) = m(r) x a(r) P (r) = n (r)on(r)
Mermin-Ho Relation: Fractional Mermin-Ho Relation:
1n *aA 7ba jc — 1 n ~an.nby nc
(V X Vs)i — E% Eabceijkl ajl akl (V X Vs)i — ZE €abc€ijkN ajn akn
Mermin and Ho, PRL 36, 594 (1976)
Superfluid can acquire nontrivial Superfluid can acquire nontrivial
circulation from spatial inhomogeneity of circulation from spatial inhomogeneity of

the orbital texture the pseudospin texture




Conclusion

We have introduced a model for which pairing occurs between a topologically trivial
and nontrivial Fermi surface.

The half-integer pair monopole charge leads to pairing order with half-integer partial

wave symmetry following singular spinor representation, even though it arises from
Cooper pairs which are bosonic.

There is a single emergent BdG Weyl node, demonstrating a “violation” of Nielsen
Ninomiya theorem.

Superfluid velocity obeys a fractional Mermin-Ho relation
for a spatially inhomogeneous spinor pairing order.

arXiv: 2409.09579
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Superfluid 3He-A and Mermin-Ho Relation

Pairing order parameter of 3He-A:

A,i(r) = e xd, (r) x (mj(r) + inj(r))

S~ N~ “ —~ J
U(1) phase Spin Orbital ~
fi(r) m(r)
Orbital angular momentum: 1(r) = f(r) x m(r)

h AN Py

Superfluid velocity: Vs = % (aj¢(r) +m(r) - ajn(r))

Contribution  Contribution from
from U(1) phase  orbital texture
. : — 1n abc jan.ibp jc
Mermin-Ho Relation: (VX vy); = ST € €;jk170;1° 0yl
Superfluid can acquire nontrivial circulation from Mermin and Ho, PRL 36, 594 (1976)

spatial inhomogeneity of the |-vector
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