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Example
° Ap, +ihy, chiral superconductor/superfluidity

Pairing of L, = 1 with phase coherence

* i(Ap, Ap, — h.c.) = chiral metal above Tc

norminl .Zq-lm'nklnu normnll
. chnge—le . Zy=hrenking SC
Pairing with L, = 1 without phase =
coherence

Py

° Aj A,*,y -> quartetting superconductivity

TR Sy mmetl’y presen’ed 1.00 290 150

o190,

M. Zeng, L. Hy, H. Hu, Y. Z. You, CW, SCPMA. 67, 237411 (2024).

Ba,_,K, Fe,As,: time-reversal breaking above Tc
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V. Grinenko ot al., Phys. Rev. B 85, 214511 (2017).; V. Grinenko et al., Nat. Phys. 16, 780 - 794 (2020). -
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3-coloring (Baxter 1970) - sextetting

» Bond color (Z5 variable)

6 coloring patterns - two vorticities

Am/: 0
2m/3
-1
2r/3 0
Zy ~ 3 iN +1 |4n/3
& 27

Pauling entropy: S = Nkg InW, W = 1.15

23

Fractional vortices

- offset by fractional \

he pal jodicity fﬂ'—r}ZJ[’”f?}if[Ch

g i Domain
wall
(43 ]
04 03
. Col_or constraint  Fractional vortices
satisfled: 3. Moore and D. H. Lee, PRB, 2004.
» 1
— = EZJ,I = 0,42, (4+,2)) mod 1 > -1/3
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Vector potential

e Onsite U(1) phase and Ising variable.
¢@: the phase of the right lobe.

7. direction of L,.

e Inter-site Josephson coupling.

Heff = —]”ZCOS [([71 — @, + A” (Tl,'l'z)]

[ Aj(zy,T2) = 7101 — 120 J

J. Moore and D. H. Lee, PRB, 2004. r,
C. Wu, Mod. Phys. Lett. 23, 1(2009).

25
Vector potential
Hery = =)y Xcos [01 — @2 + A (11, T2)]
—J1 Tcos[p1 — @z + A, (71, 7)]
° J; -- phase coherence along the JuAL
longitudinal direction ‘——1—‘
e J, -- phase coherence along the
transverse direction
. D™ I 7,
JL K]} —> opposite chirality T4y
3. Moore and D. H. Lee, PRB, 2004. C. Wu, Mod. Phys. Lett. 23, 1(2009).
26
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Decay powers of 2e, 4e, and 6e correlations

H=Hy+Hy=-J) cos[0— 05+ Ag] =y cos (0 = 0+ Ay

(8]
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Z. Pan, C. Lu, F. Yang, CW, SCPAM. 67, 287412 (2024).
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4-boson superfluidity — diamond lattice

P-orbital BEC with cubic anisotropy.

4-coloring model
RG,B,Y: 0,451

41=24, L||£219+2
Coulomb phase - dipolar
correlation oLy
r 102 ;\\ A==t = (b)l
-3
107 - \._ =S
10% \\.
P »

G. W. Chern, CW, PRL 112, 020801 (2011).
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Confirmation from the two-orbital ~/-/,;, model

d,2_,2 interlayer pairing dominate

dyz_y2
vl‘U" 10* . 0 005 01 015 0.2 Uj":
T/,
- ® Ju dze_y d.l’
T L 6 -
v g v
i g | o = 0409 eV,

- I ]

[ 4 v 9 v g v Ci;cz_y:(—ydz2
V7 “_ ti__¥

= 4X ' : 4X : /L DQG * 6X DU[LY

Relevancy of Hund’s coupling

SC appears when J, reaches 1eV

onsite interorbital
‘/FM correlation

\ Intra-layer d,2_,2

AFM correlation

\ Inter-layer d,z_,z

AFM correlation

X.-Z. Qu, D-W. Qu, W. Li, and G. Su, arxiv: 2311.12769 (2023)
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Bilayer extended Hubbard: Dope AFM = SC (QMC)

T. Ma, D. Wang, CW, PRB 106, ok e
054510(2022), arxiv 1806.03652. “5 (@) o APz
04 V=t =0, g
0. 5
g U=3J=17J,=8
t, U c 202
tLD v/ J 0.1 P -
0 02 025 0.3
e Kramers symm. decomp. 025
020 N
CW, S C. Zhang PRB 71, 155115 (2005). y NN
ol S AR v=n=o
e AFM destabilized and SC Fowl {74\ .
developing with doping IO ‘ Ji=J.=3U
TR 4
e Interlayer s-wave. 00 0z os 08 08 18
n)=1-—x
11
Summary d,_,. is the driving force
1) SC arises from dx2-y2 orbital, not directly from dz2-orbital. Hence, it is ok
if the dz2-orbital does not cross the Fermi surface.
2) The most possible pairing symmetry is the inter-layer s-wave one based
on dx2-y2 orbital, not the intra-layer d-wave one.

3) The interlayer pairing between dx2-y2 orbitalis assisted by the onsite

Hund's coupling between dx2-y2 and dz2-orbitals and the inter-layer AFM
exchange via the dz2-orbital.
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