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Importance of spin frustration

without frustration
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renormalization

cLC phase does not appear without spin frustration.
= Spin frustration is important for loop current.
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Ferro spin fluctuations
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solution Bond-order is induced by the ferro spin fluctuations.
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We revealed the “mechanism of loop current and star-of David order”.

[paper] R.T.etal., Nat.Comm, 14 7845 (2023).
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ex. el-ph is too

small to explain T

T T(?xp

KV3Shs || 0.22 0.93
RbV3Shs|| 0.05 0.92

CsV3Shs |10.0008 2.5

first-principle calc

SETDERELTICE NS I-BIEELE

S ()

Bond fluctuations at q=3Q (k-dependent)
cause as a Cooper pairing glue.

0.6

beyond Migdal-Eliashberg gap equation 3

eigenvalue

resing . Y ys

oK pondlfiuctuations | © - 21"‘? + Veond

- ) {
L’t? P % §V3 + Vbond
k -k
> Ak' < . from spin fluctuation
f,;_,‘.(-k) from bond fluctuation
gu'mfﬁcf,i:;

th § =
bond 1 — Ap_pr

Gum >>U

" tri

singlet

‘Jp\let t

ag 0.7

T 0.76

We propose the singlet and triplet SC mediated by bond fluctuations.




Why triplet and singlet SC phase appear ?

nodal s-wave gap nodeless s-wave gap p -wave gap

bond-order
M \
) He ( )

fluctuation
L J

k\
-attraction by bond fluctuation attraction by bond fluctuation
— 6 pairs of VHS — 2 pairs of VHS
-attraction by ferro spin fluctuation
— 6 VHS

bond fluctuation>spin fluctuation
bond fluctuation=spin fluctuation

S-wave SC appear when x?°"d>ys while p-wave SC appear when xond=ys,
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Condition: n = 0.01,a = 2.75A, T = 10meV,n = 5.10,

3Q Loop current (2 X 2)

pattern Current Magnetic field = Magnetic

(center) dipole moment
1.0
local flux X &7 31x10[0e] x 10 3ug ¢
X 1077 [A] A- mz]
/->\ 6 8 -14 X
. -2 PN
\ y / % 10~7[A] 1.7 x 10 [Oe] 10 [A“.BHiZ]
—~—

3 independent J,J’,J” Calculated by Dr. K. Shimura

Non-linear

conductivity
Recent study

To detect the loop current, transport phenomena can be important.
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Non-linear conductivity in AV,Sb.

C. Guo et al., Nature 611, 461 (2022)
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Non-linear conductivit
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The theory of the switchable conductivity has been unclear.

We made the formalism of non-linear conductivity with loop current + stripe CDW.
RT et al., arXiv:2408.04233

* A steep change in the orbital character is important.
* T3 —term (= large for good metal) in the conductivity is important.



Our results for switchable non-linear conductivity

; -term —switchable by Bz~ — This can be Large in good\lmetals
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Switchable non-linear conductivity becomes large in good metals (given by 13-term).



Our results for switchable non-linear conductivity

Switchable O Is enhanced at the crossing point of B2g and B3g orbital.
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B3g-B2g crossing point + Bloch sphere.
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Our results for switchable non-linear conductivity

Is enhanced at the crossing point of B2g and B3g orbital.

Switchable ©
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Our results for switchable non-linear conductivity
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Thank you
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