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Emergent rank-5 nematic order in URu,Si,

Hiroaki Ikeda', Michi-To Suzuki?, Ryotaro Arita3, Tetsuya Takimoto*, Takasada Shibauchi’

and Yuji Matsuda’

v Construction of realistic itinerant model in
URuU2Si2 based on the first-principles

calculations

v The first report of a complete set of
multipole density wave correlations

v Hidden Order parameter : AF Rank-5
(dotriacontapole) state with E- irreducible

representation (breaking fourfold
symmetry and time-reveral symmetry)
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H is 56 band
Anderson lattice
model including spin-
orbit coupling.

H'is the on-site
Coulomb repulsions in
the LS basis.

Model Hamiltonian in URu,Si,
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We unveil the missing link beyond
simple consideration of band structure
in URu,Si,, based on RPA analysis

in the itinerant picture and beyond.
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entangled spin and f-orbital degrees of freedom

Near the Fermi level is dominated by this
J=5/2 components




Nesting of jz=+5/2
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Z(100)and (00 1) : equivalent points in
the body-centered tetragonal structures.



Ising anisotropy
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Peak at (1 0 0) and hump at (0.6
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by the nesting property.
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m=5/2,3/2,1/2,-1/2,-3/2,-5/2
Multipole degrees of freedom
6x6=36 components

J X
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--- dipole (rank 1)
--- quadrupole (rank 2)
--- octupole (rank 3)
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Staggered electron-hole pairing mediated by
the RPA multipole fluctuations
_ > E- and A2- states are nearly degenerate.
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The hidden order parameter is the rank-5 E-,
which is compatible with the nematicity.
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the in-plane > [001] Neel ordering
the pseudospin space
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No evidence of low-rank multipole order ?
Yes! Rank 5
Nematic behavior in in-plane magnetic
susceptibility?
Yes! E-
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His 36 band Anderson
lattice model including
spin-orbit coupling.
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2nd order for U=U’=1.0, J=J'=0

N=0.787




e

e The Fermi surface in A-type materials is consistent
with that in LDA+U or the renormalized band by
Zwicknagl

e Tncommensurate spin fluctuations can be explained by
the nesting between the heavy-electron sheets

e The dominant octupole fluctuations can drive d,; . ,-
wave or loop-nodal s-wave superconductivity
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36 multipoles up to rank 5.




