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« Bosonic/fermionic theories, classification with projective symmetry groups
« Instabilities to ordered phases (spinon condensation, confining instabilities)

« Numerical evaluation of correlated wavefunctions, Pg |{o) - important for
quantitative predictions



Fractionalized Fermi liquids in Kondo lattices’

—

H= Zp GPC;IGCPU + Zij J,'jg,' : §J +Jk Y ;Si-Si

TSenthil, Sachdev, and Vojta, Physical Review Letters, 2003.



Fractionalized Fermi liquids in Kondo lattices’

—

H= Zp GPCIL,CPU + Zij J,'jg,' : §J +Jk Y ;Si-Si

Cig Cio
' I g ' '
gioi i ki —— £,
| g————— *—o—0—0—0—o0

TSenthil, Sachdev, and Vojta, Physical Review Letters, 2003.



Fractionalized Fermi liquids in Kondo lattices’

—

H= Zp GPC;;GCPU + Zij J,'jg,' : §J +Jk Y ;Si-Si

Cig Cio
' I g ' '
i ik ——— f,
| g————— *—o—0—0—0—o0

Fractionalized Fermi Liquid

( ) Electrons,
filling 1 + p
[e—o—e—o——] Spin liquid

TSenthil, Sachdev, and Vojta, Physical Review Letters, 2003.



Fractionalized Fermi liquids in Kondo lattices’

—

H= Zp GPC[EGCPU + Zij J,'jg,' : §J +Jk Y ;Si-Si

Cig Cio
' I g ' '
ci ikl — f;
| g————— *—o—0—0—0—o0

Fractionalized Fermi Liquid Heavy Fermi Liquid

[ ]Electrons, r—o—0—0—9—o

filling 1+ p Pl
—o—0—0—0—0 ——b—bt—0—o—o
[ ) Spin liquid

Electrons, filling p

TSenthil, Sachdev, and Vojta, Physical Review Letters, 2003.



Conventional electron fractionalization for single-band models?

2| ee, Nagaosa, and Wen, Reviews of Modern Physics, 2006.



Conventional electron fractionalization for single-band models?

« Electron-like excitations given by
spinon/holon bound state

2| ee, Nagaosa, and Wen, Reviews of Modern Physics, 2006.



Conventional electron fractionalization for single-band models?

« Electron-like excitations given by
spinon/holon bound state

« Bosonic holons difficult to dope on
a mean-field level

2| ee, Nagaosa, and Wen, Reviews of Modern Physics, 2006.



Conventional electron fractionalization for single-band models?

« Electron-like excitations given by
spinon/holon bound state

« Bosonic holons difficult to dope on
a mean-field level

+ Obstacles to constructing
correlated wavefunctions

2| ee, Nagaosa, and Wen, Reviews of Modern Physics, 2006.
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Half filling: Mott insulator with charge
gap
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Mean-field analysis on square lattice yields pseudogap-like features

Mean-field picture: electron-like quasiparticles + decoupled spin liquid *

Half filling: Mott insulator with charge Hole doping similar to YRZ ansatz for
gap Green'’s function®
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“Y.-H. Zhang and Sachdev, Physical Review B,. 2020; Mascot et al., Physical Review B,. 2022
5Rice, Yang, and F. C. Zhang, Reports on Progress in Physics, 2012
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Choice of spin liquid dictates proximate phases

« Intrinsic instabilities in spin
liquid phase give one route
to ordered phases

 Fermionic theory of a

mt-flux spin liquid leads to
Néel/VBS order ®

Ny =2 QCD3, emergent SO(5) symmetry

A\m

Néel/VBS order

==

6Tanaka and Hu, Phys. Rev. Lett., 2005; Wang et al., Phys. Rev. X,. 2017



Charge instabilities arise from chargon condensation

"Pseudogap metal"
ni-flux theory of spinons,
chargons, and doped electrons
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Charge instabilities arise from chargon condensation

"Pseudogap metal"
ni-flux theory of spinons,
chargons, and doped electrons

n-flux conﬁneny \hargon condensation

Phase A Phase A
(m,0) stripe (0,m) stripe
M. Christos, Z.-X. Luo, H.
Shackleton, Y.-H. Zhang, M. S.

Phase B Phase C
vave SC d-density

A\ ') Scheurer, and S. Sachdevy,
( PNAS 120, €2302701120 (2023)
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Polaronic correlations central for capturing doped Mott insulators
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Nearest neighbor magnetic correlations (U/t = 7.4)
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@ Experiment
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Next nearest neighbor magnetic correlations (U/t = 7.4)
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Next nearest neighbor magnetic correlations (U/t = 7.4)
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Nodal anisotropic FS reconstruction in CDW?8
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Related work and future directions

Nodal anisotropic FS reconstruction in CDW®  Variational wavefunctions
. . . FL™ - CDW . . . .
quasiparticles in - for spin liquids emerging
. 0.75 ( ) .
superconducting state ’ c m at metal/insulator
o) o \ transitions®
3 08 & % / \ @ i =85 NMI_ 196 Spinondersd
- = a Y Gapped
> 47r 06 T' 0.25 > a =
< 2 \ 0.4 i 4 \ / q 7‘
% 0.2 OE 0.00 é”
0 \\%
-0.25 PN i
-0.25 0.00 0.25 0.50 0.75
Kxlmt

"Christos and Sachdev, npj Quantum Materials, 2024
8Bonetti et al., arXiv:2405.08817
9Szasz et al., Physical Review X,. 2020



Half-filling: wavefunctions behave favorably energetically
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« Actual ground state: AF insulator
for U/t >0

« m-flux spin liquid gives low-energy
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