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Solve the Schrodinger equation

Strong correlation phenomena like High T, CuO,

l

powerful nonperturbative method

Rigorous methods in 2D classical, 1D quantum systems

Exact diagonalization, Monte Carlo — finite size problem

Numerical renormalization group — not yet successful

for macroscopic 2D quantum systems



New method

= \We here present a new method to solve the
Schrodinger eq. for 1D quantum ground states with
translational symmetry

= Our results for ground state energy and local
magnetic moment in the 1D Hubbard model

agree with the Bethe Ansatz results

s Simple, general and practically exact, without
approximations and notions such as NRG



Hubbard model H — _tz (CLC,-G +h.c.)+U Z NN,

Schrodinger eq. HY = EY
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Monte Carlo, NRG : only ground state survives at f—o

Here p — 0 (1-pH)Y =(1-E)¥Y
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Matrix product representation of even group bonds
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Matrix product representation of density matrix
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Transfer matrix eigenvalue problem
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Variational problem
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1 contains C quadratically

l

Generalized eigenvalue problem for

l

Back to start until convergence
Ground state properties

(s ). {0y ) (nsny)

Kinetic energy per site

Local magnetic moment
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Quantities sitting on adjacent sites
(AB)=WABY /¥¥
= AB-L,¢'sc' c’¢°R, / p,
Parametersused : =10 10-7 no difference

Convergence criteria : || {4 = Coowll /|| Coa || < 5 x 107

|

L, 101 accurate

ncw |
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Ground state energy vs electron density at U=8
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L_ocal magnetic moment vs electron density at U=8
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Energy per site

Ground state energy vs U at half-filling
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Slow convergence at U « 1

Entanglement = 10, still 1.4% difference from BA

Kinetic energy — 1tinerancy

Coulomb repulsion — localization

U — oo : our results with entanglement = 1

agree with Bethe Ansatz
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Summary

A new method for the 1D quantum ground
states with translational symmetry

Applied to the 1D Hubbard model, it
reproduces the Bethe Ansatz results

Method is free from any existing notions such
as NRG, and readily applicable to any
gquantum spins, bosons and fermions
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Currently underway

= [wo dimension
= Thermodynamics, dynamics

18



	New method for the quantum ground state �in one dimension
	Solve the Schrödinger equation
	New method
	 
	Summary
	Currently underway

