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Interacting Systems

Now we want to generalize to interacting systems. This primarily con-

sists of adding sites with an ®@, not an .

Most of the DMRG procedure outlined before needs little change. The
main question:
How do we project out a state for a block from a state of the entire_

lattice? Problem: the projection is many-valued. ,

Let |i) be the states of the block, and |j) be the states of the rest of the

lattice. A state of the entire lattice can be written as
) = > wijli)lJ)
]
In general, there is no way to pick states |i) and |j) so that

[¥) = 12)j)

Example: if the block has an average of N particles, it can still luctuate
into states with N &1, N 42, particles. Need at least one state for each
number of particles. (A state without a definite N, such as the BCS

wavefunction, doesn’t help, either.)

We will need an approximate projection. What is the best projection?

It comes from the density matrix.
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Density Matrices

Reference: R.P. Feynman, Statistical Mechanics: A Set of Lectures

Let |i) be the states of the block (the system), and |j) be the states of
the rest of the lattice (the rest of the universe). If ¢ is a state of the

entire lattice,
=) yli)5)
ij
The reduced density matrix for the system is
piit = Z Vi
J
An operator A which acts only on the system can be written as

A= ZAulwnww—zAum V| @1,
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The expectation value of A can be written in terms of the density matrix

- Z Aiiibij = ZAii’Pi'i = TrpA

i j i

A nice way of representing p is through its eigenstates |v,) and eigen—

values Wa >0 (> we=1) — Z/Q Su,: Tr f’
7 @
N p= Z wWalva)(val
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KT/ The |va) provide the best way to project out important states of the
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0 block. We can argue several ways. Notice that
= Z Wa(ValAlva)
(0%

If for a particular o, w, ~ 0, we make no error in (A) if we discard

|va)-
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Key DMRG Idea I3

Block Environment
i J
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system

Both the Block and the Environment are represented by

a reduced basis. We will find a new reduced basis for the
Block.

Procedure

1. Diagonalize Hgystem tO get ground state ¢ (Lanczos
or Davidson).

2. Calculate density matrix
Piir = Z ViV
J

3. Diagonalize p;;» to get eigenstates v®.

4. New basis is most probable m v®’s. Change basis
with H = AHAT, etc.



DMRG Algorithm H

Block _| Environment
[ J
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The basic DMRG step generates a new reduced basis for
a block that is one site larger than the previous block.
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DMRG steps with diagrams
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