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This talk is about spin chains with quenched randomness, for example:

are uncorrelated random variables with identical distributions on every site 
(statistical translation invariance)

We want to calculate

Disorder average Thermal average



Theory of the Random Transverse-Field Ising model (RTFIM)

Exact solution of 2D 
classical model with fixed 
disorder in one direction

Strong disorder RG



Theory of the Random Transverse-Field Ising model (RTFIM)

Main results:

1) Disorder is relevant at the critical point → Flow to Infinite Randomness (IR) fixed point

2) Rare regions are important → Quantum Griffiths (QG) physics

FMPM

QG QG

IR



Main idea of our approach:
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How we do it in practice:

Consider discrete disorder, introduce ancilla disorder qudits             and define

ρ̃(τ ) = · · · · · ·a)

This is a translationally invariant Hamiltonian, due to statistical translation invariance.



How we do it in practice:

Consider discrete disorder, introduce ancilla disorder qudits             and define

ρ̃(τ ) = · · · · · ·a)

Our numerical algorithm works with

diagonal normalization operator:



Construction of 

Step 1: Imaginary-time evolution with TEBD

Standard, same as for clean systems due to the use of ancilla disorder qudits



Construction of 

Step 2: Adjust normalization

This we do approximately.



Step 2: Adjust normalization

First define the diagonal MPO



Step 2: Adjust normalization

First define the diagonal MPO

We want to find the inverse of this MPO:

For small imaginary-time steps this 
diagonal operator is close to the identity



Step 2: Adjust normalization

We will approximate the inverse as another MPO:



Step 2: Adjust normalization

We can do this via a variational procedure:

minimize

Generalization 
of the VOMPS 
algorithm



Step 2: Adjust normalization

From approximate inverse, obtain updated 

MPOMPO



Construction of 

Step 3: Truncation

After steps 1 and 2, the bond dimension of the MPO is

Original bond 
dimension

Bond dimension 
of Trotter gates 
(TEBD step)

Bond 
dimension of

We do a standard MPS-type truncation of the infinite-half Schmidt spectrum to bring 
this back to



The complete algorithm

Construct             via imaginary time-evolution:

1) TEBD
2) Adjust normalization
3) Truncate

When                                 , trace out the ancilla disorder qudits 



Benchmark results on RTFIM:

We take a uniform distribution for both J and h (with three values each)

Near critical point at



Leading eigenvalues of transfer matrix determine correlation length:

Definition of transfer matrix:



Correlation length as function of temperature:

Infinite randomness fixed point:  Activated scaling



Disorder-averaged spin-spin correlation function at criticality

Clean case: Infinite randomness case:



In ordered phase:



Future work

● Improve efficiency of the algorithm

● Explore other test cases (e.g. random singlet physics in disordered Heisenberg models)

● Construct zero temperature version

● Dynamics
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