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Lecture Series

I. Lecture 1: Classical and Quantum Chaos, from single particle to 
many-body
II. Lecture 2: Quantum platforms
III. Lecture 3: Monitored dynamics, interplay of unitary 
andprojective evolution
IV. Lecture 4: Adaptive dynamics, controlling quantum dynamics
V. Lecture 5: Numerical approaches to adaptive quantum dynamics



Learning Goal

• Understand matrix product states
• Numerically construct the circuits and simulate them
• Perform finite size scaling
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Matrix product states

https://tensornetwork.org/
https://itensor.github.io

Factorization of a tensor with N indices into a chain-like product of three-index tensors  

Apply quantum gates:

https://tensornetwork.org/
https://itensor.github.io/


What is QuantumCircuitsMPS.jl

• Physicists code as we speak: focusing on physics without 
touching implementation details.

• Julia library for simulating quantum circuits using Matrix Product 
State (MPS) methods. 

• For studying measurement-induced and control-induced phase 
transitions in monitored quantum systems.



Why use this package

• Pure Julia MPS simulation: Native Julia performance with 
ITensors.jl backend, scaling to 100+ qubits.

• Physics-first API: Write circuits using intuitive abstractions 
(Gates + Geometry) without managing MPS bond dimensions, 
index orderings, or truncation schemes. The library handles tensor 
network details internally.

• Reproducible randomness: Independent RNG streams for each 
source 
(:gates_spacetime, :gates_realization, :measurement_born, :state
_init) enable reproducible trajectories. Useful in cross entropy 
benchmark and study quantum fluctuations.



Design Philosophy

Core logic:

state : the MPS for the wave function 
gate : quantum gates (e.g. HaarRandom() )
geometry:  geometry of the circuit (e.g., Bricklayer(:even), 
Bricklayer(:odd) )

Users never see ITensor index objects, SVD calls, or orthogonalization centers. 
The package manages the gap between high-level physics intent and low-level tensor 
manipulations.



Comparison with Existing Julia Quantum Libraries

Feature ITensors.jl PastaQ.jl Yao.jl Qiskit.jl This Package

Primary Focus Tensor networks Tomography & benchmarking Variational algorithms Circuit construction MIPT/CIPT dynamics

Backend MPS/MPO (via ITensorMPS) MPS/MPO State vector (+ YaoToEinsum) No simulation* MPS (via ITensors)

MIPT/CIPT Support Build from scratch Manual logic State vector limited N/A First-class

Scalability N=100+ N=100+ ~30 qubits N/A N=100+

API Level Tensor-level Circuit + Tomography Block-level Circuit construction Physics-level

Learning Curve Steep Medium Gentle N/A Gentle



Architecture

User-Facing API Internal Engine Backend

SimulationState

Gates

Geometry

Observables

apply!

build_operator

apply_op_internal!

ITensors.jl

ITensorMPS.jl

Physicists work 
with SimulationState, Gates, Geometry

(Bricklayer, AllSites, StaircaseLeft), 
and Observables. No tensor network 

concepts exposed.

The apply! function translates high-level 
physics operations into ITensor calls. It 

manages physical-to-RAM index 
mappings, operator construction, and 

MPS updates. Users never interact with 
this layer.

ITensors.jl and ITensorMPS.jl handle 
tensor contractions, SVD truncations, 
and gauge management. All low-level 

optimizations (bond dimensions, 
cutoffs, orthogonality centers) are 

managed automatically.



Installation

QuantumCircuitsMPS.jl is not yet registered in the Julia 
General registry. 

Install directly from GitHub:



MIPT Example: Measurement-Induced Phase Transition

Define parameters

Random seed 
for spacetime 

of gates

Time step: 1

One time unit



CIPT Example: Control-Induced Phase Transition

Define parameters

Choose Reset 

Choose Unitary 



Affleck–Kennedy–Lieb–Tasaki (AKLT) model

Spin-1 chain (i.e., 𝑆 = 1 compared to the qubit 𝑆 = 1/2)

Credit: https://en.wikipedia.org/wiki/AKLT_model

Protocol:
Measure the total spin of each nearest neighbor spin-1 pair (i.e., post-select the outcome of 𝑆 ≠ 2) 

String order parameter

AKLT, PRL
Den Nijs & Rommelse, PRB



AKLT Example: Nearest Neighbor–to– next NN

Define parameters

Define forced measurement



Simulation of MIPT – Single trajectory



Simulation of CIPT – Single trajectory



Simulation of AKLT – Single trajectory



Phase diagram in CIPT

Create a wrapper function

Define circuits

Simulate circuits



Phase diagram in CIPT

Define parameter lists

Iteration

Reshape



Finite size scaling

Collapse rescales

Installation



Finite size scaling: CIPT

Load data

Data collapse

Visualization



Citation

Question/Bugs/Feature requests
Raise an issue at Github repos

Packages under active development
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