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Requirements of simulating QEC protocols

Circuit to simulate: Output of the simulation: Extensive Monte Carlo
QEC gadgets measurements from noisy circuits sampling
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Circuit to simulate:
QEC gadgets

Low-magic circuits

Stabilizer rank decomposition

Bravyi et al. arXiv:1808.00128
Kissinger, Wetering arXiv:2109.01076
Qassim et al. arXiv:2106.07740
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Tsim

Output of the simulation:
measurements from noisy circuits

Pauli noise

Parametric ZX diagrams

Sutcliffe, Kissinger arXiv:2403.06777

Extensive Monte Carlo
sampling

Millions to trillions of shots

Parallelism
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Stabilizer rank decomposition
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QUEI"G = Bravyi et al. arXiv:1808.00128; Kissinger, Wetering arXiv:2109.01076; Qassim et al. arXiv:2106.07740; Codsi 2022;
Sutcliffe 2025; Wan, Zhong arXiv:2509.08658
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Tsim Overview

i !

Circuit description ZX detector graph dgtectorﬁ’ Sampled noise configs Batched autoregressive sampler
observaples
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Demo
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1 ¢ = tsim.Circuit("""

2 RO1

3 Ho

4 X_ERROR(0.01) @

5] TGO

6 Ho

7 CNOT @ 1

8 DEPOLARIZE2(9.01) @ 1

9 Mol

10 DETECTOR rec[-1] rec[-2]
11 OBSERVABLE_INCLUDE(@) rec[-1]
12 )

[12] v 0.0s

1 c.diagram(height=150)
[13] v 0.0s

rocio) on = reciijeraciol

16 o= rect1)

0BS_INCLUDE(@)

R
R

1 c.diagram("pyzx");
[1e]

detj[e] obg[e]

1 sampler = c.compile_sampler()
[14]1 v 0.0s

1 sampler.sample(shots=100_000)
[16] v 0.0s

array([[False, Falsel,
[ True, Truel,
[False, Falsel],
coop
[False, False],
[False, Falsel],
[False, Falsell, shape=(100000, 2))
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Benchmarks
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ng - number of gates
n; - number of non-Cliffords

O(TLQ 4+ n%22-0.396nt)

ng - number of qubits O(ngng + n, 2max(neng)) O(ny)
Circuit Qubits  Ops Non-Cliff k.« Clifft Stim T'sim
Pure Clifford
Surface code d =7,r =7 118 4667 0 0 2.2M 20.1M 13.9M~
Near-Clifford: Magic State
Cultivation d = 3 15 676 29 41 10.4M —  0.5MT
Cultivation d = 5 42 4379 91 10 | 314.4k — DNC
Distillation 85 1163 10 5| 1.5M — 1.5M7
Near-Clifford: Coherent Noise
Surface code d = 3,r = 1 26 173 65 51 19.4M —  5.9BF
Surface code d = 3,r =3 26 415 195 8| 1.7TM — DNC
Surface code d = 5,r =1 64 533 209 13 | 133.1k —  1.6B~
Surface code d =5,r =5 64 2073 1045 24 0.7 — DNC

‘QuEra

*MacBook Pro M4
INVIDIA GH200

Clifft: Fast Exact Simulation of Near-Clifford Quantum Circuits, 2026, B. A. Chase, arXiv:2604.27058
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) Like Tsim? Leave a star

Tsim

A GPU-accelerated quantum circuit sampler based on ZX-calculus
stabilizer rank decomposition. Tsim feels just like Stim, but supports
non-Clifford gates.

Installation

Install with pip:

pip install blogade-tsim
Or with uv:

uv add blogade-tsim
If your machine has a GPU, use:

pip install "blogade-tsim[cudal3]"

github.com/QuEraComputing/tsim

‘QuEra

o
tsim
= Getstarted > tsim

Quick start

An introductory tutorial is available here. For many existing scripts, replacing
stim with tsim should just work. tsim mirrors the Stim API and supports all

Stim instructions.

Additionally, tsim supports the instructions T, T_DAG , R_.Z , R_X , R_Y ,and
U3 .

import tsim

¢ = tsim.Circuit(
RX O
R 1
TGO
PAULI_CHANNEL_1(0.1, 0.1, 0.2) 0 1
HO
CNOT © 1
DEPOLARIZE2(0.01) ©
Mo 1l
DETECTOR rec[-1] rec[-2]

detector_sampler = c.compile_detector_sampler()
samples = detector_sampler.sample(shots=100)

https://tsim.mintlify.a

pprvm

Fast Pauli propagation and generalized stabilizer-tableau
simulation for noisy quantum circuits — built to scale with the
programs you actually run on QuEra's neutral-atom hardware.

RUST 2024  PYTHON SOURCE github.com/QuEraComputing/ppvm

Quick Start > Developer Guide - API Reference >

GENERALIZED TABLEAU
from ppvm import GeneralizedTableau
tab = GeneralizedTableau(n_qubits=2, seed=0)
tab.h(0)

tab.cnot(0, 1)

r@ = tab.measure(0)
rl = tab.measure(1)

print(f"qubit 0: {r0}, qubit 1: {r1}")
print("correlated:", r@ = rl)

ithub.com/QuEraComputin

Tsim: Fast Universal Simulator for Quantum Error Correction (2026)  arXiv: 2604.01059



https://tsim.mintlify.app/
https://github.com/QuEraComputing/tsim
https://github.com/QuEraComputing/tsim

Why QuEra v Solutions v Systems & Services v Proof & Resources v Engage v @ Contactus >

75 open positions
() All Departments v O All Locations A Q_ search
g N
All Locations
2026 QuEra Career Fair Evenf  APuaueraue NM USA v
Boston, MA USA
Finance Boston, MA, USA i
Harwell, England, UK
Information Technology Harwell, UK v
Providence, RI
v
Ldser SYSfemS Toronto, Ontario, Canada
Tsukuba, Japan
Photonics v
Product Management - Program Management v
QEC and Architecture w
QPU Hardware Engineering v
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