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Why non-unitary
evolutions matter

* Barren plateaus are a problem in finding the
true ground state or global minimum with

a Quantum computer

* But nature can find stable local minima

when cooling a system

* In nature a system loses energy to a bath

with a non-unitary evolution

Unitary Non-Unitary

Plateau

Ground State

Ground State

Local Minima in Quantum Systems
C.-F. Chen, H.-Y. Huang, J. Preskill, L. Zhou
Proceedings of the 56th Annual ACM
Symposium on Theory of Computing
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* Open Systems are given by a quantum Hg Heo Hp

system coupled to a much larger quantum
bath A h? aw

escribed by €EXP knT
1) the Bloch-Redfield equation with a

System, a spectral function and coupling Ohmic Resonances

operator
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2) The Lindblad equation

Spectral function
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Tooling to deal with
open systems

* Representation of coupled subsystems

H:Hs—l—Hc—I—HB

* Representation and manipulation of

spectral functions (equivalent to full BR)

Siﬁoafh (w)

* Representation of Lindblad Systems
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Struqture

quantum mechanical operators, Hamiltonians and open quantum systems. The library supports building spin
objects, fermionic objects, bosonic objects and mixed system objects that contain arbitrary many spin,
fermionic and bosonic subsystems.

Strugture is a Rust (strugture) and Python (struqture-py) library by HQS Quantum Simulations to represent e,

Struqture has been developed to create and exchange definitions of operators, Hamiltonians and open
systems. A special focus is the use as input to quantum computing simulation software.
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Bath Mapper User Guide

Background physics

The Bath Mapper is a module that can be used in conjunction with other Quantum Libraries by HQS
Quantum Simulations GmbH. It supports the user in creating quantum mechanical objects which
utilize the Bloch-Redfield master equation. This equation is a mathematical model, here used in
quantum computing, to describe the dynamics of open quantum systems interacting with their
environment (or "bath"). The Bath Mapper also provides functionality to allow further processing of
the created objects.

HQS Bath Mapper NG
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from struqture_py.mixed_systems import (
MixedHamiltonian,
HermitianMixedProduct

Tooling to deal with >

from struqture_py.spins import PauliProduct

Open SyStemS from struqture_py.bosons import BosonProduct

spin_boson_hamiltonian = MixedHamiltonian(1,1,0)

index = HermitianMixedProduct([PauliProduct().z(0)],

* Representation of coupled subsystems [BosonProduct([0], [0])1,

[1)
H — HS —l— HC —I— HB spin_boson_hamiltonian.set(index, 0.5)
* Representation and manipulation of from bath_mapper import SpinBRNoiseOperator
spectral functions (equivalent to full BR) 1mport numpy as np
é; frequencies = np.arange(0, 10, 0.1)
ﬁh)¢%1 (UJ) spectrum_array = np.arange(0, 10, 0.1)
* Representation of Linbldad Systems spectrum = SpinBRNoiseUperator(frequencies')
1 spectrum.set(("0X", "0X"), spectrum_array)
s 3 t i
p==u [p7 H] + Ly iLrpLl; — 9 Ly Ly, p from strugture_py.spins import (

k,l QubitLindbladNoiseOperator,
)

op = QubitLindbladNoiseOperator()
Bp.SetC{"0X"; - “0X") . «0:1)




Non-unitary
operations in quantum
circuits

* Need to be treated on same level as unitary

operations

* Apply superoperator to density matrix

instead of unitary matrix to state

* Typical noise is a subset

# qoqo

gogo is a toolkit to represent quantum circuits by HQS Quantum Simulations. The name “goqo” stands for
"Quantum Operation Quantum Operation,” making use of reduplication.

For a detailed introduction see the user documentation and the gogo examples repository.

What goqo is:

« Atoolkit to represent quantum programs including circuits and measurement information.
« Athin runtime to run quantum measurements.
e Away to serialize quantum circuits and measurement information.

s
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from qogo import Circuit
from gogo import operations as ops

non_unitary = ops.PragmaDamping(
qubit=0,
gate_time = 0.1,
rate = l1e-4

circuit = Circuit()
circuit += non_unitary

print(non_unitary.superoperator())
0.0s

[[1.00000e+00 0.00000e+00 0.00000e+00 9.99995e-06]

[0.00000e+00 9.99995e-01 0.00000e+00 0.00000e+00]
[0.00000e+00 0.00000e+00 9.99995e-01 0.00000e+00]
[0.00000e+00 0.00000e+00 0.00000e+00 9.99990e-011]]




Non-unitary evolutions
on quantum computers

An implementation of a non-unitary (system-
bath) evolution on a quantum computers needs
non-unitary gates. Two main approaches

proposed:

1) Noise utilization:

Mapping non-unitary gates to intrinsic noise

2) Measurements:
Coupling to external qubits, performing

measurements, quantum feedback control

Stable Quantum-Correlated Many Body States via
Engineered Dissipation,
https://arxiv.org/abs/2304.13878

1) Noise utilization

4 )
Qubits (system)
Qubits (bath)

\_ and intrinsic noise W,

2) Measurements

\_

Qubits (system)

Qubits (bath ) with
measurements, quantum

feedback control

J




Open quantum system models
pen q y
H=Hs+ Hc + Hp
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The bath is described by the / \

spectrum:
S(w) = 2uk=1 V(W wwk)sign(w)
1 —exp (— kBT)
couplings environment
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Coarse graining &

Coarse graining by four modes

- target 74
9 —-= fit /./
t —==indiv. bath modes /' P,
. . - A
* Spectral function fitted by broad modes = A /o
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* Broad modes identified as auxiliary boson 0
frequency
modes
couplings
* In particular, broadening x/2 can be S(w) = — E V;
. S T (Rif2)? + (0 — wi)?
mapped to auxiliary-mode damping with rate V=

j : :

broadenings  mode frequencies



Possible approach

* One-to-one correspondence between the

boson modes and auxiliary spins

* Bath gaussianity improved by letting the

broad spin-modes overlap

* Applied if the device has widely
distributed decoherence rates of bath

qubits

&
Coarse graining using four qubits
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Coherent time-evolution implemented by unitary gates

Time-evolution operator

0 = Jesp (i7" 2

Total simulation time

T =1m™m A
\_Y_I

aux-spin
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Spin-spin Hamiltonian (approach 1)
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Non-unitary time-evolution by intrinsic noise
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Example results
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(a) Coarse graining

spectral function

original
coarse grained '

Finite gate fidelity due to incoherent error
Bath qubit error is damping
System qubit has connectivity to all bath qubits

(b) Steady state of island charge
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Thank you!
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