MM/DD/YY

Simulating Non-Markovian Noise in Quantum
Circuits with Tensor Networks

Shivane Dadi

ECE 273 - Course Project

UC SANTA BARBARA



Introduction & Motivation

Quantum Computers are Open Quantum Systems

- Effective Quantum Simulations
should model realistic
conditfions

* Closed System

« |deal Quantum Circuit

Unitary Evolution
MPS/MPQO
« Open Memoryless System
Local Markovian Noise
*  Non-Unitary Evolution
+ MPDO/LPDO
« Open System
«  Non-Markovian Noise
* Process Tensors
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Process Tensor Formalism

Non Markovian Systems map to Process Tensors

t « Discretize the system
ps(t) = Trp [Texp (—Z/ Hsg(s) dS) ,DSE(O)] evolution
: - Memory Stored in
Correlations

From State Based )
Evolution to  Each operation
Operation Based becomes an input
Evolution *  Maintains CPTP map
\/
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Pk = Tr:0[Ak—1:0]
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Simulating Quantum Circuits

How do we Inifroduce this System Evolution into a
quantum circuit

Quantum circuit

R o7 W - B 7 ;
b b e U(p) =UpU".
A A 0 — .
? = Liouville superoperator Ajx
pk = Tk:0[Ak-1:0] | | s SU — U ® U* .
Ao A Ao Ak
Process tensor Tx.o
+ inserted circuit operations |P» = vec(p), |pl» = vec(Ll(p)),
M{ ’bv .Outv .in] = M[ sb) ) .ou ] A [P, .in]
7:out o z z ; o ot ’ 1 2.cvut: |p,>> = SU |p>>’
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Results

Q
H:HS+HB+Hint=§az+§ wibLb + 0. ® B.
k

Successful recreation of the process tensor for

Non-Markov processes

My Implementation

Coherence Decay: Non-Markovian vs Markovian

= Non-Markovian (TEMPO)
= = Markovian (y=1.57)
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' (b) non-Markovian

- - e (0)=1/v2
—=c.(0) = 1/V10 {
—c(0)=0

30 40 50

«  Simulating
Spin-Boson Model
with Ohmic Bath

*  Dephasing
Noise
« Clearly shows
coherence revival
*  Expected
behavior in
non markov
regimes

UC SANTA BARBARA



Results

Successful Simulation of Ramsey Circuit with Noise
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Circuit Evolution with Tuned Parameters (a=0.05)
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Summary & Future Work

- Developed a framework to simulate non markovian noise

iIN quantum simulation
No ofher libraries do this!

« Generalizable to any kind of noise
Process Tensors maintains CPTP maps

« Test more interesting circuits using this framework
* Integrate this with Quimb/TensorCircuit instead of doing
manual contfractions
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