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Molecular qubitsShallow donors

Solid-State Spin is a Leading Platform for Quantum Technologies 

M Onizhuk and G Galli, Adv. Theory Simul., 4, 2100254 (2021)



Includes CCE, gCCE, bath state sampling (nbstates)

To compute coherence, noise correlation

https://pycce.readthedocs.io/en/latest/

PyCCE – a Python Module for Cluster Correlation Expansion (CCE) Simulations of Spin Dynamics
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The main class for CCE calculations.

Object-oriented interface for CCE simulations

Highlights

:&'3;))&<*+3&,201(-2./&))&<01(-2./5567&)8+9
Subclass of ``ndarray`` containing information about the bath spins.

Convenient way to generate spin bath

)2&=>()?&*@-&#2./5567&)8+9
Function to read ORCA output containing the hyperfines couplings and EFG tensors.

)2&=>A2*,7@"%2./3<,2)@"-201(-2./2@801(-2. 5567&)8+9
Function to read PW/GIPAW output from Quantum Espresso into BathArray.

Spin Hamiltonian parameters from ab initio simulations

M Onizhuk and G Galli, Adv. Theory Simul., 4, 2100254 (2021)

https://pycce.readthedocs.io/en/latest/


Examples of publications using PyCCE
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Rev. X 12, 031028 (2022)

Nanomaterials [3]

[3] M Onizhuk, G Galli. APL, 
118, 154003 (2021)

SiC [1, 2]

[1] A Bourassa, CP Anderson 
et al. Nature Materials 19, 
1319-1325 (2020)

[2] M Onizhuk et al. PRX 
Quantum 2, 010311 (2021)



+ %
!
(𝛾"𝐵# )𝐼!# + 𝑰𝒊𝑸𝑰𝒊) +%

!%&
𝑰𝒊𝑷𝑰𝒋/𝐻 = 𝑺𝑫𝑺 + 𝛾(𝐵# )𝑆#

10/23/22
5

Central Spin Interacting with Dipolar-coupled Spin Bath
System Hamiltonian
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Cluster Correlation Expansion (CCE)
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Generalized CCE
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Monte-Carlo Sampling of Bath States
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Matrix Element for Mixed Bath State

Mean Field Effect of Spins Outside the Clusters

Mean Field Hamiltonian
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Examples of using PyCCE module



NV- Center in diamond. Nuclear spin bath
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diamond_nv.ipynb
https://colab.research.google.com/github/foxfixfax/PyCCE/blob/master/examples/tutorials/diamond_nv.ipynb

https://colab.research.google.com/github/foxfixfax/PyCCE/blob/master/examples/tutorials/diamond_nv.ipynb
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Multiple central spins
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Central Spin Interacting with Dipolar-coupled Spin Bath

/𝐻D

ZFS

/𝐻D*

Zeeman Hyperfine Zeeman Dipole-Dipole

/𝐻*

+

The University of Chicago

/𝐻D =%
M
𝑺𝒌𝑫𝒌 𝑺𝒌 + 𝑺M𝛾M𝐁 +%

OLP
𝑺𝒌𝑷𝑺𝒍

/𝐻D* =%
!,M
𝑺𝒌𝑨 𝑰𝒊

𝑺𝑫𝑺 + 𝑺𝜸𝒆𝐁 %
!
𝑺𝑨 𝑰𝒊

s

/𝐻*

/𝐻D*

/𝐻D



Hybrid register 209Bi donor in Si
c(29Si) = 4.7% nuclear spin bath
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Energy diagram

Strong interactions give rise to clock transitions at avoided crossings

/𝐻) = 𝑺𝛾(𝐁 + 𝐼𝛾S!𝐁 + 𝑺𝑨𝑰

S = #. I = /
.

1.47 GHz

Electron spin Nuclear spin



Generation and decay of entanglement between NVs
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Initial state of dipolar-coupled NVs



https://colab.research.google.com/github/foxfixfax/PyCCE/blob/master/examples/tutorials/second_spin.ipynb

second_spin.ipynb

https://colab.research.google.com/github/foxfixfax/PyCCE/blob/master/examples/tutorials/second_spin.ipynb


Thank you!
https://pycce.readthedocs.io/en/latest/
M Onizhuk and G Galli, Adv. Theory Simul., 4, 2100254 (2021)
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https://pycce.readthedocs.io/en/latest/
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