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• A judicious selection of qubit design parameters plays a pivotal role in improving the performance of quantum 
processors.

• This requires a good understanding of the possible sources of error, beyond the coherence properties of the circuit.
• Therefore, we have analyzed the effect of charge-parity switches in the tunable coupler architecture.
• Combining this analysis with other error models enables us to optimal regions of transmon parameters [1].

• Consider all possible errors [4]:

• Define a performance metric as a weighed infidelity sum, 
considering the frequency of each error source, e.g.

• Charge-parity-switching errors can be the dominant QP-
related error mechanism in diabatic CPHASE gates.

• Stochastic charge-parity switches will induce a residual ZZ-
interaction between the qubits.

• Such effects should be considered when higher-excited 
states are employed.

• Good error modelling can be utilized to find optimal transmon
parameter regimes, thus ensuring continuous improvement 
as coherence times increase.
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Residual Longitudinal Interaction

• Tunable coupler 
architecture [2].

• Diabatic implementation

• Used in large-scale 
experiments [3].
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• The tunable coupler 
enables us to completely 
suppress the residual 
ZZ-interaction. 

• This is no longer true 
due to stochastic parity 
switches.

• We define a parity-
averaged coupling rate:

Optimal Transmon Parameters

• What is a good choice 
for 𝐸! and 𝐸"? 

• Some examples from 
the literature*:
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Parity-switching rate measured by:
[A] Kurter, C., et al. (2022), [B] Diamond, S., et al. (2022) and [C] Risté, D., et al. (2013).

* Extracted assuming no higher 
harmonics are present in the JJ
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|2+i

<latexit sha1_base64="2H96iNjYR70XfB3LS/Q/eezRHsk=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjxGMA/YrGF2MpsMmZ1ZZmaFsOYzvHhQxKtf482/cZLsQRMLGoqqbrq7woQzbVz32yksLa+srhXXSxubW9s75d29ppapIrRBJJeqHWJNORO0YZjhtJ0oiuOQ01Y4vJn4rUeqNJPi3owSGsS4L1jECDZW8p+8h5OOwqLPabdccavuFGiReDmpQI56t/zV6UmSxlQYwrHWvucmJsiwMoxwOi51Uk0TTIa4T31LBY6pDrLpyWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z/NTE10FGRNJaqggs0VRypGRaPI/6jFFieEjSzBRzN6KyAArTIxNqWRD8OZfXiTN06p3UT2/O6vUrvM4inAAh3AMHlxCDW6hDg0gIOEZXuHNMc6L8+58zFoLTj6zD3/gfP4A2QiQ/Q==</latexit>

|1+i
<latexit sha1_base64="M6EHLwP5YcfMB14of7Xa1bn8e18=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4jmAds1jA7mU2GzM4sM7NCWPMZXjwo4tWv8ebfOEn2oIkFDUVVN91dYcKZNq777RSWlldW14rrpY3Nre2d8u5eU8tUEdogkkvVDrGmnAnaMMxw2k4UxXHIaSsc3kz81iNVmklxb0YJDWLcFyxiBBsr+U/ew0lHYdHntFuuuFV3CrRIvJxUIEe9W/7q9CRJYyoM4Vhr33MTE2RYGUY4HZc6qaYJJkPcp76lAsdUB9n05DE6skoPRVLZEgZN1d8TGY61HsWh7YyxGeh5byL+5/mpia6CjIkkNVSQ2aIo5chINPkf9ZiixPCRJZgoZm9FZIAVJsamVLIhePMvL5LmadW7qJ7fnVVq13kcRTiAQzgGDy6hBrdQhwYQkPAMr/DmGOfFeXc+Zq0FJ5/Zhz9wPn8A3B6Q/w==</latexit>

|1�i

<latexit sha1_base64="vnUIsZYgp1H6lSNkfbQnh7aKB9E=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vMzAphzVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VxTqNeaxaIdHImcS6YYZjK1FIRMixGQ5vJn7zEZVmsbw3owQDQfqSRYwSY6WHJ6+jiOxz7JbKXsWbwl0kfk7KkKPWLX11ejFNBUpDOdG67XuJCTKiDKMcx8VOqjEhdEj62LZUEoE6yKYHj91jq/TcKFa2pHGn6u+JjAitRyK0nYKYgZ73JuJ/Xjs10VWQMZmkBiWdLYpS7prYnXzv9phCavjIEkIVs7e6dEAUocZmVLQh+PMvL5LGacW/qJzfnZWr13kcBTiEIzgBHy6hCrdQgzpQEPAMr/DmKOfFeXc+Zq1LTj5zAH/gfP4AuGmQXw==</latexit>

|0i

<latexit sha1_base64="j7e43Qa/jA5YFo6EbNktD2yYqh0=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUJGWpPhaFkVwWcE+oI1hMp20QyeTMDMRSujGX3HjQhG3foY7/8ZJmoVWDwyce8693LnHixiVyrK+jMLC4tLySnG1tLa+sbllbu+0ZRgLTFo4ZKHoekgSRjlpKaoY6UaCoMBjpOONr1K/80CEpCG/U5OIOAEacupTjJSWXHPv2q3fH1e4OzyCVZgW1axwzbJVszLAv8TOSRnkaLrmZ38Q4jggXGGGpOzZVqScBAlFMSPTUj+WJEJ4jIakpylHAZFOkh0whYdaGUA/FPpxBTP150SCAikngac7A6RGct5Lxf+8Xqz8CyehPIoV4Xi2yI8ZVCFM04ADKghWbKIJwoLqv0I8QgJhpTMr6RDs+ZP/kna9Zp/VTm9Pyo3LPI4i2AcHoAJscA4a4AY0QQtgMAVP4AW8Go/Gs/FmvM9aC0Y+swt+wfj4BonSk9I=</latexit>
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