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Abstract:

channel in superconducting qubits. Although their 
characterization and mitigation have been extensively 

remains comparatively unexplored. To investigate 

injecting pair-breaking phonons and photons via on-
chip injectors. In this controlled injection, we observe 
the qubit population dynamics that warrant separate 
extraction of qubit excitation and relaxation rates.

Summary of Research:
Superconducting quantum systems are among 
the leading platforms for implementing quantum 
computing. Josephson tunnel junctions provide the 
necessary nonlinearity for the spectral isolation of qubit 

comprises a small Josephson junction shunted by a 
capacitor and a large inductance realized with an array 
of Josephson junctions. This qubit design exhibits long 
coherence times and large anharmonicity [1, 2].
Figure 1a shows an SEM image of our recent design of a 

capacitive energy scale EC

Photolithography and electron-beam lithography were 
performed at the CNF, and electron-beam evaporation 
and sputtering were carried out at Syracuse University. 

Each qubit is capacitively coupled to a resonator for 
dispersive readout of the qubit state. Figure 1b displays 
the design of the injector Josephson junction, which is 

voltage biased to produce pair-breaking phonons and 
photons that subsequently produce quasiparticles at the 
qubit junctions [3].
The qubits are measured in a dilution refrigerator at 

apparent increase in energy relaxation time T1 extracted 
from standard free decay measurements, as shown in 
Fig. 2a. This is because the excitation rate becomes 
comparable to or even exceeds the relaxation rate, 
causing the excited-state population to decay toward a 
steady state above the background. Fitting such dynamics 
to a simple exponential that neglects this offset can yield 
an apparent increase in the extracted T1, necessitating a 
direct extraction of the individual transition rates. In Fig. 
2b, we show background and post-injection population 

in transition rates caused by quasiparticle poisoning, 

of pair-breaking photons from the injector to the qubit, 
mediated by spurious antenna modes of the injector and 
qubit geometries [4].
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