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Introduction and Motivation
While first theorized to solve the strong CP problem in 
quantum chromodynamics, axion particles are also a 
popular cold dark matter candidate. Superconducting qubits 
may be beneficial in future searches for this elusive particle. 
However, qubits are susceptible to state decoherence due to 
ionizing radiation1. The goal of this experiment is to further 
study the decoherence errors in qubits. My work focused on 
designing the warm electronics used to read out the qubits.

Our qubits’ resonant frequencies are between 5 and 7 
GHz. To produce signals at this frequency, I sourced the 
relevant electronic equipment and designed an I/Q 
mixing scheme. A low-frequency signal from an arbitrary 
waveform generator (called the reference frequency, or 
RF) is input into an I/Q mixer along with a 
high-frequency tone (called the local oscillator, or LO). 
The mixer then outputs two tones, at LO + RF and LO - 
RF. The tone at LO + RF is sent to the qubits. The output 
signal from the qubit is similarly mixed down to a lower 
frequency before digitization.

Observed Stark shift on qubit 2. Configuration 1 has the lowest input signal 
power and Configuration 4 has the highest signal power.

Frequency modulation example. RF and LO are inputs, and the lower and 
upper sidebands are the outputs from the mixer. The upper sideband is 
selected to send to the qubit using a filter.

The signal processing procedure is integral to testing the 
correlated errors seen in qubit measurements. The resulting 
data will be compared to past aboveground tests to better 
understand the systemic decoherence effects. 
Understanding qubit errors is necessary for further 
development of quantum computers and qubit-based dark 
matter searches.

Qubit Readout System
I developed a series of measurements and wrote scripts to 
automate their execution. This qubit readout system will be 
used for future tests of qubit decoherence from ionizing 
radiation.
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Block diagram of the signal processing system1. Various attenuators and 
amplifiers on refrigerator input and output lines are not shown. Photo of qubit 
package, designed by UW Madison team.
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This experiment has a resonant cavity coupled to a package 
of 4 qubits situated inside a helium dilution refrigerator. Qubit 
readout includes sending a signal to the cavity and 
observing the reflected signal power. This is described by 
the hamiltonian shown below2. A shift in the cavity’s 
resonant frequency, ωr, indicates a change in the qubit’s 
occupancy, σz.


