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Improving qubit readout and amplification in superconducting quantum circuits 
 
The current genera,on of quantum machines can 
perform universal quantum logic opera,ons, but the 
number of qubits and the number successive opera,ons 
is limited by imperfec,ons and decoherence. Performing 
tasks with quantum advantage requires scaling up these 
systems to ~10! − 10" qubits with controlled error, as a 
long term goal.   
 
In superconduc,ng circuits [1], qubit readout is currently 
responsable for the largest error per opera,on (an order 
of magnitude larger than two-qubit gates), and this 
accumulates exponen,ally in succesive opera,ons. 
Addressing the readout problem involves improving all 
aspects of the measurement lines including the 
amplifica,on of quantum microwave signals, which 
requires to be of high gain, low noise, direc,onal, and  
large bandwidth to read out many qubits simultaneously. 
 
In this PhD thesis, the student will become expert on the state-of-the-art methods for qubit 
readout [1,2] and quantum amplifica,on of microwave quantum signals [3,4]. He will delve into 
theore,cal tools like master equa,ons and input-output theory to describe linear and non-linear 
quantum light-maMer interac,ons involved in these quantum systems [5,6]. Together with the 
advisor and collaborators, we will push the boundaries by exploring improved schemes for qubit 
readout and/or parametric amplifica,on, iden,fying and quan,fying the limits and advantanges 
for their realiza,on in realis,c superconduc,ng circuit setups.  
  
You'll gain hands-on experience in doing practical numerical simulations of the dynamics of 
these quantum systems, equipping you with the skills to contribute to the forefront of quantum 
technology! 
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