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Introduction
- Tunable couplers have been important in the development of superconducting quantum 

computers.
- The ability to maintain zero coupling between qubits during operation, a feature of high-

fidelity quantum gates, has been shown to be possible with the use of tunable couplers. 
- As an example, Sete et al., 2021 (1) showed this was possible with a tunable coupler 

between transmons (see right): the qubit-coupler and qubit-qubit couplings create a net 
effective coupling strength between the qubits that can be tuned to zero.

- As in the Born-Oppenheimer approximation, we take the tunable coupler and qubits 
as our fast and slow degrees of freedom, respectively (see Fig. 4). Thus, we replace 
the qubit creation and annihilation operators with their eigenvalues.

- We rotate the Hamiltonian by the qubit frequencies and apply displacement operators 
to eliminate the qubit-coupler terms from the Hamiltonian (see Fig. 3). 

- We find the propagator to determine the phase and differentiate to yield the coupling 
strength.

Figure 5
We apply the formula for U(t) given R(t), the total 
transformation outlined in Fig. 3. We factor out 
two phase factors from U(t), one of which comes 
from R† and the other of which comes from the 
integral of f(t) and take their product to yield (3).

Figure 1
Diagram of a transmon-coupler 
system from (1) with no direct 
capacitance between qubits. g1c 
and g2c are the coupling strengths 
between the coupler and qubits 1 
and 2, respectively, while g12 is 
the direct coupling strength 
between the qubits. 

- We achieve a result in Figure 5 which corresponds to the effective coupling term 
produced by Sete et al., 2021 (1) with the Schrieffer-Wolff transformation (as shown in 
Figure 1). 

- In general, usage of the Schrieffer-Wolff method requires prior knowledge of the 
generator of the SW transformation, which is hamiltonian-specific. 

- Our method is less case-specific, making it a potential framework to determine 
effective coupling strengths with other hamiltonians.

Figure 2
Formula for an effective coupling strength between transmons 
from (1). Derived using the Schrieffer-Wolff Transformation.
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Results and Conclusions
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The derivation of an effective coupling 
strength (see right) between the qubits is 
quite complex. We propose a simpler method 
of obtaining this effective coupling with the 
Born-Oppenheimer approximation.

Statement of Purpose

Figure 3
On the left, we apply a series of unitary 
transformations to achieve the desired 
Hamiltonian. We first rotate the Hamiltonian by 
the frequency of qubit a (U1) and then apply a 
displacement operator (D1) to remove the 
coupling terms between qubit a and the coupler. 
Next, we rotate the Hamiltonian to the frequency 
of qubit b (U3) and apply a second displacement 
operator (D2) to remove the coupling terms 
between qubit b and the coupler. Finally, we 
rotate back by the frequency of qubit b to obtain 
the final Hamiltonian, H5.
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Slow degrees of freedom

Fast degrees of freedom Figure 4
A diagram of two hydrogen atoms with electrons 
and nuclei marked as fast and slow degrees of 
freedom, respectively. In our implementation of 
the Born-Oppenheimer approximation, the 
coupler takes on the role of the fast degrees of 
freedom (electrons) and the qubits take on the 
role of the slow degrees of freedom (nuclei).
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