Quantization of superconducting qubits
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2. In the lecture, we saw the derivation of the quantization of Transmon qubit. In this task,
we will fill some of the gaps to understand the derivation clearly.
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on the gate charge, introduces a deastic charge
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By aliding an additional large shunt capacitanee in parallel with the Josephson junction, we 10
suppress the charge noise quite dramatically, This tvpe of qubit is called transmon qubit & Dty forn~
The Hamiltonian of the transmon qubit is of the same form as of the charge qubit,
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Howorer, for e transmon qubit the energy rutio s in the rnge 40 < £ < 100, The [0 @
), since it does not matter how we bias the transmon with
the mate charge.
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Please don’t write down the steps from slides and fill in the details as clearly as possible, that

s, workout the missing steps rom the lecture slide. Explain with proper steps why ouly the .
terin &5 survives from the term (& — &)1 !-rr’ rerng ﬂva}d—

{15} Eospress the in qublt cigenbasis Le, 1} = F1,J = @6 and wse
the completeness relaton ' Show that the qubit frequency has the analytical
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This shows that the qubit frequency depends on the state | and is not evealy-spaced like
quantum harmenie cscillator. The anbanmonicity seales nearly with the cigenstate of the
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Jaynes-Cummings Hamiltonian

A o this exercse, we study a coupled interaction between the pesonator aml the transnon
it

{a) Form the total Hamiltonian of the transmon-resonator system, which contains the un-
conpled diagomalized Hamiltonians of the resotator and the gubit and the interaction Hail-
tomlan, The nteraction botwoen the wesonator and the qubit Is modeled by the interation

Hamiltanian,
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(b} Dowvodor Todnting wave approximation, and obtain the JayoesCommings Hamiltonian
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Figure 1: Coupled pesomator e\lmmmmml qubit,  a) Experimental realization, and b)
Lumiped-sireuit mosdel.

whege &_ = |0y (1] and &, = |1} {0].

[z} Suldvee the Jaynes-Cummings Hamiltonian for the e 1) 4 = w—w, = 0,0i) A = w—wy =
0.5GHz, and il) & = wy —wy = 1GHe lnitially, there are @+ 1 photons in the resosator
amel the qubit & in the groond stete, Plot the probabilicy density of the transmaon being in
the excited states for 1= 1, 10 and 100 photoms. § ¢ fos sk
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A usual, the state of the cavity mode can be wri in terms af the member-state bass { |e) },
and the qubit state in terms of the compatational basis, [0, |13 The overall state of
e system can tsrebone be described as o tensor product of these two subaystems, e,
e, 0} = |m} @ |

(A Show that the fnllowing relations hold: wﬂgl

Hye [m,0) = b |n — 1,13
Hic [m, 1) = fgw/m+ 1w+ 1,00
[B) Consicler now the cose where the cavity starts in the vicunam state (0)) and the qubit
is imitially in the excited state {|13]. Use the previons resualts to show that:
Hyc |0,1) = Ry |10
Hi:[0,1) = (kg [0,1)

[T Becanse the intersction Hamiltonian s time-mdependent, the Schrodinger equation can
be molved in the w=ual way to give the unitary evoluton eperatar

. il > AR [
Given the initinl state [£05)) = |0, 1), e Tyl expansion of the unitary evalution

operator b show that the state of the overall system after time @ will be:
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Bloch sphere representation
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Figore L: Hich Sphere
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