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Problem:
• Injecting	high-fidelity,	arbitrary	quantum	states	into	an	error-corrected	system	is	

resource-intensive

Solution:
• Model	an	experiment comparing the	three methods of	state	injection	and	find

which takes the	lowest resources for	the	highest fidelity of	states

Significance:
• The	state	injection	method requiring the	least	resources for	the	highest fidelity

state	can	be used to	make a	universal gate set	for	error-corrected qubits.



Key takeaways from today:

1. A	Rabi	oscillation	experiment	can	be	
performed	on	an	error-corrected,	logical	
qubit.	

2. The	state	injection	method	which	maximises
state	fidelity	maximises the	Rabi	curve’s	
visibility

3. This	injection	method	will	be	the	best	for	
minimising qubit	numbers	and	other	hardware	
requirements	for	achieving	a	universal	gate	set
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Rabi Oscillation

𝑃(|0⟩) = |𝛼|! = cos 𝜃/2 !
𝜓 = 𝛼 0 + 𝛽|1⟩

≔ cos "
!
|0⟩ + 𝑒#$ sin "

!
|1⟩
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Rabi Oscillation – with depolarising noise

𝜓 = 𝛼 0 + 𝛽|1⟩

≔ cos "
!
|0⟩ + 𝑒#$ sin "

!
|1⟩

The curve’s visibility is reduced
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• Encode	the	state of one	qubit	into a	“logical”	
qubit	made	of	𝑛 qubits	

E.g.															𝛼 0 + 𝛽 1 → 𝛼 000 + 𝛽 111

≔ 𝛼 0 ! + 𝛽 1 !

• The	distance of	an	error-correcting	code	is	the	
number	of	single	qubit	operations	between	 0 !
and	 1 !.

• Increasing	distance	increases	the	amount	of	errors	
that	can	be	corrected

𝝍 = 𝜶 𝟎 𝑳 + 𝜷 𝟏 𝑳

Quantum error correction:



Rabi oscillation:
• Increasing	pulse	time	of	microwave	on	

qubit	rotates	the	qubit	by	𝜃

Logical Rabi oscillation:
• To	reach	arbitrary	logical	states	requires	

one	of	three	methods	of	state	injection

• Standard	method1

• Ying	Li’s	method2

• Transversal	Injection3

• Reduces	amount	of	resource-intensive	
state	distillation

• Can	be	done	at	higher	fidelity	at	lower	
distances
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Logical Rabi using Transversal Injection
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Step 1: rotate 𝑛 data qubits by 𝜃 and 𝜙
to get |𝜓⟩ = (cos !" |0⟩ + 𝑒#$ sin !" 1 )⊗&

Step 2: apply the projective measure-
ments of the 𝑛 − 1 code stabilizers

The	logical state	thus	projected	to	can	
be	calculated	from:
• The	initial	choice	of	𝜃 and	𝜙
• The	(random)	stabilizer	measure-

ment results	known	as	the	trajectory.	
E.g.	+1,-1,-1,…,+1

𝑛 − 1 eigenvalues

Step 3: measure in the 𝑍* basis then
repeat Steps 1-3. This builds up 
𝑃( 0 *) for each 𝜃*
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• Distance 3 surface code (𝑛 = 13).

• E.g. 𝜙 = 0, 𝜃 = 1.875𝜋:

Analytical: Simulation:

Logical Rabi Oscillation using Transversal Injection
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Logical Rabi Oscillation - Expectation
• Expect to	see higher visibility of	the	Rabi	curve with

• Increasing code	distance
• Higher fidelity of	injected states
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Key takeaway from today:

Transversal	injection	will	maximise the	fidelity	of	
injected	states	and	thus	maximises the	logical	Rabi	
curve’s	visibility,	and	this	can	be	used	for	
minimising qubit	numbers	and	state	distillation	in	
achieving	a	universal	gate	set.
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