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Effect of Qubit Measurement
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Different Platforms
Trapped ions @pgrconducting circuitﬁ Photonic crystals
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Transmon circuit

s B

Josephson Junction

Transmon

I[(t) = 1ysind(t)
V() = @ob(t)
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Qo = h/2e
Lossless nonlinear inductor
Po

L) =

(Ig _ ]2)1/2
Transmon



Effective Qubit

1
for = 21, [T,C
~ 5 GHz
Transmon
kg T < hfy
20 mK / ~ 240 mK
fo1 # f12 # f23
a = fi12 — fo1
Anharmonicity ~50 fF ~20 nH
100 — 300 MHz Transmon
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Circuit Quantum Electrodynamics
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Mathematical Description for Qubits

Pauli matrices
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Mathematical Description for HO

13)
QEI \"-.\I I;"
/12)

ﬂEl I\'\\\ _r,.f"f
\'\__ 1)
ﬂEI \ /

/1)
N

Harmonic Oscillator

Bosonic operators
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Jaynes-Cummings Hamiltonian

w

q
Hpapi = 70-2 + wca-l-a + g(a-l- + a)oy Oy =04 +0_
W
= 76102 + wcaTa + g(a*a_ + aa+) + g(a‘La+ + aa_)
W _ _
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Qubit-dependent Cavity Frequency

W X ,
H = Tqaz + (a)c + EO'Z) ata wc(|0)q) = w,+ x/2
wé(ll)q) = we — X/2
X
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Transmon-dependent Cavity Frequency
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Qubit-dependent Cavity Response
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Qubit Spectroscopy

900 { Two-tone spectroscopy }
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Basic Characterization of a Qubit

[npulse } -
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Rabi Oscillation

> [n/Z pulse}
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Basic Characterization of a Qubit

[ T pulse } - Rabi Oscillation = =) [n/Z pulse}

S J

[ T;: Relaxation } [ Decoherence } [TZ: Dephasing]
a|0) + B|1) 10) + e |1)
|0) Incoherent mix of |0) and |1)

. SUPERCONDUCTING QUANTUM
15 Tanay Roy - Fermilab - n’"S ° M S Z MATERIALS & SYSTEMS CENTER



16

S-2coswgt =

S-2sinwgt =

Signal Demodulation
» S = A'sin(wyt + ¢)

= A’ cos ¢ sin(w,t) + A" sin ¢ cos(w,t)

Quadrature-phase In-phase signal (I)
signal (Q)

[ Demodulation }

A'[sin ¢ cos(2w,t) + cos ¢ sin(2w,t) + sing] mp A'sing

A'[sin ¢ si(2w4t) — cos P cos(2wyt) + cosp] m) A'cos ¢
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@ Demodulation

o
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I-Q Plot
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@ Device
—MWIV—

@ Demodulation

[:::r:/l(t) — I

™S Q) —
~1—=5us

[ Readout pulse }

Q [a.u.]

I [a.u.]
PRL 112, 190504 (2014)

: SUPERCONDUCTING QUANTUM
Tanay Roy - Fermilab h MS a M S Z MATERIALS & SYSTEMS CENTER



19

Measurement Error

> Histogram
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Fixing Measurement Error

Prepared state
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Measurement Chain

‘ Control electronics ’ [Control electronics ’
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Summary of Part |

» Meaning of qubit measurement
» Circuit QED architecture

» Jaynes-Cummings Hamiltonian
» 1-Q plot, histogram

» Measurement error mitigation
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