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Qubit

¥>=0 0> + B 1>




Qubit

Charge Qubit

Transmon Qubit




Josephson Junction

SUPERCONDUCTING
TOP ELECTRODE
SUPERCONDUCTING

BOTTOM /\7\ |
ELECTRODE \/
Y

T
/ \/\TUNEE\I(_E(F)QXIDE

=> Tunelling though the insulator due to Josephson effect




Charge Qubit
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Quantum two-level system
(qubit)

(a) LC-circunt without Josephson junction (b) LC-circuit with Josephson junction

N Cooper pairs in the Cooper pair box




Charge Qubit
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Energy of the Cooper pair box
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Energy of the Cooper pair box

| 0> |1>

E = Ec N? E = Ec (N + 1)?

=> Necessity of a Josephson Junction
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Hamiltonian

H = Ec.N — E;.cos(¢)




Hamiltonian

Cooper pair box Cg

................................

H = Ec.(N — Ng) — E;.cos($)
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Energy level of the system

Energy, E/E,

Gate charge, n,
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Con about charge qubit

Affected by random charges in the system
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Transmon Qubit

energy
-

10

Larger capacitor

Reduced sensitivity to charge noise
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Superconducting circuit
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Superconducting circuit




Rabi Hamiltonian
Resonator

Renonator < LC Circuit

hw (a+a + %) Y(x) = EY(x)

— +
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Rabi Hamiltonian
Two level system

H = EL[+ )X+ + E_|=)(-|

Hrps = - Qoy
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Rabi Hamiltonian
Qubit-Resonator coupling

tTi1]

H;,, = —d.E(t)

Hine = g(o4 +0-)(a" + a)
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Rabi Hamiltonian
Energy loss

Photon loss rate from the resonator k > Hk

Photon loss rate from the two level system y - Hy
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Rabi Hamiltonian

+ 1 2 + + —
Hp,pi = w(a a)+§.()a +ga +a)(c"+07)+H,,+H,
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Jaymes-Cummings Hamiltonian

+ 1. 7 + + —
Hpapi = w(a a)+§Qa +ga +a)(c”+07) + O+ A,
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Jaymes-Cummings Hamiltonian

Rotating wave approximation (RWA) :

Near resonance : A=Q-w

Hine = g(oy +0_)(@™ +a)

Hine = g(a*o- + aoy)
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Jaymes-Cummings Hamiltonian

+ 1. 2
Hpwa = w(ata) + E.QO' +glato_ + ao,)
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Jaymes-Cummings Hamiltonian

1
Hpya = w(ata) + E.(laz +g(ato_ +ao,)

{ 10,1),10,41),11,1),11,1) }

Hrwal0, 1) = 10,1 +g1,1)

()
HRWA|O;~L) — _§|0"L)
Hpya =

Hrwal 1,1 = Z11,1) + gv2 [2,1)

f)
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Jaymes-Cummings Hamiltonian

1
Hpya = w(ata) + E.(laz +g(ato_ +ao,)

" ()
—+ wn gyn+1
HRWA(”) _ |2

(2
gyn+1 —§+w(n+ 1)
Research of the energy = Research of the eigenstates

HRWAM _ By.0* + B,.0Y+ B,.0”

E,™ = \/B,% + B2 + BZ
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Jaymes-Cummings Hamiltonian

1
Hpyy = w(a™a) + E.QGZ +g(ato_ +ao.)

;™ = (n +%)w i\/gz(n +1) + (%)
1

On resonance : Ei(n) = (‘n + E) w*Tgvn+1

2
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Jaymes-Cummings Hamiltonian

Energy in unit of A

1
= (n + E) wtgvn+1 Non degenerate case
3) gV
2) gv3
) 9V2

Uncoupled : g=0 Coupled : g#0
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Dispersive Hamiltonian

+ : Lifetime enhancement

Dispersive limit : g<<|A|
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Dispersive Hamiltonian
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Dispersive Hamiltonian

Unitary Transformation (Baker—Campbell-Hausdorff formula)

2

A A
D HgpyaD = Hpywa + A [Hrya, X_] + > [[Hrwa, X_1,X_| + -+ ] l[[HRWArX—];X—]: ---;X—]

n times

9
A= I and D = e’lX— with Xi — a+o'_ + ao,
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Dispersive Hamiltonian

Hpisp = D"HgyaD onsecond orderin A
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Dispersive Hamiltonian

Hpisp = D"HgyaD onsecond orderin A
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Qubit-Readout
Form of the transmission

e lkx

VNN U

Fabry Perot Interferometer

1

Transmission 1— T-Z(eikl)z

=> Lorentzian
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Qubit read-out

1 2
HDiSp = E.QO'Z + Z—AO'Z + <(D + ) a+a |1+>
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Qubit read-out
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With Two Qubits

(9191 9192)

9291 929> One qubit excite the second

by virtual photon

(1+2a7aS3+57 (2w-0,-0Q;) (575, (2+0Q,-0Q,) +S] S (2-0,+0,)) )
w-0Q, 2 (w-Q,) (w-9Q,)

0 1+2aaSZ+S2

w-Q, )

41




KOREA

UNIVERSITY

Perspective and conclusions

What has been achieved What remains to be done
* Understanding QED Systems * Complete understanding multiple-
qubit read-out

* Computing the Hamiltonian

* Achieve the n qubit algorithm
e Using the hamiltonian to

understand the qubit read-out

* Interaction between 2 qubits
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Thank you for listening

Do you have any questions ?



