Quantum Information with

Solid-State Devices

Dr. Johannes Majer

Lecture |10

TOMINGTITUT




persistent-current qubit




persistent-current qubit




persistent-current qubit




persistent-current qubit

Classical equations of motion

Let = I sin(cpl) + CV = Iy sin(cpl) -1 03_7(:-('0
Liigne = Iosin(p2) + C@sﬁz

right o0

Liop = aloysin(2rf — 1 +¢2) +aC 3—7(;(952 — $1)

Dest = Ttop = —Iright
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‘C((pls‘P2a¢11(P2)

C C I
= 3 (3_1?-) &1+ 9 (g;) <p2+a§ (g—;) (1 — 92)*
+E; COS((,Ol) + E; COS((pg) + aF; COS((pl — Yy — 27l'f)

The Lagrange equations reproduce the classical eqgations.

afocy oL _
dt | 0y; dp;




persistent-current qubit

From the Lagrangian one can derive the canonical variables

2
Qg = — = ) ¢—7(;) (Y1 — P2)

g2 =
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With a Legendre transformation we get the Hamiltonian

H(QlaQ2a 901,992) = QbIQI T 952(12 - L

EJ ( 1 + 2 20 1 + 2)
5 qi + qi192 + gs
(26%) 1 4+ 2« 1+ 2a 1+ 2a

—Ejcos(p;) — Ejcos(ps) — aEjcos(p; — ws — 2f)

From the canonical equations

L
(Pz aqz
. _ _OH
%=~ g

one gets back the classical equations of motion (4).
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Qubit Hamiltonian in the Charge Base

using

l+a 2 l+a
1+ 2a 11 2o T 4B 5™
—Ejcos(yp) — Ejcos(ps) — aEjcos(p; — py — 21 f)

H = AJE, ni +4E,
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(ml’m2| —Ey COS((pl) |n1’n2) = 6‘m2,n2 T(‘S‘ml,m—l + 6‘m1,ﬂ1+1)

—F
(ml’m2| - EJ 008(902) |n1’ n2) = 6‘m1,'n1 TJ((S‘mz,'nz—l + 6m2,ﬂ2+1)

(mq,mo| — aEjcos(py — o —27f) [ny,ne) =
—aEJ

—12 12
(6m1:n1+16m2an2—16 ~f + aml,nl—lémg,ng-}-le 1rf) 2
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spin up spin down



persistent-current qubit

Quantum Superposition of
Macroscopic Persistent-Current
States

Caspar H. van der Wal,™ A. C. ). ter Haar,” F. K. Wilhelm,’
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