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Introduction

Introduction

composite quantum gates

N
[ r(m;.0,) = R(m.0)
Jj=1

fully compensating composite quantum gate

N
[ R(m;,0;(1 +€)) = R(m, 6) + O(e?)

M. Bando (Kinki Univ.) GQG, CP, and T-S Formulas August 1, 2010 3/18



GQG & CP
(1}

Geometric Quantum Gates

phases
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N prjective
Hilvert spuce
C
(1) =e7n(0)) . y=7a+%
[ 7a: dynamic phase , ~,: geometric phase }
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Geometric Quantum Gates

dynamic phase: Yd

Il
|
c\
>

S
S
-

=
=
=
SN—
~

QL

~

H: Hamiltonian
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Composite Pulse

single-qubit operations

R(m,0) = exp (—iGm : cr)

2

0: control field strength , m: axis of rotation (|m| =1)
o = (0g, 0y, 02)
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GQG & CP
000

Composite Pulse

single-qubit operations

R(m,0) = exp (—1'9 m2 cr)

0: control field strength , m: axis of rotation (|m| =1)
o = (0g, 0y, 02)

error in 0

R(m,0(1+¢)) = R(m,0) + O(e)
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Composite Pulse

composite quantum gates

N
[ r(m;.0;) = R(m.0)
7j=1
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Composite Pulse

composite quantum gates

N
[ r(m;.0;) = R(m.0)
7j=1

fully compensating composite quantum gate

HRmJ, (1+¢)) = R(m,0) + O(c?)
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Composite Pulse

single-qubit operation Hamiltonian

R(mﬁ)—exp(—z‘gm-a) = Hmo=mo

dynamic phase
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Composite Pulse

single-qubit operation Hamiltonian

R(m,0) = exp (—igm : a) —  H(m,0) = %m o

dynamic phase

n: Bloch vector , |n): state vector

n = (n|on)
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Composite Pulse and Dynamic Phase

systematic control field strength error

N N
0
R(m;,0;(1+¢)) = R(m,0) + ZRN ...R; (—ieémj ~o-) ...Ri+0()

j=1 j=1

R(m,0) —stRN .. Ry +0(&?)

R; = R(m;,0;) = exp ( i0; mjz' U)
0
Hj = H(m;,0;) = o-m;- o

2
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Composite Pulse and Dynamic Phase

expectation value

N N
— <TLO| ZRN R RjHjRj,1 ...Ry |’I’L0> = —€_i9/2 Z <nj71‘ Hj |nj71>
j=1

Jj=1

N
—i60/2
=2
i=1

N N
d va;=0 = J[R(m;,6;(1+¢)=R(m,6)+O0()
j=1 j=1

composite quantum gate is robust against
control field strength error.
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SCROFULOQUS pulse

SCROFULQUS pulse
R(ml, 01)R(m2, W)R(ml, 91) = R(a:, 9)

m; = (cos ¢;, sing;, 0)
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SCROFULQUS pulse

condition 1
[ (x| R(my, 0;)R(ma, m)R(my, 0,) &) = e /2 ]

_ tan(dy — ¢o) i 2 _ sin(d1 — d2)

, sin

2 sin ¢
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SCROFULQUS pulse

condition 1
[ (z| R(my,01)R(my, 1)R(my,0y) |z) = e /2 ]

_ tan(dy — ¢o) i 2 _ sin(d1 — d2)
tan ¢y ’ 2 sin ¢

condition 2

=  201co8(¢p1 —p2) + =0

same as H. K. Cummins, G. Llewellyn, and J. A. Jones, Phys. Rev. A 67, 042308 (2003).
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Trotter-Suzuki Formula

Trotter-Suzuki formula
when B = > A4,

exp (—iBt) = [ [ exp (—iAst) + O(?)
l

A: series of Hamiltonian

B: Hamiltonian
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Composite Pulse based on Trotter-Suzuki Formula

R(z, 0)

erroneous rotation

R(z, 0(1+¢)) = R(x, 0)R(x, 0¢c)

if [[; Rj = R(z, —be),

HRj R(x, ) — reliable quantum gate
J
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Composite Pulse based on Trotter-Suzuki Formula

Trotter-Suzuki formula

exp (—iBt) = Hexp (—iAgt) + O(t?)

where
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T-S formula
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Composite Pulse based on Trotter-Suzuki Formula

Now we set N = 2.

For example,

mq - o

my = (cosg, £sing, 0),  é=cos ! <9>
4

4
R(my, —2n(1+¢))R(m_, —2n(1 +¢)) = exp(—iAte)exp(—iA_g)

’ R(my, —2m)R(m_, —2m)R(x, §) = reliable quantum gate‘
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Composite Pulse based on Trotter-Suzuki Formula

condition

Oy
Ap+4- =622
0:0%+A++A,
:<w|9%+A++A_|az>

= (@] 05" |2) + (| R(e, ~0)A_R(=, 0) |z)
+ (x| R(x, —0)R(m_, 2mr)AL R(m_, —27)R(x, —0) |z)

condition for using Trotter-Suzuki formura

Ar+ A =02 = | X% =0
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Summary

m All GQG with Aharanov-Anandan phases are fully compensating
composite quantum gates that are robust against control field
stlength errors.

m The condition for using the Trotter-Suzuki formuras is equivalent that
the sum of dynamic phases in a composite quantum gate is vanishing.
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