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FIfa. I, Bloch sphere represimBatoon of the quibit stabe. Conire]
vecbar o=, .0, .o, rolakes the Bloch veeor arousd axis of diree-
o & o 0+ oo f wiih anpgle 1o

and Fyrb. I Usese control currents have constanl valwes over
time & ¢, we con define o contmol wvector &= {0, 0. with

fi ; i rﬁ'h‘,n}_‘nr
2 N T g 2 N T VAT, | K

The conred currenis change the qubit swie afier time AF
gocorling to the wmtary transfommation'

[

U=expl —iH;,4¢0], {Tal
= airp] — 18 212], i7h)
R B Tl
L e %

where d=¢ad, 0, o) and dy iz the identity motnix

Cne way b visualize how © contrads the qubit stan is vie
the standard Bloch-sphere description, As ilhusizted in Fag.
2. the derection of the Bloch vector describes the gubid sinte
according to I = cos{ %2)|0) + sinl 2 jexpiidi|1}. The angle
f af the vector comesponds 19 the oecupation amplitade of
the state, whereas the anule & gives the phose of the sale,
The probabibiny of measunng te ground state is given by
cos’| 4Y), Operutions of &, , &, , and &, cormespond 10 rota-
tioms of the stiade vector around the o ¥, and © axis, respec-
fivelv. In general, a control vector ¢ rodates the Bloch vecior
around the & axis with angle ). For example, a *“w'2-muilse”
with contred vector &= (0,120 ) changes the state ) to the
et (004 130 2.

1. CALCULATION OF DECUHERENCE FOR AN
ARBITRARY NOMSE SOURCE

Because the bins current controls the qubit, aeise in the
ias current Auctuates the qubit state and causes decobers
ence, In this section we calewlate how noise randomly rotates
the Bluch vector around the three axes. Becuuse wo Sophi-
rated the effect of the biss current it low ) and micso.
wave frequency 1, (7008w + 1, A T)SIN gt cOMpO-
pents, the effect of niise can be separated likewise. Since the

(45102

PHYSICAL REVIEW H &7, 0510 {2003)

net effect of these rotadions depends an the slate of the quis,
we caleulaie how these fuctuations alfect the measurement
af the state for two typical experimental situations,

Current noise at low frequency Muctuates the o, compo-

.Fl,uf'l‘g
e

¢

';:’?:mﬁf ol & Zantrol vecior, which randomly rofates the Bloch | |

vector arouned the 2 axas due Lo oF, operations. These random !@T—
rotations produce_noise-in-the phase ¢ of the qubit stale, -
Since the phase iifi= F e of iiLrhc phise noise abler a
famee i = ; e g
— LA :.{_ T{+] )

butt)= e [ g et 5

()= Tl At b B
Physically, phase pomse anses from noise cwment flowing

threagh the menlinesr inductance of the juction dial in ium !_.-'_.-i i = )
CHUSES ey L0 VATY.

The nagniiade of h notss is described by ils
mean-squared valued [ 1)) This quantity is calculated with
the poise power cacrnibed as the speciral densiy

F00 Iz defined as the mean-squared amplitede of ihe
current noise at frequency f per | Hz bandwidth, The ome
average of the corrclation function 18 computed with the O

—

! 5 .L-'- = 4
o mf-rm.hy < T2 = JaF 3P
b &
N & Moo 2e f1 9
T
Using Eq. {8 the mean-squared phitse noise i Lﬂ\{f

] i 131 i ;
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where Wy () is a spectral weight function given by | §- Ll
R S e
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The pheze notse integral w2 analT for Trequencics grenter thian
w24, For these frequencies, the moise current primorily
fows teoieh the junction capacitance, not the junctioa, and
ihus does not signifcantly masdulate a, . Furlenmore, nose
il ooy should net be included because it 15 accounied for in
stimulmied trassiinons, as compated below, Iniegrating the
iz 10 a8 cledT frequeency s/ 27 35 a posd approximation
becaize For mnsl civcwit impedances o change my this cutofl’
frequency only logarithmically affects the phase noisc [see

Eq. (26}]. . H P
oy £ . ea, "3: o
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