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> Estimations:
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Does our particle (Jopsephson phase)
can be treated as a quantum particle?

quantum If yes, o
| tunneling o \What 1S 1tS mass?
E L - oo oo oo -2 - J— momnoee I_'!!'_'_'_ Do -
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Damping a:
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Thermal-Quantum Crossover Temperature T*
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Canonical variables ¢ and p:

q = ¢;

oL 0L Do \? . @,

where () is the charge at the capacitor of JJ.
Quantum mechanics. py in ¢-representation

) 0 0
Do = —zha—q = —zh%

Commutation relations:

Dy~
~ih = [pg, 4] = 5 ’[Q, 9]



Probability |y|*

From classic H, the “mass” M is:

H 2
Josephson phase ¢/n MM = (2—?2) Ckg x m”
2\ — — ( == = 2/2,/ = _ € _ *ole
. Muwo (@0) VI.C V2 Ey Eo=36 Br=—
(0% = (2 L. Il iunctions!
b)) VoA Small junctions!

Example: A = 0.5 x 0.5pum?, j. = 100A/cm?, C" = 4 uF /cm?
gives I. = 0.25 pA
(¢*)—0 ~ 0.35

(6*)=0.90 ~ 0.94



Potential U(¢)

Phase in cos-potential

h? 8% N Muw?
oM 9¢p? 2

(1 —cosp)yp = E¢

Mathieu Equation:

Probability |y|*
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» geometric representation of qubit (2-level system) states as a pont on

the surface of a unit sphere
e qubit manipulations can be neatly described

) = al0) + 1)
Since (¢|¢) =1

lof* + 18" =1

Writing o = ae*?> and 3 = be'¥?, we get
|¥) = €*?= [a|0) + be*?|1)]
a = cos(6/2), b = sin(6/2)

Space (0. 11 a = cos(0/2);
g = e"¥sin(0/2),

cos psin ¢
V) = | sinpsind

pure states: points on unit sphere

mixed states: points inside sphere cos 0/
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Orthogonality.
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a = cos(0/2); | —isin(¥/2)  cos(¥/2) |’
B = ¢"%sin(8/2), _ itey/2 _ - cos(¥/2) —sin(9/2) |
| R, (9) = = | sin(@/2)  cos(9/2) } =
cos psing o [ g
9= | snpsing R@) = o= s,




Apply transverse circulary polarized magnetic field, i.e.

B, = hcos(wt), B, = —hsin(wt).

The Hamiltonian of the system is

A = —ghBS = —gh (B.S, + B,S, + B.S.)

A A h A A
H = —hwol, — % (B+S_ i B_S+) ,
where wq is eigen precession frequency,

BL =B, +iB, = het™"

Si =8, +i8, = [0)(1]
S_ =8, —iS, = [1)(0]

Inserting this into H , we get

L

7 = = (001 — 1)1 +@ (4J0) 1] + =41 0]) }

where () = gh is the Rabi frequency. It describes the transitions between the
states |0) and |1) inder the action of resonant field.



Inserting this into H, we get

e

7 = =" {an(10)(0] — (1) +@ (10)(1| + e 1) 0] }

where () = gh is the Rabi frequency. It describes the transitions between the
states |0) and |1) inder the action of resonant field.
If we substitute ¥ = «(%)|0) 4+ £(¢)|1) into the Schrdinger equation

ihl = HU
using resonant condition w = wp = ¢gB, after some algebra, we will find
a(t) = «(0)cos (%) + 2/3(0) sin (%) : (1)
Qt Ot
a(t) = ia(0)sin (?) + 3(0) cos (7) , (2)



Example 1 (7-pulse, t; = 7/Q):

(50 )=(5):

Example 2 (another m-pulse, t; = 7/Q):

(50 )=(1):

Example 3 (7/2-pulse, t; = 7/20):

(50 )=(5) (59)-(=®)
, 1
1 2
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(b Relaxation rate (20ns, then 300 ns):
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qubit
states

Rabi oscillations:

e RabiPhase ~

p, ( occupation prob.)

e prepare coherent mixture by short pulse
Por™ Tos-

* apply measurement pulse

« Since coherence Is short we measure p(P,,)
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