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Example 2: Decay of 2-leve atom

Let us consider a single two-level atom coupled to K modes of the electro-
magnetic field in a one-dimensional cavity of the length L. The spectrum of
modes is discrete with frequencies wy, = kme/L. The corresponding total Hamil-
tonian in the dipole and rotating-wave approximations reads

K K
H= w,6, + Zwkdl&k I Z /\k(&-i-dk - &_d]t).
k=1 k=1

The field is assumed to be initially in the wacuum state. By applying our
algorithm we find the master equation for the atom
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except the ”decay” rate I' — v(t) is now explicitly time dependent. It can be
expressed in terms of the “measured” probability P(t) = (1|p,(¢)|1) that the
upper atomic level is excited:
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Example 2: Decay of 2-leve atom
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The time evolution of the decay rate «(¢) (thin line) and the population of
the excited atomic level P(t) (thick line). We assume the atom to be in the
center of the 1-D cavity, so it is coupled only to the odd modes (i.e. Ao = 0).
We assume L = 27 and ¢ = 1 so that wog+1 = k+1/2, and Agg+1 = A = 0.3. The
effective density of modes which interact with the atom is def¢(w) = L/2em = 1.
Therefore the decay rate I' = 2\ %d, s (w) ~ 0.564. We consider K = 400 modes
of the field initially in the vacuum state and the atom (with w, = 101) in its
upper state |1).
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General operations (maps, channels)

7= (.\‘,)',:)

1
. 1 ..y 1| x
+ The density operator p= ;(1 + /'.0') = :

* The general operation is an affine transformation of the Bloch sphere

P =Tr+t 1 0 0 0
X o O o
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Complete Positivity

+ Every guess must be completely positive — in
general it is hard to achieve analytically

» Check is done by applying an operation in the form

on to the maximally entangled state

1
[0.)=Z 08 -Helo)
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Example: Specific channel

* Let us assume a specific transformation — map, channel

p'=¢[pl=Y 4p 4
!

1 0 0 0
0.5 02 -0.1 0.1
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Complete reconstruction

* For a complete estimation one needs four different
states, which are linearly independent.

s Yo 3 /»‘\ P
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* Limited resources?

12



Reconstruction of processes

Data from the Wunderlich exp.

0
0.069145

5 with d = 025

1
3,0.504205, 0374585
0

Clickology: Maximum likelihood

« ML works with finite sets of data, not with infinite ensembles

» In case of quantum operations, the relevant data are

— Input state specification

— Measurement direction
— Measurement outcome (binary)

«  We build a functional

F=TI[w|e(p)lw), n.+(1-(w].2(p)

v),)(1-p)]

» The numerical task is to find the [£], for which this functional
reaches the maximum (using the logarithm of functional)

» Trace-preservation is obtained automatically from the
parameterization, CP has to be checked in the algorithm
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* Displacement

» Affine transformation specified as

» Positivity

» Complete positivity

Unital operations

Vj

K 1 0 0 0

t=0 Lo 04 0 0

lo 71710 0 4 o

A)=1 00 0 A
A, £4,| <1+,

Unital CP maps are embeded in the set of all positive unital
maps (cube). The CP maps form a tetrahedron with four unitary
transformations in its corners (extremal points) I,x,y,z

corresponding to the Pauli sigma-matrices.

The unphysical U-NOT operation /L - /L, =4 =-1

roximation quantum

and its optimal completely positive a

universal NOT gate /11 =1 = =-1/3| are shown.

U-NOT

[#) =alo)+4]1) ~

¢L> -5

0>fo/‘

Y

M.Ziman & V.Buzek, PRA 72, 022110 (2005).

Non-physical maps: U-NOT gate

+ Universal NOT gate ’8 = diag (l,—l,—l,—l)‘

* Best approximation

€ =diag (1,-1/3,-1/3,-1/3)

* 6 input states — eigenstates of
* 3 measurements |0,
* N=100 x 18 clicks

o) =l 0 -
~20.375 n
Q.c)u H* = — At +
& 0.350 Preas = 3 P
S
< 13

3 5 7 9 11
log, (N/18)
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Approximation of non-physical maps

* Nonlinear polarization 6[P]=exp[i9<oz> O'ijexp(—j9<o-z> G’J
rotation O, .
1800 input states ’g ] ])‘
* 3 measurements AN,
1.2
1L
[
0.8 1 \P\
0.6 - \\
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