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The Toffoli gate has two control qubits and one
target qubit. If both control qubits are in state |1}
the gate performs NOT operation on the target
gubit. Toffoli gate is equivalent to CCZ gate up o
local single-gubit Hadamard transforms on the
target qubit,
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Fy= 0.928(1)

F;= 0.947(1) Fy= 0.955(1)

To effectively evaluate the gate performance, we have developed a lower bound on quantum process fidelity for N-qubit CZ
gates [4], based on the original Hofmann fidelity bound [5]. Qur generalized Hofmann fidelity bound is determined by the
average output state fidelities for N partially conjugate product bases.
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4

Fecz 2 0.830(2)

Fecz = 0.89

Correlated photon pairs generated by SPDC are employed. Two qubits
are encoded into spatial and polarization degrees of freedom of the
signal photon and the third gubit is encoded into polarization of the idler
photon. The scheme is based on the two-gubit linear optical CZ gate
operating in the coincidence basis [1-3] placed into Mach-Zehnder
interferometer (MZI1). : 5
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BD - calcite beam displa-::er PPBS - partially polarizing beam splitter
with transmittances TV = 1/3 and TH = 1, PBS - polarizing beam splitter,
HWP - half-wave plate, QWP - quarter—wave plate, D - single-photon
detector.

Perfect universal NOT (U-NQT) gate is forbiden by the laws of quantum

ics:
P (W) L), (bLlw) =0.
Imperfect U-NOT gate is possible but fundamentally limited [7]. The
minimum average overlap Fid) = 1/{g+1), where d is dimension of the
input state. For optimal imperfect U-NOT gate the average fidelity reads
2/3 [B-11]. Perfect U-NOT is possible for partly unknown quantum states
[12,13].

The only infoermation required for perfect orthogonalization is knowledge
of a mean value a = (1| A |4/) of some operator A. By applying a quantum
filter (A-al) to input state |’} we conditionally prepare orthogonal state:
[rs) ox (A-al) 4.
The success probability p, of the procedure is proportional to the varian-
AA=(A-all):
e of operator A by < (@A B

where A = max|AA]| and AA, denotes eigenvalues of AA.

Input state: |1) = cos 2|0) + &*® sin §|1) (w) o
Operator A: oz = [0){(0] = [1)(1] = (oz) =cos®l .
Filter AA: o 07 — I cosf oc tan® £ |0) (0] — [1){(1] wie

Success probability: p, = tan?(8/2) =
The orthogonalization steps: 2o

a) state selective amplitude attenuation 1}
k) unitary m phase shift k)
This protecol can be generalized to multipartite sys- e S
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tems. Consider bipartite pure state | ¥ ),; with known

mean value of an operator A acting on subsystem A, T

a={"|A,® Ig| 7). The orthogonal state is: ol T
W haox (A-al)a @ fa|Wha, SPE

The orthogonalization can be performed by local filtering on a single

subsystem.
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Real (a) and imaginary (b) parts of the reconstruc-

ted density matrix of the three-qubit state genera-

ted by the CCZ gate from input product state [+++:
)

Fidelity and purity of the generated state

F=0.951 P =0.959

Real {a) and imaginary (b) parts of the reconstruc-
ted density matrix of the three-gubit GHZ state ge-
nerated by the CCZ gate from input state |q¥)|+):

(b)

Fidelity and purity of the generated state
F=0.962 P =0.949

We employ the Allan variance [6] to evaluate
the phase stabilty of the Mach-Zehnder

65cm long and displaced by 4mm.
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Experimental setup for orthogonalization of single-qubit
(a) and two-gubit (b) states:

by L 2f
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MLC - nonlinear crystal, SMF - single-mode fiber, BD -
calcite beam displacer, PPBS - partially polarizing
beam splitter, PES - polarizing beam splitter, HWP -
half-wave plate, QWP - quarter-wave pate, D - single-
photon detector, DB - detection block consisting of a
HWP, QWP, PBS and two single photon detectors.
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Overlap F between the input and orthogona-
lized states and success probability p, ;

a) {0z} is determined from theoretical know-
ledge of input state 10
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b) {oz} is determined from measurements
on the input state in HV hasi]ﬁn
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Fidelity and purity for all measured cases
F<0.0254 P> 0986

Overlap F between the input (1) and orthogonalized (O) two-qubit states and purity P and entanglement
of formation E; of the input and orthogonalized states. The data are presented for orthogonalization
using the knowledge of {zz} from state preparation (F, Pg, E;s) and for orthogonalization where {oz} is
determined from measurements on the first qubit (F°, Py, Exq).

1 & B2 P2 F F P, Po Po = Eio Eio
45 0 90° o* 0.040 0044 0964 0890 0909 0547 06168 0822
g75* 0* 90° o* 0.031 0037 0981 0891 0907 0819 0807 0.781
45  0° 45° 0° 0,021 0029 0938 0944 0942 0286 033 0.361
B7.5° 0¢ 45° 0 0008 0008 0975 0952 0941 0523 0482 0498
B7.5" ©0° 45° 90 0.041 0035 0971 0946 0935 0497 0518 0468




