For two spins, the magnetization M (t) = Tr[p(t)(cl + 02)]

p(t) — e—it(w1Z1+w2Z2)tp(t0)eit(w1Z1+w2Z2)t
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The Fourier transform has a peak at the Larmor frequency. The integral of the
peak gives us the scale of the matrix element, the width estimates T5.
eln the presence of coupling,

p(t) = e~ W Z14+w? Bt T 21 2) p(to) et 214w 2o+ I 21 Z)
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Coupling between qubits is seen has the splitting of the lines in two correspond-
ing to having the second qubit is in the state |0) or |1)

Obsevable is the transition
10><11+11><0I of a given spin
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The initial state is p = e %7 /Tre #H with Bwr ~ 1075 implies

1

Schulman and Vazirani [4]: concentrate polarization of the qubits. A 3 qubit
example: if H = w(Z; + Z» + Z3), we can increase polarization by swapping
the states |011) «—— |100)
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Making a pseudo pure state (Cory et al 1996, Gershenfeld et al. 1997)
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Making a pseudo pure state on only one bit
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and evolve with Uyt described the circuit below, measuring X
on the first qubit alone will give

1
rrr[Xonne bitpiUlne bit] bl FRB(T‘I‘[U])

The strong magnetic field in the z direction, with some work to ho-
mogenize the magnetic in the X —Y direction reduces the number
of parameters that describe the noise to three. The temperature,
T2 and T1.

T2 describe the rate of decoherence (the randomization of the
phase) which induce the decay of the off diagonal terms. It is
caused by coupling to other spins or to the inhomogeneity of the
magnetic field. It is a unital quantum operation, i.e. preserve the
unit matrix.

_ a b+ic . a (b+ic)e t/T
P=\b_—ic1—a (b—ic)e_’f/T2 1—a

T2 is of the order off seconds in liquid state NMR.

Relaxation to thermal equilibirum is given at a rate called T'1. It
describe the interaction with the “lattice”.
The evolution of a family of isolated spin in pure states evolve as:

)= (Floh)
_ P10 P11
B pgg(l _ et/Tl) + péoe—t/Tl péle—tﬂ*Tl

P = pgoe—t/2*T1 p'itll(l _ et/Tl) + pzile—t/Tl

with pga = €7¢/(e?* + e P¢) and pi] = e P« /(&% + e P¥)

T1 for liquid state NMR is of the order of seconds to tens of
seconds.
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A control-not is implemented by (§2_90:5p9 phi3 ):f1

combining one bit gates and a
single two qubit gate. C is the
control and C, the target. ' (€5 90:5p9 ph1s):£1
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as we increase the number of qubits, we need to automate many
tasks such as the refocusiign schemes and also deal systematically
with errors that can be partially corrected.

Quantum network

Quantum Circuit: single bit + cnot
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NMR implementation of the decoding and error correction:

Toffoli gate:

and the full decoding and Toffoli, including some optimization
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The demonstration of quantum error correction is in the shape of the green curve which
does not have the first order error. The curve is much flatter than the red one.

Experimental Quantum Error Correction:
. Cory, M. D. Prlce W. Maas, E. Knill,
R. Laflamme W. H. Zurek,T. F. Havel and
. S. Somaroo, PRL 81 2152 1998




Projection on the spin 1/2

O ey + 32172
=1-[3/2,3/2) + |3/2,1/2) +

[3/2,—1/2) 4+ |3/2,—3/2)]

in term of operators we have

Py = [3011 — 31X X) + (IYY) + (1Z2)]]
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Implementation of the 5 bit code with
the stabilizer Z%Y3Y*X5, Z'Y?Y3X4,
Y?2Z3Z*Z% and X'Z%X3Z*, including de-
coding and error correction for a basis of 1
qubit errors [1].
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We have seen that the circuit below can be powerful computationnaly

1
T X1 Usne bitPiU e 1ie] = FR‘E(TT[U])

Are there any interesting U?

It is possible to characterize complex dynamics. In reference [?] it was shown that the
average fidelity decay of the state where we evolve under a unitary evolution U P where
U is characteristic of the evolution and P is a perturnation of it

2
Fa (¥) = |l @) Uy 1)|

is given by ,

+ N

| [y oy
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A simpified circuit to evaluate this is given by (noting that the control on the U can be
dropped without changing the circuit):
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The circuit can be implemented in crotonic acid
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The diagrams below give the behavior of regular and chaotic evolution:

and experimentally we obtain:
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For details see [3]




The nuclei spectra
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