Phase control in the vibrational qubit
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In order to use molecular vibrations for quantum information
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this is so only in two



phase difference A¢ # 0 will lead to decrease in the transfer
probability.

In order to explore this effect we have carried out a
series of numerical experiments. First, we have numerically
optimized the pulse shape using the functional (3) with two
transitions, either (4) and (5) or (11) and (12). Then we have
applied the optimal pulse to various initial qubit states gen-
erated by changing « and @ in expression (7). Finally, for
each studied case we have computed the transfer probability
P=[(4i(T)| ¢¢)|%. Figure 1 shows P as a function of two vari-
ables, @ and 6; the P(«, 6) of the pulse represents the gate
accuracy as a function of the initial qubit state. The results
obtained with the pulse optimized for transitions (4) and (5)
are presented in Fig. 1(a). Figure 1(b) gives the same for the
pulse optimized for transitions (11) and (12). The readers can
see that in both cases the gate accuracy is very high in the
vicinity of the points used in the pulse optimization proce-
dure: in Fig. 1(a) the value of P is nearly 0.995 at the points
a=0 and «=1; in Fig. 1(b) it is about 0.995 at the points
(a:%, 0=0)
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Here the sum is over two or more transitions optimized si-
multaneously. The fidelity is high



P=1 everywhere in the («, 6) space. Note that the phase
difference Ag is very small after such a phase-constrained
optimization and the gate fidelity is high (see Table II).

C. Hadamard transform

The Hadamard gate creates the equal probability super-
position states out of the qubit eigenstates:

Had|0) —



transfer of probability is achieved by the laser pulse. In prac-
tice, however, small deviations in the probability transfer
lead to some residual phase differences as well. This should
cause no problem for the molecules that can be efficiently
controlled.®

lll. CONCLUSIONS

We carried out very detailed OCT studies of the gates
NOT, r rotation, and the Hadamard transform in the vibra-
tional qubit with the focus on understanding how the phases
of the optimized transitions affect the gate accuracy. We
demonstrated that when the laser pulse is optimized for only
two transitions in the qubit, the gate accuracy should be
viewed as a function of three variables: « and 6, which de-
fine the initial qubit state, and A¢, which represents the
phase difference imposed by the pulse. We showed that if the
Ag is large (unconstrained) then the high quality of the pulse
optimization achieved with the ocT algorithm is meaningful
only in the close vicinities of the two initial qubit states used
in the pulse optimization procedure. For other initial qubit
states the gate accuracy can be significantly lower which
means that such a laser pulse does not represent a truly uni-
versal quantum gate. We also confirmed the result of Ref. 7.
Namely, we observed that simultaneous optimization of three
transitions in the qubit allowed to constrain phases (provided
the transition probabilities are high). We found that such a
phase-constrained optimization produces laser pulses charac-
terized by a small Ae, consistently high accuracy, and a
weak dependence on the initial qubit state. One of the pos-
sible future research directions is to search for alternative

direct ways of incorporating the efficient phase control into
the OCT pulse optimization procedure.
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