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Reducing the sensitivity of the Mølmer-Sørensen gate for ion-
trap quantum computing to unbalanced laser intensities1 J.H. WESEN-
BERG, R.B. BLAKESTAD, J. BRITTON, J.D. JOST, E. KNILL, C. LANGER, D.
LEIBFRIED, R. OZERI, R. REICHLE, S. SEIDELIN, D.J. WINELAND, NIST —
Geometric gates for ion-trap quantum computing have been experimentally demon-
strated (fidelity≈ 0.97), using a single pair of laser beams driving a Raman transition
between motional states2. This class of gate operations only works for qubits en-
coded in states with field-sensitive transitions. Since qubits encoded in states with
field-insensitive transitions are less susceptible to decoherence, there is presently a
renewed interest in the Mølmer-Sørensen (MS) gate, a geometric gate compatible
with field-insensitive states3. A fundamental weakness of the MS gate is that it re-
quires two Raman transitions to be driven simultaneously, introducing a new error
source in the form of potentially unbalanced strengths of the two pairs of Raman
beams. We show that although the MS gate in the originally proposed form is highly
sensitive to such an imbalance, a minimal modification allows it to operate at high
fidelity, even with poorly balanced laser intensities.
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