











voltages to each logic gate location, analogous to transis-
tors within a classical computer processor. Only a handful
of global radiation fields, which are broadcasted across the
entire quantum computer architecture, are required, no
matter how many ions are used as part of the quantum
computation. While there are still laser beams required for
laser cooling, photoionization, repumping, and sympathetic
cooling, these can be applied as global beams, so their
number is not strongly correlated to the number of qubits
and alignment and stability requirements are not very
stringent. Besides describing the method, we have also
reported the experimental demonstration of the key ingre-
dient for this approach, namely, a new type of two-qubit
entanglement gate utilizing long-wavelength radiation.
Using this method we have created a maximally entangled
state with fidelity close to the relevant fault-tolerant thresh-
old. This method of creating high-fidelity entangled states
may also have significant impact in areas other than
guantum computing, owing to its simplicity and robustness.
This simple-to-implement gate mechanism can be used in a
large breadth of experiments in areas relying on the creation
of entanglement such as quantum simulation, quantum
sensing, and quantum metrology.
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used, and therefore the crosstalk values for the dressing
elds are Cip = Cp; =5:2 10 7. For the rf elds used
to drive the two-qubit gate, the crosstalk values would be
Ci, = Cy =2:0 10 “#for square pulse shapes, however,
the eld amplitudes would be shaped with a sin? pro le
as demonstrated in this work. Shaping the pulse ampli-
tudes further reduces the crosstalk by several orders of
magnitude. To see this, a numerical simulation of a two-
level system driven by a eld with Rabi frequency (t)
and detuning was performed. The Rabi frequency was
varied in time starting with a sin? shape ramp from =0
to = max for atimet,, followed by a hold at pax
for a time t,, and nally a second sin? shape ramp down
to =0in timety. It was found that for > 10 nax
and t, > = max, the error is reduced to < 10 7. This
detuning requirement is ful lled for both the rf and mi-
crowave dressing elds in this example. Therefore the
crosstalk between ions in a single zone is < 10 8, and is
therefore negligible compared to other error sources.

As mentioned, individual addressing of ions in di er-
ent zones is achieved by positioning the ions in di er-
ent zones in a di erent local static magnetic o set eld
achieved making use of the position dependent magnetic

eld originating from the local static magnetic eld gra-
dient within each zone. lons that are not being addressed
sit at magnetic eld B; corresponding to position z;,
while ions that require to be addressed are moved to posi-
tion z; resulting in a magnetic eld B,. As an example, if
B, Bi =2G, the Zeeman states of the ions that are not
being addressed are 2.8 MHz o -resonant. The crosstalk
for such a frequency separation with the parameters in
the example case is 6:4 10 ©



