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I. MULTI-QUBIT ENTANGLER DESIGN

Here we show how to produce the entangler (32) used
to construct the multi-target CNOT gate. With the cou-
plings between the ancilla and the n qubits in the SES
partition set to a positive constant g (see Fig. 5), the
device Hamiltonian becomes

H =

n+1∑
i=1

(
0 0
0 ε0

)
i

+g

n∑
i=1

σxi ⊗σxn+1+Ω cos( ε0t~ )σxn+1, (1)

where we have added a resonant microwave drive to the
ancilla. Decompose the time evolution operator U gen-
erated by (??) as

U = e−iDat/~Ua, with Da =

n+1∑
i=1

(
0 0
0 ε0

)
i

. (2)

Then U̇a = −(i/~)HaUa, where

Ha ≈ g

2

n∑
i=1

(
σxi ⊗ σxn+1 + σyi ⊗ σyn+1

)
+

Ω

2
σxn+1 (3)

is the Hamiltonian in the z-rotating frame. We choose
the evolution time to satisfy

tgate = la

(
2π~
ε0

)
, (4)

where la is an integer, which makes e−iDat/~ = I, and
which also suppresses the small corrections to (??) when
averaged over tgate. The value of la (usually between 100
and 300) is determined by the desired gate time.

Next decompose Ua as

Ua = e−iDbt/~Ub, with Db =
Ω

2
σxn+1. (5)

Then U̇b = −(i/~)HbUb, where

Hb ≈
g

2

n∑
i=1

σxi ⊗ σxn+1 =
g

2
Sx ⊗ σxn+1 (6)

is the Hamiltonian in a second frame rotating the ancilla
about the x axis. We choose the Rabi frequency to satisfy

Ω = lb

(
4π~
tgate

)
, (7)

where lb is another integer, which makes the corrections
to (??) vanish on average and also makes e−iDbt/~ = ±I.
The value of lb is chosen to minimize the total gate error:
For the simulations reported in Table I we find that lb = 2
or 3 is optimal. The effect of this second transformation
is to remove the σy ⊗σy term in (??). Note the factor of
1
2 in (??) that is not present in (??).

With these parameters the evolution operator becomes

U ≈ e−i
g
2Sx⊗σx

n+1tgate . (8)

Setting the coupling strength to g = π~/2tgate generates
the desired entangler (32).


