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OPTIMIZING TWO-QUBIT PULSES

MOTIVATIONS

- Capacitive coupling is an intuitive choice of mechanism for entanglement be- To find the pulse sequence that yields the highest fidelity CZ gate, we must ex-

In the analysis presented in the section “optimizing two-qubit pulses’, g was
chosen to be +75 peV, as this was an experimentally measured value®. However,
capacitive couplings as large as 200 peV have been measured as well*. Addition-
ally, by switching the orientation of the QDHQs relative to each other can also

tween electrically-controlled semiconductor-based quantum bits.’ plore the parameter space spanned by €V @

T __,and T _.Toestimate the

wait’ wait” “ramp

fidelity of these gates, we will be assuming uncorrelated quasistatic charge noise

: t Dot Hybrid Qubit DH h the attractive feat that the effec- ' ' imiti ' '
nature of elegctrostatic couplings does nc?t Igad to un\’/vanted interqulgit intzrac— o mr? S ze performecdon a fimescale comparable fo single-quilt the same pulse optimization as before for multiple values of the coupling g, posi-
i 9 gates In these systems®. tive and negative. We additionally vary AE_ = E_"- E_®, keeping E_" fixed at 52
: ueVv.
T (ns)
. . . . o ramp
Whlle the pulse sequences pr.oposed here.requwe !ess experimental overhead to The smallest T that is still con- S : e o AE =1 ueV o AE =1 ueV
implement than quickly varying pulses, it is conceivable that they would be . . ramp . : , N i ST i ST
more susceptible to charge noise, an inherently fast process sistent with the adiabaticity cri- < ' 0.1 v AE._ =3 peV 0.1 > v AE. =3 peV
’ ' terion, defined as adiabatically % : ST ST
pulsing €Y and £? from 500 peV 2 o :’ o — 0.05 > A AE, =5 peV —0.05 - A AE, =5 peV
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The dynamic charge character of the QDHQ leads to a tunable coupling between ther steps in the analysis. © 0 150 300 Vi © ° ® o
qgubits, which can be leveraged into a CZ gate. 1 L AYY Yy o ___i_‘__ o
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S e For each pairof &V and &? _ the 0 -100 -200 0 100 200
_ _ N gate fidelity is optimized over pos- Vv Y,
: : S sible values of T _, using the asso- g (He ) g (He )
| > " . IO> (D) wait
0 : 1S = ciated fastest L found above.
oA ;% 0] Pairs with Tomp = 29 ns (points METHODS
=, 2 : o under dashed gray line) are ne-
O ~_ ] : glected, and pairs with t__ =21 o _
1) 0 2A. : 11) +T_ >50ns (points Jbove dashed To calculate the process fidelity in the absence of charge noise, we first found the
LLI OO 15!0 300 bIaVcV:aIi<t I_ine) are omitted from further .unitary gvolutior) ansso.ciated with a pulse sequence by performing a numerical
5 - - T Vi steps in the analysis. integration. The ideal unitary U __ was then constructed as
“ ST S) | Ear (HEV) Ugen = 291 Z2()CZ
= : : = where ¢, and ¢, were the single qubit phase accumulations in U . Using the
o Detuning (€) a o Infidelity (a.u.) - Choi-Jamiolkowski representation® for the process E(p), we calculated the pro-
X » > o cess matrices y . _andy __, from which we found the process fidelity
* The process infidelity of pulse se- X F=Tr(X . X. )
quences with optimal 7 andT, ., S < The fidelities were calculated for a range of possible values of quasistatic charge
The dispersion of a single QDHQ as a function of the detuning €. In the far de- here assuming quasistatic charge qj’_ o g noise, and the average was taken over a two-dimensional Gaussian distribution
tuned regime (right-most dashed line in center plot), the ground state is approxi- noise with a standard deviation of :Tz O with a standard deviation 0. For more details, see:
mately |- S ), indicated in the schematics in blue, and the first excited state is ap- o =1 peV. Pulse sequences longer %)g S http://arxiv.org/abs/ARXIVLINK.
proximately |- T Y, indicated in the schematics in red. Closer to the charge transi- than 50 ns (t,_, = 50 ns, outside o
tion point (left-most dashed line in center plot), the first excited state begins to gray dashed shape) are neglected. —
mix with the |S -) state, indicated in the schematics in yellow. o | < REFERENCES
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