SAND2023-00232C

Sandia
National
Laboratories

Logical Majorana Fermions
for Fault-Tolerant
Quantum Simulation

Benjamin C. A. Morrison and Andrew J. Landahl
arXiv:2110.10280

- — @ ENERGY NISH

Natfunal Mociear Socuriy Aunistraion

Sandia National Laboratories is a
multimission laboratory managed and
operated by National Technology &
Engineering Solutions of Sandia, LLC, a
wholly owned subsidiary of Honeywell
International Inc., for the U.S. Department of
, owned subsidiary of Honeywell International Inc., for the U.S. Department of Energy's National Nuclear Security Administration under contract Energy’s National Nuclear Security
@E"ERGY -—’!’L‘L% DE-NA0003525. Administration under contract DE-
NA0003525.

E] Sandia National Laboratories Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a wholl




Quantum Simulation

= Apply unitary evolution under a Hamiltonian to a quantum

system

= Consider Hamiltonians written in terms of fermionic creation and

annihilationo g _ _, Y dfa,,+ 5 > nyan,

(p,q),0

= Time-evolution operator cannot be implemented dlrectly
*Use Trotter-Suzuki approximation or blockrencodir;
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+ | Fault-Tolerant Quantum Simulation

Jordan-Wigner Simulation Application
' Dirac Fermions
f, LrApSIMAlion ) e (x, +iv,)
1 :
=57 02, )0 (X,—iY,)

2
Logical Qubits

Y Cj Logical Majorana Fermions
(Twist Defects)

Q Physical Qubits
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s | Logical Majorana Fermions

Bring the twists from the boundary into the
bulk
Braid the twists or measure strings around



6 ‘ Logical Majorana Fermions for Fault-Tolerant Quantum

" Locality allows parallelism reducing

Simulation Application
o Eare depth of Trotter steps from O (y/n)

to 0(1).

= Majorana-inspired speedup for

10N + O(logN) to 8N + O(logN).
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= Performance

Logical Majorana Fermions C>
(Twist Defects) |mprovements
possible for other
systems?
Physical Qubits Q




