
Title: Low-overhead fault-tolerant quantum computing with high-rate qLDPC codes
Speakers: Xian Qu
Collection/Series: Quantum Information
Subject: Quantum Information
Date: February 05, 2025 - 11:00 AM
URL: https://pirsa.org/25020028
Abstract:

High-rate  quantum  low-density  parity-check  (qLDPC)  codes  offer  significantly  lower  encoding  overhead  compared  to  their
topological counterparts by relaxing locality constraints. However, achieving full-fledged logical computation with these codes in
physical  systems  with  low  space-time  costs  remains  a  formidable  challenge.  In  the  first  part  of  this  talk,  I  will  provide  an
overview  of  recent  advancements  in  implementing  qLDPC  codes  as  quantum  memories  on  realistic  platforms,  such  as
reconfigurable  atom  arrays.  Next,  I  will  present  a  new  scheme  for  performing  parallelizable  and  locally  addressable  logical
operations on homological product codes. This scheme extends the transversal CNOT gate from two identical CSS codes to two
distinct,  yet  structurally  similar,  qLDPC  codes,  enabling  efficient  local  addressing  of  collectively  encoded  information.  We
demonstrate  that  this  approach  achieves  lower  overhead  in  not  only  the  space-  but  also  the  overall  space-time  overhead
compared  to  surface-code-based  computations.  Finally,  I  will  discuss  new  strategies  for  achieving  highly  space-time-efficient
computations  with  qLDPC  codes  by  leveraging  algorithm-specific  fault  tolerance,  designing  tailored  protocols  for  structured
quantum algorithms.
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