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Over the last two decades, quantum computing and quantum information processing have
emerged as exciting fields of science due to the possibility of solving certain problems much faster
than any foreseeable classical computer [1]. It has been predicted that, in addition to factoring,
quantum algorithms can be used for solving a variety of problems including efficient data search
and finding the eigenvalues and eigenvectors of large matrices. The most widely utilized model for
quantum computing, which is often referred to as the circuit model, utilizes quantum bits (qubits)
which are quantum systems that can be in two different states. Quantum computing relies on oper-
ations performed on qubits, analogous to gates on classical bits, but qubit operations can exploit the
extraordinary behavior of nature at the quantum scale. The principles of quantum computing have
now been demonstrated using a variety of physical qubits including trapped ions, neutral atoms,
semiconductor quantum dots, superconductor Josephson junctions, and single photons. Quantum
mechanics tells us that the size of the Hilbert space of N identical two-level systems is 2N ; i.e.,
exponentially large in the number of qubits. Quantum computers are predicted to be so powerful
in part because they utilize this exponentially large dimension of the Hilbert space, and perform
many computations simultaneously in parallel (often referred to as quantum parallelism). In this
poster, we discuss a ubiquitous source of noise on quantum computers and argue the failure of
scalability of quantum computation. This noise source is correlated (superradiant) decay which
inevitably happens when the qubits are coupled to a common bosonic bath.

We investigate correlated decay between the qubit energy levels from a two- or three-dimensional
array of qubits without imposing any restrictions on the size of the sample [2]. We first show that
regardless of how the spacing between the qubits compares with the emission wavelength, correlated
decay produces errors outside the applicability of the threshold theorem. This is because the sum
of the norms of the two-body interaction Hamiltonians (which can be viewed as the upper bound
on the single-qubit error) that decoheres each qubit scales with the total number of qubits and
is unbounded. We then discuss two related results: (1) We show that the actual error (instead
of the upper bound) on each qubit scales with the number of qubits. As a result, in the limit
of large number of qubits in the computer, N → ∞, correlated decay causes each qubit in the
computer to decohere in ever shorter time scales. (2) We find the complete eigenvalue spectrum of
the exchange Hamiltonian that causes correlated decay in the same limit. We show that the spread
of the eigenvalue distribution grows faster with N compared to the spectrum of the unperturbed
system Hamiltonian. As a result, as N → ∞, quantum evolution becomes completely dominated
by the noise due to correlated decay. These results argue that scalable quantum computing is not
possible in the circuit model in a two- or three- dimensional geometry when the qubits are coupled
to a common bosonic bath.
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