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Professional Certificate in Quantum Al Solutions for Biomedical Engineering (United States)

Quantum Computing Fundamentals for Biomedical
Engineering

Abramsky—-Gottesman Theorem — stabilizer formalism, Pauli group

Defines the efficient simulation of Clifford circuits on classical computers. In biomedical contexts, it helps
assess which quantum subroutines for protein folding can be classically emulated, guiding algorithm
selection. Challenges include extending the theorem to non-Clifford gates used in variational algorithms.

Amplitude Amplification — Grover's algorithm, probability boosting

Generalizes Grover's search to increase the success probability of any quantum subroutine. Example:
Amplifying the likelihood of finding a low-energy conformation in a quantum chemistry simulation of a
drug candidate. Practical issues involve noise-induced amplitude decay and the need for precise phase
rotations.

Ancilla Qubit - auxiliary qubit, helper qubit

Used to store intermediate results or to facilitate error correction. In quantum-enhanced MRI, ancilla qubits
may encode reference phases for enhanced contrast. The main challenge is the increased circuit depth,
which raises decoherence risk.

Annealing Schedule — temperature ramp, quantum annealer

Describes how the Hamiltonian’s parameters change over time in quantum annealing. For
protein-misfolding studies, an optimized schedule can guide the system toward native states. Poor
scheduling can trap the system in local minima, limiting solution quality.

Bell State — maximally entangled pair, EPR pair

A two-qubit entangled state such as (|00)+|11))/v2. Bell states enable quantum teleportation of molecular
information between distant quantum processors, a potential route for distributed biomedical
computations. Maintaining high fidelity across hardware platforms remains difficult.

Bloch Sphere — qubit representation, state vector

Geometric visualization of a single qubit’s state. Understanding Bloch rotations aids the design of precise
pulse sequences for quantum-controlled drug release experiments. Real devices suffer from drift and
calibration errors that distort the sphere.

Born Rule — measurement probability, quantum statistics

Relates the square of a state’s amplitude to observable probabilities. In quantum-based diagnostic imaging,
the Born rule predicts detection rates of entangled photons. Misinterpretation can lead to biased clinical
data.

Boson Sampling — photonic quantum computing, linear optics
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A computational problem that is classically hard but naturally solved by photonic networks. It can model
complex biochemical pathways where bosonic excitations resemble vibrational modes. Scaling to
biologically relevant sizes is limited by photon loss.

Bravyi—Kitaev Transformation — fermion-to-qubit mapping, Jordan-Wigner alternative

Maps fermionic operators to qubits with reduced locality overhead. Essential for quantum simulations of
enzyme active sites, where electron correlations dominate. The transformation introduces non-trivial parity
strings that increase gate count.

Channel Capacity — quantum communication, information rate

Maximum rate at which quantum information can be reliably transmitted. In telemedicine, high-capacity
quantum channels could securely transfer patient genomic data. Environmental decoherence limits
attainable capacity.

Chebyshev Polynomial Approximation — function expansion, quantum algorithms

Used to approximate Hamiltonian exponentials in algorithms like quantum phase estimation. Enables
efficient simulation of large biomolecular Hamiltonians. Approximation errors can accumulate, requiring
careful order selection.

Clifford Group — stabilizer circuits, quantum error correction

Set of gates that map Pauli operators onto themselves. Clifford operations are easy to simulate classically
but insufficient for universal quantum computing. Combining Clifford with non-Clifford gates (e.G., T-gate)
yields full universality for drug-design algorithms.

Coherence Time — decoherence, qubit lifetime
Duration over which a qubit retains its quantum state. Longer coherence enables deeper circuits for
quantum-enhanced MRI reconstruction. Material defects and thermal noise are primary limiting factors.

Compressed Sensing — signal reconstruction, sparse sampling

Reconstructs high-dimensional data from fewer measurements. In quantum imaging, compressed sensing
reduces the number of required entangled photon detections, accelerating scan times. Requires accurate
prior models of biological sparsity.

Controlled-NOT (CNOT) Gate — entangling gate, two-qubit operation
Flips the target qubit conditional on the control qubit's state. Core component of quantum error-correcting
codes used in biosensor networks. Gate fidelity is limited by cross-talk and calibration drift.

Controlled-Phase (CPHASE) Gate — entangling, conditional phase shift

Applies a phase when both qubits are in the |1) state. Utilized in constructing quantum Fourier transforms
for spectral analysis of protein vibrations. Implementation errors lead to phase noise that skews frequency
estimates.

Density Matrix — mixed state representation, quantum statistical operator
Encodes both pure and mixed quantum states, useful for modeling open-system dynamics of biomolecules
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interacting with a solvent. Computing the full density matrix scales exponentially; approximate methods like
matrix product states are employed.

Dephasing — phase damping, loss of coherence

A decoherence mechanism where relative phases between qubit states randomize. In quantum-enhanced
fluorescence microscopy, dephasing reduces interference contrast. Mitigation strategies include dynamical
decoupling sequences.

Deutsch—Jozsa Algorithm — oracle problem, quantum speedup

Demonstrates exponential speedup for determining whether a function is constant or balanced. Though
primarily pedagogical, it illustrates how quantum oracles could encode biochemical property checks, such
as binding-affinity thresholds. Real-world oracles are difficult to construct.

Digital-Analog Quantum Computing — hybrid approach, gate-based plus analog

Combines discrete gate operations with continuous-time Hamiltonian evolution. Enables efficient simulation
of large biomolecular Hamiltonians while retaining error-correction benefits. Calibration of analog portions
adds complexity.

Dirac Notation — bra-ket syntax, quantum states
Compact way to denote quantum states (|J)) and duals (). Essential for expressing quantum algorithms
for drug-target interaction predictions. Misuse can obscure underlying physical assumptions.

Dispersion Relation — energy-momentum relationship, quantum dynamics

Describes how excitation energies depend on momentum in quantum simulations of protein phonons.
Accurate dispersion models improve predictions of allosteric effects. Requires high-resolution Hamiltonian
parameters.

Distillation Protocol — entanglement purification, fidelity improvement
Improves the quality of noisy entangled states by consuming multiple low-fidelity copies. Critical for
long-range quantum communication of patient data. Protocol overhead grows quickly with target fidelity.

Double-Well Potential — quantum tunneling, bistable system

Models conformational changes in biomolecules where two minima represent distinct states. Quantum
tunneling rates can be estimated with quantum annealers, providing insight into enzyme kinetics. Classical
approximations may miss subtle tunneling contributions.

Dynamic Decoupling — error mitigation, pulse sequence

Applies a series of control pulses to average out environmental noise. Used to preserve coherence of qubits
storing patient genomic sequences during extended computations. Pulse timing errors can introduce
additional decoherence.

Eigenstate — Hamiltonian eigenvector, stationary state
State that yields a single energy value upon measurement. Finding low-energy eigenstates of a drug-target
Hamiltonian is the central task of quantum chemistry algorithms. Variational methods may converge to
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excited states if the ansatz is poorly chosen.

Entanglement Entropy — quantum correlation measure, von Neumann entropy

Quantifies the amount of entanglement between subsystems. In quantum simulations of cellular networks,
high entanglement entropy indicates strong inter-protein coupling. Computing entropy scales poorly with
system size.

Fidelity — state similarity, overlap metric

Measures how close an experimentally prepared state is to the ideal target state. In quantum biosensing,
fidelity > 0.99 Is often required for reliable detection of biomarkers. Achieving high fidelity demands precise
calibration and low noise.

Fock Space — many-particle Hilbert space, photon number basis

Framework for describing variable numbers of quanta, such as photons in quantum imaging. Enables
modeling of multi-photon entangled states used in super-resolution microscopy. Computationally intensive
for large photon numbers.

Fourier Transform — frequency domain, signal processing

Transforms time-domain data into frequency components. Quantum Fourier transform (QFT) underpins
algorithms for spectral analysis of biomolecular vibrations. Implementing QFT with limited qubits introduces
approximation errors.

Gate Fidelity — operation accuracy, error rate

Probability that a quantum gate performs the intended transformation. For clinical-grade quantum
processors, gate error rates must be below 107 to ensure trustworthy diagnostic outcomes. Current
hardware often exceeds this threshold.

Gate Set Tomography — characterization, quantum process tomography

Comprehensive method to diagnose errors across an entire gate set. Enables systematic improvement of
quantum circuits used in pharmacokinetic modeling. Requires large data sets and sophisticated statistical
analysis.

Generalized Amplitude Damping — thermal noise, quantum channel

Models energy exchange with a thermal environment, causing both relaxation and dephasing. Relevant for
qubits operating at finite temperature in biomedical labs. Mitigation involves cryogenic cooling and
error-correcting codes.

Grover's Algorithm — search, quadratic speedup

Provides VN speedup for unstructured search problems. In drug discovery, can be used to locate optimal
ligand configurations among a combinatorial library. Oracle construction for chemical similarity remains
non-trivial.

Hadamard Gate — superposition, H-gate
Creates an equal superposition of |0) and |1). Frequently the first step in preparing quantum states
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representing uniform distributions of molecular conformations. Imperfect Hadamard operations lead to
biased sampling.

Hamiltonian — energy operator, system dynamics

Encodes the total energy of a quantum system, driving its evolution. Accurate Hamiltonians for protein—
ligand complexes are essential for reliable quantum chemistry simulations. Approximation errors propagate
through all downstream predictions.

Heisenberg Uncertainty Principle — position-momentum trade-off, quantum limits
Sets fundamental limits on simultaneous measurement precision. In quantum microscopy, dictates the
trade-off between spatial resolution and photon flux, influencing detector design.

Hybrid Quantum-Classical Algorithm — variational, QAOA, VQE

Combines classical optimization with quantum subroutines. The Variational Quantum Eigensolver (VQE) is a
leading hybrid method for estimating ground-state energies of drug targets. Classical optimizer choice
(e.G., Gradient-free vs. Gradient-based) heavily impacts convergence.

IBM Quantum Experience - cloud quantum platform, IBM Q

Provides access to superconducting qubit processors for experimentation. Many biomedical engineering
curricula use this platform to prototype quantum algorithms for gene-sequencing error correction. Device
queue times and limited qubit counts are common constraints.

Imaginary Time Evolution — ground-state preparation, quantum Monte Carlo analog

Simulates evolution under a Hamiltonian with imaginary time to project onto low-energy states.
Implemented on quantum hardware via Trotterization, it aids in finding stable protein conformations. Trotter
errors and decoherence limit depth.

Indistinguishability — bosonic symmetry, photon statistics

Property of identical particles that leads to quantum interference. Essential for Hong-Ou-Mandel
experiments used in quantum-enhanced fluorescence correlation spectroscopy. Imperfect
indistinguishability reduces interference visibility.

lon Trap — trapped-ion qubits, linear Paul trap

Hardware platform where ions are confined and manipulated with laser pulses. Offers long coherence times,
making it attractive for high-precision quantum simulations of metabolic pathways. Scaling to many ions
introduces motional mode crowding.

Jordan-Wigner Transformation — fermion-to-qubit mapping, linear chain

Maps fermionic operators to qubits by a string of Pauli Z operators. Simple to implement but creates long
Pauli strings, increasing circuit depth for large biomolecules. Alternative mappings (Bravyi—Kitaev) can
reduce overhead.

Kraus Operators — quantum channels, operator-sum representation
Describe the effect of noise on quantum states. Used to model photon loss in quantum imaging systems.
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Determining accurate Kraus sets for complex biological environments is an ongoing research challenge.

Landau—Zener Transition — adiabatic crossing, probability of excitation

Predicts the likelihood of a system staying in its ground state when a Hamiltonian parameter is swept.
Guides annealing schedule design for avoiding diabatic excitations in protein folding simulations. Fast
sweeps increase transition probability, reducing solution quality.

Lattice Gauge Theory — discrete field theory, quantum simulation

Framework for simulating quantum field interactions on a lattice. Emerging applications include modeling
electromagnetic fields in neuronal tissue using quantum processors. Requires deep circuits and
sophisticated error mitigation.

Linear Combination of Unitaries (LCU) — Hamiltonian simulation, algorithmic technique

Expresses a Hamiltonian as a sum of unitary operators, enabling efficient quantum simulation. Used in
quantum chemistry to encode electron-electron interactions. Implementations increase ancilla qubit count
and demand precise amplitude control.

Logical Qubit — error-corrected qubit, encoded qubit

Qubit formed from multiple physical qubits using an error-correcting code. Logical qubits are essential for
fault-tolerant quantum computation of large-scale biomedical datasets. Overhead can be > 1000 physical
qubits per logical qubit with current codes.

Measurement Error Mitigation — readout calibration, post-processing

Techniques to correct systematic errors in qubit readout. In quantum diagnostic assays, accurate
measurement of quantum states translates directly to reliable biomarker quantification. Requires frequent
calibration and assumption of stationary error rates.

Metropolis—Hastings Algorithm — Monte Carlo sampling, Markov chain

Classical algorithm that can be hybridized with quantum subroutines for sampling molecular conformations.
Quantum speedup can be achieved by using quantum walks for proposal steps. Integration complexity and
convergence diagnostics pose challenges.

Mixed-State Quantum Computing — density matrix, noisy intermediate-scale quantum (NISQ)

Utilizes states that are not pure due to environmental interactions. Many current biomedical quantum
experiments operate in this regime, requiring robust error mitigation. Mixed-state algorithms often sacrifice
precision for hardware feasibility.

Monte Carlo Integration — statistical sampling, numerical integration

Estimates integrals by random sampling; can be accelerated using quantum amplitude estimation. Applied
to calculate free-energy differences in drug binding. Quantum advantage is limited by the need for deep
circuits and error correction.

Noise Model — error characterization, Pauli channel
Mathematical description of how quantum hardware deviates from ideal behavior. Accurate noise models
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enable realistic simulation of quantum algorithms for genomic data analysis before deployment on real
devices. Models often oversimplify correlated noise sources.

Non-Clifford Gate — T-gate, magic state

Gates that extend Clifford group to universal quantum computation. T-gate is expensive in fault-tolerant
settings, requiring magic-state distillation. Reducing T-gate count is a major optimization target for
biomedical quantum algorithms.

Noise-Resilient Ansatz — variational circuit, hardware-efficient

Designs parameterized circuits that align with the native gate set and connectivity of a given quantum
processor, minimizing exposure to dominant noise channels. Used in VQE for enzyme active-site energy
estimation. Trade-off: Reduced expressivity vs. Higher fidelity.

Operator Splitting — Trotter—Suzuki decomposition, Hamiltonian partitioning

Divides a complex Hamiltonian into simpler parts that can be exponentiated separately. Enables simulation
of large biomolecular systems on limited-depth quantum circuits. Higher-order splitting reduces error but
increases gate count.

Pauli-Based Measurement — observable decomposition, term grouping

Technigque to measure many Hamiltonian terms simultaneously by rotating into Pauli bases. Critical for
reducing measurement overhead in VQE calculations of drug-target interactions. Grouping strategies affect
total runtime.

Phase Kickback — controlled rotation, quantum arithmetic

Phenomenon where a control qubit’s phase is shifted by operations on a target qubit. Utilized in quantum
phase estimation for determining eigenvalues of molecular Hamiltonians. Sensitive to control-qubit
decoherence.

Photon-Number Resolving Detector — PNRD, quantum optics
Detects the exact number of photons in a pulse, enabling high-resolution quantum imaging of cellular
structures. Limited by dark counts and saturation effects, which can obscure weak fluorescence signals.

Quantum Approximate Optimization Algorithm (QAOA) — combinatorial optimization, variational
Optimizes a problem by alternating between problem-specific and mixing Hamiltonians. Applied to
scheduling of radiotherapy sessions, where the objective is to minimize patient wait times while respecting
dosage constraints. Performance heavily depends on depth and parameter initialization.

Quantum Annealing — adiabatic optimization, D-Wave

Solves optimization problems by slowly varying a Hamiltonian from a simple initial form to a
problem-specific final form. Used for clustering of gene expression data. Quantum annealers suffer from
limited connectivity and control precision, affecting solution quality.

Quantum Advantage — supremacy, practical benefit
Situation where a quantum device outperforms the best classical algorithm for a task of interest.
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Demonstrating quantum advantage in biomedical simulations (e.G., Protein folding) requires problem sizes
beyond current hardware capabilities.

Quantum Algorithm — procedure, quantum circuit

Step-by-step protocol that exploits quantum phenomena to solve computational problems. Examples
include VQE for drug binding energy and quantum machine learning for patient outcome prediction.
Algorithmic depth and error rates dictate feasibility on NISQ devices.

Quantum Annealer Architecture — chimera graph, Pegasus topology

Physical layout of qubits and couplers influencing problem embedding. Biomedical problems often need
dense connectivity, prompting the use of advanced topologies like Pegasus. Embedding overhead can
inflate qubit usage dramatically.

Quantum Bit Error Rate (QBER) — error metric, quantum communication

Fraction of bits that are erroneous after transmission. In secure quantum key distribution for patient data,
maintaining QBER below a threshold ensures privacy. Environmental fluctuations and detector inefficiencies
raise QBER.

Quantum Circuit Depth — gate layers, execution time
Number of sequential gate operations a circuit contains. Deeper circuits increase exposure to decoherence,
limiting the size of biomedical simulations that can be run without error correction.

Quantum Circuit Width — qubit count, parallelism
Number of qubits used simultaneously. Wide circuits enable parallel evaluation of multiple molecular
configurations but demand more hardware resources and increase cross-talk.

Quantum Chemistry — electronic structure, ab-initio methods

Application of quantum computing to solve the Schrédinger equation for molecules. Central to predicting
binding affinities of candidate drugs. Current quantum hardware can only handle small fragments; hybrid
classical-quantum workflows mitigate this limitation.

Quantum Error Correction (QEC) — surface code, stabilizer code

Techniques to detect and correct errors without measuring the quantum data directly. Surface codes
provide high thresholds (~1%) but require many physical qubits per logical qubit, challenging for
biomedical labs with limited resources.

Quantum Fourier Transform (QFT) — phase estimation, spectral analysis

Efficient quantum algorithm for discrete Fourier transform. Used in algorithms that extract vibrational
spectra of biomolecules. Approximate implementations introduce phase errors that can distort frequency
peaks.

Quantum Gate — unitary operation, quantum logic
Basic building block of quantum circuits. Common gates include X, Y, Z, H, S, T, and CNOT. Gate errors
accumulate, making precise calibration essential for reliable biomedical computations.
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Quantum Hardware Calibration — tuning, system characterization

Process of adjusting control parameters to achieve target gate fidelities. Frequent calibration is required for
stable operation of quantum sensors measuring biochemical reactions. Calibration drifts introduce
systematic errors.

Quantum Imaging — entangled photons, super-resolution
Uses quantum states of light to surpass classical resolution limits. Techniques like quantum lithography can
resolve sub-cellular structures. Photon loss and detector inefficiency remain major hurdles.

Quantum Interference — coherent superposition, constructive/destructive

Phenomenon where probability amplitudes combine, affecting detection outcomes. Basis of quantum
lithography and quantum-enhanced fluorescence microscopy. Maintaining indistinguishability of photons is
critical.

Quantum Key Distribution (QKD) — secure communication, BB84 protocol

Generates cryptographic keys with security guaranteed by quantum physics. Enables confidential
transmission of patient genomic data. Practical deployment faces distance limitations and hardware
integration challenges.

Quantum Machine Learning (QML) — quantum data, hybrid models

Integrates quantum processors into machine-learning pipelines. Quantum kernels can capture complex
correlations in high-dimensional biomedical datasets. Current QML models are limited by noise and small
qubit counts.

Quantum Metrology — precision measurement, Heisenberg limit

Exploits quantum resources to achieve measurement precision beyond classical limits. Applied to detect
minute concentrations of biomarkers via quantum sensors. Requires entangled states that are fragile to
environmental disturbances.

Quantum Phase Estimation (QPE) — eigenvalue extraction, iterative algorithm
Determines eigenvalues of a unitary operator, foundational for energy estimation in quantum chemistry.
Iterative versions reduce qubit requirements but increase circuit depth, challenging NISQ devices.

Quantum Processor — QPU, quantum chip

Physical device that manipulates qubits. Different technologies (superconducting, trapped ion, photonic)
affect suitability for biomedical tasks. Processor selection balances coherence time, gate fidelity, and
connectivity.

Quantum Programming Language — Qiskit, Cirg, PyQuil

Software frameworks for constructing and executing quantum circuits. Provide libraries for chemistry,
optimization, and machine learning. Learning curve and hardware compatibility influence adoption in
biomedical research.

Quantum Random Access Memory (QRAM) — superposition data loading, quantum memory
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Enables simultaneous querying of multiple memory locations, useful for loading large biomedical datasets
into quantum algorithms. Physical implementations are still experimental, with scalability and decoherence
as open problems.

Quantum Register — collection of qubits, logical storage

Group of qubits that collectively store quantum information. Registers can be arranged to reflect the
structure of a biomolecule (e.G., Each amino acid mapped to a sub-register). Managing inter-register
entanglement adds circuit complexity.

Quantum State Tomography — reconstruction, measurement set

Procedure to infer the full quantum state from measurement data. Essential for validating prepared states in
quantum biosensing experiments. Requires exponential number of measurements for large systems,
mitigated by compressed sensing techniques.

Quantum Supremacy — benchmark, random circuit sampling

Demonstrates a quantum computer performing a task infeasible for classical supercomputers. While not
directly biomedical, achieving supremacy on a task related to protein folding would validate the approach
for drug discovery.

Quantum Teleportation — state transfer, entanglement swapping

Transmits an unknown quantum state using entanglement and classical communication. Could enable
remote quantum processing of patient data without moving physical qubits. Requires high-fidelity Bell pairs
and low-latency classical links.

Quantum Volume - performance metric, qubit count x fidelity

Composite measure of a quantum system’s capability, accounting for qubit number, connectivity, and error
rates. Higher quantum volume indicates readiness for more complex biomedical simulations. Current
devices have volumes in the low hundreds.

Quantum Walk — graph traversal, algorithmic primitive

Quantum analogue of classical random walk, offering speedups for search and sampling. Applied to explore
conformational space of biomolecules represented as graphs. Sensitive to decoherence, which can suppress
quantum interference benefits.

Qubit — quantum bit, two-level system

Fundamental unit of quantum information, capable of being in a superposition of |0) and |1). In biomedical
engineering, qubits encode patient data, molecular states, or sensor readouts. Physical realizations include
superconducting circuits, trapped ions, and photonic modes.

Readout Fidelity — measurement accuracy, detector performance

Probability that the measured outcome matches the actual qubit state. Crucial for interpreting results of
quantum diagnostic tests. Low readout fidelity can be mitigated by majority voting across repeated
measurements.
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Reduced Density Matrix — partial trace, subsystem state

Obtained by tracing out degrees of freedom, useful for analyzing entanglement between a protein region
and its environment. Computing reduced density matrices on quantum hardware requires additional
measurements and post-processing.

Resonant Frequency — energy level spacing, spectroscopy

Frequency at which a quantum system absorbs energy, corresponding to transitions between states. In
guantum sensors, resonant frequencies are tuned to detect specific biomolecular signatures. Drift due to
temperature changes must be compensated.

Rydberg Atom — highly excited atom, neutral-atom qubit

Used in neutral-atom quantum processors with strong, controllable interactions. Potential for scalable
architectures suited for large-scale simulations of metabolic networks. Maintaining coherence of highly
excited states is technically demanding.

Saturation Recovery — pulse sequence, relaxation measurement

Technique in magnetic resonance to measure longitudinal relaxation times (T4). Quantum-enhanced
versions can reduce acquisition time for mapping tissue properties in clinical MRI. Requires precise control
of quantum pulse amplitudes.

Schrodinger Equation — time-dependent, wavefunction dynamics

Fundamental equation governing quantum system evolution. Numerical solution on quantum computers
aims to predict dynamics of drug—target interactions with higher accuracy than classical methods.
Discretization and Trotter error affect solution quality.

Search Space - optimization domain, combinatorial explosion
All possible configurations of a biomedical problem (e.G., Ligand conformers). Quantum algorithms like
Grover's can quadratically speed up search, but constructing the oracle remains a bottleneck.

Semiclassical Approximation — WKB, mixed quantum-classical

Method that treats part of the system classically while retaining quantum features for critical components.
Used in hybrid simulations of large biomolecular assemblies where only the active site is treated quantum
mechanically. Approximation errors must be quantified.

Shor’s Algorithm — integer factorization, quantum speedup

Provides exponential speedup for factoring large numbers. In biomedical security, could break RSA
encryption protecting patient records, motivating post-quantum cryptography adoption. Practical
implementation requires millions of logical qubits.

Singlet State — entangled spin-0, anti-parallel spins
A two-qubit state with total spin zero, useful for noise-resilient quantum sensing. Employed in magnetic
field sensing to detect subtle variations in neuronal activity. Preparation fidelity is limited by spin relaxation.

Stabilizer Code — error detection, Pauli group
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Quantum error-correcting code defined by a set of commuting Pauli operators. Surface codes are a
prominent stabilizer code for fault-tolerant quantum computing. Implementing them in biomedical labs
demands large qubit arrays and precise syndrome extraction.

Swap Network — qubit routing, connectivity constraint

Sequence of SWAP gates used to move qubits into positions required by a circuit. Essential for mapping
molecular Hamiltonians onto hardware with limited connectivity. Adds overhead that can degrade overall
fidelity.

Symplectic Integrator — numerical method, Hamiltonian preservation
Integrates equations of motion while preserving symplectic structure, beneficial for long-time stability in
quantum simulations of biochemical dynamics. Requires careful discretization to avoid energy drift.

Tensor Network — matrix product state, efficient representation

Compact representation of many-body quantum states, allowing classical simulation of certain quantum
circuits. Used to benchmark quantum algorithms for protein folding against classical approximations.
Accuracy diminishes for highly entangled systems.

Transmon Qubit — superconducting qubit, charge-insensitive
Common superconducting qubit design offering relatively long coherence times. Frequently employed in
biomedical quantum processors for its ease of fabrication. Still susceptible to flux noise and dielectric loss.

Trojan Horse Attack — quantum security, side-channel exploit

Adversarial technique that injects hidden quantum states to compromise QKD. Relevant for protecting
confidential patient data transmitted via quantum channels. Countermeasures include decoy-state protocols
and device-independent QKD.

Variational Quantum Eigensolver (VQE) — hybrid algorithm, ground-state search

Optimizes a parameterized quantum circuit to approximate the lowest eigenvalue of a Hamiltonian. Core
method for computing binding energies of drug candidates on near-term devices. Success hinges on ansatz
expressivity and classical optimizer robustness.

Variational Ansatz — parameterized circuit, trial wavefunction

Chosen form of the quantum circuit in VQE. Hardware-efficient ansatze align with native gate sets, reducing
error accumulation. However, they may lack the expressive power to capture complex electron correlation in
large biomolecules.

Wigner Function — quasi-probability distribution, phase space

Represents quantum states in phase space, useful for visualizing non-classical features such as negativity.
Applied to assess quantum coherence in photosynthetic complexes. Negative regions are sensitive to
decoherence and measurement noise.

Zero-Noise Extrapolation — error mitigation, scaling technique
Runs a circuit at multiple noise levels (by stretching gate times) and extrapolates results to the zero-noise

Read online: https://certificates.HealthCareCourses.org.uk/glossaries/ HealthCareCourses (An LSIB brand) - 26 Jun 2026
5415097/quantum-computing-fundamentals-for-biomedical-
engineering



Healt C¥ GLOSSARY

limit. Improves accuracy of quantum chemistry calculations for drug discovery. Requires careful calibration
to avoid systematic bias.
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