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hysics has advanced through conceptual leaps. The foundational work

of 1666 established a mathematical framework for the natural world

through Newton’s laws of motion, gravitation, and the development of
calculus. A second leap occurred in 1905, when Einstein proposed that light
consists of discrete energy packets (photons) rather than a purely continu-
ous wave [1]. This quantization underpins subsequent developments, includ-
ing biophotons and coherent energy transfer in biological systems. Medicine
has already integrated classical and early quantum physics through imaging,
radiotherapy, and nuclear medicine; the next frontier is recognizing that quan-
tum mechanics may operate functionally within living tissues at body tem-
perature, particularly at the nanoscale where biological machinery functions.
Rather than relying on isolated observations, the case for quantum biology
rests on fundamental physical expectations and recurring empirical patterns.
First, scale: biological processes such as electron and proton transfer in res-
piration, photosynthesis, and enzymatic reactions occur over angstrom to
nanometer distances and femtosecond to picosecond timescales regimes gov-
erned by quantum rather than classical mechanics, making quantum effects
the default expectation [2]. Second, decoherence and functional coherence:
thermal noise in warm, wet cellular environments causes rapid decoherence,
yet if biologically relevant events (e.g., energy transfer or bond breaking) oc-
cur on timescales comparable to or shorter than decoherence times or if the
noise itself is structured rather than purely random quantum effects can still
confer a functional advantage. Evolution may have shaped biological struc-
tures to exploit transient quantum coherence precisely when it is useful [3].
Third, and most persuasively, quantum signatures appear independently across
diverse biological contexts, and this convergence rather than any single ex-
periment is what strengthens the framework. In the Fenna Matthews Olson
(FMO) complex of green sulfur bacteria, excitonic energy transfer exhibits
wave-like coherent behavior that enhances efficiency beyond classical hopping
models [4, 5]. Enzymatic catalysis often shows enhanced reaction rates and
temperature independence consistent with quantum tunneling [3]. Avian mag-
netoreception relies on the radical-pair mechanism, in which electron spin co-
herence enables geomagnetic field sensing [6]. In the brain, modeling suggests
entanglement between tubulin states and endogenous biophotons in neuronal
microtubules, offering a potential mechanism for quantum enhanced infor-
mation processing [7]. We remain agnostic on the Penrose Hameroff hypoth-
esis linking microtubule coherence to consciousness; the evidence supports
quantum involvement in certain neural processes, but its relation to subjec-
tive experience requires further rigorous testing. What unites these indepen-
dent systems is a shared strategy transient quantum coherence exploited for
functional advantage before decoherence sets in. If biological systems do
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exploit quantum effects, the primary challenge for medical physics shifts from measurement to accurate
simulation of many body quantum dynamics, where classical computers struggle with exponential scaling
and quantum computers can represent quantum states natively [8]. Quantum simulation could enable in
silico testing of drug effects on coherent transport in enzymes, protein aggregation in neurodegenerative
disease, and tubulin biophoton interactions a paradigm shift toward predictive, quantum level modeling in
medical physics. Realizing this potential requires hardware that is practical outside a physics laboratory.
Current superconducting and trapped ion platforms demand extreme operating conditions that limit acces-
sibility. Solid state defect qubits particularly nitrogen vacancy (NV) centers in diamond offer a promising
route to affordable, room-temperature operation: these systems maintain coherence at ambient conditions
because of lattice isolation, and can be fabricated via scalable chemical vapor deposition [9, 10]. Similar
defects in silicon carbide and other materials align well with existing semiconductor manufacturing, and
combining defect qubits with photonic interconnects could yield robust, cost effective quantum processors
suitable for medical physics departments. Quantum biology is grounded in the nanoscale physics of life,
the feasibility of transient coherence, and convergent evidence across disparate systems, and this pathway
now merits dedicated investment and collaboration. To realize its potential, the medical physics com-
munity should: integrate quantum science, biology, and computing into curricula; foster interdisciplinary
groups focused on priority simulation targets such as enzyme coherence or microtubule dynamics; advo-
cate for shared access to room-temperature quantum hardware; prioritize rigorous computational studies
and experimental validation before any clinical translation; and emphasize evidence-based approaches
throughout, so as to avoid overinterpretation. By embracing quantum simulation tools now, medical phys-
ics can move beyond classical descriptions toward deeper mechanistic understanding and, in time, novel
therapeutic insight.
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