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Abstract

Recent analysis of heavy-ion collision data from the CERN Large Hadron Collider has been
widely interpreted as evidence that the early universe’s quark—gluon plasma behaved as a fluid
“soup.” While the experimental work represents an important advance in event tagging and
correlation analysis, the ontological interpretation of the data remains constrained by the ar-
chitecture of the detectors and reconstruction algorithms through which the observations are
made.

This paper examines the dimensional structure of measurement in collider experiments and
argues that detector architectures act as projection operators that restrict the observable state
space of the phenomenon. Within this framework, particle and plasma interpretations emerge
not as direct measurements but as reconstructions within a representational basis determined by
instrumentation. The dimensional cost of such projections is analyzed formally, demonstrating
how orthogonal coherence structures may be suppressed by detector geometry.

The analysis is situated within a broader theoretical framework of coherence-preserving ob-
servation developed in the author’s 27-Dimensional Triangulation (27DT) preprint, which is
referenced here as a conceptual extension rather than as the central argument of the present
work.

1 Introduction

High-energy physics experiments operate at the frontier of observational capability. At facilities
such as CERN’s Large Hadron Collider (LHC), detectors are designed to record traces of events
occurring at scales far smaller than direct observation permits. These traces are reconstructed
into physical interpretations through a sophisticated chain of trigger logic, data acquisition, and
statistical modeling.

Recent results from heavy-ion collisions have been widely reported as evidence that the quark—gluon
plasma created in such collisions behaves as a nearly perfect fluid. Popular summaries of the work
describe the early universe’s primordial plasma as “soupy,” emphasizing the emergence of hydro-
dynamic wake structures following the passage of energetic quarks through the medium [1].

While the experimental work itself is rigorous, the ontological claims derived from it require
closer examination. The detectors involved in these measurements do not observe fluids or plasmas
directly. They observe charged particle tracks, calorimetric energy deposition, and time-resolved
interaction signatures. These signals are reconstructed into particle candidates and event classes
using algorithms whose primitive objects are already defined within a particle ontology.

This paper examines the dimensional implications of that reconstruction chain.



2 Measurement as Projection

Let the full phenomenological state of a high-energy collision event be represented by

UeH,
where H represents the full physical state space of the interaction.
A detector cannot measure the full state ¥. Instead, its sensors respond to a limited set of
interactions determined by detector materials, geometry, segmentation, and trigger logic.

The detector therefore defines a projection operator

Pdet . H — Hk,
where Hj, is the subspace of states observable through the detector basis.
The recorded signal becomes

\Ijobs = pdet\:[/-

The full state can therefore be decomposed as

v = ‘Ijobs + \IJL,
with

Pdet\IJJ_ = 0.

The detector therefore removes information orthogonal to its sensing basis.

3 Reconstruction and Model Dependence

The reconstruction stage attempts to infer the underlying event from Wgps.
Since Pyt is not invertible, reconstruction becomes a constrained inference problem:

U = arg min

PV — 0
W EMop gl de obs

Here M, 0de1 denotes the model space used in reconstruction. In collider physics this model
space includes particle production, jet fragmentation, and hydrodynamic medium response.

Thus the reconstructed event W is not the phenomenon itself but the best-fit state within the
assumed ontology.

4 The Heavy-Ion Wake Interpretation

A recent analysis reported by MIT researchers used the CMS detector at CERN to study heavy-
ion collisions in which a Z boson served as a clean tag for a single quark traveling through the
medium [1].

Out of approximately 13 billion heavy-ion collision events, roughly 2,000 Z-boson-tagged events
were isolated. In these events, the researchers observed angular correlations interpreted as a wake
produced by a fast quark traveling through quark—gluon plasma.

The interpretation is consistent with hydrodynamic simulations and therefore supports the view
that the plasma behaves as a strongly coupled fluid.



However, it is important to recognize what the detector actually measured: energy deposition
patterns and particle tracks reconstructed into jets and correlations.
The plasma description is an interpretation of those reconstructed correlations.

5 Dimensional Collapse in Detector Architectures

Detector systems are optimized to measure specific observables such as momentum distributions,
angular correlations, and particle multiplicities.
Let the dimension of the full state space be

dim(#H) = N,

while the detector subspace has dimension

dim(Hy) = k.
If k < N, then the projection
pdet H — Hy

removes a large number of orthogonal degrees of freedom.
Interpretations based solely on ¥, therefore implicitly assume

v, =0.

This assumption cannot be validated experimentally because the detector is insensitive to those
dimensions.

6 Frequency-Domain Interpretation

An alternative representation of collision events may be constructed in spectral form

U(k,w)

rather than as particle phase-space densities.

In such a representation, observed correlations may correspond to coherence redistributions
across spectral modes rather than to particle wakes propagating through a fluid medium.

The raw detector signals do not uniquely determine which representation is correct.

7 Relation to Coherence-Preserving Frameworks

The dimensional problem described here is addressed in the author’s preprint on 27-Dimensional
Triangulation (27DT), which proposes that coherent observation requires simultaneous representa-
tion of context, observed phenomenon, and observer constraints across orthogonal axes.

While the present paper does not rely on the full 27DT formalism, the projection analysis
presented here provides a concrete example of the type of dimensional collapse that framework is
intended to address.



8 Conclusion

The interpretation of heavy-ion collision experiments as evidence of a fluid-like quark—gluon plasma
is consistent with existing hydrodynamic models and reconstruction frameworks.
However, the detector architecture and reconstruction algorithms used in these experiments
impose a projection on the underlying phenomenon that restricts the observable state space.
Recognizing this dimensional constraint does not invalidate the experimental results but clarifies
their epistemic status: detectors measure projections of physical events, not the events themselves.
The broader challenge is therefore not experimental precision but representational completeness.
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