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Abstract

The disparity between the predicted and observed
values of vacuum energy, often described as the
worst prediction in physics, has dominated
cosmology for decades. Quantum field theory assigns
the vacuum an enormous energy density, while
astronomical observations imply a value smaller by
some 120 orders of magnitude. This paper argues
that the paradox is not to be solved but to be
dissolved. Within the framework of (TSPC), cosmic
acceleration is explained geometrically, without any
need to ascribe energy to the vacuum. The structural
parameter ax enters only through a correction to

1. Introduction
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gravitational coupling, not as a tunable fit. The
framework therefore eliminates the 120-order
mismatch by reframing acceleration as geometric
rather than dynamical. The contrast between theory
and observation is illustrated, and the principal
explanatory strategies from the cosmological
constant to modified gravity are briefly reviewed
before showing how the paradox disappears when
acceleration is reframed as a structural effect rather
than a dynamical one. The result is a sharpened
empirical programme: TSPC makes clear, falsifiable
predictions, imminently testable by ongoing surveys

The disparity between the predicted and observed values of vacuum energy is
frequently described as the worst prediction in physics.! Quantum field theory suggests
that the vacuum should be seething with fluctuations whose combined energy density
would curve spacetime catastrophically. Observations, by contrast, indicate a value
smaller by some 120 orders of magnitude. 2 No other gap between theory and
measurement in modern science is so extreme.

For decades, the cosmological constant problem has stood as a defining challenge in
theoretical physics. It is central to the interpretation of cosmic acceleration and has
shaped entire research programmes in particle theory, gravitation, and cosmology. Yet
despite an immense literature, no satisfactory resolution has been achieved.

This short paper proposes a different perspective. The paradox is not to be resolved but
to be dissolved. The apparent need for vacuum energy arises from interpreting
observational data through the standard ACDM framework. Within the alternative
structure provided by TSPC (the framework presented in detail in the main paper in this
compendium, Paper 3), late-time acceleration is explained geometrically. No
cosmological constant term is introduced, and therefore the mismatch between

L M. S. Turner, Dark Energy and the New Cosmology, Phys. Scripta T85 (2000), 210-220. Popular

formulation of the phrase.

2 S. Weinberg, The Cosmological Constant Problem, Rev. Mod. Phys. 61, 1 (1989).
A classic review of the disparity between quantum field theory estimates and observation.
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quantum estimates and cosmological observations simply does not arise. To make the
scale of the paradox clear, a schematic comparison of the theoretical prediction and the
observed value is presented before reviewing the attempted resolutions that have
dominated the literature.

This paper forms the second in the sequence examining the consequences of TSPC: the
first, in Paper 4, touched on dark energy. Here the distinct but related cosmological
constant problem is reconsidered.

The following section sets out the paradox numerically. Section 3 then considers the
major strategies that have been proposed to address it, before turning to the structural
alternative offered by TSPC.

2. The paradox of vacuum energy

The issue can be stated with deceptive simplicity. In quantum field theory, every mode
of every field carries an irreducible zero-point energy. Taken across the allowed
spectrum, this produces a vacuum energy density of extraordinary magnitude. If that
energy gravitated in the same way as matter or radiation, the universe would be torn
apart almost instantly. 3

Observation tells a different story. The large-scale expansion is broadly consistent with
matter and radiation, with a small residual acceleration attributed in the ACDM model
to a positive cosmological constant A. The effective vacuum energy density implied by
this fit is not enormous but tiny: just sufficient to account for the dimming of Type Ia
supernovae and related distance-redshift measures.

The contrast between the theoretical expectation and the observationally inferred value
is staggering. The predicted figure exceeds the observed by some 10120, making it by far
the greatest known disagreement between physical theory and measurement.

This paradox has motivated a range of theoretical responses, each seeking to explain
why vacuum energy is suppressed to such a small value, or why it should not gravitate
in the expected way. These attempts span classical adjustments to Einstein’s equations,
symmetry arguments in quantum field theory, the introduction of dynamical dark-
energy fields, anthropic reasoning, and modifications of general relativity. None has yet
succeeded in eliminating the discrepancy without introducing fresh difficulties. 4

3 See S. Weinberg, op. cit. (1989), 1-23, for the classic calculation that the vacuum energy estimate
exceeds the observed value by ~10*2°, implying an expansion rate far too large for structure to form.

4]. A. Frieman, M. S. Turner, D. Huterer, “Dark Energy and the Accelerating Universe,” Annu. Rev. Astron.
Astrophys. 46 (2008), 385-432. Early comprehensive review tying SNe, CMB, BAO together.
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The mismatch.

In quantum field theory, each mode of every field carries a zero-point energy of ¥2hw.
Summing all such modes up to the Planck scale yields an effective vacuum energy
density of order:

QFT _ l

vac L4I.)
Here Lp is the Planck length. The result is larger than the observed value by about
10120.
By contrast, the Friedmann equation relates the Hubble expansion rate to the matter,
radiation, and vacuum energy components®:

, 8nG
H* = —=(pm + pr + P2)

Fitting late-time cosmic acceleration within this equation gives an effective vacuum
energy density:

Pr = 107120 Pvac

This is the essence of the paradox: theory demands a vacuum energy density so large
that the universe could not exist in its present form, while observation admits only a
tiny residue sufficient to explain the modest late-time acceleration of expansion.

3. Classical and quantum responses to the paradox.

Before introducing the structural alternative offered by TSPC, it is useful to summarise
the main strategies that have been advanced within classical and quantum frameworks
to address the vacuum-energy paradox. A spectrum of responses has been developed to
reconcile the vast theoretical estimate of vacuum energy with the tiny value inferred
observationally. These may be grouped, in broad terms, into classical insertions,
symmetry-based cancellations, dynamic fields and adjustment mechanisms, selection
arguments, and revisions to gravity. The common feature is that the premise is retained:
a late-time acceleration is treated as evidence for a real vacuum-energy-like component
or for an effective modification that imitates it. The following summary is schematic:
each strategy is well documented elsewhere but none dissolves the paradox.

3.1 Classical insertion: the cosmological constant

Einstein’s equations admit a constant curvature term. ¢ In modern usage this
term is interpreted as a uniform energy density with negative pressure. It enters
the Friedmann equation as an additive component to the total energy density

5S. Weinberg, op. cit. (1989). A classic review of the disparity between quantum field theory estimates
and observation.

6 A. Einstein, “Kosmologische Betrachtungen zur allgemeinen Relativitdtstheorie,” Sitzungsberichte der
Koniglich Preussischen Akademie der Wissenschaften (1917), 142-152. Einstein’s introduction of the
cosmological constant.



and delivers accelerated expansion when dominant at late times. The cost is
conceptual rather than mathematical: the small, non-zero value remains
unexplained by classical reasoning, 7 and the quantum estimate is not brought
into alignment.

3.2 Symmetry-based cancellation (quantum)

It is often proposed that positive and negative zero-point contributions cancel by
symmetry. In exact supersymmetry, bosonic and fermionic modes contribute
with opposite sign8, leading to cancellation. However, supersymmetry is not
observed at low energies. When broken at a mass scale Am, the residual vacuum
energy scales as (Am)4° which is far larger than the cosmological value unless
Am is implausibly tiny. 10 Thus symmetry softens but does not remove the
mismatch.

3.3 Adjustment mechanisms and new fields

Dynamical dark-energy models (e.g., quintessencell) replace a rigid constant
with a slowly varying field whose pressure is sufficiently negative to drive
acceleration. While these models can be tuned to match distance-redshift data,
an additional “why so small” question is introduced for the potential energy
scale, together with a stability and initial-conditions problem. The microphysical
origin of such fields remains speculative.

3.4 Anthropic selection

Selection arguments propose that many domains or “universes” exist with
differing vacuum energies. Only in those domains where the vacuum energy is
small enough for structure formation can galaxies, stars, and hence observers
exist. Explanation is thereby relocated from dynamics to selection: the smallness
of the value is accounted for, 12 but at the cost of empirical scarcity. This is not a
dynamical mechanism and offers little new predictive structure.

3.5 Modified gravity

An alternative line changes the left-hand side of Einstein’s equations rather than
adding or cancelling energy on the right. Infrared modifications can mimic

7 S. Weinberg, op. cit. (1989), 1-23. Authoritative review of the mismatch.

8 E. Witten, Dynamical Breaking of Supersymmetry, Nucl. Phys. B 188 (1981), 513-554. Discussion of
supersymmetric cancellations and breaking.

9 S. Weinberg, op. cit.(1989). Review of the problem in the context of supersymmetry breaking.
10 Witten, Nucl. Phys. B188 (1981), 513-554. On supersymmetry breaking and residual vacuum

11 R, R. Caldwell, R. Dave, P. ]. Steinhardt, Cosmological Imprint of an Energy Component with General
Equation of State, Phys. Rev. Lett. 80 (1998), 1582-1585. Seminal paper on quintessence.

12 S. Weinberg, Anthropic Bound on the Cosmological Constant, Phys. Rev. Lett. 59 (1987), 2607-2610.
Classic anthropic argument for A smallness.



acceleration without a vacuum-energy term. 13 These theories are constrained by
consistency with local tests, cosmic structure growth, and lensing. While some
models reproduce late-time distances, tight multi-probe constraints have
progressively narrowed viable parameter space, 1* and no consensus
replacement has emerged. Most viable candidates effectively reintroduce a A-like
term under a different guise, leaving the paradox conceptually intact.

Each of these strategies retains the underlying premise that late-time acceleration must
be explained by a A-like component or an effective substitute. The next section departs
from this premise, showing how within the TSPC framework the paradox itself is
dissolved rather than resolved. This is where TSPC departs most sharply: by removing
the premise that A-like terms must exist at all.

Schematic mechanisms and conditions

(a) Cosmological constant as uniform energy
, 8nG
H® = —=(pm + pr + pn),
(b) Supersymmetric cancellation (schematic)
Pvac = 0 (exact SUSY)
(c) Quintessence condition for acceleration

p 1
= =—<— =
w=_2 f==
(d) Modified gravity (schematic growth and lensing response)

Word input:
k*¥Y = — 4nGa? u(k,a) p A,
® =n(k,a)

Here p and 1 encode deviations from general relativity in clustering and light
deflection; viable models must satisfy y — 1 and n — 1 in regimes tightly tested
by observation.

In summary, the strategies above either postulate a constant term, attenuate it by
symmetry, replace it by a new field, defer it to selection, or recast it as an effective
change to gravity. In each case, acceleration is still treated as a signal that something
A-like must be present or emulated. By contrast, within TSPC the observational
phenomena attributed to vacuum energy are reinterpreted as geometric effects of a
global algebraic constraint. This distinct premise underlies the dissolution, rather
than the resolution, of the paradox in subsequent sections.

13 S, M. Carroll, V. Duvvuri, M. Trodden, M. S. Turner, Is Cosmic Speed-Up Due to New Gravitational Physics?
Phys. Rev. D 70 (2004), 043528. Foundational f(R) gravity model for acceleration.

14 A, Joyce, B. Jain, ]. Khoury, M. Trodden, Beyond the Cosmological Standard Model, Phys. Rep. 568 (2015),
1-98. Comprehensive review of modified gravity approaches.
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4. Reframing the cosmological constant problem

The approaches reviewed in Section 3 share a common assumption: that late-time
acceleration requires a source term on the right-hand side of Einstein’s equations,
either as a literal vacuum energy density or as a dynamical proxy. Within TSPC the same
observations are instead understood as the geometric consequence of an algebraic
condition imposed on the metric. Within TSPC, the constraint gives rise to a symmetric
entropy arc: entropy is minimal at T= 0" and T = 0%, and maximal at a tipping epoch
denoted TP, This profile was set out in the lead paper, where the apparent late-time
acceleration was traced to a parity-induced clock skew tied to the entropy slope peaking
near THp. The present section builds directly on that framework. The defining constraint
fixes a global parity structure, yielding time symmetry about an entropy maximum at
Tvip,

The constraint restricts only the II-even sector of the metric; it does not impose
pointwise relations on curvature or determine curvature invariants. All curvature
evolution arises from the constrained Einstein equations, not from II itself.

In this framework, apparent acceleration emerges as a clock-skew effect. Proper time
measured along null geodesics is displaced relative to co-moving cosmic time in the
vicinity of THp, giving rise to the mid-redshift hump in distance-redshift relations.
Supernova dimming and related features arise from this geometric disjunction, not from
the action of a A-like fluid.

The crucial difference is that no vacuum-energy term is required. The paradox of 120
orders of magnitude never materialises, because the small observed acceleration is not
being attributed to vacuum energy in the first place. Instead, it is traced to the structural
correction introduced by the parity-enforcing tensor field, parameterised by a single
dimensionless constant ax.

On this account, the “worst prediction in physics” is not a puzzle to be solved but a
mirage produced by misattributing a geometric effect to vacuum energy.

Geometric Origin of Apparent Acceleration

In ACDM, acceleration is attributed to a vacuum-energy density pa entering the

Friedmann equation:

8nG
3

In TSPC, no such term is introduced. Instead, the constraint modifies the effective

gravitational coupling:

H® = (Pm + pr + p4)

Keig = K (1 + ay)

This correction alters the inferred expansion history, producing an apparent
acceleration when viewed in redshift space. The observational effect enters distance
measures through the relation:




Atos(2) % a f o(T) d,

_ f dz
A=) H@
Here o(T) is the entropy slope, and y is the comoving distance. The skew in observed

proper time generates the mid-redshift hump in apparent acceleration, without
invoking a vacuum-energy term.

5. Observational consequences and falsifiability

A central merit of the TSPC framework is that it does not defer explanation to hidden
energy components or untested symmetries. Instead, it delivers falsifiable predictions
for cosmological observables, tied directly to the single structural parameter ax and the
entropy slope o(T).

The most immediate signature is a mid-redshift hump in the apparent acceleration
curvels, centred near the entropy maximum 74P, This feature has a fixed shape and
cannot be tuned away: its form follows from the geometry of the constraint rather than
any choice of potential or field dynamics. 16

In addition, the same correction propagates coherently across different observables:

5.1 Expansion history H(z): a small elevation relative to ACDM at intermediate
redshift, 17 falling away symmetrically on either side of THp.

5.2  Structure growth fog(z): a modest increase, scaling consistently with ax.18

53 Weak lensing convergence: an enhancement in low-density environments, 1°
again governed by the same parameter.

Because all effects derive from one algebraic source, mismatches between probes that
are adjustable in ACDM become fixed cross-checks in TSPC. Agreement across H(z),
growth, and lensing would strongly support the framework; disagreement would
exclude it. The empirical strength of TSPC lies in this coherence: a single parameter

15 A. G. Riess et al, Observational Evidence from Supernovae for an Accelerating Universe, Astron.]. 116
(1998), 1009-1038; S. Perlmutter et al,, Measurements of 2 and A from 42 High-Redshift Supernovae,
Astrophys. ]. 517 (1999), 565-586. Landmark supernova studies establishing acceleration.

16 See e.g. Riess et al,, Ap] 607 (2004), 665; Aubourg et al,, Phys. Rev. D 92 (2015), 123516.
Reconstructions showing the mid-z hump in distance-redshift data.

17D. Huterer, D. L. Shafer, Dark Energy Two Decades After: Observables, Probes, Consistency Tests, Rep.
Prog. Phys. 81 (2018), 016901. Review of late-time expansion and consistency tests.

18 M. Tegmark et al, Cosmological Parameters from SDSS and WMAP, Phys. Rev. D 69 (2004), 103501.
Early fog constraints from large-scale structure.

19T, Abbott et al. (DES Collaboration), Dark Energy Survey Year 1 Results: Cosmological Constraints from
Weak Lensing and Galaxy Clustering, Phys. Rev. D 98 (2018), 043526. Representative weak lensing
constraints.



controls all late-time signatures. This makes the framework not only falsifiable but, in
practice, tightly constrained by present and forthcoming surveys. 20

Linked Observables in TSPC
The observational consequences of TSPC follow from the same correction term ax:
Expansion history:

H*(z) o« (1+ay)p(2)

Growth rate:
d

InD )
f(z) = ina = f(z)og(z) T witha,
Weak lensing:

Kiens(2) ¢ (1 + ay) @(2)

All three signals: expansion history, structure growth, and weak lensing, arise from
the same correction term ax, so agreement or mismatch across probes provides a
direct falsifiability test of TSPC.

6. Concluding remarks

The paradox of vacuum energy has been presented as the deepest conflict between
theory and observation in physics: a prediction overshooting measurement by 120
orders of magnitude that cannot be reconciled.

Many strategies have been advanced: constant curvature terms, symmetry-based
cancellations, new dynamical fields, anthropic selection, and modified gravity. Yet all
share the same premise: that late-time acceleration requires a A-like component or
equivalent. The paradox has therefore persisted, drawing sustained theoretical
ingenuity without resolution.

TSPC offers a different path. By enforcing a global algebraic condition on the metric, it
reframes late-time acceleration as a structural effect rather than a dynamical one.
Apparent acceleration arises from a geometric skew between co-moving time and
observed proper time near the entropy maximum 7Up. Entropy is minimal at T = 0~ and
T = 0%, maximal at TtP, ensuring that the arrow of time emerges locally while the
manifold remains globally symmetric. No vacuum-energy term is introduced, and the
enormous mismatch between quantum estimates and cosmological observations never
arises.

TSPC makes testable predictions: a mid-redshift hump in apparent acceleration,
correlated shifts in structure growth, and lensing signatures; all tied to a single
dimensionless parameter. Agreement across these probes would support the

20 Euclid Collaboration, “Euclid Definition Study Report,” ESA/SRE(2011)12. Forthcoming survey designed
for precision tests of dark energy and geometry.



framework; disagreement would exclude it. The constraint does not enforce any specific
values or bounds for curvature scalars. It selects a symmetry sector of admissible
metrics; curvature follows from those metrics through the usual Einstein equations.

It is striking that the largest mismatch between theory and observation in modern
physics may not be a deep riddle at all, but a consequence of modelling choices. The
TSPC framework rests on a postulated algebraic constraint, not on a hidden mechanism.
Its value lies in the coherence of its consequences and the sharpness of its tests. If
observations fail to match, the framework can be set aside. If they succeed, the paradox
of vacuum energy would dissolve, not through explanation but through reframing. This
would suggest that progress sometimes comes less from adding new ingredients than
from questioning the assumptions already in place.
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