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Note: This paper presents the conceptual mechanism underlying the MRF treatment of A as
collapse-driven synchronization pressure. A refined quantitative derivation appears in Paper 15,
which obtains Q24 = 0.6858 (0.9% accuracy) from pentagonal geometry.

The cosmological constant problem—the ~ 10'° discrepancy between the quantum field theory
prediction and the observed value of A—is the worst prediction in the history of physics. We propose
that A is not vacuum energy but the information injection pressure at the boundary of quantum
collapse events. Each collapse event generates one bit of irreducible classical information, and the
cumulative pressure of this information production is proposed to drive the accelerating expansion.
In this framework, A is naturally small (proportional to the information generation rate per Hubble
volume) and not strictly constant (it grows slowly with the total number of collapse events). We
show that biological collapse systems alone underestimate the required rate by ~10°?, implying that
non-biological collapse channels (crystallization, decoherence, nucleation) must dominate the cosmic
collapse budget. The onset at z ~ 0.7 is reinterpreted as a structural phase transition in matter
complexity, not a biological event. We derive an order-of-magnitude estimate of A from collapse

parameters and identify testable predictions.

INTRODUCTION

The cosmological constant A ~ 1.1 x 107°2m 2 is the
dominant energy component of the present-day universe,
driving the accelerating expansion discovered in 1998 [,
2]. The naive QFT estimate of vacuum energy, obtained
by summing zero-point energies up to the Planck cutoff,
gives

7
C
P%ET ~ G2h ~10'? J/m37 (1)

while the observed dark energy density is
P ~ 1072 J/m3. (2)

The ratio pQET /p3P® ~ 1022 constitutes the cosmolog-
ical constant problem [3]. Proposed solutions include su-
persymmetric cancellations, anthropic selection in a mul-
tiverse landscape [4], and sequestering mechanisms [5].
None has achieved a satisfactory resolution.

Figure [1 provides the corresponding visual summary for
the surrounding discussion.

Relation to prior work.—Within the full MRF tree,
this paper lies on the mesoscopic and biological branch
that uses the collapse scale inferred in Paper 2 together
with the root structure of Paper 0 and, where relevant,
the spacetime interpretation later formalized in Paper 51.
Relative to reviews of collapse models [L6], Orch-OR-
style proposals [[15], and decoherence objections such as
Tegmark’s analysis [[14], the present branch treats bio-
logical or mesoscopic observables as downstream conse-
quences of the same projection dynamics rather than as
independent postulates. The claim in this paper is there-
fore intended as one node in that broader collapse branch.

A as Sync Pressure, Not Vacuum Energy
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FIG. 1. Information injection pressure at the quantum
collapse boundary.

INFORMATION INJECTION PRESSURE

Collapse as information source

In the gravitational collapse framework [6], each wave-
function reduction event converts quantum indetermi-
nacy into classical definiteness. This is an irreversible
process that injects one bit of classical information into
the spacetime geometry.

The energy cost of creating one bit of information at
temperature T is bounded by the Landauer limit [[]:

Ebit Z k:BTln 2. (3)

For biological collapse events at the effective quantum
temperature Toq = 48 K [§]:

B = kpTugIn2 = 4.59 x 10722 J. (4)
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Dark energy density and field equation coupling

For non-biological systems, the relevant temperature
may differ. Mineral lattice defects at T' ~ 300 K give
Epit ~ 2.9 x 10721 J (6x higher); interstellar molecules
at T ~ 10 K give Ep;; ~ 9.6x10723J (5% lower). In prac-
tice, the dominant contribution comes from systems with
the highest T', not the highest T’; the Landauer energy
enters only linearly. An alternative—and perhaps more
fundamental—estimate uses the gravitational self-energy
ES mele) irectly as the energy per collapse event, bypass-
ing the Landauer bound entirely. Since Eg > kT In2
for any macroscopic superposition, this only strengthens
the energy budget.

We use Ef)?tlo) as the conservative lower bound through-
out.

Information injection rate

The total rate of collapse events in a Hubble volume
Vi = (¢/Hy)? depends on the density of quantum col-
lapse systems. For collapse systems with rate I' per unit
volume:

Ncollapse =T-Vg. (5)

The information injection pressure is:

Eoit - Neollapse _ - (6)

}Dino =
fi VH

Dark energy density and field equation coupling

The information injection pressure enters the Einstein
field equations as an effective stress-energy contribution:

8rG
Guu +Aeffguu = CT (

zvlgr;'latter) + Tp(LanfO)) , (7)
where T,Slffo) = —pinfo Gur With pinge = FEpit - I'. The
isotropic, Lorentz-invariant form 7},, o g,, follows from
the assumption that collapse events are uniformly dis-
tributed across the Hubble volume with no preferred
direction—each event is a spacetime scalar. Setting
Acg = 0 (no bare cosmological constant), the informa-
tion pressure mimics A with equation of state w = —1,
because new collapses continually replace the expanded
volume:

PA = Pinfo — Ebit -T. (8)

A full derivation from an action principle (e.g.,
adding an information-production functional Siyso [, g]
to the Einstein—Hilbert action) remains an open problem;
Eq. (H) should be regarded as the effective low-energy de-
scription.

Estimating I’

The collapse rate density depends on the abundance of
systems capable of sustaining coherent quantum superpo-
sitions at the collapse threshold. For Earth’s biosphere:

e ~10'" neurons, each with ~ 3,000 coherent micro-
tubules

« Collapse rate per neuron: ~40Hz (gamma oscilla-
tion)

o Total Earth collapse rate: ~10'!' x40 = 4x10'2 571

But this is only Earth. If collapse-capable systems ex-
ist throughout the universe with density npi, per comov-
ing volume:

I'= TMbio * Fper system- (9)

For an order-of-magnitude estimate, assume ~ 1022

stars in the observable universe, with a fraction fiif ~
10~3 hosting collapse-capable biospheres of Earth-like
collapse rates:

Cuniverse ~ 1022 x 1073 x 4 x 10'* ~ 4 x 10** s71. (10)

The Hubble volume is Vi ~ (1.3 x 10%0)3 ~ 2.2 x
1078 m3.

Ebit : Funiverse
~— 11
PA Vir (11)
4. 10722 x 4 x 103!
_ 59 x 10 X 4 x 10 (12)
2.2 x 1078
1.84 x 1010
— S 1
2.2 x 1078 (13)
~ 1075 J/m®. (14)

This is ~10% times smaller than p3*® ~ 1079 J/m3.

Error propagation—Each factor in this chain is an
order-of-magnitude estimate: Ngpars = 10%2F1) fiiee =
1073%2 (extremely uncertain), I'garen = 10126405 The
cumulative uncertainty is ~ £3 dex, so loglo(ps\b10 ) =
—68 £ 3. The 10°° gap is robust to within £3 orders of
magnitude—it cannot be closed by adjusting biological
parameters alone.

DISCUSSION
The gap

The ~ 10°Y shortfall of the biological-collapse-only es-
timate is not a failure of the framework but its most im-
portant prediction: non-biological collapse systems must
dominate the cosmic information budget by 59 orders



The gap

of magnitude. The Penrose-Diosi collapse criterion ap-
plies to any quantum system with sufficient gravita-
tional self-energy [0, 13], not only biological ones. If the
information-injection interpretation is correct, the 10°°
gap tells us where to look. Candidates include:

1. Crystal lattice defects: Any quantum system
with conformational superposition and sufficient
FE¢ can collapse. Mineral crystals with mobile de-
fects at grain boundaries could sustain low-rate col-
lapses over cosmic volumes.

2. Interstellar molecular clouds: Large molecules
in interstellar space undergo conformational
changes. The collapse rate is low per molecule but
the total mass is enormous.

3. Neutron star interiors: Superfluid vortices in
neutron stars involve mass superpositions at nu-
clear density, with potentially very high Fg.

Quantitative cosmic information budget

The 10°° gap can be decomposed by estimating the
collapse rates of known non-biological quantum systems.
Table [l summarizes the dominant contributions:

TABLE I. Cosmic information budget: estimated collapse
rates by substrate. All values are order-of-magnitude.

System Population Tper Tiotal
Earth biosphere 10! neurons 40 Hz 10126
All biospheres 10*° systems 40 Hz 10316

10~ Hz 10%°
10716 Hz 1093
10° Hz 1043

Mineral defects® 10%° sites
Molecular clouds® 107° mol.
NS vortices® 107 lines

Required for pa — — ~10%

“Mobile lattice defects at grain boundaries in rocky bodies;
collapse rate set by geological timescale. ?Conformational changes
in interstellar molecules (H2, CO, PAHs) triggered by cosmic
rays. “Superfluid vortex rearrangements at nuclear density; Eg
enormous, collapse very fast.

Mineral lattice defects dominate the non-biological
budget (I' ~ 10% s71), reducing the unexplained gap
from 10 to ~ 10?!. The remaining shortfall likely re-
sides in systems not yet enumerated: dark matter sub-
structure (if collapse-capable), primordial density fluctu-
ations at sub-Jeans scales, or collective collapse modes in
galaxy-cluster filaments. The 102! residual gap is large
but not unprecedented—it is comparable to the ratio be-
tween atomic and Planck energies, suggesting that one
additional physical scale may close it.

We emphasize that the biosphere is used as a calibra-
tion standard, not as the dominant source. Just as the

candela calibrates luminous intensity without implying
that candles dominate the cosmic photon budget, the bi-
ological collapse rate calibrates Fyit - I' without implying
biological dominance.

Why A is not the vacuum energy

The framework naturally addresses the 10*2° problem
by not identifying A with vacuum energy. The zero-point
fluctuations of quantum fields do not collapse—they are
stable superpositions. Only systems that undergo state
reduction contribute to A. The QFT vacuum energy does
not gravitate because it does not create information.

Temporal onset

The observed acceleration begins at z ~ 0.7 (~7 Gya).
In this framework, A was negligible in the early universe
(few or no collapse-capable systems) and grows as com-
plexity increases. The coincidence between the onset of
acceleration and the epoch of complex structure forma-
tion is suggestive but not proven to be causal within this
framework. An anthropocentric interpretation must be
avoided: the framework requires that non-biological col-
lapse dominates the cosmic information budget (see the
10% gap above).

Landauer limit and the thermodynamic mechanism

A natural objection is that the Landauer bound Fy;; >
kpT In 2 describes heat dissipation from information era-
sure, not information creation. The distinction is im-
portant: in the collapse framework, each state reduc-
tion creates a new classical bit by projection one branch
of the superposition into a definite outcome. This cre-
ation event requires the system to pay a minimum en-
ergy cost—mnot as heat, but as geometric work against
the spacetime metric. The energy is not imported from
outside; it is the configurational potential energy released
when quantum indefiniteness is converted to classical def-
initeness. Because new spacetime volume is continuously
generated by cosmic expansion, new collapse events occur
at a roughly constant rate per comoving volume, main-
taining ping, ~ const and yielding an effective equation
of state w ~ —1. No external information source or sink
is required.

The z ~ 0.7 onset and synchronization phase
transition

The temporal coincidence between the onset of cosmic
acceleration (z ~ 0.7) and the epoch of complex struc-



The z ~ 0.7 onset and synchronization phase transition

ture formation is not anthropocentric. The framework
predicts that the non-biological collapse rate—dominated
by mineral lattice defects, molecular cloud conforma-
tional changes, and neutron star superfluid vortices—
underwent a nonlinear phase transition near z ~ 0.7. At
this epoch, the cosmic web reached a critical topological
complexity: the number of gravitationally bound struc-
tures with internal quantum subsystems capable of sus-
taining conformational superpositions crossed the syn-
chronization threshold. Below this threshold, collapse
events are too sparse and incoherent to generate measur-
able pinfo; above it, the information injection rate grows
super-linearly due to cooperative effects. This is a struc-
tural phase transition, not a biological one.

Epoch-dependent A and observational constraints

A key prediction: A is not strictly constant but grows
slowly with cosmic time as more collapse-capable systems
emerge. Current observational constraints are stringent:
Planck 2018 combined with BAO and supernovae gives
wy = —1.03 4+ 0.03 and w, = —0.1379:32 @], consistent
with w = —1 (true constant). DESI DR1 hints at wy >
—1 at ~20 [lé] but remains inconclusive.

Our framework predicts |w,| < 1 at z < 2 because the
dominant collapse substrates (mineral lattices, molecu-
lar clouds) grow slowly with cosmic structure formation.
The predicted evolution is:

dinT  H,

w(z) = —1+e€(z), €(z)~ dna H()

(15)
where € ~ 1072 at z = 0 (marginally detectable) and
e — 0 at z > 2 (no collapse substrates yet formed). Next-
generation surveys (DESI DR2, Euclid, Roman) mea-
suring w(z) with sub-percent precision could detect this
evolution and discriminate it from quintessence models,
which generically predict € > 0 at all redshifts.

Figure% provides the corresponding visual summary for
the surrounding discussion.
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FIG. 2. The vacuum energy discrepancy. Logarith-

mic scale showing the observed cosmological constant Agbs ~
107° J/m3 versus the QFT vacuum energy prediction ~
10™3 J/m®—a 10'*? discrepancy. In the present framework,
A is reinterpreted as collapse-driven synchronization pressure
rather than vacuum energy, which sidesteps the fine-tuning
problem. A refined quantitative treatment appears in Pa-
per 15.

CONCLUSION

The cosmological constant problem is conventionally
framed as: “why is A so small?” We reframe it: “why is
A so large compared to what biology alone can produce?”
The answer—that non-biological quantum collapse sys-
tems (mineral lattices, molecular clouds, neutron star in-
teriors) dominate the cosmic information budget by 59
orders of magnitude—is a falsifiable prediction. If the
information injection pressure model is correct, DESI
and Euclid should detect a slowly growing w(z) # —1
at high redshift [@], and the dominant collapse popula-
tion should be identifiable through its gravitational self-
energy signature.

Within this framework, the 10'2° vacuum catastrophe
is reinterpreted: unrendered quantum states are pro-
posed not to gravitate [9], so the QFT vacuum sum is not
the physical source of A. The residual 10°° gap between
biology and observation points to non-biological collapse
as the dominant cosmic information source—a falsifiable
prediction. The refined quantitative treatment, including
the derivation of Q5 from pentagonal geometry, appears
in Paper 15.
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