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MetaTime v36.2 established a solver-ready non-Markovian interacting-dark-sector model with a
latent memory variable m(z), x = Ina, an open-EFT motivation for a retarded kernel, a physically
anchored memory width A, and controlled background and perturbation equations. MetaTime v36.3
preserved that machinery while reinterpreting the latent density as future latency, and v36.4 added
a minimal bridge from that ontology to the effective closure Q = 3H Bea(z)pr. The present v36.5
step introduces a sharper observational discriminant. We show that once the latent sector is read
as a memory-bearing reservoir of future latency, the model generically predicts a nonzero hysteresis
area in the expansion-growth plane: two proxy histories with the same present value can yield
slightly different fos responses at matched H/Hy. We define this matched-expansion diagnostic by
Ayoqm(H) and the associated area functional Apys, which vanishes in the Markovian limit and
survives for finite A. The background equations, perturbative closure, PPF bridge, certification
tests, and inherited benchmark figures are preserved. What is new is that the path dependence
already present in the latent state is promoted to a directly plotable observable in the (H/Ho, fos)
plane. The resulting framework remains conservative at the level of implementation while becoming
more falsifiable: it no longer predicts only delayed-response dark-sector exchange, but a concrete
expansion-growth hysteresis signature of future-latency cosmology. We also include a lightweight
pilot comparison against public late-time H(z) and fos compilations. In that preliminary test
the model remains competitive with ACDMin raw x?2, while the preferred region lies close to the

Markovian limit.

I. INTRODUCTION

Interacting dark-energy and dark-sector-exchange
models are typically judged by two criteria: whether
the background closure preserves overall conservation
and whether the perturbation sector remains numeri-
cally controlled on large scales. MetaTime v36.0 ad-
dressed these requirements with a conservative exchange
law and a parameterized post-Friedmann (PPF) bridge.
MetaTime v36.1 replaced an instantaneous schedule by
a history-dependent response, and MetaTime v36.2 con-
solidated that upgrade by supplying an open-EFT moti-
vation for the retarded kernel, a physical anchoring for
the memory width A, and a controlled perturbative im-
plementation [1, 2].

MetaTime v36.3 left the technical backbone intact but
sharpened the interpretation of the latent sector: the
variable p;, was no longer read merely as an abstract hid-
den component, but as the gravitationally active reser-
voir of compressed future states. The present v36.5 step
goes one notch further. Its goal is not to modify the op-
erational equations, but to make explicit why the v36.2
closure is the natural minimal effective form once the la-
tent sector is interpreted as future latency. A separate
conceptual note developed this identification in stand-
alone form [3]; here it is folded back into the cosmological
framework.

The working identification is

PL = PF, (1)

where pp denotes the density of physically admissible
but not-yet-executed future states. The claim is not that
already-realized future events act backward in time. The
claim is rather that a finite-bandwidth cosmology may
contain a latent stock of physically weighted future-state
capacity, and that this stock may gravitate while remain-
ing electromagnetically dark until execution.

Under this reading, the conservative continuity system

pr +3Hpr = +Q, (2)
pr+3H(1+wr)pr = —Q, (3)

retains its form, but the exchange term acquires a more
specific meaning. Rather than a generic dark-sector
transfer, it becomes an effective future-to-present execu-
tion or decompression flow. The main task of v36.4 is to
show why the same operational closure used previously,

Q = 3H fest(x) pr, (4)

is the minimal effective realization of that idea.

II. OPEN-EFT ORIGIN OF THE RETARDED
KERNEL

The open-EFT logic of v36.2 remains unchanged.
Unresolved processing degrees of freedom may be
integrated out through Schwinger-Keldysh/Feynman—
Vernon methods, leaving a retarded non-local influence



on the retained dark-sector variables. Schematically,
Set = Sioe + / dz dz’ O(2)K (2,2)0) + -, (5)

where O denotes the retained operator and K is a re-
tarded kernel.

For slowly varying histories, the minimal one-pole re-
alization is the normalized exponential kernel

K(Az) = %e*AI/AG(AI), Ar=x—2. (6)

This choice is causal, positive, and reducible to a first-
order auxiliary equation. It should be interpreted as
the minimal operational embedding of retardation rather
than as a claim that the exact microscopic kernel is
strictly exponential.

The latent memory variable is then defined by

m(x) = /x de' K (z — ') b (2'), (7)

—00

with effective coupling

Bt () = Bo + fim(z), (8)
and interaction law
Q = 3H Begr()pL- (9)
The corresponding auxiliary evolution equation is
b _
A
where prime denotes d/dx with = Ina. The strict

regression channel is immediate: as A — 0, one recovers
m — brp and therefore the Markovian v36.0 closure.

III. PHYSICAL ANCHORING OF THE
MEMORY WIDTH

The dimensionless memory width A is best interpreted
as a relaxation scale measured in e-fold time. If the unre-
solved processing sector is characterized by a relaxation
time 7y1 in cosmic time, then locally

A(a) ~ H(a)m(a). (11)
Around a pivot epoch where the interaction is active one
may write
H,

Ay~ H*TH,* ~ 5 (12)
mH,*

if the sector is associated with an effective mass scale
ML« ~ T i

This relation provides the same three phenomenolog-
ical regimes emphasized in v36.2: a Markovian regime
A < 1, an observable hysteresis regime A ~ O(0.1-1),
and a frozen-memory regime A > 1. In v36.4 the same
timescale is re-read as the relaxation time of locally avail-
able future latency.

IV. FUTURE-LATENCY INTERPRETATION
OF THE LATENT SECTOR

The interpretive core is that the latent sector may be
understood as the gravitationally active reservoir of com-
pressed future states,

PL = PF, (13)

with pr denoting future latency. One may encode
that idea at a coarse-grained level by introducing the
admissible-future set

Flat) = { microstates physically admissible but }
’ not yet executed at (z,t) ’
(14)
and a corresponding density

pr(z,t) = € p[F(z,t)], (15)

where p is a coarse-grained measure on future-state ca-
pacity and e, is an effective energy weight per admissible
latent unit. Equation (15) is not meant as a UV-complete
definition, but as a compact statement that future la-
tency is treated as physically weighted rather than merely
symbolic.

Under this reading, the latent component can gravitate
without having entered luminous or dissipative baryonic
channels. The same delayed-response structure that ap-
peared in v36.2 now acquires a more specific meaning:
the memory variable m(x) parameterizes the retarded
persistence of locally available future information. Two
histories with identical present proxy value but different
past support may therefore yield different present m(0)
and hence different present effective couplings. The hys-
teresis built into the mathematics is reinterpreted as path
dependence in the available future itself.

V. FROM FUTURE-LATENCY ONTOLOGY TO
THE EFFECTIVE CLOSURE

The v36.4 bridge is preserved here, and the new v36.5
contribution is observational rather than structural: it
makes explicit why the effective closure of v36.2 is the
natural minimal realization of the future-latency picture.

At the coarsest level, any finite-rate execution process
should satisfy a stock-flow principle: the magnitude of
the exchange between latent and executed sectors must
scale with the available latent stock. In an FRW back-
ground, the natural cosmological rate scale is H. Di-
mensional analysis therefore suggests a leading-order ex-
change magnitude of the form

Q[ o Hpp. (16)

Introducing a dimensionless efficiency factor Sqg () gives
the minimal closure

Q = 3H Bt (z)pF. (17)



This is precisely the operational structure already used
in v36.2. Its role here is not newly invented; it is newly
justified.

Why should SBeg(x) be history-dependent? Because the
latent stock is not assumed to be instantaneously acces-
sible. If the local availability of future states is mediated
by an unresolved processing sector, then the effective ex-
ecution efficiency should respond with delay to the proxy
history controlling that sector. The minimal one-pole
realization is therefore

Bert(x) = Bo + Bim(z), :
(18)
The Markovian limit A — 0 corresponds to instanta-
neous scheduling; finite A encodes execution lag in the
local availability of future latency.

The continuity equations may then be read as a bal-
ance law between future latency and executed cosmolog-

ical structure,

= +3Befpra (19)
—3PetPFs (20)

with the sign convention inherited unchanged from v36.2.
The important point is not the sign convention by itself,
but the closure logic: once one accepts a finite-bandwidth
stock of future latency, a transfer law proportional to
Hpp with a delayed dimensionless efficiency factor is the
minimal effective choice compatible with conservation,
FRW scaling, and regression to the local limit.

This is still not a unique UV derivation. Other non-
linear or multi-pole closures could exist. But v36.4 clar-
ifies that the v36.2 law is not an arbitrary ansatz: it is
the leading-order effective closure naturally suggested by
future-latency ontology plus finite-rate temporal process-
ing.

P+ 3pF
o +3(1+wp)pr =

VI. CONSERVATIVE EFT STATUS

The Einstein-frame consistency template remains de-
liberately modest. A broad class of effective actions of
the form

S = | d%r[ Mg Lagr - vio)

1 v
- ZfD(@FS F;f)u + ESM]
+ S+ Sr+ Sﬁpen7 (21)

may, after integrating out unresolved degrees of freedom
in S, generate retarded contributions to the effec-
tive dark-sector coupling. The solver-facing closure used
here is therefore consistent with a wide class of non-local
Einstein-frame EFTs. It is best understood as a consis-
tency template rather than a unique microscopic deriva-
tion. In v36.4, the same template is re-read as an EFT
support structure for future-latency cosmology.

VII. LINEAR PERTURBATIONS AND
CONTROLLED CLOSURE

The perturbative structure is inherited directly from
v36.2. Working in synchronous gauge and choosing mo-
mentum transfer parallel to the cold component, the in-
teracting latent sector obeys

- aQ (0Q _
L—_(9L+ 2) + o (Q 6L> (22)

while the executed negative-pressure sector obeys

h/
o = —(1 +wy) (91 + 2) — 3H(&3 ; — wr)dr (24)

~a@ (0Q )
—dr ), 25
Pr (Q ! (25)
22
C a@
0y = —H(1 — 38 )0 + —21—k? -0
T ( )01 T, ¥ 01 pl(z L)-
(26)
The memory perturbation satisfies
dbry — 0
sm/ = “Tm, 8Beft = B1Om. (27)
The minimal implementation sets dby = 0, yielding
om’ = —ém/A, while an extended closure may be pa-

rameterized as 6(3n = bpdy. As in v36.2, the minimal
approximation is controlled whenever |81b| < 1 over
the observationally relevant regime.

The PPF bridge is also preserved,

K® = 4rGna® >y pil\; — k°T, (28)

with
(14 k)T + HT) + EE*T = Sy, (29)

so that temporal non-locality enters through Seg(z) and
0 Be while the quasi-static limit remains under control.

VIII. OBSERVABLE DISCRIMINANTS

The practical observational logic remains anchored in
v36.2 [2], but v36.5 adds one sharper summary statis-
tic. Increasing A delays the response of m to changes in
the proxy history, thereby smoothing and phase-shifting
the effective coupling relative to the Markovian baseline.
The cleanest late-time discriminants remain: background
deformations in H(z), phase-shifted growth signatures in
fos(z), and path dependence in large-scale potential evo-
lution and integrated late-time CMB sensitivity.

The future-latency interpretation adds a sharper lan-
guage for these signals, and v36.5 goes one step further



by promoting that language into a dedicated observable.
If py, is read as future latency, then hysteresis in observ-
ables at fixed present proxy value is naturally described
as dependence on the prior history of locally available
future states. The same data products remain relevant;
what changes is the physical interpretation of why history
matters.

A. Illustrative observable benchmarks

Because the operational equations of v36.4 are un-
changed relative to v36.2, the same lightweight bench-
mark plots remain informative here. Figure 1 reproduces
the exact background benchmark, the quasi-GR growth
proxy, and the memory-smoothed effective coupling used
in v36.2. Figure 2 reproduces the operational hystere-
sis benchmark showing how two proxy histories with the
same present value but different past support generate
distinct present effective couplings whenever A > 0.

IX. A NEW OBSERVABLE:
EXPANSION-GROWTH HYSTERESIS

The key observational upgrade of v36.5 is to turn path
dependence of the latent state into a directly plotable
late-time diagnostic. In a Markovian cosmology, the
growth response is effectively a single-valued functional
of the instantaneous expansion history. In the present
framework, that degeneracy is broken: two histories with
the same present proxy value and nearly overlapping late-
time expansion histories can still yield slightly different
growth responses because the execution efficiency carries
memory through m(z).

To formalize this point, consider two admissible proxy
histories A and B satisfying

b (0) = b (0), (30)

but differing in their past support. Their corresponding
background and growth solutions generate two paramet-
ric curves,

(HD@), 6 =) . (HPE) f07(=). (6D

in the expansion-growth plane. Matching the curves at
equal H/Hj defines the residual

A B
Afoun(H) = foi V) (H) = foi” (1), (32)
and the associated hysteresis area functional
HIUEIX
Anyst E/ |Afog i (H)| dH. (33)

By construction,

Anyst = 0 as A —0, (34)

or whenever the two histories collapse to the same latent-
state evolution. For finite A, however, the memory-
bearing future-latency sector generically yields Apys 7 0.

This quantity is not meant to replace a full likelihood
analysis. It is a compact way to isolate the genuinely non-
Markovian content of the model. Smooth deformations of
H(z) or of fos(z) individually can often be mimicked by
other interacting-dark-sector prescriptions. A finite area
in the (H/Hy, fog) plane is harder to mimic because it
encodes path dependence at matched expansion rate. In
the present framework, the physical interpretation is di-
rect: the same instantaneous expansion can coexist with
slightly different growth if the locally available future la-
tency has a different prior history.

To visualize the effect, Fig. 3 shows a toy benchmark
built from two proxy histories with equal present value
but different past support. The left panel displays the
constructed histories, the middle panel shows the corre-
sponding growth responses, and the right panel displays
the resulting finite band in the expansion-growth plane.
The benchmark is intentionally lightweight and inherits
the quasi-GR growth logic already used in v36.2, but it
makes the new diagnostic explicit. What v36.5 adds to
the earlier versions is therefore not a new kernel or a new
perturbation equation, but a new observable summary of
the same memory physics.

X. PILOT COMPARISON WITH REAL
LATE-TIME DATA

To place the new hysteresis-oriented closure against
currently available late-time observations, we include a
lightweight pilot comparison using public compilations
of H(z) and fog(z). The exercise is intentionally mod-
est. It uses diagonal observational errors only, no BAO,
CMB, or supernova likelihoods, and it retains the quasi-
GR growth proxy already used for the benchmark plots.
The purpose is not to claim a precision constraint, but
to test whether the future-latency closure is immediately
disfavored or remains phenomenologically competitive.

We use 31 cosmic-chronometer points covering 0.07 <
z < 1.965 and 26 growth-rate points covering 0.013 < z <
1.944. The pilot setup fixes Qpg = 0.05, Q2,0 = 9 x 1075,
wy = —1, and By = 0, while keeping the same smoothed
proxy history used throughout the benchmark analysis.
For the future-latency model, the free parameters are
(Ho, Qro, b1, A, 08,0); for ACDM, the free parameters are
(Ho, im0, 08,0)-

Table I summarizes the resulting best-fit points. The
raw Y2 values are nearly degenerate: the unconstrained
v36.5 best fit reaches y? = 29.49, the finite-memory
branch with A > 0.05 gives x> = 29.54, and the best-
fit ACDMcomparison gives y? = 29.56. The impor-
tant qualitative result is that the unconstrained fit drives
the preferred region toward the Markovian edge, with
A ~ 24 x 1073. Even when a finite-memory prior is
imposed, however, the fit remains almost indistinguish-
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FIG. 1. Tlustrative benchmark comparison inherited from MetaTime v36.2. Left: exact background expansion histories. Center:
quasi-GR proxy for fogs(z) computed on the same backgrounds. Right: memory-smoothing of the effective coupling, showing
both the representative benchmark A = 0.35 and a larger-A frozen-memory regime. Since v36.5 preserves the operational
cosmological equations inherited from v36.4, these benchmark curves remain unchanged; what is new is the explicit derivational
bridge linking them to future-latency closure and the additional expansion-growth hysteresis diagnostic.

able from ACDMin raw 2. Information criteria continue
to favor ACDMbecause the future-latency model carries
more free parameters in this pilot setup.

Figure 4 shows the corresponding best-fit curves
against the late-time data points. The left panel com-
pares the expansion histories to the cosmic-chronometer
compilation, while the right panel compares the quasi-
GR growth proxy to the fog compilation. The pilot mes-
sage is disciplined rather than triumphant: present late-
time data do not require strong memory, but they also
do not rule out the model’s minimally non-Markovian
regime. A full assessment of the hysteresis observ-
able will ultimately require CLASS/CAMB-level transfer
functions and a joint likelihood with realistic covariance
structure.

XI. EXPANDED CERTIFICATION LOGIC

The v36.2 validation structure is retained with minimal
modification:

Equal-present, different-past histories Hysteresis in the |atent state

B @

06 L 0.010
0,008 \/\
\/\ 0.006
0.004 l/
: X ! y L .

FIG. 2. Operational hysteresis benchmark inherited from
MetaTime v36.2. Two proxy histories with equal present
value but different past support generate distinct latent states
and therefore distinct present effective couplings when A > 0.
In v36.5 the same effect is read as path dependence in the lo-
cally available future.

proxy history Bp(z)
Bei(2)

m

1. Uncoupled regression: [y = 1 = 0 must recover

ACDM.
2. Bookkeeping conservation: monitor

— dptot
" dlna

and require numerical consistency.

R(a) + 3(ptot + Prot), (35)

3. Radiation-era safety: enforce a conservative BBN
prior |Q|/(Hptot) < eppN at high redshift.

4. Super-Hubble boundedness:  verify stability of
gauge-invariant curvature perturbations.

5. Markovian regression: A — 0 must collapse con-
tinuously to v36.0.

6. Hysteresis test: distinct proxy histories with iden-
tical present value must produce distinct present
effective couplings whenever A > 0.

7. Controlled-proxy test: the extended perturbation
system with by # 0 must reduce continuously to
the minimal closure as by — 0.

These tests separate numerical stability, regression to
the local limit, and the physical significance of the proxy-
perturbation approximation. In v36.5 they also test the
new interpretive bridge and its observable consequence: if
the benchmark curves and hysteresis protocol survive full
Boltzmann implementation and likelihood confrontation,
the observationally relevant content is no longer merely
that the coupling is non-local, but that the latent sector
behaves as a history-bearing reservoir of future latency.

XII. CONCLUSIONS

MetaTime v36.5 preserves the core achievements of
v36.2: a solver-ready non-Markovian dark-sector closure
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FIG. 3. New v36.5 toy benchmark illustrating expansion-growth hysteresis. Left: two proxy histories with equal present value
but different past support. Center: the corresponding growth responses, plotted as fos(z). Right: the resulting finite band in
the (H/Ho, fos) plane, quantified by the area functional Apys defined in Eq. (33). In the Markovian limit this area collapses
to zero; for finite A it provides a direct observable summary of non-Markovian future-latency dynamics.

TABLE 1. Pilot fit summary for the late-time comparison shown in Fig. 4. The v36.5 entries use the same benchmark proxy
history as the main text and a quasi-GR growth proxy. This table is intended as a preliminary phenomenological check rather

than a full cosmological likelihood analysis.

Model Ho Qroor Qmo 1 A oso x> AIC BIC
v36.5 best fit 68.884  0.2599  0.03199 0.00238 0.8044 29.49 39.49 49.70
v36.5 best fit (A > 0.05) 68.782  0.2572  0.01410 0.05003 0.8017 29.54 39.54 49.75
ACDM best fit 68.901  0.3028 — —  0.8013 29.56 35.56 41.69

with a strict regression channel to v36.0, a physically
anchored memory width, an open-EFT motivation for
the retarded kernel, controlled perturbations, and bench-
mark observables. The technical implementation remains
conservative by design.

The v36.4 step made the closure logic more explicit,
and the new v36.5 step promotes that logic into a sharper
observable. We identify the latent sector with future la-
tency, pr = pr, and show that once one treats that sec-
tor as a finite-bandwidth stock of physically weighted
but not-yet-executed state capacity, a leading-order ex-
change law proportional to Hpp is the natural effective
choice. The v36.2 closure is therefore reinterpreted not
as a free-floating ansatz, but as the minimal stock-flow
law compatible with conservation, FRW scaling, delayed
accessibility, and regression to the local limit.

This still does not constitute a unique UV derivation,
nor does it replace the need for full CLASS/CAMB likeli-
hood confrontation. But it does strengthen the scientific
status of the framework in two distinct ways. First, the
cosmological machinery and the MetaTime ontology are
no longer merely adjacent; they are linked by an explicit

effective closure argument. Second, the model now comes
with a sharper observational target: a finite hysteresis
area in the (H/Hy, fos) plane at matched present proxy
value. If future analyses show that observables such as
H(z), fos(z), or late-time gravitational potentials de-
pend on past proxy support at fixed present value, then
the model realizes a genuinely non-Markovian cosmology
that may be read as a test of future-latency dynamics in
the dark sector. In that sense, v36.5 does not only rein-
terpret delayed-response exchange; it proposes a concrete
summary statistic for it. The pilot late-time comparison
added here sharpens that conclusion. At the level of a
simple diagonal-error test, the framework remains com-
petitive with ACDMin raw x?2, but the preferred region
lies close to the Markovian limit. That is a scientifically
useful result in its own right: it means the model is not
immediately ruled out by present H(z)+ fog data, while
also showing that a decisive test of genuinely finite mem-
ory will require stronger data combinations and a full
Boltzmann-likelihood implementation.



Expansion history

16000 A

14000 A

ACDM best fit
—— v36.5 best fit
== v36.5 best fit (A =0.05)

Growth history

0.7 1 ACDM best fit
—— v36.5 best fit

== v36.5 best fit (A =0.05)

$ CCdata

12000 4

10000 4

8000 +

6000 +

H(z) [km/s/Mpc]

4000 A

2000 +

0

1.00 1.25 1.50 175 2.00

z

0.00 0.25 0.50 0.75

0.6

¢

fog data

0.5 1

0.4 1

fog(2)

0.3 A

0.2

0.1

0.0
0.00

1.00 1.25 1.50 1.75 2.00

z

0.25 0.50 0.75

FIG. 4. Pilot comparison of v36.5 against public late-time data. Left: best-fit expansion histories plotted against the 31-point
cosmic-chronometer compilation. Right: best-fit quasi-GR growth histories plotted against the 26-point fos compilation. The
unconstrained best fit prefers a near-Markovian memory width, while the finite-memory branch with A > 0.05 remains nearly

degenerate with ACDMin raw x?.
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Appendix A: Kernel-to-ODE equivalence

Starting from Eq. (7), differentiation with respect to x
yields

which is Eq. (10). More general kernels may be repre-
sented by Prony-series embeddings with multiple auxil-
iary memory variables.

Appendix B: Operational hysteresis protocol

Choose two proxy histories,

b (2) = b + Aexp[—(z — 2.)?/0%),  (Bl)
b (2) = b + Aexpl—(z — 2.2 /0%, (B2)

with @, # .. but arranged so that B(FIA) (0) = B%B)(O) =
5110. For any A > 0, the corresponding solutions of
Eq. (10) generically satisfy m(4) (0) # m(5)(0), while the
difference collapses as A — 0.
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