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Abstract. This paper formulates screened copy-time transport as a projected nonequilibrium
mechanism for baryonic supply at cosmic dawn. The construction starts from ordinary baryon-
electron-photon microphysics and defines a receiver algebra of outgoing records. A Mori-
Fisher projection removes all record information already represented in standard radiation
hydrodynamics: mass, momentum, gas energy, radiation groups, chemistry and opacities. The
remaining scalar is not an adjustable potential but the logarithmic excess of the structural
Fisher-information rate,

ψ = log
(

İraw
Q

İ∥
Q

)
= log(1 + İ⊥

Q/İ
∥
Q),

where the denominator is fixed by the projected standard channel. This normalization eliminates
the former arbitrary time scale. The residual receiver modifies the coarse-grained measure by
a Radon-Nikodym factor whose entropy density is qQnbψ. Its variational derivative gives the
thermodynamic force qQ∇ψ, so Onsager theory fixes the cross coefficient,

L
(ℓ)
Bψ = qQL

(ℓ)
BB = qQnbD

(ℓ)
B .

The coefficient has exact Green-Kubo/Mori and projected-Boltzmann forms. Molecular diffusion
is shown by dimensional analysis to be far below the required mobility for galaxy-scale compaction;
the relevant astrophysical coefficient is the filtered Kubo mobility of resolved, cooled, turbulent
gas. The paper derives the quadratic structural coefficient A2 for one-body, two-body and three-
body record channels, supplies power inequalities for dynamical relevance, gives a conservative
radiation-hydrodynamic insertion operator, defines the observable selection test, and states
discriminating predictions.

Keywords: nonequilibrium transport; Onsager reciprocity; Mori projection; Fisher information;
radiation hydrodynamics; cosmic dawn; black-hole seeds; JWST.
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1 Introduction
The observational problem is not merely that luminous galaxies exist at high redshift; it is that
compact stellar systems, obscured active nuclei and large inferred black-hole masses appear within
a limited cosmic time. Spectroscopic confirmation of JADES-GS-z14-0 at z ≃ 14.32 demonstrates
that luminous galaxies were present approximately 300 Myr after the Big Bang [16, 17]. UHZ1 has
been interpreted as an X-ray source consistent with a heavy-seed origin [18]. CAPERS-LRD-z9
is a broad-line active nucleus at z = 9.288, with a canonical virial mass near 107.58M⊙ and large
systematic uncertainty [19]. These observations motivate an additional supply mechanism only if it
is conservative, screened from primary linear cosmology, not already contained in ordinary radiation
hydrodynamics, and testable in matched simulations.

The analysis is formulated as a projected transport construction together with a validation
protocol. Gravity, baryon number conservation and the standard accretion equation are kept fixed.
The additional element is a residual structural record, defined only after the response already
represented in radiation hydrodynamics has been projected out. This residual record defines an
entropic scalar ψ. When both ∇ψ and the filtered baryonic mobility are sufficiently large in cooled
nonlinear gas, the associated Onsager current modifies the central gas supply; otherwise the transport
channel is dynamically irrelevant by the power inequalities derived below.

2 Microscopic receiver and projection
On subhorizon cosmic-dawn scales the microscopic Hamiltonian can be written schematically as

H = Hbeγ +HTh +Hbf +Hff +Hline +Hchem +Hgrav, (1)

where the interaction terms denote Thomson scattering, bound-free and free-free processes, line
emission, nonequilibrium chemistry and self-gravity. The receiver algebra Arec is generated by stable
outgoing records: photon occupation operators at cell or null boundaries, escaped line photons,
scattering histories, and environmental states that remain correlated with the baryonic configuration
over a coarse-graining interval.

Let Y be receiver data produced in a spacetime cell and let Q be a baryonic coarse variable.
The score is

sQ(Y ) = ∂Q log p(Y | Q). (2)
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Figure 1: Logical architecture of screened copy-time transport. Ordinary microphysics produces
records; the Mori-Fisher projection removes the part already represented in standard RHD; the
residual Fisher scalar supplies an entropy-gradient force; the resulting Onsager current is inserted as
a conservative flux; compaction and black-hole feeding are tested only through matched simulations
and identical selection functions.

The raw Fisher-information rate is

İraw
Q = lim

∆t→0

1
∆t

〈
sQ(Y )2

〉
. (3)

For independent microscopic record channels r,

İraw
Q =

∑
r

∫
dΠr Ṅr(Πr)

〈
[∂Q log pr(Y | Q,Πr)]2

〉
. (4)

For a Poisson channel with rate Rr(Q),

İraw
Q,r = (∂QRr)2

Rr
. (5)

Equation (5) makes the record rate calculable from cross sections and emissivity kernels. It also
identifies the subtraction required for consistency: unprojected record rates contain ordinary one-
point density responses already represented by radiation forces, cooling and opacities. The copy-time
channel is therefore defined only on the Fisher-orthogonal residual.

Definition 1 (Standard RHD score space). Let G be the score space generated by all slow variables
explicitly evolved by the baseline radiation-hydrodynamic solver: baryon number, momentum, gas
energy, radiation energy density and flux in each photon group, chemical and ionization abundances,
metal mass, opacities, emissivities and any subgrid feedback state used in both baseline and copy-time
runs. With Fisher inner product (a, b)F = ⟨ab⟩, define PG as the orthogonal projector onto G.
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The raw score is decomposed as

sQ = s
∥
Q + s⊥

Q, s
∥
Q = PGsQ, s⊥

Q = (1 − PG)sQ. (6)

The associated Fisher rates are

İ∥
Q = lim

∆t→0

1
∆t⟨(s

∥
Q)2⟩, İ⊥

Q = lim
∆t→0

1
∆t⟨(s

⊥
Q)2⟩. (7)

The copy-time scalar is then defined by the dimensionless excess ratio

ψ = log

 İraw
Q

İ∥
Q

 = log

1 +
İ⊥
Q

İ∥
Q

 . (8)

This definition is preferable to ψ = log(τ0İ⊥). It introduces no arbitrary clock. If the residual
record channel vanishes, ψ = 0. If the residual channel is spatially homogeneous, ∇ψ = 0 and no
transport follows.

3 Projection theorem for the quadratic structural coefficient
The amplitude controlling ∇ψ is the residual structural coefficient A2. It must be computed from
microscopic channel rates and from resolved or subgrid clumping statistics. It is not a fitted constant.

Consider a cell of volume Vℓ. Let a record channel have local reaction order p,

Rr = Kr(T,x)
∫
Vℓ

p∏
a=1

na(x) d3x, (9)

where Kr is a cross-section, recombination, excitation, chemistry or emissivity kernel. Write

na(x) = n̄a[1 + δa(x)], ⟨δa⟩ℓ = 0. (10)

The variables n̄a, T,x belong to G. The residual structural invariants begin with the cell covariances

Cab,ℓ = ⟨δaδb⟩ℓ. (11)

For a smooth field in a Cartesian finite-volume cell,

Cab,ℓ = ℓ2

12∇ logna · ∇ lognb +O(ℓ4∇4), (12)

so the leading resolved estimate is fixed by the state of the simulation. A subgrid clumping model
may add a term, but then it must be used identically in baseline and copy-time runs and calibrated
independently of the high-redshift compact-source outcome.

Theorem 1 (Poisson projection coefficient). For a p-body Poisson record channel whose one-point
response is projected into G, the leading residual Fisher rate for a long-mode amplitude δL is

İ⊥
δL,r

= A2,rδ
2
L +O(δ3

L), A2,r = [p(p− 1)χr,2]2Rr0, (13)

where Rr0 = KrVℓ
∏
a n̄a and χr,2 = ∂Cr,ℓ/∂(δ2

L)|0 is the clumping-response coefficient measured
from the resolved field or from an independently calibrated closure. For p = 1, A2,r = 0.
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Proof. Expanding Eq. (9) at fixed cell means gives

Rr = Rr0

1 +
∑
a<b

Cab,ℓ +O(δ3)

 . (14)

For equal long-mode response this may be written as

Rr = Rr0

[
1 + p(p− 1)

2 χr,2δ
2
L +O(δ3

L)
]
. (15)

The linear response has already been removed by PG . Hence

∂δL
R⊥
r = p(p− 1)Rr0χr,2δL +O(δ2

L). (16)

Substitution into the Poisson Fisher identity (5) and evaluation of the denominator at Rr0 yields
Eq. (13). The factor p(p− 1) vanishes for a one-body channel, proving the Thomson and one-point
opacity null result after projection.

The channel-level consequences are explicit:

A2,Th = 0, (17)
A2,bf = 0 for one-point opacity already in RHD, (18)
A2,rec
Vℓ

= 4χ2
ep,2αB(T )nenp, (19)

A2,Lyα
Vℓ

= 4χ2
ep,2fαβescαB(T )nenp, (20)

A2,ff
Vℓ

= 4χ2
ei,2Kff(T, ν)neni, (21)

A2,line
Vℓ

= 4χ2
eX,2qul(T )nenX , (22)

A2,3body H2

Vℓ
= 36χ2

H,2k3(T )n3
H . (23)

Here αB is the case-B recombination coefficient, fα the Lyα branching factor, βesc an escape
probability computed by the radiative-transfer solver, Kff a photon-count free-free kernel, qul a
collisional excitation rate and k3 a three-body molecular-hydrogen formation rate. Every factor is
either a microphysical rate table, a radiative-transfer quantity, or a structural covariance determined
before comparison with high-redshift source statistics.

With the decomposition İraw = İ∥ + İ⊥, the leading nonlinear scalar is

ψ = log
[
1 +

∑
r A2,rδ

2
L +O(δ3

L)
İ∥

]
. (24)

Hence A2 is the quantity that determines whether the gradients of ψ can become astrophysically
important in collapsed gas. It is no longer an open symbol: Eqs. (19)–(23) give its channel-level
form.
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Table 1: Projected record channels and quadratic coefficients. R0 is the zero-order rate in the cell.
The normalized coefficient assumes χr,2 = 1; production calculations use the measured χr,2.

Channel Rate kernel A2/R0

Thomson one-point σT cnenγ 0
Photoionization opacity cnγnHIσν 0
Case-B recombination αB(T )nenp 4χ2

ep,2
Recombination Lyα fαβescαBnenp 4χ2

ep,2
Free-free photons Kffneni 4χ2

ei,2
Collisional line qulnenX 4χ2

eX,2
Three-body H2 k3n

3
H 36χ2

H,2

4 Coarse-grained entropy and Onsager coefficient
The residual receiver changes the coarse-grained measure, not the fundamental Hamiltonian. Let
Γ0 be the standard hydrodynamic measure after tracing over fast variables whose mean effects are
already in G. The structural receiver contributes the Radon-Nikodym factor

dΓcg
dΓ0

= exp
[∫

qQnb(x)ψ(x) d3x

]
. (25)

For the baryon-number copy coordinate, qQ = 1 by normalization of the conserved unit. If a
different conserved scalar is copied, qQ changes by redefining Q; it is not a continuous population-fit
parameter.

The entropy functional is

S[nb, e, ψ] =
∫

d3x [s0(nb, e) + qQnbψ] , (26)

so at fixed energy density
δS

δnb
= −µB

T
+ qQψ. (27)

The baryonic thermodynamic force in a relativistic notation is

XµB = ∆µν∇ν

(
δS

δnb

)
= −∆µν∇ν

(
µB
T

)
+ qQ∆µν∇νψ. (28)

Theorem 2 (No independent baryon-copy Onsager coefficient). At coarse-graining scale ℓ,

L
(ℓ)
Bψ = qQL

(ℓ)
BB = qQnbD

(ℓ)
B . (29)

Proof. The entropy production in the single relative baryon channel is

∇µs
µ = νµBXBµ. (30)

The isotropic Onsager law is νµB = L
(ℓ)
BBX

µ
B, with L

(ℓ)
BB ≥ 0. Substitution of Eq. (28) gives

νµB = L
(ℓ)
BBX

µ
B + qQL

(ℓ)
BBX

µ
ψ , (31)

where Xµ
B = −∆µν∇ν(µB/T ) and Xµ

ψ = ∆µν∇νψ. Comparison with a two-force notation gives
Eq. (29). Any different cross coefficient would correspond to an additional entropy term not present
in Eq. (26).
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Figure 2: Normalized structural coefficient produced by the projection theorem. One-body channels
vanish after standard RHD projection. Two-body and three-body channels survive only through
measured clumping/covariance response; their absolute amplitudes are fixed by microscopic rate
kernels and local gas state.

The corresponding two-force matrix is rank one,

L = L
(ℓ)
BB

(
1 qQ
qQ q2

Q

)
, aTLa = L

(ℓ)
BB(a1 + qQa2)2 ≥ 0. (32)

Additional receiver relaxation variables may add positive diagonal blocks, but they do not alter the
cross coefficient that couples to the baryon current.

5 Microscopic mobility and the molecular null result
The exact Kubo-Mori expression for the baryonic mobility is

L
(ℓ)
BB = 1

3T

∫ ∞

0
dt
∫

|x|<ℓ
d3x

〈
J iB(t,x)J iB(0,0)

〉
⊥,ℓ

, (33)

where zero modes and the standard RHD score space are projected out. Thus

L
(ℓ)
Bψ = qQ

3T

∫ ∞

0
dt
∫

|x|<ℓ
d3x

〈
J iB(t,x)J iB(0,0)

〉
⊥,ℓ

. (34)

In kinetic theory this becomes

Lmol
Bψ = qQ

3T
∑
s

(
V iB,s, C−1

s,⊥V iB,s
)
s
, (35)

where C−1
⊥ is the inverse of the linearized collision operator on the dissipative subspace. A relaxation

closure gives
Dmol
B = kBT

mBνtr
, Lmol

Bψ = qQnbD
mol
B , (36)
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with
νtr =

∑
a

na⟨σtr
BavBa⟩ + νγb + νCoul + νmol + νdust + · · · , (37)

including, for photon drag,
νγb = 4ργ

3ρb
neσT c. (38)

Proposition 1 (Molecular diffusion cannot compact a galaxy). For Dmol
B ∼ 109–1011 m2 s−1, the

diffusion time over L = 10–100 pc is

tmol
diff = L2

Dmol
B

≃ 3 × 1016 yr
(

L

10 pc

)2
(

1011 m2 s−1

Dmol
B

)
. (39)

This exceeds any cosmic-dawn formation time by many orders of magnitude. Molecular diffusion is
therefore not the astrophysical channel.
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Figure 3: Molecular diffusion is far below the required mobility for 10–100 pc compaction. The
calculation eliminates the molecular coefficient as the galaxy-scale channel and identifies the filtered
Kubo mobility of resolved gas as the relevant transport coefficient.
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6 Filtered Kubo mobility and power criteria
The relevant coefficient in a finite-resolution radiation-hydrodynamic calculation is the filtered
Green-Kubo mobility

D
(ℓ)
B = 1

3

∫ ∞

0
dt ⟨δuℓ(t) · δuℓ(0)⟩⊥, (40)

where δuℓ is the baryonic velocity fluctuation in a cell after subtracting the resolved advective flow
and projecting out ordinary RHD variables. If the autocorrelation is locally exponential,

D
(ℓ)
B = 1

3σ
2
ℓ τℓ, τℓ ≤ ℓ

σℓ
. (41)

The quantities σℓ and τℓ are measured from the simulation state. They are determined from the
local simulation state before the observable comparison.

Let Lψ = |∇ψ|−1 be the coherence length of the copy-time scalar and let L be the target inflow
scale. The drift speed and drift time are

vCT ≃ D
(ℓ)
B

Lψ
, tdrift ≃ LLψ

D
(ℓ)
B

. (42)

The channel is dynamically relevant only if
LLψ
tdyn

≲ D
(ℓ)
B ≲ vmaxLψ, (43)

where vmax is at most the resolved sound or turbulent speed. Equation (43) is a necessary consistency
condition: if the lower bound exceeds the speed bound, the channel cannot compact gas within the
assumed hydrodynamic regime.

Table 2: Operational quantities. None is fitted to the observed compact-source population.
Quantity Definition How fixed in production

qQ copied baryon-number unit normalization; qQ = 1
ψ log(İraw/İ∥) channel rates and projection
A2 Eq. (13) microphysical kernels and measured clumping
Dmol
B kBT/(mBνtr) null lower-bound diagnostic

D
(ℓ)
B Eq. (40) velocity autocorrelation in RHD

τℓ decorrelation time measured; ≤ ℓ/σℓ
Lψ |∇ψ|−1 computed from projected Fisher field

7 Linear cosmological screening
The screened mechanism must not introduce an unconstrained first-order source in the CMB or
BAO equations. The projection supplies the necessary condition.

Theorem 3 (Projected primary linear screen). Assume the FRW reference state is homogeneous
and isotropic, and assume G contains all one-point hydrodynamic, thermochemical and radiation
variables with nonzero first-order scalar response. Then the copy-time force has no primary linear
scalar source:

δ

δδ(k) ∆µν∇νψ

∣∣∣∣
δ=0

= 0. (44)
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Figure 4: Power criterion for a representative 100 pc compaction problem. The lower curve gives
the minimum mobility required to act within a 10 Myr dynamical time; the upper curve imposes
vCT < 30 km s−1. Molecular values are far below the plotted range. Dynamical relevance requires
filtered mobilities characteristic of cooled, turbulent gas.

Proof. The raw score can be expanded as

sQ = s
(0)
Q + δs

(1)
Q + δ2s

(2)
Q + · · · . (45)

The homogeneous term has no spatial gradient. By hypothesis, the entire first-order scalar score
belongs to G, hence (1 − PG)s(1)

Q = 0. The residual Fisher excess therefore begins with the quadratic
structural coefficient,

İ⊥
Q

İ∥
Q

= B2δ
2 +O(δ3), (46)

where B2 = A2/İ∥
Q. Thus

ψ = log(1 +B2δ
2 +O(δ3)) = B2δ

2 +O(δ3), (47)

and ∇ψ contains no term linear in δ.

In a formal baryon Euler equation,

θ′
b = −Hθb + c2

bk
2δb +Rγ(θγ − θb) + k2Φ + qCT, (48)
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this means
q

(1)
CT = 0. (49)

The leading contribution is nonlinear,

q
(2)
CT(k, a) =

∫ d3p

(2π)3KCT(p,k − p; a)δb(p)δb(k − p), (50)

with KCT fixed by the projected Fisher rates, the receiver window and the measured mobility.
Linear screening is therefore structural, not tuned; nonlinear matter statistics and halo structure
remain constraints.

8 Receiver window
A receiver cannot record a homogeneous conserved displacement inside a closed cell, and it cannot
resolve structure below the decorrelation length. The finite-band response is

Wrec(a, k) =
k2

phys
k2

phys + k2
J(a)

1
1 + k2

physλ
2
res(a)

, kphys = k

a
, (51)

where
kJ =

√
4πGρb
cs

, λres =
√
D

(ℓ)
B τℓ. (52)

The low-k factor follows from conservation and pressure support; the high-k factor follows from
finite receiver resolution. The peak scale is determined by the local gas state and decorrelation
length, not fitted to an observed galaxy size.

9 Conservative radiation-hydrodynamic operator
In a single barycentric fluid there is no independent diffusion of total baryon mass. The copy-time
current is therefore a filtered relative flux in the coarse-grained equations. It is not a second baryon
species and not a source term. Let u be the resolved advective velocity. The number flux is

∂tnb + ∇ · (nbu + JCT) = 0, (53)

with Maxwell-Cattaneo completion

τℓ(∂t + u · ∇)JCT + JCT = −D(ℓ)
B ∇nb + qQD

(ℓ)
B nb∇ψ. (54)

The entropy production is

σCT = |JCT|2

nbD
(ℓ)
B

≥ 0. (55)

The mass flux jm = mbJCT carries momentum and enthalpy:

∂tρb + ∇ · (ρbu + jm) = 0, (56)
∂t(ρbu) + ∇ · (ρbuu + P I + ujm) = −ρb∇Φ + frad + ffb, (57)

∂tE + ∇ ·
[
(E + P )u + Frad + hbJCT + 1

2mbu
2JCT

]
= −ρbu · ∇Φ + Ėrad + Ėfb. (58)
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Figure 5: Finite-band receiver response for an illustrative filtered decorrelation length. In production
calculations both kJ and λres are evaluated locally from the simulation state.

Poisson’s equation is solved after the density update,

∇2Φ = 4πG(ρb + ρdm + ρ⋆ + ρBH − ρ̄), (59)

so gravity responds to the baryon redistribution. Cooling, nonequilibrium chemistry, star formation
and black-hole sink prescriptions are then applied using the updated conservative state. This
ordering prevents hidden nonconservation.

For constant D(ℓ)
B , τℓ, and ψ = 0, a Fourier mode satisfies

τℓs
2 + s+D

(ℓ)
B k2 = 0. (60)

The roots have nonpositive real parts, and the high-wavenumber characteristic speed is

vchar =
√
D

(ℓ)
B /τℓ. (61)

The implementation must enforce vchar < c, and in nonrelativistic zooms the stricter practical
requirement is vchar ≲ max(cs, σℓ).

10 Black-hole feeding and observables
The mechanism affects black-hole growth only by changing gas supply. The baryon budget is
unchanged,

Mgas +M⋆ +MBH +Mout ≤ fbMh. (62)
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The black-hole mass follows the usual accretion history,

MBH(t) = M0 exp
[1 − ϵr

ϵr

1
tEdd

∫ t

fEdd(t′) dt′
]
, (63)

where fEdd is limited by gas supply and feedback. A supply diagnostic is

Ifeed =
∫

dt flowJ(t)Mgas(< R, t)
tdyn(R, t) Fcool(t)Ffb(t). (64)

Copy-time transport is relevant only if paired simulations show a statistically significant increase in
Ifeed without violating the speed, conservation and convergence tests.

The observable vector for comparison is generated by forward modelling from the simulated
state:

y = (MUV, βUV, Re,M⋆,Mgas, NH , LX ,FWHMBLR,MBH, z). (65)

A model prediction after selection is

P (y | S,M) =
∫
P (S | y)P (y | θ,M)P (θ | M) dθ∫

P (S | y)P (y | θ,M)P (θ | M) dθ dy . (66)

The same P (S | y) is applied to baseline and copy-time simulations, so that differences in compact-
source abundance are attributable to dynamics rather than selection.

Table 3: Observable construction for a publication-level test.

Observable Direct construction Critical control

MUV, βUV stellar population synthesis plus
dust/radiative-transfer postpro-
cessing

same IMF, dust, age and attenua-
tion model

Re half-light radius in mock images same PSF and surface-brightness
limit

M⋆,Mgas simulation truth plus SED-
inference emulator

same aperture and inference prior

NH , LX column through gas and obscured
AGN spectral model

same orientation sampling and X-
ray response

FWHMBLR, MBH sink mass plus virial BLR emulator same seed and accretion prescription
z snapshot and lightcone construc-

tion
same survey volume and redshift
window

11 Halo catalogues, feeding histories and forward-modelled observ-
ables

The validation object is a paired catalogue rather than a single high-redshift image. For every initial
condition one constructs two rows at each snapshot, baseline and copy-time, with common halo
identity, merger history and numerical controls. The minimum halo catalogue is

Ch = {z,Mh, Rvir, λB, jh, jgas, flowJ, kh/kpeak, D
(ℓ)
B , Lψ, tdyn, tdrift, vCT, σℓ}. (67)
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Here
jh = |Jh|

Mh
, λB = Jh√

2MhVvirRvir
, (68)

and the low-angular-momentum fraction is measured directly from cold gas cells or particles,

flowJ(R, jc) =
∑
i∈R, Ti<Tc

mi Θ(jc − |ri × vi|)∑
i∈R, Ti<Tc

mi
. (69)

The threshold jc is fixed before comparing models; it may be defined by the circular angular
momentum at the black-hole feeding aperture, by a fixed percentile of the initial gas distribution, or
by the angular momentum required to reach a specified nuclear radius. It is not refitted after seeing
the compactness of the final galaxy.

The black-hole feeding history is stored as a time series,

CBH = {t, z,MBH, Ṁsupply, ṀBH, fEdd,Mgas(< 10pc),Mgas(< 100pc), NH}. (70)

The distinction between Ṁsupply and ṀBH is essential: copy-time transport is a supply mechanism
and must not be counted as a change to the Eddington limit or to the radiative efficiency. The
supply rate is measured through a fixed physical aperture or through a fixed fraction of the virial
radius, and the sink rate is then computed by the same accretion and feedback prescription in both
simulations.

The forward-modelled catalogue is

Cy = {MUV, βUV, Re,M⋆,Mgas, NH , LX ,mFWHMBLR,MBH, z, P (S|y)}. (71)

It is generated for each orientation and camera model using the same stellar population synthesis,
dust attenuation, point-spread function, surface-brightness threshold, X-ray absorption model and
broad-line emulator. The same selection probability P (S|y) is applied to both members of each
pair. The comparison statistic is therefore the selected distribution

∆⟨g⟩S =
∑
iw

CT
i g(yCT

i )∑
iw

CT
i

−
∑
iw

0
i g(y0

i )∑
iw

0
i

, wi = P (S|yi), (72)

with paired bootstrap or hierarchical modelling over initial conditions. A detection claim requires a
coherent sign pattern: increased central gas supply, larger selected obscured fraction or X-ray active
fraction where allowed by absorption, smaller selected Re, and a finite-band turnover with jh or
kh/kpeak. A change in only one observable is not sufficient.

12 Predictions and discriminants
The model makes several nontrivial predictions.

First, molecular transport is negligible on 10–100 pc scales. An implementation in which the
molecular coefficient alone drives compaction would indicate numerical overdiffusion rather than
the filtered transport channel derived here.

Second, the source must satisfy the power window (43). The channel fails if D(ℓ)
B measured from

velocity autocorrelations is below LLψ/tdyn, or if the required drift speed exceeds max(cs, σℓ).
Third, because the receiver window is finite-band, the compaction excess should be nonmonotonic

in angular-structure proxies. A purely low-spin inflow model tends to predict a monotonic increase
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Paired halo catalogue diagnostic
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Figure 6: Catalogue-level diagnostic for the halo spin and low-angular-momentum gas fraction.
The distributed table schema records jh, flowJ, the receiver-band coordinate and the power-window
quantities for each matched halo. The shown points are a deterministic smoke test of the data
contract, not production cosmological evidence.

toward low angular momentum; the copy-time excess peaks when low-angular-momentum gas and
receiver band-pass overlap:

∆CT(jh) ∝ flowJ(jh) (kh/kpeak)2

[1 + (kh/kpeak)2]2 , (73)

where kpeak is fixed by Eq. (51).
Fourth, copy-time runs should show a sequence rather than a single static signature: central

gas concentration rises; columns NH increase; black-hole feeding increases only if feedback does
not evacuate the reservoir; subsequent radiation or stellar feedback may clear dust and produce
a blue compact phase. This is compatible with the existence of both obscured red sources and
luminous blue high-redshift systems, but only a forward-modelled paired run can decide whether
the mechanism improves the distribution.

Fifth, the selection-corrected distribution P (y | S) is constrained jointly by compactness, gas
column, black-hole mass or luminosity, and abundance. A change confined to Re at the expense of
luminosity functions, metallicities or X-ray constraints would be observationally disfavoured.

13 Numerical validation protocol
A quantitative claim of cosmological impact requires matched radiation-hydrodynamic zoom sim-
ulations. The following protocol specifies the validation standard used to convert the transport
construction into a numerical prediction.
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BH feeding-curve diagnostic
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Figure 7: Black-hole feeding-history diagnostic. The required production observable is not only
the final black-hole mass but the paired time series of central gas supply, sink accretion, obscuring
column and Eddington ratio. The plotted curves are a smoke test of the storage and plotting
pipeline.

1. Select halos by initial conditions and halo catalogues, not by high-redshift compactness after
the fact.

2. Run paired baseline and copy-time simulations with identical cosmology, phases, mass resolu-
tion, force resolution, chemistry, cooling, radiative transfer, stellar feedback, metal enrichment
and black-hole sink rules.

3. At each hydrodynamic step compute Rr, A2,r, İ∥, İ⊥, ψ, D(ℓ)
B and τℓ from the local state.

4. Insert JCT only as a conservative face flux and advect the corresponding momentum and
enthalpy.

5. Recompute self-gravity after the density update using Eq. (59).
6. Apply identical nonequilibrium cooling, chemistry, star formation, feedback and black-hole

accretion modules after the conservative update.
7. Perform convergence in gas mass, force softening or AMR level, photon angular resolution,

photon groups, chemistry time step, CT subcycling and sink radius.
8. Generate mock JWST, Chandra and XMM observables and apply the same selection function

to both model families.

14 Code and reproducibility
The accompanying code regenerates the figures and CSV diagnostics. The diagnostics evaluate:
(i) the molecular null result; (ii) the filtered-mobility power criterion; (iii) the projected channel
coefficients for A2; (iv) a finite-band receiver window; and (v) a nonmonotonic angular-structure
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Forward-modelled observable space
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Figure 8: Forward-modelled observable-space diagnostic. Baseline and copy-time runs must be
mapped to the same JWST and X-ray observable vector and weighted by the same selection function.
The displayed catalogue is synthetic and serves only to verify the comparison machinery.

discriminant. Their scope is algebraic and dimensional; cosmological inference requires the matched
simulations and selection modelling defined in Sec. 12.

15 Conclusion
This work formulates copy-time transport as a projected Onsager mechanism derived from mi-
crophysical records after the standard RHD response is removed. The structural Fisher scalar
is dimensionless; the quadratic amplitude A2 follows channel by channel from projected Poisson
record rates; the Radon-Nikodym measure yields the thermodynamic force; and Onsager theory
fixes L(ℓ)

Bψ = qQnbD
(ℓ)
B . Molecular diffusion is excluded as the galaxy-scale channel by dimensional

analysis. Dynamical relevance requires a filtered mobility and a structural Fisher gradient satisfying
the power inequalities. The RHD insertion is conservative, entropy-producing and hyperbolic, and
the primary linear CMB/BAO source vanishes under the projection hypotheses. The resulting
predictions are testable through paired zoom simulations, halo catalogues containing jh and flowJ,
black-hole supply histories and selection-corrected JWST/X-ray forward modelling; the distributed
catalogue schemas specify the required data products for that test.
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