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Abstract 
This is Part II of the six-part series presenting the Interference-First Reality 
(IFR) Theory. Part I established the kinematic foundations and the defini-
tion of objectivity as stable multi-observer contraction; the present part sup-
plies the dynamical principle. We formulate the IFR action, whose kinetic 
term is shown to be fixed uniquely by unitary invariance on the projective 
interference-state space (Fubini-Study form), and whose curvature coupling 
is fixed in sign and dimensional normalisation by semiclassical matching. 
The action is defined from the outset as a double integral over the ordering 
parameter and over a comparison domain Ω⊂  equipped with its Rie-
mannian volume measure, whose smoothness, dimension, signature, bound-
ary conditions and topology are stated before any variation is performed. 
Variation with respect to the interference state, the information geometry 
and the observer maps yields the interference equation, the informational 

field equation Γ IFR
IFRij ijTκ= , and the observer condition. This part further 

establishes the conditions under which effective spacetime curvature, and 
hence Einstein-type gravitational dynamics, emerge from informational cur-
vature. 
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1. Introduction 

Part I of this series [1] established the kinematic foundations of Interference-First 
Reality (IFR): the pre-spatiotemporal configuration space   and its interfer-
ence-state space  ; the admissibility conditions on operational observer maps 

aΠ ; the common information-geometric comparison space ( ),Γ  with its di-
mensionless distance dΓ

 ; the redundant dispersion functional red  with oper-
ationally fixed weights; and the definition of IFR-objectivity as the existence, 
uniqueness and perturbation-stability of a Fréchet center Q  of observer projec-
tions. Those results are kinematic. They specify what an objective structure is, and 
under what conditions it exists, but they do not specify which interference-geo-
metric configurations are physically realised. 

The present paper supplies that missing element. We formulate the IFR varia-
tional principle, derive the associated field equations, and develop the gravita-
tional sector in which effective spacetime curvature arises from informational cur-
vature. The central object is the action, defined in Section 2.2 as a double integral 
over the ordering parameter and over a comparison domain Ω⊂  equipped 
with its Riemannian volume measure, Equation (1), and contracting, on uniform 
source densities, to the reduced form  

 [ ] [ ]IFR int int redd , ; ; , , ,
I
λ α β Γ Π
  = Ψ Ψ Γ − Ψ Γ − Ψ Γ Π + +  ∫        

in which Γ  is the mean informational curvature on Ω of Lemma II.1. The re-
duced form is used for bookkeeping and for the semiclassical matching; the action 
actually varied in Section 3 is always the double integral. Its four substantive terms 
encode, respectively, interference propagation, informational self-organisation, 
multi-observer contraction, and the intrinsic curvature of the comparison geom-
etry, while Π  is an optional observer-kinematic term, set to zero in the minimal 
four-term form used in Part I. Two structural points distinguish this action from 
a conventional field-theoretic one. First, λ  is an ordering parameter and not 
physical time: the resulting interference equation is second-order in λ , and the 
Schrödinger equation is recovered only conditionally—not as a limit in the high-
redundancy regime alone, but as the Hamiltonian flow of the Kähler structure of 
( )   on a first-order invariant manifold whose existence is assumed, and not 

constructed, here (Assumption II.2 and Proposition II.2). Second, the kinetic term 
is not free to be chosen. Since Postulate I, together with Section 3.1 of Part I, for-
bids any differentiable or metric structure on  , int  must be built from the 
inner product of   alone, and the requirement of unitary invariance then se-
lects the Fubini-Study metric uniquely [2] [3]. Part I introduced a quadratic ve-
locity functional adequate for the regularity estimates for which it was stated; the 
present section shows that this is precisely the horizontal-gauge form of the unique 
unitarily invariant kinetic term, and fixes the latter in manifestly gauge-invariant 
form (Remark II.4). 

We fix here, and use throughout the remainder of the series, the sign and dimen-
sional normalisation of the curvature coupling: 0β >  with ( )char eff1 2Vβ κ= , 

https://doi.org/10.4236/jamp.2026.149178


M. Bianchi 
 

 

DOI: 10.4236/jamp.2026.149178 3573 Journal of Applied Mathematics and Physics 
 

with the curvature term entering the action with a positive sign. This orientation 
is not conventional: it is forced by the requirement that the semiclassical limit 
reproduce the Einstein-Hilbert action with attractive gravity. The opposite writing, 

Γβ−  , would require a negative coupling and yield a repulsive gravitational sec-
tor. The matter is treated in full in Section 2.4. 

A further consequence concerns holography. In the applied holographic for-
mulation that preceded the present framework [4], holographic organisation was 
introduced as a postulate: the physical content of a bulk region was assumed to be 
encoded on a lower-dimensional screen, in the tradition established by black-hole 
entropy [5], dimensional reduction in quantum gravity [6] [7], the covariant en-
tropy bound [8], and the bulk-boundary correspondence [9]. In the IFR architec-
ture this assumption becomes unnecessary. What each observer map aΠ  returns 
is, by the finite-accessibility condition of Part I, a representation of strictly lower 
informational dimension than the underlying interference state; what survives 
multi-observer contraction is only that part of the structure which is redundantly 
encoded across the family. Dimensional reduction is therefore not imposed on the 
theory but produced by it, and holography appears as a consequence of redundant 
multi-observer projection rather than as an independent principle. The gravita-
tional sector developed in Section 3 is where this consequence acquires dynamical 
content. 

It is worth stating precisely how this differs from established programs. Deco-
herence [10] explains the suppression of interference for a system coupled to an 
environment, and quantum Darwinism [11] characterises classicality through the 
redundant proliferation of records into environmental fragments. Both presup-
pose a background spacetime, a fixed system/environment split, and an a priori 
tensor structure; IFR assumes none of these, and replaces the multiplicity of rec-
ords with the sharper criterion of a unique, stable Fréchet center. Thermodynamic 
and entropic-gravity programs derive gravitational dynamics from coarse-grained 
degrees of freedom while retaining an underlying spacetime or causal structure; 
IFR locates gravitation one level deeper, in the curvature of an information geom-
etry over observer projections, with the metric itself emergent. The empirical 
counterpart of these claims—the cross-domain estimators, null models and con-
traction indices applied to cosmological, gravitational-wave and physiological en-
sembles—was developed in [12] [13] and is taken up again in Part IV. 

The paper is organised as follows. Section 2 develops the variational principle: 
the space of admissible histories, the minimal form of the action, the sign and 
dimensional analysis, the canonical Fubini-Study kinetic term and the resulting 
interference equation, the variations with respect to the interference state, the in-
formation geometry and the observer maps, and the classical stationary limit. Sec-
tion 3 develops the gravitational sector: informational curvature as a geometric 
source, the informational field equation IFR

IFRij ijTκΓ = , its reduction to Einstein-
type dynamics, geodesic motion as informational extremality, the residual correc-
tion tensor IFRCµν , and the gravitational correspondence theorem. The remaining 
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parts of the series treat the emergence of temporal order together with the semi-
classical and effective-field limits (Part III), the empirical implementation across 
cosmological, gravitational-wave and physiological ensembles (Part IV), the Lo-
rentzian sector and the informational Wick mechanism (Part V), and the renor-
malisation-group flow of the framework (Part VI). 

2. The IFR Variational Principle  

Part I of this series [1] established the kinematic components of IFR: an interfer-
ence state Ψ, an information geometry Γ, a family of observer maps Π, and the 
emergence of objective structures as stable Fréchet centers of observer-dependent 
projections. We now formulate the dynamical principle of the theory. 

The central claim of this section is that physically realized configurations are 
stationary configurations of an action functional containing four contributions:  

interference propagation, informational self-organization, multi-observer con-
traction, informational curvature.  

The variational principle selects those interference-geometric histories for 
which internal interference dynamics, observer-stability constraints, and curva-
ture of distinguishability are mutually consistent.  

2.1. IFR Histories 

Let I ⊆   be an interval of the ordering parameter λ . An IFR history is a map  

 ( ) ( ) ( ) ( )( )IFR , , ,sλ λ λ λ λ= Ψ Γ Π  

where  

 ( ) ( ) ( ), , .λ λ λΨ ∈ Γ ∈ Π ∈G P  

Here G  denotes the admissible class of information geometries, and P  de-
notes the admissible class of observer families. The parameter λ  is not identified 
with physical time. It is an ordering parameter on the space of possible interfer-
ence-geometric configurations. Physical time will be derived later from the or-
dered sequence of stable objective centers. 

The space of admissible histories is denoted  

 ( ) ( ) ( )( ){ }IFR , , .λ λ λ λ= Ψ Γ ΠC  

A physical IFR history is a stationary point of an action functional  

 IFR IFR: .→ C  

Thus, IFR 0δ =  is the fundamental dynamical condition. 

2.2. Comparison Domain, Action Measure, and Regularity of the  
Comparison Manifold  

The curvature term of the IFR action is evaluated as an integral over the compar-
ison manifold, not as a scalar attached to the ordering parameter. We fix this, to-
gether with the regularity class of the manifold on which the metric variation of 
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Section 3 is performed, before writing the action, since that variation presupposes 
a volume measure, a boundary prescription and a fixed dimensional bookkeeping. 

Assumption II.1 (Comparison domain and its regularity). Let ( ), gΓ  be 
the information-geometric comparison space introduced in Part I of the series. 
Throughout the variational derivation of this paper we assume the following.  

(M1) Smoothness. ( ), gΓ  is a C∞  Riemannian manifold. In the canonical 
realisation   is the interior d∆

  of the simplex of probability vectors over 
1d +  outcomes, or a smooth parametric family of distributions, on which the 

Fisher-Rao metric is real-analytic.  
(M2) Dimension. We write  

 : dim ,d = < ∞  

fixed along the history, so that ( )1 1d d= + −  is the dimension of the canonical 
simplex realisation of (M1). The realisations employed in this series require 5d ≥ ; 
the value 6d =  holds under the additional conditions stated in the gauge-sector 
analysis of the series. The symbol d  is reserved for the dimension of the com-
parison manifold and is distinguished throughout from the number 1d +  of 
measurement outcomes entering the observer maps.  

(M3) Signature. gΓ  is positive definite. No Lorentzian structure is assumed 
on  : the indefinite signature belongs exclusively to the emergent manifold 

eff  and arises through the informational Wick mechanism developed in Part 
V. This is the precise point at which the general information-geometric frame-
work and the smooth Riemannian realisation required by the curvature sector are 
to be distinguished: the kinematic framework of Part I fixes a comparison geom-
etry ( ), ,gΓ = ∇  without imposing the dimensional curvature realisation 
adopted here, and admits non-smooth comparison structures, whereas everything 
stated in Sections 2-3 concerning Γ  presupposes (M1)-(M7); see Remark II.1.  

(M4) Domain and boundary conditions. The action is evaluated on a relatively 
compact, connected, geodesically convex open subset Ω⊂  with piecewise-
smooth boundary ∂Ω . Metric variations obey the Dirichlet condition  

0ijgδ Γ

∂Ω
= , and the Gibbons-Hawking-York boundary term 1

IFR dKκ σ−

∂Ω∫ , with  

K  the trace of the second fundamental form of ∂Ω , is understood to be in-
cluded so that the variational problem for Γ  is well posed. Where Ω is taken 
closed without boundary the term is absent.  

(M5) Topology. Ω is contractible and may be taken to be a Fisher-Rao normal 
ball. No global topological assumption is placed on  , and all correspondence 
results of Section 3 are local in Ω.  

(M6) Two levels of the comparison geometry and the informational length scale. 
A distinction must be drawn between the dimensionless divergence level, on 
which the empirical instantiations of the series operate, and the dimensional met-
ric level required by the curvature sector. At the divergence level the comparison 
distance is the dimensionless distance dΓ

  induced by 2:g g−
Γ Γ Γ=  , which is re-

alised as the Jensen-Shannon distance in the high-redundancy regime,  
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red JS0 ,d dΓ →→

  

and is not equal to it off shell. The second-order expansion of JSd  at q p δ= +  
is, with natural logarithms,  

 ( ) ( ) ( )
2

3 2 32
JS FR

1 1, ,
8 8

k

k k

d p q
p
δ δ δ δ= + = +∑    

so that the dimensionless metric associated with JSd  is FR1
8

g . The dimensional  

analysis of Section 2.4 requires [ ] 2
Γ L−=  and hence [ ] 2

Γg L= ; the two levels 
are therefore related, exactly and off shell, by a single positive informational length 
scale Γ ,  

 ( ) ( )2
2
1, , ,dg g V VΓ Γ Γ Γ Γ Γ Γ Γ
Γ

= = Ω = Ω

 





    

where Γ
  and ( )VΓ Ω  are the scalar curvature and the Riemannian volume of 

Γg  and are dimensionless. The Fisher-Rao form appears only in the high-redun-
dancy regime,  

 
red red

2
FR FR

0 0
1 , ,
8 8

g g g gΓ
Γ Γ→ →→ →





   

and is not imposed off shell, where gΓ  is any metric obeying (M1)-(M5). Dis-
tances at the two levels are related exactly by gd d

Γ Γ Γ=   , and only in the high-
redundancy regime does this become  

 
red JS0 ;gd d d

Γ Γ Γ Γ→→= 



   

off shell no relation to JSd  is asserted. Wherever a dimensionless norm is re-
quired, as in Remark II.2, it is gΓ  that is understood. The identification of gΓ  
with the rescaled Fisher-Rao metric is a matching condition in the high-redun-
dancy regime and not a kinematic constraint on Γ, which off shell is any metric 
obeying (M1)-(M5); see Remark II.3.  

(M7) Reduction scale and the characteristic volume: a matching ansatz. The 
semiclassical matching of Section 2.4 is performed against the four-dimensional 
Einstein-Hilbert action and therefore involves a three-dimensional characteristic 
volume, [ ] 3

charV L= , whereas ( ) dV LΓ Ω =   . We adopt as a matching ansatz that 
the two are related by the same scale,  

 ( ) ( )3 IFR
char red  3 3: , : ,d d

V
V V κκΓ

Γ Γ− −
Γ Γ

Ω
= = Ω =



 

 

so that redκ  is the reduced coupling matched to effκ  and  

 ( ) char

IFR red

,
2 2

V Vβ
κ κ
Γ Ω

= =  

every term of the action then carrying the dimension of energy. We state the ep-
istemic status of this ansatz precisely. The relation   3

IFR red
dκ κ−
Γ=   does not by 

itself determine Γ : it links two quantities neither of which is derived here. Once 
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either Γ  or IFRκ  is fixed independently, the matching fixes the other. What is 
not supplied in this paper is the interpretation of Γ  as the scale at which multi-
observer redundancy performs the reduction from d  to three effective dimen-
sions; that identification belongs to the dimensional-reduction argument of Parts 
V and VI and is recorded as a limitation in Section 3.17.  

Remark II.1 (Compatibility with Part I). Part I of the series defines the com-
parison geometry as ( ), ,gΓ = ∇  with g  positive definite, denotes by dΓ  
the geodesic distance of g , and writes the redundant dispersion functional as 

[ ] [ ]( )2
red ,ab a ba b w dΓ<

= Π Ψ Π Ψ∑ . No dimensional assignment is made there, 
the treatment of Part I being kinematic. The present paper preserves that content 
without alteration, under the identification  

 of Part I , of Part I ,g g d dΓ Γ Γ≡ ≡   

so that every formula of Part I, and in particular the dispersion functional and the 
definition of the stable-center set  , is unchanged. What is new here is only the 
dimensional metric 2g gΓ Γ Γ=   , introduced because the curvature sector requires 
[ ] 2L−Γ =  while a statistical metric is dimensionless; the tilde is therefore a no-
tational refinement made necessary by the gravitational sector of the present pa-
per and not a correction of Part I. 

The identification propagates to the curvature, and this must be stated explicitly. 
Since the scalar curvature of a metric rescaled by a constant c  is divided by c , 
the curvature built from the metric of Part I is the dimensionless one,  

 ( )I 2 ,Γ Γ Γ Γ≡ =     

where Γ  is the dimensional scalar used here. Preserving the curvature term of 
the action therefore requires Iβ βΓ Γ=  , that is  

 I 2 .ββ
Γ

=


 

This is not a correction of Part I, which assigns no dimensions: it is the dimen-
sional refinement introduced here, and without it the identification would pre-
serve g  and dΓ  but not the curvature derived from them. The positivity  

, 0α β >  asserted in Part I is unchanged, and the curvature entry of the reduced 
action is here the mean curvature Γ  of Lemma II.1. 

The reconstruction map requires the same care. Part I writes I eff:χ →  , 
whereas the map of Theorem II.1 (H1) is defined on the event manifold. The for-
mer is not replaced but recovered as the equal-time restriction of the latter: with 

( )3:tj t ↪  the inclusion of the slice,  

 ( )3I .tt jχ χ= 


 

Part I commits to no dimension for its domain, and the present paper supplies 
one once the reduction is counted.  

With Assumption II.1 in place, the IFR action is defined as the double integral  

 IFR int int red Γd d , dˆ d ,d
I

g qλ µ α β µΓ Γ Π ΓΩ
 = − − + + = ∫ ∫ k v d l   (1) 
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where the fraktur symbols denote the corresponding densities on Ω and  

 
IFR

ˆ 1 0.
2

β
κ

= >  

Equation (1) is the definition employed in the metric variation of Section 3; the 
reduced form used in the next subsection is a consequence of it and not an inde-
pendent postulate. 

Lemma II.1 (Zero-mode reduction). Define the mean informational curvature 
on the comparison domain,  

 ( ) ( ) ( ) ( )1: , d , : d .q V
V

λ λ µ µΓ Γ Γ Γ ΓΩ Ω
Γ

= Ω =
Ω ∫ ∫   

Suppose the source densities are uniform on Ω at the order considered, that is, 

intk , intv , redd  and Πl  do not depend on q∈Ω . Then (1) reduces to  

 IFR int int redd ,
I
λ α β Γ Π = − − + + ∫       

with ( )int intVΓ= Ω k  and correspondingly for the remaining source terms, and 
with  

 ( ) ( ) ( ) char

IFR red

ˆ .
2 2

V VVβ λ β
κ κ
Γ

Γ

Ω
= Ω = =  

Proof. The q -integration of a q -independent density multiplies it by ( )VΓ Ω . 
For the curvature term no uniformity hypothesis is required: by the definition of 

Γ  one has the identity ( )ˆ ˆd Vβ µ β βΓ Γ Γ Γ ΓΩ
= Ω =∫    . The last equality of 

the statement is (M7). ☐ 
Three consequences should be noted. First, since Γ is itself varied, ( )VΓ Ω  is 

in general λ -dependent and so is ( )ˆVβ β Γ= Ω . The action to be varied is there-
fore always the double integral (1), in which the constant is ( )IFR1 2β̂ κ= ; the 
reduced form of Lemma II.1 is a subsequent contraction, used for bookkeeping 
and for the semiclassical matching, and is never used to compute gδ δ Γ . Sec-
ond, the reduced form carries the mean curvature Γ  and not a pointwise value: 
the curvature sector is never assumed uniform, and the full q -dependence is re-
tained in the metric variation of Section 3. Third, the characteristic volume of Sec-
tion 2.4 is identified through (M7) with the reduced volume ( ) 3dV −

Γ ΓΩ  , so that 
it is a property of the comparison domain and of the informational length scale 
rather than a free normalisation constant. The zero-mode hypothesis on the 
source terms is the minimality assumption of the present paper; its relaxation, 
which promotes those terms to genuine fields on Ω, belongs to the renormalisa-
tion-group treatment of Part VI.  

2.3. Minimal Form of the IFR Action 

The minimal IFR action is defined as  

 ( )IFR IFRd , , , , , ,
I
λ= Ψ Ψ Γ Γ Π Π∫      

where the dot denotes differentiation with respect to the ordering parameter λ . 
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The minimal Lagrangian is postulated to have the form  

 [ ] [ ]IFR int int red, ; ; , , ,α β Γ Π = Ψ Ψ Γ − Ψ Γ − Ψ Γ Π + + 
       

where the positive sign of the curvature coupling is fixed by the semiclassical 
matching of Section 2.4 and is used throughout. The curvature entry is the mean 
curvature Γ  of Lemma II.1 and the coupling is ( ) ( )IFR2Vβ κΓ= Ω ; this re-
duced form is used for bookkeeping and for the semiclassical matching only, the 
action varied in Section 3 being always the double integral (1). Thus, 

 
[ ] [ ]

( )
IFR int int red

char

IFR red

d , ; ; , , ,

0.
2 2

I

V V

λ α β

β
κ κ

Γ Π

Γ

  = Ψ Ψ Γ − Ψ Γ − Ψ Γ Π + +  
Ω

= = >

∫      
 

(See Section 2.4 for the sign of β  and the dimensional normalisation of int .) 
The terms have the following roles. 

 int , ; Ψ Ψ Γ 
  

is the kinetic or propagating component of the interference state. It controls how 
interference configurations change along admissible histories. 

 [ ]int ;Ψ Γ  

is an informational potential. It encodes selection, instability, symmetry breaking, 
or self-organization of the interference structure. 

 [ ]red , ,Ψ Γ Π  

is the redundant multi-observer dispersion. It penalizes configurations for which 
observer projections fail to contract toward a common representation. 

 Γ  

is the scalar curvature of the information geometry. It supplies the geometric sec-
tor of the theory and is the precursor of effective gravitational curvature. 

 Π  

is an optional observer-kinematic or regularization term. It constrains the admis-
sible variation of observer maps and prevents pathological observer families from 
dominating the variational problem. 

The constants 0, 0α β> >  set the relative strength of objectivizing contrac-
tion and informational curvature. 

In many formal developments, one may set 0Π =  and treat the observer 
family Π as an externally fixed admissible class. However, for a fully dynamical 
theory, Π may also be varied subject to operational constraints. 

2.4. Sign Convention and Dimensional Consistency of the Action  

Earlier formulations of the framework wrote the curvature term of the action with 
a negative sign, β Γ−  . A dimensional and sign analysis fixes both the orienta-
tion of this term and the scale of the kinetic term; we record the result here, as it 
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is required for the semiclassical matching carried out in Part III of the series, and 
it is the convention adopted throughout the present series. 

Sign of the curvature coupling. In the semiclassical regime treated in Part III 
of the series, the curvature term must reproduce the Einstein-Hilbert action  

 ( )4
grav eff eff eff 4

eff

1 8d , .
2

GS x g R g
c

κ
κ

π
= − =∫  

Matching β Γ−   onto 
eff

1
2

R
κ

+  would force 0β < , i.e. a repulsive (wrong- 

sign) gravitational sector. The correspondence limit in which this matching is per-
formed is the one established in Theorem II.1 through the Wick correspondence, 
namely ( ) ( )eff

L R g→  for the post-Wick scalar of the event manifold, and not 
a direct identification of the comparison scalar Γ  with ( )effR g . The correct 
matching is obtained by adopting the curvature term with a positive sign,  

 
IFR int int red

4

char eff

d ,

10, 0.
2 16

I

c
V G

λ α β

ββ
κ

Γ Π = − − + + 

> = = >
π

∫     
 

The qualification is needed because the reduced action of Lemma II.1 integrates 
over the ordering parameter alone, the integration over the comparison domain 
having already been carried out: the unnormalised coupling is  

( ) ( ) ( )IFR char red2 2V Vβ κ κΓ= Ω = , with ( ) 3
char

dV V −
Γ Γ= Ω   and  

3
red IFR

dκ κ −
Γ=   as fixed in Assumption II.1 (M7). The writing above records the 

ratio charVβ  fixed by the semiclassical matching, as detailed in the dimensional 
analysis that follows. With this convention the emergent gravitational sector is 
attractive and Newton’s constant is recovered with the correct sign. All subse-
quent variational identities are understood with this orientation; the earlier 
β Γ−   writing corresponds to the opposite curvature-sign convention and is not 

used in the semiclassical matching. 
Dimensional consistency of the kinetic term. Writing [ ]  ⋅  for physical dimen-

sion with [ ] 2 1ML T −=  (action) and [ ] Tλ = , every term of IFR  must carry di-
mension 2 2ML T −  (energy). The dispersion term redα  with decα τ=   and di-
mensionless red  gives 2 2ML T − ; the curvature term with ( )2

char 16 PcVβ = π   
and [ ] 2

Γ L−=  likewise gives 2 2ML T − . Two remarks are needed on the status of 
this normalisation. First, the reduced IFR action integrates over the ordering pa-
rameter alone, whereas the Einstein-Hilbert action integrates over the four-vol-
ume; β  therefore carries the characteristic volume charV  of the region of the 
comparison manifold on which Γ  is evaluated, which by Assumption II.1 (M7) 
is the reduced volume ( ) 3dV −

Γ ΓΩ   of the comparison domain, of dimension 3L  
as the matching requires. Second, the coupling that appears in the informational 
field equation of Section 3 is IFRκ , defined on the comparison manifold, and not 
the emergent spacetime coupling effκ . The defining relation is therefore  

 
( ) char

red eff
IFR red

, in the correspondence limit,
2 2

V Vβ κ κ
κ κ
Γ Ω

= = →  
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the limit being the one established in Theorem II.1 through the Wick correspond-
ence, that is ( ) ( )eff

L R g→  for the post-Wick scalar of the event manifold, and 
not a direct identification of the comparison scalar Γ  with ( )effR g , where 

3
red IFR

dκ κ −
Γ=   is the reduced coupling of Assumption II.1 (M7). It is the re-

duced coupling, and not IFRκ  itself, that is matched to effκ : for 3d ≠  the two 
differ by the reduction factor. So that in the semiclassical regime  

 2char char
2 3

eff

, .
2 16 P

P

V cV G
c

β
κ

→ = =
π

 





 

The semiclassical matching fixes the ratio ( )char eff1 2Vβ κ=  in that limit; the 
dimensional argument fixes the overall scale. The identification red effκ κ→  is im-
posed by matching and is not derived here (Section 3.17). Throughout the series we 
write the matching in the form ( )char eff1 2Vβ κ=  and never as ( )eff1 2β κ= : 

the two are not the same quantity, since [ ] 2E Lβ =  whereas 1 1
eff E Lκ − −  =  . 

What the sign convention fixes is 0β > ; what the semiclassical matching fixes is 

the ratio. The Fubini-Study kinetic term as written, ( )
2

FSIFR
int ,

2
g

mΨ

= Ψ Ψ


 , car-

ries dimension 4 4ML T − : for a dimensionless normalised state  

( )FS 2,g T − Ψ Ψ = 
  , while 2 4 2

IFR m ML T −
Ψ  =  . Restoring the energy dimension  

therefore requires division by a squared velocity, not by a squared length: division 
by a length scale 2

0L  alone would leave 2 4ML T − . We accordingly adopt the di-
mensionally corrected form  

 [ ] ( ) [ ] ( )
2

FS 2 FSIFR IFR
int 0 02

IFRIFR

1, , , : ,
22

g m L g L
m cm c ΨΨ Ψ

ΨΨ

= Ψ Ψ = Ψ Ψ =   

 

  

where IFRc  is the informational light speed of the Lorentzian sector (Part V of 
the series) and 0L  is the IFR coherence length, that is the Compton length asso-
ciated with the interferential inertia mΨ . The two writings are identical, and the 
identification 0 PL →   in the fundamental regime is no longer an independent 
stipulation: together with IFRc c→  and IFR →   it fixes Pm m c GΨ → =  . 
Combined with the variance identity (3) below, the kinetic term admits the trans-
parent reading  

 
( )

int 2
IFR

Va ˆr
,

2

H

m c
Ψ

Ψ

=  

that is, the energy variance of the interference state measured in units of its inter-
ferential rest energy. The potential term int  carries the dimension of energy di-
rectly, so that [ ] [ ] 2 2

int int ML T −= =  . With these assignments the action is di-
mensionally homogeneous, every term carrying the dimension of energy. 

Remark II.2 (Status of the ordering parameter in the dimensional analysis). 
Assigning [ ] Tλ =  is a choice of unit, not an identification of λ  with physical 
time, and the two are distinguished by structure rather than by dimension. Writ-
ing λ τ ς=   with ς  dimensionless and 0τ >  a fixed interferential scale, the 
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assignment [ ] Tλ =  records only that λ  is measured in units of τ  ; solely the 
ratios λ τ   enter the field equations. Sharing a physical dimension is not shar-
ing an identity: proper time and coordinate time both carry the dimension T  
and are nonetheless distinct structures, as are arc length along a curve and a spatial 
coordinate. 

What the framework denies is therefore not the dimension but the identifica-
tion, and the denial is constructive rather than stipulative. Physical time is defined 
in Part III of the series as the Jensen-Shannon arc length along ordered sequences 
of stable Fréchet centers. Since JSd dΓ =  is dimensionless at the divergence level 
of Assumption II.1 (M6), the arc length is converted into a duration by the inter-
ferential scale itself,  

 ( ) ( )d d , ,
g

t Q Qλτ λ λ λ
Γ

= ∂ ∈


 
   

so that tλ  is a degenerate, in general non-invertible reparametrisation. Three 
structural properties separate the two. First, t  is defined only where the varia-
tional problem selects a center: for a single observer, 1N = , the redundant dis-
persion vanishes identically, red 0≡ , the minimisation defining Q  is com-
pletely degenerate—every configuration is a minimiser—and no curve  

( )Qλ λ

  is selected, so that the arc length above is not defined and no tem-
poral sector exists while the ordering parameter continues to run. Second, t  is 
oriented by the monotone growth of redundancy along the history, whereas λ  
carries no arrow. Third, t  is observer-relative, being constructed from the pro-
jections aΠ , whereas λ  is not. A parameter whose associated duration can fail 
to be defined at all is not the duration it is alleged to be; no contradiction therefore 
arises from the two statements that λ  is not time and that λ  is measured in 
units of time. 

An equally consistent bookkeeping takes λ  dimensionless and assigns the di-
mension of action to IFR ; the two conventions differ by the constant factor τ   
and lead to the same field equations. We retain [ ] Tλ =  because it allows the 
semiclassical matching of Part III to be carried out term by term.  

2.5. Canonical Choice of int  via the Fubini-Study Metric  

The minimal action introduced above contains a kinetic term int , ; Ψ Ψ Γ 
  that 

has not yet been specified. Any concrete realisation of int  must respect the 
foundational constraints of IFR: in particular Postulate I together with Section 3.1 
of Part I, which prohibit the use of any differentiable, metric, or locally Euclidean 
structure on the pre-spatiotemporal configuration space  . A choice such as 

2
int ∝ ∇ Ψ  would presuppose a differential structure on   and is therefore 

inadmissible at this level. The kinetic term must be built exclusively from objects 
available on  , namely the inner product ,⋅ ⋅


 and the resulting projective 

structure on ( )  . 
This requirement selects a unique canonical choice. On the projective Hilbert 

space ( )  , the Fubini-Study metric FSg  is the unique (up to a positive mul-
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tiplicative constant) Riemannian metric invariant under the full unitary group 
( )U   of the underlying Hilbert space [2] [3]. This uniqueness mirrors Chen-

tsov’s theorem on n∆  [14], established in Part VI of the series (the renormalisa-
tion-group flow): just as FRg  is the unique monotone metric on the comparison 
space, FSg  is the unique unitarily invariant metric on the primitive interference 
state space. The two are sibling structures, distinguished by the level at which they 
act ( ( )   vs.  ) and unified by their common information-geometric origin. 

Remark II.3 (Chentsov uniqueness and the variability of Γ). An apparent ten-
sion must be recorded, since the IFR action varies Γ while Chentsov’s theorem 
asserts that the Fisher-Rao metric is, up to a constant factor, the unique monotone 
metric on the comparison space. Were Γ constrained to be Fisher-Rao kinemati-
cally, the variation 0δ δ Γ =  would be over-determined and, on d∆

 , the cur-
vature Γ  would be constant, so that the gravitational sector would carry no 
dynamics. The resolution is that monotonicity under Markov morphisms, the hy-
pothesis of Chentsov’s theorem, is a sufficiency requirement, and sufficiency is 
meaningful in IFR only where multi-observer contraction has already taken place. 
Accordingly the admissible class G  consists of Riemannian metrics on Ω satis-
fying monotonicity only asymptotically, in the limit red 0→ ; off shell Γ is un-
constrained beyond (M1)-(M5), and the Fisher-Rao form recorded in (M6) is the 
on-shell matching condition recovered as a fixed point of the Γ-dynamics rather 
than a kinematic constraint imposed on the metric that is to be varied. A testable 
corollary follows: in the high-redundancy regime the comparison geometry must 
flow towards the constant-curvature Fisher-Rao geometry, whose sectional cur-
vature on the simplex is constant and positive, so that what the framework pre-
dicts is constancy of the informational curvature and not its vanishing. The cor-
responding flow is analysed in Part VI.  

Definition II.1 (Canonical IFR kinetic term). The canonical kinetic term for 
the interference state is  

 [ ] ( )
2 2 2

FSIFR IFR
int 2 2

IFR IFR

, , , , ,
2 2

g
m c m cΨ

Ψ Ψ

  Ψ Ψ = Ψ Ψ = Ψ Ψ − Ψ Ψ    
  







 

 
  (2) 

where 0mΨ >  is the IFR interferential inertia, IFR 0>  is the fundamental IFR 

action quantum, and the prefactor ( )2 2 2
IFR IFR 0

12
2

m c m LΨ Ψ=  is fixed by the di-

mensional analysis of Section 2.4.  
Proposition II.1 (Properties of FS

int ). The kinetic term (2) satisfies:  
1) Gauge invariance: FS

int  is invariant under global and local phase transfor-
mations ( ) ( ) ( )eiθ λλ λΨ → Ψ , consistent with the projective nature of the state 
space (Postulate I and Section 3.2 of Part I of the series).  

2) No structure on  : the expression uses only the inner product ,⋅ ⋅


 on 

 ; no manifold, metric, or differential structure on   is invoked.  
3) Uniqueness: any positive-definite ( )U  -invariant quadratic form on tan-

gent vectors to ( )   is a positive multiple of [ ]
FSg Ψ .  

4) Variance interpretation: if there exists an emergent self-adjoint operator Ĥ  
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on   such that ( )IFR
ˆi HΨ = − Ψ

 , then  

 [ ] ( ) ( )FS
2
IFR

1, Va ˆr .g HΨΨ Ψ Ψ =


   (3) 

5) Speed limit: the Anandan-Aharonov inequality  

 ( ) ( )( )FS
IFR

Δd   , 0
d

Ed λ
λ

ΨΨ Ψ ≤      


 (4) 

holds along admissible histories, providing an intrinsic IFR quantum speed limit 
(Mandelstam-Tamm bound in pre-spatiotemporal form).  

Proof. (1) Direct computation:  
2 2

, , , ,i i iθ θ θΨ + Ψ Ψ + Ψ − Ψ Ψ + Ψ = Ψ Ψ − Ψ Ψ        , since cross terms can-
cel due to 1Ψ = . (2) Immediate from the definition. (3) ( )   is a homoge-
neous space ( ) ( ) ( )( )1U U U ⊥× Ψ  whose isotropy representation on  

[ ] ( ) ( )Hom ,T ⊥ ⊥
Ψ ≅ Ψ Ψ ≅ Ψ



   is complex-irreducible with commutant  . 
By Schur’s lemma the space of invariant real symmetric bilinear forms on the tan-
gent space is one-dimensional; hence every positive-definite invariant form is a pos-
itive multiple of [ ]

FSg Ψ , which is the Fubini-Study metric underlying the statistical-
distance and geometric-phase results of [2] [3]. (4) Substituting ( )IFR

ˆi HΨ = − Ψ

 ,  

 
22 2

2 2
IFR IFR

, ,
ˆ

, ,
Ĥ HΨ Ψ Ψ Ψ

Ψ Ψ = Ψ Ψ =


 



  

whose difference is the variance. (5) The function  
( ) ( )( ) ( ) ( )FS , 0 arccos , 0dλ λ λΨ Ψ = Ψ Ψ        is 1-Lipschitz with respect to 

Fubini-Study arc length, so its derivative is bounded above by the Fubini-Study speed 

[ ] ( )FS ,g Ψ Ψ Ψ  , which by (4) equals IFRΔEΨ   with ( )1 2
Δ Var ˆE HΨ Ψ= . ☐ 

Remark II.4 (Relation to the quadratic velocity functional of Part I). Part I of 
the series introduced, for the purpose of the regularity conditions (R1)-(R4) that 
render IFR  finite on admissible histories, the quadratic velocity functional  

[ ] 2
int

1,
2λ λΨ ∂ Ψ = ∂ Ψ


  [1]. That expression and (2) are not competing choices:  

they coincide exactly in the horizontal gauge. Differentiating the normalisation 
constraint 2 1Ψ =  gives Re , 0Ψ Ψ =


, so that ( ), iω λΨ Ψ =


 with ω  

real — the Berry connection along the history. Hence  

 [ ] ( ) 2 2FS 2, ,g ωΨ Ψ Ψ = Ψ − ≤ Ψ   

  
 

and in the horizontal gauge 0ω ≡ —always attainable by the phase redefinition 
eiθΨ → Ψ  with θ ω= − —the Fubini-Study form reduces to 

2
Ψ . The func-

tional of Part I is therefore the canonical kinetic term written in a particular gauge  

and in units ( )2 2
IFR IFR

12
2

m cΨ = . Since the inequality above is uniform, the reg-

ularity estimates of Part I remain valid verbatim for (2). What the canonical form  
adds is manifest gauge invariance in every gauge, which is what the projective 
structure of the state space requires and what the variational problem needs in 
order to be well posed independently of the phase convention.  
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2.5.1. Resulting Interference Equation 
With int  specified by (2), the constrained variation of the interference state 
(Section 2.9) produces an explicit second-order equation in λ  for the interfer-
ence state. Writing ( ) 2

, : , ,Ψ Ψ = Ψ Ψ − Ψ Ψ    and varying with respect to 
*Ψ  in Wirtinger calculus subject to 2 1Ψ = :  

 
2 2

int redIFR
2 * *
IFR

, 2 , , .
m c

δ δα
δ δΨ

 Ψ − Ψ Ψ Ψ − Ψ Ψ Ψ + Ψ Ψ Ψ − − = ΛΨ   Ψ Ψ
  



 

 
 (5) 

Equation (5) is the IFR interference equation in canonical form. It is second-
order in λ  (not first-order, as in the Schrödinger equation), consistent with the 
fact that λ  is an ordering parameter rather than physical time: a Schrödinger-
type equation would already presuppose temporal evolution, which in IFR is 
emergent. The structure of (5) is instead Klein-Gordon-like on ( )  , with the 
redundant-dispersion term acting as an objectivizing source. 

2.5.2. Conditional Schrödinger Correspondence 
Equation (5) is second order in λ , whereas Schrödinger evolution is first order. 
We state the conditions under which the two are related, and we are explicit about 
which of them are established here and which are not. 

A preliminary observation excludes the reduction that first suggests itself. Since 
the physical configuration is the ray [ ] ( )Ψ ∈   and the kinetic term is the 
Fubini-Study form, a λ -dependent global phase ( )e iθ λ−Ψ Ψ  is pure gauge: it 
leaves [ ]Ψ , int  and the whole action invariant. A fast global phase can there-
fore not be used as a physical carrier from which a term linear in λ∂  is extracted; 
any such term produced by substitution is cancelled by the corresponding trans-
formation of the projected terms ,Ψ Ψ Ψ , ,Ψ Ψ Ψ   and 

2
,Ψ Ψ Ψ  ap-

pearing in (5). The reduction must come from geometry, not from a phase. 
The relevant geometry is available. The projective space ( )   is Kähler, 

carrying the compatible triple ( )FS FS, ,g Jω , and on such a manifold the Hamil-
tonian flow of the expectation function ( ) ˆ,h HΨ = Ψ Ψ  is the Schrödinger 
equation generated by Ĥ , provided the symplectic form is normalised to carry 
the interferential quantum of action. Since FSg  and hence FSω  are dimension-
less, whereas h  has the dimension of energy, we fix once and for all the physical 
symplectic form  

 FS
IFR IFR: 2 ,ω ω=   (6) 

where FSω  is the Kähler form of FSg  in the convention ( ) ( )FS FS, ,g Jω ⋅ ⋅ = ⋅ ⋅ , 
and the Hamiltonian vector field is defined by IFRhX dhι ω = . The factor 2 is not a 
convention but is fixed by the normalisation of FSg  already adopted for the 
kinetic term. Indeed, for horizontal ,v w  one has ( )FS , ,g v w v w=ℜ  and  

( )FS , ,v w v wω = ℑ , while ( ) ( )eff eff2 ˆ, ˆdh w w H H= ℜ − Ψ  for  

eff, ˆh H= Ψ Ψ ; the Schrödinger vector field ( )eff eff
IFR

ˆ ˆ
h

iX H H= − − Ψ


 then 

gives ( ) ( )FS 1
IFR eff eff, ˆ, ˆ

hX w w H Hω −= ℜ − Ψ , so that IFRhX dhι ω =  requires  
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precisely FS
IFR IFR2ω ω=  . Without this declaration the definition of hX  could 

not produce IFR , with the correct coefficient, on the left-hand side of the result-
ing evolution equation. A first-order quantum evolution is therefore recovered 
exactly when the second-order interference dynamics restricts, on the stable-state 
manifold   introduced in (S2) below, to such a Hamiltonian flow. 

Assumption II.2 (Conditional Schrödinger correspondence).  
(S1) High redundancy, in value and in gradient. The history is restricted to a 

neighbourhood of the stable-center manifold  , on which ( )red red=    with 

red 1 , and on which the associated force term satisfies ( )red redδ δ Ψ =    
in the norm of  . The second condition does not follow from the first and is 
assumed separately: it is the smallness of the gradient, not of the value, that makes 
the objectivizing term a regular perturbation of the reduced vector field and jus-
tifies the residual ( )red   in Proposition II.2.  

(S2) Stable-state manifold and Kähler inheritance. The stable centers   live 
on the comparison manifold, not on the state space, so a distinct object must be 
introduced: let  

 [ ] ( ) [ ]{ }: : the projections admitastable Frechet center ina= Ψ ∈ Π Ψ      

be the stable-state manifold, with :ι  ↪ ( )   the inclusion. We assume   
is a complex submanifold, so that it inherits the compatible triple ( )FS FS, ,g Jω  
by restriction and * FSι ω  is non-degenerate on it.  

(S3) Existence of a first-order invariant manifold. The second-order dynamics 
defined by (5) admits, on  , an invariant slow manifold on which it reduces to 
the Hamiltonian flow of the expectation function [ ]( ) eff, ,ˆh HΨ = Ψ Ψ Ψ Ψ  
with respect to *

IFRι ω  as normalised in (6). This is a hypothesis; no construction 
of such a manifold is supplied in the present paper.  

(S4) Effective generator. effĤ , the generator whose expectation function is h , 
is densely defined and self-adjoint on the reduced Hilbert space   whose pro-
jectivisation contains  .  

(S5) Branch selection. Of the two branches admitted by a second-order system 
the positive-energy branch is retained; this projection is supplied by the informa-
tional Wick mechanism of Part V, which also fixes the orientation of the resulting 
evolution.  

(S6) Adiabaticity of the reduction data. The embedding ( )λι   and the gener-
ator ( )effĤ λ  vary slowly over the scale of the reduction. No adiabaticity of Γ is 
invoked here: FSg  is a fixed structure on ( )   and does not depend on the 
comparison geometry.  

Proposition II.2 (Schrödinger sector). Under Assumption II.2 the reduced mo-
tion on   is the Hamiltonian flow  

 [ ] [ ]( ) ( )red IFR
d

, .
d hh XX dhι ω
λ
Ψ

= Ψ + =   (7) 

In the horizontal lift, characterised by , 0λΨ ∂ Ψ = , Equation (7) reads  
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 ( ) ( )IFR eff eff red
ˆ ˆ  ,i H Hλ Ψ

∂ Ψ = − Ψ +    (8) 

and the familiar form IFR eff
ˆi Hλ∂ Ψ = Ψ  is recovered by the phase lift that rein-

states the dynamical phase eff
IFR

exp dˆi H λ
Ψ

 
− 
 

∫


. The two lifts describe the 

same curve in ( )  .  

Proof. By (S2) the restriction of ( )FS FS, ,g Jω  to   is a Kähler structure with 
* FSι ω , and therefore *

IFRι ω , non-degenerate, so the Hamiltonian vector field 

hX  of (6) is well defined. By (S3) the reduced motion is hX , with h  the expec-
tation function of the self-adjoint operator supplied by (S4). On a Kähler manifold 
the IFRω -Hamiltonian flow, with FS

IFR IFR2ω ω=   as in (6), of the expectation 
function of a self-adjoint operator is the flow generated by J  applied to its FSg
-gradient; computing that flow in a homogeneous representative and imposing 
the horizontal-gauge condition , 0λΨ ∂ Ψ = , which is admissible because the 
global phase is gauge, gives (8), the subtraction of effĤ

Ψ
 being exactly the hor-

izontality constraint. The branch is fixed by (S5) and the residual ( )red   is the 
contribution of the objectivizing term admitted by (S1). ☐ 

The flow (7) is a flow in the ordering parameter, not in physical time. Where a 
temporal sector exists, that is where d d 0t λ >  in the sense of Remark II.2, the 
chain rule ( )d d d d d dt tλ λ=  converts it into an evolution in t  generated by 
the rescaled operator ( ) ( )eff effdˆ ˆdtH t Hλ= . The ordering parameter therefore re-
mains an ordering parameter throughout, and no temporal structure is smuggled 
into the reduction. 

Three points must be stated plainly. First, the imaginary unit in (8) originates 
in the complex structure J  of the Kähler geometry of ( )  ; it is produced 
neither by a global phase, which is gauge, nor by an analytic continuation of the 
ordering parameter. Analytic continuation enters only through (S5), where it se-
lects the branch. Second, the correspondence is conditional on (S3), which asserts 
the existence of a first-order invariant manifold and is not established here; a con-
struction of that manifold, or a proof that it does not exist, is an open problem of 
the programme and is recorded in Section 3.17. Third, the correspondence degen-
erates where   does not exist: for a single observer no stable-center manifold is 
selected, effĤ  is undefined and no Schrödinger sector is obtained. The quan-
tum-mechanical limit is therefore neither postulated nor obtained by rotating a 
parameter: it is the Hamiltonian sector of the IFR variational structure on the 
manifold of stable objective centers, under hypotheses that are here stated rather 
than proved.  

Remark II.5 (Status of IFR  and mΨ ). The constants IFR  and mΨ  are not 
free parameters of the framework. Their physical identification follows the same 
correspondence chain as effκ  in Section 3 and IFRc  in the Lorentzian sector of 
Part V of the series: in the semiclassical limit IFR →   (ordinary Planck con-
stant) and mΨ  sets the scale of interferential inertia for the underlying objective 
structures. The matching conditions are stated explicitly in Part III of the series.  
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This canonical choice closes a structural gap in the original formulation: the 
IFR action is now specified up to the potential int  and the geometric curvature 
term β Γ , with all kinetic structure determined by the Fubini-Study geometry 
of ( )  . The variational problem is therefore well-posed at the fundamental 
level, without smuggling in any pre-existing spacetime structure. 

2.6. Structural Restriction of the Informational Potential and a  
Concrete Parametrised Realisation  

The kinetic term having been fixed, the informational potential int  remains the 
principal element of the action that is not determined from first principles. It is 
not, however, an arbitrary functional: symmetry and regularity restrict it to a low-
order family, and the interference states themselves admit a concrete parametrised 
finite-dimensional realisation. We record both, since without them the variational 
principle would remain a template rather than a physical model. Neither step is a 
derivation, and we mark the residue explicitly: the higher-order coefficients of the 
potential, the dynamics of Γ and the observer-kinematic term remain open. 

Admissible potentials. Three requirements act on int . It must be invariant 
under the global phase eiθΨ Ψ , since the state space is projective. It must be 
invariant under the IFR gauge group ( )′A , the unitary group of the commutant 
of the observer algebra A  generated by { }aΠ , because transformations in ′A  
are by construction unobservable to every member of the observer family. And it 
must be bounded below and satisfy the regularity conditions (R1)-(R4) inherited 
from Part I, so that IFR  is finite on admissible histories. We accordingly restrict 
the analysis to the gauge-invariant class  

 ( )int , ,F ρ ρ= =  Ψ Ψ  A A A  

where A  is the conditional expectation onto the observer algebra. We do not 
claim that gauge invariance forces this dependence for every algebra type: for a 
single block of A  the orbit of a pure state under ( )A'  is determined by ρA , 
while relative phases between blocks are further invariants; the class above is a 
restriction, adopted here, and not a theorem. 

Writing :σ ρ= −A 𝟙𝟙/(d +1) for the deviation from the maximally mixed state, 
so that ( )2 2tr tr 1 1 0dσ ρ= − + ≥A , a smooth, bounded-below and unitarily co-
variant F  admits the Landau-type expansion  

 [ ] ( ) ( )32
int 0 0

ˆ; tr tr ,
2
gV Hσ σ σΨ Γ = + + +   (9) 

with †
0 0

ˆ ˆH H= ∈A  and g∈ . Since the stationarity condition minimises int  
along the objectivizing directions, the sign of g  has a definite meaning: 0g >  
stabilises the symmetric, maximally mixed configuration and penalises purity of 
the observer-accessible sector, whereas 0g <  destabilises it and drives the sym-
metry breaking that selects a preferred stable center, the resulting instability being 
arrested by the higher-order terms. This does not amount to a derivation of int , 
and we do not present it as one; it establishes that the admissible potentials form 
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a low-order gauge-invariant family indexed by ( )0
ˆ ,H g  together with the re-

tained higher-order coefficients, rather than an unconstrained choice of func-
tional. 

A concrete parametrised finite-dimensional realisation. The interference states 
of the framework are not left abstract. The minimal realisation used in the empir-
ical instantiations of the series is the following. Here dimd =   as in Assump-
tion II.1 (M2), so that the comparison manifold is the interior of the simplex over 

1d +  outcomes:  
(I1)   1d+=   with 5d ≥ , so that ( )  1d+Ψ∈  ;  
(I2) a finite observer family { }1, ,A N=  , 2N ≥ , each observer a  carrying 

a rank-one positive operator-valued measure ( ){ } 1

1

dk
a k

E
+

=
 with ( )k

ak E =∑ 𝟙𝟙;  
(I3) observer maps given by the induced pushforward onto the comparison 

manifold,  

 [ ] ( )( ) 1

1
;

dk
a a dk

E
+

=
Π Ψ = Ψ Ψ ∈∆ ⊂   

(I4) comparison geometry given by the dimensionless distance dΓ
  of (M6), 

realised in the high-redundancy regime as the Jensen-Shannon distance, JSd dΓ


 , 
with natural logarithms;  

(I5) potential (9) with 0Ĥ  diagonal in a reference basis.  
Given a truncation of the expansion (9) and a choice of Π , every object en-

tering IFR  is then a computable function of the parameters  

 ( ){ }( )0, , , , , , ,ˆk
aE H g α β ΓΨ   

and the stable Fréchet centers, the redundant dispersion and the embedding diag-
nostics of Proposition II.3 below are directly evaluable. We do not claim that the 
realisation is complete: the truncation and the choice of Π  are inputs, recorded 
as such in Section 3.17. The estimators, null tests and resampling protocol by 
which this realisation is confronted with detector, cosmological and physiological 
ensembles are developed in Part IV of the series and were introduced in [12] [13]; 
the present paper establishes the variational structure on which they operate.  

2.7. Explicit Redundant Dispersion Term 

For a finite observer family { }1, ,A N=  , the redundant dispersion term is  

 [ ] [ ] [ ]( ) 2
red , , , .ab a b

a b
w dΓ

<

Ψ Γ Π = Π Ψ Π Ψ∑   

The pairwise weights 0abw ≥  are not free parameters of the variational prob-
lem. They are fixed operationally, as in Part I [1], by the inverse-uncertainty rule 

2
a aw σ −∝  combined with an independence factor [ ]0,1abρ ∈  estimated from 

the empirical correlation of the observer residuals, so that ( )1ab a b abw w w ρ∝ − ;  

the uniform choice 
1

2ab

N
w

−
 

=  
 

 is the special case of equal reliability and mutual  

independence. This removes the underdetermination that would otherwise affect 

red  as a term of the action. 
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Here dΓ
  is the dimensionless distance induced by the rescaled comparison 

metric 2g g−
Γ Γ Γ=   of Assumption II.1 (M6). Two points must be kept distinct. 

The dimensionless level is the one that enters red , which is thereby dimension-
less as required by the dimensional analysis of Section 2.4; were the dimensional 
distance gd

Γ
 used instead, red  would carry dimension 2L . And dΓ

  remains 
a functional of Γ off shell: its identification with the Jensen-Shannon distance [15] 
[16], with the logarithm base declared explicitly, is the high-redundancy realisa-
tion used in the empirical instantiations of the series, not a fixed kinematic struc-
ture. This distinction is not cosmetic. If dΓ

  were frozen to JSd  independently 
of Γ, then red 0δ δ Γ =  and the redundancy contribution red

ijT  to the infor-
mational stress tensor—the specifically IFR part of the gravitational source—
would vanish identically. 

For a continuous observer family ( ),A ν , it becomes  

 [ ] ( ) [ ] [ ]( ) ( ) ( ) 2
red

1, , , , d d .
2 a bA A

w a b d a bν νΓΨ Γ Π = Π Ψ Π Ψ∫ ∫   

The appearance of red  in the action means that objectivity is not imposed 
after the dynamics. Instead, the tendency toward multi-observer agreement con-
tributes directly to the selection of physical configurations. 

The variational sign convention redα−   may be understood as follows. In a sta-
tionary-phase formulation, configurations with smaller redundant dispersion con-
tribute coherently to the effective physical sector, whereas configurations with large 
observer disagreement are suppressed or fail to stabilize as objective structures. 

Equivalently, in an Euclideanized or statistical version of the theory, one may 
write  

 IFR IFRexp ,E E = Ψ Γ Π − ∫      

with  

 IFR int int redd .E E E E Eλ α β Γ Π = + + + + ∫       

In this form, high-dispersion configurations are exponentially suppressed. The 
Lorentzian and Euclidean forms therefore encode the same principle: stable phys-
ical reality is associated with low redundant dispersion. 

2.8. Generating Functional 

The formal generating functional of IFR is  

 [ ]IFR IFRexp , , .i = Ψ Γ Π Ψ Γ Π ∫      

This expression is analogous in form to a path integral, but its domain is not 
the space of fields on a given spacetime. The integration is over Ψ, the primitive 
interference states; Γ, the information geometries; and Π, the observer projection 
structures. 

Thus the IFR generating functional is not  

 ( ) [ ]fields,fields e ,iS g∫  
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but rather  

 ( ) ( ) ( ) IFRinterference information geometry observerpr ojections e .iS∫    

Conventional field-theoretic path integrals are expected to emerge only in a 
limiting regime in which Γ admits an effective spacetime representation and the 
stable objective centers behave as fields or events on that emergent spacetime. 

2.9. Variation with Respect to the Interference State  

We first consider variations of the interference state, δΨ Ψ + Ψ  , with  
Tδ ΨΨ∈  , subject to the normalization constraint  

 , 1.Ψ Ψ =


 

The constrained variation can be implemented by introducing a Lagrange mul-
tiplier ( )λΛ  and defining  

 ( )( )IFR IFR d , 1 .
I
λ λ= − Λ Ψ Ψ −∫


   

Stationarity with respect to Ψ  gives  

 int int red 0.δ δ δα
δ δ δ

− − −ΛΨ =
Ψ Ψ Ψ
    

Equivalently,  

 int int red .δ δ δα
δ δ δ

− − = ΛΨ
Ψ Ψ Ψ
    

This is the general IFR interference equation. 
Its interpretation is direct: physically admissible interference states are not de-

termined solely by internal propagation or self-interaction. They are also con-
strained by the requirement that their observer projections contract toward stable 
shared structures. 

The variation of the redundant dispersion term is  

 
[ ] [ ]( ) [ ]

[ ] [ ]( ) [ ]

red 2 log ,

2 log , .

a

b

ab b a
a b

ab a b
a b

w D

w D

δ δ

δ

Ψ Π Ψ Γ<

Π Ψ Γ<

= Π Ψ Π Ψ

+ Π Ψ Π Ψ

∑

∑


 

whenever the information geometry is smooth and the logarithm map is defined. 
Here aDΠ  denotes the Fréchet derivative of the observer map, and  
( )log p pq T∈   is the inverse exponential map from p  to q . 

This expression shows explicitly that the objectivizing force acting on Ψ de-
pends on how changes in the primitive interference state modify the observer pro-
jections. 

2.10. Variation with Respect to the Information Geometry 

We now vary the information geometry:  
 .δΓ Γ + Γ   

In the smooth Riemannian case, this corresponds to varying the metric tensor  
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   .ij ij ijg g gδ+   

The variation with respect to the comparison geometry is performed on the 
fundamental form (1) of the action, not on the reduced form of Lemma II.1, whose 
coupling ( )ˆVβ β Γ= Ω  is itself Γ-dependent. The Γ-dependent part of the action 
is therefore  

 Γ int int red Γ
IFR

1d ˆ ˆd , ,
2I

λ µ α β β
κΓ ΠΩ

 = − − + + = ∫ ∫ k v d l   

with the curvature sign fixed as in Section 2.4. 
Definition II.2 (Source densities). For each source term  

 { }int int red, , , Π∈      

the corresponding density x  on Ω is defined as the localisation of   over the 
comparison domain,  

 [ ] [ ]d , .dLµ −
ΓΩ

= = ⋅∫ x x   

The calligraphic quantities of Sections 2.5 and 2.6 are thus the integrated forms, 
and the fraktur quantities the primitive ones; Lemma II.1 is the statement that the 
two coincide up to the factor ( )VΓ Ω  when the densities are uniform. The metric 
variation below is taken with respect to ijgΓ  at fixed independent non-metric 
fields ( ), ,Ψ Π , retaining the explicit metric dependence of the densities them-
selves: [ ]red red , ,gΓ= Ψ Πd d  and likewise for the others, so that both the variation 
of dµΓ  and that of each x  contribute.  

We do not write the stationarity condition as a schematic sum of functional 
derivatives of the separate densities. Such a writing would be incomplete in two 
respects: the variation of src

Γ    ddg q
Ω∫ L  contains the variation of the measure 

Γg  itself, and the observer-kinematic density Πl  contributes on the same 
footing as the others. The correct and complete statement is obtained by collecting 
the source densities into  

 src
int int red: α Π= − − +L k v d l  

and defining the informational stress tensor by the metric variation of the corre-
sponding scalar density, as in Section 2.11. Stationarity of Γ  with respect to Γ

ijg  
then gives directly  

 IFR
IFR   ,ij ijTκΓ =  

which is the general IFR geometric equation. It incorporates both the variation of 
the volume measure and the explicit metric dependence of every density, and no 
separate schematic identity is needed. 

It is the analogue, at the informational level, of a gravitational field equation. 
The right-hand side acts as an effective source for informational curvature. Cru-
cially, this source includes not only interference dynamics but also the redundant 
dispersion of observer projections. 

In IFR, therefore,  
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multi-observer objectivity contributes to the geometry that later

appears as gravitation.
 

2.11. Informational Stress Tensor  

To make the analogy with gravitational dynamics more explicit, consider a smooth 
information geometry with metric ijg . Define the informational stress tensor by  

 ( )IFR
int int red

2 ,ij ijT g
gg
δ α
δ Π

 = − − − + k v d l  

the entries being the densities of Definition II.2, as the bracket must be a scalar 
density for the expression to define a tensor, in agreement with the source density 

src
IFRL  of Section 3; when 0Π =  this reduces to the four-term form. 
If the curvature term is chosen in Einstein-Hilbert form on the information 

manifold,  

 Γ Γd ,µ∫   

then variation with respect to ijg  yields a geometric equation of the schematic 
form  

 IFR
IFR ,ij ijTκΓ =  

where  

 
1
2ij ij ijgΓ Γ

Γ= −    

is the Einstein tensor of the information geometry, and IFRκ  is an effective cou-
pling constant determined by β  and the normalization of the curvature action. 

This equation should not be interpreted as ordinary general relativity on 
spacetime. It is a field equation on the information-geometric comparison mani-
fold. Ordinary spacetime gravity appears only along the reduction chain of Theo-
rem II.1,  

 ( ) ( )( ) ( )( ) ( )
reduction

eff eff, , , ,R Lg g g
χ

Γ → → →


      

in the emergent manifold limit. 

2.12. Variation with Respect to Observer Maps 

If observer maps are treated dynamically, one may also vary  
 .a a aδΠ Π + Π   

The observer-dependent part of the action is  

 [ ]redd , , .
I
λ αΠ Π = − Ψ Γ Π + ∫    

Stationarity gives  

 red 0.
a a

δ δα
δ δ

Π− + =
Π Π
   

Thus,  
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 red .
a a

δδ α
δ δ

Π =
Π Π

  

If 0Π = , the variational condition reduces formally to  

 red 0,
a

δ
δ

=
Π
  

meaning that admissible observer maps must be stationary with respect to redun-
dant contraction. In practice, however, aΠ  often represents a fixed operational 
class rather than a fully dynamical variable. In that case, variations with respect to 

aΠ  are not imposed, and objectivity is evaluated relative to the chosen observer 
family. 

This distinction is important. IFR does not claim that arbitrary observer maps 
are physically realized. Only admissible observers satisfying stability, finite acces-
sibility, and operational reproducibility are allowed. 

2.13. Stationary Objective Configurations 

A stationary IFR configuration is a triple ( ), ,Ψ Γ Π    such that  

 IFR , , 0.δ  Ψ Γ Π = 
    

An objective stationary configuration additionally satisfies the objectivity con-
ditions established in Part I of the series. That is, the projected representations 

a am  = Π Ψ 
    must admit a stable Fréchet center [17] [18]  

 ( ) 2arg min , ,a a
Q a

Q w d Q m
Γ

∈
= ∑ 


 


 

with ( ),
F Q ε
Ψ Γ

< 
 . Therefore, IFR distinguishes three levels: 

 ( )
IFR

,

stationary interference configuration : 0,

objective configuration : ,

objective,stable, persistent,
physical classical configuration :

effectively spacetime-localized.

F Q

δ

εΨ Γ

=

<



 

This hierarchy prevents the theory from identifying every stationary interfer-
ence pattern with an ordinary physical object. Only those stationary configura-
tions that become redundantly stable across observers enter the objective sector. 

2.14. Euclidean and Lorentzian Signatures 

The formal generating functional  

 IFR
IFR ei= Ψ Γ Π∫      

is Lorentzian in form. Since λ  is not physical time, this terminology is formal: 
it refers to the oscillatory stationary-phase structure rather than to a pre-existing 
spacetime signature. 

For probabilistic, statistical, or numerical applications, it is often preferable to 
use an Euclideanized functional  
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 IFR
IFR e .

EE −= Ψ Γ Π∫      

Sign convention (Lorentzian vs. Euclidean). Throughout, the Lorentzian IFR 
action carries the curvature term with a positive sign,  

IFR int int reddλ α β Γ Π = − − + + ∫       with 0β >  and 
( )char eff1 2Vβ κ=  (Section 2.4). Under Wick rotation the potential, dispersion 

and curvature terms enter the Euclidean weight e
E−  with a uniform +  sign, 

so that all couplings appear as damping factors; this is the convention used in the 
functional-measure construction below. 

A minimal Euclidean action is  
 IFR int int redd .E E E E E

I
λ α β Γ Π = + + + + ∫       

In this form, the role of redundant dispersion is transparent:  

 IFR
red e .

E−↑ ⇒ ↓  

Thus, configurations that fail to support observer agreement are suppressed in 
the Euclidean measure. 

The Euclideanized form is particularly useful for empirical inference, where the 
path integral may be interpreted as a weighted ensemble over interference-geo-
metric hypotheses. 

2.15. Classical Stationary Limit 

The classical IFR limit is obtained by stationary phase or saddle-point approxima-
tion. Suppose the generating functional is dominated by configurations near a sta-
tionary point  
 ( ), , .Ψ Γ Π    

Then  

 
2

IFRIFR , ,
2

IFR e e .
i

i δ
δ δ δ

  +Ψ Γ Π ≈ Ψ Γ Π∫


   
     

The leading-order classical sector is therefore governed by  

 IFR 0.δ =  

If, in addition, red , , 1 Ψ Γ Π 
    and the corresponding Fréchet center is 

stable, then the saddle point defines an objective classical structure. 
Thus classicality requires both:  

 stationary action 

and  

 low redundant dispersion. 

This is a crucial difference from conventional classical limits. In IFR, a saddle 
point alone is not sufficient to define a classical object. It must also be redundantly 
objectivized. 

2.16. Noether-Type Considerations 

If the IFR action is invariant under a continuous transformation group G  acting 
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on ( ), ,Ψ Γ Π , then corresponding conserved quantities or constraints may arise. 
Let ( ) ( ), , , ,θ θ θΨ Γ Π Ψ Γ Π  be a one-parameter transformation with  

[ ] [ ]IFR IFR, , , ,θ θ θΨ Γ Π = Ψ Γ Π  . The associated first variation then vanishes,  
( ) [ ]IFR 0
d d , , 0θ θ θ θ

θ
=

Ψ Γ Π = . 
Depending on the structure of λ  and the admissible function spaces, this 

leads to a conserved current or constraint. In the emergent spacetime limit, such 
symmetries may reduce to familiar conservation laws associated with effective 
spacetime translations, rotations, gauge transformations, or diffeomorphisms. 

At the fundamental IFR level, however, these symmetries need not be spacetime 
symmetries. They may instead be symmetries of interference structure, observer 
alignment, or information geometry. 

This provides a possible route by which conventional conservation laws emerge 
from deeper invariances of the interference-geometric action. 

2.17. Correspondence with Ordinary Field-Theoretic Action 

The IFR action must satisfy a correspondence requirement. In the high-redun-
dancy, stable-center, effective-manifold regime, there exists an emergent spacetime 
( )eff

eff , gµν  such that the comparison geometry is carried to the effective metric 
along the reduction chain of Theorem II.1,  

 ( ) ( )( ) ( )( ) ( )
reduction

eff eff, , , , ,R Lg g g
χ

Γ → → →


      

the curvature correspondence being ( ) ( )eff
L R g→  for the post-Wick scalar of 

the event manifold and never a direct passage from Γ  to ( )effR g , and objec-
tive centers become effective field configurations, ( )Q xϕ→ . 

In this limit, the IFR action must reduce to  

 ( )4 eff
IFR eff eff eff matter corr

eff

1d ,
2

x g R g
κ

 
→ = − + + 

 
∫     

where corr  contains corrections due to residual redundant dispersion, nonlocal 
informational effects, or incomplete emergence of spacetime locality. 

In the ideal classical limit red 0→  and corr 0→ , and the effective action 
becomes  

 ( )4 eff
eff eff eff matter

eff

1d .
2

x g R g
κ

 
→ − + 

 
∫   

Thus ordinary general-relativistic field theory is recovered as a limiting sector 
of IFR. 

2.18. Interpretation of the Variational Principle 

The IFR variational principle may be summarized by the following statement:  

 
Physical configurations are stationary interference-geometric

histories that support stable redundant objectivity.
 

The term int int−   governs the internal organization of the primitive inter-
ference state; redα−   selects configurations whose projections agree across in-
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dependent observers; β Γ+   makes the geometry of informational distinguish-
ability dynamical and supplies the precursor of gravitational curvature, the posi-
tive sign being required so that in the semiclassical limit the curvature term re-
produces the Einstein-Hilbert action with attractive gravity (Section 2.4); and the 
optional Π  controls the admissibility and stability of observer maps. 

This structure gives IFR its defining explanatory order: interference → observer 
projections → redundant contraction → objective centers → effective spacetime and 
gravity. 

The next section develops the gravitational sector explicitly by showing how 
informational curvature can generate an effective spacetime metric and gravita-
tional dynamics in the high-redundancy semiclassical limit. 

3. Informational Curvature and the Emergence of Gravitation  

The preceding section introduced the IFR action and showed that the information 
geometry Γ is not a passive background structure. It is varied together with the 
interference state and, in the fully dynamical theory, with the observer maps. This 
section develops the gravitational sector of IFR. 

The central thesis is that gravitation is the effective spacetime expression of cur-
vature in the information geometry of observer-stable structures. In this frame-
work, gravitational geometry does not enter as a primitive metric field on a pre-
existing manifold. Instead, it emerges when the geometry of distinguishability 
among objective informational structures admits a low-dimensional, approxi-
mately local, metric representation. 

Thus, IFR replaces the standard explanatory order—spacetime metric → curva-
ture → gravitational phenomena—with informational distinguishability → infor-
mational curvature → effective spacetime curvature → gravitational phenomena. 

3.1. From Information Geometry to Effective Spacetime Geometry 

Let ( ),Γ  be the information-geometric comparison space introduced in Part 
I of the series. The points of   represent observer-accessible informational 
structures, and the geometry Γ determines their distinguishability. 

Let ⊂   denote the subset of stable IFR-objective centers:  
 { }, ,: is stable and IFR-objective .Q QΨ Γ Ψ Γ= ∈    

An effective spacetime description exists only if the set   admits a low-di-
mensional metric representation. More precisely, there must exist a differentiable 
manifold eff  and an embedding or reconstruction map eff:χ →   which, 
in the precise form given in Theorem II.1 (H1)-(H2), is the equal-time restriction 
of the reconstruction eff:χ →   defined on the event manifold; we keep the 
shorter writing here, where only the spatial comparison is at issue, such that, for 
stable objective centers ,i jQ Q ∈    on a common slice,  

 ( ) ( ) ( )( ) ( )eff geo, , ,i j g i jd Q Q d Q Qχ χΓ Γ = +



       

where 
effgd  is the geodesic distance induced by an effective metric tensor effgµν  
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on eff , and geo  measures the residual failure of exact metric representation. 
When geo 1  over the domain under consideration, the stable objective struc-

tures admit an effective spacetime description. In that regime,  

 ( ) ( )( ) ( )( ) ( )
reduction

eff eff, , , ,R Lg g g
χ

Γ → → →


      

not by identity at the fundamental level, but by representational reduction along 
the chain of Theorem II.1. 

Thus, spacetime geometry is not fundamental in IFR. It is the metric represen-
tation of stable relations among objective informational centers. 

3.2. Informational Curvature 

In a smooth Riemannian realization of the comparison space, the information ge-
ometry is specified by a metric ijgΓ  on  . The corresponding Levi-Civita con-
nection is Γ∇ , with Riemann tensor [ ]i

jkl Γ , Ricci tensor [ ] [ ]k
ij ikjΓ = Γ  , 

and scalar curvature  

 [ ].ij
ijgΓ Γ= Γ   

The scalar Γ  measures the intrinsic curvature of distinguishability relations 
among informational structures. It should not be confused with the Ricci scalar of 
spacetime unless an effective spacetime representation has already emerged. 

All statements of this section concerning Γ  presuppose the smooth Rie-
mannian realisation fixed in Assumption II.1, and in particular the positive-defi-
nite signature (M3) and the metric normalisation (M6). The indefinite signature 
required by an effective spacetime does not belong to ( ), gΓ  at all: it is ac-
quired only by effgµν  on eff , through the informational Wick mechanism of 
Part V. The general information-geometric framework of Part I, which does not 
impose the dimensional curvature realisation adopted here, is correspondingly 
wider than the curvature sector developed here; see Remark II.1. 

A structural remark on tensorial rank clarifies the relation between IFR and 
general relativity, and will be used repeatedly in what follows. General relativity 
operates entirely at rank two: the field equation contains Rµν  and R , never the 
full Riemann tensor, because for that theory the spacetime metric is the funda-
mental level and the structure has a single layer. IFR also reaches rank two in its 
effective equation, but that rank-two object descends from an information geom-
etry whose Riemann tensor [ ]i

jkl Γ  retains full rank four:  

 [ ]


( )
red

Γ IFR
eff0

rank 2,retainingrank 2,informational rank 2,spacetimerank 4,informational
rank-4 information

i
jkl ij G g Cµν µν→

Γ → → +



   

The residual tensor IFRCµν  of Section 3.9 is precisely the part of the rank-four 
informational curvature that survives the double contraction. Einstein dynamics 
cannot contain it, not because the theory is defective, but because the level from 
which it originates is absent from a formulation in which the metric is primitive. 
In this sense IFR does not contradict general relativity; it embeds it as the limiting 
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case in which the informational rank collapses without residue. 
In the effective spacetime regime, IFR imposes the correspondence condition  

 ( ) ( )eff ,L R g→  

where ( )effR g  is the Ricci scalar of the emergent metric effgµν . Here and through-
out, the left-hand side of such a correspondence is understood to be the post-Wick 
scalar ( )L

  of the event manifold, reached from   along the chain of Theo-
rem II.1,  

 ( ) ( )( ) ( )( ) ( )
reduction

eff eff,Γ , , , ,R Lg g g
χ

→ → →


      

and not the comparison scalar Γ  itself; see Theorem II.1 (H1)-(H3). 
This correspondence is not assumed globally. It holds only in regimes where 

objective centers form an approximately local, low-dimensional, metric contin-
uum. 

3.3. Persistent Objective Structures as Geometric Sources 

In general relativity, stress-energy sources spacetime curvature. In IFR, the more 
primitive source is not initially stress-energy, but persistent informational objec-
tivity. 

A stable objective center Q  is not merely a point of agreement among ob-
servers. It constrains the admissible transitions in the surrounding information 
geometry. Informally, the presence of a persistent objective structure changes 
which nearby informational configurations are accessible, distinguishable, or dy-
namically stable. 

This motivates the definition of an informational source functional  
 IFR int red stab ,= + +     

where: 
 int  

is the contribution of interference dynamics; 
 red  

is the contribution of redundant observer contraction; 
 stab  

is the contribution of persistence and stability of objective centers. 
In a smooth metric realization, this source is represented by an informational 

stress tensor  

 IFR .ijT  

As introduced in Section 2, it may be defined variationally by  

 ( )IFR
int int red

2   .ij ijT g
gg
δ α
δ Γ Π

ΓΓ

 = − − − + k v d l  

The redundant dispersion contribution is therefore  

 red
red

2 .ij ijT g
gg

α δ
δ Γ

ΓΓ

 =  d  
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The entries are the densities of Definition II.2: only a scalar density integrated 
against dd q  yields a tensor under metric variation, so the integrated calligraphic 
quantities cannot appear inside the bracket. 

This term is specific to IFR. It encodes the fact that the degree of multi-observer 
contraction contributes to the effective geometry of distinguishability. 

The gravitational intuition is then: 

persistent objective structures deform the surrounding information geometry  

In the effective spacetime limit, this deformation appears as gravitational cur-
vature. 

3.4. The Informational Field Equation 

The geometric part of the IFR action is read off directly from the defining form 
(1), no additional measure being introduced at this stage:  

 src
IFR

IFR

1d d ,
2I

λ µ
κΓ Γ ΓΩ

 
= + 

 
∫ ∫ L   

where Ω⊂  and the boundary conditions are those of Assumption II.1 (M4), 
so that the Gibbons-Hawking-York term cancels the normal derivative of ijgδ Γ  
on ∂Ω ,  

  
Γ Γd d dg qµ =  

is the volume measure fixed in (1), with dimd =   as in (M2), and  

 src
IFR int int red α Π= − − +L k v d l  

is the source density of Definition II.2, not the integrated Lagrangian. 
Variation with respect to ijgΓ  gives  

 IFR
IFRij ijTκΓ =  

where  
 

1
2ij ij ijgΓ Γ Γ

Γ= −    
is the Einstein tensor of the information geometry, and  

 ( )IFR src
IFR

Γ

2 .ij ijT g
gg
δ
δ Γ

Γ

= − L  

Thus, the gravitational sector of IFR is governed by the informational field 
equation  

 IFR
IFR .ij ijTκΓ =  

This equation is not yet Einstein’s field equation in spacetime. It is a curvature 
equation on the information-geometric comparison manifold. Its physical mean-
ing is that interference dynamics, redundant objectivization, and stability con-
straints determine the curvature of informational distinguishability. 
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3.5. Reduction to Einstein-Type Dynamics 

The ordinary gravitational field equation is recovered only after an effective 
spacetime manifold emerges. Assume that there exists a regime in which: 

 ( ) ( )( ) ( )( ) ( )
reduction

eff eff, , , , ,R Lg g g
χ

Γ → → →


      

so that, with gR  and R  the geometric and source reduction maps of Theorem 
II.1 (H3)-(H4),  

 ( ) ( ) IFR eff
eff *, .L R g T Tµνχ  → →  R  

Then the informational field equation reduces to  

 ( ) eff IFR
eff eff ,G g Tµν µν µνκ= +   

where  

 ( ) ( ) ( )eff
eff eff eff

1
2

G g R g g R gµν µν µν= −  

is the Einstein tensor of the emergent spacetime metric. 
The term IFR

µν  contains residual corrections arising from incomplete objec-
tivization, nonlocal information-geometric structure, finite observer redundancy, 
or deviations from exact manifold locality. 

In the ideal classical limit,  

 IFR
red geo0, 0, 0,µν→ → →   

one obtains  

 ( ) eff
eff eff .G g Tµν µνκ=  

Thus, general relativity is recovered as the high-redundancy, low-dispersion, 
effective-manifold limit of IFR. 

3.6. Mass-Energy as Persistent Informational Constraint 

In the effective spacetime limit, matter is represented by an effective stress-energy 
tensor  

 eff .Tµν  

Within IFR, this tensor is interpreted as the spacetime representation of persis-
tent informational constraints generated by stable objective structures. A localized 
mass-energy distribution corresponds to a stable cluster of objective centers that 
constrains nearby admissible transitions in the information geometry. 

Let ( )obj Qρ  denote an objective-structure density on  . This density may 
be defined schematically as  

 ( ) ( ) [ ]obj , , , ,Q Q Q Wρ δΓ Ψ Γ= − Ψ Γ Π Ψ Γ Π∫      

where [ ] ( )IFR, , expW iΨ Γ Π =   or its Euclidean analogue, and δΓ  is a geome-
try-compatible delta distribution on  . 

In an effective spacetime representation, this becomes ( ) ( )obj effQ xρ ρ→ , 
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where ( )eff xρ  contributes to the ordinary stress-energy tensor. 
Thus, matter is not simply inserted into spacetime. It is the effective represen-

tation of stable informational structures whose persistence deforms the geometry 
of distinguishability. 

This interpretation leads to the IFR gravitational principle:  

 
mass-energy is the effective spacetime image of persistent

informational constraint.
 

3.7. Geodesic Motion as Informational Extremality 

In general relativity, freely falling bodies follow geodesics of spacetime. IFR pro-
vides a pre-spatiotemporal interpretation of this principle. 

Let ( )Q λ  be a continuous family of stable objective centers. Its path in the 
information geometry has length  

 2

1
Γ

Γ

d d .
d
QQ

λ

λ
λ

λ
  =  ∫


  

A free objective structure follows an informational geodesic if  

 Γ 0.Qδ   = 
  

When an effective spacetime representation exists, ( ) ( )Q xµλ τ

 , and  

 
eff

,gd dΓ Γ →

  

the informational geodesic equation reduces to the spacetime geodesic equation  

 ( )
2

eff2
d d d 0.

d dd
x x xg
µ α β

µ
αβ τ ττ

+ Γ =  

Thus, free fall is interpreted as extremal motion through the geometry of stable 
informational distinguishability. 

In IFR terms,  

 
geodesic motion is the effective spacetime image

of informational extremality
 

3.8. Informational Curvature and Gravitational Attraction 

The appearance of gravitational attraction can be understood through the defor-
mation of admissible informational transitions. 

Suppose a persistent objective structure MQ  generates a localized deformation 
of Γ. The distance between nearby objective centers is then modified:  

 ( ) ( )0Γ Γ, , ,
Mi j i jd Q Q d Q Q→     

where 0Γ  is the undeformed information geometry and MΓ  is the geometry in 
the presence of the persistent structure. 

If the deformation reduces the informational action for paths approaching MQ , 
then nearby objective structures follow geodesics that appear, in the effective 
spacetime representation, as gravitational attraction. 
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Therefore, attraction is not fundamental force in IFR. It is the emergent conse-
quence of curvature in the admissible transition geometry. 

In the weak-field effective limit, write  

 eff , 1.g h hµν µν µν µνη= +   

If the dominant component is ( )eff
00 1 2g ≈ − + Φ , then the geodesic equation 

gives the Newtonian limit  

 
2

2
d .
dt

= −∇Φ
x  

In IFR, the potential Φ is interpreted as the weak-field spacetime representation 
of informational curvature induced by persistent objective constraints. 

3.9. Residual IFR Corrections  

Because spacetime geometry is emergent rather than fundamental, IFR generically 
allows corrections to Einstein dynamics outside the ideal high-redundancy limit. 

The effective field equation may be written as  

 eff IFR
eff ,G Tµν µν µνκ= +   

where  

 IFR red nonloc geo obs.µν µν µν µν µν= + + +      

The terms represent, respectively: 

 red
µν  

corrections due to finite redundant dispersion; 

 nonloc
µν  

corrections due to nonlocal structure in the information geometry; 

 geo
µν  

corrections due to imperfect embedding into a low-dimensional effective mani-
fold; 

 obs
µν  

corrections due to observer-family dependence or incomplete objectivization. 
In regimes where red 0≈/  or geo 0≈/ , these correction terms need not vanish. 
This provides a possible empirical route for IFR: deviations from standard grav-

itational behavior should correlate with regimes in which informational redun-
dancy, observer stability, or effective locality fail. 

The decomposition above is, at the level of the present part, a classification of 
the sources of deviation rather than a quantitative prediction: it states which re-
gimes generate corrections, not their magnitude. A closed leading-order expan-
sion of IFRCµν  in the dimensionless redundancy parameter [ ]red null 0,1ε ≡ ∈  , 
with coefficients determined by ( ),α β  and by the effective number of independ-
ent observer channels rather than introduced ad hoc, requires the renormalisa-
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tion-group structure of Part VI and the Lorentzian reduction of Part V of the se-
ries. It is therefore developed there, and it is what converts the qualitative criterion 
(F7) below into a quantitative test against precision gravitational measurements. 

3.10. Consistency Conditions 

For the gravitational sector to be mathematically and physically consistent, IFR 
imposes the following conditions. 

Metric emergence. There must exist a stable effective metric representation:  

 ( ) ( )eff
eff, ,d gµνΓ Γ →

   

with residual distortion  

 geo 1.  

Curvature correspondence. The informational scalar curvature must reduce 
to the Ricci scalar through the reduction to the event manifold followed by the 
informational Wick map, and not directly:  

 ( ) ( )( ) ( )eff: .L RR g R g = →     

No direct reduction of the pre-Wick comparison scalar Γ  on   to ( )effR g  
is asserted; see Theorem II.1 (H3). 

Source correspondence. The informational stress tensor must reduce to the 
effective stress-energy tensor through the reduction map R  of Theorem II.1 
(H4):  

 IFR eff .T Tµν  → R  

Bianchi compatibility. In the effective limit, the correction tensor must satisfy  

 ( )eff IFR
eff 0,Tµ

µν µνκ∇ + =  

so that the effective Einstein tensor obeys the contracted Bianchi identity:  

 0.Gµ µν∇ =  

If IFR 0µν → , then ordinary local stress-energy conservation follows:  

 eff 0.Tµ µν∇ =  

Equivalence-principle limit. 
In sufficiently small regions of the emergent manifold where the curvature of 

the effective metric is negligible,  

 ( )eff 0,R gµνρσ ≈  

in the same formulation as Section 3.13, there must exist local coordinates in 
which effgµν µνη≈ , and freely propagating objective structures follow approxi-
mately inertial trajectories. 

This gives the IFR version of the equivalence principle. 
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3.11. Gravitational Correspondence Theorem 

We now state the gravitational correspondence result in theorem form. 
Theorem II.1 (Conditional gravitational correspondence). Let ( ),Γ  be a 

smooth information-geometric comparison manifold with scalar curvature Γ . 
Let ⊂   be the set of stable IFR-objective centers generated by a stationary 
solution ( ), ,Ψ Γ Π    of the IFR variational principle, with ( ),Γ  satisfying 
Assumption II.1 and with the reduced coupling 3

red IFR
dκ κ −
Γ=   of (M7) matched 

to effκ . Suppose that: 
(H1) the dimensional reduction of Assumption II.1 (M7) has as image a three-

dimensional submanifold ( )3 λ ⊆   of the stable centers, consistently with 
[ ] 3

charV L= ; the fourth dimension is not a further coordinate on   but the 
emergent temporal order of Part III. The object carrying the effective representa-
tion is accordingly the four-dimensional event manifold  

 ( ) ( ) ( ){ }3 eff: , : , , dim 3 1 dim ,Q t Q t tλ λ= ∈ = = + =     

built from 3  together with the arc-length parameter of Remark II.2, and we 
assume that   admits an effective differentiable manifold representation  
 ( )eff: , : , ,i i ie Q tχ → = ∈    

and carries a Riemannian pre-Wick metric ( )Rg  whose spatial sector is induced 
by the reduced comparison geometry on 3  and whose remaining sector is in-
duced by the construction of t . All statements below are made on  , not on  : 
the comparison metric Γg  lives on   and enters only through the reduction; 

(H2) the information-geometric distance is approximated by the geodesic dis-
tance of the Riemannian, pre-Wick effective metric ( )Rg , at the dimensional level 
of Assumption II.1 (M6), that is with the dimensionless comparison distance re-
scaled by Γ . The statement is made at equal time, comparing only the spatial 
sector ( )

,
R
tg  of the event metric on the slice ( )3 t : the left-hand side contains 

the separation of iQ  and jQ  alone and carries no information about i jt t− , 
so it cannot be equated with a four-dimensional distance. The temporal sector of 

( )Rg  is supplied instead by the construction of dt  in (H1):  

 ( ) ( ) ( ) ( )( ) ( )
,

Γ Γ geo, , , , , ;R
t

i j i j i jg
d Q Q d Q t Q t t t t= + = =





       

(H3) writing ( ) ( ):L Rg g =     for the image of the pre-Wick event metric of 
(H1) under the informational Wick map   of Part V, and assuming a geomet-
ric reduction map  

 ( ) ( ): ,R
g

Γ →   R  

the counterpart for the geometric side of the source reduction R  of (H4), which 
carries the Einstein tensor of the comparison manifold to that of the pre-Wick 
event metric and whose construction, like that of R , belongs to Part V; the pull-
back of the effective metric then approximates ( )Lg  in the 2C  sense,  

 ( ) ( )2
*

eff geo ,L
C

g gχ = +    

which yields the correspondence of the curvature tensors, and in particular, for 
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the post-Wick scalar of the event manifold  

 ( ) ( )( ) ( ) ( ) ( )eff geo: , .L R LR g R g = = +         

No such relation is asserted between ( )effR g  and the comparison scalar Γ  
on  : the two are related only through the reduction followed by  , and the 
correspondence of Einstein tensors used below requires in addition that   in-
tertwine the curvature construction, which is assumed here and established in Part 
V. Agreement of the scalar curvatures alone would not suffice, since the conclu-
sion below is an identity between tensors. The Wick map cannot be omitted here: 
gΓ  is positive definite by (M3) while effg  is Lorentzian, and since the signature 
of a non-degenerate metric is locally stable, no 2C -small perturbation can con-
nect the two. The pre-Wick statement of (H2) is to be read on ( )

eff
Rg , and (H3) on 

its Wick image; 
(H4) the informational stress tensor admits an effective spacetime representa-

tion. Since IFR
ijT  is a rank-two tensor field on the d -dimensional comparison 

manifold  , obtained in Section 2.11 from the metric variation of a scalar den-
sity, while χ  is defined on  , the push-forward cannot be applied directly: a 
reduction map  

 ( )IFR IFR: ,T T→ R  

which integrates over the 3d −  reduced directions and thereby carries the factor 
  3
Γ
d−
  of (M7), must be applied first. The correspondence then reads  

 ( )eff IFR
* src ;T Tµν χ  = +  R   

the construction of R  from the push-forward and the integration over the re-
duced directions belongs to Part V and is assumed here; 

(H5) redundant dispersion is small, and the residual nonlocal structure of the 
comparison geometry is controlled:  

 
( )

( )
red red red

nonloc
nonloc nonloc

, 1,

, 1,µν

=

=





 

 

 

 
 

where nonloc
µν  is the nonlocal contribution isolated in Section 3.9.  

Then the informational field equation  

 Γ IFR
IFRij ijTκ=  

induces an effective spacetime equation of the form  

 ( ) eff IFR
eff eff ,G g Tµν µν µνκ= +   

where  

 ( ) ( ) ( ) ( )IFR
geo red nonloc src .µν = + + +         

In the limit  

 geo red nonloc src, , , 0,→     

the effective dynamics reduce to Einstein-type gravitational dynamics:  
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 ( ) eff
eff eff .G g Tµν µνκ=  

Proof. By (H1) and (H2) the event manifold built from the stable objective cen-
ters admits an effective metric representation at the dimensional level of (M6), its 
spatial sector being fixed at equal time. The informational field equation  

IFR
IFRij ijTκΓ =  holds on  , and the two sides are carried to   by the reduction 

maps of (H3) and (H4) respectively, so that the chain is  

 ( ) ( ) ( )
          

IFR IFR eff
eff , .

g
R L G g T T T

χχ ∗
Γ → → → → →



    
R R

 

(H3) then identifies the pull-back of the effective metric with ( )Lg  in the 2C  
sense, from which the correspondence of the curvature tensors, and hence of the 
Einstein tensors, follows; the scalar relation ( ) ( ) ( )eff geo

L R g= +    is a conse-
quence and not the hypothesis. Substituting these correspondences into the infor-
mational field equation yields the stated effective spacetime equation, with resid-
ual terms arising from the finite errors in metric representation, curvature corre-
spondence, nonlocality, and redundant dispersion. Taking all residual errors to 
zero, including src , gives the Einstein-type limit. ☐ 

This theorem does not assert that the full structure of general relativity is fun-
damental. It states the precise conditions under which general-relativistic dynam-
ics emerge from IFR. 

We stress that Theorem II.1 is a correspondence statement and not an existence 
statement. It asserts that if (H1)-(H5) hold on Ω, then Einstein-type dynamics 
follow with the stated residuals; it does not establish that any IFR realisation satisfies 
them, and in particular no mechanism is supplied here guaranteeing geo 1  (Sec-
tion 3.17). The construction of such a mechanism remains open. What can be 
supplied, and is supplied in Section 3.12 below, is a set of finite-data diagnostics 
for the spatial and source components of (H1)-(H4), computable on any given 
finite family of stable centers, so that those components of the theorem’s hypoth-
eses are testable rather than merely stipulated. The geometric-reduction and Wick 
assumptions of (H3) are not decided by them. 

3.12. Operational Diagnostics for the Correspondence Hypotheses  

The hypotheses (H1)-(H4) of Theorem II.1 are stated as approximations con-
trolled by geo  and src . They are not thereby beyond empirical control: on a fi-
nite family of stable centers, the spatial reconstruction and source correspondence 
components of (H1)-(H4) reduce to computations on the matrix of comparison 
distances and on the reconstructed tensors, which are precisely the objects pro-
duced by the estimators of the series. We are explicit about the scope of what fol-
lows: the criteria below are finite-data diagnostics for those components, and they 
do not by themselves verify the full content of (H3), which further assumes the 
existence of the geometric reduction map gR , the informational Wick map  , 
the intertwining of   with the curvature construction, and the four-dimen-
sional structure of the event manifold. Those assumptions belong to Part V and 
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are not decided here. 
Proposition II.3 (Finite-data diagnostics for the spatial and source components 

of (H1)-(H4)). Let { }
1

m

i i
Q

=
⊂   be a finite family of stable objective centers, let 

( ),ij i jD d Q QΓ=    , and let  

 ( ) ( )2 2 21 1  , , ,
2 ij ij mB JD J D D J I

m
= − = = − 11  

with eigenvalues 1 2 mµ µ µ≥ ≥ ≥  and let ˆ
kB+  be the matrix obtained by re-

taining the k  largest positive eigenvalues of B  and discarding the remainder. 
Then:  

(V1) Reconstruction map and metric representability. By Schoenberg’s theo-
rem the family admits an exact isometric representation in a k -dimensional Eu-
clidean space if and only if 0B   and rank B k≤ . Setting  

 MDS

1

: ,jj k

jj

µ

µ
>

≥

=
∑
∑

  

the classical multidimensional-scaling reconstruction χ  onto the leading k  
positive eigendirections satisfies, in nuclear norm, the exact identity  

 
* 0

0

,ˆ
j

j

k j j
j k

B B
µ

µ

µ µ+

> <
>

− = +∑ ∑  

which reduces to jj k µ>∑  when the k  retained eigenvalues are the k  larg-
est and are non-negative, and which controls the discrepancy between ( )2D  and 
the squared-distance matrix of the reconstruction. The quantity MDS  is a diag-
nostic for (H1)-(H2) and is to be distinguished from the embedding error geo  
appearing in the theorem, which is a 2C  quantity; the negative eigenvalue mass 
of B  is the obstruction to metric representability, and its vanishing is necessary, 
not sufficient, for (H3).  

(V2) Curvature correspondence. Let ORκ  denote the Ollivier curvature of the 
δ -neighbourhood graph of { }iQ  with transport cost dΓ

 , built from the cen-
ters alone and therefore carrying no temporal sector, so that the comparison be-
low concerns the spatial slice and not the full four-dimensional Ricci curvature. 
The Ollivier curvature is dimensionless, and it is the rescaled quantity  

 resc
OR OR2: , : ,kc r

r
κ κ δΓ= =   

with δ  the dimensionless neighbourhood radius measured in Γd , r  the cor-
responding physical radius, and kc  the dimension-dependent constant of the 
discrete-to-continuum convergence results, that approximates the Ricci curvature 
under the stated sampling and scale conditions. The factor 2−

Γ  implicit in 2r−  
cannot be omitted: ORκ  and δ  are both dimensionless, whereas the Ricci cur-
vature of ( )

,
R
tg  has dimension 2L− . Hypothesis (H3) is accepted at level 1 γ−  

when the averaged discrepancy between resc
ORκ  and the Ricci curvature of the re-

constructed spatial slice metric ( )
,
R
tg  lies within the confidence interval obtained 

under the resampling protocol of the reproducibility appendix. No sectional-cur-
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vature comparison is implied, and no comparison with the unrescaled Ollivier 
curvature is meaningful.  

(V3) Source correspondence. (H4) is tested by direct comparison of the two 
tensors through χ , with the reduction factor that (H4) itself carries,  

 
IFR eff

*
srceff

      ,
T T

T

χ   −  ≤
R

  

both tensors living on eff  and the norm being taken with respect to the trans-
ported Riemannian pre-Wick metric ( ) ( )

eff *:R Rg gχ=   there: a Lorentzian metric 
induces no positive-definite norm, so effg  cannot be used, and ( )Rg  itself lives 
on a different manifold. The contracted Bianchi identity, eff eff

BianchiT Tµ
µν∇ ≤  , 

is retained as an auxiliary consistency check on the reconstruction: it verifies con-
servation, not correspondence, and it renders falsifiability criterion (F8) opera-
tional rather than declarative.  

Criteria (V1)-(V3) do not prove that (H1)-(H4) hold. They convert the spatial-
reconstruction and source-correspondence components of those hypotheses into 
quantities that can be estimated, with uncertainty, from a finite ensemble of ob-
jective centers, so that the conditional statement of Theorem II.1 acquires a defi-
nite empirical content in any given realisation. They do not by themselves verify 
the geometric-reduction and Wick assumptions of (H3). The corresponding com-
putations are carried out on detector, cosmological and physiological ensembles 
in Part IV of the series.  

3.13. Relation to the Equivalence Principle  

The equivalence principle is recovered as a local property of the emergent metric 
representation. If, in a neighbourhood eff⊂   one has ( )eff 0R gµνρσ ≈ , then 
there exist local coordinates in which ( )2effg xµν µνη= + . 

In such a neighbourhood, the informational geodesic equation reduces locally 
to inertial motion. Therefore, all freely propagating objective structures follow the 
same local inertial geometry, independent of their internal composition, provided 
they are coupled to the same emergent metric. 

In IFR, the equivalence principle is therefore not primitive. It is a consequence 
of the universality of the effective metric representation of informational curva-
ture. 

The condition for its validity is not a direct passage from the comparison ge-
ometry to the effective metric, which Theorem II.1 (H1)-(H3) excludes, but the 
universality of the reconstruction chain itself:  

 ( ) ( )2
*

eff geo
L

C
g gχ = +    

with the same effective metric, reached through the same reduction and Wick 
maps, for every freely propagating objective structure in the relevant class. 

Violations may occur only if different classes of objective structures couple to 
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inequivalent effective geometries or if residual nonlocal informational corrections 
remain significant. 

3.14. Interpretive Summary 

The gravitational sector of IFR may be summarized by four statements: 

 

1. Information geometry precedes spacetime geometry.
2. Persistent objective structures curve information geometry.
3. Effective spacetime curvature is the metric representation of
informational curvature.
4. General relativity is recovered in the high-redundancy,
low-dispersion, local-manifoldlimit.

 

Thus, gravity is not appended to IFR. It is one of the central consequences of 
the theory. The same mathematical mechanism that produces objectivity through 
multi-observer contraction also supplies the geometric structure that, in the effec-
tive limit, appears as gravitation. 

The next section develops the complementary emergence of temporal order. 
Just as space and gravitation arise from stable information geometry, time arises 
from the ordered succession of stable objective centers. 

3.15. Conceptual Novelty Relative to Existing Programs 

The gravitational sector developed above shares vocabulary with several estab-
lished programs, and it is therefore useful to state precisely where its specific con-
tent lies. Part I distinguished IFR from decoherence, quantum Darwinism and re-
lational interpretations at the level of objectivity [1]; the distinctions relevant here 
concern dynamics. 

The observer sector is dynamical, not diagnostic. In holographic and emergent-
gravity programs [5]-[9], coarse-graining is a method of analysis applied to a the-
ory whose action is already given. In IFR the redundant dispersion red  appears 
inside the action, with coupling 0α > : multi-observer agreement participates in 
selecting which configurations are realised and contributes to the source of infor-
mational curvature through red

ijT , a term with no counterpart in those programs. 
The kinetic term is forced. Because Postulate I denies   any differentiable or 

metric structure, the propagating term cannot be a gradient energy; unitary invar-
iance on ( )   then determines int  uniquely up to normalisation [2] [3]. 
The resulting interference equation is second-order in λ  rather than of Schrö-
dinger type—a structural consequence of the fact that λ  orders configurations 
without measuring duration. 

Gravitation is not derived from spacetime notions. Thermodynamic and en-
tropic derivations of the field equations begin from horizons, causal diamonds, or 
entanglement entropies defined on an existing manifold. The informational field 
equation IFR

IFRij ijTκΓ =  is written on the comparison manifold  , whose points 
are observer-accessible informational structures, and is meaningful before any ef-
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fective metric exists; Einstein dynamics appear only once the embedding condi-
tions of Theorem II.1 are satisfied. 

Deviations are structured, not free. The residual tensor IFRCµν  is not a phenom-
enological addition. Its four components are tied to identifiable failures—finite 
redundancy, non-locality, imperfect embedding, observer-family dependence—
and each is expected to vanish in a regime that can be characterised independently. 
This is what makes the framework discriminating rather than merely reinterpre-
tive. 

3.16. Falsifiability Criteria 

Part I stated criteria (F1)-(F5) for the objectivity sector [1]. The dynamical and 
gravitational content of Part II adds the following, with the outcomes that would 
count as failure. 

(F6) Orientation of the gravitational sector. The semiclassical matching of Sec-
tion 2.4 fixes 0β >  with ( )char eff1 2Vβ κ= +  and therefore an attractive emer-
gent gravitational sector. This is not adjustable: the framework cannot accommo-
date a repulsive sign without abandoning the correspondence condition. Failure: 
any consistent derivation within the framework yielding 0β <  in the semiclas-
sical limit. 

(F7) Correlation of deviations with redundancy. IFR predicts that departures 
from Einstein dynamics are controlled by  

( ) ( ) ( ) ( )IFR
geo red nonloc srcC O O O Oµν = + + +     and therefore appear only where re-

dundancy, metric embedding, or locality degrade. Failure: systematic deviations 
from general relativity in regimes of demonstrably high observer redundancy and 
small geo , or the absence of any deviation in regimes where these quantities are 
independently shown to be large. 

(F8) Bianchi compatibility. The contracted Bianchi identity requires  

( )eff IFR
eff 0T Cµ

µν µνκ∇ + = . This is a non-trivial constraint on the correction tensor, 
not a definition of it. Failure: a correction tensor required by the informational 
dynamics that cannot be made compatible with the identity without introducing 
additional free structure. 

(F9) Universality of the effective metric. The equivalence principle is recovered 
only if all classes of objective structures couple to the same emergent metric. Fail-
ure: a composition-dependent coupling, that is, distinct classes of stable centers 
following geodesics of inequivalent effective geometries in the same region, be-
yond the bound set by geo . 

Criteria (F6) and (F8) are internal consistency tests, decidable within the formal-
ism. Criteria (F7) and (F9) are empirical and become operational once the corre-
spondence chain of Part III is completed and the estimators of Part IV are applied. 

3.17. Scope and Limitations  

The results of this paper are conditional, and we state the conditions explicitly 
rather than leaving them implicit. 
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The action is minimal, not complete. Only int  is determined from first prin-
ciples. The informational potential int  is restricted, in Section 2.6, to the gauge-
invariant class ( )F ρA  and to the low-order form (9), but neither the coefficients 

( )0
ˆ ,H g  nor the retained higher-order terms ( )3σ  are fixed here; the re-

striction is adopted and not derived. The observer-kinematic term Π  is left un-
specified and is frequently set to zero, and the dynamics of Γ itself is determined 
only implicitly, through the stationarity condition. A predictive dynamics requires 
all of these to be fixed, and none is fixed here. 

The gravitational correspondence is conditional. Theorem II.1 does not derive 
general relativity from IFR. It states the conditions—the existence of an effective 
manifold representation, the approximation of dΓ Γ

  by a geodesic distance, the 
curvature and source correspondences, and small redundant dispersion—under 
which Einstein-type dynamics follow. That these conditions are attainable for 
physically realised configurations is assumed, not proven. In particular no mech-
anism is given here that would guarantee geo 1 . 

The couplings are not derived. The relation between IFRκ  on the comparison 
manifold and effκ  in the emergent spacetime is imposed by matching, not com-
puted. The dimensional normalisation of β  involves a characteristic volume 

charV  of the region of   on which Γ  is evaluated, which is likewise not de-
rived. The same holds for IFR  and mΨ , whose identification is deferred to Part 
III. 

The generating functional is formal. IFRZ  is written as an integral over inter-
ference states, comparison geometries and observer projections. No measure has 
been constructed on any of these spaces, and no renormalisation programme is 
carried out; that is the subject of Part VI. The saddle-point statements of Section 
2 should be read accordingly. 

Smoothness is assumed where it is convenient. The informational field equa-
tion is derived in a smooth Riemannian realisation of ( ),Γ . Part I already 
noted that non-smooth comparison geometries require generalised curvature no-
tions; the variational derivation given here does not extend to those cases without 
further work. The regularity actually used is now stated in full as Assumption II.1: 
smoothness (M1), finite dimension dimd =   (M2), positive-definite signa-
ture (M3), a relatively compact geodesically convex domain with Dirichlet data 
and a Gibbons-Hawking-York term (M4), contractible topology (M5), and the 
metric normalisation (M6). Nothing outside this class is claimed. 

The interpretation of the informational length scale is deferred. The dimen-
sional bookkeeping is closed by the single scale Γ  of (M6)-(M7). We do not 
claim that Γ  is thereby determined: the matching relation links it to IFRκ  
without fixing either, so Γ  is not independent once the coupling ratio is inde-
pendently fixed, and conversely. What is not supplied here is its physical interpre-
tation as the scale at which multi-observer redundancy performs the reduction 
from d  to three effective dimensions. That identification is the content of the 
dimensional-reduction argument of Parts V and VI, where holography appears as 
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a consequence of redundancy rather than as a postulate; until it is established, the 
matching ( )char eff1 2Vβ κ=  should be read as conditional on that reduction. 

The potential is restricted, not derived. Section 2.6 restricts int  to the gauge-
invariant class ( )F ρA  and to the low-order form (9), and specifies a concrete 
parametrised finite-dimensional realisation (I1)-(I5). We are careful about what 
this buys: every observer-side and statistical quantity entering the chosen trun-
cated realisation is computable once the truncation of int , the observer-kine-
matic term Π  and the off-shell dynamics of Γ are specified. None of those three 
is specified here, the restriction to the gauge-invariant class is adopted rather than 
proved, and the coefficients ( )0

ˆ ,H g  remain to be fixed empirically. 
The Schrödinger sector is conditional. Proposition II.2 recovers first-order 

quantum evolution from the Kähler structure of ( )  , but only under hypoth-
esis (S3), the existence of a first-order invariant manifold on which the second-
order interference dynamics reduces to a Hamiltonian flow. No construction of 
that manifold is given here, and its existence, or a proof of its non-existence, is an 
open problem of the programme. The global phase of Ψ is gauge on projective 
space and cannot substitute for it. 

The status of Chentsov uniqueness is a resolved but non-trivial point. As rec-
orded in Remark II.3, the variability of Γ is compatible with Chentsov’s theorem 
only because monotonicity is imposed asymptotically, in the limit red 0→ , ra-
ther than kinematically. The consequence—that the comparison geometry is pre-
dicted to flow towards the constant-curvature Fisher-Rao geometry in the high-
redundancy regime—is a testable claim whose analysis belongs to Part VI and is 
not carried out here. 

These are not defects concealed by the construction but the precise boundary 
of what Part II establishes: a well-posed variational principle with a determined 
kinetic sector, and a gravitational correspondence whose hypotheses are stated in 
full. 

Observational consequences. The observable consequences of the gravitational 
sector developed above are tested empirically in Part IV of the series, through the 
multi-observer contraction of detector, cosmological, and physiological ensem-
bles; the corresponding cross-domain estimators and null tests were introduced 
in [12] [13]. 

Continuation of the series. Part III develops the emergence of temporal order 
and the semiclassical and effective-field limits. 

4. Conclusions  

This paper has presented Part II of the Interference-First Reality (IFR) series, sup-
plying the dynamical principle on which the kinematic foundations of Part I [1] 
were silent. 

We have, first, formulated the IFR variational principle (Section 2). The defin-
ing action (1) integrates over the ordering parameter and over a comparison do-
main Ω⊂  carrying the Riemannian volume measure dµΓ , whose regularity, 
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dimension, signature, boundary data, topology and metric normalisation are fixed 
in Assumption II.1; its reduced form, IFR int int redd

I
λ α β Γ Π = − − + + ∫      , 

follows by Lemma II.1 and carries the mean curvature Γ  with characteristic 
volume ( ) 3dV −

Γ ΓΩ  . It combines interference propagation, informational self-
organisation, multi-observer contraction and informational curvature in a single 
stationarity condition IFR 0δ = . We fixed the orientation and dimensional nor-
malisation of the curvature coupling, 0β >  with ( )char eff1 2Vβ κ= + , as re-
quired by the semiclassical matching to the Einstein-Hilbert action, and showed 
that the kinetic term is not a free choice: the prohibition on differentiable structure 
over  , together with unitary invariance, selects the Fubini-Study form uniquely 
[2] [3]. The resulting interference equation is second-order in the ordering pa-
rameter, with the Schrödinger equation recovered only conditionally, as the Ham-
iltonian sector of the Kähler structure of ( )   on the stable-state manifold 
(Proposition II.2), under the hypotheses of Assumption II.2. Variation with respect 
to Ψ, Γ and Π yields the interference equation, the geometric equation and the ob-
server condition respectively, and the classical limit requires both stationarity and 
low redundant dispersion—a saddle point alone does not define a classical object. 

Second, we have developed the gravitational sector (Section 3). Persistent ob-
jective structures deform the geometry of distinguishability, and this deformation 
is encoded in an informational stress tensor IFR

ijT  containing a contribution red
ijT  

specific to multi-observer contraction. The resulting informational field equation 
IFR

IFRij ijTκΓ =  is a curvature equation on the comparison manifold, meaningful 
before any spacetime exists. Theorem II.1, a conditional correspondence result 
and not an existence result, states the conditions—effective manifold representa-
tion, metric approximation of dΓ Γ

 , curvature and source correspondence, small 
dispersion—under which it induces ( ) eff IFR

eff effG g T Cµν µν µνκ= + , reducing to Ein-
stein dynamics as the residual errors vanish. Geodesic motion appears as infor-
mational extremality, mass-energy as persistent informational constraint, and the 
equivalence principle as the universality of the effective metric representation ra-
ther than as a primitive assumption. 

Third, we have stated where the construction is discriminating and where it is 
conditional. Criteria (F6)-(F9) extend the falsifiability list of Part I to the dynam-
ical sector, and the scope statement makes explicit that int  and Π  remain un-
specified, that the gravitational correspondence is conditional on hypotheses as-
sumed rather than derived, that the couplings are matched rather than computed, 
and that the generating functional remains formal. 

A structural consequence deserves emphasis. Holographic organisation, which 
in the applied formulation preceding this work [4] was introduced as a postulate 
in the tradition of [5]-[9], is not assumed anywhere in Part II: dimensional reduc-
tion follows from the finite-accessibility condition on observer maps together with 
the requirement that only redundantly encoded structure survives contraction. 
Holography is thus a consequence of the IFR architecture rather than an inde-
pendent principle—a result of the dynamics, not an input to it. 
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The central conclusion of Part II is that gravitation need not be added to an 
information-theoretic theory from outside. The same variational structure that 
selects interference configurations compatible with stable multi-observer contrac-
tion also renders the geometry of distinguishability dynamical, and it is the cur-
vature of that geometry which, in the high-redundancy limit, is seen as gravitation. 
The emergence of temporal order from ordered sequences of stable Fréchet cen-
ters, the semiclassical and Lorentzian limits, the empirical implementation across 
cosmological, gravitational-wave and physiological ensembles, and the renormal-
isation-group flow of the framework are developed in the subsequent parts of the 
series. 
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CMB Cosmic Microwave Background 

GWOSC Gravitational Wave Open Science Center 

HRV Heart Rate Variability 

IFR Interference-First Reality 

JS/JSD Jensen-Shannon Divergence/Distance 

JWST James Webb Space Telescope 

PSD Power Spectral Density 
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