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Introduction 

Dynamic	 Symmetry	 Theory	 is	 a	 mid-level	 framework	 for	 describing	 how	 complex	 systems	 maintain	

coherent	 structure	 at	 the	 edge	 of	 chaos:	 neither	 collapsing	 into	 rigid	 determinism	 nor	 dissolving	 into	

unconstrained	 fluctuation.	 In	 earlier	 work,	 this	 idea	 has	 been	 expressed	 through	 Dynamic	 Symmetry	

Indices,	adaptive	Noether-type	laws	and	toy	models	spanning	domains	from	chemical	reaction	networks	to	

financial	 markets.	 The	 Geometry	 note	 extended	 this	 programme	 into	 a	 curved-spacetime	 setting	 by	

introducing	a	covariant	toy	effective	field	theory	with	an	order	field,	a	chaos	sector	and	interaction	terms	

tuned	to	reward	critical	balance. 

In	that	first	construction,	the	curved	metric	was	treated	as	a	prescribed	background	and	the	stochastic	field	

𝜉(𝑥)	 was	 given	 only	 a	 schematic	 quantum-stochastic	 interpretation.	 The	 accompanying	 Appendix	

specialised	 the	model	 to	 a	 de	 Sitter-like	 cosmological	 spacetime,	 reduced	 it	 to	 homogeneous	 Langevin	

dynamics	with	Hubble	friction	and	Gaussian	noise,	and	used	this	simplified	setting	to	explore	edge-of-chaos	

bands	and	effective	vacuum-energy	contributions.	Together,	these	pieces	provided	a	disciplined	scaffold	for	

thinking	about	dynamic	 symmetry	 in	 the	 language	of	quantum	 field	 theory	on	 curved	 spacetime,	while	

remaining	explicitly	modest	in	scope. 

The	aim	of	the	present	paper	is	to	push	that	scaffold	one	step	closer	to	the	long-standing	goal	of	relating	

quantum	 mechanics	 and	 general	 relativity	 in	 a	 single,	 mathematically	 intelligible	 frame.	 The	 central	

strategy	is	deliberately	conservative.	Rather	than	attempting	a	full	quantum-gravity	theory,	the	model	is	

refined	in	two	specific	ways.	First,	the	stochastic	field	is	tied	more	concretely	to	an	underlying	quantum	

scalar	field	and	a	chosen	curved-spacetime	vacuum	state,	so	that	 its	covariance	kernel	 inherits	the	two-

point	structure	of	a	genuine	quantum	state	rather	than	being	imposed	by	hand.	Second,	the	homogeneous	

version	of	the	toy	stress-energy	tensor	is	coupled	back	into	a	minimal	Friedmann	equation	for	the	de	Sitter-

like	background,	allowing	the	dynamically	maintained	balance	between	order	and	fluctuation	to	contribute	

to	curvature	in	a	controlled,	if	idealised,	way. 

The	result	remains	far	from	a	complete	theory	of	quantum	gravity.	It	does	not	address	Planck-scale	physics,	

renormalisation	of	vacuum	contributions,	or	the	full	tensorial	dynamics	of	spacetime.	It	does,	however,	offer	

a	more	tightly	specified	bridge	between	three	ingredients	that	have	traditionally	been	treated	separately:	

quantum	fluctuations,	curved	background	geometry	and	edge-of-chaos	organisation	in	complex	systems.	In	



this	 sense,	 dynamic	 symmetry	 is	 proposed	 not	 as	 an	 alternative	 to	 quantum	 field	 theory	 or	 general	

relativity,	but	as	a	conceptual	and	mathematical	language	for	expressing	how	their	characteristic	structures	

might	co-operate	in	sustaining	coherent	order	in	an	expanding	universe. 

Starting	point 

The	Geometry	note	formulates	a	covariant	toy	Lagrangian	on	a	prescribed	curved	Lorentzian	background	

𝑔!"(𝑥),	with	a	scalar	order	field	𝜙,	a	chaos	sector,	and	interaction	terms	that	penalise	departures	from	a	

preferred	critical	baseline.	In	that	note,	ordinary	derivatives	are	replaced	by	covariant	derivatives,	and	the	

model	is	explicitly	framed	as	a	scaffold	rather	than	a	finished	physical	theory.	The	stochastic	field	𝜉(𝑥)	is	

introduced	as	a	Gaussian	random	field	whose	covariance	is	intended	to	reflect	an	underlying	quantum	state	

or	coarse-grained	fluctuation	field,	but	the	note	stops	short	of	specifying	that	structure	in	detail. 

The	 Appendix	 then	 specialises	 the	 setup	 to	 a	 spatially	 flat	 Friedmann-Robertson-Walker	 de	 Sitter	

background	with	scale	factor	𝑎(𝑡) = e#$ ,	where	𝐻	 is	a	constant	Hubble	parameter.	Spatial	gradients	are	

dropped,	 the	 order	 field	 is	 taken	 to	 be	 homogeneous,	 and	 the	 stochastic	 sector	 is	 reduced	 to	 a	 time-

dependent	Gaussian	process.	In	this	reduced	setting,	the	toy	model	yields	a	Langevin-type	equation	with	

Hubble	friction	and	a	discussion	of	three	broad	regimes:	noise-dominated	disorder,	overly	rigid	order,	and	

an	intermediate	probability	band	identified	with	dynamic	symmetry. 

That	 published	 foundation	 already	 places	 dynamic	 symmetry	 in	 contact	with	 quantum	 field	 theory	 on	

curved	spacetime,	but	only	at	the	level	of	a	suggestive	toy	model.	The	most	natural	next	step	is	therefore	

not	a	radical	change	of	 framework,	but	a	 tightening	of	 the	existing	one.	The	present	paper	does	 this	by	

making	the	stochastic	sector	more	explicit	and	by	allowing	the	averaged	energy	density	of	the	order-chaos	

system	to	influence	the	effective	cosmological	expansion	rate. 

Quantum-stochastic	refinement 

To	make	the	stochastic	sector	more	concrete,	consider	a	free	scalar	quantum	field	𝜒̂(𝑥)	of	mass	𝑚	on	the	

spatially	flat	de	Sitter	background	used	in	the	Appendix.	Let	the	quantum	state	|Ω⟩	be	a	de	Sitter-invariant	

Gaussian	 vacuum	 state,	 such	 as	 the	 Bunch-Davies	 vacuum	 for	 a	 sufficiently	 light	 field.	 The	 two-point	

Wightman	function 

𝐺%(𝑥, 𝑦) = ⟨𝜒̂(𝑥)𝜒̂(𝑦)⟩& 

then	encodes	the	basic	structure	of	vacuum	fluctuations	on	that	background. 

The	stochastic	field	of	the	Geometry	framework	may	now	be	interpreted	as	a	coarse-grained	surrogate	for	

those	fluctuations.	Rather	than	treating	𝜉(𝑥)	as	an	arbitrary	external	noise	source,	the	covariance	kernel	is	



taken	to	inherit	its	structure	from	the	quantum	two-point	function	after	smoothing	over	short-distance	and	

high-frequency	details.	At	a	schematic	 level,	 this	may	be	represented	as	a	coarse-grained	kernel	𝐶(𝑥, 𝑦)	

derived	from	𝐺%(𝑥, 𝑦),	with	the	smoothing	scale	chosen	to	match	the	effective,	mesoscopic	level	at	which	

dynamic	symmetry	is	supposed	to	operate. 

This	move	does	not	produce	a	full	theory	of	quantum	gravity,	but	it	does	sharpen	the	status	of	the	stochastic	

sector.	 The	 fluctuations	 driving	 the	 order	 field	 are	 no	 longer	merely	 rhetorical:	 they	 are	 treated	 as	 an	

effective	statistical	shadow	of	a	specific	quantum	state	on	a	curved	spacetime	background.	That	is	the	first	

step	by	which	the	Geometry	framework	is	made	more	tightly	legible	from	the	standpoint	of	quantum	field	

theory	on	curved	spacetime. 

Homogeneous	reduction 

The	present	paper	adopts	the	same	homogeneous	reduction	used	in	the	Appendix	because	it	is	the	simplest	

setting	in	which	the	bridge	idea	can	be	made	explicit	without	being	swamped	by	technical	machinery.	The	

de	Sitter	background	 is	 taken	 in	spatially	 flat	Friedmann-Robertson-Walker	 form,	with	constant	Hubble	

parameter	𝐻	and	scale	factor	𝑎(𝑡) = e#$ .	The	order	field	is	reduced	to	a	single	degree	of	freedom	𝜙(𝑡),	and	

the	stochastic	sector	to	a	homogeneous	process	𝜉(𝑡). 

The	Appendix	already	treats	𝜉(𝑡)	as	a	centred	Gaussian	process	with	a	chosen	covariance	reflecting	effective	

coarse-graining	 of	 quantum	 fluctuations.	 To	make	 that	 statement	more	 explicit	 while	 staying	within	 a	

tractable	toy	setting,	the	present	paper	chooses	an	Ornstein-Uhlenbeck	covariance, 

𝔼[𝜉(𝑡)] = 0, 

and 

𝔼[𝜉(𝑡)𝜉(𝑡')] = 𝜎(	e)|$)$!|/,. 

Here	𝜎	is	an	effective	fluctuation	amplitude	and	𝜏	an	effective	correlation	time.	These	parameters	are	not	

treated	as	fundamental	constants.	They	are	mesoscopic	quantities	intended	to	summarise	the	amplitude	

and	memory	scale	of	a	coarse-grained	light	scalar	field	in	a	de	Sitter-invariant	vacuum. 

This	homogeneous	reduction	has	two	advantages.	First,	it	preserves	the	main	physical	ingredients	already	

introduced	 in	 the	Appendix:	curvature	 through	Hubble	expansion,	order	 through	the	scalar	 field	𝜙,	and	

stochasticity	through	a	time-dependent	noise	source.	Second,	it	makes	it	possible	to	speak	concretely	about	

stationary	 distributions,	 effective	 vacuum	 energy	 and	 back-reaction	 without	 claiming	 more	 than	 the	

framework	can	support. 



Effective	dynamics 

With	spatial	gradients	neglected	and	the	gauge	sector	suppressed	for	simplicity,	the	homogeneous	order	

field	obeys	the	overdamped	Langevin	form	already	identified	in	the	Appendix.	In	units	where	the	Hubble	

scale	remains	explicit,	that	equation	may	be	written	as 

𝜙̇(𝑡) = −
1
3𝐻 𝑓(𝜙(𝑡)) +

𝛾
3𝐻 	𝜂(𝑡), 

where	𝑓(𝜙)	is	the	deterministic	drift	induced	by	the	symmetry-breaking	potential	together	with	the	edge-

penalty	term,	𝛾	 is	the	coupling	between	the	order	field	and	the	stochastic	sector,	and	𝜂(𝑡)	 is	a	Gaussian	

process	with	the	same	covariance	structure	as	𝜉(𝑡). 

The	potential	retains	the	illustrative	Higgs-like	form	introduced	in	the	Geometry	note, 

𝑉(𝜙) = −
1
2𝜇

(𝜙( +
1
4𝜆𝜙

-, 

with	𝜇( > 0	and	𝜆 > 0,	so	that	the	field	possesses	a	non-trivial	ordered	regime.	The	interaction	sector	also	

retains	 the	baseline-penalising	 term	−𝛽(𝑉(𝜙) − 𝑉.)(,	which	discourages	both	excessively	 rigid	 collapse	

and	unconstrained	wandering	through	configuration	space. 

The	qualitative	dynamics	then	depend	on	the	competition	among	five	scales:	the	Hubble	parameter	𝐻,	the	

restoring	potential	parameters	𝜇	and	𝜆,	the	noise	amplitude	𝛾𝜎,	and	the	stiffness	of	the	edge-penalty	term	

𝛽.	When	the	noise	is	too	strong	relative	to	the	restoring	drift,	𝜙(𝑡)	is	driven	erratically	and	no	robust	large-

scale	structure	is	maintained.	When	the	noise	is	too	weak	and	the	penalty	term	too	strong,	the	field	collapses	

too	tightly	around	a	minimum	and	loses	adaptive	responsiveness.	Between	these	extremes	lies	a	dynamic-

symmetry	regime	 in	which	 the	 field	 fluctuates	within	a	structured	probability	band	around	a	preferred	

baseline. 

Minimal	back-reaction 

The	Appendix	 already	points	 toward	 effective	 vacuum	energy	by	noting	 that	 the	 relevant	 object	 in	 the	

stochastic	regime	is	not	simply	𝑉(𝜙)	evaluated	at	one	minimum,	but	averaged	quantities	such	as	⟨𝑉(𝜙)⟩	

together	with	mean	contributions	from	the	interaction	sector.	The	present	paper	turns	that	observation	

into	a	simple	back-reaction	scheme. 

In	 the	 homogeneous	 setting,	 define	 an	 effective	 energy	 density	 𝜌eff	 by	 averaging	 over	 the	 stationary	

probability	distribution	generated	by	the	Langevin	dynamics.	At	the	present	 level	of	approximation,	 the	

effective	energy	density	may	be	represented	schematically	as 



𝜌eff ≈ ⟨𝑉(𝜙)⟩ + ⟨interaction terms⟩. 

If	the	stationary	distribution	of	𝜙(𝑡)	is	sufficiently	narrow	on	cosmological	timescales	and	approximately	

homogeneous,	 𝜌eff	 acts	 as	 a	 vacuum-like	 energy	 density	 for	 the	 toy	 model.	 This	 does	 not	 solve	 the	

cosmological-constant	problem,	but	it	does	provide	a	concrete	mechanism	by	which	the	balance	between	

order	and	fluctuation	may	contribute	to	curvature	in	a	structured,	non-arbitrary	way. 

The	simplest	feedback	prescription	is	then	to	insert	this	energy	density	into	a	Friedmann	equation, 

𝐻( =
8𝜋𝐺
3 𝜌eff. 

The	model	remains	deliberately	sparse:	anisotropies,	 inhomogeneities	and	ultraviolet	regularisation	are	

ignored,	and	the	metric	is	still	far	from	being	a	fully	dynamical	quantum	variable.	Even	so,	the	construction	

is	sufficient	to	express	a	minimal	form	of	back-reaction:	the	same	dynamic-symmetry	regime	that	organises	

the	order	field	also	helps	determine	the	curvature	scale	of	the	expanding	background. 

Worked	example 

To	make	the	refinement	more	tangible,	consider	one	concrete	slice	through	parameter	space	designed	to	

exhibit	 the	 three	 qualitative	 regimes	 already	 described	 in	 the	 Appendix.	 The	 purpose	 of	 this	 worked	

example	is	not	to	provide	a	full	numerical	study,	but	to	show	that	the	model	can	be	instantiated	with	explicit	

parameter	choices	and	represented	by	a	simple	phase	diagram. 

Units	are	chosen	such	that	𝐻 = 1,	so	that	the	overdamped	Langevin	equation	becomes 

𝜙̇(𝑡) = −
1
3𝑓(𝜙(𝑡)) +

𝛾
3 𝜂(𝑡). 

Take	the	symmetry-breaking	potential	to	be 

𝑉(𝜙) = −
1
2𝜙

( +
1
4𝜙

-, 

so	that	𝜇( = 1	and	𝜆 = 1,	and	choose	𝑉.	to	coincide	with	the	potential	at	the	preferred	minimum.	Let	the	

stochastic	process	be	Ornstein-Uhlenbeck	with	correlation	time	𝜏 = 1,	and	treat	𝛾𝜎	as	the	effective	noise-

strength	parameter	while	𝛽	controls	the	stiffness	of	the	edge-penalty	term. 

Three	representative	regimes	may	then	be	identified.	

 



Regime Qualitative	choice Behaviour	of	𝜙(𝑡) Interpretation 

A Large	𝛾𝜎,	moderate	𝛽 Broad	stationary	distribution,	frequent	excursions	across	

configuration	space 
Chaotic	phase 

B Small	𝛾𝜎,	large	𝛽 Narrow	distribution	concentrated	near	a	minimum Rigid	phase 

C Intermediate	 𝛾𝜎,	

intermediate	𝛽 
Controlled	 band	 of	 fluctuations	 around	 the	 preferred	

baseline 
Dynamic-symmetry	

regime 

 

A	simple	conceptual	phase	diagram	may	be	drawn	in	the	plane	spanned	by	𝛾𝜎	and	𝛽.	The	chaotic	region	

occupies	the	part	of	the	diagram	where	stochastic	forcing	dominates	the	restoring	drift,	the	rigid	region	lies	

where	the	penalty	term	dominates	and	fluctuation	is	too	weak	to	sustain	adaptability,	and	the	dynamic-

symmetry	 regime	 appears	 as	 an	 intermediate	 band	 between	 these	 extremes.	 The	 boundaries	 are	 not	

claimed	to	be	exact	in	the	present	paper;	their	purpose	is	illustrative,	showing	that	the	toy	model	supports	

a	structured	region	in	parameter	space	where	order	and	fluctuation	remain	jointly	active. 

This	worked	example	also	clarifies	 the	 role	of	effective	vacuum	energy.	 In	 the	chaotic	phase,	 the	broad	

distribution	of	𝜙	makes	𝜌eff	noisy	and	poorly	suited	to	supporting	a	stable	curvature	scale.	In	the	rigid	phase,	

𝜌eff	 is	 nearly	 constant	 but	 corresponds	 to	 brittle	 order	 with	minimal	 responsiveness.	 In	 the	 dynamic-

symmetry	band,	𝜌eff	is	both	approximately	homogeneous	and	dynamically	maintained,	making	it	the	most	

plausible	regime	in	which	the	toy	model	can	sustain	curvature	while	retaining	adaptive	structure. 

Dynamic	symmetry	as	a	bridge	concept 

The	point	 of	 the	 present	 construction	 is	 not	merely	 technical.	 Its	 deeper	 significance	 lies	 in	 the	way	 it	

reframes	the	relationship	between	quantum	mechanics	and	general	relativity.	In	standard	quantum-field-

theoretic	language,	the	stochastic	sector	may	be	read	as	a	coarse-grained	imprint	of	vacuum	fluctuations	in	

a	curved	background	state.	In	cosmological	language,	the	same	fluctuations	feed	into	a	vacuum-like	energy	

density	that	influences	the	effective	expansion	rate	through	a	Friedmann	equation. 

Dynamic	 symmetry	 supplies	 the	 conceptual	 language	 that	 links	 these	 ingredients.	 Rather	 than	 treating	

order	and	fluctuation	as	mutually	exclusive,	it	interprets	physically	viable	structure	as	a	regime	in	which	

the	two	remain	actively	coupled.	This	aligns	naturally	with	the	Geometry	note's	argument	that	coherent	

order	need	not	be	the	suppression	of	chaos,	but	can	instead	be	maintained	through	disciplined	fluctuation.	

In	the	present	paper,	that	idea	is	given	a	more	explicit	quantum-stochastic	form	and	a	minimal	geometrical	

consequence. 

This	does	not	amount	to	a	unification	of	quantum	mechanics	and	general	relativity	in	the	strong	sense.	No	

graviton	is	quantised,	no	ultraviolet	completion	is	offered,	and	no	claim	is	made	to	resolve	the	foundational	



tensions	between	quantum	theory	and	spacetime	dynamics.	The	claim	is	narrower	and	more	defensible.	A	

toy	model	can	be	built	in	which	quantum-origin	fluctuations,	curved	cosmological	expansion	and	edge-of-

chaos	organisation	are	placed	inside	one	effective	formalism,	and	in	which	the	regime	of	dynamic	symmetry	

plays	a	stabilising	role	for	both	structure	and	curvature. 

Limits	and	next	steps 

The	 limitations	of	 the	construction	are	substantial	and	should	be	stated	plainly.	The	geometry	 is	highly	

constrained,	being	reduced	to	a	spatially	flat	homogeneous	de	Sitter-like	background	rather	than	a	fully	

dynamical	spacetime	metric.	The	quantum	sector	is	encoded	through	a	Gaussian	state	and	an	effective	noise	

kernel,	not	through	a	complete	renormalised	treatment	of	interacting	quantum	fields	in	curved	spacetime.	

The	order	field	remains	a	scalar	proxy	for	structural	coherence,	and	the	back-reaction	scheme	reduces	the	

stress-energy	tensor	to	an	averaged	effective	energy	density. 

These	simplifications,	however,	are	also	what	make	the	model	useful	at	the	present	stage.	They	allow	one	

to	 isolate	a	precise	question:	can	a	dynamically	maintained	balance	between	order	and	quantum-origin	

fluctuation	 help	 sustain	 a	 curvature-supporting	 energy	 scale	 in	 an	 expanding	 universe.	Within	 the	 toy	

framework	 developed	 here,	 the	 answer	 is	 provisionally	 yes,	 at	 least	 in	 the	 sense	 that	 an	 intermediate	

dynamic-symmetry	band	can	be	defined	in	which	coherence,	stochasticity	and	effective	curvature	support	

one	another	rather	than	excluding	one	another. 

The	most	natural	extensions	follow	directly	from	the	present	structure.	One	extension	would	replace	the	

homogeneous	Ornstein-Uhlenbeck	process	with	a	more	explicit	coarse-grained	kernel	derived	from	a	de	

Sitter	 Wightman	 function.	 Another	 would	 study	 numerically	 the	 phase	 diagram	 sketched	 here	 and	

determine	how	the	band	of	dynamic	symmetry	shifts	as	𝐻,	𝜏,	𝛾𝜎	and	𝛽	vary.	A	further	extension	would	move	

beyond	fixed	de	Sitter	expansion	and	study	slowly	evolving	or	self-consistent	cosmological	backgrounds.	

Each	of	 these	would	push	 the	bridge	between	quantum	 fluctuations	and	curved	geometry	another	 step	

beyond	the	present	toy	model. 

Conclusion 

Building	directly	on	the	published	Geometry	note	and	 its	de	Sitter	Appendix,	 this	paper	has	refined	the	

stochastic	 sector	by	 tying	 it	 to	a	de	Sitter-invariant	quantum	state	and	has	 introduced	a	minimal	back-

reaction	scheme	in	which	the	dynamic-symmetry	regime	contributes	to	the	effective	curvature	scale.	The	

resulting	 framework	 remains	 explicitly	 exploratory,	 but	 it	 is	more	 concrete	 than	 the	 earlier	 scaffold.	 It	

shows	how	an	order	field,	a	quantum-origin	noise	process	and	an	expanding	curved	background	can	be	

organised	 into	a	single	effective	description	 that	 is	simple	enough	 to	analyse	while	still	 speaking	 to	 the	

larger	problem	of	relating	quantum	mechanics	and	general	relativity. 



The	main	contribution	of	the	present	paper	is	therefore	not	a	final	theory,	but	a	clarified	direction	of	travel.	

It	identifies	a	mathematically	intelligible	middle	ground	between	metaphor	and	full	unification:	a	regime	in	

which	 dynamic	 symmetry	 functions	 as	 a	 bridge	 concept	 linking	 stochastic	 quantum	 structure	 to	

cosmological	 curvature.	 In	 that	 restricted	 but	 meaningful	 sense,	 the	 model	 pushes	 the	 Geometry	

programme	a	step	closer	to	a	unified	picture	of	order,	fluctuation	and	spacetime. 


