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Matt’s best 
cited 

contributions …

0. Origins



A beginning of parallel journeys
… amongst brane world pioneers                                             



Two 20th century paradigm revolutions in one line each:

•When in doubt about observations pointing to some Thing, 

assume an invisible fluid with phenomenological properties 
leading to new experiments and its eventual detection. E.g.: 
Plumb pudding atoms → Rutherford scattering → Nuclear atom       
Genetic material → X-ray crystallography → DNA

   Or otherwise. E.g.: Phlogiston, Ether

•? Dark Matter, Dark Energy

•Relativity: Space and Time are a relational structure between Things

•Quantum Mechanics: But what are Things?



? No!



Discussion of reconstruction of 
effective fluid equation of state

  via cosmographic series



Arxiv:1512.05729
Proc. 14th Marcel 

Grossmann Conference 
(2017); ref. [14] “in 
preparation”details 



Back to first principles: questions to answer

•What is the origin of scale?

•Where is infinity? (i0 i- i+ …)? 
•Why is there an average isotropic expansion law on (empirical) 

scales > 100/h Mpc when the Universe is lumpy 
(inhomogeneous) and anisotropic on smaller scales?

•Why is there a transition to “homogeneity”(empirically)  
around 70 – 120/h Mpc ?….
•History, 20th century: assume FLRW average on any scale

•Making history, 21st century: physics can explain surely? 

•The time is now: we just needed data, a revolution is coming?!



1. Timescape cosmology: key concepts, 
status summary

 Falsifiable predictions with answers by 2030:

FLRW model → Clarkson-Bassett-Lu test → ΛCDM

   Or

  non-FLRW → Clarkson-Bassett-Lu test → Timescape



Takeaway moral: Gradients of kinetic energy 
of expansion in full GR are non-FLRW!



What is a cosmological “particle” (“dust”)? 



Effective 

cosmological 

fluids 

• When coarse-graining over 
the largest typical structures 
(30/h Mpc diameter voids) 
we average over non-linear 
general relativistic matter 
and energy:

• why is there a simple 
answer?

• Claim: Cosmological 
Equivalence Principle!



Cosmological Equivalence Principle

Conceptual picture 

Hubble parameter, involving 

first derivatives of the 

(statistical) metric, is to some 

extent a gauge parameter for 

connection of a (statistical) 

coarse grained geometry



Averaging and backreaction 



Statistical Homogeneity Scale (SHS) average cell 



Statistical Copernican Principle 



Cosmological Equivalence Principle 



Finite infinity 



Timescape: Physical interpretation (2007) 



Timescape: Physical interpretation (2007) 



Timescape: Physical interpretation (2007) 



Timescape: Physical interpretation (2007) 



Cosmic coincidence problem 

The timescape 

cosmology has 

always offered a 

solution to the : 

apparent cosmic 

cosmic coincidence 

problem acceleration 

starts when voids 

overtake filaments 

and walls in 

dominating volume 

averages



Cosmic coincidence? No problem 

Physical Review Letters 

99, 251101 (2007) 













Effective “dark energy” equation of state

Description by a “dark energy equation of state” makes no fundamental sense 
when there’s no physics behind it; but average value w ≃ −1 for z < 0.7 makes 
empirical sense.



Effective evolving “dark energy”

DESI BAOs find evidence for “dark energy’’ evolving in a manner consistent with 
timescape – defining a precision test will require recalibration of the sound speed 

in the primordial plasma, the dark matter/baryonic matter ratio

Physical Review D 80, 123512 

(2009), Figure 4 DESI 2024 results, now further tightened 



ഥΩM  +  ഥΩR  +  ഥΩK  +  ഥΩ𝒬  =  10.167 + ~10−5 + 0.862 − 0.0293 = 1
Timescape Planck CMB Constrained Sum Rule 

Classical & Quantum Gravity 

Review D 30, 175006 (2013) 



The role of non-rigid spatial curvature

NOT FLRW

Classical & Quantum Gravity 

Review D 30, 175006 (2013) 

TIMESCAPE



Other key parameters – fit to Planck CMB data 

Age of Universe – Observer dependent Units Gyr

 (billion years)

Age of universe: wall/galaxy observer τw0 14.2 ± 0.5 

Age of universe: volume average observer t0 17.5 ± 0.6 

Age of universe: void centre observer

Hubble “constant” Units 

(km/s/Mpc)

Bare (within filament, galaxy observer) 50.1 ± 1.7 

Dressed 𝐻0 61.7 ± 3.0 

Dressed FLRW equivalent 𝐻FLRW0 67.4 ± 1.3 

Void as seen by galaxy observer 𝐻v0 75.2 ± 2.6 



Euclid will test 
FLRW & timescape

Images:

Clarkson-Bassett-Lu test: 

projection for Euclid,      

D Sapone, E Majerotto,  S 

Nesseris, Phys Rev D 90

023021 (2014) 



2. Supernovae evidence for foundational change to 
cosmological models, MNRAS Letters 537, L55 (2025); 
A Seifert, ZG Lane, M Galoppo, R Ridden-Harper, DLW

+ Cosmological foundations revisited with Pantheon+ 
MNRAS 536, 1752 (2025);
ZG Lane, A Seifert, R Ridden-Harper, DLW

 



Pantheon+ Revisited (MNRAS and MNRAS Letters 2025)

Tripp relation is based on empirical          

supernova light curve parameters:

but is related to cosmological models which 

predict a bolometric luminosity distance dL:

 
Observed distance modulus serves as a 

correction model

But Δ(M – MB) degenerate with ΔH0 !



Pantheon+ Revisited (arXiv:2311.01438)

RS: Random Subsamples

Residual Distance Moduli ΛCDM / Timescape



Dam, Heinesen + DLW, JLA sample
MNRAS 472, 875 (2017)

• 740 Sne Ia

• Work in heliocentric 

frame

• Remove data below 

minimum zmin and 

refit as zmin varied, 

reanalyse

• Assume independent 

Gaussians for colour 

c, stretch x1

• Marginal preference 

for timescape 



Hubble tension revisited



Pantheon+ Revisited (arXiv:2311.01438)

Tripp Relation Convergence



Hubble tension gone
Following a suggestion of the referee of 

arXiv:2311.01438, with new methodology:

• Timescape fits better than LCDM with  

>99% confidence, ln B > 5

• Parameters agree quantitatively with new 

DESI results that disfavour LCDM

• The parameters agree with Planck CMB 

geometric scales,  & strong gravitational 

lensing distance ratio fits 

• The parameters are consistent with 

numerical relativity simulations,              

MJ Williams et al, MNRAS 536, 2645 

(2025)  

New results:

A. Seifert et al

MNRAS Letters



MNRAS Letters 537, L55 (2025)

• Product 𝑥1

• Power law fit

 −𝑎𝑧−𝑛+𝐶
 

Convergence defines empirical 

statistical homogeneity scale 

SHS 













DES  (Camilleri et al, MNRAS 533 (2024) 2615)

• DES BAO does not yet use direct BAO extraction from raw data [cf A Heinesen et al JCAP 03 (2019) 003]

• To fit timescape expansion history, sound speed in early universe must be recalibrated with different dark 

matter density (and potential new gravitational physics if “dark matter” is non-particulate)

• These results use 

zmin = 0.33



New formalism for 
cosmological 
perturbation 

theory without a 
global background



• Meszaros approximation using covariant gauge-invariant variables (Ellis & Bruni 1989)

Evolution of dust perturbations ∆(d):

Θ = background expansion scalar driven by multi fluid components, and ρ(𝑑) (which

reduces to its background value ⟨ϱ⟩D) evolves according to the full background scale factor.

 

M Galoppo 
P Mourier 

JCAP 
02(2026)066



Summary thus far: Extraordinary Claims?         
•The cosmological constant is effectively

i.  a counter term (analogous to QFT) constant balancing the 
all sky monopole average expansion of:

ii.  the kinetic energy Ω𝑘(𝑧, 𝜗, 𝜑) of negatively curved voids 
dominating present epoch

• Essential ingredients (Timescape model)
i.  CMB power spectrum consistent initial conditions;

ii.  backreaction of inhomogeneities – non-FLRW average  
expansion (Einstein equations, better than Friedmann); 

iii.  quasilocal uniform Hubble expansion condition – also 
accounts for Hubble tension



3. Exact solutions for differentially rotating 
galaxies in general relativity
M. Galoppo & DLW, arXiv:2406.15134

Quasilocal Newtonian limit of general 
relativity and galactic dynamics
M. Galoppo, F. Re & DLW, arXiv:2408.00358
Class. Quantum Grav. 42 (2025) 135004 



Quasilocal angular momentum conservation

The observed Universe

• Is not empty

• Is not globally rotating

• Quasilocal angular momentum, J,  and energy must 

be defined & coupled in a consistent manner so that, 𝐽 → 0, at a finite distance from isolated rotating 

galaxies in the background cosmological model

• Realistic solutions to Einstein’s Field Equations (EFE) 
involve differential rotation and nonrelativistic frame-

dragging



Non-Euclidean kinematics: analogy

Now replace by concentric differentially rotating disks; 

add EFE



Differential rotation: frame-dragging

As angular momentum increases from centre outward:

• each fluid element is dragged radially out and in 

rotation direction

• as star/gas density drops, angular momentum 

drops from its peak, rings dragged radially inward

• Inward dragging flattens rotation curve still where 

only gas, but eventually v of diffuse particles rises 

as they are swept in, at putative rotosurface v → c



1. Write the general metric which respects the 

symmetries of the system;

2. Deduce the EFE;

3. Take the nonrelativistic limit, i.e., expand to 

the lowest order in ;

4. Obtain first-order correction to Newton:

1. Assume small metric perturbations, i.e., g𝜇𝜈 = 𝜂𝜇𝜈 + ℎ𝜇𝜈/𝑐2 with ℎ𝜇𝜈/𝑐2 ≪1;

2. Deduce the Einstein Field Equations;

3. Find Newton, i.e., 

4. Obtain Newtonian gravity:

≠
Conventional approach Our approach

Non-commutativity of averaging 
for weak field perturbations

At leading order coincides with Ehlers’ Newton-Cartan limit 

• First physically relevant non-conventional example



• Building blocks: generalized Lewis–Papapetrou–Weyl metric & dust + pressure 
energy-momentum tensor. Astrophysically hold for timescales of 107 ≲ 𝑡 ≲ 109 yr

• We can now move on to calculate the EFE 

and the equations of motion (EOM).

Exact solution for differentially rotating disc galaxies



• We then create a mock rotation curve for a Milky Way-like 

galaxy following the Newtonian + DM paradigm and assuming 

an isothermal halo, i.e. :

   

     To solve the quasilocal equations we define



which  is a solution of the homogeneous Grad-Shafranov  equation             Ψ = 0 :

Now choose an H(η(r,z)) and a  Ψ such that

General solution 

Ψ :=

Exact solution: more details



Exact solution: more details



Differential rotation is 

crucial mathematically 

since the term      

regularizes potential 

divergences at infinity. In 

particular, we choose 

solutions to the 

homogeneous Grad-

Shafranov equation which 

are regular about the

z-axis and diverge as 

Exact solution: two classes



Raychaudhuri equation: geodesic deviation

For stationary, axisymmetric solutions ω2 − σ2 = 4𝜋G(ρ + 3𝑃/𝑐2)

θ ωmn σmn θ = ∇m𝑈m 

σmn = 𝑈(m;n) 
฀ 13 θℎmn

ωmn = 𝑈[m;n]



Raychaudhuri equation: shear, vorticity, “density”



Rotosurface r →  b
+  

at finite z: new finite infinity?!

Killing vector norms diverge like at an horizon BUT  pointwise

• On rotosurface need to rotate with v → c to have zero angular 
momentum

• Rotosurface has characteristic of shock front

• Milky Way model, vK increases beyond 500 kpc, vK→ c at 700 kpc

• Astrophysical consequence? Synchrotron radiation source 

contributing to galactic plane foregrounds, modelled 

empirically for CMB anisotropy map construction?



Example rotation curves fit to Milky Way

Rotation velocity 

curves for both 

differentially 

rotating solution 

classes fit to 

GAIA-DR3 data 

sample “ALL” of 
Beordo et al. 

(2024) 

(superposed). 

Insets show the

approach r → b− 
and r → b+.  



Radial effective dust density distributions

Radial effective dust 

density distribution for 

both ϵ = −1 and ϵ = +1
example spacetimes 

above. Insets show the 

approach r → b− and r → b+.



Radial angular momentum density distributions

Angular momentum 

density distribution 

measured by the stationary 

observer, i.e., ŁG := rρvK for 

both ϵ = −1 and ϵ = +1 
example spacetimes 

above. Insets show the 

approach r → b− and r → b+.



Example rotation curves fit to Milky Way

Rotation velocity 

curves for ϵ =-1 

classes fit to 

GAIA-DR3 + 

additional data, 

comparing 

Newtonian Milky 

Way Classical 

(MWC) with 3 

differentially 

rotating 

relativistic 

galaxies.



Akaike & Bayes Info Criteria Comparisons

BC Bonnor Cloud: 3 free parameters

BG Balasin-Grumiller: 5 free parameters

TS Two Scales (for exponential decay of disc 

in r,z directions): 6 free parameters

Classical (MWC) Thick and thin discs + dark matter bulge: 10 free parameters



Rotosurface: physics or mathematical science fiction?

Killing vector norms diverge like at an horizon BUT pointwise

• However, Komar integrals for mass & angular momentum diverge

• BUT Komar for 2 Killing vectors is adapted to empty 

asymptotically flat universe

• Ehrenfest paradox/Born rigidity should be a warning. Can we 

define alternative quasilocal integrals?

• MATT: PLEASE HELP!!!



4. The future: viewpoint on lessons learned

 



Conjecture

• There are two essential layers of shell-cross singularities 
requiring redefinition of effective regional fluid elements

•1. Rotational kinetic energy and geometry intertwined: 
ROTOSURFACE for galaxies within groups and clusters of 
galaxies

•2. ”Thermal” velocity dispersion kinetic energy and 
geometry intertwined: TILTSURFACE –  Finite Infinity of 
Timescape



3. Evidence for dimensional reduction

3.1  High temperature string theory

3.2  Causal dynamical triangulations

3.3  Asymptotic safety

3.4  Causal set theory

3.5  Loop quantum gravity

3.6  The short distance Wheeler-DeWitt

        equation

3.7  Modified dispersion relations and

        noncommutative geometry

3.8  Minimum length

3.9  Modified gravity

3.10 Spacetime foam

3.11 Multifractional geometry



Personal viewpoint of next steps to Quantum Gravity:

• Space-Time Geometry is emergent, coupled directly to 
particle genesis
•Very early universe: when the average relationship 

between things is lightlike there is no passage of time – 
light carries no clock 

  - Dimensional reduction to a 2 + 2 phase space encodes 
its geometry 
  - Penrose’s Weyl curvature hypothesis, Conformal Cyclic 
Cosmology is almost correct. But “cyclic” is extraneous: 
there is no global external time.



Personal viewpoint of next steps to Quantum Gravity:

•Origin of scale, particle rest mass & spatial dimensions > 
2 are entwined 

  - A geometrical description of the Higgs mechanism is 
key to understanding Kaluza-Klein, superstring & brane 
phenomenology

  - Extra spatial dimensions > 3 represent internal degrees 
of freedom of particles with rest-mass m≠0:
    D=1+3+1, U(1), {e±, µ± , τ± };
    D=1+3+2, SU(2), {(p+, n), (p−, n), . . . }; …
•  Theoretical Physicists will be busy still for decades 

ahead!



For those of you who have 

followed Matt through a 

wormhole into the Delta 

Quadrant and are looking 

for a way back down to 

Earth … there may be a 
way.

Exciting decades on the 

road to quantum gravity 

lie ahead!
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