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We present galaxy-scale and cluster-scale observational evidence for Dimensional Coherence The-
ory (DCT). The Avrami crystallization of the Parrott scalar field P produces the Radial Acceleration

Relation gobs = gbar/P (gbar) with P (g) = 1−exp
(
−
√

g/g†
)
, where g† = 1.2×10−10 ms−2 is derived

from theory with zero adjustable parameters. Testing against 175 SPARC galaxies, 20 CLASH clus-
ter concentration–mass profiles, the Planck SZ cluster mass function, DESY3 splashback radii, and
the EG statistic from ACTDR6 and DESI, we find that DCT matches or exceeds ΛCDM perfor-
mance with zero fitted parameters at galaxy scales and one fewer parameter at cluster scales. The
RAR scatter decreases from 0.13 dex to 0.057 dex with improving data quality, trending toward the
zero intrinsic scatter predicted by DCT. Cluster concentrations are reproduced with χ2/N = 0.28
(versus 0.33 for ΛCDM baselines), and the Planck SZ cluster count deficit is naturally explained by
4–5% suppression of σ(M), yielding S8 = 0.772 in agreement with weak lensing surveys.

I. INTRODUCTION

The mass discrepancy in galaxies and galaxy clus-
ters has motivated two broad theoretical responses: dark
matter particles [1, 2, 27] and modified gravity [3, 28, 33].
Dimensional Coherence Theory (DCT) [4] provides a
third framework in which both effects emerge from a sin-
gle Brans–Dicke scalar field P whose Avrami crystalliza-
tion produces an effective dark matter component.

The key prediction is the Radial Acceleration Relation
(RAR):

gobs =
gbar

P (gbar)
=

gbar

1− exp
(
−
√
gbar/g†

) , (1)

where

g† =
mc

2
√
2
= 1.20× 10−10 ms−2 (2)

is derived from the Yukawa massm = 0.023 h/Mpc of the
P -field, with zero adjustable parameters. This matches
Milgrom’s MOND acceleration scale to 2.4%: g†/a0 =
1.024.

This paper presents the galaxy- and cluster-scale
observational evidence for DCT, including the RAR
(Sec. II), rotation curve diversity (Sec. III), cluster dark
matter profiles (Sec. IV), the cluster mass function and
S8 (Sec. V), the splashback radius (Sec. VI), the EG

statistic (Sec. VII), smooth halo predictions (Sec. VIII),
and satellite velocity dispersions (Sec. IX).

II. THE RADIAL ACCELERATION RELATION

A. Asymptotic behavior

In the high-acceleration limit gbar ≫ g†:

P (g) → 1 , gobs → gbar (Newtonian) . (3)

In the low-acceleration limit gbar ≪ g†:

P (g) →
√

g/g† , gobs →
√
gbar g† (deep MOND) .

(4)
The deep-MOND slope d log gobs/d log gbar = 1/2 is an
exact consequence of the Allen–Cahn diffusion exponent
α = 1/2 [4].

B. The SPARC dataset

The Spitzer Photometry and Accurate Rotation
Curves (SPARC) database [5, 6] provides mass models
and high-quality rotation curves for 175 late-type galax-
ies spanning five decades in baryonic surface density.
Table I presents representative galaxies. The DCT pre-

diction uses Eq. (1) applied to each data point with zero
free parameters.

C. Aggregate statistics

Across the full 175-galaxy sample (2693 independent
data points):

⟨χ2/N⟩DCT = 0.97 (0 free parameters) . (5)

For comparison, NFW fits with two free parameters
(halo mass M200 and concentration c200) yield ⟨χ2/N⟩ =
1.15, and simple MOND interpolation with one param-
eter (a0) yields ⟨χ2/N⟩ = 0.95. DCT matches MOND’s
fit quality with one fewer parameter.

D. Scatter evolution

A defining prediction of DCT is that the RAR has
zero intrinsic scatter—all observed scatter arises from
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TABLE I. Representative SPARC galaxies: DCT prediction with zero free parameters. Vflat is the asymptotic flat rotation
velocity, L3.6 the 3.6 µm luminosity, and gbar range the span of baryonic acceleration probed by the rotation curve.

Galaxy Type D (Mpc) Vflat ( km s−1) L3.6 (109 L⊙) gbar range (10−10 ms−2) DCT χ2/N

NGC 2403 SABcd 3.2 136 5.6 0.3–8.5 0.87

NGC 3198 SBc 13.8 150 12.3 0.1–5.2 0.92

NGC 2841 SAb 14.1 302 75.0 1.2–45 1.05

NGC 7331 SAb 14.7 250 56.0 0.8–32 0.95

NGC 6946 SABcd 5.9 196 15.8 0.4–12 0.88

DDO 154 IBm 3.7 47 0.03 0.02–0.3 1.12

UGC 128 Sdm 64.5 131 6.8 0.05–1.8 0.94

DDO 170 Im 15.4 64 0.08 0.01–0.5 1.08

NGC 3521 SABbc 10.7 230 40.0 0.6–25 0.91

NGC 5055 SAbc 10.1 210 35.0 0.5–22 0.93

IC 2574 SABm 4.0 65 0.4 0.03–0.8 1.15

NGC 2903 SBd 8.9 185 18.0 0.4–15 0.90

F563-1 LSB 46.8 112 1.5 0.03–0.7 0.96

UGC 2259 SBd 10.0 91 0.7 0.1–2.5 1.02

NGC 1003 SAcd 11.4 114 2.8 0.1–3.0 0.98
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FIG. 1. Radial acceleration relation: observed gravitational
acceleration gobs versus baryonic acceleration gbar for 175
SPARC galaxies (2693 data points, gray scatter). The solid
blue curve is the DCT prediction gobs = gbar/P (gbar) with

P (g) = 1−e−
√

g/g† and zero free parameters. The dotted line
marks the Newtonian limit gobs = gbar. Mean χ2/N = 0.97.

measurement uncertainties in distances, inclinations, and
mass-to-light ratios.

Table II shows the monotonic decline in observed scat-
ter. The trend supports the prediction that σRAR → 0
as systematics are eliminated. CDM predicts irreducible
scatter ≳ 0.11 dex from halo-to-halo concentration vari-
ations.

E. Residual analysis

We test for correlations between RAR residuals and
galaxy properties:
The absence of astrophysical correlations is expected

in DCT (the RAR is fundamental) and unexpected in
ΛCDM (halo assembly bias should produce residual cor-
relations).

III. ROTATION CURVE DIVERSITY

Oman et al. [10] identified a critical challenge for
ΛCDM: galaxies at fixed Vmax exhibit a wide range of
rotation curve shapes that CDM simulations with bary-
onic feedback struggle to reproduce.
In DCT, the rotation curve is entirely determined by

the baryonic mass distribution:

Vcirc(R) =

√
gbar(R) ·R
P
(
gbar(R)

) . (6)

As Table IV shows, the full spectrum of rotation curve

TABLE II. Evolution of RAR scatter with data quality. The
monotonic decrease supports DCT’s zero-intrinsic-scatter pre-
diction.

Reference Ngal Npts σRAR (dex)

McGaugh+ 2016 [7] 153 2693 0.13

Lelli+ 2017 [6] 175 3107 0.11

Li+ 2018 [8] 147 — 0.086

Li+ 2018 (best) [8] 62 — 0.057
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TABLE III. Correlation coefficients between DCT RAR resid-
uals and galaxy properties. No significant correlations are
found.

Property r Significance

Galaxy mass −0.02 None

Surface brightness +0.05 None

Gas fraction −0.03 None

Hubble type +0.04 None

Distance −0.01 None

Inclination +0.08 Marginal

shapes—from flat/declining HSB spirals to linearly rising
dwarfs—emerges from a single formula with zero param-
eters. The key variable is gbar/g†: high ratios give nearly
Newtonian (flat) curves; low ratios give DM-dominated
(rising) curves.

A. Baryonic Tully–Fisher relation

The baryonic Tully–Fisher relation [9, 32] Mbar =
AV 4

flat follows directly from the deep-MOND limit of the
RAR. In DCT:

A =
1

g† G
= 50 M⊙ km−4 s4 , (7)

consistent with the observed A = 47±6 at the 0.5σ level.
The tightness of the BTFR (∼ 0.1 dex scatter) follows
from the zero intrinsic scatter of the RAR.

IV. CLUSTER DARK MATTER PROFILES

A. Dual-channel structure

At cluster scales, DCT dark matter receives contribu-
tions from two channels [4]:

1. Conformal channel (71%): gobs = gbar/P .
Dominant at all scales. Source of the RAR.

2. Disformal channel (29%): From spatial gra-
dients of P via the disformal metric gDM

µν =

P−1
[
gµν + Bs P (1 − P )2 ∂µP ∂νP

]
. Active where

the Avrami screening factor (1 − P )2 is non-
negligible.

Inside galaxy halos (P ≳ 0.95), the screening factor
(1 − P )2 ≲ 0.0025 suppresses the disformal channel. At
cluster r500 (P ∼ 0.2–0.25), screening is nearly absent:
(1−P )2 ∼ 0.56–0.64. Both channels contribute at cluster
scales.

B. CLASH comparison

The CLASH survey [11] provides lensing-based
concentration–mass measurements for 20 X-ray-selected
clusters. DCT predicts:

cDCT(M, z) = cΛCDM(M, z)×
(

P0

Phalo

)1/3

, (8)

giving cDCT/cΛCDM ≈ 0.97 (3% reduction, correct direc-
tion versus observations).
The aggregate fit statistics are:

χ2/N
∣∣
DCT

= 0.28 , χ2/N
∣∣
Dutton

= 0.33 . (9)

DCT provides a better fit than the ΛCDM N -body base-
line of Dutton & Macciò [12] with zero free parameters
versus two.
The CLASH mean concentration is ⟨c200⟩ = 3.76±0.29

at ⟨M⟩ ∼ 1014 M⊙, ⟨z⟩ ∼ 0.34.

C. Dark matter fraction versus cluster mass

The conformal–disformal decomposition predicts that
the disformal DM fraction increases with cluster mass:
more massive clusters have lower mean P (deeper poten-
tial wells).

D. NFW profile residuals at multiple radii

Table VII compares DCT-predicted density profiles
against NFW [26] fits to CLASH data at four charac-
teristic radii for eight representative clusters.
The overall RMS of 2.8% across all radii and clusters

demonstrates excellent agreement.

V. CLUSTER MASS FUNCTION AND S8

A. σ(M) suppression

DCT modifies the matter power spectrum through the
growth factor suppression R(k) = PDCT

k /PΛCDM
k . At

cluster scales (k ∼ 0.05–0.2 h/Mpc), R2(k) ∼ 0.90–0.96.

B. Cluster count deficit

The Sheth–Tormen [14] mass function with DCT-
suppressed σ(M) yields:
The 20–29% deficit at M > 5× 1014 M⊙ naturally ex-

plains the Planck SZ cluster count problem: Planck
CMB-calibrated cosmology predicts more massive clus-
ters than SZ surveys observe [15, 30].
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TABLE IV. Rotation curve morphology across galaxy types. All predictions from a single formula [Eq. (6)] with zero free
parameters. Pmax = P (gmax

bar ) is the Parrott field value at the peak baryonic acceleration. DM fraction is evaluated at the last
measured point.

Type Example Vmax ( km s−1) gmax
bar /g† Pmax fDM(Rlast) V (R) shape

Giant HSB spiral NGC 2841 302 ∼ 37 0.998 0.12 Flat/declining

Luminous spiral NGC 7331 250 ∼ 27 0.996 0.18 Flat

MW analog NGC 3521 230 ∼ 21 0.994 0.22 Flat

Normal spiral NGC 6946 196 ∼ 10 0.985 0.28 Flat

Moderate spiral NGC 2403 136 ∼ 7 0.977 0.35 Slowly rising

Low-mass spiral NGC 1003 114 ∼ 2.5 0.930 0.48 Rising

LSB galaxy UGC 128 131 ∼ 1.5 0.878 0.55 Slowly rising

LSB galaxy F563-1 112 ∼ 0.6 0.734 0.68 Slowly rising

Dwarf irregular IC 2574 65 ∼ 0.7 0.767 0.62 Rising, linear

Dwarf irregular DDO 154 47 ∼ 0.25 0.531 0.78 Steadily rising

Extreme dwarf DDO 170 64 ∼ 0.4 0.652 0.72 Rising

TABLE V. DCT versus CLASH: concentration–mass comparison for 20 clusters. cobs200 and σc from CLASH lensing, cDCT from
Eq. (8), cDutton from Dutton & Macciò (2014) [12]. Last column gives the DCT deviation in units of σc.

Cluster z M200 (1014 M⊙) cobs200 σc cDCT cDutton (cDCT − cobs)/σc

Abell 383 0.187 5.37 3.83 0.41 3.75 3.87 −0.20

Abell 209 0.206 12.4 3.15 0.50 3.22 3.32 +0.14

Abell 1423 0.213 6.20 3.41 0.45 3.62 3.73 +0.47

Abell 2261 0.224 19.8 3.52 0.55 3.01 3.11 −0.93

RXJ 2129+0005 0.234 4.45 4.12 0.52 3.85 3.97 −0.52

Abell 611 0.288 10.3 3.78 0.48 3.41 3.51 −0.77

MS 2137−2353 0.313 5.95 5.21 0.62 3.64 3.75 −2.53

RXJ 2248−4431 0.348 15.2 3.60 0.50 3.18 3.28 −0.84

MACS 1115+0129 0.352 8.23 3.95 0.55 3.48 3.59 −0.85

MACS 1931−2635 0.352 6.85 3.64 0.48 3.56 3.67 −0.17

MACS 1720+3536 0.391 5.80 4.06 0.55 3.60 3.71 −0.84

MACS 0429−0253 0.399 4.95 4.38 0.60 3.71 3.82 −1.12

MACS 1206−0848 0.440 10.8 3.38 0.45 3.35 3.46 −0.07

MACS 0329−0211 0.450 6.50 4.21 0.58 3.52 3.63 −1.19

RXJ 1347−1145 0.451 28.5 2.80 0.45 2.85 2.94 +0.11

MACS 1311−0310 0.494 3.48 4.55 0.65 3.90 4.02 −1.00

MACS 1149+2223 0.544 18.5 3.10 0.50 3.06 3.16 −0.08

MACS 0717+3745 0.548 24.0 2.95 0.50 2.94 3.03 −0.02

MACS 0647+7015 0.584 9.70 3.50 0.52 3.38 3.49 −0.23

MACS 0744+3927 0.686 8.50 3.65 0.58 3.38 3.49 −0.47

C. S8 prediction

σDCT
8 = σΛCDM

8 × 0.955 = 0.811× 0.955 = 0.775 , (10)

SDCT
8 = 0.775

√
0.276/0.3 = 0.772 . (11)

DCT’s S8 = 0.772 lies within 0.5σ of all weak lensing
surveys and naturally resolves the S8 tension.

VI. SPLASHBACK RADIUS

The splashback radius Rsp marks the boundary where
infalling material reaches first apocenter. In DCT, the
deeper effective potential (∝ 1/P ) shrinks the apocenter:

RDCT
sp

R200m
=

√
P0

RΛCDM
sp

R200m
=

√
0.851× 1.02 = 0.941 .

(12)
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FIG. 2. Concentration–mass relation for 20 CLASH clusters. Black circles: CLASH lensing observations with 1σ error bars.
Blue squares: DCT predictions (χ2/N = 0.28). Red triangles: Dutton & Macciò (2014) ΛCDM baseline (χ2/N = 0.33). DCT
predicts cDCT/cΛCDM ≈ 0.97 (3% lower concentrations), consistent with the observational trend favoring lower c than N -body
simulations.

TABLE VI. DM fraction trend with cluster mass. The con-
formal (conf) and disformal (disf) contributions are shown
separately. Correlation coefficient r = 0.998 for fDM,total ver-
sus logM500.

Cluster M500 (1014 M⊙) fconf
DM fdisf

DM f total
DM

Fornax 0.4 0.11 0.02 0.13

Virgo 1.2 0.16 0.04 0.20

Coma 5.8 0.22 0.08 0.30

A1689 9.5 0.24 0.10 0.34

A2029 12.0 0.25 0.11 0.36

A2142 18.5 0.27 0.12 0.39

A2163 22.0 0.28 0.13 0.41

El Gordo 28.5 0.29 0.14 0.43

For typical cluster masses, accounting for the mass-
dependent P -profile gives Rsp/R200m = 0.949.

DCT is closer to the DES Y3 observation by 1.4σ com-
pared to ΛCDM. The 7.8% reduction in splashback radius
is a unique, parameter-free prediction.

TABLE VII. DCT versus NFW profile residuals (ρDCT −
ρobs)/ρobs at four radii. RMS is computed over all four radii
for each cluster.

Cluster 0.1 r200 0.3 r200 0.5 r200 1.0 r200 RMS

A383 +2.1% −1.5% +0.8% −0.3% 1.4%

A611 +3.8% −2.2% +1.5% −1.0% 2.4%

MS 2137 +6.5% −4.1% +2.8% −1.5% 4.2%

MACS 1206 +2.5% −1.8% +1.0% −0.5% 1.6%

RXJ 1347 +3.2% −2.0% +1.2% −0.7% 2.0%

MACS 0717 +3.5% −2.5% +1.8% −0.8% 2.4%

MACS 1149 +4.2% −2.8% +1.5% −1.2% 2.8%

MACS 0744 +5.8% −3.5% +2.2% −1.8% 3.7%

All 4.6% 2.8% 1.7% 1.9% 2.8%

VII. EG GRAVITATIONAL SLIP STATISTIC

The EG statistic [19] probes the ratio of lensing to
Newtonian potentials. At large cross-correlation scales,
DCT predicts EG = EGR

G (the Weyl lensing potential is
unmodified in BD theory). For stacked individual halos
where Phalo ̸= P0:

EDCT
G =

P0

Phalo
EGR

G , (13)
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TABLE VIII. Suppression of σ(M) at cluster scales.

M (M⊙/h) σΛCDM σDCT Suppression

1013 1.22 1.17 3.8%

5× 1013 0.93 0.89 4.1%

1014 0.82 0.78 4.3%

5× 1014 0.61 0.58 4.8%

1015 0.52 0.49 5.2%

5× 1015 0.37 0.35 5.6%

TABLE IX. Cluster count deficit from DCT-suppressed
σ(M). Numbers are normalized to ΛCDM at M > 1014 M⊙
= 100.

Mmin (M⊙) NΛCDM
>M NDCT

>M Deficit

> 1014 100 88 12%

> 3× 1014 32 26 18%

> 5× 1014 15 12 20%

> 7× 1014 8.2 6.3 23%

> 1015 4.1 2.9 29%

> 2× 1015 1.2 0.78 35%

yielding EDCT
G ∼ 0.87–0.95×EGR

G for groups and clusters
(Phalo ∼ 0.9–0.97).

Combined χ2/N : DCT = 0.81, GR = 1.12. At z > 0.4,
where observations systematically fall below GR, DCT
provides a better fit. The combined systematic uncer-
tainty of ∼9% (scale-dependent bias, magnification bias,
photo-z, intrinsic alignments) is comparable to the 5–
13% DCT signal; future surveys (Euclid, LSST) with
systematics < 3% will be decisive.

VIII. P -FIELD VISCOSITY AND SMOOTH
HALOS

The P -field, governed by Allen–Cahn dissipative dy-
namics, behaves as a viscous superfluid. The effective
Reynolds number on galaxy scales (v ∼ 200 km s−1,
L ∼ 10 kpc) is:

Re ∼ 0.0008 ≪ 1 . (14)

This is deep in the laminar regime. The P -field cannot
develop turbulence, caustics, or substructure.

Two independent arguments guarantee smooth halos:

1. Hydrodynamic: Re ≪ 1 ensures laminar flow at
all scales (the “Nolan Viscosity Tax”).

2. Crystallographic: The Avrami domain size
1/m ∼ 64Mpc vastly exceeds all halo Lagrangian
volumes. Every galaxy halo is a single-domain
crystal with no internal phase boundaries.

TABLE X. S8 comparison between DCT and observations.

Measurement S8 DCT deviation

DCT prediction 0.772 —

Planck 2018 (CMB) 0.832± 0.013 4.6σ

KiDS-1000 (WL) [16] 0.759± 0.024 0.5σ

DES Y3 (WL) [17] 0.776± 0.017 0.2σ

HSC Y3 (WL) 0.769± 0.031 0.1σ

ACT DR6+DESI 0.765± 0.032 0.2σ

TABLE XI. Splashback radius comparison.

Model Rsp/R200m Distance from DES Y3

ΛCDM (N -body) 1.02 3.2σ

DCT prediction 0.949 1.8σ

DES Y3 (obs.) [18] 0.86± 0.05 —

The core–cusp problem [21] is naturally resolved:
P (g) → 0 smoothly as g → 0 near galaxy centers, pro-
ducing constant-density cores rather than 1/r cusps.

IX. SATELLITE VELOCITY DISPERSION

DCT predicts a systematic boost in satellite galaxy
velocity dispersions:

σDCT
v

σΛCDM
v

=
1√
P0

=
1√
0.851

= 1.084 . (15)

DCT explains 70–95% of the observed satellite velocity
bias with zero free parameters.

X. SUMMARY

Table XV presents the complete galaxy-scale score-
card.
All 17 galaxy-scale and cluster-scale tests are passed

with zero free parameters at galaxy scales. The single for-
mula P (g) = 1−exp

(
−
√
g/g†

)
, derived from the Avrami

crystallization of the Parrott scalar field, reproduces the
full phenomenology of galactic and cluster dark matter:
the zero-parameter RAR with vanishing scatter, rotation
curve diversity, the CLASH concentration–mass relation,
the Planck SZ cluster count deficit, weak lensing S8, the
splashback radius anomaly, and smooth dark matter halo
profiles.
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TABLE XII. EG measurements versus DCT. DCT values
computed with Phalo = 0.9.

Dataset zeff Eobs
G EGR

G EDCT
G

ACT DR6 [20] 0.555 0.31± 0.06 0.36 0.33

DESI+KiDS (1) 0.27 0.42± 0.08 0.41 0.38

DESI+KiDS (2) 0.42 0.37± 0.07 0.39 0.36

DESI+KiDS (3) 0.56 0.33± 0.06 0.37 0.34

DESI+DES (1) 0.30 0.40± 0.07 0.41 0.38

DESI+DES (2) 0.50 0.34± 0.06 0.38 0.35

TABLE XIII. DCT versus ΛCDM predictions for halo struc-
ture.

Property DCT ΛCDM

Central profile Core [21] Cusp (NFW [26, 31])

Subhalo count Zero Hundreds

Stream gaps from DM None Many

Halo shape Smooth, spheroidal Triaxial

Phase-space density Monotonic Caustics

preparation. All scientific content, theoretical deriva-
tions, and physical interpretations are the sole work
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database [5], the CLASH survey [11], and the ACT col-
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