APPENDIX B: GALACTIC & COSMOLOGICAL SCALES

From kpc to Mpc - All Scales from Geometry

B.1 COMPACTIFICATION SCALES

B.1.1 Canonical Parameters (SSoT)
~ a
DIAMETERS (2 = 2R):

L.=9.51y (t2compact dimension)

L;=6.0ly (13 compact dimension)

PERIODS:
To=mnl>=29.85 yr=30 yr
Ts=nl;=18.85yr= 19 yr

ASPECT RATIO:
L2/Ls=9.5/6.0=1.583 = ¢=1.618

MASSES (Q-field):
ms = hic/L. = 4.37x102 eV
ms = /ic/Ls = 6.90x102* eV

B.1.2 Legacy Notation (Paper II)

- N

OLD (radius convention):
L.=15.11y
Ls=9.61y

CONVERSION:
L new = (2/n) x L old
L>=(2/m) x 15.1 = 9.6 ly (close to 9.5)
Ls = (2/m) X 9.6 = 6.1 ly (close to 6.0)

ALWAYS USE CANONICAL Lo, Ls!




B.2 BREATHING SCALES (GALACTIC)

B.2.1 Six Universal Scales

P
Xo = 0.87 kpc (minimum cutoff)
M =1.89 kpc  (first harmonic)
A2=4.30kpc (FUNDAMENTAL)
A3 =6.51 kpc (third harmonic)
A =11.7 kpc (fourth harmonic)
As =21.4 kpc (fifth harmonic)

B.2.2 Scale Ratios

g
Mho=2.17=¢+0.5
Ao/ =2.28 = g\ = 2.058
Mhe=151=¢-0.1
M/hs=1.80~¢+0.18
As/ha=1.83= ¢ +0.21

Pattern: All ratios cluster around ¢!

B.2.3 Derivation

P
Q-field wave equation on T2

0Q i+m i2Q i=«xp b

Eigenvalues determine A_n

Golden ratio enters through t = i/ modulus

B.3 CRITICAL MASS TRANSITION

B.3.1 Critical Parameters

.
CRITICAL POTENTIAL:
W_crit = v/c? = (246.22 GeV / 3x10° m/s)?
=9.2x10°*

CRITICAL MASS (at A2):
M_crit = (A/G)? x y_crit X ¢?
=243 x 10 MO




B.3.2 Transition Physics

P
M >M_crit:

- Q-field dominates

- Breathing modes active

- "Dark matter" effects appear

- Flat rotation curves

M <M _crit:
- Baryonic dominates
- GR limit recovered
- No breathing modes

- Declining rotation curves

B.3.3 F_pot Function

Ve

F pot(M) = tanh[(M/M_ crit)"a]
For SPARC galaxies:
o~ 0.25 (empirical)

F potranges 0.85-1.15

Smooth transition, no sharp cutoff

B.4 VAINSHTEIN SCREENING

B.4.1 Screening Scale

Ve

As = (Ms/M_PIY(1/3)

where Ms ~ 0.4 M_P1 (6D Planck mass)

As = 80 GeV (derived, not fitted!)

B.4.2 Vainshtein Radius

Ve

r V= (GM/A®)N(1/3)

For Sun:
MO =2x10% kg
r V(0)=8x10*m = 2600 ly




B.4.3 Solar System Test

Ve

Solar System size: ~50 AU = 7.5x10"? m

Vainshtein radius: 8x10" m

Ratio: r V/r_SS =107

CASSINI CONSTRAINT:
Required: |y-1| <2.3x107°

Predicted: |[y-1] <1074

SAFETY MARGIN: 10°x v

B.4.4 Screening Interpolation

Ve

Laeff(p) = La”oo / N[ 1 + p/p_trans]
p_trans ~ 107'° kg/m? (from entropy matching)

Works across 50 orders of magnitude!
- Neutron stars (p ~ 10'7 kg/m?)
- Solar system (p ~ 107 kg/m?)
- Galaxies (p ~ 107! kg/m?)
- Cosmic voids (p ~ 10?7 kg/m?)

B.S COSMIC WEB

B.5.1 Characteristic Scale

Ve

Mz =0.856 MpC

DERIVATION:
Combination of A1, As at cosmic scales

Geometric mean with cosmological factors

B.5.2 Observational Tests

-
SURVEY | RESULT
|
SDSS | A~ 0.8-0.9 Mpc
BOSS | Consistent
VIPERS | A ~0.85 Mpc




2dF | Compatible

PREDICTION FOR 2026:
Euclid DR1: A3 = 0.856 £ 0.05 Mpc
DESI DR2: Confirm periodicity

B.5.3 Falsification

IF i3 # 0.856 Mpc at >36 — THEORY FAILS

B.6 COSMOLOGICAL CONSTANT

B.6.1 The Solution

Ve

A_bare = 0 (geometric cancellation in 6D)

Observed value from Q-field dynamics:
p_A=(V/M_PD*x ¢'¥7/Ro*

where 137 =Lio+ Ls + Lo =123 + 11 + 3 (Lucas!)

B.6.2 Numerical Check

Ve

(v/M_Pl)* = (246/1.22x10"°)* = 1.65x 10

@7 =10"(137xlogiop) = 10728.6 =~ 4x10®

Ro =4400 Mpc (Hubble radius)

p A=33x10% GeV*

OBSERVED: 2.8x10™% GeV*
ERROR: 17%

B.6.3 Significance

p
QFT prediction: p A~M_PI*~ 107 GeV*
Observation: p_ A ~ 107 GeV*

Discrepancy: 123 orders of magnitude!

3D+3D RESOLVES THIS with geometric structure




B.7 DARK ENERGY EVOLUTION

B.7.1 Equation of State

Ve

w(z) =-1+p(t)

At z=0:
wo = -0.71

Q-field evolution drives departure from w=-1

B.7.2 Observable Predictions

© Euclid: Measure w(z) to 1%
© DESI: BAO constraints on wo, w_a
© Roman: Combined probes

B.8 BARYOGENESIS

B.8.1 CP Violation Source

_
g CP= -0 - 2?)/(A2 + A+?)
=(90.25 - 36)/(90.25 + 36)
=-0.43

With geometric corrections: € CP = -0.76

B.8.2 Baryon Asymmetry

~
nB=n Bn y=¢ CPxxxf(T)
~6x1071°

OBSERVED: (6.1 £0.2)x1071°

B.8.3 Physical Mechanism

Asymmetry in L. # Ls compactification

— Different path lengths on T?



— CP violation in effective 4D

— Baryon number generation at EW scale

B.9 PRIMORDIAL COSMOLOGY

B.9.1 Inflation without Inflaton

~
6D de Sitter — spontaneous compactification
Q-field serves as "inflaton"

No new scalar required!

Predictions:
n_s = 0.965 (spectral index)

r~ 0.03 (tensor-to-scalar)

B.9.2 Stabilization

Casimir energy on T2 provides stability
Decompactification barrier ~ (Me)*
No runaway to 4D or 6D flat

B.10 SPECIAL GALAXIES

B.10.1 DF44 (Ultra-Diffuse Galaxy)

P
CLUSTER ENHANCEMENT:
B _cluster = 1/¢ + (1/¢0*)xIn(1 + N_eft/¢?)

For Coma cluster: N_eff ~ 886

PREDICTION:
c_pred = 48.4 km/s

OBSERVED:
6_obs =47 £ 8 km/s

AGREEMENT: 0.186 v/




B.10.2 FCC 224 (Outside Cluster)

P
Distance from Fornax: R = 1.3 Mpc
Virial radius: R_vir ~ 0.7 Mpc
Ratio: R/R_vir=1.86> 1

STATUS: OUTSIDE cluster — N _eff — 0
RESULT: Appears "DM-free" (infalling)

FIX: Add ®(R_vir - R) cutoff to N_eff formula

B.10.3 High-z Galaxies (JWST)

P
ANOMALIES EXPLAINED:
Pablo's Galaxy (GS-10578)

ZF-UDS-7329
GS-9209
RUBIES-EGS-QG-1
COS-87259

Q-field timescale:
t dep ~ h2/v =4-10 Myr (very fast!)

ROBUSTNESS THEOREM:
z>1.94 — Q local > Q crit ALWAYS

Factor (1+2)"1.49 dominates

B.11 NONLINEAR DYNAMICS

B.11.1 Scale Ratio

A/h2=e=2.718... (DERIVED!)

Not assumed - emerges from coupled Q2-Qs dynamics

B.11.2 Beat Period

g
T beat =Tz - Ts|" = [1/30 - /19!
=0.0333 - 0.0526]"
=51.8yr




Observable as slow modulation of rotation curves

B.11.3 Node Factor

Ve

f node = (+1)N(¢>+1) = 2.618/1.902 = 1.38

From Q: + Qs constructive interference

Appears in amplitude calculations

B.12 OBSERVATIONAL VALIDATION

B.12.1 Galaxy Rotation Curves

P
SPARC Database:
Galaxies: 175
RMS residual: 15 km/s
Free parameters per galaxy: 0

Success rate: 94.2%

B.12.2 Other Validations

Ve

TEST | RESULT | SIGNIFICANCE
| |

SPARC rotation |V | 175 galaxies
WALLABY HI |V | Independent
NANOGrav PTA |V | 236 detection
SLACS lensing |V | 46 (was 7.30)
Cosmic web |V | Consistent
LITTLE THINGS |V | 22 dwarfs

\

B.13 PREDICTIONS 2026

B.13.1 Pre-Registered

~
© Euclid DR1: 23 =0.856 + 0.05 Mpc
© DESI DR2: Cosmic web periodicity
© KATRIN: Zm_v ~ 60 meV
© DUNE/HK: sin?023 > 0.5 (upper octant)




B.13.2 Null Results Expected

© LZ/XENON: No WIMP (not needed)
© ADMX: No axion (6_QCD = 0)

B.14 SCALE SUMMARY TABLE

Scale Value Origin Test

L 951y T> compact Indirect
Ls 6.0 ly T3 compact Indirect
Ao 0.87 kpc Cutoff Missing satellites
i 1.89 kpc 1st harmonic SPARC

A2 4.30 kpc Fundamental SPARC v
A3 6.51 kpc 3rd harmonic SPARC
Aa 11.7 kpc 4th harmonic SLACS v
As 21.4 kpc 5th harmonic Clusters
Ai3 0.856 Mpc Cosmic web Euclid ©
M_crit 2.43x10"° MO Transition SPARC v
r V(O) 2600 ly Screening Cassini v/

END OF APPENDIX B



