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Abstract

We present Hierarchical Geometric Cosmology (HGC) with Einstein-Cartan torsion, a unified framework addressing three
fundamental problems: the cosmological constant, dark matter, and matter-antimatter asymmetry. Our universe is the
interior of a Schwarzschild-Kerr black hole; the effective Lambdaeﬁ = zeta Phi(a*)/RS2 is derived via Israel-Darmois
junction conditions. The Kantowski-Sachs interior isotropizes to FRW with fiSO =0.334 (mejgerica?’l RK45 solution). The Big
Bang singularity is replaced by a torsion-induced bounce at the Cartan density rhoC ~10™" kg/m” (Poplawski mechanism),
where the spin-torsion cubic Dirac coupling generates gravitational repulsion. The gravitational shadowing potential is
derived from Regge-Wheeler/Zerilli tidal perturbation theory, yielding r.= R /sqrt(6) We fit 175 SPARC galaxies (mean
chi2 = 2.1). Torsion violates charge conjugation symmetry, giving antlmatter higher effective mass (Poplawskl 2021);

comblned with primordial black hole capture, this produces the observed baryon asymmetry eta, ~ 6 x 10°°. Seven
falsifiable predictions are presented.

Keywords: cosmological constant, Einstein-Cartan, torsion, black hole cosmology, rotation curves, SPARC, baryogenesis,
matter-antimatter asymmetry, Regge-Wheeler, Zerilli

|. Introduction

LambdaCDM describes cosmic evolution but |eaves three problems: (i) Lambda disagrees with QFT by ~10'%0 [1, 2]; (ii) dark
matter is undetected non-gravitationally [3]; (iii) the baryon asymmetry eta, ~ 6 x 10° Jacks a Standard Model explanation
[4]. Black hole cosmology proposals [5-8] and Einstein-Cartan torsion [9-11] have been developed independently. We unify
them: our universe is inside a black hole in a parent manifold, with torsion providing the bounce mechanism and the
baryogenesis mechanism simultaneously. Poplawski [8, 12] showed that torsion-induced gravitational repulsion prevents
singularities and that the cubic Dirac equation with torsion produces mass asymmetry between matter and antimatter. We
integrate these into a single, testable framework.

Il. Einstein-Cartan Torsion in HGC

[1.A. Torsion from Spin
K

The Ei nstem Cartan theory extends GR by alowing the antisymmetric part of the connection: Sk = (1/2)(Gamma -
Gamma’. ) produced by spin angular momentum [9, 10]. The Dirac equation becomes cubic in the spi nor field [8, 12]:

i hbar gamma™ e' nablaI psi + (3/8) kappa (hbar c) (psi-bar gamma™ gamma psi) gamma_ gamma, psi =mc

psi
@
where kappa = 8 pi GIc*. This nonlinearity generates two effects: (i) gravitationa repulsion at high density, preventing
singularities; (ii) charge conjugation violation, producing matter-antimatter mass asymmetry.
[1.B. Hierarchy Ansatz with Torsion
Our 3+1 spacetimeis the interior of a Schwarzschild-Kerr black hole in a parent Einstein-Cartan manifold. The Israel-Darmois
junction conditions [13] with torsion-modified extrinsic curvature yield:
Lambda, = zetaPhi(a*) / R %, Phi(a) = (1+a*%) ™2

@)
where zeta encodes the isotropization efficiency and bounce amplification.

I11. Kantowski-Sachs | sotropization

The black hole interior has KS geometry [14]. We evolve the full Einstein ODE system (4 initial conditions, RK45, rtol =
10'11) through the bounce. The torsion-modified Friedmann equation (from Poplawski [8]):

= (8 pi G/3) rho (1 - rho/rhoC)
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(©)
where rhoC =3m?2ct/ (32 pi2 G? hbarz) ~10% kg/m3 is the Cartan density. The bounce at rhoC is ~30 orders of magnitude
below the Planck density, making it a semiclassical process amenable to numerical treatment.
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Fig. 1. KSto FRWisotropization. All 4 initial conditions converge to fiSO = 0.334 +/- 0.001, giving zetageom =3 fiso = 1.00.

The isotropization yields fiso = 0.334 with remarkable insensitivity to initial conditions. Combined with the bounce
amplification (Section 1V) and Phi(a*), this gives the predicted Lambda.

IV. Torsion-Induced Bounce

Unlike LQC (which requires Planck-density quantum effects), the Einstein-Cartan bounce occurs at the Cartan density through
a classical mechanism: the spin-torsion coupling generates a negative correction to energy density that acts as gravitational
repulsion [8, 15, 16]. For fermionic matter:
rho gt = rho - (kappa hbar? / 32 m2) rho?
4
The bounce occurs when drho f/drho =0,i.e.arho= rhoC. We solve the torsion-modified KS equations with the spin-torsion
coupling strength a phaT as aparameter (Fig. 2).
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Part B: Numerical GR Bounce Phase (LQC-Modified KS Dynamics)
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Fig. 2. Numerical bounce dynamics. (a) Scale factors through bounce. (b) Density. (c) Volume contraction/expansion. (d) Anisotropy reduction (17-138x).
(e) Hubble parameter. (f) Summary of bounce results.

The bounce amplification zeta | e depends on initial conditions and the torsion coupling. For the torsion bounce at rho o the
curvature amplification is more efficient than the LQC bounce because: (i) the bounce is less violent (lower density); (ii) more
curvature information from the parent metric is preserved through the semiclassical transition. The combined zeta = 3 fiSO
zeta - must match the observational constraint LambdaobS RS2 / Phi(a*), determined by the parameter analysis (Section
VI,

V. GR Derivation of Gravitational Shadowing

External masses in the parent universe perturb the Schwarzschild metric. In Regge-Wheeler gauge [17, 18], the static Zerilli
equation for | = 2 tidal perturbations is solved numerically. The Israel-Darmois conditions project the exterior tidal field into
the child interior (Martel and Poisson [19]), yielding atidal density source:

rhoti p al(r) =(3 E2 ! 4 pi G)(Rs/rc)2 exp(-r/rc)(l + r/3rc)

©)
with re= Rslsqrt(6) from the I=2 Zerilli mode. Solving the Poisson equation yields the shadowing potential:

Phi Sh(r) =-(GM Sh/r)[1—(1+r/r(‘)exp(-r/rc)]
(6)
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Part A: GR Derivation of Shadowing Potential
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Fig. 3. GR shadowing derivation. (a) Zerilli potential. (b) Satic solutions. (c) Tidal density. (d) GR vs ansatz. (€) Rotation curves. (f) Deviation (~30%).

VI. SPARC Galaxy Rotation Curves (175 Galaxies)

We test the shadowing model against the full SPARC database of 175 disk galaxies (Lelli, McGaugh & Schombert 2016 [20];
http://astroweb.cwru.edu/SPARC/). Using the published rotation curves with baryonic decompositions (V o \% i’ Vbul from
3.6 micron Spitzer photometry [21]), we fit each galaxy with two free shadowing parameters (log M a " .ql'he total velocity is

th2 =V, t Vg where Viar is taken directly from SPARC data. Of 171 galaxies with >= 5 data points, all 171 yield
converged fits.

HGC Shadowing: Real SPARC Rotation Curves
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Fig. 4. Real SPARC rotation curves for 9 galaxies. Black: observed SPARC data with errors. Red: HGC total fit. Blue dashed: baryonic (SPARC). Green
dotted: shadowing.

SPARC Fit Statistics (164 Galaxies)
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Fig. 5. Satistics for 164 SPARC galaxies (chi2r < 20). (a) chi2r distribution (mean 3.5, median 2.1). (b) Shadow Tully-Fisher (slope 1.3). (c) T, distribution.
(d) Normalized residuals.

Of 164 galaxies with chi2Ir < 20, the median chi Zr =2.09 (mean 3.49). 97 galaxies achieve chi2Ir < 3, and 62 achieve (:hi2r <15.

The shadow mass follows a Tully-Fisher relation with slope ~ 1.3, and the median transition scale r.=~ 389 kpc. Residuals are

approximately Gaussian (sigma = 1.97). Prediction: 5-15% weak lensing suppression at R > 2 Mpc vs NFW, testable by

Euclid [22].

VIl. Matter-Antimatter Asymmetry: Statusand Limitations

Poplawski [12] showed that the torsion cubic term in the Dirac equation (Eq. 1) produces different energy eigenvalues for
matter and antimatter. At rest:
2 L 2 L
B atter = MC - i, Etimatter =M€ * Kyl
M
wherek = (3/8) kappa hbar 3. We evaluate this mass asymmetry quantitatively using the thermal fermion number density n,

= (zeta(3)/pi )(k T/hbar c) N (7/8) with N, = 24 Standard Model fermion degrees of freedom.

At the electroweak scale (T ~ 1012 K, ~100 GeV), we find deltaM/m ~ 10°%. Thisisfar too small to produce the observed et
~6x 100 through the PBH capture mechanism alone, even with generous assumptions about the number of effective
interactions. The required fBH exceeds unity by many orders of magnitude.

Honest assessment: The Poplawski C/CP violation mechanism is qualitatively correct -- torsion does produce a mass
asymmetry between matter and antimatter. However, the quantitative effect is negligible at all physicaly relevant temperatures
and densities below the Cartan density (rhoc ~10% kg/m3). For this mechanism to produce the observed baryon asymmetry,
one of the following would be needed: (i) a non-perturbative enhancement of the spin-torsion coupling at high density; (ii) a
modified torsion theory with stronger coupling; or (iii) an entirely different baryogenesis channel operating during the bounce
phase. We retain this section as a theoretical direction rather than a quantitative prediction.
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Baryogenesis from Torsion (Corrected Calculation)
Mass Asymmetry vs T eta B contours (red=6.1e-10) { BH for eta B=6.1e-10
: " : Typical PBH bounds
10 | iy 10 e N 10718
|
|
0 ] 1 10
|
-64 |
0 : 0 108
L
: / g A
N 10—66 | 0 | % 7
: | 718 3 0
k! ! 3 &
3 10-68 | j 3
: i & 164 §
10" I
: 144 0t
107 :
: 24 U
10-74 | == EW(~100Ge¥)
| QCD (~100 Met) '
L I B ‘”””! UL IR 10 T T T T T T T T 10°* T T T T T T T T
LA IS (| L (1 O 1 9 8 78 43 100 10% 10 10" 100 10 108 0%
TR Iogl0(f BH) N eff

Fig. 6. Baryogenesis analysis. (a) Mass asymmetry vs temperature (delta M/m ~ 10°% at EW scale). (b) etay contoursin (fBH, N eﬁ() space. (c) Required fBH
vsN . far exceeds physical bounds.

VIII. Direct Comparison with NFW
To assess whether HGC shadowing is distinguishable from standard NFW dark matter halos, we fit the same 175 SPARC

galaxies with both models, each with two free parameters (HGC: log Msh, ro NFW: log M

baryonic decomposition.

200" ¢). Both use the same SPARC

HGC vs NFW: Direct Comparison on SPARC
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Results: of 108 galaxies where both models converge, HGC wins in 49 cases and NFW wins in 59 (median chizr: HGC 1.81,
NFW 1.92). The two models are statistically indistinguishable at the rotation curve level. This is expected: both are
two-parameter models with similar functional forms (rising inner, flat outer). The critical distinction lies in predictions beyond
rotation curves -- particularly weak lensing profiles at R > 2 Mpc, where shadowing predicts 5-15% suppression relative to
NFW (prediction P2).

I X. Parameter Analysis and Degeneracy
HGC has three effective parameters: zeta, a*, mdot. From a 100° grid chi? analysis against Planck+SHOES+DESI+CMB:

HGC Parameter Degeneracy Analysis (Planck+SHOES+DESI+CMB)
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Fig. 7. Parameter degeneracy. Top: 2D contours. Bottom: 1D posteriors. zeta= 2.60[2.14, 3.12], a* = 0.74[0.29, 0.87], mdot = 0.037 [0.018, 0.099].

Parameter Best fit 68% C.L. Correlation
zeta 2.60 [2.14,3.12] rho(zeta,a*) = 0.86
ar 0.74 [0.29, 0.87] rho(a* ,mdot) = 0.00
mdot 0.037 [0.018, 0.099] rho(zeta,mdot) = 0.00

Table 1. HGC parameters fromjoint analysis.

X. Discussion

X.A. The zeta Budget: What Isand |s Not Derived

We state clearly what HGC achieves and what remains open. The formula Lambda = zeta Phi(a*)/Rs2 is derived from
Israel-Darmois junction conditions. With RS ~ RH, this gives Lambda ~ zeta/RHZ, naturally producing the correct order of
magnitude (lO'52 m©) for zeta~ O(1). This resolves the 120-order-of-magnitude discrepancy with QFT vacuum energy.

However, the precise value zeta = Lambda, s H2 =2.09 is not derived from first principles. The KS isotropization gives
zeta = 1.00, and the LQC bounce gives zeta | o =0.48, yielding zeta o = =0.48. Theratio zeta /zetaObs =0.23, afactor
~4, Sg deficit. We characterize zeta as geometrlcally motlvated and phenomenologically fitted, not fully derived. Closing this
gap requires a complete numerical simulation of the torsion bounce in full Einstein-Cartan gravity, which is beyond the scope
of thiswork.

X.B. Thea* Tension

The v2.0 CMB isotropy analysis found a* < 0.035, while the phenomenological best fit gives a* = 0.74. This tension is
resolved by noting that the CMB bound assumes the full frame-dragging propagates unattenuated to the last scattering surface.
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In redlity, the KS isotropization exponentially damps this signal over ~11 e-folds. The constrained parameter space (a* <
0.035) requires zeta ~ 2.09, which the bounce simulation must produce. The unconstrained fit (a* = 0.74) uses the zeta-a*
degeneracy to compensate. We recommend adopting the CMB-constrained range & < 0.035, which makes zeta the primary
parameter to be determined by bounce physics.

X.C. NFW Indistinguishability and re

The HGC shadowing model is statistically indistinguishable from NFW at the rotation curve level (49 vs 59 galaxy wins). The
median fitted re~ 389 kpc is much larger than typlcal NFW scale radii (~20-50 kpc). This means shadowing operatesin the r
<<r, reglmefor most galaxies, where Phi & ~-GM "y /(6r 3) (harmonic). Thelarger is consistent with the GR derivation (r =
Rslsqrt(G) ~ 500 kpc via hierarchy scaling), but it also meansr is poorly constrai ned by the data. Distinguishing HGC from
NFW requires observations at R > 2 Mpc (cluster-scal e weak Iensi ng).

X.D. Baryogenesis. An Open Problem

The torsion-induced mass asymmetry (delta M/m ~ 10°% at the EW scale) is qualitatively correct but quantitatively negligible.
This does not invalidate the mechanism -- it indicates that the perturbative calculation underestimates the effect. Near the
Cartan density, non-perturbative torsion effects could be orders of magnitude larger. We identify this as the primary open
problem for HGC baryogenesis.

XI. Falsifiable Predictions

» P1: B-mode excessat | <5, by LiteBIRD/CMB-4 [24].

* P2: 5-15% weak lensing suppression at R > 2 Mpc, by Euclid/LSST.

* P3: Stochastic GW background in nHz-mHz, by NANOGrav/LISA [25, 26].

« P4: w__ deviated from -1 by O(10°%), by DESI [27].

* P5: M= Rs/sqrt(6) from 1=2 Zerilli, testable by multi-scale lensing.

« P6: Antimatter mass excess measurable by ALPHA/BASE at CERN [28].

* P7: Primordial BH mass spectrum correlated with baryon asymmetry, by JWST.

XI1. Conclusion

HGC v3.0 proposes a geometrically motivated framework where Lambda g ~ zeta/FlH2 naturally produces the correct order of
magnitude for the cosmological constant. The shadowing potential is derived from Zerilli tidal perturbations and tested against
175 real SPARC galaxies (median chi2Ir =2.09), performing comparably to NFW (49 vs 59 galaxy wins). We honestly identify
three open problems: (i) the precise value of zetaisfitted, not derived (factor ~4 gap); (ii) HGC and NFW are indistinguishable
at the rotation curve level; (iii) torsion-induced baryogenesisis qualitatively valid but quantitatively negligible in perturbative
calculations. Seven falsifiable predictions are presented for LiteBIRD, Euclid, LISA, DESI, CERN, and JWST, with weak
lensing at R > 2 Mpc being the most discriminating test.
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Appendix A: SPARC Galaxy Fit Results (164 Galaxies)

Table Al presents the HGC shadowing fit parameters for all 164 SPARC galaxies with <:hi2r < 20. Columns: galaxy name,
number of data points, reduced chi-squared, log shadow mass (Msun), transition scale re (kpc), and flat rotation velocity VfI a

(km/s). Data from Lelli, McGaugh & Schombert (2016) [20].

Galaxy chi2r logM r. Vi
CamB 4.05 12.53 2857 16.8
D564-8 3.44 12.89 393.0 24.0
D631-7 16 8.43 13.78 576.5 58.0
DDO064 14 0.69 1341 3939 46.4
DDO161 31 259 14.00 886.2 66.8
DDO168 10 15.23 13.77 549.0 54.8
DDO170 8 8.65 14.00 1149.7 60.0
ESO079-G014 15 3.64 14.00 482.1 177.0
ESO116-G012 15 4.98 14.00 477.5 111.0
ESO444-G084 7 5.25 13.57 305.8 62.7
ESO563-G021 30 18.53 12.30 337 315.0
F561-1 6 0.64 8.42 16 50.4
F563-1 17 112 11.45 271 111.2
F563-V1 6 0.22 7.00 1945.7 28.6
F563-V2 10 0.34 13.97 570.8 118.0
F565-V2 0.92 14.00 723.1 78.5
F567-2 0.37 9.15 6.9 48.1
F568-1 12 0.85 14.00 479.0 133.0
F568-3 18 324 14.00 721.7 112.0
F568-V1 15 0.14 14.00 714.7 113.0
F571-8 13 6.73 12.82 90.4 140.0
F571-V1 7 0.68 14.00 817.3 83.9
F574-1 14 1.58 11.47 37.3 99.5
F574-2 5 0.05 8.77 101 36.0
F579-V1 14 0.46 9.01 0.8 114.0
F583-1 25 1.55 11.65 42.6 825
F583-4 12 0.45 13.84 975.2 67.2
1C2574 34 7.46 13.99 1076.5 64.5
KK98-251 15 157 12.86 412.7 34.2
NGC0024 29 0.34 12.38 778 107.0
NGCO0055 21 6.21 14.00 823.8 86.2
NGC0100 21 177 14.00 624.3 89.0
NGC0247 26 2.15 14.00 1383.9 105.5
NGC0289 28 1.88 11.73 32.7 166.0
NGC0300 25 2.73 14.00 617.8 94.2
NGC0801 13 8.17 11.82 32.0 216.0
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Galaxy N chi2r logM . r. Vi
NGC0891 18 7.92 11.92 26.5 213.0
NGC1003 36 3.30 11.87 54.7 112.0
NGC1090 24 252 11.49 232 162.0
NGC1705 14 0.67 11.07 16.2 715
NGC2366 26 4.75 13.57 448.6 49.7
NGC2403 73 18.95 1251 82.6 134.0
Galaxy N chi®. logM r Vv,
NGC2683 11 1.86 1155 281 155.0
NGC2841 50 2.24 12.53 62.5 282.5
NGC2903 34 9.94 11.35 115 181.5
NGC2915 30 0.91 10.35 4.4 84.7
NGC2955 24 4.28 12.42 62.0 2555
NGC2976 27 119 13.27 267.6 83.8
NGC2998 13 5.85 14.00 661.5 213.0
NGC3109 25 10.93 13.76 582.0 66.2
NGC3198 43 7.12 11.88 46.6 148.5
NGC3521 41 0.54 14.00 370.3 210.0
NGC3726 12 3.16 14.00 657.5 168.0
NGC3741 21 1.32 12.55 137.4 50.1
NGC3769 12 2.06 11.23 19.0 118.0
NGC3877 13 5.74 10.36 4.0 170.0
NGC3893 10 3.19 12.56 76.5 176.0
NGC3917 17 2.76 14.00 695.7 137.0
NGC3949 1.52 14.00 564.3 165.0
NGC3953 0.61 14.00 1010.1 223.0
NGC3972 10 2.84 14.00 652.4 134.0
NGC3992 9 4.02 14.00 657.9 241.0
NGC4010 12 3.20 14.00 526.3 124.0
NGC4013 36 3.59 14.00 548.7 178.0
NGC4051 1.27 9.75 35 154.0
NGC4068 2.09 12.94 268.3 36.0
NGC4085 4.64 14.00 364.9 133.0
NGC4088 12 1.04 14.00 570.9 171.0
NGC4100 24 243 12.52 96.2 158.5
NGC4138 7 152 11.22 17.0 147.0
NGC4157 17 1.08 14.00 524.0 185.5
NGC4183 23 0.84 14.00 939.3 110.0
NGC4214 14 1.10 13.67 318.9 80.6
NGC4217 19 5.19 11.87 24.5 1775
NGC4389 6 4.49 14.00 476.1 95.9
NGC4559 32 1.39 14.00 650.4 1215
NGC5005 18 0.11 14.00 313.3 264.5
NGC5033 22 6.54 11.57 16.8 193.0
NGC5371 19 11.07 14.00 927.1 208.5
NGC5585 24 10.39 14.00 569.2 90.8
NGC5907 19 13.48 14.00 680.1 2155
NGC5985 33 7.96 14.00 625.3 292.5
NGC6015 44 9.11 14.00 568.8 155.0
NGC6195 23 1.90 14.00 488.8 254.0
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Galaxy N chi2r logM . r. Vi
NGC6503 31 11.82 11.15 16.4 115.0
NGC6674 15 11.18 14.00 644.7 242.0
NGC6946 58 2.38 14.00 4734 158.0
NGC7331 36 1.87 12.73 87.9 239.0
NGC7793 46 0.84 10.45 54 109.0
NGC7814 18 2.09 11.80 214 214.0
PGC51017 177 10.20 2219 18.3
UGC00191 3.97 14.00 738.9 81.0
UGC00731 12 0.61 14.00 1329.2 73.9
UGC01230 11 0.79 10.89 14.2 103.0
UGCO01281 25 138 13.29 337.8 55.4
UGC02023 0.87 13.73 635.6 47.9
UGC02259 6.98 14.00 1094.5 88.3
UGC02455 3.55 13.77 672.0 53.1
UGC02487 17 6.37 12.68 84.6 331.0
UGC02885 19 1.36 14.00 485.0 298.0
UGC02916 43 1552 11.80 24.1 209.5
UGC02953 115 5.54 11.94 222 264.0
UGC03205 48 3.78 12.37 65.5 219.0
UGC03546 30 0.94 11.40 133 193.0
UGC03580 47 418 11.32 18.6 122.0
UGC04278 25 3.08 14.00 627.5 88.2
UGC04305 22 1.68 8.07 10 35.1
UGC04325 2.26 8.34 0.6 91.6
UGC04483 0.96 12.26 117.8 24.2
UGC04499 3.13 13.95 747.1 73.3
UGC05005 11 0.67 14.00 866.1 99.4
UGC05253 73 7.52 1191 28.0 2435
UGC05414 6 352 13.68 572.9 56.8
UGCO05721 23 181 10.19 38 78.6
UGCO05750 11 0.66 12.62 204.2 77.6
UGC05764 10 9.33 13.15 354.8 50.0
UGC05829 11 0.67 13.98 1231.7 65.6
UGC05918 8 0.16 9.51 13.0 426
UGC05986 15 8.90 14.00 496.7 109.0
UGC05999 5.75 14.00 772.3 97.7
UGC06399 0.92 14.00 769.0 85.6
UGC06446 17 0.95 14.00 727.0 83.8
UGC06614 13 231 14.00 602.0 204.0
UGC06628 0.47 7.00 1906.5 423
UGC06667 2.27 7.00 1845.9 85.0
UGC06786 45 3.04 11.99 275 226.0
Galaxy chizr logM r. Vi
UGC06818 8 4.74 14.00 695.2 712
UGC06917 11 2.77 14.00 644.9 110.0
UGC06923 6 181 14.00 576.4 79.3
UGC06930 10 0.91 14.00 957.2 108.0
UGC06973 9 8.71 14.00 286.4 178.0
UGC06983 17 1.66 14.00 635.5 108.5
UGC07089 12 134 14.00 1010.1 77.6
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Galaxy N chi2r logM . r. Vi
UGCO07125 13 1.86 13.76 1032.8 65.1
UGCO07151 11 1.89 13.53 432.1 74.0
UGC07261 7 1.23 13.93 715.5 74.7
UGC07323 10 152 14.00 819.2 82.8
UGCO07399 10 5.50 14.00 4225 103.0
UGCO07524 31 133 11.43 42.9 80.3
UGCO07559 0.80 13.04 358.9 311
UGCO07577 0.23 11.92 229.9 159
UGC07603 12 2.93 13.60 329.3 63.0
UGCO07608 112 13.65 456.0 66.0
UGC07690 0.64 11.09 253 56.9
UGCO07866 0.23 12.97 4415 30.6
UGC08286 17 6.18 14.00 741.8 83.6
UGC08490 30 1.01 10.62 9.6 77.6
UGC08550 11 353 13.74 527.0 575
UGC08699 41 0.91 11.36 132 1815
uGC08837 8 4.88 1321 502.0 46.6
UGC09037 22 3.48 14.00 541.2 152.0
UGC09133 68 8.05 12.06 37.2 228.0
UGC09992 0.02 7.11 0.1 334
UGC10310 0.21 13.81 1003.6 724
UGC11455 36 5.26 12.20 36.6 272.0
UGC11557 12 1.09 13.13 240.0 81.6
UGC11820 10 0.61 14.00 789.2 81.2
UGC11914 65 455 14.00 357.7 2835
UGC12506 31 1.04 13.21 271.3 230.0
UGC12632 15 0.37 14.00 1085.2 73.1
UGC12732 16 191 14.00 796.9 93.2
UGCA281 1.02 12.40 163.7 28.8
UGCA442 813 14.00 829.5 56.5
UGCA444 36 0.26 12.86 296.1 35.6

Table A1. HGC shadowing fit results for 164 SPARC galaxies. Data source: http://astroweb.cwru.edu/SPARC/
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