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Abstract

Building on the successful derivation of the proton charge radius r p =4A_p from 6D spacetime geometry
(0.07% agreement with experiment), we extend the framework to predict the charge radii of all charged
baryons. The universal scaling law r = 4A4c/m implies that heavier baryons have smaller radii, with the ratio ri/r2
= mz2/m being independent of all numerical factors. We present falsifiable predictions for hyperons (Z, E, Q0),
charmed baryons (Ac, Xc, Ec), and discuss special cases (neutron, deuteron). These predictions directly test the
geometric origin of baryon structure and can be verified through lattice QCD calculations and future

experiments.
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1. Introduction

1.1 The Established Result

In the companion paper, we derived the proton charge radius from first principles:

h
rp=4X, = 4 X — = 0.8412 fm
myp

This prediction, with zero free parameters, agrees with the experimental value r p = 0.8409 + 0.0004 fm at the
0.07% level.

1.2 The Key Question

If the proton radius emerges from 6D geometry, does the same mechanism apply to all baryons?



If yes, the theory predicts:

hc
Tbaryon — 4 x
Mparyon
This is a falsifiable prediction that can be tested through:
e Lattice QCD calculations
e Form factor measurements at BESIII, HADES, LHCb
e Comparison with existing theoretical models
1.3 Literature Context
Recent studies show conflicting results:
Study Finding Implication
Holographic QCD (2025) "Heavier hyperons are more compact" Supports r «< 1/m
NJL Model rp<r X Contradicts r «< 1/m
Lattice QCD (1991) Decuplet radii < Octet radii Supports mass scaling

This makes our predictions a crucial test of the 6D geometric mechanism.

2. The Universal Scaling Law

2.1 Derivation Summary

From the complete dynamical derivation (companion paper):
1. Channel additivity: s _eff = (D-2) x A2
2. EM projection: o = 2/3 (photon transversality)
3. Form factor: (1?) = 6 x (2/3) x (D-2) x A* =4(D—-2)A?
4. For D = 6: r>2=16)2, hence r = 4A

2.2 Extension to All Charged Baryons
For a baryon B with mass m_B and charge Q # 0:




This assumes:

e The same 6D geometric mechanism applies
e The EM projection factor a = 2/3 is universal (gauge physics)

e The channel count d = D—2 =4 is fixed by spacetime dimension

2.3 The Mass-Radius Relation

The scaling law implies:

1
rp X —
mp
Therefore, for any two charged baryons:
r1 m2
T2 mi

This ratio prediction is independent of all numerical factors and provides the most robust test.

3. Predictions for Octet Baryons

3.1 Input Data (PDG 2024)

Baryon Symbol Mass (MeV) Charge
Proton p 938.272 +1
Neutron n 939.565 0
Sigma* Xt 1189.37 +1
Sigma® >0 1192.64 0
Sigma~ ) 1197.45 -1

Xi® &e 1314.86 0

Xi~ 8 1321.71 -1
Lambda A 1115.68 0

3.2 Predictions for Charged Octet Baryons
Using r = 4hc/m with Ac = 197.327 MeV -fm:



Baryon Mass (MeV) r_pred (fm) r/r_p ratio
Proton (p) 938.27 0.8412 1.000
Sigma* (X¥) 1189.37 0.6636 0.789
Sigma~ () 1197.45 0.6592 0.784
Xi (E) 1321.71 0.5972 0.710
3.3 Verification of Proton Prediction
Source r_p (fm) Error
Theory (this work) 0.8412 —
Muonic hydrogen 0.8409 + 0.0004 0.04%
CODATA 2018 0.8414 £ 0.0019 0.02%
Status: VERIFIED at 0.07%
4. Predictions for Decuplet Baryons
4.1 Decuplet Masses
Baryon Symbol Mass (MeV) Charge
Delta** At 1232 +2
Delta* A* 1232 +1
Delta® A° 1232 0
Delta~ A 1232 -1
Sigma** DJons 1383 +1
Sigma*° x*o 1384 0
Sigma*~ X 1387 -1
Xi*o gxo 1532 0
Xi*” B*- 1535 -1




Baryon Symbol Mass (MeV) Charge
Omega™ 1672.45 -1
4.2 Predictions
Baryon Mass (MeV) r_pred (fm) r/r_p ratio
Delta™ (A*) 1232 0.6405 0.761
Delta’ (A") 1232 0.6405 0.761
Delta (A°) 1232 0.6405 0.761
Sigma™ (2*)** 1383 0.5707 0.678
Sigma~ (27)** 1387 0.5690 0.677
Xi~ (B)** 1535 0.5141 0.611
Omega™ (Q) 1672.45 0.4719 0.561
4.3 Key Prediction: Q Radius
The Omega baryon is particularly important:
e Longest-lived strange baryon (stable under strong interaction)
e Pure strange quark content (sss)
e Most precise lattice QCD calculations available
rqo- = 0.472 fm
5. Predictions for Charmed Baryons
5.1 Charmed Baryon Masses
Baryon Symbol Mass (MeV) Charge
Lambda c* Act 2286.46 +1
Sigma c™ Yt 2453.97 +2
Sigma c* Xc* 2452.65 +1




Baryon Symbol Mass (MeV) Charge

Sigma_ c° X’ 2453.75 0
Xi ¢t Ec* 2467.71 +1
Xi ¢ Ec 2470.44 0
Omega c° Qc’ 2695.2 0
Xi_cctt Ecctt 3621.55 +2
5.2 Predictions
Baryon Mass (MeV) r_pred (fm) r/r_p ratio
Lambda_c* (Ac*) 2286.46 0.3452 0.410
Sigma_c* (Zc¢*) 2453.97 0.3216 0.382
Sigma_c* (Zc*) 2452.65 0.3218 0.383
Xi_c¢* (EcY) 2467.71 0.3199 0.380
Xi_cc** (Ecc™) 3621.55 0.2180 0.259

5.3 Comparison with Lattice QCD

A 2013 lattice QCD calculation for doubly charmed baryons found:
I "The two heavy charm quarks drive the charge radii... We find that... [Ecc] is a compact object."”

This is consistent with our prediction that r Ecc = 0.22 fm (much smaller than proton).

6. Special Cases

6.1 The Neutron (Q =0)

The neutron has zero total charge but a negative mean-square charge radius:
(r*), = —0.1161 £ 0.0022 fm* (PDG 2024)

Why the formula doesn't apply directly:

The formula r = 4\ assumes uniform charge distribution weighted by total charge Q. For Q = 0, the radius

comes from the internal structure:



e Positive core (u quarks at center)

e Negative halo (d quarks at periphery)

Qualitative prediction:

The magnitude |(r?) n| should be much smaller than r p*

|(r?),|  0.116
= = 0.16
r2 0.708

This ~6x suppression reflects partial cancellation between quark contributions. v/

6.2 The Deuteron (Bound System)

The deuteron is NOT an elementary baryon — it's a proton-neutron bound state.
Experimental: r d =2.1424 £ 0.0021 fm

Naive prediction: r d =44c/m_d = 0.42 fm «— WRONG!

Why:

The deuteron radius is dominated by the proton-neutron separation, not the intrinsic baryon size:
2 .2 2 2
ra = 1y +[(17)al + (B")pn
Estimating the p-n separation:

(R?)pn ~ 73 — 75 — 0.12 ~ 3.77 fm®

Ryn = 1.9 fm

This is consistent with the nuclear scale. v/

Conclusion: The formula applies to elementary baryons, not bound states.

6.3 Neutral Hyperons (A, X° =°

Like the neutron, these have Q = 0 and require internal structure analysis.
For Z° (dss): The formula predicts internal cancellation similar to the neutron.
Lattice QCD finds: [(r?)_E° <|(r*)_n| (smaller internal asymmetry)

This is consistent with the strange quark content reducing the d-quark halo effect. v/




7. Ratio Predictions (Model-Independent)

7.1 The Robust Test

The ratio r1/r2 = mz2/mu is independent of all numerical factors (the "4", a = 2/3, etc.).

Even if absolute values have systematic errors, ratios should be exact.

7.2 Testable Ratios
Ratio Prediction Test Method
rX/rp 0.789 Lattice QCD
rZ/rp 0.710 Lattice QCD
rQ/rp 0.561 Lattice QCD
rAt/rp 0.761 Lattice QCD
r Act/r p 0.410 Lattice QCD, LHCb
r Zcc™t/rp 0.259 Lattice QCD

7.3 Discriminating Power

Different models predict different ratios:

Model r X/r p Our prediction
6D Geometry 0.789 ro 1/m

NJL Model >1 (1) r¥>rp

Quark Model ~0.85 Moderate scaling
Bag Model ~0.9 Weak scaling

The NJL resultr 2" >r p would falsify our prediction!

8. Experimental and Computational Tests

8.1 Lattice QCD (Highest Priority)

Modern lattice QCD can compute hyperon charge radii with ~10% precision.

Specific requests to the lattice community:



1. Computer X, r E, r Q at physical pion mass
2. Report ratios r_hyperon/r_proton to cancel systematic errors
3. Compare with our predictions:

e 1 XYr p=0.789

e 1 E/r p=0.710

e 1 Q/r p=0.561

8.2 BESIII and HADES

Form factor measurements in e'e- — BB can constrain hyperon radii.

Current data is limited but improving.

8.3 LHCb

Charmed baryon production at LHCb offers potential for:

e Ac" form factor measurements

e Ecc't structure studies

8.4 Future Facilities

e FAIR (PANDA): Hyperon spectroscopy

e EIC: Deep inelastic scattering on strange targets

9. Summary of Predictions

9.1 Absolute Radii (fm)
Baryon r_pred Status
p 0.841 v Verified
zr 0.664 To test
) 0.659 To test
= 0.597 To test
AT 0.641 To test
Q- 0.472 To test

Act 0.345 To test




Baryon r_pred Status

Heett 0.218 To test
9.2 Key Ratios

Ratio Prediction

r X p 0.789

r Q/rp 0.561

r Ac/r p 0.410

9.3 Falsification Criteria
The theory is falsified if:
1. Any charged baryon has r >r p (except A at similar mass)

2. Ratios deviate from mz/m: by more than 20%

3. Lattice QCD findsr X" >r p (as NJL predicts)

10. Conclusion

We have extended the 6D geometric derivation of the proton radius to predict the charge radii of all charged

baryons:

B 4he
=

TB

Key predictions:

1. Hyperons are more compact than the proton (r X <r p<r E<r Q)
2. Charmed baryons are even smaller (r_Ac = 0.35 fm)

3. Ratios are exactly ri/r. = m2/m: (model-independent test)

These predictions:

e Are falsifiable by lattice QCD and experiment
¢ Discriminate between the 6D framework and other models

e Would, if confirmed, establish a universal geometric origin for baryon structure



If the same formula works for hyperons and charmed baryons as it does for the proton, the framework becomes

devastating: not a single success, but a universal law.
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Pre-registration statement: These predictions are made before comparison with lattice QCD results for

hyperon radii. Any subsequent agreement or disagreement constitutes a genuine test of the theory.

"Se la matematica esiste, esiste tutto il resto.”

— Simone Calzighetti



