Solar System Constraints on 3D+3D Discrete Spacetime
Theory

Executive Summary

Purpose: Verify that Q-field screening mechanism suppresses fifth force effects sufficiently to pass Solar

System precision tests.
Critical Tests:
1. Cassini measurement of y parameter
2. Lunar Laser Ranging (equivalence principle)
3. Mercury perihelion precession
4. Laboratory tests of gravity (MICROSCOPE, LAGEOS)

Status: Order-of-magnitude analysis identifies need for 2-loop calculation.

1. Screening Length Calculation

1.1 Physical Mechanism
From Paper IV, Q-fields couple to matter density:

[ L_int = g2 Q(x) p(x) + g3 Qs(x) p(x)

This generates effective potential:

[ V_eff= (12)p? Q2 + (1/2)g2 p> Q22 + ...

The effective mass:

[ m_eff? =2 + g?p

Screening length:

[ A_s=h/(m_effc) = 1/\(u? + g2? p)

1.2 Geometric Mass Scale

From compactification:



[ Ha ~ he/La

where La ~ 9.5 light-years ~ 9x10'® m (from pulsar timing, Paper V).

Numerical value:

pe = (1.055%x1073* J-s)(3x10% m/s) / (9%10' m)
=3.5x10™J
=2.2x107*eV

Extremely small!

1.3 Coupling Constant
From SPARC galaxy analysis (Paper 1), the Q- field strength:

[ (QAN{1/2} ~v_@ ~200 km/s =2%10° m/s

The coupling to matter:

[ 2 ~(G/c?) - (c/v_¢) ~ NG - ¢/ (2x10° m/s)

Numerical:

VG ~ 8x10" m*{3/2} kg™ {-1/2} s* -1}
g2 ~ (8%1071)(3x10%) / (2x10%) m* {3/2} kg™ {-1/2}
~1.2x107 m {3/2} kg {-1/2}

1.4 Critical Density

Screening becomes effective when:

[ g2 p> 2’

Critical density:

p_Crit = p?/g»?
= (2_2>< 10724 e\/)z / [(1 ,2><]()*7)2 (hc)z]
= (4.8x107% 1) / (1.44x107%) - (1.1x107% J?)

Let me recalculate with proper units:



W2? ~ (he/La)? = (h*c?/L4?)
22 ~ G/c? - (c/v_g)?

p_crit = (h*c*/L4?) / [G-c*/v_¢?]
=h*v_0*/(GL#)

&

Numerically:

-
h?=1.1x1078 J*-g*
v_@*=4x10" m?/s?
G=6.67<10"" m?/(kg-s?)
L =8.1x10** m?

p_crit=(L.1x107%)(4x10) / [(6.67x107'1)(8.1x10%)]
=4.4x107%%/ (5.4x10%)
= 8x107* kg/m?

.

This is ABSURDLY small! Far below any realistic density.

1.5 Problem Identification

The issue: Cosmological compactification scale La ~ 10" m gives:

[ e~ 107 J ~ 102 eV

This is 10** times smaller than atomic energies! Such a light field would be:
1. Easily excited
2. Long-range (A ~ 1/p~ 10" m)
3. Not screened at Solar System scales

This calculation suggests a problem.

2. Alternative: Effective Field Theory Approach

2.1 Local vs Cosmological Scales

The compactification radii L4, Ls ~ 10" m apply to cosmological background. But near massive objects,

effective radii may differ:

[ LAMeff} (r, M) = Lo - f(M, 1)

From Paper IX (black holes):



[ LM {eff} (M) ~ 1 p*/(GM/c?) ~1 p*/r_s

This gives mass-dependent effective compactification.

2.2 Solar System Effective Scales
For Sun (M_ 0O =2x10% kg):

p
r s=2GM_0/c?=2.95 km

LaMeff} ~1 p*r_s
~(1.6x107* m)*/ (3x10°* m)
~6.5x10 m*/ 3x10°* m

~ 2>< 1 07143 m3

.

This doesn't make dimensional sense. Let me reconsider.

2.3 Correct Dimensional Analysis

From entropy relation in Paper IX:

[ LaLs~ 14)4/r7h

For stellar mass black hole:

[ La Ls ~ (107*)*(10Y) m*/m = 107** m?

If La~ Ls:

[ Li~107m

This is way below Planck scale - unphysical!

The black hole formula LiLs ~1_p*r_h cannot be directly applied to weak field regime.

3. Proper Weak-Field Screening

3.1 Vainshtein Mechanism
Many extra-dimensional theories use Vainshtein screening. Near mass M, non-linear interactions become

important at radius:

[ r V=(GM/m_eff>c*)"{1/3}




For r <r_V: screening effective

For r > r_V: fifth force unsuppressed

3.2 Application to Q-Fields
If Q-field has self-interaction:

[ L=(1/2)(6Q)* - (12)p* Q* - (W41)Q* - gpQ

The Vainshtein radius:

[ r V=(g M/ 13}

We need r V << R_Solar System ~ 10'* m for safety.

3.3 Estimating Parameters

From galaxy dynamics, the coupling g:

[ AV?/c? ~ gQa/c? ~ g-(200 km/s)/c?

AtM ~M_galaxy ~ 102 M_O:

g~ Av?/(M_galaxy) ~ (2x10°)?/ (2x10** kg)
~4x10"/ (2x10%) m*/(kg-s?)
~2x1072 m?*/(kg-s?)

For self-coupling A, dimensional analysis gives:

[ A~ 1/v_@*~ 1/(2x10° m/s)* ~ 6x1072% s*/m*

- - o J

Vainshtein radius for Sun:

.
r V=[(2x1072)(2x10%) / (6x102)2]7{1/3}
= [4x1072/ 3.6x10*]°{1/3}
= [1.1x10%]7{1/3}

=10 m

.

This is larger than Solar System! Fifth force not screened.

4. Observational Constraints

4.1 Cassini Measurement

Cassini measured light deflection by Sun:



[ A = 4GM/(c?b)

where b is impact parameter. Measured:

[ Iy - 1] <2.3x10°

where v i1s PPN parameter (y GR =1).

If Q-field contributes:

[y=l+8yQ

For Yukawa potential with range A _s:

[ [8y| ~ A _s/R_© ~ X s/(7x10% m)

For &y <2x107:

[ A s <(2x1075)(7x10°m) = 1.4x10*m = 14 km

Required: ._s <14 km

4.2 Lunar Laser Ranging

LLR tests equivalence principle:

[ |a_Earth - a Moon|/a_avg <1073

For Q-field with range A_s ~ Earth-Moon distance (4x10® m), violation would be:

[ da/a~ (A_s/t EM)*~ 1

Huge violation! For compatibility:

[ A s<<r EM

Required: A s <4x10°m

4.3 Mercury Perihelion

Additional precession from fifth force:

[ Aw_extra = (6nGM_O/c?) - (A_s/a)? per orbit




where a = 5.8x10'° m is Mercury's semi-major axis.
Observed precision: 0.1% of GR value (43"/century).

For compatibility:

Aw_extra/Aow_GR <1073
(A_s/ay*< 1073
A s<107"'3-a=1.8%x10°m

Required: A_s <1.8x10° m

4.4 Summary of Constraints

[ Test Required A_s Status
Cassini (y) <14 km STRINGENT
LLR (EP) <4x10°m Medium
Mercury (®) <1.8x10°m Weak

Most stringent: Cassini requires A._s <14 km

5. Theoretical Prediction vs Observation

5.1 Problem Statement

Our calculations suggest:
Pessimistic estimate:
e Using cosmological La: A_s ~ 10" m (FAILED)
e Using Vainshtein: r 'V ~ 10"* m (FAILED)
Required by observation:
e A s<14km
Gap: Factor of 10" !!

5.2 Possible Resolutions

Option 1: Enhanced Self-Coupling

If A >> estimated value by factor 10°:

[ A_actual ~ 10° - (1/v_o¢*)

Then:




[ r V~(gM/M)"{1/3} ~10"/10*m ~ 10" m

Still too large, but getting closer.
Option 2: Environmental Dependence

If 1?(p) increases near matter:

[ p? eff=p% 0+ ap™n

with n > 1, screening could be much stronger locally.
Option 3: Higher-Dimensional Corrections

The 4D eftective theory might have corrections:

[ L_eff=(1/2)(@Q)* - V(Q) + (1/AH(6Q)* + ...

The scale A sets where higher-derivative terms matter. If:

[ A ~(M_PIM_galaxy) ~ 10" GeV

Then at Solar System scales, higher derivatives give:

[ A sMeff} ~ A%(M_Plp ©)~10°m

This could work!
Option 4: Chameleon Mechanism

If Q-field mass depends on environment:

[ m_eff? = p?> + g*p + B(p/p_0)"n

with n ~ 3-4, the field becomes very massive (short-range) in dense environments.

6. Required Next Steps

6.1 Urgent Calculations

Priority 1: Two-loop effective potential

Calculate V_eff(Q-, p) including quantum corrections:

[ V eff=V tree+V_1-loop +V_2-loop




This determines actual screening length near Sun.
Priority 2: Higher-derivative terms

Derive complete effective 4D Lagrangian including:

[ L 4D =L Einstein-Hilbert + L. _Q-fields + L _higher-deriv + ...

Terms like (0Q)*A* crucial for screening.
Priority 3: Numerical solution

Solve non-linear field equations:

[ 0Q + dVv/dQ = gp(x)

for Solar System mass distribution. Get A_s(r) directly.

6.2 Test Predictions
If theory survives (A_s < 14 km), predict:

1. Casimir force modifications at mm-scale

Standard Casimir:

[ F Casimir ~ ac/(d*)

With Q-field:

[ F_modified =F_Casimir [1 + 3(d/A_s)]

Testable in tabletop experiments.
2. Gravitational inverse-square law tests

Experiments probe:

[ V(r)=-GM/r [1 + a exp(-1/A)]

Current limit: |o| < 10™ for A ~ 10 pm to 1 mm.
3. MICROSCOPE satellite

Tests equivalence principle in space:

[ Aa/a~ 107"




If A s~ 1 mm, expect signal at 107'* level.

7. Honest Assessment

7.1 Current Status

The screening mechanism as currently formulated does NOT obviously satisfy Solar System constraints.
The calculations suggest:

e Naive prediction: A_s >> AU (unscreened)

e Observation requires: A_s < 14 km

e Gap: ~10 orders of magnitude

7.2 Is This Fatal?

Not necessarily. Many successful theories initially had this issue:
e f(R) gravity: required chameleon mechanism (discovered later)
e DGP braneworld: required Vainshtein mechanism (discovered later)
e Massive gravity: required specific self-interactions (discovered later)
The 3D+3D framework has ingredients for screening:
e Non-linear Q-field interactions
e Environmental coupling
e Higher-dimensional corrections
But exact mechanism needs to be calculated explicitly.

7.3 Two Scenarios

Scenario A: Theory survives

After proper 2-loop + higher-derivative calculation:

[ A s(Sun) ~ 1-10 km < 14 km v/

Then theory passes all Solar System tests. Galaxy predictions unchanged (different regime).
Scenario B: Theory fails

If even with all corrections:

[ A_s(Sun) > 100 km




Then theory is falsified by existing data.

No amount of cosmic web evidence can save it.

8. Conclusion and Recommendation

8.1 Verdict

The screening mechanism requires rigorous calculation to verify Solar System compatibility.
The order-of-magnitude estimates are concerning but not conclusive. Proper treatment needs:

1. Full effective potential V_eff(Q, p) including quantum corrections

2. Higher-derivative terms in 4D effective Lagrangian

3. Numerical solution of non-linear field equations

4. Comparison with Cassini, LLR, Mercury, MICROSCOPE
This is mandatory before claiming the theory is viable.

8.2 Recommendation

Timeline:
Immediate (before Flagship results):
e Document the issue honestly
¢ Identify theoretical mechanisms (chameleon, Vainshtein, etc.)
e Make order-of-magnitude estimates
Short-term (1-3 months):
e Perform 2-loop calculation
e Derive higher-derivative corrections
e Numerical simulation for Sun
Medium-term (if passes):
e Full paper on Solar System tests
¢ Predictions for laboratory experiments
e Submit to Physical Review D
If fails:
e Theory needs modification

e Alternative: Accept that Q-fields operate only at galactic+ scales



« Fifth force exists but is screened by different mechanism

8.3 Scientific Integrity

The fact that we're identifying this issue before seeing Euclid data is a strength. This is proper scientific
method:

1. Build theory

2. Identify vulnerable points
3. Calculate rigorously

4. Let data decide

We haven't hand-waved. We've calculated honestly and found a gap that needs filling.

This is how science should work.

Status: SCREENING VERIFICATION INCOMPLETE - REQUIRES 2-LOOP CALCULATION
Risk Level: HIGH - Theory potentially falsifiable by existing Solar System data

Action Required: Rigorous derivation of A_s(M_©, R_©) before claiming viability



