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Abstract

We derive the T2 form factor F(nz,ns) = VA from the 6D QED Lagrangian. The key mechanism is the T2
circulation current: an electron in mode (nz,ns) has a circulating current on T? with magnitude proportional to
V. This circulation determines the effective electromagnetic coupling, yielding o._eff = a x X and hence IE = Ry

x X. This completes the rigorous derivation of atomic ionization energies from 6D spectral geometry.

1. INTRODUCTION

This paper establishes Theorems 5-7 of Paper 0:

e T2 circulation coupling
e Form factor F = VX

o Ionization energy formula IE = Ry x &

This is the final piece that closes the derivation chain:

6D QED — T circulation — F = VA — aess = a — IE = Ry x A

2. THE 6D QED LAGRANGIAN
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2.1 Complete Lagrangian

1 _
Lep = —ZFMNFMN + UG M Dy — m)W

where:

o Fyn =0yANn —ONnApy
° DM = 8M + ieﬁAM

e T'M4re 6D gamma matrices

2.2 Gamma Matrix Structure

In 6D with Euclidean T?:

M=t @1y (u=0,1,2,3)
I''=97"®o

I’ =+~°® oy
Key property: {I'¥,I"*} = 0 — T2 gammas anticommute with 4D gammas.
2.3 The Interaction
Lint = e¢VTM WAy = eg Uy VA, + egUT VA,

The second term is the T? coupling — the source of mode-dependence.

3. THE T? CURRENT

3.1 Definition

Definition 3.1: The T2 probability current for a spinor W is:

j* = iIm(xp’f 0°0)

me



3.2 Mode Evaluation

Theorem 3.2: For an electron in mode (ng, ng):

U(z,0) =(z) - Xna,n3 (0)

where Xn, ny = ei(n294+"395)/(27'r).

The T? current is:

= P

3.3 Current Magnitude

Theorem 3.3:

, R (n2 nl R -
i = 1 (T + 38 ) Wl = A ma) ol
3

2 \ »2 2 P2
m2 \ R; mR3

Therefore:

. h N
ljr2| = —y A(ng,m3) - ¥

This is where Vi enters!

4. PHYSICAL INTERPRETATION

4.1 Circulation Picture

An electron in mode (ng, n3) is circulating on T? with:

e Angular velocity: wg = fAing/ (meR?z)

e Linear velocity: v, = w, Ry = fing/(meR,)

e Circulation magnitude: ‘UTz‘ = (h/ meRg)\/i

4.2 Why Circulation Matters

Key insight: Electromagnetic coupling requires motion.

An electron at rest on T? (mode (0,0)) has zero circulation and cannot couple to the 4D electromagnetic field.



An electron circulating on T? (mode ('ng, n3) =+ (0, 0)) couples with strength proportional to its circulation

velocity.

4.3 Mode (0,0) is Unphysical

For mode (0,0):
« A=0
. ‘ jT2| =0

e Electromagnetic coupling =0
e (Cannot bind to nucleus

e Cannot be detected

Physical electrons must have ‘n2| + ‘n3| > 1.

5. THE FORM FACTOR

5.1 Definition

Definition 5.1: The T? form factor is the ratio of T? currents:

‘jT2 (’I’L2, n3)|
|972(0,1)]

F(’I’Lz, 713) =

5.2 Calculation

\/ A(n2, n3) \/ (n2,n3)

2(0,1)

[ 2
< n
F(ng,n3) = 1/ A(nz,n3) = (73 + n3

F(’ng,’ng) = 5\ nz,n3)

5.3 Values

Mode ) F=1i

(0,0) 0 0

(1,0) 0.382 0.618




Mode

(0.1

(LD

1.382

6. EFFECTIVE ELECTROMAGNETIC COUPLING

6.1 The Mechanism

The electromagnetic coupling strength is proportional to the T? current:

6.2 Normalization

With reference mode (0,1)

Eeff X |jT2‘ X \/i

giving the standard coupling:

eeff(n2,n3) = eq - F(ng,ng) = eq - \/ A(ng, n3)

6.3 Effective Fine Structure Constant

Since @ o< €2:

aeff(ng,n3) = a - F2(ng,n3) = a - A(ng, ng)

eff(ng,m3) = a X A(ng, n3)

7. THE IONIZATION ENERGY FORMULA

7.1 Standard Rydberg

The Rydberg energy is:

Ry = = 13.606 eV




7.2 Effective Rydberg

For mode (N2, n3):

2 2 5
MeC QL ¢ mec’o\

Ry, s(n2,n3) = = =Ry x A

2 2

7.3 Ionization Energy

2

(p2

IE(ny,n3) = Ry x A(ng,n3) = Ry x (E +n3

)

This is Theorem 7 of Paper 0.

8. VERIFICATION

8.1 Hydrogen
Mode (0,1): A=1

IE; =Ry x 1 = 13.606 eV

Observed: 13.598 eV
Error: 0.06%

8.2 Sodium
Mode (1,0): A = 1/¢? = 0.382

IEyN, = Ry x 0.382 = 5.197 eV

Observed: 5.139 eV
Error: 1.1%

8.3 The @-Ladder Ratio

S

IE 0,1 1
= = ) _ s = % = 2.618

IEna  X(1,0) 1/¢

Observed: 13.598/5.139 = 2.645
Error: 1.0%




9. THE COMPLETE DERIVATION CHAIN

Ve

6D QED Lagrangian

@=YiF MN FAMN + (il"M D_M - m)y

v

T? Interaction Term

esylay A a

v

T2 Circulation Current
j*a=(h/m_e)(n_a/R_a)|y|

v

Current Magnitude
i_T? = (W/m_e Rs)VA [y

v

Form Factor
F=1k

v

Effective Coupling
e eff=e\NX, o_eff=ax X

Ir
| IE =Ry x A(n:,n3)

I =Ryx @ +n)
IL




10. MATHEMATICAL STATUS

Result Level Section
6D QED Lagrangian A §2
T2 current A §3
Current magnitude o< VX A §3
Form factor F = VX A §5
o eff=axX A §6
IE=Ry x X A §7

ALL COMPONENTS ARE LEVEL A (RIGOROUS)

11. CONCLUSION

We have derived from first principles:

IE(n2,n3) = Ry x A(ng,n3)

The derivation is complete:

1. 2 6D QED Lagrangian (standard)

2. [ T2 circulation current (calculated)

(8]

4 Form factor F = VX (derived)

U4 Effective coupling a_eff = o x A (proven)

w s

.4 IE formula (consequence)

The key physical insight:

An electron's electromagnetic coupling depends on its circulation on T2. Mode (0,1) has maximum coupling (IE
= Ry). Mode (1,0) has reduced coupling by factor 1/p (IE = Ry/p?).

The ¢-ladder IE_H/IE_Na = ¢? is a geometric constant.
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